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Ipenncnosue
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npuHUMAaroTcs PexomeHnanuy.
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1 BBenenue

B nacrosimem Otdere cpaBHUBAIOTCS! CHIIbHBIE U CIIa0ble CTOPOHBI METOAOB OIpeeNieHHs reorpaduaeckoro
MECTOTIOJIOKEHUSI MCTOYHMKA CUTHAja, OCHOBAHHBIX Ha pasHuile Bo BpemeHu npuxoaa (TDOA) u yrie
npuxona (AOA) curnana. HecMoTps Ha TO, YTO OCHOBHOE€ BHUMAaHKE B HACTOSIILIEM OTUETE yAEIsIeTCS METOAY
TDOA, crnexyeT OTMETHTh, YTO CYLIECTBYIOT W JApPYrH€ METOABI OIpeleNieHus Treorpaduyeckoro
mecrononoxenusl. B meroge AOA onpezensieTcs yrol Mpuxojia BOJIHbI B IyHKT uaMeperust. Metoasl AOA
NIUPOKO HCIHOJB3YIOTCSI BO MHOTHX paJMOIENCHTAMOHHBIX TpwiokeHusax. OHHM 00lagaloT psaoM
MPEUMYIIECTB, OIHAKO HMEIOTCS M HEKOTOphle HEJOCTATKH, CBs3aHHBIC, HAaNpuUMep, C TPeOOBaHHMAMHU
K aHTeHHe. B oTnnume ot 3toro, B Meronax TDOA Beruucigercss pa3HOCTh BO BPEMEHH MPUX0/1a BOJIHBI BO
MHOTO TIYHKTOB M3MEPEHMS M Ha OCHOBE CPABHEHUS BPEMEHHBIX U BOJIHOBBIX XapaKTEPHUCTUK OIMpPEENIIeTCs
IIyHKT pacnojiokeHus: uctoyHuka. Meroael TDOA He momydwnu IIUPOKOTO TNPUMEHEHHs TIpU
OCYILIECTBIICHUH KOHTPOJIS 33 UCIIOJIB30BAHMUEM CIIEKTPa, OJHAKO OHM PUOOPETAIOT Bee OOoJIbIlIee 3HAUYCHUE B
CBA3M C TOSIBICHHWEM HEJAOPOTMX KOMIIAKTHBIX BBIYHCIUTENBHBIX PECYPCOB U YCOBEPIIEHCTBOBAHHBIX
TEXHOJIOTHH pajuonpHeMa, IOCTYIHOCTbIO KaHAJIOB Iepelauyd OaHHBIX, a TaKKe HaJIMYMEM TOYHBIX
pacrpenensieMbIX CUTHAIOB XPOHUPOBaHUS. B 3TOM HOKyMeHTe mpeacTaBieH KpaTKui 0030p TEXHOJIOTMH
TDOA, a Takke HEKOTOphle CWIBHBIE W ciadble cropoHbl MeToma TDOA mo cpaBHeHHIO C Oojee
TpaguITMOHHBIMU MeTomaMu AOA.

1 B METOAC, OCHOBAHHOM Ha MONIIHOCTH MNPHUXOJAAIICIO CUTHAJa (pOA), JUI1 BBIYUCJIICHUSA ITYHKTA PACIIOJIOKCHUS

HCTOYHHKA MCIIOJIb3YETCsI K3MEPEHHOE BO MHOTHX ITYHKTaX M3MEPEHHsI OTHOLIIEHUE MOIIIHOCTH curHana. Meron POA
HEpEeNIKO HCIOJIb3YeTCsl Uil ONpelesieHUs] reorpadMueckoro MeCTOIOJIOKeHUsT BHYTpU IoMelleHus. B metoze,
OCHOBaHHOM Ha pasHocTH dvactorel mpuxoza (FDOA), s BBIYMCICHHS MyHKTA  PACIIOJIOKCHUS
WCTOYHHMKA UCIIONB3YETCs AONIIIEPOBCKUH CIBUT YaCTOT JIBHIXKYIIEIOCSl MCTOYHHKA (M/MIM MHOTHUX NMPUEMHHUKOB).
Meron FDOA Hepenko ucnions3yercst B couetanuu ¢ MmerooM 1 DOA B npuMeHEHHsIX BO3AYIIHOTO Oa3upoBaHusl.
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2 00630p Texnonorun TDOA

B stom metone n3mepsiercs Bpems npuxoaa PU curHana B HECKOJIBKO TOYEK MPOCTPAHCTBA, U TSI KaXIOTO
TIPUEMHUKA CPaBHUBAETCS PAa3HOCTh BO BpEeMEHH Npuxonaa. TpaauImoHHBINH momxon k orenke TDOA
3aKJIFOYACTCS] B BBIYMCIICHUU B3aUMHOW KOPPEINSAIUU OJHOTO CHTHAJIA, IMOCTYIMAIONIET0 B JBa MPHUEMHUKA.
Omnenka TDOA sBisieTcs 3aaepKKoii, KOTOpasi COOTBETCTBYET MAaKCUMYMY (DYHKIIMU B3aUMHOU KOPPEIAIINH.
3Hast MECTOTIONIOKEHUE KaXKI0TO MPUEMHNKA, MOYKHO HAWTH OIIEHKY MECTOIIOIOKEHUS HCTOYHNKA H3ITyICHUS
MPU YCJIOBUH, YTO BCE NMPHUEMHHKH CHHXPOHH3UPOBAHBI MO BPEMEHU. B KadyecTBe JOMONHEHUS K JIMHUH
nenenra (LoB), ucnone3yemoii B cucteme AOA, CIyKUT JTUHHS TOCTOSHHOW Pa3HUIIBI BO BPEMEHH MPUXO0a,
HaspIBaeMas H30XPOHOM win juHue mojoxenus (LOP). boree mompoono metoasl TDOA paccMaTpuBaroTCs
B rimaBe 4.7.3.2 CnpaBounnka MCD 110 KOHTPOJTIO 3a HCIIOIh30BaHUEM CITeKTpa, m3ganue 2011 roqa.

Metoast TDOA wHCHOdB3YIOTCSI B HEKOTOPBIX NPUMEHEHHSX OOOPOHHOTO 3HAYCHUS IS BBIOJTHEHUS
panuonoKanuoHHbIX 3a1ad. C HEJaBHErO BPEMEHH OHHU CTajll MCIIOIb30BATHCS B HEKOTOPBIX OCOOBIX
MIPUMEHEHUSX, TAKUX KaK ONPEIEICHUE MECTOIOJIOKEHNSI MOOMIBHBIX COTOBBIX TEIE(POHOB VI 3KCTPEHHOTO
pearupoBaHusi (B MOXapHOH Ciyx0e, CKOpOM MEIUIMHCKOW MOMOIIM W T...). B mpouuioM riaBHBIM
MpensTCTBUEM Ha MyTH Ooyiee MaciiTaOHOrO NMPUMEHEHHS B TPAXAAHCKUX ILEJsX SBIsUIack TpeOyemast
BpEMEHHasi CHHXPOHM3ALUsI C TOYHOCTHIO IO HAHOCEKYHIBl. IIOCKONBKY 3JIEKTPOMAarHWTHOE H3IIyYeHHE
pacnpocTpaHsIeTcs CO CKOPOCThIO NpuOiM3uTenbHO 30 ¢M/HC, J1I000€ CYIIECTBEHHOE apokaHue (as3bl MpH
XpOHHUPOBAHHMU TPUCMHHUKOB HCHIOCPEACTBECHHO MPUBOAUT K YMCHBIICHUIO TOYHOCTU OIPCACICHUA
MECTOTIOJIOKEHUsI. B HacTosmiee Bpemsi ¢ mosiBIeHHEM cucTeM ciyTHHKoBoW HaBurammu (GPS, Galileo n
I'JIOHACC) B Hatem pacriopsKeHHH OKa3aJIuCh JOCTYITHBIC U HEJIOPOTHE CPeACcTBa 00eCTIeYeHHS BpeMEHHON
CHUHXpPOHH3alNH. B PE3YIBTATE 3TOTO CCrOAHA HECKOJIBKO IMOCTAaBIIMKOB B Pa3HbIX CTpaHax MUpa npeajararoT
CHCTEeMBI, ocHOBaHHBIC Ha MeToae TDOA.

3 CuabHble U cjiadbie cTopoHbl MeToaa TDOA no cpaBHeHUIO ¢ TPAAULUOHHBIM MeToa0M AOA

Hast myqmero moanManus TDOA maguM KpaTKUil CpaBHUTENBHBIA 0030p CHIIBHBIX M CJIA0BIX CTOPOH 3TOTO
Merojia o cpaBHeHuio ¢ MmerogoM AOA. Cneayer otmeTuth, 4ro Meroasl TDOA u AOA sBnsrorcs
B3aMMOJOIONHIIOIUME ~ METOJAaMH  ONpeleNeHuss reorpauueckoro  MecTononoxeHus. Cucremsl
ompezeneHus Teorpauyeckoro MEeCTONOJOKEHHsS, B KOTOPBIX HCIONB3YIOTCS 00a MeTojia, MOTyT
MPEBOCXOIUTD 110 3PPEKTHBHOCTH JTFOOBIE CHCTEMBI, B KOTOPBIX UCIOIB3YETCS TOJILKO OJIMH U3 OTHX METOI0B
[1]. Kpome Toro, Hajauyue IOMOJHSIOLIETO W YTOYHSIOLIETO METOAA ONpelesieHHs] reorpaduyeckoro
MECTONOJIOKEHUSI MOXKET HMETh BaXKHEWIIee 3HAaYeHHE B YacTH Mep 10 OO0ECHEeUeHHI0 HCIIOJHEHUS
00s13aTeNbCTB B 00JIACTH UCIIOJIB30BAHUS CIIEKTPA.

Jist ynpoIeHust ONMCaHus IPEAoNoKuM, uyTo B cucreMe TDOA ncnosb3yeTcs oOHapyskeHHe, OCHOBaHHOE
Ha B3aMMHOH KOPPESILIUY CUTHANA, X YTO U3MEPUTEIbHBIE TPUEMHHKH PETPAHCIHPYIOT 3alIMCAHHBIE CUTHAIIBI
Ha I[CHTPAJIbHBIN CepPBEp, OCYIIECTRIAIOMUN 00padoTky MetogoM TDOA. B GobIIMHCTBE IPUMEHEHHI SIS
KOHTPOJIA 32 MCIIOJIb30BAHUEM CIIEKTPa ATOT METO/I SIBJISETCS MPEANOYTUTENBHBIM C TOYKH 3PEHUS CTEIIEHU
3¢ GEKTUBHOCTH U THOKOCTH OIPEIEJICHHsI MECTOIOIOKEHHS. B 1emsiX JanbHeHIero yrnpomeHus: CpaBHUM
cucremy TDOA c cucremoit AOA Ha ocHOBe koppensiuuoHHoro uarepdepomerpa (CI). Koppensunonnas
uHTeppepoMeTpusi — 310 Meto AOA, MOBCEMECTHO pacpOCTPAHEHHBIH B COBPEMEHHBIX CHUCTEMaX KOHTPOJIS
3a UCIIOJIb30BaHWEM paanodactoT. KoppensauuoHHbIi nHTEpdepoMeTp NpeACTaBleH U PACCMOTPEH B IJIaBe
4.7.2.2.5 CnpaBo4HHKA IO KOHTPOJIIO 33 UCIOJIB30BaHUEM cIeKTpa, u3ganue 2011 roxa.

(ITPUMEYAHUE 1. — Ccputku Ha "rnaBy" B Tabnunax 3-1 u 3-2 o3Hadatot riraBy CrnpaBounrnka MCD 1o KOHTPOJIO 3a

HCIOJIb30BAHUECM CIICKTPa, U3JaHUC 2011 roja. ]_[I/I(l)pI)I B KBaJIpaTHbIX CK06KaX, YKa3aHHbIC B OTUX Ta6n1/1uax, O3Ha4YarT
CIIPAaBOYHBIC TOKYMCHTBI, KOTOPbIC IEPCUUCIICHBI B II. 6)
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TABJIMLA 3-1

CusbHble cTopoHbl MeToga TDOA

Bousee npoctbie
TpeOoBaHUs
K aHTEHHe

AHTEHHA SBIISETCS JEIICBON, HECIIOKHOM U MOKET MIMETh HEOOJBIION pa3Mep.

[puemankn TDOA Moryr wucmoms30BaTb OFHY TIPOCTYI0 AaHTEHHY (Hampumep,
HECHUMMETPUYHBIH WIA CUMMETPUYHEIN BHOpaTop). B omnmune ot cucrem AOA aHTeHHa He
TpeOyeT BBICOKUX MEXaHUYECKHX JIOIYCKOB M TOYHOCTH ICKTPHUECKHUX [TapaMETPOB, a TAKKe
9KCIITyaTallHOHHBIX ~ WCHBITAHUA W KaJdMOPOBOYHBIX W3MepeHuil. JlONMONHUTENbHBIM
MIPEUMYIIECTBOM SIBISAETCS TO, YTO MOXKHO M3TOTOBHTH MaJIO3aMETHYIO aHTEHHY HEOOJIBIIOTO
pasmepa. JlaHHasT BO3MOXXHOCTh HMMeEET OOJBIIOE 3HAYEHUE INPH Pa3BEPTHIBAHUH CHUCTEM
KOHTPOJISI B HCTOPUYECKHMX MECTaX, WIM Ha IUIOMAAKAX, HMEIONINX apXUTEKTypHbIC
OTPaHWYCHUSI, UM TP COTTIACOBAHHMH YCJIOBHH Pa3MEIIEHHS CO CTOPOHHIMH OPTaHU3ALMSIMU.

Bousee npocteie
TpeOOBaHUSA K
BbIOOPY MecTa U
KaJu0poBKe

TpeboBanust Kk BEIOOPY MeCTa SIBISIOTCS MeHee KecTKUMH, ueM it AOA, n xamuOpoBka
MIPaKTUIECKH HE TPEOYeTCs.

3a cueT 3TOT0 OOEcIeunBaeTCs OOIBIIas THOKOCTD TP BRIOOPE MECTa PACIIONOKEHUS CUCTEMBI
TDOA. B pe3ynbrare 3T0r0 pazseprsiBanue obopynoanus TDOA ocymiecTBisieTcst ObIcTpee.
IIpu pa3BepTHIBAHMM B TOPOJCKUX YCIOBUSX MOXHO YCTaHOBUTH JONOJHUTENbHBIE
npueMHUKH TDOA, a7t TOro 9T00BI IPE00IETh BIUSIHUE 3aTEHEHHS OT BBICOKHX CTPOCHUH.

B ormiuune ot 3TOr0, Mecrta pacmoiioxkeHus cuctemMbl AOA JOIKHBI BHIOMPATHCS TAKUM
oOpazoM, 4YTOOBI CBECTH K MHUHMMYMY HCKaXeHHE (POHTa BOJIHBI, OOYCIOBJIEHHOE
BTOPUYHBIMU U3JTy4YEHHBIMH JIOKAJIbHBIX NPEMATCTBUMN, OTPAKESHUIMH OT 3¢MJIU U U3MEHEHHEM
MPOBOAUMOCTH TO4BbL. Hekoropble aHTeHHbIe perieTkun cucteMbl AOA  TOKHBI OBITh
KaJIMOpOBaHbI IOCJE YCTAHOBKM Ha IUIOLIAJKE, JJIS TOIO 4YTOOBI CBECTH K MUHHMYMY
PE3YNBTHPYIOIINE OIIUOKH, 3aBHUCSIINE OT YaCTOThl M HarpasieHus. KainOpoBka aHTCHHON
pELIeTKH SIBIIICTCSA OJHOW M3 Hauboyiee BAXKHBIX MPOOJEM, OTPaHMYHMBAIOIINX CTEICHb
s dextuBHocTH AOA [2]. IIpoGieMsr BBIOOpa MecTa pacnonokeHus cucreMbl AOA noapoOHo
paccMarpuBatotes B riaBax 4.7.2.3.1.2 u 2.6.1.3.

IupoxonoJsocHble
CHTHAJIBI,
CHTHAJIBI ¢
au3kum OCIIL, a
TaKsKe CHTHAJIbI
MaJjioi
JUIHTEJIbHOCTH

Metonx TDOA »>¢ddexktuBHO paboTaeT ¢ HOBBIMH ¥ TOSBIBIIONIAMHUCS —CHTHAJAMH,
XapaKTEepU3YIOIUMUCS CIOXKHBIMM METOJaMH MOAYJSALMH, LIMPOKON IMOJOCOH U Maslon
JUINTENBHOCTBIO.

Meton AOA, kak mpaBwio, 3p(eKTHBHO pabOTaeT C y3KOMOJIOCHBIMH CHUTHAJIAMH, OIHAKO
yCOBEpUICHCTBOBaHHBIE  MeToAbl AOA  MOTyT HPHUMEHSTBCS  JUId  ONpEeesICHHUs
MECTOIIOJIOKEHHS JIIOOBIX CUTHAJIOB, B TOM YHCIIC ITMPOKOIIOJIOCHBIX, CIIOKHBIX H KOPOTKHX.

Crenenp a¢dexkruBHoctt TDOA CHIBHO 3aBUCHT OT LIMPHHBI HOJIOCHI curHaja. CTeneHb
spdextuBHOCTH AOA, B NpHOMIKEHNH, HE 3aBHCUT OT INMPHHBI MOJOCHI CHTHAJA, NPH
YCIIOBHH, YTO Pa3HOC KaHAJIOB, NOJIBEPraroImuxcsa OpIcTpoMy npeodpazosanuio Oypee (BIID),
PpaBC€H MHIMPUHE TII0JIOCHI CHUTHAJA. C YBCJIIMYCHUEM IHUPHUHBI TI0JIOCBI CUT'HAJIa CTCIICHb
spdexruBHoctn TDOA, Kak paBuiio, BO3pacTaer.

O6a meroma, TDOA u AOA, >ddexTrBHEE paboOTAaIOT ¢ CHTHAJaMH, MUMEIOIIMME Oojee
Boicokue OCII, u npu OonplieM BpeMEHHM HHTETPHPOBAHUSA. BrMrpeim 3a cyer
KOPPEIIIUOHHONH 00paboTKu MO3BOISIET ¢ mMoMoInbio MetonoB TDOA oOHapyxXuBaTh U
OTIPENETISITh MECTOIIOIOKEHHE CUI'HAIOB ¢ HU3KUM (M nake oTpunartensHeiM) OCLL. Kpome
TOTO, BBIMIPBHIII 32 CYET KOPPENALHMOHHOW OOpabOTKHM MO3BOJISET 3aJAEHCTBOBATH IIPH
OTIpEICTICHUH TeorpaMueckoro MeECTOIOJIOKEHHS JOMOJHUTENbHbIe NpueMHUKH TDOA,
HECMOTpPS Ha TO YTO y HUX MOXET ObITh O4eHb Hu3koe mimn orpunarensHoe OCII. Ilpu
HCTIONB30BaHUM 0a30BBIX MeTooB AOA HEBO3MOXXHO OOHAPYXHTh W  OIPENCIUTH
MECTOIOJIOKeHHE curHaioB ¢ orpunateabHbiMu OCLL, 1 MOTYT BOHUKHYTH MPOOJIEMBI TIPH
OTIPEJICTICHUN MECTOMNOJIOKEeHUsT curHasoB ¢ Hm3kuM OCHI. DOTu  curHasmsl MOTyT
00pabaThiBaThCsli €  TOMOIIBIO  YCOBEPLICHCTBOBaHHBIX MeTonoB AOA, Hampumep
KOPPEIIUOHHBIX MeToioB AOA ¢ MOBBIIIEHHON pa3pemaroeil CrocoOHOCTRIO WM CO
BCIIOMOTATENbHBIMU TaHHBIMHU (OTIOpHAs PaJHOIIEICHT AL ).

Hecmotps Ha To uTo B 6a30BOM MeToze AOA OTCYTCTBYET BBIMIPHIII OT 0OpaOOTKH 3a CUET
KOPpEJSLUKA CUTHANA, OH 00JIafiaeT HEKOTOPHIM CHUCTEMHBIM BBIMIPBIIIEM, 00YCJIOBICHHBIM
HCTIOJIb30BaHHEM MHOTHX 3JIEMEHTOB aHTCHHBI M KaHAJIOB IIpHEMa.

