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Paccmampueaemc;z npo6fzema onmumuzayuu CUSHAILHO-KOO0801 KOHCMpPYKYUU 6 pereescKkom
Kauaiue ¢ 2ﬂy60k'1/l/l/lu 3AMUPAHUAMU CUCHATIOS.

Haubonee akTyanbHO# Mpo0JieMOi B COBPEMEHHBIX PaJHMOCUCTEMaxX CBS3M SBJSICTCS MpoOiieMa
MOBBIIICHUS MPOU3BOAUTEIBHOCTH. IlOBBILIEHWE POU3BOAMTENBLHOCTH BCETa CBSI3aHO CO
CHIDKCHHEM SHEPIreTHKU K BCE BO3PACTAIOIIMM BIUSHUEM YCIOBUN pacmpocTpaHeHUs. OgHUM U3
HamboJiee pacHpoCTpaHEHHBIX 3(P(EKTOB PaCHpOCTPaHEHHsS] CHUTHAJIOB B IMPHU3EMHBIX M TOPOJCKHAX
KaHallax CBSI3M SIBISETCS BO3HMKHOBCHHE MHOTOJIYYEBOI'O pACIHPOCTPAHEHUs] CHUTHAlA MEXAY
MepenaTIukoM U IPUEMHHUKOM. MHOTOTy4eBOM KaHaJ CBSI3M BOSHUKAET B CIICAYIOIINX CITydasx:

® [IpH MaJbIX yIilax MeCTa MPSAMOI0 JIy4a OTHOCUTEILHO MOBEPXHOCTH 3E€MIIH;

e B HOHOC(EPHOIl paaHOCBA3U B Auana3zone KopoTkux BoiH (KB);

® B PaJMOCBS3U C TPOIIOC(EPHBIM PaCCETHUEM;

® pU PaCHpPOCTPAHCHUU CUTHAJIOB B YCIOBUSAX TOPOJCKON 3aCTPOUKHU.

TunuyHass TeoOMETpUs TAaKUX DPATUOIMHHUNA CBS3W TaKOBa, 4TO (Da30BBIM IICGHTP Nepeaaromeit
AHTCHHBI PACIOJOKEH Ha BBICOTE OT 3 1m0 12 M Ham MOBEPXHOCTHIO 3eMid. BrpicoTa mpuemMHOM
auTeHHsl m3MmeHsercs ot 200 mo 10000 m. Ilpu 3TOM HaIbHOCTH CBSI3M, OTPAaHUYCHHAS YCIOBUEM
NpsAMOM  PaJMOBUJIUMOCTH, COCTABJISIET OT HECKOJbKUX JjecsaiTtkoB, Jo 500 kM. Bo Bcex
MIEPEUUCIICHHBIX CIy4Yasx Yrojl Mecra A MpsMOTro Jiyda MHepefarouieii aHTeHHbI COCTABIISIET JECSThIC
JOJI Tpaayca, W AWarpaMma HalpaBICHHOCTH AHTCHHBI KacaeTcs IMOBEPXHOCTH 3eMIIH. AHaIHM3
FEOMETPHUH TO3BOJISIET CAENATh CIEAYIOIIUE BHIBOIBIL:

e JMarpamMma aHTEHHBI KaCaeTCsl MOBEPXHOCTH 3€MJIM, O3TOMY CYIIECTBYIOT OTPa’KEHHBIE JTyUU
OT 00JIaCTH 3aCBETKH;

® YIoJI CKOJKKECHUS Ha JaNbHOCTAX NMPSIMON paanoBuauMocTu He npesbimaet 0,1 rpagyca.

IIpu TakoM yriie CKOJbKeHUS K03 OHUIIMEHT OTpaXkeHMs MpuoIKaeTcs kK 3Hadernio Kotp = 1.

Pexomenayembiii Mex1yHapOIHBIM KOMUTETOM IO PATUOCBSA3H YTOJl CKONBKECHHUS JIOJDKEH OBITh
He menee 10 rpagycos. Ipu atux yenosusix Kotp = 0,1, u oTpaskeHHBIE JIyYH MOKHO HE YIUTHIBATh.