OmpeneneHne  reorpa@uyeckoro  MECTOIOJIOKECHUS  MCTOYHHMKOB — CHTHAJOB — MaJoi
JUTUTEIEHOCTH TpeOyeT KOOPANHUPOBAaHHOW pabOThl MPUEMHUKOB, CHHXPOHU3UPOBAHHBIX T10
BpPEMEHU JI0 JOJM BEJIWYMHBI, OOPaTHO MNPOIOPLHOHAIBHONW IIUPUHE MOJIOCHl CHUTHANA.
Oo0ecrieueHne Takoi BO3MOYKHOCTH SIBJISIETCSI HEIPEMEHHBIM yciioBHeM padboThl cucteM T DOA.
Kpome Toro, meromom TDOA MoHO ompenenuTs reorpamueckoe MECTONOJIOKEHHE Ha
OCHOBE H3MEpPEHHH OYEeHb MAaJOW JUINTEJIbHOCTH, NMPOBOJMMBIX B OTHOIICHHH CHUTHAJIOB
Gounbineii umrensHocTH. Ecim anemenTsr anteHHB AOA KOMMYTHPOBAHBI, TO HEOOXOMMOE
BpeMsi HHTETpPUPOBaHUs Oy/leT MEHbLIIE.
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TABJINIA 3-1 (npooonsicenue)

Cl103KHOCTH CHCTEMBI

HpI/IeMHI/IK u a"TeHHa cucteMbl TDOA sBistoTcs 6oiee MPOCThIMHU, YEM THUIIOBAsA aHTCHHAas
peuIeTKa U AByX- UJIn MHOTI'OKaHaJIbHBIM MPUEMHUK CUCTCMbI AOA.

[puemuuky cucremsl TDOA Tpebyercsi kak MUHUMYM oauH PY kaHan B peaibHOM BpeMEeH!
It 00paboTKy 0e3 3aJepKKU U ¢ MaKCHMAIbHON BEPOATHOCTHIO IepexBaTta curHanal),
Bbnarogapst 5ToMy B YCIIOBHUSIX IIPOCTOH PaanOCPEabl MOXKET IMOTPEOOBATHCS MEHEE CIIOKHBIH
npueMHUK. IIpy KCIONIB30BaHUM OHOIO NPUEMHHUKA B YCIOBHSAX CIOXKHOM paguoCcpenbl
MOTYT TNOTpeOOBAaThCS YCOBEpIICHCTBOBaHHbIE MeToabl o0Opabotkm TDOA. JlocTymHbl
a¢exTuBHBIE MeToAbl BpeMeHHOW cuuxponusaunu (GPS) wm uHTrepdeiichl nepemnaun
JIaHHBIX.

TlonaBiieHue
HEKOPPeJTUPOBAHHBIX
IILYMOB U MOMeX

C momomipi0 KOPpeSIHOHHON 00paboTku, mcrmonszyemoii B TDOA, MOXHO MONaBIATH
CHTHAJIbl Ha COBNAJAIOIIEH YacTOTe, COBMNAAAIOIINI 110 BPEMEHH IIYM W CHI'HAJIbI TIOMEX,
KOTOPbIE HEKOPPETUPOBAHbl MEXAY IUIOMAAKaMU. ODTO CBOICTBO MO3BOJIAET CHCTEME
OIpezIeIATh Treorpaduyeckoe MECTONOJIOKEHHE HMCTOYHHUKOB CHTHAJOB C  HHU3KUMHU
OTHOIICHUSIMH CUTHajIa K IoMexe U mrymy (Huskoe oTHomenue SINR).

CKOOpIMHUPOBAHHBIE BO BPEMEHU HM3MEPEHHUS OCYIIECTBISIOTCS BCEMHU IMPUEMHHUKAMHU.
CurHabl, KOTOPBIC HE SBJISIFOTCS OOIIMUMHE JJIS IBYX WM 00JIee MPUEMHHKOB, HCKITIOYAFOTCS.
IIpu  ycomepuieHCTBOBaHHOW  00paboTrke cucreMa TDOA  MOXET  OIpeaeUTh
MECTOIIOJI0KEHHE, HCIIONIB3Ys KOPPEIALHH TOJNBKO C JIyYIIUM PE3yJIbTaTOM HaOIIOJCHHS
n3nydaemMoro curHaia. CoOTBETCTBYIOIEE MPUMEHEHHE METOJOB B3aMMHON KOPPEISINU
MIPY aHaJIM3e MOMEX paccMaTtpuBaeTcs B riase 4.8.5.5.

YcogepiieHcTBoBaHHbIE cucTeMbl AOA MOTYT 0CIa0JIsTh BIUSHAE HEKOPPETHUPOBAHHBIX U
COBIQNAIOIIUX II0 BPEMEHU IIOMEX Ha COBNAJAIOUICl 4YacTOTE IyTeM MCIOIb30BaHU
KOPPEJSILMK C ONOPHBIMU CUTHAJIAMH. J[pyrue ycoBepIIeHCTBOBaHHBIE METOAbI 00pabOTKH,
Hanpumep MUSIC MoryT OBITh YCTOMYMBBIMU K HEKOPPEIUPOBAHHBIM IIyMaM M IIOMEXaM.
OnHako Takne METOABI TPEOYIOT JOPOTOCTOSIIUX BBHIYMUCICHUH M HE MOIYYMIIN IIHPOKOTO
MPUMEHEHHUS IPU OCYHIECTBICHUU KOHTPOIIA 3a HCIIOJIB30BAHNUEM CIIEKTPA.

Omnpenenenne
reorpagu4eckoro
MECTOIO0I0KEHUS
BHYTPH NOMelleHus,
HA CTAANOHE WJIH HA
TEPPUTOPUH
yueOHOro 3aBeleHust

VYcoBepmeHcTBOBaHHBIE MeToAbl  00pabotkm TDOA  MOTYT HCHONB30BaThCS LIS
onpezieJieHUss  reorpauueckoro  MECTONOJIOKEHUS HCTOYHHMKOB  IIHPOKOIOJOCHBIX
CUTHAJIOB, PACIIOJIOKEHHBIX BHYTPH M BHE IIOMEIICHHS, Ha KOPOTKOM pPacCTOSHUHU (CO
cropoHoii meHee 100 M) ¥ B yCIIOBHUSIX MOBBIIICHHOH MHOTOTy4eBOCTH [4].

B rtakux ycnoBusix cuctembl AOA, Kak MmpaBmwio, He cauikoM 3ddextusHbl. [Ipobiemy
TOYHON BPEMEHHON CHHXPOHH3AI[MH BHYTPH MOMELICHUS MOXKHO MPEOJOJIETh C MOMOIIBIO
kommyTatopoB Ethernet, coBmectumsix ¢ nporoxonom IEEE-1588, u npuemuukos TDOA.
Crnenyer OTMETHTH, UTO €Ile OAWH BO3MOXHBII METOJ OIpEeeNICHHs MECTOMOIOXKEeHNS Ha
ocHoBe (POA), kak mpaBwmio, npeBocxoauT metos, TDOA B yCIOBUSX TOBBIIICHHOMN
MHOT'OJTy4€BOCTH M KOPOTKOTO PACCTOSHUS, B OCOOCHHOCTH ISl Y3KOIIOJIOCHBIX CUTHAJIOB.

Ocaabaenue
BJIHSTHUA
KOT€PEeHTHBIX MOMeX
Ha coBIajaonuei
4acToTe
(MHOTOJIy4€BOCTH)
TPH onpejieeHHbIX
YCJI0BUSIX

Crenenp 3¢dexruBHOCTH 000MX MeTOomOB, AOA m TDOA, cHIKaeTcs B YCIOBHAX
MHOTJIy4€BOCTH, KOTOPAasi Ha3bIBAETCSl TAKXKe KOTEPEHTHBIMH ITOMEXaMH Ha COBHAJarolIel
yactoTe. BosnelicTBue Ha KaXkKABIH METO] pas3jiMyacTcsi B 3aBUCHMOCTH OT IIOJIOXKCHUS
JaTYMKA 110 OTHOIIEHHUIO K MHOTOJIy4EeBBIM OTPaKECHUSIM.

IIpu nocrarouHodl mupuHe nojockl curHana mero TDOA MeHee YyBCTBUTENEH K
MCKaKCHUIO ()POHTA BOJIHBI 33 CUET JIOKATBHBIX MPETIATCTBUH (JJOKaIbHOI MHOTOJTy4EBOCTH).
Metogy TDOA MokeT mOTpeOOBaThCS yCOBEPIICHCTBOBaHHAS O0pabOTKa CHTHAia Ui

yCTpaHEHUs HEOMPENEICHHOCTEH TMpH ONpPENEICHUH MECTOIOJIOKEHUs, BBI3BAHHBIX
YAAJCHHBIMH  TPEISTCTBUSAMH  (AMCTAaHIMOHHAS  MHOTONy4eBOocTh). C  HOMOIIBIO
YCOBEPIIEHCTBOBAHHOM 0b6paboTku MOYXHO JIONIOJIHUTENILHO OoTQUILTPOBATH

KOPPEJSILIMOHHBIE Mapbl, HCIIONb3YEMbIE IIPU OIPEIEICHUM MECTOIOJIOKEHHUS METOJIOM
TDOA, u ymy4ImunTh pe3yabTaThl, HOTyYaeMbIe B YCIOBHUIX HOBBIIICHHOH MHOTOTYYE€BOCTH.

IIpu ycoBepmeHcTBOBaHHOH 00paboTke meTomoM TDOA MOXHO HCKIIOUNTH BPEMEHHBIC
3a/IepKKH  TPH  MHOTOJIYYEBOM PACIPOCTPAHCHWH MEXAYy IulomaakamMu [5], dTO
obecrieunBaeT BBICOKYIO 3()()EKTUBHOCTP B YCIOBUSAX TyCTOHACEJCHHBIX TOPOJICKHX
paitoHoB®.
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Coo0pa:xenust 0O6a meroma, TDOA u AOA, oOecricYMBAIOT HAWOOJNBIIYHO TOYHOCTh, €CIH HCTOUHHUK
OTHOCHTEJIBHO CHUTHAJIA PACTIOJNIOKEH B IIEHTPE TEPUMETPa, 00Pa30BAHHOTO UIOIIATKAMH.
KOHUTYpAaUHH TouHOCTB OnpeneneHus reorpadguyeckoro Mecrononoxenus merogqom TDOA onpenensiercs

TreOMETPUYECKUM TI0Ka3areneM cHipkeHusi toyHoctn (GDOP), kauecTtBoM BpeMeHHOU
CHUHXpOHM3allMU U KauecTBoM oneHku TDOA. HeomnpeneneHHOCTP MECTONOJOXKEHUS
HETIOCPE/ICTBEHHO HE CBs3aHa C 0a30BBIM paccTossHueM Mexny npuemMHukamu TDOA [6].
IIpu onpeneneHHbIX yCIOBUAX JaHHOE CBOMCTBO MOXKET SIBIIATHCS IPEUMYIIIECTBOM.

B otiuune ot 3TOoro ToyHOCTh MeTo0B AOA HampsIMyrO 3aBUCHUT OT PAcCTOSIHUS MEXIY
HMCTOYHUKOM U KaxAbiM npueMHukoM AOA. B metone AOA HeonpeaeneHHOCTh MOJ0KEHUs
ABJsieTCs (YHKIMEH OT HEONpE/IEICHHOCTH YIJIa IEJIEHTa U PAcCTOSHUSI OT IPUEMHHKA 10
OLIEHUBAEeMOT0 MOJIoKeHHs. Ecn MCTOUHUK HaxoIuTcsd JalieKo 3a MpejesiaMu IMepuMeTpa,
meron TDOA anmpoKcuMHpYeT JHHUIO IOJOKCHHS, aHAJIOTHYHYIO JMHHUM MENCHTa TPH
AOA. B 3T0if cuTyannu HEOIPEIeIIEHHOCTh MECTOTIONIOKEHHS U TIEJICHTa YBEITHINBACTCS C
paccTosTHNEM OJMHAKOBO B 000MX METOJAX.

BbIcokasi cTeneHb
TMPUTOJHOCTH K
HMCI0JIb30BAHUIO B
cerax PYU parunkoB

B o6oux meromax, TDOA u AOA, yBenndeHne YnciIa MPHEMHUKOB BEACT K YIIYUIICHUIO
PE3YyabTAaTOB BCJICACTBUEC BLIUT'PhINIA OT 0JIM30CTHU U YCOBEPIICHCTBOBAHHBIX CTATUCTUYCCKUX
JaHHBIX.

Metong TDOA xopommo NoAXOJUT A pa3BEPThIBAHUS MHOTUX IPUEMHUKOB, TOCKOJIBKY OHH
SIBJISIFOTCSI MEHEE CIIOKHBIMH, UMEIOT MEHBILHUHI pa3Mep U SHEpromnorpediaeHue, y Hux donee
IpocTas aHTEeHHa, M K MeCTaM HUX pa3BepTHIBAHUA MPEIBABIAIOTCS MEHee MKECTKUE
TpeboBaHus. [Ipu BHICOKOH IIIOTHOCTH YAalI€HHbBIX CTAHIMHA KOHTPOJIS, HA3BaHHBIX BbIlIe PY
JaTYNKaMH, IPUEMHUK KOHTPOJISI OKa3bIBAaeTCsl OJIMKE PaCIONOKEHHBIM K HHTEPECYIOLEMY
Hac curHainy. Pe3ynpTupyromiee CHIKEHHE NOTEph Ha Tpacce, KOTOPOe MHOIJa Ha3bIBAIOT
"BBIMTPBIIIEM OT Onu30oCcTU", yiydmiaeT cTeneHb S(GQPEKTUBHOCTH OOHAPYKEHHS U
onpezeleHust Treorpaduyeckoro MecrononoxkeHus [7]. Kpome Toro, BBIMIPHII OT
KOppeNsIHoHHOM 00paboTku B Metoae TDOA mo3BoiseT 3a1eiicTBOBATh MPH ONpEeACICHHN
reorpa)uuecKoro MECTOIOJIOKEHNUS AOTIOIHUTENBHbIE TaTINKH, HECMOTPSL Ha TO YTO Y HUX
MOXeT OBITh OYeHb HHU3KOE M oTpunarteasaoe OCILI.

Bo3moikHOCTH
aHaJIN3a B
MOJIHOCTHIO
ABTOHOMHOM
pe:xumMe Ha
HEHTPAJIBLHOM
cepBepe

B cucremax TDOA MoryT XpaHUTBCS U PETHCTPUPOBATHCS CKOOPAMHUPOBAHHBIE BO BPEMEHHU
U3MEPEHHUs] CUTHAJIOB OT BCEX NPHEMHHUKOB, MOATOMY Ha IIGHTPAJIbHOM CEpBEpPE MOXKHO
OCYILECTBIISITh aHAJIN3 B IOJIHOCTHIO aBTOHOMHOM pexknMme. CroJla BXOJUT CHEKTPabHBIN
aHaIM3 CUTHAJIa KaXJOTO IMPUEMHHKA, KPOCCKOPPEISIIIMOHHBIE U3MEPEHUS U ONpeNeIeHue
reorpa)uuecKoro MeCTOIOI0KEHHSI.

B cucremax AOA Ha IEHTpalIbHOM CepBEpe TaKKe MOTYT XPaHUTHCA U PETUCTPUPOBATHCS
HEKOTOpBhIE HW3MEpPEHHs CHUTHANOB (HampuMmep, pe3yiabTaThl MENEHTallil W TOYHOCTh
TMeNICHTaINK). DTH U3MEPEHHsI CKOOPJIMHHUPOBAHBI BO BPEMEHHM /0 TOW CTENEHH BPEMEHHOMH
CHHXPOHH3ALlMH, KoTopas nocTikiMa B cucreMe AOA. Takne usmMepenus, Kak pe3ysbTaThl
CIEKTPAILHOTO aHAJIN3a ¥ B3aUMHOM KOPPEISIINK, HE SBISIFOTCSI THIIOBBIMH, IOCKOJIBKY IS
HHX TpeOyeTcs Takas >ke CKOPOCTh Mepelauy JaHHBIX [0 COSIMHUTEIbHBIM JINHUSM, KaK U B
TDOA.

@) B TUNOBBIX KOPPENAIMOHHBIX CHCTEMaX MHTep(EPOMETPHH UCTONB3yeTcs BpeMeHHoe paszeienne (TDM) s yMeHbIIeHUs
YHClIa HEOOXOIUMBIX MPUEMHHUKOB. DTHM CHCTeMaM TpeOyeTcs 1Ba-Tpy IPHEMHHUKA, HOAKIIOYEHHBIX K IIATH, CEMH WJIH Oolee
AQHTEHHaM. DTHU CHCTEMbI SIBJIIOTCSI MEHEE CIIOKHBIMU, YEM ITOJIHOCTHIO IapasulesIbHble CHCTEMbI PAHOIEIeHT a1, OHAKO JUIs
OTIPEIENICHNS] MECTOTIOJIOKEHHS MM HeoOXoaAnMa OOIbIIas MUHUMAIbHAs JUINTEIbHOCTh CUTHANA.

@ CornacHo MMeromMMcs CBelEHUAM, ¢ momoIbio TDOA onpenensioch MECTONOJIOKeHHe Y3KomoaocHsX (30 k['1) curHanos
COTOBBIX TeneoHOB AMPS B yCIOBHSX I'yCTOHACENICHHBIX TOPOACKHX PalOHOB CO CPEIHEKBAIPATUUECKOW OLIMOKOW OKOJIO

coTHH MeTpoB (5).
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Caaoble croponnl MeTona TDOA

Y3komnoJsocHbie
CHTHAJIBI

C wucnonb3oBanueM MeTonoB TDOA MoXeT OKa3aTbCsi TPYAHBIM MM HEBO3MOXKHBIM
OIPeNIeNINTh HMCTOYHHK MEIUICHHO W3MEHSIOIINXCS CUTHAIOB, KOTOPHIE BKIIOYAIOT
HemoxynupoBaHHbIe HecymTie (CW) i y3KOIIOIOCHBIE CHTHAIEL.

Crenenp >¢pdexruBHOocTH TDOA CHIBHO 3aBHCHT OT INUPUHBI IOJOCHl CHUTHAJIA |
yXyOImIaeTcst MO Mepe ee yMeHbIIeHHs. Kpome Toro, s y3KOIOJIOCHBIX CHIHAJIOB
MHOTOJTY4€BOCTh TEOPETUYECKH IMPEICTABISET co00i OOIBIIYI0 MPoOIeMy, B CIIydae eciiid
BPEMCHHBIC XapaKTEPHCTHKH CHI'HAJa IMUPOKO CBA3aHBI C pa3dpocom 3aigepxku. B atmx
YCHOBUSIX TpyZHEE BBIIENUTh HCKaXXEHHE (OPMBI HMIIYJbCAa, BO3HHUKAIOUIEE H3-32
MHOTOJIy9€BOCTH, ITO IPUBOIUT K JTOTIOJHUTEIHHOM OIIMOKE B OLICHKE PA3HUIIBI BO BPEMCHHU.
MuHuManbpHas MUpPUHA TOJIOCHI CHTHANA, HeoOxoammas JId OOeCIedeHUs] NpHUEeMIEMON
3¢ (PEeKTUBHOCTH, pa3IMYacTCs B 3aBUCHMOCTH OT NpUMeHeHus. Hanpumep, cormacHo
uMeromuMes  cBefieHusiM, ¢ nomompio  TDOA — onpenensiock  MECTOIOJIOKEHHUE
y3komnonocHbix (30 k['m) curHamoB coToBhIX TenmedponoB AMPS B ycnoBusx
TYCTOHACENICHHBIX TOPOJACKUX PalOHOB CO CPEIHEKBAIPATHUYECKOH OIIMOKOH OKOJIO COTHHU
metpoB [5]. bonee Beicokoe OCII u Oospliee BpeMsi HaOJIOACHHS MOXET YJIy4YIIHTh
OIpe/ieJIeHUe MECTOIIOI0KEHHSI HCTOYHUKOB HEKOTOPBIX Y3KOIOJOCHBIX CUTHAIIOB METO/I0M
TDOA.

Cucrembl AOA »sddexkTHBHO paboTAIOT € Y3KOMOJOCHBIMH W HEMOJIYJIMPOBAHHBIMH
CHTHaJIaMH, a TaK)Ke IHPOKOIIOJIOCHBIMH CUT'HAIAMH.

Het BoO3MOKHOCTH
JOMOMCKA U
HEeHTPUPOBAHHUS
NP NOMOIIH OJTHO¥M
CTaHIMH

J1JI METO/IOB JTOTIOVCKA U IEHTPUPOBAHMA TpeOyeTcs Kak MUHIMYM 1Be ctaHiuyd TDOA, u3
KOTOPBIX XOTs ObI O/IHA SIBISICTCS MOOUIIBHOM, @ TAKKe KaHaJ mepenadn qaHHbeix®.