B npuzemHbIX panroKkaHanax WX NPUXOJUTCS YUUTHIBaTh, T. K. Kotp =I1.

Jsmwxenne mnpuemauka (IIPM) BbI3bIBacT MOSIBIEHHE JOIUIEPOBCKOTO CABHIa YacTOTHI
NPUHUMAEMOTO PAJAUOCUTHANIA OTHOCUTEIBHO H3Iy4eHHOro. OT 30HBI 3aCBETKU JTyUUd OTPAXKAIOTCS C
pa3IMYHBIMU AOIIEPOBCKUMH CIIBUTaMH YacTOThl. B Touke nmpuema CyMMHPYIOTCS HECKOJIBKO JIyden
C Pa3IUYHBIMU JAOIUVIEPOBCKUMH CIABUTAMH YaCTOTHI, MO3TOMY MEXIY CUTHAJIAMU, MNPUHATBIMH OT
Pa3IMYHBIX JTyded, HaOIogar0TCs OMeHHs, KOTOPhIE IPUBOJAT K MOSIBICHUIO TTYOOKHX, HH)KE YPOBHA
COOCTBEHHOTO IIIyMa TPUEMHHKA, 3aMHUPAHUSIM CYMMapHOTO curHama. CpenHecTaTHCTHYecKas
JUIMTCIIBHOCTD 3TUX 3aMHpaHHﬁ MOKET IMPEBLIIIATE AJIUTCIBHOCTh 3JIECMCHTA IIOJIEC3HOI'O CUIHajla B
COTHH pa3. DTO 03HAYAET, YTO CPEIHECTATUCTHUECKH HIKE YPOBHS COOCTBEHHOTO ITyMa MPHEMHHUKA
OKa3bIBAETCS JO HECKOJIBKUX COTEH 3JIEMEHTOB MPUHUMAEMOTO CUTHAJIA.

I'padmku nHTEPHEPEHIIMOHHOTO MHOXHTENS OCIa0NeHNsT 3eMIN B 3aBUCUMOCTH OT PAacCTOSHHSA
JUIA Pa3lMYHBIX HECYIIMX YacTOT MpH CpedHed IIepoxoBaTocTH moBepxHocTH 3Jemin 0,2 M
MIpeJICTaBJICHBI HA pUCyHKe 1.
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Puc.l — 3asucumocmo muosxcumens ociabnrenus 3emiu om paccmosnus u wacmomol 01 hy = 3 m
u hy, =3000m

Kak BugHO M3 puCyHKa, ObICTphIe KOJI€OAHHS YPOBHA NPUHUMAEMOIO CHTHalla 3aBUCAT OT
paccTosHUS W YacTOThl CHTHala. 3/1eChb Mbl BHJUM WLTIOCTPALMIO SBJICHUS 3amupanus. llpu
OTIPEIENICHHBIX PACCTOSIHUSX MEXIY aHTEHHAMH CHTHAJIbI, pAaCTIPOCTPAHSIONINECS Pa3HBIMU MyTSIMH,
MIPUXOAT B IPUEMHYIO aHTEHHY C IIPOTHBOIIONOKHBIMHU (ha3aMu, YTO YMEHBIIAET MOIIHOCTH CUTHANA.
[To mepe yBenuueHHs AaTbHOCTH TMOSIBISIOTCS 3aMUpaHMs CHT'Hajla, M HapacTaeT ux riayouHa. Kanan
CTaHOBUTCSI CHavajia paliCOBCKHM, a Ha TIpeJielie IPSIMOi paHOBUANMOCTH - PAJIEEBCKHM.

CoBpeMEHHBIE CHCTEMBl DaHOCBSI3M B OOJIBIIMHCTBE CilyyaeB paboTaloT B YCIOBHUSX
MHOTOJIy4E€BOTO  PacHpOCTPAHEHHS  PaJUOCHUTHAJIOB, IIOSTOMY BO3HHKAeT HEOOXOAMMOCTD
UCCIIEIOBAHUSl IMOMEXOYCTOWYMBOCTM B MHOTOJIyYEBOM KaHale C TIYyOOKMMH OBICTPBIMH U
MeJICHHBIMHU 3aMHUPAHUSIMH.