B AOA onpenenenne reorpaMueckoro MECTOIOJIOKEHUSI METOJaMH JIOTIONCKA U
HEHTPUPOBAHNUST BO3MOXKHO TIPH HCIIOJIb30BaHHWH JIMIIb OJHOM NEPEHOCHON CTaHIMH. JTO
obecrieynBaeT BO3MOXKHOCTH  OIPENENICHHUS MECTOINOJOXKEHHS B  YCIOBHAX, KOTJa
UCIIONb30BaHUE CeTeBBIX NpHeMHHKOB TDOA HemenecooOpa3HO WM 3KOHOMUYECKH
Hed(pPeKTUBHO. DTH METOBI OMMUCAHH B TaBe 4.7.3.3.

bouaee
BbICOKOCKOPOCTHBbIE
KaHaJbl epeaayn
JTaHHBIX

Cuctemam TDOA, nepenaromiuM 3alMCaHHBIC CUTHAJIBI OT NMPHEMHUKOB LIEHTPATbHOMY
cepBepy, TPeOYIOTCSI BHICOKOCKOPOCTHBIE KaHabl lepeiau JaHHbIX. CeTeBble MOTPEOHOCTH
MPUEMHHKA SBJIAIOTCS HECHMMETPHYHBIMHU: IIHMPHHA I[OJIOCHI JUIA 3aKauykW JaHHBIX
MPEBBIIAET HIMPUHY MOJIOCH AJISL 3arpy3KH JaHHBIX. [10TOK mepeaaBaeMpIX JaHHBIX MOXHO
COKpaTUTh 3a CUET YCOBEPIICHCTBOBAHHOW 0OPabOTKH, BKIIOYAIONIEH C)KaTHE CHIHANIA.
Cuctemer TDOA, B kotopbix Bpems mnpuxoma curHama (TOA) ycraHaBnmBaeTcs B
MPUEMHUKE, TPEIbIBIIOT OoJiee CKPOMHBIE TPEOOBaHMS K CKOPOCTH IEpelauyd JaHHBIX.
Bonee monpoOHO TpeboBaHMS K KaHaNy IepeJadd JaHHBIX PAacCMaTpUBAIOTCS B
riase 4.7.3.2.4 "CooOpakeHUs B OTHOIIICHUH CETH".

Cucremam AOA TpeOytoTcs Ooinee HHM3KHE CKOPOCTH IEpefauyd IaHHBIX, MOCKOJBKY Ha
HEHTPAIBHYIO CTaHIMIO TIEPENaloTCsl TOJIBKO HEKOTOpPBIE XapaKTEPUCTHKU CUTHajla, TaKhe
Kak TIeJIeHT, YacTOTa U BPeM.

YyBCTBUTEIBHOCTH
K HCTOYHHKAM
JeKOPPesIHu
CHUrHAJIa

B cucreme TDOA nOMKHO caMbIM TIIATENBHBIM 00pa3oM OCHaOJISIThCS BIMSHHE BCEX
MOTEHIMATbHBIX HCTOYHUKOB AEKOPPENAINH CHUTHAJIA MEeXIy mpueMHHKaMH. Croa BXOAAT
OTHOCHTEJIbHBIE C/IBUTH ONOPHBIX YacCTOT NPHEMHUKOB M OTHOCHUTENbHBIE CABUIH YacTOT
CHTHaja (JOMIUIEPOBCKUN CJIBUT), BBI3BAHHBIC JIBI)KCHHEM HMCTOYHHKOB WIJIM MECTHOM
cpenoil. MakcuManbHOE BpeMsi KOT€PEHTHOTO MHTETPUPOBaHUS OyJIeT OrpaHHYMBATHCS HE
TOJIBKO JUITMTEIBHOCTBIO CUTHAJIA, HO M CTAOMIIBHOCTBIO OTTIOPHOTO T'eHepaTopa IpUeMHHUKa, a
TaKKe TMHAMHYECKHMH XapaKTEPUCTHKAaMH OECTIPOBOTHOM CBSI3H.

BricokokauectBenHble cucTeMbl TDOA BKIIOYArOT KOHTYPbI CIICKCHUA 1A obecrieueHus
YaCTOTHOM M BpCMeHHOﬁ KOI'€pEHTHOCTHU. bonbmmoe 3HadeHue JUJIA KOMIICHCAIlUuKn 3(1)(1)€KTOB

JEKOpPPEeIsSIIMU  HMCTOYHHMKOB,  HCHBITBIBAIONIUX  JAOMNIUIEPOBCKUIl  CABUI,  HMeEET
aBTOMaTHUeCKast KOPPEKIHsI JOMIUIEPOBCKOTO CABUIa.
basoBeie cucrempl AOA u HEKOTOpbIE YyCOBEpLIEHCTBOBaHHBIE cucTeMbl AOA

(ucnonezyrome Meron MUSIC) HeuyBCTBHTENBHBI K JIEKOPPENSIIMM CHTHANA MEXIY
IUIOIAAKAMH. Y COBEpPILIEHCTBOBaHHbIE cUcTeMbl AQOA, B KOTOPBIX HCIOJIB3yeTCA
KOpPpEIALHs ¢ ONOPHBIMHU CUTHAJIAMHU, UyBCTBUTENbHBI K AEKOPPEISIUY CUTHAA.
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boJiee Tounas
BpeMeHHast
CHUHXPOHM3ALMA

Meton TDOA TpeOyeT BRICOKOKa4eCTBEHHOH BPEMEHHOW CHHXPOHU3ALMH 110 OTHOILICHUIO K
BEJINYMHE, OOpaTHO MPOIOPIMOHAIBFHON IIMPUHE IIOJIOCHI PacCMaTpHBAacMOTO CHTHAIA.
CoBpemennsle TexHonoruwm (Hampumep, GPS) mo3BomsitoT o0ecrednTs BpEeMEHHYIO
cuaxpoHm3anuio npueMmanka TDOA ¢ TodgHOCTBIO, TpeBbImatomnieii 20 He.

Cucremsl AOA wMeHee TpeOOBaTeNbHBl K BPEMEHHOW CHHXPOHHW3AIMM TPHEMHHKOB,
TOYHOCTh KOTOPOM MOXKET COCTaBIATH HECKONBKO ceKyHA. Ha mpakThke HeKoTOpble
NPEICTaBIAIOIINE HHTEPEC CUTHANBI, HATPUMEP CUTHAJIBI MAJIOM ATUTEIbHOCTH HIIH CUTHAJIBI
CO CKaukooOpa3HOW TepecTpoiKol uacToThl TpeOyloT 0Oojiee BBICOKHX YpPOBHEH
CUHXpOoHM3anuu cTaHiuit AOA.

CurnaJsl,
coJep:kalme
MOBTOPSIIOLIHECS
3JIeMEeHTbI

HecmoTps Ha Manyio BepOSTHOCTB, IIPH HEKOTOPBIX YCIOBHAX anroputMbel TDOA moryt
MPUBOANTH K HEBEPHBIM PELICHUSM B OTHOIIEHHH CHI'HAJIOB, COJEPIKAIINX HOBTOPSIOIINECS
aneMeHThl. K mpumepam TakuX CUTHAJIOB OTHOCSITCS NMOBTOPSIOLIUECS MOCIEA0BATEIEHOCTI
JIAHHBIX WM CHHXPOUMITYJIbCHI. JTa MpoOiieMa, a TakkKe IyTH €e YMEHBIIEHHS MOJApOOHO
paccMaTpuBatoTcs B riase 4.7.3.2.3 "dakTopsl, BIUAOIINE Ha TOYHOCTD'.

B cBs3u ¢ Tem, uto B cucteMax AOA He OCYIIeCTBIISIETCS B3aMHAs KOPPEIILHUS CUTHANA,
OHH HE TTOJIBEP)KEHBI 3TOH Mpodieme.

CxopocTh
BBIYHCJIEHHS NPH
onpeeJeHUH
reorpagu4eckoro
MeCTONO0I0KeHUSI

3anucaHHble CUTHAJIBI, KaK IPaBUJIO, IEPEJAIOTCS Ha CEpBEP ONpPeIeNeHUs] MECTONOI0KECHUS
JUIS TPOBEJICHNUS BEIYUCIICHUH. B CBSI3H C 9TUM K NPOIYCKHO# CIIOCOOHOCTH CETH M CKOPOCTH
nepenaddl IMPEObsABIAIOTCS BBICOKME TpeOoBaHWA. HM3KOCKOPOCTHOH KaHam MOXKeT
CYIIECTBEHHO 3aMEIJINTh BpPEMs BBIUHCICHHSA TIPH OINpPEICICHUH TIeorpadriecKoro
MECTOMONOKEHHUS.

TuoBble CKOPOCTH ONpEAENeHHs reorpaMueckoro MECTONOJOKEHHS MOTYT COCTaBIISITh
nopsinka He Ooinee 1 pukcammu B cekyHmy meromom TDOA (Hawmydmmid ciaydai) 1o
cpaBHeHHIO co 100 ¢ukcammamu B cekyHay Meromom AOA. Hcmonp3oBaHue Oolnee
BBICOKOCKOPOCTHBIX KaHAJIOB Mepefadyl JaHHBIX MOXKET YIYYIIUTh CKOPOCTH ONpeNeIeHUs
reorpaguueckoro mecromonoxkeHns merogom TDOA. Hcnonp3oBaHue 0oiee KOPOTKOTO
BpPEMECHN HAONIONCHUS W/WIN yCOBEPUICHCTBOBAHHBIX METOMOB CXKATHSI TAKXKE MOXKET
CHM3UTH TpeOyeMyI0 LIMPHHY IMOJIOCH JUIs Niepenaun JaHHbIX. [locie Toro kak pe3ysnbTaThl
W3MEpPEHUI  TepefaHbl Ha  IIGHTPANbHBIM  cepBep, IepecyeT  reorpapuyecKux
MectononokeHuit MmerogoMm TDOA ocymiecTBiseTcs CyIIeCTBEHHO OBICTpee, TIOCKOIBKY OH
BBITIOJTHACTCS. HA OCHOBE COXPAHEHHBIX JIOKAIBHBIX JaHHBIX.

MauJiasi IpUTOAHOCTH
JIJIs1 OJTHOBPEMEHHOT0
onpeaeaeHust
reorpagu4eckoro
MECTOIOI0KEHUS
MHOTHX HCTOYHHKOB
H3JTy4YeHHus

Hexoropsie cuctembl AOA 1oaIepKUBAIOT OJHOBPEMEHHOE OMPEICTICHUE TeorpapuuecKoro
MECTOIIOI0KEHHUS NICTOYHUKOB MHOTHX CUT'HAJIOB, PA3HECEHHBIX M0 YacToTe. Takast QyHKIus
4acTO Ha3bIBACTCS MIMPOKOIOJIOCHOW panmuorieneHranueil. TeopeTndeckn oHa BO3MOXKHA B
merone TDOA, HO IpakTHYECKH HE AOCTYIHA, INIaBHBIM 00pa3oM, B CBS3H C ropaszo Ooiee
BBEICOKUMH TPEOOBaHUAMHE K CKOPOCTH TIepPEIavyd JaHHBIX.

Ckopocth mepefaun naHHbIX B TDOA MoxkeT OBITh CHHXKEHAa B cliydae oOecredeHus
BCIIOMOTATEIbHBIX JaHHBIX ITyTEM CHHXPOHU3AIH curHaina (yctaHoBieHuss TOA) B KaxI0M
TIPUEMHHUKE.

Het BO3MO:KHOCTH
omnpeneaeHust
MeCTOMOJIOKEeHUS U3
oaHoii Touku (SSL)

st moctpoenusi LoP TpeOyeTcss MUHUMYM JiBa IaTYHKa, JJIsl ONIPEAEIICHHS reorpaduuecKoro
MECTOIIOJIOKEHHUS B IBYMEPHOM IIPOCTPAHCTBE HEOOXOAMMO KaK MUHHUMYM TPH JaTdHKa, a
JUIL  OTIpEJIeTICHNs] TeorpaMueckoro MECTOIOJIOKEHNSI B TPEXMEPHOM IPOCTPAHCTBE
HEOOX0/IMMO Kak MUHUMYM YeThIPE AaTUhKa.

Meton AOA MOXKET UCTIONB30BATHCSI P OINPEICTCHIH MECTOTIOIOXKEHHS U3 OJJTHOW TOUKH.

Coodpa:xenust
OTHOCHTEJIBHO
KOHpUrypauuu

O6a meroma, TDOA u AOA, obecreunBalOT HAUOONBIIYI0 TOYHOCTh (HAWITYYIIHA
nokazatenb GDOP), eciaum WCTOYHMK CHTHalda pACIONIOKEH BHYTPU IEPUMETPA,
OTPaHMYMBAIOIIET0  TPYIIY  B3aMMOJCWCTBYIOIIMX  JATYMKOB  W/WIM  CTaHIUIi
paauonenenraryu (PIT).

HenocpenctBeHHO 3a mpenmenaMud 3TOTO TEPHMETPa TOYHOCTE M A(PPEKTHBHOCTH
OTIpeieNIeH s MECTOIOI0KeHuUs yOrIBaeT OricTpee B MeTosie TDOA, uem B Mmetone AOA (cMm.
punoxenwne 1 u [8]).

Ecny ncTouyHuk HaXxoguTCs Jajieko 3a mpeaesaMu 3Toro nepumerpa, meron TDOA moxer
anMpoOKCUMHUPOBATh JIMHHUIO TIOJIOXKEHHS, AaHAJOIMYHYyI0 JMHUM TeneHra npu AOA
(cm. TTpunoxenne 1 u [8]). Metog AOA obGecrieunBaeT OmpeeNeHne MeCTOMOIOKEHUS
(T.e. yka3plBaeT mepecedeHHEe JBYX JIMHWH IIeJIeHra) B Ipelesiax TeppUTOpHH, Tlie
MepPEKPHIBAIOTCS 30HBI OXBaTa ABYX craniuii PII.

Wudopmanuio o nansHOCTH 00Hapyxenust PU-curnana u 3one oxBata cereii TDOA n AOA
JUISL OTIpeJIeNICHNs TeorpauIeckoro MecTonookeHus cM. B [1punoxenun 1.

ABTOHOMHBII
AHAJIN3 C NOMOIIbIO
H3MepeHuii 0T
OJHOI CTAHIIHH

B wmerone AOA aHamuM3 IMHUM TIEIEHTa MOXET OCYIIECTBISATHCS aBTOHOMHO C
WCIIONIb30BaHUEM PE3YyJIbTaTOB HM3MEPEHHUH, TMONYYCHHBIX JIMIIb M3 OJHOW TOYKH.
ABTOHOMHBIN aHaNM3 JUHUU N0JI0KeHHUd B TDOA HeBO3MOKEH MpHU HAJIMYUHU M3MEpPEHUil
TOJILKO M3 OJTHOM TOYKH.

@ I[J'ISI JOIIOMCKAa U HEHTPUPOBAHUA TPU MOMOIIH JIHUIIb OJTHOM HepeHOCHOﬁ CTAaHIIMU MOTYT UCIIOJIB30BAThLCA OAXOAbI HA OCHOBE

POA.
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4 I'mOpuaHbIe cHCTEMBI

Texnomoruto TDOA MOXHO O00BEIUHUTH C OJHOM WM HECKOIBKHUMH JIOTIOTHUTEIBHBIMI TEXHOJOTHSIMH
oTpeieNIeHus TeorpaduIecKoro MECTOTIONOKEHHS U CO31aTh CUCTEMY, KOTOPYIO MOKHO Ha3BaTh THOPHUIHOM.
Texunonorun TDOA u AOA MOXHO OOBETUHHUTH B PaMKaXx OJHOW WJIM HECKOJBKUX CTAHIUN U TMOJIYYUTh
ruopunaeie  cucreMbl  AOA/TDOA. Texnmomormio TDOA MoOXHO Takke OOBEAMHHUTH C JIPYTHMHA
TEXHOJOTHSIMA OTpEIeNIeH!s] TeorpapuaecKoro MeCTOIMONIOKEHUS, HalpuMep, METOAOM aMILIUTYTHOTO
ko3¢ unmrenta POA u nonyuuts ruGpuanyro cucremy TDOA/POAL

I'ubpunasie cuctemsr AOA/TDOA cocTosIT MUHIMYM U3 JBYX IUIOIIAIOK, U3 KOTOPHIX HE MEHEE YeM B O;THOM
MeCTe €CTh BO3MOKHOCTH m3MepeHus kak AOA, Tak 1 TDOA, a Ha ocTabHBIX IUIOMIAIKaX €CTh BO3MOKHOCTh
m3meperust TDOA. JIBa garuuka TDOA co3maroT OfHY THIIEPOOIIMYECKYIO JIMHHIO, MPEICTABIISIOIIYIO
3HAYEHMs] Pa3HOCTU BpPEMEHH, Kak 3To omnucaHo B rnase 4.7.3.2 CnpaBounnka MCD mo KOHTpomo 3a
HCIIONb30BaHueM crekTpa, m3nanue 2011 roma. Cucrema AOA co3gaet LoB. Ilepeceuenne muanm mejaeHTa 1
rubepoonnyeckoil muanu TDOA onpenensieT MecTONOJIOXKEHNE HCTOYHUKA curHana. bosee moapobHo 3TH
cucteMbl 00cyxaarorcs B [Ipunoxennu 2.

5 Pe3rome

Texnomorus TDOA  sBusiercs  AOMONHUTENBHOW  TEXHOJOTHEH  ompeneieHus Teorpaduieckoro
MECTOTIOJNIOKEHHsI, KOTOpasi He MOJIydydsia IIHPOKOTO MPUMEHEHHWS TPH OCYIIECTBICHUH KOHTPOJS 3a
ncronp3oBaHueM crekrpa. VcnomszoBanne TDOA craHoBUTCS Bce Oonee IeiaecooOpa3sHbIM B CBSI3H C
MOSIBJICHHEM HEJOPOIMX KOMIAKTHBIX BBIYMCIHMTENBHBIX PECYPCOB, YCOBEPIICHCTBOBAHHBIX TEXHOIOTUH
panuornpueMa, MOBCEMECTHOW NOCTYMHOCTBIO KaHAJIOB Mepeladyd JaHHBIX, a TaKKe HaIWYMEM TOYHBIX
pacmpeenseMbIX CHIHAJOB BpeMEHHOW cuHXpoHM3auumu. OH 00nagaeT oOIpeesicHHBIMA CHUJIBHBIMU
CTOPOHaMH 1O cpaBHeHHIO ¢ MeTogoM AQOA, B 4YacTHOCTH MpH OOHAPYKEHUH M ONPEACICHUU
reorpaguyeckoro  MECTOTOJNOXKEHUs] ~ MCTOYHMKOB  COBPEMEHHBIX  HIMPOKOMOJIOCHBIX  CHUTHAJIOB.
XapakTepusyercs 0ojiee NPOCTHIMH TPEOOBAaHUSMH K aHTEHHE, CHOCOOHOCThIO 00padaThIBaTh CHUTHAI,
PacpoCTPaHSIOLINICS Ha KOPOTKOE PACCTOSHUE B YCJIOBHSIX MHOTOJIY4E€BOCTH B FOPOACKOM cpene, a Takke
JOCTYIHOCTBIO Ppa3BEPThIBAHUS CETEH HENOPOrMX MAaTYUKOB. ODTOT MeETOX OO0NajaeT TakkKe ClIa0bIMH
CTOPOHAMHU 1O cpaBHEHHIO ¢ MeTo1oM AOA, B 0COOEHHOCTH TIPH OTPECIICHUH MECTOIIOIOKEHUSI ICTOUHUKOB
Y3KOTIOJIOCHBIX M HEMOJTyTMPOBAaHHBIX CUTHANOB. Kak mpaBuiio, oH npeabsBisieT 0ojiee BEICOKKE TpeOOBaHMUS
K COEIMHUTEIbHBIM JIMHUAM JUIA TIepeadu JaHHbIX. [IpH ero ucrnons30BaHUN HEOOXOJMMO KaK MUHUMYM JBa
MpUEeMHHKA JJIsl TONydeHuss MH(opMalMu O JIMHUM TOJOXKEHUS U HEe MEHee TpeX NPUEMHHUKOB st
OTIpeJIeNIeHHsT MECTOIIOJIOKEHUSI B JIBYMEPHOM MpocTpaHcTBe. J[Isi COBpEeMEHHBIX METOJIOB KOHTPOJIS 3a
CUTHaJlaMH XapakTepHa paboTta co Bce 0oJiee IMPOKOIOIOCHBIMH CUTHAJIAMH H Bce 00JIee HU3KUMH YPOBHSIMU
CHEKTPAJIbHOM IUIOTHOCTH MOIIHOCTH. Vcronp30BaHuEe JOMOJHUTENBHBIX METOAOB  ONpPEACICHUs
reorpaduyeckoro MecTomnonoxkeHus, Takux kak TDOA, cnocoOHO yIydlInTh BEPOSITHOCTE OOHAPYKEHUS U
orpenesieHus reorpaguuecKoro MECTONOI0KEHHSI HCTOYHUKOB COBPEMEHHBIX CHUTHAJIOB BO MHOTHX CPEAAX.
I'nbpunnbie cucrembr AOA/TDOA crocoOHBI KOMIIEHCHPOBAaTh HEKOTOpHIE cla0ble CTOPOHBI KaKIOTrO
METO/Ia MO OTJACIHFHOCTH W TPU 3TOM PealH30BaTh MPEUMYIIECTBA KAXKJIOro M3 HUX. MOOHWIbHBIC CTAaHIIUU
TDOA 3¢ deKkTUBHBI TONBKO B CiTydae THOPUIHOTO HCIOIb30BaHMs co cTanmusiMu AOA.

1 OTMCTI/IM, YTO BaXXHO pa3jaInvarb FI/I6pI/IJIHI)Ie CUCTCMBI HIIN FI/I6pI/I)1HBIe CTaHIOUU U FI/I6pI/IllHBIe AJITOPUTMBI

OIIPpEACICHUA FCOFpa(i)I/I‘IGCKOFO MECTOIIOJIOKEHUI. B FI/I6pI/I,Z[HI)IX aJropuTMax jisi OUCHKU MCECTOIIOJIOKECHUS
HUCTOYHMKA HM3JY4YCHHUS HCHOJIB3YCTCA KaK pa3Hulla BO BpPEMCEHU IMpUXOJa, TaK H POA. I[aHHBIﬁ
YCOBepHICHCTBOBaHHLIfI AJITOPUTM  OLIPCACITICHUSA reorpa(bnqecxoro MECTOIIOJIOKCHUSA HE BKIIOYCH B PpaMKU
HaCTOAIICTO UCCIICA0OBAaHMs.
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IMpuaoxenue 1

DakTOpHI, BJIUAKIINE HA TAJIbHOCTh O0HapyxeHus PY curuajna u 30Hy oxBara
omnpeejeHueM reorpapuueckoro MecTonoJ0KeHuss NIPpUMEHUTEIbHO
K CTAHUMSM KOHTPOJIS

1 BBeaenne

CymiecTByeT psiJi aclieKTOB pa3BepThIBAHUS CTaHIMK KOHTPOJS, KOTOpble BIHMSIOT Ha WX JalJbHOCTh
obHapyxenus: PU curaana u 30Hy oxBaTa omnpezaeieHueM reorpaduyeckoro mecronoioxenus. Ha oburyro
3G PEKTHBHOCTh JTI000W CTAaHIMK KOHTPOJIS, HE3aBUCHMO OT PabOYMX XapaKTEepUCTHK, OyIyT OKa3bIBaTh
BO3/ICHCTBHE OTPAHUYCHUS WM TPEHMYIIECTBA, 00YCIOBJICHHBIE BEIOOPOM O0OpPYIOBaHMUs, YyCTAHOBKOH U
IJIOIIAKOM.

[Ipencrasisiercs, YTO NpU Pa3BEPTHIBAHUU B PEAIBHBIX YCIOBHSAX CHCTEMbI KOHTPOJIS 32 HCIIOJIb30BAHUEM
cnekrpa (CKC) oynyT Brirouats cranin AOA u cranumu TDOA, pazBepHyThIe BMecTe Ha (PUKCUPOBAHHBIX
u MOOWIBHBIX Iardopmax. BpiOOp TexHOMOrMM omnpeneneHus reorpagpuyeckoro MeCTOIOJIOXKECHUS,
HCIIOJIb3YEMON B MECTE OCYILECTBICHUSI KOHTPOJISA, CBA3aH C PSJIOM acleKTOB M, KaK MPaBHIIO, OCHOBAH Ha
CJIEAYIOILEM:

- JAOCTYII K 3JICKTPOSHEPIrUU U CCTU HA IJIOMIAJKE,

— JOCTYITHOCTb SHEPIMH CUTHajla — KakK IOJIE3HOTO, TaK W HeenaTelbHoro. Bo MHOrux ropoickux
paiioHax BO3HMKAaeT HEOOXOAUMOCTh B TOM, YTOOBI MECTa OCYIIECTBICHHUS KOHTPOJIS PacIIOIarajiuch
MOOJIM30CTH OT OECTIPOBOJTHBIX CITYKO MIIM TPOMBIIINIEHHOTO AJIEKTPOOOOPYIOBAHHUS;

- pem,e(b MCECTHOCTHU U IIpsAMasi BUAUMOCTb KOH’I‘pOJ’IpreMOﬁ 30HBI;

- IJIOTHOCTh UCTOYHUKOB U3JIyYE€HUS U XapaKTEP CHEKTPAJIbHON HArPy3Ku;


http://mrtmag.com/mag/radio_tdoa_technology_locating/index.html
http://www.ircos.ru/en/articles.html
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- Ba)KHOCTb ITOJTb30BATENILCKOM 0a3bl B KOHTPOJIMPYEMOIt 30HE (T. €. BakHeHmas HHppacTpyKTypa wiH
MIPaBUTEIHCTBEHHBIC OOBEKTHI U T. 1I.);

- MPOJODKUATENBHOCTh MPOBEIICHUST Olepanuii KOHTpoyiss. HekoTopwle mpenHa3HAYCHHBIC IS
KOHTPOJIST M3IENHsI PacCUNTaHbl Ha KPATKOCPOUHBIC OIeparuud KOHTpoiss (MeHee 12 d9acoB)
Oyrarozaps MaJbIM pazMepaM, padoTe OT 6aTtaper U MPOCTOTE YCTAHOBKU M CBEPTHIBAHUS,

- (akTOpBI yCTAHOBKH Ha IUIOIIAJIKE, BKIIOYas pa3mMep o00pya0BaHus, JOCTYITHOCTh U MOTpeOIeH e
SJICKTPOIHEPTUH, COCIMHEHHE C CEThIO, apeHAa IUIOIIAJKH, KaIHOpOBKA M TEXHHUYECKOE
o0ciykuBaHue 000PYAOBaHUS.

Kpome toro, CKC moryTt Bkito4ats 6osiee crapyro u 0ojiee HOBYIO TEXHOJIOTHIO (HApUMEp, pacluIupeHne
CYHIECTBYIOIIEH CTaHIMKM 3a cYeT Ooyiee HOBOTO O00OpyAOBaHUS), a TakkKe YCIOBHA M (PyHKIHUH
CyILECTBYIOIIEro 00opyaoBanus KOHTpois. HenenecooOpa3Ho BEIOMpaTh OJJHY TEXHOJIOTHIO JUIS ydeTa BCeX
BO3MOXHBIX clieHapueB. Kaxkaoii TexHomoruu onpeneneHus reorpaguueckoro MeCTOMOI0KEHUS TPUCYIIU
ACIICKTHI, KOTOPHIE ONPAB/ABIBAIOT ce0s HA MMPAKTHKE B OTPEISICHHBIX CIIyJasX, HO HE BO BCEX.

B mactosmem OTdere I WILTIOCTPAIlMU BO3JEHCTBHSA, KOTOPOE BBHIOOP KOHCTPYKIIMK M XapaKTEPHCTHUKU
HMCTOYHUKOB M3JIYy4YCHHUS OKa3bIBAIOT Ha JAJbHOCTh OOHapyxeHus PU curHaia v 30Hy oxBaTa OIpeneiICHUEM
reorpa)uIeckoro MeCTOIMOJIOKEHHUS, UCIIOIb30BaHbI PACUYETHI IO MOJICNIN ¢ KOHKPETHBIM HAOOPOM YCJIOBHIA.
[IpuBeneHHBIE HMXKE pacdeThl OCHOBAHBI HAa CTaHIAPTHBIX MOJENAX PACIpPOCTPAHEHHs, HCIIONB3YEMBIX B
OTpaciH, KOTOphIE pa3paboTankl B nepuon 2004—2007 romgos2. B HEX He yYUTBHIBAIOTCS PEANIbHBIE TPEXMEPHBIE
TaHHBIE O perbede MECTHOCTH, B TT03TOMYy oxBaT PU curHana monenupyercsi paBHOMEPHO OT KaXKIAOTO MeCTa
OCYIIECTBICHHUS KOHTPOISA. OTO TO3BOJSET IPOCIECTUTH pa3iNYHbIC BO3IACWCTBUS INMHPHHBI TOJOCH U
MOINHOCTH UCTOYHHUKA U3TYUCHHS, 4 TAKKC BBICOTHI aHTCHHELI B UACAJIbHBIX YCIIOBUAX. B pacyeTax 1mo Mmoaejin
MPUMEHSIETCS. MPOTPaMMHOE CPEICTBO, KOTOpPOE OOBIYHO HCIOJB3YeTCs, YTOOBI TOHSTH, CKOJIBKO
OpPHUEHTHPOBOYHO CTAHIIMN KOHTPOJIS MTOTPeOyeTCs s 0XBaTa TpeOyeMOi 30HBI.

2 Oomme coodpakeHus

BaxxHo B mepByro oyepeib ONPEAeIuTh NalbHOCTh OOHApykeHus paauouactotHoro (PY) curnama u 30HY
0XBaTa OMpPE/EeIEHHEM reorpamuecKoro MeCTOMOIOKEHHUS:

- JanbHOCTh oOHapyxeHuss PU curnama ompenensieTcs Kak camoe AajibHEE paccTosHHE (B KM) OT
CTaHIIUMU KOHTPOJIsA, HAa KOTOPOM MOXKHO O6Hapy)KI/ITB HUCTOYHHK U3JTYUYCHUA IIPU ITOJOKHUTCIHEHOM
OCIII. /lanpHOCTH OOHAPYKEHUSI MOXKET OBITH pa3HOH B Pa3HBIX HANPABICHHUSAX B 3aBUCUMOCTHU OT
penbeda, CBOHCTB 3aHUN 1 JPYTUX (HaKTOPOB.

— 30Ha OXBaTa ONpeesIEHHEM Ireorpa(uueckoro MecTONOIOKEHUS ONPeIeIIeTCs Kak reorpaduieckas
30Ha, B IIpefiesiaX KOTOPOH MECTOTMOJIOKEHNE HCTOUHUKA M3ITyUYEeHHUS MOXKET ObITh JOCTATOYHO TOYHO
OTIpEJIEJICHO C MMOMOIIBIO TOCTYMHBIX MeTooB (T. €. AOA, TDOA, rubpunnsiii metos, POA).

BaxHo oOoTMeTHTH pasHHMILy MEXAYy OaJbHOCTbIO OOHapyxeHuss PY curnama, koTopoil TpeOyercs
nonoxurensHoe OCLL Ha BXoae CTaHUMM KOHTPOJIS, M 30HOM OXBaTra OIpelesieHHEM Ieorpaduyeckoro
MECTOIIOJIOKEHMSI, KOTOpold He Tpebyercs monoxurenbHoe OCII Ha BXOome KakIod CTaHIIMU KOHTPOJIS.
Mertoasl omnpeenenus reorpaduueckoro mecrononoxkeHuss TDOA, B KOTOPBIX KOPPETHPYIOTCSI CHTHAIIBI,
MOJTyYEeHHBIE HA PasHbIX IUIOMIAJKaX, [TO3BOJISIIOT ONPEAETSTh MECTOIOJI0KEHHE UCTOUHUKOB C YPOBHSIMH
CUTHaJa HIWKE MUHHMAJIHHOTO YPOBHS IIyMa. MOIIHOCTH IIyMa, IPUHUMAEMOr0 B MECTax PACIIONOKEHUS
CTaHIMii, He Koppenupyercs. bonee noapoOHas uHpoOpManusi 00 UCIONL30BAHUU METOJIOB OIpEIeIICHHS
reorpaduyeckoro mectononoxxenust TDOA npexacrasnena B nm. 4.7.3.2.2 u 4.7.3.2.3 CnpaBouynnka MCD o
KOHTPOJIIO 33 UCIIOJIb30BaHUEM CIIEKTpA.

AHanmu3 30HBI OXBaTa OIpEJCICHHEM Teorpauyeckoro MECTOIMONOXKECHUS U TPYHI (UKCHPOBAHHBIX
cranuuii PII AOA n garunkoB TDOA MO»XkHO NpoBeCTH NyTeM paccMoTpeHus ceredl koHTpoist AOA u
TDOA, cocrosimux He Ooiee 4eM M3 TpPeX B3aHMMOJEHCTBYIOIIMX CTAHLUH, TMOCKOJIBKY OHU (OPMHUPYIOT

2 Dru mozenu pa3paboransl B pamMkax koucopimyma Wireless World Initiative New Radio (Hoserit pagmonnTepdeiic
JUIsL BCeMUPHO# MHULATHBBI B o0nactu 6ecnipoBoanoi ez, WINNER | u 1) mpu koopaunanuu co ctoponst Nokia
Siemens Networks.
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00J1aCcTH, B KOTOPBIX MPOUCXOIUT MEPEKPBITHE 30H 0XBATa TPEX U JIBYX CTAHIIUH, a TAKIKE 30H, OXBATHIBAEMBIX
TOJBKO OIHOM CTaHIIUE.

Paccmotpum 30HY oxBara ompeneleHHEM TeorpaduuecKoro MECTOIONOKEHUS s TpeX (PUKCHPOBAHHBIX
JATYNKOB, 0003HAYCHHBIX Ha puc. 1 kak S1-S3, u Tpex dukcupoBaHHbIX cTaHmi PI1, 0003HaUYEeHHBIX HA pUC.
2 xak DF1-DF3, koTopble UMEIOT OJIHY U Ty ke KoH(purypamuio, Ho padoratoT B ceTsix TDOA u AOA,
COOTBETCTBEHHO. IlycTh ceTn Takke OCHAIIeHbl MOOWIBHBIMU CTAHIMSMH KOHTPOIS, 00O3HAaYeHHBIMH Ha
pucynkax 1 u 2 kak MS, ¢ o0opyoBaHHEM TOM K€ CaMOM TEXHOJIOTMH, YTO U (PUKCHUPOBAHHBIC JATUUKU U
crannuu PII. MHmuBuayanbHas AanbHOCTh OOHapykeHusi PYU curnama kaxmaod (QUKCUPOBAHHOW CTAHIIUU
YCIIOBHO 0003HaueHa Ha pHC. | ¥ 2 KOHTypaMH Pa3IMIHBIX [IBETOB. JKEITHIM [[BETOM YKa3aHa 00IIast IjIs BCeX
(hMKCHPOBAaHHBIX CTaHIMI 30Ha OOHapyxeHms PY curnama, B mpemeisax KOTOPOH WCTOYHHUK H3ITyYEHUS
(umenyeMbIi B nanpHeleM "niepegarynkom”) numeet nonoxkutenbHoe OCLL. B cBs3u ¢ Tem, 4To B 1aT4uKax
TDOA wucnonp3yercss CHHXpOHHAS B3aWMHAasl KOPPEISINsA, COOTBETCTBYIOIAs 30HA OXBaTa OMpeAeleHHEeM
reorpan4eckoro MecTOTONIOKEeHNsT ceTH AaTdukoB S1-S3 Ha pucynke 1 Oombie, yem 30Ha ctaHuuii PIT
DF1-DF3 na puc. 2.

HeoOxomumMo OTMETHTH, YTO JanbHOCTH OOHapykeHus PY curHama u 30HBI OXBaTa OIpeAeliCHHEM
reorpaguyeckoro MecTONOJIOXKEHUSI Ha 00OMX PHUCYHKax HMOCTPOEHBI YHCTO YCIOBHO, UCXOIS M3 HEKOTO
WCIBITATENIFHOTO MepeaTyiKa, UMEIOIIETo ONpeIeIeHHYI0 MOIIIHOCTh U BBICOTY aHTeHHBI. [Ipu usmeHnenun
STHX TIApaMETPOB KOHTYPHI 30H 0XBaTa HEM30E)KHO M3MEHSTCS B TOW WIIM MHOU cTerneHu. bonee moapoOHoe
ONKCaHWE NPUBOJUTCS B II. 3.

Hus cetm TDOA koopAawHATHI TepeqaTddKa OIPENSISIOTCS IO OONAcTH TepecedeHrs TpeX JIHMHHUN
MOJIOKEHUS, KaK MOKa3aHO Ha pHC. | MPUMEHHWTENbHO K mepenaTduky T1, rae mepeceKkaroTcs JTHHUH
monoxkenus 1-2, 3-1 u 3-2. s cetm AOA ompeneneHne reorpaduueckoro MeCTOMOIOKEHUS C TIOMOIIBIO
ToNBKO uKcupoBaHHBIX cTaHwmid PIT ocymecTusercs Bcemu Tpems ctannusamu P, kak moka3zaHo Ha puc. 2
(uuun neneHroB 1-3 addexkTuBHO omnpenensdroT Mecrononokenue nepenarunka T1). Cetb AOA Takke
3¢ eKTHBHA B 30HAX, OXBAYCHHBIX TOJNHLKO AByMs cTaHiusMu PII, kak mMoka3aHO Ha TOM K€ PUCYHKE IO
OTHOIIICHHIO K MepeaaTduky T2 (JIMHUH neaeHroB 4 u b).

PUCYHOK 1

3oHa oxBaTa onpeegeHueM reorpajpuueckoro Mmecronosoxenus B cetu TDOA
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Report SM.2211-01
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PUCYHOK 2

3oHa oxBaTa onpejeleHHEM reorpa)u4eckoro MecTonoJiokenus B cetu AOA

Report SM.2211-02

Ecau B cetu TDOA uckomblii epeaaTurK pacloiloXKeH B OJHOM M3 30H 3a IpeernaMu JATbHOCTH JCHCTBUS
natyrka (0003HaYeHO KOPHUYHEBBIM LIBETOM Ha pHUC. 1), cHCTeMa MOXKET BOCIIPOU3BOAUTH TOJIBKO oaHY LoP,
KakK 3TO MOKa3aHO JWHUEH 2-1 MO OTHOLICHHIO K MepeAarduky T2, Wid JUHUIO MHENIEHra K MepeAaTyuKy.
[loaTomMy ompeneneHue KOOpAMHAT NEpeaTYMKa B JAHHOM CIIydae JOJDKHO OCYLIECTBISATHCS C IMOMOIIBIO
MobupHOU ctanwm (MS1 Ha puc. 1), KoTopas B3auMoJeHCTBYET C ABYMS (PUKCHPOBAHHBIMH JaTIYHKAMHU. ITO
MOKa3aHo Ha puc. | mepecedeHneM JIMHUM TON0XKeHus 2-1 ¢ AByMS IpyTUMH JIMHUSIMHU, 00eCTieYMBaeMbIMU
9TOH MOOWIFHOW CTaHIMEH (JTMHHMU ToNiokeHuss A u B Ha puc. 1, mpeacTaBieHHbIE TYHKTHPaMH, YTOOBI
MOTYEPKHYTh UX H3MEHUNBOCTD B MIPOIIECCE MTEPEMEIICHS CTaHIIUN ).

VckoMmpblif niepeaTiuK OJDKEH HAaXOIWThCS B Ipenenax AanbHOcTH oOHapykeHus PY curnama ogHoil u3
cranimii TDOA, eciu OH BeJIeT IPEPHIBUCTYIO Tiepenady (TakuM 00pa3om, TpedyeTcs u3MepeHne B XK IyIieM
pexxume). Ecnn nmepenatdyuk BeeT HENMPEPHIBHYIO Tepeaady, TO JUIS MOTY4YeHHs OIEHKH MECTOMOJIOXKEHHS
MOJKET M He TpeboBaTbcsl, YTOOBI OH HaXOAWJICA B MpeAesax JalbHOCTH oOHapyxeHus PU curnana xakoro-
mbo n3 matunkoB TDOA, a tpeGyercs, 4ToObl OH HAaXOAWJICS B Ipeieiax 30HBl OXBaTa OIpeIeSICHHEM
reorpaguyeckoro MeCTonoNIokeHus. TOUHOE MECTOTION0KEHUE MOXKHO OTPEIEIUTH C TOMOIIBI0 MOOMITBHBIX
CTaHIMH, OJHAKO B HEKOTOPBIX CIIydyasX 3TO MOXKET 3aHATh 3HAYUTEIbHOE BpeMs. MoOWJIbHbBIE CTaHLUH
HEPEeAKO UMEIOT OrpaHMYEHHYIO AalIbHOCTh 0OHapy»xkeHus PY curnana u3-3a Manoil BEICOTH aHTEHH. Bmecte
C TeM CYIIECTBYIOT METOJIbl MMOIbeMa aHTEHHBI MOOMIILHOW CTaHIIMU C MCIIOIB30BaHUEM OOIIEIOCTYITHBIX
CTPYKTYp, TAKUX KaK Tapa)Ku WIK peibed MECTHOCTH.