B o0mem cityuyae sBJIeHHE MHOTOJIY4EBOCTH MPUBOJIUT K UCKAKEHHAM IepelaBaeMbIX CUTHAJIOB U
K CHW)KCHHIO JIOCTOBEpHOCTH TmpuemMa WHopManuu. VCcKaKeHHs paJdoCUTHAIOB, BBI3BAHHBIC
MHOTOJIY4EBBIM PAacIpOCTPAaHEHHEM DPAIHOBOJH, 3aBUCSAT KaKk OT CBOWCTB KaHajla CBSI3H, TaK U OT
XapaKTEePUCTHK MCIIOIb3YEMbIX CHTHAIBHO- KOJIOBBIX KOHCTPYKIIHH.

OCHOBHBIM TTapaMeTPOM TIPH CO3JaHHU MOJEIH MHOTOJIYYEBOTO paJOKaHala sSBIsIeTCs MPOdUIb
BPEMEHHOTO PacCeMBaHUs, T. €. 3aBUCHMOCTh KOd(pQUIMEHTa yCuleHuss G OTPaXEHHOro Jiyya OT

BPEMEHH 3a[E€PKKH T,
TunuuHelii IpUMEp 3aBUCUMOCTH K03 duimenta ycuineHust G OTpaKEHHOTO JIyda OT BPEMEHH
3aJ€pXKKH T, JUIA PajMOIMHUK ¢ mapamerpamu: hi=2m, h,=10 km; ¢ =4,5 (cyxas 3emns); b, =20 cm

Mpe/ICTaBJICH Ha PUCYHKE 2.
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Puc. 2 - 3asucumocmo xosppuyuenma ycuienus G OmpadcéHHO20 1yya Om 8PeMeHU 3A0ePIHCKU
T, ona paduonunuu ¢ napamempamu: =2 m; N,=10 km; ¢ =4,5 (cyxaa 3emnsa); h, =20 cm

151 BBICOKOCKOPOCTHBIX PAAUOIMHUM CBS3M, B KOTOPBIX JJIUTEIBHOCTH CHUMBOJIA JOCTHUTaeT
3HayeHnd mopsaka 10 HC, WHTEpBajd MHOTOJYYEBOTO PACTSDKEHHS T, COM3MEPUM II0 BEIUYHHE C
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JUINTEIEHOCTEI0  CHMBOJA. OJTO TMPHBENET K BO3HUKHOBEHHIO B KaHaje MEXKCHMBOJBHOM
uHTepdepeHuUn. IJTO O0OCTOSATENBCTBO JOJDKHO YYHTBHIBATHCS MpH Pa3paboTKe ONTUMalbHON
CUTHAJIBHO-KOJIOBOW KOHCTPYKIMH. Kpome Toro, HE06X0IMMO HCIOIB30BaHHUE CIIEIMATFHBIX METOOB
MpreMa CUTHAJIOB B MHOTOJTYY€BbIX KaHaJax.

AHanm3 ycIoBHH paclpoCTpaHEHHs PaJINOCUTHAIIOB B PAIMOIUHMSIX CBSI3U IMOKA3BIBAET, YTO JJIS
oOecrieueHnss TpeOyeMOH MOMEXOyCTOWYMBOCTH HEOOXOAMMO COBMECTHOE NPHUMEHEHHE B TaKHX
KaHalax CHeIMaJbHBIX METOJOB pa3HECEHHOTO IIpHeMa, MepeMeXeHUs, CKPeMOIMpOBaHHA U
MOMEXO0YCTOHYMBOrO0 KoaupoBaHus. C TOBBILICHHEM CKOPOCTH WH(POPMAMOHHOTO O0OMeHa B
paanokanaie 3QeKTH pacpoCTpaHEeHUs paAHOCUTHAIOB OKa3bIBAIOT BCE BO3pACTalOIee BIMSHUE HA
ONITUMAIBbHOCTH BBIOOpa CUrHaBLHO-KOAOBBIX KoHCTpyKumi (CKK). s npaBunsHoro Beidopa CKK
HEOOXOJMMO HCCIEN0BaTh CPETHECTATUCTHUECKHE, a JIyYIlle HauXyAIIne YCIOBUS PacIpOCTPaHEHUS,
u paspabareiBaTh MX nporpammubie Mogenu. Ontummszanuio CKK HeoOxommmo ocymiecTBiATH ¢
WCTIOJH30BAaHUEM ITHUX Mojenei. TOoNbKO TaKUMH METOJaMU MOYKHO pa3paboTarh NEHCTBUTEIHHO
ontumanbsHyto CKK.

Pacuer sHepreruueckoro 3amaca Ha 3amupanusi F, KOTOpbIi oOecrneunBaeT yCTOMUUBYIO padoTy
PaAMONMHUY, TIPEIOKEH B [1] B BHe ypaBHeHHs HaAEKHOCTH bapHerta- BurHanra:
F =30log D+ 101log(6ABf)—10log(1— R)— 70 (1)

rae D — paccrostaue cBsizu (KM);

f —uacrora (I'Tn);

R — k03 purmmeaT roToBHOCTH, BRIPAXKEHHBIN B TOJISAX CIHHUIIGI;

A — K03} PULKEHT HEPABHOMEPHOCTH, A = 4 IpU MPOXOXKICHUU HAJ BOJOW MM OYECHBb TIIaAKON
MMOBEPXHOCTRIO, A =1 Hax cpenHelt MecTHOCTHIO; A=0,25 /I TOpHOIT MECTHOCTH;

B - xo3ddumment mepecuera BEpOSTHOCTH HAWXYIIIET0 Mecsilla B TOAOBYI0, B=1 mns
npeoOpa3oBaHus TOJOBOW TOTOBHOCTH B TOTOBHOCTH XYyAIIEro mecsna; B=0,5 mis kapkux BIaKHBIX
paiionoB; B=0,25 nns cpenHUX KOHTHHEHTAIbHBIX MecTHOcTel; B=0,125 ang odenp cyxux uiu
TOPHBIX MECTHOCTEH.

Pesynprar perienns 3Toro ypaBHeHHS MTPUBEICH Ha PHCYHKE 3.

3aBucuMoOCTb 3anaca Ha 3aMMpaHMAa B 3aBUCUMOCTMU OT AarnbHOCTU Ans KOad)d)VILlVIeHTa roTOBHOCTM
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Puc. 3. 3asucumocmv mpedyemoco IHepeemuiecko20 3anaca 8 paouoIuHuyu om O0arbHOCMU Oisl
obecneuenus koappuyuenma comosnocmu 0,98.

W3 pucynka BugHO, 4TO s JaibHOCTH CBsi3m 500 kM. TpeOyercs JOIMOJIHUTEIIbLHBIN
SHEepreTHYecKuii 3amac He MeHee 35 nb, T. €. He0OXOAMMO YBEIMYHUTH MOIIIHOCTh TepeaTyrka ooee
yem B 1000 pas.
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1.2. OnTMMHU3anus CUTHAJIBHO-KOA0BOI KOHCTPYKIHMH

PesynpraTel  MOAEnmupoOBaHWS AMCKPETHOrO KaHaja, MOJy4YEHHOTO W3 HEMPEPHIBHOTO
(eIMHroBOrO KaHayia IOCJe JIMHEWHOTO AEMOIYNATOpa, MOKA3bIBaIOT, YTO JBOWYHBIC OLIMOKH Ha
BBIXOJIC JIEMOJIYJISITOpA UMEIOT TeHACHIHIO K MAKETHPOBAaHUIO [2].