Jpyrue cnydan oxsara ¢ ucnonszoBanreM TDOA u AOA, BeITEKAIOIIME U3 PUCYHKOB 1 1 2, a Takyke MPUMEpPBI
B3aWMOJICHCTBUS MEXKITy (GUKCUPOBAHHBIMU M MOOMIIBHBIMH CTaHIIUSIMH 00CYXKIaroTcs B [§].
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3 MopeanpoBanue ¢(akTopoB, BJIHAKIIMX HAa JAJbHOCTH oOHapy:keHusa PY curnana, Ha
cranuuax koHTpoJjs TDOA u AOA

PUCYHOK 3

Oo6aactb mosesupoBanus B boyjnepe, mrat Kotopano

Ref Fonn

-¢N.W75Dl § .é,

<NE502

SW-503 +
- . SE504

Report SM.2211-0.

71 IpUBEIEHHBIX B 3TOM pa3Jieie NPUMEPOB UCIIONIb30BaH peruoH B mrare Komopano, CIIIA, kak moka3aHo
Ha puc. 3. Yetsipe crarammu (NW-501, NE-502, SW-503 u SE-504) pacnionoxeHbl Ha pacCTOSHUHM PUMEPHO
18 kM. B aTHX pacuerax mo Mozaenu OyeT nmoka3aHa AanbHOCTh 0OHapyxeHust PY curaanza mpuMeHUTeNbHO K
TpaaunoHHbIME cTaHIusaM AOA u TDOA, paboTaroiyM o oTAeIbHOCTH. J1JIs 1eNneli 5Toro MoAeIupOBaHUS
JalbHOCTh OOHApY)KEHHs ONpEeAEssIeTCs] KaKk caMoe JajbHee PacCTOsHUE (B KM) OT CTAHIMU KOHTPOJIS, Ha
KOTOPOM MOKHO OOHAPYKHUTh HCTOYHMK U3Ty4eHUs Mpu nojioxurensHom OCIII.

B pacuerax mo Monenu BepOsSITHOCTh OOHApy>KEHHs IMOKa3aHa IIBETOM: KPacHbBI — BBICOKAsh BEPOSTHOCTS,
CHUHUH — HH3Kas BEPOSATHOCTb. J[aHHBIN pa3jen MOcBsIIeH (akTopaM, KOTOPHIH MOTYT BO3JAEHCTBOBATH Ha
nansHOCTh oOHapyxenus PU curnana. Hexoropsie u3 3Tux hakTopoB HaxosATCs MO KOHTPOJIEM OIepaTopa,
a IMEHHO:

- BBICOTA ¥ KOO (UITUSHT yCUIICHHSI aHTEHHBI CTAHIIUN KOHTPOJIS;
- tin u JymHa PY dhuaepHoi muHNN, 00paboTKa CUrHaa, HanpuMmep, 3aTyXaHue, QUIbTpanus U T. 1.;
— rymoBast oocranoBka (PU mrym) psioM co cTaHIMEH;

- (usnIecKoe OKpyKeHHE (B TOM YHCIIe ONU3JIeKAIIHIA perbed).

n HaO60pOT, HCEKOTOpPHbIC q)aKTOpLI HEC MMCHOT OTHOIICHUS K CTAHIIMHW KOHTPOJIg, a4 CHUJIIbHO 3aBUCAT OT
XapaKTCPpUCTUK UCTOYHUKA U3JTYyUCHUA:

- HECyIas 4acToTa,
- BbBIXOAHAsI MOIIIHOCTD,
— IHUPUHA ITI0JIOCHI CUTHAaJIa,

- BBICOTA NOABEMA AHTCHHBI UICTOYHUKA U3JTYUCHUS.

CpencTBo MOAETMPOBAHMS, UCTIOIH30BAHHOE B JaHHOM OTueTe, O3BOJISET MOIB30BATEN0 MEHSATH JIIO0BIE U3
9THX (HaKTOPOB WIIM Bce (PAKTOPhI BMECTE, YTOOBI ONpPENENIUTh BIMSHUE HAa JAILHOCTH OOHapyxenus PU
CUTHajla ¥ 30HY OXBaTa ONpeAEICHUEM TeorpaUuecKoro MOJIOXKEeHHs (A1 B3aUMHO KOPPEITMPOBAHHBIX
n3mepennit TDOA c uenpio ompeaeneHus: reorpaduueckoro mnonoxeHus). ms mpocrtorsl B Otuere
HCIIONIb3YyeTCS MOJCIb penbeda s cenbckoro pariona um npsmoit suaumoctu (LoS). B cpemctse
MOJICJIMPOBaHMSI UMEIOTCS M Jpyrde MOJENH penbeda Ui CIeHApUeB HCIIONb30BaHUS B TOPOJACKUX H
MPUTOPOAHBIX YCJIOBUSX, @ TAKXKE BHYTPH IOMELICHHS M BHYTpW/BHE HomermieHus. OHO TakKe BKIIIOYAET
MOJIETTH PaCIIPOCTPAHEHHS PaJOBOH B YCIOBHAX IPSIMOI BUANMOCTH ¥ TIPY OTCYTCTBHH MPSAMON BUIUMOCTH

(NLoS).
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3(a) Buinsinne Hecymieif 4acTOTHI HCTOYHNKA H3JTyYeHHs

Ha puc. 4 cranmus SE-504 nzo0pakeHa Ha rpaduke H3MEPEHHM, OXBaThIBaromeM 17,2 KM ¢ ceBepa Ha 10T U
21,8 kM ¢ BOcTOKa Ha 3amaj (B JTAHHOM pa3lieie ATOT rpaduK HCIOIB3YEeTCs BO BCEX pacdeTax Mo MOJIEIH,
CBSI3aHHBIX C AalIbHOCTHIO OOHapyxenusi PYU curnana). [lpeamnonaraercs, 4ro qaHHas CTaHIus paboTaeT mpu
MUHUMAaIIbHOM ypoBHe niryma —150 nbm/I'm, BeicoTe anTtenHs 3 M u PU-kabemne tuma LMR-400 pmuHO#M 2 M,
COCIMHSIONIEM MpUeMHYIo aHTeHHy ¢ PY natumkoMm. B pacuere, npuBeieHHOM clieBa, HCTOYHHK U3TYUCHHUS
uMeeT Hecyinyto dactoty 2,17 ', mupuHy nmonocsl curaaia 25 k', Berxoanyro MomHocTs 10 BT u BeicoTy
MorbeMa aHTeHHBI 2 M. B pacueTe, nmprBeJeHHOM CIIpaBa, MOKa3aHo BIMSHUE YMEHBIIEHHUS HECYIEH YaCcTOTHI
UCTOYHMKA M3TydeHus 10 450 MI'1 Ha 1ansHOCTh 0OHapyskenus P curnasas.,

PUCYHOK 4

Mopenb pacnpocTpaHeHHUsl B CeJIbCKOM paiioHe B yC10BUAX LoS, MCTOUHHMK M CTAHIMS KOHTPOJISI PACIIOJIOKEHbI
0JIM3K0 K YPOBHIO 3¢MJIH

[

LY = 2,17 [T, I = 25xTy, 10 B 114 = 450 MI'u, [T = 25 kT, 10Br

Bbicora IlOIl)’bCMﬁ =2 1 Bbicora nogbema = 21
sy | [ I b e 3]
a o
¥ P : )
& : — & . -
g —
- - — Samn - = -y
‘.u..g H X oy X
A o - 4 T 1 P —4 = 487
] (& 4
| \:) o | \b L b
o 0CTh ?61[ CHUSA ~ 3,% : HOCTbioﬁl-lapy)KeHI/Iﬂ S ‘
" Bricora lIO)I'l:éMalaHTe-‘HH])I , i 5 Y1 Ir BbicoTa nogbeMa aHTEHHBI : \‘
|~ CTaHUMM KOHTPOIs =3 M - |- craHmum KoHTpOAS =3 M 3

ReportSM.2211-04

Bonee Bbicokue nosiocel yacTot (Beiie 3 ['T'1) HAYMHAIOT UCTIOIB30BATHCS JJIsS COTOBOM TeJe(hOHHOM CBS3U U
JNPYTUX JIUICH3UPYEMbIX yciIyr. OCyIIeCTRISITh KOHTPOJIb 3THX YCIYT ¢ (DMKCUPOBAHHBIX ILIONMIAJ0K OyAeT
BCE TPYJIHEE B CBSI3U C YBEIMYECHUEM KOJHMUYECTBA MECT KOHTPOJIS, HEOOXOAMMEBIX JIJIsi 00ECTIeYeHNsI 0XBaTa.
[lo aToit mpuumHe Bce Ooblliee 3HAYSHNE MOTYT MPHUOOPETATh TEXHOIOTHU Ha 0a3e ceTeil PUKCUPOBAHHBIX,
MOOUJIBHBIX U TIEPEMEIIAEMBIX CTALUH KOHTPOJIS.

3(b) Biausinue BbICOTBI moabeMa aHTCHHbI CTAHIUU KOHTPOJIsA

Ha pucynke 5 BricoTa mogbeMa aHTEHHBI CTAHIIMH KOHTPOJIA yBelrmdeHa 70 10 M, a Bce ocTallbHbIE (haKTOPHI
He m3MeHWnuch. Okupaemas AanbHOCTh OOHapykeHus: PU curHama cymecTBEHHO BO3pOCHa B CBS3H C
MOBBIILIEHUEM BEPOSATHOCTH MPAMONW BHUAMMOCTH TpeOyeMbIX MCTOUYHHKOB H3JIydeHHs. Bricora mogbema
AHTCHHBI UICTOYHHKA U3JIYUCHHA OKAa3bIBACT aHAJIOTMYHOC BIMSAHUC.

3 Ha Gonee HU3KMX YaCTOTAX MOTEPH PACTIPOCTPAHEHNS HIDKE, UTO MPHBOIHT K OOJIbIIEH 1aTbHOCTH 00HapyKeHns PU
CUTHAJIA.
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PHUCYHOK 5

Mogesib pacnpocTPAHEHHs B CEJILCKOM paiioHe B ycJaoBusX LoS, HCTOYHMK PACHoJioKeH GJIM3K0 K YPOBHIO 3eMJIH, CTAHIUS
KOHTPOJISI NPUIIOTHSTA

ReportSM.2211-05

3(c) Buimsinue MMPHUHBI MOJ0CHI CHTHAJIA

Ha puc. 6 Bce aneMeHTBI 0OcTaroTcss HEM3MEHHBIMH, KaK Ha PUC. 5, OJJHAKO IIMPHHA TOJIOCH] CUTHAJIa YBEINYeHa
¢ 25xI'n mo 200 kl'm. OOpaTuTe BHMMaHUE Ha YMEHbBIICHUE MATBLHOCTH OOHAPYKCHUS H3-32 HU3KOU
CIIEKTPAITFHON TUIOTHOCTH MOIITHOCTH.

PUCVYHOK 6

CoBHajgaer ¢ PUCYHKOM 5, 32 MCKJII0YEHHEM IMIMPUHbI HOJIOCHI CHTHAIA, H3MeHeHHOi ¢ 25 k'u 10 200 k[
| CF = 2.17GHz, BW = 200KHz, 10W | CF = 450MHz, BW = 200KHz, 10W
ELEVATION = 2m - ELEVATION = 2,3,

S

ﬁ J‘
Detection range 4 3.5km Detection range™ 4.3
Monitor elevation'= 10m Monitor elevation = 10m

Hoonucu x pucyuky 6
4 = 2,17 I'Tu, LIT = 200 k', 10BT, Beicota noxsema | IU = 450 MI'n, LHIT =200 x['1;, 10BT, BeicoTa nogpema
=2M =2M
JameHOCTh O0HApYXKEHHUA ~ 3,5 KM JamsHOCTH OOHApY)eHus ~ 4,3 kM
BricoTa nogbeMa aHTeHHBI CTaHLIUU KOHTpoJid = 10 M BricoTa nogbeMa aHTEHHbI CTaHUUMU KOHTpoJid = 10 M
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Ha pucyHke 7 moka3aHbl pe3yJabTaThl pacyeTOB MO MOJECIH, B KOTOPBIX MUCIOIB3YETCs MPUMEP C YaCTOTOH
2,17 I'Tn, a mmpHHa MOJIOCK! CUTHANIA yBenudeHa 1o 1,25 MI'n u 4,5 MI', cooTBeTcTBeHHO. Bee ocTanbHble
MIepeMEeHHBIE T€ JKe, YTO U Ha puc. 5 (cieBa). OYeHp YeTKO BUIHO, KaK MIMPHHA MOJOCHI CUTHAIA BIHUAET HA
CIOCOOHOCTh HMCTOYHHMKA W3IIyUYEHUS PACIPOCTPAHATh BOJHBI B IMPOCTPAHCTBE, M COOTBETCTBYIOIIES
YMEHBIIECHUE JabHOCTH 00HapyxeHus: PU curnana craHuyeil KOHTPOJIsL.

PUCYHOK 7

IlupuHa mosaockl curiaja usMmenena Ha 1,25 MI'u u 4,5 MI'u npu Tex ke 3HaYeHUSIX MOLIHOCTH,
MoAbeMa AaHTeHHbI U Hecyllel YacTOThI HCTOYHUKA U3JTyYeHHsI

| CF = 2.17GHz, BW = 1.25MHz, 10W 1 CF = 2.17GHz, BW = 4.5MHz, 10W

l
|
]

ELEVATION =2m ELEVATION.=2m

Detectionirange 2°2.1km Detection range & 1,7km
Monitor elevation'= 10m ‘ Monitor elevationi= 10m

Hoonucu x pucyuky 7

OY=2,17TTu, IIT= 1,25 MI'u, 10BT, Beicota mogsema | 14 = 2,17 MI'n, IIIT =4,5 MI't, 10BT, BeicoTa moabema
=2M =2M

JlanmpHOCTH OOHApyX)eHus ~ 2,1 kM JansHOCTH OOHApyX)eHus ~ 1,7 kM

BricoTa mogpemMa aHTEHHBI CTaHITUH KOHTPOJs = 10 M Bricora mogpemMa aHTEHHBI CTaHITNH KOHTPOJS = 10 M

3(d) Bansinue ko3(ppuiiueHTa yCHICHHUS AHTEHHBI

Ha pucynke 8 nmoka3zaHsl pe3yJbTaThl pacyeTa o MOJIeJIU Ipyu 100aBIeHNH K03 PUIMEHTa YCUIICHNSI aHTEHHbI
6 nb, 4T0OBI MOSICHUTH UCIIOIB30BaHUE HAIIPABICHHON aHTeHHBI. [IIMpuHa MoI0Ck CUrHana CHOBa yMEHbILIEHa
1o 25 xl'u. B pesynpTare HONy4€HO OPHUEHTUPOBOYHOE OXKUAAEMOE PACCTOSIHUE OXBaTa sl HEKOTOPBIX
TpaauHOHHBIX cTaHIMK AOA, K03 (DUINEHT YCUIEHUsS] KOTOPBIX 00YCJIOBIICH UX aHTEHHON CHCTEMOH, WiIN
st cranmu TDOA, ocHaieHHOH HaIlpaBIeHHOW aHTeHHOW. MaciTad KapThl IOKa 9TO HE MEHSETCS BO BCEX
pacuerax.
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PHUCYHOK 8

Koy duuuent ycniiennst anTeHHbI ObLT yBesImueH 10 6 15, a mMpHHA M0I0CHI HCTOYHHKA H3JyYeHUsI Obl1a YMeHbIIeHAa 10
25 xI'u npu Hecymmx yacrorax 2,17 I'T'u u 450 MI'u, cooTBeTCTBEHHO

THoonucu x pucyuky 8
4 =2,17 I'Tu, IIIT = 25 kI['u, 10BT, Beicota moasema = | 14 =450 MI'u, IIIT = 25 kI, 10Bt, BeicoTa moasema =
2M 2™
JlanbHOCTH OOHApYXEHU ~ 7,3 KM JansHOCTh OOHApYX)eHuUs ~ 9,4 KM
BricoTa mogbemMa aHTeHHBI CTaHIMU KOHTpoJs = 10 M, | BeicoTa mogbeMa aHTEHHBI CTaHIMHU KOHTpossa = 10 M,
Koaddunuenr ycunenus = 6 nb Koadpdunuent ycunenus = 6 1b

Ha pucynke 9 noka3aHsl pe3yabTaThl TOTO e CAMOr0 MOJEIMPOBAHUSA, YTO U HA PUC. 8, 32 UCKIIOUCHUEM
YBEJIUYEHHsI LIMPHHBI [TOJIOCHI UCTOUHHUKA n3mydeHus 10 200 kI .

PUCYHOK 9

CoBnajaer ¢ PUCYHKOM 8, 3a UCKJIIOYCHHUEM YBCJIUYECHUA IIUPUHBI MOJIOCHI UCTOYHUKA U3JTYYECHUS 10 200 xI'u

Defection
Monitor elevatibn’= 10m

IHoonucu x pucynky 9
oY = 2,17 I'T, IIT =200 k', 10BT, Beicota moasema | [IU =450 MI'n, LI = 200 kI', 10BT, BricoTa mogbema
=M =2m
JanbHOCTh 0OHApY)eHust ~ 4,6 KM JanbHOCTh 0OHApYXEHUs ~ 5,8 kM
BricoTa mogpemMa aHTEHHBI CTaHITUH KOHTpoJs = 10 M BricoTa mogpemMa aHTEHHBI CTaHITNH KOHTPOIS = 10 M
3(e) Buiusinue pesibeda u npsiMoii BUTUMOCTH

Ha pucynkax 4-9 mpuBeneHB! pe3yibTaThl PacuyeTOB IO MOJEIH, YTOOBI MOSCHUTH BIHMSHHE Pa3TMIHBIX
(haxTOpPOB MPOEKTUPOBAHUS U XapaKTEPUCTHK NCTOUYHHUKA N3ITyYeHNUS Ha JaJIbHOCTH 0OHapyxeHus PU curnana
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OJIHOH OTAEIBHO padoTaromieil cTaHIUK KOHTPOJIsl. B mpuBeAeHHBIX BhIIE pacyeTax Mo MOZEH He MOKa3aHo
BIMSHAE SKPAaHWPOBAHUS 3MaHMAMH M penbedoM. UToObl mMOKa3zaTh 3TO BO3IACHCTBHE Ha JATbHOCTH
oOHapyxeHHs, Ha puUcyHKe 10 mpuBeneHO cpaBHEHHE MOJENeH PacIpOCTPAHEHUS B CEILCKOM paiioHE B
YCIIOBUSIX NMPSAMOW BUIUMOCTH U IIPU OTCYTCTBUHU MPSIMON BUAMMOCTH. [IpH 3TOM B BepxHEH yacTH pacueToB
[0 MOJEIH TOBTOPSIETCS CLEHApUM, NPUBEICHHBIM Ha pPHUC. 5, KOTOPBIA CPABHUBAETCA C MOJEIBIO
pacnpoctpanenust NLoS, npuBeneHHO# B HIbKHEH yacTu. BecbMa HaryssqHO MOKa3aHO BO3MOXKHOE BIIMSIHHE
npsAMOi BHAMMOCTH Ha oOHapyxeHue PU curnama. JTo MoIenupoBaHHE TaKKe MPU3BAHO MOTYEPKHYTh
Ba)XHOE 3HAYCHHWE MOOWJIBHBIX M TEPEABWKHBIX CTAaHIMH M7 COBPEMEHHBIX CHCTEM KOHTpOJS 3a
UCTIONIH30BAaHNUEM CIIEKTPa. DTH (HaKTOPHI JOJDKHBI YIUTHIBATHCS TIPH BBIOOpE IUIOMIAAKH U TIPOSCKTHPOBAHUH
CTaHIIMU KOHTPOJISL, KOTOpast OyIeT HCIOJIB30BAThCA ISl H3MEPEHUH C IIEIBI0 OTPEIeTICHUS MECTOTIOIOKEHUS

HUCTOYHHKA U3TYUCHHA.