[TakeTupoBanue OIMOOK MPOSABISIETCS. B BO3HUKHOBEHMH Ha BBIXOJE JAEMOIYJATOpa

B3aMMO3aBHCHUMBIX OLIMOOK Pa3IMdHON KpaTHOCTH OT O [0 ITMHBI KOJOBOTO CIIOBA.
OCHOBHOI MNPUYMHON TNAKETUPOBAHUS OLIMOOK SIBISIETCS NPOLECCHl 3aMHPAaHUSl CHUTHAJIOB B
HENPEpHIBHOM KaHalle. B TakuX yClIOBHSAX NMPHUMEHEHHE CHTHAJIbHO-KOMOBBIX KOHCTpykmmi (CKK),
OPHECHTHPOBAHHBIX Ha UCIPABJICHUE OJUHOYHBIX HE3aBHCHMBIX OIIMOOK, HE SIBJISIETCS ONTHMAIbHBIM
TexHuyeckuMm  perrenueMm. [ns  ontumumzarmu  CKK  HeoOXoauMo — uccienoBaTh — MPOLIECC
MaKeTUPOBAHUS OLIHOOK.

HccnenoBanus mpolieccoB makeTupoBanus ommnook B kanaie ¢ ABI'IL u B kaHase ¢ peaeeBCKUMU
3aMUPaHHUAMU NIPEJCTABICHBI HA PUCYHKE 4.

AHan3 TUCTOTPaMM paclpeefieHHss CUMBOJNBHBIX MAKETHBIX OMIMOOK Ha JJMHE Koa (AiuHa
koma=127 cumBosnioB) B kaHame ¢ ADBI'Il w kaname ¢ peneeBCKMMH 3aMHPAaHUSIMH ITOKa3all
cleayrouiee:

- IPH BEPOSTHOCTH OMIMOKM aeMomyisitopa Pomrgem.= 6,5x107 BeposSTHOCTh OLIMOKH Ha
cumBon B kamame ¢ ABIII Pomrcum.=3,75x107, a B KaHanze C pENEBCKHMH 3aMHPAHHAME
Por.cum.=1,92x107;

- ONTMMHU3HMPOBAHHKIL Aekoep B kanane ¢ ABTI umeer Pom nex = 6,6x107, B To BpeMs Kak oH
K€ TIOJTHOCTBIO NCIPABIISET OMIMOKM B KaHAJIE B PEJICBCKUMH 3aMHUPaHUSIMH;

- MaKCHUMYyM BEpOSTHOCTH MOsABIeHMs ommOok B kaHane ¢ ABI'I mpuxoaurcs Ha 47 KpaTHOCTD, a
B KaHaJIe C PEJIEBCKUMH 3aMHUPAHHSIMHU MOCTIe TIEPEMEKUTENS Ha 25 KpaTHOCTh;

- BEPOSITHOCTh CUMBOJIBHOH ommOku B kaHane ¢ ABI'II Pom cum = 3,75><10'1 , 9TO TIOYTH B 2
pasa BBILIE, 4eM B KAHAJE C PEICBCKUMH 3aMUpaHmsiMi Pomr.cim.=1,92x10™.

BrluensnoxkeHHpl  aHaNW3 TPUBOOUT K IMOJE3HOMY BBIBOAY: B KaHajlax C pPEICBCKUMH
3aMUpaHUAMU HEOOXOJWMO TPUMEHSTh HEIBOMYHBIE MOMEXOYCTOHYMBBIE KOJBl COBMECTHO C
MIEPEMEKHUTETIEM.

PacnpepneneHne NnakeTHbIX olIMOOK Ha Bxoae aekogepa PC(127,57) B kaHane ¢ ABIrll n kaHane c
3aMMupaHUAMU
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Puc. 4. Pacnpedenenue naxemuvix owmubox 6 kauvane ¢ API'LIl u xanane ¢ 3amupanusmu npu
-2
Pow.oem.=6,5%10".

Pesynbrar cpaBHeHHs Hamboiee paclpoCTPaHEHHOTO B HACTOSINEE BpeMs KackaJHOTrO Kojaa Ha
6ase ceeprounoro koaa (CK) u xoma Puna-Conomona CK(xk=7,2,3)-PC(185,177) ¢ KackaaHbIM KOJIOM
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Ha Oa3e aByx kojoB Puma-Conomona PC(127,57)-PC(127,121) B xaname ¢ ABI'ILl mpuenen Ha
pucyHke 5.