PUCVYHOK 10

BosaeiicrBue pacnpoctpanenus B yciaoBusix LoS u NLoS Ha nanbHocTh 06Hapyxenus PU curnana

CF = 2.17GHz, BW = 25KHz, 10W
ELEVATION = 2m

Detection range ~ 960m
Monitor elevation = 10m

Hoonucu x pucynxy 10

= 25KHz, 10W £

Detect ".' o - ’-, $.rig m
Monitor elevation = 10m

4 =2,17 I'Tu, IOIT = 25 xI['u, 10BT, Beicota noasrema =
2M

JlanbHOCTH OOHApyX)eHUs ~ 5,2 KM

BricoTa mogpeMa aHTEHHBI CTaHIUU KOHTpoJist = 10 M

Y =450 MTI'u, IIIT = 25 k', 10BT, Beicora mogpema =
2M

JanmsHOCTh OOHApYXEHUs ~ 5,8 KM

BricoTa nogbeMa aHTEHHBI CTaHIMU KOHTpoJisd = 10 M

4 =2,17 I'Tu, IOIT = 25 xI['u, 10BT, Beicota noasema =
2M

JanbHOCTh 00Hapy)eHust ~ 960 M

BricoTa morbeMa aHTEHHBI CTaHINH KOHTpois = 10 M

Y =450 MTI'u, IIIT =25 k', 10BT, Beicora mogbema =
2M

JanbHOCTh OOHApYXKEHHS ~2,5 KM

BricoTa mogpemMa aHTEHHBI CTaHITNH KOHTPOIS = 10 M
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4 MopenupoBanne (GaKkTOpoB, BJIMAKIIMX HAa 30HY OXBaTa onpenejleHHeM reorpaguyeckoro
MeCTOMO0JIOKEeHUsI, Ha cTaHusAX KouTpoasa TDOA u AOA

B sTom paznene m3o0paxkeHa pacmmpenHas reorpaduieckast 30Ha U MOKa3aHbl YETHIPE CTAHIMN KOHTPOJIS.
Pacuersl mo Monenu, TpHUBEIEHHBIC cJieBa, OAalOT NAIBHOCTH OOHapyxeHHss PU curaama oOTHENbHBIX
HE3aBUCHMO pabOTaIONINX CTAaHINI KOHTPOJIL. PacueTsl mo Mozenu, mpuBeaeHHBIE CIIPaBa, TA0T 30HY OXBaTa
ornpeneneHrueM reorpauaeckoro MeECTOMOMOKEHUS AJIsl B3aUMHO KOppeaupoBaHHbIX n3mMeperuit TDOA.

30Ha 0xBaTa ONpeAeIeHHEM reorpauueckoro MECTONOI0KEHHs OIPENIENIAeTCs Kak reorpaguyeckas 30Ha, B
npenenax KOTOPOH MECTOMOIOKEHHE UCTOYHUKA M3ITYYCHHUSI MOKET OBITh OCTATOYHO TOYHO ONPEAEIICHO C
MTOMOIIBIO TOCTYIHBIX MeTOOB (T. €. AOA, TDOA, rubpunusiii Mmeton, POA). BaxkHO OTMETHTH pa3HUILY
MeXy JalTbHOCTRIO 0OHapyxenust PY curnaia, kotopoii Tpedyercs monoxurenpaoe OCLL Ha Bxone cTanmn
KOHTpOJIs, U 30HOH OXBaTa OINpEJelICHUEM TreorpaMueckoro MECTOIOJIOKEHUs, KOTOpOoH He Tpedyercs
nonoxkutenbHoe OCIII Ha BX0oze KaKI0W CTaHIIMK KOHTPOJIS.

Ha pucynke 11 nmokazaHsl pe3ysbTaTbl MOJEIMPOBAHUS, TP KOTOPOM MCTOYHUK M3JIYYCHUS UMEET YacTOTy
2,17 I'Tu, omHako ypoBeHb MOIIHOCTH yMeHbleH 70 1 Bt. [Ipu mombeMe aHTEHHBI UCTOYHUKA HA 2 M
(TIo-TIpexKHEMY HCTIONB3YETCs MOJIENb PACIIPOCTPAHEHHS B CEILCKOM paifoHe B YCIOBUSIX MPSIMON BUANMOCTH,
0e3 TaHHBIX O pesibede) JaTbHOCTh 00HAPYKEHHS CTAHLIMU KOHTPOJISI COCTABIISET OKOJIO 2,6 KM — M 3TO BEChbMa
ONTUMHUCTUYHBIA PE3yNbTaT, C yY4ETOM TOTO, YTO Ha MPAaKTUKE CUTHAI OyAeT SKPaHUPOBAH 3JaHHUSIMHU WU
pensedoM. Ilpennomaraemas 30Ha oxBaTa ONpeACICHUEM Teorpadpuyeckoro MECTOHONOKEHUS METOI0M
TDOA, noka3aHHas crpasa, OyzneT ropas3zno 0oJblie B CBSA3U C UCTIONb30BaHUEM B3aMMHO KOPPEINPOBAHHBIX
M3MEPEHHUHI B PAMKAX BCEH CETH CTAHIMI KOHTPOIs?. B 5TOM MojieIMpoBaHuy 3a1aeTCst KOPPENALHS MEK Y
YEeTHIPHMsI ITApaMH CTAHIIUH KOHTPOJISL.

PUCYHOK 11

CpaBHeHHUe JaJbHOCTH 00HapYy:xeHns PU curnana yerbipex oTAe/bHBIX CTAHIMIE KOHTPOJIA (C/1eBa) H 30HbI 0XBaTa
onpeaeeHneM reorpaguueckoro MecTonoJ0xkeHust ¢ ucnoyan3opanueM TDOA (cnpasa)

CF = 2.17GHz, BW = 25KHz, 1W
ELEVATION =2m

CF = 2.17GHz, BW = 25KHz, 1W
ELEVATION =2m

QO

Detection rangQZﬁk@

Monitor el. = 10m, Gain = 0 dB

Hoonucu x pucynxy 11

4 =2,17 I'Ty, WIIT =25 k', 1 Bt, Beicora nogpema =
2M

JlanbHOCTH 0OHApyX)eHus ~ 2,6 KM

BricoTa mogbemMa aHTEHHBI CTaHIUU KOHTPOJst = 10 M,
Koa¢ppuunent ycunenns = 0 1b

4 =2,17 I'Tu, IOIT = 25 k', 1 Br, BeicoTa nogsema =
2M

3o0Ha oXBaTa onpeJesieHueM
mecTornonoxenus ~ 500 kB. kM
BricoTa moabemMa aHTEHHBI cTaHUUU KOHTPOJst = 10 M,

reorpauuecKoro

Koaddrmument ycunenns = 0 n1b

4 B ciydae uzmepennit TDOA OIMH M TOT e NepeaBacMblil CUI'HaJ, NPUHATBHINA JABYMsl OTACIbHBIMH JIaTYMKAMHU,
B3aUMHO KOPPEJIUPYETCs, YTO NPUBOAUT K MOJABICHHUIO HE3aBUCUMBIX XapaKTEepUCTUK IIyMa. [Ipu Teopernueckom
npenese A0JATOBPEMEHHON B3aMMHOM KOPpEISUUH IIYM MPUEMHHKA U IIyM OKpY)Kalollled cpeibl He SBISIOTCA
(dakTopamMH, W TOKa3aTeld OOHAPYKCHHS CUCTEMBI B MEHBIICH CTEIICHH OTPAaHHMYUBAIOTCS XapaKTCPUCTHKAMU
OTJIEJIFHOTO MPUEMHHKA, B TOM YHUCIIE KOA(PPUIIMESHTOM IIIyMa.
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Ha pucynke 12 mpeacrtaBieHbl pe3ylbTaTbl MOAEIHPOBAHUS, NPH KOTOPOM BBHICOTa IMOJBbEMA MCTOUYHHUKA
u3IydeHus: yBenuauBaercs 10 10 M. PHCYHOK minmocTpupyeT yBeNHMUYeHHYIO NajlbHOCTh OOHapykeHus PU
curnana cucteMaMd AOA m TDOA. VBenuueHa Takke 30HAa OXBara ONpeEiICHUEM reorpaduyeckoro
MectononoxkeHust MetogoM TDOA (cmpaBa). BaxkHbiM (pakTopoM maHHOTO MOAEIMPOBAHMS SIBISIETCS
reoOMeTpHYeCKUil MmoKa3arenb cCHIKeHUs TOYHOCTH (GDOP), cBsS3aHHBIA C TEOMETPHYECKUAM IIOJO0KEHUEM
CTaHLUM OTHOCHUTEIBHO MECTOIOJOXKEHUS HCTOYHHMKA H3JIy4YeHHs . DTOT IOKa3aTelb HCIIOJIB3YeTCS IS
yKa3aHHUs TOTO, KaK OIIMOKY B JAHHBIX M3MEPECHUH MOBIUSIOT HA OKOHYATENFHYIO OLIEHKY reorpaguuecKoro
MecTononoxkeHus (B 1. 5 Ha puc. 14 sto npeacrasieHo B rpaduueckom Buzae). GDOP must cereit TDOA
YBEIMYUBACTCA II0 MEpPE IEPEMEINEHUs] MECTOIOJIOKECHUS HCTOYHHKA H3JIyYCHHH 3a Tpelesibl 30HH,
OrpaHUYEHHOM CTaHIMAMHU KOHTpond. CienoBaresbHO, TOUHOCTE TDOA, Kak 0OKuAaeTcs, yMEHBIIUTCS 3a
npefenamMu CeTH JaT4MKoB. MoJenupoBaHUE MOKa3bIBaCT 3HAYUTEIBHYIO 001acTh, B KOTOPOH BO3MOHBI
U3MEPEHUs [UIS ONpeIeNICHNs Teorpad)uuaecKoro MECTOOI0KEHH S, OTHAKO OHO HE ITOKa3bIBaeT BO3ACHCTBUS
GDOP nHa 0xu1aeMyt0 TOYHOCTb.

PUCVYHOK 12

CueHapuii, aHAJIOTHYHBIIi NPeCTABJIEHHOMY Ha pucyHke 11,
32 HCKJII0YEeHUEeM YBeJHYEeHHUsI BHICOTDI MOIbeMa HCTOYHUKA M3Iy4eHmii 10 10 m

CF = 2.17GHz, BW. = 25KHz, 1W.
ELEVATION =10m

overage ~ 2,460km-sq. i
Viofiitor el. = 10m, Gain = 0.dB.

" werres

H4=2,17ITu, =251, 1 Br 49 =450 MI'u, IIIT =25 kI'u, 1 Br

Bricora mogsema = 10 M BricoTa mogeema = 10 m

JlanbHOCTH OOHApyX)eHus ~ 5,4 KM I'eorpaduuecknii oxBat ~ 2460 kM

BricoTa mogpema aHTeHHBI cTaHIMM KOHTposs = 10 M, | BricoTa mogbema aHTeHHBI CTaHIIMU KOHTPOJsS = 10 M,
Koa¢ppunuent ycunenus = 0 n1b Koadpunuenr ycunenuns = 0 nb

Brmmrpeim npu 00paboTKe, KOTOPBIN JIocTUTaeTcs Oarofapsi ycoBepIIeHCTBOBaHHBIM anroputmMam TDOA,
MOJKET 00ECIEYUTh BO3ZMOXXHOCTH TIO OTPE/ICICHUI0 MECTOTIONIOKEHHSI UCTOUYHUKA M3TY4YeHU B 00iacTy,
MpeBbIIIaoNIeil JanbHOCTh 00HapyxeHus: PY curnana oTaeabHBIMU CTaHIUSIMU.

5 CpaBHeHHMe pe3yJbTaTOB MOJETHPYEMBIX H peajdbHbIX H3MepeHUull [Jsi omnpeaeleHUs
reorpapuueckoro mecromnoJio:xxkennsi P4 curnana

OnuchiBaeMbIe HHIKE HCIBITAHUS MNPOBOAMIKNCH C KOHKPETHOM LIENBI0 ONpPENEICHUS MECTOIOJOXKEHUS
MaJIOMOIIHBIX UCTOYHHUKOB M3ITyYeHHS, aHAJOTHYHBIX MO0 XapaKTepy MOOWILHBIM TenedoHam. Bermencreue
3TOTO CTAHIUK PAJMOKOHTPOJS OBUIM pa3HECeHbI Ha MeHee 4eM | KM. DTOT CUeHapHid, XOTS U He MOXET
HaIpsIMyl0 MPUMEHATHCS K 3ajadaM, XapaKTePHBIM JUIsl PEryJIMPOBAHUSL UCIOIb30BAHUS CIEKTPa, CIYXKUT
XOpOIIMM TPUMEPOM [UJIsl CPaBHEHHS PE3YyJbTAaTOB MOJEIUPYEMBIX H3MEPEHUNH U PEaNbHBIX MOJEBBIX
HU3MEPEHUH.

Oo6utacTh npoBeeHus 3Tux ucnbitanuii — Canra-Kiapa, mr. Kanudopaus, penbed — THIMYHO MPUTOPOIHBIH
C JIETKOU TIPOMBIIIIICHHOW CpefioH (MATU-IECTHITAXKHBIE OUCHBIE 31aHNs, OOJIFHUIIA, KPBHITHIC aBTOCTOSIHKH,
MarasuHbl 1 T. 11.). B uMUTHpyeMoii MOIe/ I MbI HCITIOJIB30BaANIH s peribeda moaens "TIpuropoanbie paiioHb!
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¢ NLoS". Crannuu "Volleyball" u "SwitchYard" 6p111 BpeMEeHHBIMH, HO 00a 3JIeMEHTa — BCEHAIPaBJICHHAS
AQHTEHHA W HalpaBJeHHas MaT4-aHTeHHA ObUTH (UKCHpOBaHHBIMHA. OHM HaXOJMJIMCh HA IITATHBAX BBICOTOM
2,5 M, srekTponuTaHue 00eCTIeYNBaIOCh HEOONBIIUMY JIMTHH-MOHHBIME OaTtapesimu. Cranrmu "Escape" u
"Cruze" ObUTH MOOWJIBHBIMH — YCTAHOBJICHHBIMU Ha aBTOMOOWIISIX C aHTEHHAMH Ha MATHUTHBIX KPETUICHUSIX,
MHUTaHKE MTOJTHOCTHIO 00ECIEYNBAIOCh aKKYMYJIITOPHBIME OaTapesmiu. [lepeaaTunk mepeaBurancs 1o 30He,
OTPaHWYEHHOH CTAaHINSMH KOHTPOJIS.

Ha pucynke 13 (cneBa) mokazaHa cxeMa pa3MeIlEeHHs CTaHLUMH KOHTPOJS M MECTOIMOJIOKEHHE OIHOTO
UCTIBITATENIFHOTO MCTOYHHMKA M3Iy4eHHH. B 3THX mpuMepax MCTOYHHKOM HU3ITyYEHHH CIYXHJI MOOWIBHBIN
TenedoH, KOTOPBIH Ben nepenady mo auHur BBepx UMTS ¢ momrHOCThIO 2 BT Ha wactote 831 MI'1 (tmpuna
MOJIOCHI CHTHaNa TpuMepHO paBHa 4,5 MI'm) u3 aBTomMoOmnsa. Ha mpaBom pucyHKe TMOKa3aHa OKumaeMas
JNAIBHOCTH OOHapyxeHusi PU curnana craHumsaMu KoHTposs. Kak BHIHO, eciu MmpuHATa MOJENb pelbeda
"[Ipuroponusie paitonsr ¢ NLoS", HCTOYHMK H3TTydeHU HAXOIUTCS 32 TpeAeiaMi TaTbHOCTH OOHAPYKEHUS
PY curnana ka0 OTIEIBHOM CTAaHINM.

PUCVYHOK 13

Hpnmel-mnmaﬂca NpA UCNIBITAHUAX B CaHTa-KJlape cxeMa onpeaejeHuss MeCTONO0J10KeHUsl HCTOYHHUKA l/l3.]'ly'wlel-ll/ll7[
" okujaeMas 1aJIbHOCTb oﬁﬂapymemm PY curnana

RetPont1

1 — Uctounuk m3nyueHuii 1

JlanesHOCTh 0OHApYKEHHUS IBYX CaMBIX FOXKHBIX CTAHIIMK KOHTPOJISt OoJIbIle Giiarofapst HECKOIBKO OOJbIIEMY
yIIy MecTa M HalpaBJICHHBIM aHTEHHAaM, OpPMEHTHUPOBAaHHBIM Ha ceBep. Bce cTaHUMM KOHTpOJsS
HOJCOEIVHEHbl C IOMOIIBIO COTOBBIX MOJEMOB K CEpBEpY OMNpENEICHHS MECTONOJIOKEHUS C
MapuipytusupyeMbiM [P-asipecom, koTopeiii Haxoawncs B ofHOM W3 oducHbIX 3naHuii B Canra-Knape.
VYnpaBieHue ceTbl0 JaTYMKOB OCYILECTBIISUIOCH Yepe3 MOPTATUBHBIA KOMIBIOTEP U3 aBTOMOOMJIS, HA KOTOPOM
NepeMeIalIcsi HCTOYHHUK U3ITy4YeHHUH.

Ha pucynke 14 (cneBa) moka3aHoO pacdeTHOE MpEACTaBIEHHE T€OMETPUYECKOTO IOKa3aTessl CHIKCHHUS
touHocTH (GDOP) 1i1st naHHO# cXeMBl pa3BepPTHIBAHMS CTAHIIMN KOHTPOJIS. 3aMETHO, KaK HU3KUH (XOpOLLIHif)
GDOP pacmupsercst 3a npeaessl TpaHULBl CETH B HEKOTOPBIX, HO HE BCEX, HampaBieHusX. Ha mpaktuke
BO3MOKHOCTB ceTH Ha ocHOBe TDOA omnpenensTs IMHHIO TTOJI0KEHHSI/HAlPaBICHUS HA HCTOYHUK U3ITy4eHUH
MOET OBITh PaCIIMPEHa CYIIECTBEHHO 3a IEPUMETP, 00pa3yeMblil CTaHIUsMH KOHTPOJIs°. Ha pucyHKe cripaBa
MOKa3aHbl OXHIaeMble THUIEpPOOTUYECKUE JMHUM MOCTOSHHOM pPAa3HUIBI BO BPEMEHH MEXKIYy IapaMu
JaT4uKoB. TOYHOCTE OmnpeseneHns reorpauueckoro MOoJIOKEeHUS, KaK OKUAACTCS, YIydIIUTCsS B 001acTIX

5 "JIMHHS TOJOKEHUA", cO3aBacMast OT Kkjacrepa Heckobkux ctaHuuid TDOA, aHaloruyHa eIUHUYHOMY MEJICHTY

AOA or onHo#t craniun AOA, HO oHa He oOecrieunBaeT pe3ysbTaTa ONpe/IesIeHNs] reorpaduuecKoro MOI0KEHHUS.
OnHa onpezenseT TOJBKO HampaBieHHEe HAa HMCTOYHUK W3IY4YeHHH (€CIM HCTOYHMK H3IYyYeHHH HaxoauTcs 3a
npenenaMu o0IacTH, orpaHuueHHoit cranmusMu TDOA).
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Hu3koro GDOP (BbizeneHbl KpacHBIM IBETOM) M Ha NEPHEHIUKYJSIpE, NepeceKalonieM TunepoonyecKue
JIMHUY.

PUCYHOK 14

GDOP cranuuu B Canta-Kiape u npeacrasiienue runepoosnyeckux auauid TDOA

1 — Uctounuk m3myueHmit 1

Ha pucyske 15 (chaeBa) moka3aHa oKuzaemas 30Ha OXBara ONpPEAETICHUEM Treorpaduyeckoro
MECTONONIOKEHHsI (Ipearnosarasi KOPPEeJSLHUI0 0 YeThlpex Hap AATYMKOB) M TUHEpOOIMYEcKUe JIMHHH,
HaTpaBJICHHBIE K MECTOIMOJOXEHUI0 MCTOYHMKA M3IMydyeHHH. Ha mpaBoMm puCyHKE TOKa3aHbBI Pe3yibTaThl
peanbHOro N3MEPEHHS ISl ONPECICHNST MECTOIIOIOKEHHSI HICTOUYHHUKA 3JIy4yeHUH. B 3ToM MecTononoxennn
OBUIO MTPOBEIEHO HECKOJIBKO n3Mepenuil ¢ ommbkoi TDOA menee 50 m.

PHUCYHOK 15

OueHka FEOMeTpM‘leCKOﬁ 30HBI OXBaTa U pPe3yJibTAaThl PE€aJILHOI0 U3MEPEHUS MECTOMOJI0KCHUSI UCTOYHUKA l/l3J1y‘leHl/1ﬁ

1 — Uctounuk m3myueHuii 1

Ha pucynke 16 oToOpa)keHbl HEKOTOPBIE Pe3yNbTaThl ONpECTICHUST IeorpauIeckoro MecTOMOIOKEHNS,
HanoxeHHble Ha kKapty Google Earth®, ¢ cOOTBETCTBYIONIMM IBETOBBHIM BBIJICIICHUEM MPABIOIION00NUS,
BeposATHOCTHU dyutunTrueckoi omnoku (EEP) u pacuetHoro nosoxenus ucrounnka uznydenuit (EP). Xenteii
3HAYOK KHOITKM YKa3bIBaeT peallbHOE MECTOIOI0KEHUE UCTOUHUKA H3TyUCHUH.
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PUCVYHOK 16

Pe3yabTaThl H3MepeHus /s onpeaeaeHus reorpaguueckoro MecTonoJ10:KeHus1, HajJo:keHHble Ha kapTy Google Earth.
Cnpasa noka3aH KpynHbIi IIaH

iEStimated|2osition! (27.3)
EStimateaPosition 2t 9

Woileybali2

1 - Daniel u Hillsdale
2 - PacueTHOE mOJIOKEHUE

B sTOM citydae pe3ynbTaThl MOACTHUPOBAHUS U U3MEPEHUH COTIACYIOTCS.