'pachunku nomexoycronumsoct CKK CK(k=7,2/3)-PC(185,177) n CKK PC(127,57)-PC(127,121) (QPSK,korepeHTHbIN Npuem) B
kaHane ¢ ABIrLll
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Puc. 5. Pezyromamul modenuposanus 6 kanaie ¢ ABI'ILI

U3 pucynka Buauo, uro CKK PC-PC npourpsisaer 2 16 CK-PC Ha yposre Pom=1x107,

Ha PUCYHKE 6 NOCTPOCHBI CPABHUTCIIBHBIC KPUBBIC HOMeXO}’CTOﬁ‘IHBOCTH OTHUX XK€ KOIAOB B
KaHaJI€ C PCIICBCKUMU 3aMHUPAHUSIMU.

MomexoyctonumBoctb CKK PC(127,57)-PC(127,121) n CKK CK(k=7,2/3)-PC(185,177) B kaHarne ¢
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Puc. 6. Pezynomamut MOOenupogamus 6 Kanane ¢ 3aMUpaHusmu.
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W3 pucynka BuaHo, uto B KaHaie ¢ 3amupaHusiMu CKK PC-PC BemrpeiBaer 16 1b Ha ypoBHE
Pomr=1x10",

AHanu3 puCyHKa MO3BOJISIET CIEJIaTh CICAYIOIINE BBIBOBL:

e oHepretryeckuil BeiUTphim oT npuMeHeHuss CKK na 6ase nByx HemBOWYHBIX KOJ0B Punma-
Conomona mo cpaBHennto ¢ CKK Ha 0a3ze nBonvHOro cBepToyHOro kozaa u xkoga Puma-Comomona
cocragisier ;urst Porr =107 Goree 16 1B B peTeeBCKOM paaHOKaHANE C FITyOOKMMHU 3aMHPAHUMH.

e Ha nomexoycroitunBoctb CKK BiHseT He TOJBKO BEPOSTHOCTh OIIMOKH, HO M paclpeesieHre
OIIMOOK Ha BXOJE JIEKOIepa.

® CBEpTOYHBIE KOIBl MPEANOYTHUTENBHO MHCIOJIb30BaTh B KaHajgax C HE3aBUCHUMBIM
pacrpeneneHleM oMOO0K, TAKUX KaK KaHAJbl CITyTHUKOBOH CBS3H.

e B KaHIAX C 3aMUPaHUSIMH (KaHajle C IAaKETUPOBAaHHWEM OLIMOOK) MpPEANOYTUTENbHEN
WCIIOJIb30BaTh KOJBI, MpeAHa3HaueHHbIE Ui OOpbOBl C MakeTHHIMH OMMMOKaMH. TakMMH KOJaMH
sBisitoTcst Kozl PC. Beiurpeiin CKK PC-PC B kaHane ¢ 3aMUpaHUsIMU OPOUCXOIUT U3-3a TOTO, YTO B
KaHalle ¢ MaKeTHPOBAaHHEM PE3KO YMEHBINAETCS BEPOSTHOCTh CUMBOJBHON OIIMOKKM TpU TOH Ke
BEpPOSITHOCTH OMTOBOM OMIMOKH (BEPOSITHOCTH OIMUOKH JEMOIYIIATOPA).

W3noxxeHHbIN B JaHHOH CTaThbe METOJ ONTHUMM3AalMHd CUTHAIBbHO-KOJOBBIX KOHCTPYKIMH AJs

panuOKAHAIOB € TIIyOOKUMHM  PEJIEEBCKUMH 3aMUPAHHUSIMH, II03BOJSIET MHUHHMHM3HPOBAThH

SHEPTEeTHYECKHE 3aTpaThl M OJHOBPEMEHHO O00ECIeYHTh TPeOyeMylo MpPOM3BOJUTEILHOCTh H

IOMEX0YCTONYUBOCTD.
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