Ha pucynke 17 (cneBa) moka3aHO, YTO CHTHAaJdl MCTOYHHMKA M3NMYyYEHHH JOCTUT TOJBKO OJHOTO
MecTononoxkeHust KoHTponst ¢ nonoxutensHeiM OCI (Escape). OgHako BO3MOKHOCTH OTpEAEICHUs
reorpanIeckoro MeCTOIMOMOKEHUSI UICTOYHHNKA M3ITydeHni Ha ocHoBe TDOA Oblia BechbMa BBICOKOM, YTO
MOATBEP)KIACTCS XOPOLIEeH B3aUMHON KOppeJsiMel MeXAy MapaMy JaTIMKOB, KaK MOKa3aHO Ha pUCyHKe 17
(cipaBa).

PUCYHOK 17

TunoBbIe CIEKTPAIbHOE M KOPPeJIsIlIMOHHOe Mo A yerpoiictBa UMTS,
H3MepeHHbIe B X0/1e nojeBbIX ucnbiTanuii B 2013 rogy

Tirne Seives Dt

1 T Seives |1 Spectral 1 Commlations |
2 TA11405 din Markes
[Peat Lett]
[eat]
[Peskmight
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75
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4 - .

& —
Feal

75

BT

5
AT ADEITI e

Llenb 3TOrO MOJAENUPOBAHHS W HU3MEPCHHUIl 3aKIIOYACTCS B WILTIOCTPALMH PA3HUIBI MEXKIY TaTbHOCTHIO
obHapyxeHuss PU curnanma v 30HBI OXBaTra ONPENCIICHUEM TIeorpaMueckoro MECTOIOJIOKEHHS, a TaKKe
BIMSIOINX HA HUX ycioBuid. JlanbHOCTh OOHapyxeHus PU curHana 3aBHCHT OT MHOTHX Pa3HOOOpPa3HBIX
($akTOpOB ¥ ompeneNseTcss MPOSKTHBIM PElICHHEM U OTpaHHYCHHSIMU 10 pa3MelieHuio. Ha 30Hy oxBata
orpezieJIeHueM reorpauueckoro MeCTONOIOKEHUS BIUSAIOT OrPaHHYCHUs, 00YCIOBINBAaCMbIC TATbHOCTBIO
obHapyxenusi PU curnana, HO OHa U3MEHSETCS B 3aBUCUMOCTH OT METOJIa OIPEICICHHS MECTOIOIOKECHUS
(1. e. AOA, TDOA, POA u T. 1.). Bee 3TH cO0OpaXkeHHUsI IMEIOT CYIIECTBEHHOE 3HaYCHHE ITPU BBIOOPE METO/Ia
OIIpe/IeNIeHHs] Teorpa)IIeCKOro MECTOINOIOKEHHUS K MECTa JUIsl Pa3MELIEHHs CTAHIIUH KOHTPOJISL.
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6 BrIiBoabI

Ceru TDOA wmoryt 0bITE Oontee 3¢ (eKTHBHBIME TpH 00CTYKUBAaHUH OOJBIINX TOPOIOB M IMPOMBIIIJIEHHBIX
IEHTPOB, B KOTOPBIX MOXKET OBITh YCTAaHOBJECHO OOJBINIOE YHCIO JATYUKOB, JeNas BO3MOXKHBIM
ABTOMATHU3AIUIO TIPOIECCa KOHTPOJIS, BKIFOUAst (DYHKITHIO OMPEIEIICHUS MECTOIOIOKEHHS TTepeIaTunKa.

HanpoTuB, OTHOCUTENBHO HEOOJNBIINE TOPOJia W COCEAHUE C HAMH NPUTOPOBI, a Takke 000coOIeHHBIE
MPOMBINIUICHHBIE TEHTPHI MOTYT Oosee 3(PQEeKTHBHO OOCITYyKHBAaThCS MEHBIINM YHCIOM CTaHIIHN
paaMoNeNieHTalui Wi THOpUAHBIX cTraHiuii Ha ocHoBe AOA/TDOA, orcrosmmx Apyr OT Jpyra Ha
OTHOCHTEIBHO 3HAUUTEIILHOM DAcCTOSIHMM. B 3ToM cilydae Juisi  OCYINECTBICHUS  OIPEICICHUS
reorpauyeckoro MeCTOTIONIOKESHHS TIepeAaTINKOB 3((HEKTUBHBIM MOKET OBITH HCITOJIb30BAaHUE TOIBKO JIBYX
CTaHIHH.

OOHapy>keHHe MOJHON aKTHBHOCTH CHTHAja Ha BCEH TEPPUTOPUM TOpPOJa C MPUTOPOAAMH MPAKTHYECKU
HEBBITTOJTHIMO, HE3aBHCUMO OT HCIIOJIB3yEeMOI TEXHOJIOTHH OIPENSNICHNS] MECTOIOI0KEHHS MM KOHTPOJIS,
OCHOBaHHOW Ha (DUKCHPOBAHHOW CBS3H. PerynsropHble OpraHbl OTHAOT MPEANOYTEHHE, KaK IIPAaBUIIO,
KOHTPOJIIO YacTeil CIeKTpa B ONpEACTICHHBIX 00NacTsIX M B TEUYEHHE ONMPECICHHOTO HMEIOIIETO BaXKHOE
3HAYCHHE BPEMCHU/MEpPONPUATHS. Pa3BepThIBaHUE CHCTEMbI, OTBEYAKOINEH 3HAYMTEIBHOW YacTH
moTpebHOCTel W obOecreynBaroIeld THOKOCTh B M3MEHEHHHM NpPU HEOOXOIWMOCTH MECTOMOJOXKEHHS U
KOH(Urypanuy, UIMeeT pelIaoliee 3Ha4eHHe B COBPEMEHHOMN CcpeJie UCTIOIb30BaHuUs CIEKTPA.

P33BepTBIBaHI/IC HaJJICKAIICTO TUIIAa CTAHLOHWU KOHTPOJA UCXOJAd U3 XapaKTECPHUCTUK MECTHOCTH ITO3BOJIMT
HCTIONB30BaTh MUHUMAJIbHOE YHUCIIO CTaHLMH, obecneynBas NPy 3TOM MAaKCHUMaJIbHO BO3MOXKHBIE OXBAaT U
a¢dhexTrBHOCTH. Hampumep, B OTKPBITOH CENNbCKON MECTHOCTH, XapaKTePU3YOMIEHC OTCYTCTBHEM KPYITHBIX
oTpaXkaTelel, BBICOKYIO 3(QekTuBHOCT, oOecnedaT craHuud Ha ocHoBe AOA wm AOA/TDOA
(rubpunnasie). OOHAKO B IUIOTHBIX TOPOACKHMX WM TyCTOHACEJCHHBIX pailoHax, I€ FOPOACKHE KBapTasbl
XapaKTepU3yITCS OOJBIINM YHCIOM OJIM3KOPACIIONOKEHHBIX OTpakaTtenel, Oonee d(pPEeKTHUBHBIM MOXET
OKa3aThCsl MCIONIb30BaHHWE ceTh Ha ocHoBe TDOA ¢ BO3MOXKHOCTBIO HcIONIb30BaHUS Takke POA u
THOPUIHBIX allTOPUTMOB ONPEACICHHUS TeorpapuuecKoro MeCTONOI0KEHHSL.

Ipunoxenune 2

HccnenoBanue To4HOCTH onpeiesieHUs reorpaguueckoro 1moJiosKeHusi U 30HbI ero
0XBaTa )il THOPUAHBIX cTaHUMi KoHTpoJsi AOA/TDOA

1 BBeaenne

B macrosmem llpunokeHnr mMpOBOAWTCS CpaBHEHHE TOYHOCTH ONpeeNieHUs Treorpaduieckoro
MECTOTIOJIOKEHHsI, 00ecreuynBacMoil THOPUIHBIMU  CTaHIUsMH  paauokoHTponss AOA/TDOA ¢
HezaBucuMbiMu cuctemMamu AOA u TDOA, Ha oOCHOBE pe3ydbTaTOB HATYpHOTO KOMITBIOTEPHOTO
MOJICTTUPOBAHMSL.

Jlig viccienoBaHMiA MCIIONIB30BANICS KOMITBIOTEPHBIE PACUETHl U1 MOAETUPOBAHUS TOYHOCTH U 30HBI 0XBaTa
CTaHIMI PaJMOKOHTPOIIS, CIIOCOOHBIX peann3oBaTh rudpuHble MeToasl AOA/TDOA. Dto MoaenrpoBaHue
MOKAa3bIBAET, YTO II0 CPAaBHEHHUIO CO CTaHUMAMHM Ha ocHOBE TObKO AOA mnu tonbko TDOA rubpuanas
cucrema AOA/TDOA moxeT obecneuuTh OxBaT OOJIbIICH 30HBI, KOTOpas NPEACTaBIISIET UHTEPEC, MpU
WCTIIONb30BAaHMHM MEHBIIETO 4HCIa CTaHIW, a Takke Ooyiee BBICOKYIO TOYHOCTb OIpENEIeHUS
reorpaguueckoro MecTOMONOKEHHS KaK B Tpesenax, Tak 1 3a MpeaeaMHu 00JIacTH, OKpY>Karolled CTaHIuH
KOHTPOJIS.

2 MeToasbl onpenesieHus reorpa@guyeckoro MecTonoa0KeHust

Tunosoi nmpouecc OoIpeaAcICHUS reorpa(bnqecxoro MCCTOIIOJIOKCHHUA TPEAYyCMATPUBACT 06’I)C}_II/IHCHI/IC
I/I?,MCI.‘)CHI/IIZ, IMPOU3BCACHHBIX Ha HCCKOJBKHX IIIOMIaAKax, JJIsd BI)Ipa6OTKI/I OIICHKHU MCCTOITOJIOXKCHUSA
HCTOYHHKA I/I3.]'IyT-IeHI/II7L KauectBo OIICHKN OIPCACICHHUA MECTOIOJOXKCHUA OIPEACIACTCA BEITUYHHOU
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mnmpomaxa (BLIpa)KaeMOfI B MeTan). UeMm MCHbBIIE 3HAUCHHC BEIMYMHBI npomMaxa, TEM JIy4dli€ OLCHKa
MCCTOIIOJIOKCHHU .

[lpr yBeNWYEHUM TUIOTHOCTH HCTOYHWUKOB HW3IYYCHHH CIIOCOOHOCTH CHUCTEMbI KOHTPOJIS HCIIOJIH30BaHUS
CTEKTpa/paMoNENICHT AU MOYHO ONPEICIATh reorpahuyeckoe MECTOMONOKEHHE UCTOUYHHKA HU3TyUCHUMH
CTaHOBHTCS BAYXHOH XapaKTEPUCTUKOMW, 0COOCHHO B ClTydae pa3pelieHus] BOIPOCOB MOMEX.

CymectByeT 0OJBIIOE YHCIO METOJOB, NPUIOAHBIX [UI Ipolecca OIpeleseHUs TIeorpaduiecKoro
MECTOIIOJIOKEHUS. B HacTodIeM JOKyYMEHTE paccMaTpUBalOTCA TPU pa3HBIX METO/AA OIpeNeleHus
reorpaduyeckoro MectononoxkeHus. llepBeiii mMeron oObeauuseT uaMepeHuss AOA, TpoBedcHHBIE Ha
HECKOJIBKMX IIIOMIANIKaX C HCIOJB30BAaHUEM PEHIETOK pPaAHOIEIICHIAIIMOHHBIX AHTEHH U1 ONpPEIeNICHUS
AOA. Bropoii meton o0senunsieT m3meperns TDOA, mpoBecHHBIC HA HE MEHEE YeM TPEX IUIOMAIKax (s
orpeneNieHus TeorpaduuecKoro MecTOMoNoXKeHuss HeoOXxoaumbl Tpu mnapel usMepennid TDOA). Tperuit
Meron sBisercs coderanneM wuaMepeHuin AOA m TDOA mis BBIIOTHEHHS TIpoIlecca OIpeaeiIeHUs
reorpaguyeckoro MecTOIOJOXKEHHUSI (HEOOXOAMMBI HE MEHEE [ABYX IUIOIAAOK: OJHA C BO3MOXKHOCTBIO
nzmepenust 1 AOA u TDOA, apyras — ¢ Bo3amoxkHOCThIO n3Mepenus TDOA). st mpoCcTOTHI 3TH TPU MeToaa
HazeiBatotcsi AOA, TDOA u rubpuansiii AOA/TDOA.

Crnenyer 3aMETUTh, YTO IUIOLIAAKA ISl Pa3MELICHUS CTAHUUU KOHTPOJ, KOTopas MOXeT u3Mepsatb AOA,
Ha3bIBACTCS TUIOMIAIKON ¢ cucTeMoit AOA; miomaaka Juisi pa3MeIIeHHs CTAaHITHH KOHTPOJISI, KOTOPasi MOXKET
mmepsath TDOA, HaspiBaeTcsa miomiankor ¢ cuctemod TDOA, u miomaaka uisi pa3MerieHus] CTaHIIUU
KOHTpoIIA, KoTopas MoxeT u3Mepsath 1 AOA u TDOA, HazbIBaeTcs IUIOMIATKON C THOPUIHON CHCTEMOUN
AOA/TDOA.

OCHOBHBIE XapaKTEPUCTUKU TPEX METOJIOB OIMPEICIICHUS reorpa(GruuecKoro MeCTOIOIOKEHHUS TIPEACTABICHBI
B Tabmuue 1, HmKe.

(bomee moapoOHOE paccMOTpeHHE TMpenMyliecTB UM orpaHudeHuii cucteM TDOA cMm B oTuere
MCD-R SM.2211))

TABJIMIIA 1
XapaKkTepucTHKH CHCTEM
onpeaeJeHUst TOJIBKO TOJBKO TDOA I'uépuanbie
reorpa)u4eckoro AOA AOA/TDOA
MEeCTOMOI0KEHUSI
MuHuMAaJbHOE YHCII0
" 2 craHOWU, THOPHUTHBIE
CTaHUUi, TPpedyeMBbIX AOA/TDOA
JUIS1 onpe/esieHus: 2 cTaHIUU 3 craHIUu '

OpHa cTaHIus MOXKET OBbITH
reorpagu4eckoro romsko TDOA
MeCTOMOJIOKEHHS

WHEHH
Jluneiinoe IIpumepHO noCTOSAHHAS
YMEHBILIEHUE Taxkas e kak y cuctemsl TDOA
MEXy TUIOIAAKAMU C
TouyHOCTDH OMpeneIeHus npu B 30HE MY IUIOMIAIKAMU C
cuctemamu TDOA.
reorpag)uueckoro YBEIUYCHUH BEICTDO YXVIIIIACTCS B 30HE 34 THOPUIHBIMHI CUCTEMaMH.
MeCTOMNOJI0KeHUSI paccTostHusA 10 TPO YXyIL Amnanornyao AOA B obnactu 3a
CTaHIINU TIpeACIIaMu ILTOTIAIok ¢ mpeenamMu IUIOMAaI0K
cuctemamu TDOA
KOHTPOJIS
ToJbKO AJIs IEPEJaTUUKOB,
To4HOCTH yMeHbIIACTCS TonpKko U1 Iepe1aTINKOB,
KOTOPBIC HAXOAATCA Ha
NpH YBeJINYEHHH KOTOpbIE HAaXOJSTCS B 30HE 3a
Ha 3HAYHUTEIIEHOM YIAICHUH OT
paccTosiHUA 10 npeaesamMu IIomaaokK ¢
. MJIOMIA/IOK ¢ THOPUITHBIMU
MCTOYHMKA U3JTy4YeHUil cuctemamu TDOA
CTAHIUAMM
TDOA =e pabotaer ¢
He3aBucumocTts B HEMOYJIHPOBaHHBIMU [Ha, ecriu uMeeTcs He MEHee IBYX
OTHOLIEHUH MOTYJISIIHHU Ja CUTHAJIaMHI IUIOIIAA0K C THOPUIHBIMU
CHUrHaja CH0XHOCTB B CiTydae CUCTeMaMH
Y3KOTOJIOCHBIX CUTHAJIAX
MoskeT OBITh TAKOM YKe HU3KOM, KaK
Huskas CKOpPOCTb CPEIHSIA 10 B cirydae AOA, ecimu
TpebGoBanusi K CKOPOCTH CKOPOCTH p BLICOII:oﬁ HCTonb3yeTcst Tonbko AOA, nnn
nepexayu JaHHBIX ’ : HEMHOTO BBIIIE, YEM B CIy4ae
peAam A 10-30 x6ur/c 120 k6ut/c — 2 M6ut/c ’ 1

TDOA, eciiu 0THOBPEMEHHO

ncnone3yiorcss AOA u TDOA.
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TABJINIIA 1 (oxonuanue)

MoryT BO3HUKHYTb

CIIOYKHOCTH IIPU Ipocras
Orpanuyenusi o p . p Te e, 4TO B OTHOIICHUU
R —— pa3BepPTHIBAHUM OOJIBIIICH BCCHAIIPaBJICHHAS, AOA U1 ILIOIAIOK C
(c 3) 10 pa3Mepy aHTCHHBI, YTO KOTOPYIO TIpOIIIe HGPWHBIMH CHCTEMAMHT
M. I
BO3MO>KHO OTPaHUIUT pa3BEpPHYTh P

MPpUTrOAHOCTD IUIOIAAKN

MHorosnemMeHTHas MHorosnemMeHTHas WU
C/105KHOCTH AHTEHHBI OpnHOo37I€eMEHTHAasl aHTEHHA
aHTEHHA OJTHODJIEMEHTHAs AaHTECHHA
TpeGoBanus k WHorpa (B 3aBHCUMOCTH WHorna (B 3aBUCUMOCTH
6 Her
KaInOpoBKe ot cucteMsl AOA) ot cuctemsl AOA)

Kak BuUAHO U3 TaONUIBI, KKIOMY METOAY NPUCYIIU ONpeAcicHHbIE NMPEUMYIIECTBA M HEIOCTATKU.
OnTtuManbHas KOHQUryparus B KOHKPETHOM NpPUMEHEHHH (TOPOJ/TPUTOPOA, IOCTOSHHO/BPEMEHHO,
paBHUHHASI MECTHOCTB/TOPEI | T. 1I.) OyJIET OMPEeNaThCsl TPeOOBaHUAMH K Pa3BePTHIBAHUIO.

3 MOIIeHHpOBaHI/Ie TOYHOCTH onpeaeJacHust reorpa(bnquKoro MECTONOJIOKCHUSA C
HUCII0JIBb30BAHUEM KOHKPETHOI'O MpUMeEpa

[IpoBoaMIOCH KOMIIBIOTEPHOE MOJAEIUPOBAHUE TOYHOCTH ONPEAEIECHUS Teorpad)uuecKoro MeCTONOI0KEHHS
B ropoae bemy-Opuzontu B bpasunuu u BOKpyr Hero. MoIennpoBaiuch pa3indHble KOHQUTYPAIIUN CHCTEMBI
KOHTpoJIst 3a ucnonbs3oBanueM cnekrpa (CKC), srmovas cucrembl AOA, TDOA u rubpugHylo cuctemy
AOA/TDOA, 1 pe3ysbTaThl 3TOr0 MOACIUPOBAHMS CPABHUBAIMCH TI0 MOKA3aTENI0 TOYHOCTH OINPEICICHUS
reorpaguueckoro MECTOIONI0KEHHS.

MonenupoBaHue MPOBOAUIOCH C HCIIOJNB30BAaHUEM MPOrPAMMHOIO MHCTPYMEHTa, B KOTOPOM PacyeThbl AJIs
ompezeneHus reorpaguyeckoro MeCTONOJIOKEHUsI 00bEIUHEHBl CO CIIBIIIMMOCTBIO 1I€J€BOTO CHI'Hala Ha
pasHBIX PAacCMATPUBAEMBIX CTAHLUSAX B 3aBUCUMOCTH OT MOIIHOCTH MEpeAaTduka U  BIIMSIHUSA
pacnpocTpaHeHus] CUTHaJla ¢ Hcroib3oBaHueM 3D penpeda. MopenupoBaHHe BKJIIOYAECT ONpEACICHHBIC
COTJIALIIEHHs] OTHOCUTENBHO YHCa TUIOIMIAJI0OK, BBICOTHI IPUEMHON aHTEHHBI, BHICOTHI HCTOUHUKA M3JTy4YEeHUI
U IPYTUX [apaMeTPoB, KOTOPbIE IPUBEICHBI B TaONuIE 2.

TABJIMLIA 2

HapaMeprl, HCIOJIbB30BABIIMECH ITPU KOMIIBIOTEPHOM MOACJIUPOBAHUNA
C MpeaACTaBJCHHBIMHU pE3yJibTaTaMHU

LenTpanpHas yacToTa 450 MTI'g

[lIupuHa MOJIOCH CUTHANA 25 k'

BrixoaHast MOIIHOCTh NepeAaTyrKa 10 Bt wiu 1 Bt (3. 1. M.) (CM. TEKCT)

BricoTta nepeaaronieit aHTEHHBI 10 M (Hag cpeIHIM YPOBHEM TIOBEPXHOCTH 3€MIIH)
BricoTa npreMHOW aHTEHHBI 30 M (Hax cpeqHUM YPOBHEM ITOBEPXHOCTHU 3EMIIN)
Koadduunent ycunenns npueMHoOil aHTCHHBI 0 nb

Koaddumuent nryma npueMHIKA 12 nb

[Tpuaumaemsriii B npuemanke OCLI +10 nb

MuHuManbHOE YUCI0 CTaHIMM puema ¢ 2 crannuu st AOA v THOPHHOM CHCTEMEI,
koHKpeTHbIM OCILI 3 crannuu mug TDOA

[MPUMEYAHMUE. — Ecnu wHOe He yka3zaHO B Tabiuie, Te ke MapaMeTphl HCIOJIb30BAIHMCH JJIsI BCEX METOJOB
omnpezenenus reorpapuueckoro Mecrononoxenus: AOA, TDOA u rubpuanoro.

TouHoCTh OMpeACJICHUA reorpa(bnqecxoro MECTOIIOJIOKCHH OLCHMBAJIACh HA OCHOBE BCIIMYMHBI ITpOMaxa.

Hexoropsie cuctem AOA sBISIOTCS caMOKaIMOPYeMbIMU M B OTCYTCTBHE U3MEHEHUH HEe TPEOYIOT AOTIOIHUTEIBLHOM
KaJIHOpOBKH.
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4 Crnenmaan3upoBaHHbINA NPOrpaMMHBII HHCTPYMEHT aHAJIN3a
Jly1 maHHOTO MpUMeEpa MOJHBIM MPOrPaMMHBIN HHCTPYMEHT BKJIFOYAET CIEAYIOIINE MOAETIH:

OxBaT — aHaJIM3 OXBaTa MOKA3BIBAET YMCJIO MECT, B KOTOPHIX BO3MOXHO MPHUHUMATH ("'CIIBIIIATE") CUTHAIIBI
WUCTOYHUKA HW3IYYCHHUH, OCYIIECTBISIOMICTO MepeAady W3 KOHKPETHOrO MECTOMONOKEHHS C pPa3HBIMHU
YPOBHSIMH MOIITHOCTH.

TouyHoCTh  ompenesieHHss  reorpagUueckoro  MECTOIOJOXKCHUS — aHAIM3  TOYHOCTH  ONpEICICHUs
reorpaguyeckoro mectononoxeHuss meronomM AOA, TDOA wu rubpuaneim merogom AOA/TDOA
MOKa3bIBaeT A(HEKTUBHOCTH PA3IMYHBIX METOJIOB ONPEICIICHUS TeOrpauuecKOro MeCTOIMOIOKEHUSI.

OnTtuMu3zanus KOHQUTypauu CHCTEMBI — 3TOT BUJI aHAIIM3a TOKA3hIBAET YUCIIO IUIOIMIATO0K, HEOOXOAUMBIX
JUIS  JIOCTHIKGHUS CPaBHUMOH TOYHOCTH ONpEACICHUS Treorpaguueckoro MECTOTONOXKEHHS —TpU
WCTIOJIb30BAaHUY PA3IMYHBIX METOJIOB OIPEICICHUS TeOrpadhuIecKOro MeCTOIOIOKCHHMS.

4(a) IMpumep reorpapuueckKoro MecTONnoOJI0KeHH S

Ha nmwxkecnenyromem pucyHke Ha kapre Google mMoka3aHbl MECTOIOJIOXKEHHsS 4YeThIpeX IUIOMIAMIOK,
BBIOpaHHBIX U1 aHan3a u obo3HadeHHbIXx kak BH1, BH2, BH3 u BH4 B ropozne beny-Opu3onTt 1 BOKpyr
Hero. [Inomanku pasHeceHbl OTHOCUTEIBHO APYT APYyra MPUMEPHO Ha 18 kM, penbed OTHOCUTENBHO IIOCKHM,
3a UCKJIIOYCHUEM TOPHOM Tpsi/ibl B paiione moniaaku BHI.

3 -
3 o2
o ;
v ¢ Lne
S Messure the dstance between two points cn the ground

1

Kiometers v |

e . Google e
Map of Belo Horizonte area with four proposed SMS sites BH 1 - BH4  -5aveir-e -

=

T'opnas rpsna
2. Kapra paiiona bemy-Opu3oHTH ¢ 4eTHIpbMs peyIoskeHHbIME Tutontaakamu CKC: BH1 — BH4

4(b) IIpuMep TaHHBIX BHICOTHI MECTHOCTH

Hwxe mokazan 3kpaH, Ha KOTOPOM OTOOPaKEHBI JaHHBIE BBICOTBI MECTHOCTH. Takxke OTOOpakaroTcs
MECTOTIOJIOKEHHsI YeThIpeX IUIOIIQJI0OK C YKa3aHWeM KX Ha3BaHWH M BO3MOXHOCTEH OIpe/eneHus
reorpaduyeckoro MecTononoxeHus. Ha 3ToM 3amucaHHOM H300paKEHUH HA BCEX BBIOPAHHBIX IUIOIIAAKAX
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obecnieuenbl Bo3MokHOCTH TDOA. [lanHbie 0 penbede HUCIONB3YIOTCS MpPU pacyeTe XapaKTePHCTHK
pacnpocTpaHeHHs U IS OTIpeIeTIeHUsI TeorpagIecKoro MEeCTOIONOKEHHS.

Terrain Elevation Data -
Cursor Mode
© e o rose off reidih d ELE L lEnable  FeldStrUmt 25
Zoomin Nosesnge  He R Tx powes (w) 10
Zoom out Nose stats
o In Chsq Mss 0O Tx freq #t) 450

4(c) I[Ipumep ananmu3a CJABIIIMMOCTH

Ha cnenyromiem 3kpaHe Mmokas3aHbl KOHTYpHI "cibimuMocTi". Ha 3ToM M300pakeHUH IIBETOM O003HAYEHO
YHCIIO CTAHINH, KOTOPhIE MOTYT IPUHUMATh CUTHAITBI HICTOYHWKA M3ITy4eHHH PU TPpeOyeMOil HarpsHKEeHHOCTH
momst. Ha oskpaHe oToOpakaroTcsi BO3AEWCTBUS W3MEHEHHS] BBICOTHI MECTHOCTH M YPOBHS MOIIHOCTH
nepenaturka. Ha 3TOM 3amuMcaHHOM HM300paKEHUM Ha BCEX BBIOPAHHBIX ILIOMIAJKaX OOCCICUSHBI
Bo3MoKHOCTH AOA.

| & Temainsim

Hearability Analysis

Txpower (w) 10

e gas 40 Required field
strength in

uv/m

o Gdszes 60 “’ &
|| (oomme) [owwmor] [Dowms ] [ ) ( 4] [wmsees ]
l e -, — 10 o > )
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Tpebyemast HaNPsHKEHHOCTH MO B ABMKB/M

MomHOCTh UCTOUHMKA U3NTyueHui B BaTTax

CurHasisl HICTOYHUKA H3ITydCHUH B 3TOM MECTOIIOIOXEHHH MOTYT MIPUHUMATHCS Ha TPEX IDIOMIaIKaX
OTtcyTCcTBYET

CurHassl ICTOYHUKA H3ITyYCHUH B 3TOM MECTOIOIOKEHHUH MOTYT IPUHUMATHCS Ha ABYX IUIOIIAAKaX

g PE

4(d) [Ipumep rpaduka BeTHUYHHBI MPOMAaXa

Ha cnenyromem 3xpaHe 0ToOpaKeHbI KOHTYPBI TOYHOCTH OTMPEJICIICHUS TeOTPapruecKOr0 MECTOIOIOKCHHUS,
KOTOpasi MpeACTaBIsAeTCs BEIMYMHONW mpomaxa (MeTpsl). BemmdnHa mpomaxa Takyke pacCUMTHIBACTCS IS
KOHKPETHO!N TpeOyemoil HampsbkeHHOCTH molisi. Ha 3Tom 3amucaHHOM M300pa)KCHWU Ha BCEX BBHIOPAHHBIX
IUIoImAaaKax obecrnedeHsl Bo3MOKHOCTH AOA.

Geolocation Accuracy Analysis (Miss-distance)

Required field
strength in
HV/m

0 Grid, &0 60 60 60

[(orawmap |  [Drawmoa |\ [ orawmss | Chisq | [Propagation | [ Mumsites

Max 3000 100 1000 i 00 o [Cconc |
1. TpeOyemas HanpsHKEHHOCTSH 1OJIst B 1BMKB/M
2. MolHOCTh HCTOYHMKA M3Ty4eHHid B BarTax
3. OrcyrcTByer
4. Tounocts: 400 M

5 Pe3yabTaThl pacuyeToB 10 MOJEIAM

JlanHOE uCcrieoBaHWE KOHKPETHOW CHUTYalldd TPOBOAWIOCH TPU PAa3HBIX YCIOBHUSX, TaKUX KaK YHCIIO
CTaHIIMI B COCTaBE CETH KOHTPOJII 32 WCIOJNB30BAaHMEM CIIEKTPa, MOIIHOCTh MepeiaTdrka, KOTopas
n3MeHssach B amanazoHe oT 1 Br mo 100 BT, ¢ pazauuHBIMH YCIOBUSIMH PacCHpOCTPAHEHHS W Pa3HBIMH
METOJIaMU OTIpECIICHIsI TeoTpaPruIecKOro MECTOIONIOKEHUS. B HIkecnenyromumx pas3zenax IpuBeaeH 0030p
OCHOBHBIX PE3yJIbTaTOB TAHHOTO UCCIeA0BaHus 11 BapuanToB 10 Bt u 1 Br.

5(a) CeTb M3 TPeX CTAHIMI KOHTPOJISI

Hwxecnenytomune puUCYHKH WIIIOCTPUPYIOT CpaBHEHHWE CHCTEM OIpeleNieHHs Treorpagpuyeckoro
Mmectononoxenust AOA, TDOA u rubpunnoii cucrembl AOA/TDOA st cnydas nepefjaTduka MOIITHOCTHEO
10 Br. Ha nepBom rpaduke oToOpakeHa CIbIIIMMOCTh Ha KX 10 U3 TPEeX CTaHIMH ITepeIaTurKa MOITHOCTHIO
10 Brt, KOTOpBIi pacmosioxeH B NPEACTAaBIISIONIEH HHTEPEC 30HE.
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Hcrounnk n3nmydeHnit MOITHOCTHI0 10 BT — CBIIIMMOCTS Ha TpeX TUIOMIaIKax

Hctounnk u3mydennit MomHocteio 10 BT — tpu mnomazaxu TOJIBKO c cucremoit AOA
Ucrounuk nznyuenuit moutHocteto 10 Bt — Tpu miomanku TOJIBKO c cucremoit TDOA
Hcrounuk nznyuenuit MmouHoctbio 10 BT — Tpu mnomanku TOJIBKO ¢ FHBPHI[HOfI CHCTEMOM

5(b) O0630p pe3yabTATOB PacyeToB Mo MOAEAAM (3 CTAHIMK)

Cucrema B coctaBe Tpex craHuuii AOA 0XBaThIBaeT BCIO IMPEJCTABIAIONIYI0 HHTEPEC 30HY, HO TOYHOCTh
onpeneneHus reorpaduyeckoro MECTOIIOJOXKEHUS XyXKe AJsl Cilydasl OTHAJICHHBIX mepenardyikoB. OQHAKO
cranimn AOA moryt oOecnieunBath LOB nake mpu nepexBaTe CHrHajia IepeaaTdydka TOJBKO OIHOH

CTaHIIHEH.

Cucrema B cocraBe Tpex cranuuii TDOA oOecrneunBaeT XOpOUIyI0 TOYHOCTH B 30HE, OIPaHMYCHHOU
cranuusaMu. OAHAKO, KaK OXHMIAETCS, TOYHOCTh ONpEAETCHUS Teorpaduiyeckoro MeCTONOIOKEHHS
CHIDKAETCs 3a Ipe/ieaMu 3ToH 30HbI. [Ipy ncnoabp30BaHUM 3TOM MOJENH CYLIECTBYIOT TAK)KE 3HAUUTEIIbHBIE
pa3phIBBl (cepble 001acCTH), B KOTOPHIX HE IPEABUANTCA PE3YJIBTATOB ONpPEIETICHUs] reorpadudeckoro
MECTOTIOJIOKEHHsI, TaK KaK OXBaT OIpelesicHHEeM reorpadnyeckoro MecTonoiokeHus Ha ocHoBe TDOA
YaCTUYHO 3aBUCUT OT TIEOMETpPUM IUIOLIAJKM, a TakXKe OT paccTosHus pasHoca. OxBar Ui cilyuas
NepeaaTIMKOB MOIIHOCTI0 1 BT Uiy Huoke yXyAlaercsi, Kak U 0XKHJaJI0Ch, €CIIM UCIIONb3YHOTCS TOJIBKO TPU
cranuun TDOA c¢ TakuM paccrossHMeM pazHoca (18 kM) WM ecnM HMCTOYHHMK H3JIyYeHHHA HaxXOAMTCS
HEIOCTaTOYHO ONM3KO MO KpaiiHedl Mepe K oxHod u3 craHuuidl. Ilpm ucmonms3oBaHuMM 3TOH MOJENH
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MpeIoiaraeTcsi, 9To TpedyeTrcs He MEHee TpeX IUIOMIAJI0K CO CTAHIUSMH, MMCIOIUMH TOJO0XKHUTEIHHOES
OUIC. Oto He obecneunBaeT BO3SMOXXHOCTH KOPPEISAINH MHHAUMAIBHOTO YPOBHSA IITyMa (CHCTEMBI HA OCHOBE
1 AOA u TDOA moryT BbIpaOaThIBaTh pe3yIbTaT, HCIOIB3Ys KOPPEISITUBHBIE METOIBI, TOJIBKO €CITH OHA U3
craHimii umeeT nosioxkurensaoe OCIII).

st aToro mpumepa rubpumHas cucreMa, B KOTOpOH McHoib3yroTes oba merona — AOA u TDOA, OGyner
obecrieunBaTh, Kak OKUaeTcs, 6oJiee BRICOKYIO TOYHOCTh ONPEACITICHHUS reorpapiuecKoro MeCTOMONOXKESHHUS
B OoJbLICH 30HE OXBATa.

5(c) CeThb M3 YeThIpEX CTAHIUI KOHTPOIA

Hwxecnenyronye pUCYHKH WUIIOCTPUPYIOT CpPABHEHHE pE3YJIBTATOB ONpEACICHUS Teorpaduieckoro
MECTOIIOJIOKEHUS crucTeMaMu Ha ocHOBe craHiiit TDOA u rubpunnbix crannuii AOA/TDOA nmns cinyuas
repeaTanka MorntHocThio 10 BT.
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1. Tounocts onpenenenus mecromnonoxerus, TOJIbKO TDOA — pensed, 10 Bt
2. Tounocts onpenencuus MectononoxeHust, [ UBPUJIHA craamus — pensed, 10 Bt

5(d) O0630p pe3yabTATOB PacyeToB Mo MOAEAAM (4 CTAHIIMK)

Pe3ynbTaThl ¢ HCMONB30BAHUEM CETH M3 YETHIPEX CTAHIMMI COIIACyIOTCA C Pe3yJbTaTaMH, IOJyYEHHBIMU C
KCIIOJIb30BAaHUEM TPEX CTAHLUH, IPU 3TOM pE3yIbTaThl OXBaTa yiayulleHbl. Mcronbp30BaHNE TOIBKO CTAHLIUN
TDOA obecrnieunBaeT XOpOIIYIH0 TOYHOCTh B 30HE, OKPYKEHHON YETHIPbMsI CTAHIUSAMH, OJIHAKO TOYHOCTH
orpeieNieH sl TeorpaduIeckoro MeCTOMOIOKEHHSI CHIYKAETCS 3a MpeJiesiaMu 3TOH 30HbI. CyIIECTBYIOT TakKe
3HAYUTENIbHBIC pa3pbiBEl  (Cepble 00NacTH), B KOTOPHIX HE WMEETCA pe3yJIbTaTOB OIpeIeTeHHS
reorpaduyeckoro mecromnojoxenus. [Ipu ucnosnbp3oBanuu detbipex cranimii TDOA oxBar mis ciydas
MepeaaTunKoB MOIMHOCTRIO 1 BT mimu Hmxke yxyamaercs (110 MpUYMHAM, PACCMaTPUBAEMBIM B Clydae
WCTIONIb30BaHUS TPEX CTAHIINH).

Takoke KaKk ¥ B IPUMEPE C TPeMsl CTAaHITUSAMHU, JTaHHOE MOJCIUPOBAHUE ITOKA3BIBACT, YTO THOPUIHAS CUCTEMA,
B KOTOpOH ucnojb3yircs oba meroga — AOA u TDOA, moxer oOecrieunth 0o0Jice BBICOKYHO TOYHOCTH
orpeieNieH sl reorpaguueckoro MECTONOJIOKEHUs B OONbIICH 30HE OXBaTa.

5(e) CpaBHeHHe YHCJIa CTAHIUIA B CeTH

[IpoBeneHHBI B MpeAbIIYIINX pa3/eiax aHajiu3 IOKa3blBaeT, YTO 30HA OXBaTa TMOPUIHON CHCTEMBI, B
KoTopoil ucnons3yrotes metogsl 1 AOA u TDOA, mMoxeT ObITh OOJBIIE 30HBI OXBAaTa TAKOTO K€ YHCIa
crannuii TOJIBKO TDOA. [Ins KonuMdecTBEHHON OLEHKH MPEUMYIIECTB pean3allii THOPUIHON CHCTEMBI
AOA/TDOA Opiio BeimonHeHo MonenupoBanue uucna cranguedr TOJIBKO TDOA, tpebyembix ams
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o0ecrieyeHns1 OXBaTa, SKBUBAICHTHOTO 0XBaTy CETU B cocTaBe TpeX ruOpuanbix cranuuii AOA/TDOA mtoc
onna ctarnusg TDOA, s ciydas nepenaTdanka MomHOCTEI0 1 BT.

Ha mmxecnemyrommx pUCyHKaxX TOKa3aHBl Pe3yJabTaThl MOJIEIHPOBAHHAA YETHIPEX THOPHIHBIX CTAHIIMNA —
cnesa, 1 Bocbmu ctannuii TOJIBKO TDOA — copasa.

A Tersinsn [E=STEr—= A Temsinsm [ B
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1. Yetsipe mwIomanKku ¢ TuOpuaHsIME cTaHimamu (3 X Tubpuansie + 1 x TDOA)
2. BoceMms mromamok co craHnusaMu Toinsko TDOA

Ha ocHOBaHWM HaHHOTO KOMIBIOTEPHOTO MOJECITHPOBAHUS OKUIAETCS, YTO UISA JOCTHKEHHS TOTO XKe WIIN
JYYILEero 0XBaTa M TOHU ke WIIK JyIlei TOYHOCTH B citydae ruopunHoro pemenus AOA/TDOA onpezaeneHus
reorpanyeckoro MEeCTOITOJIOKEHUSI MOTpeOyeTcss MEHbIee YUCIO CTAaHIWH, YeM B Clydae pelIeHus
TOJIBKO TDOA onpeaenenusi reorpadu4eckoro MecTornojioxeHus. Mcxons M3 NpUHATBIX B JTaHHOM
MOJICJTUPOBAHUM YCIIOBHM, THOpHIHAS CHCTEMa, B KOTOpO# mcmoib3ytores U Meton AOA u meron TDOA,
MOJKET 00€CIeUNTh MEHBIIYIO CTOUMOCTh YCTAHOBKH M MEHBIIIHE TEKYIIHE PACXO/Ibl. Y UUTHIBasi 0COOCHHOCTH
KaXI0M KOHKPETHOM CHTyallM, CJIEAYyeT TIIATeIbHO aHaJM3UpOBaTh TpeOOBaHUS K OXBaTy, peinbed,
OTpaHUYEHUs] MecTa pa3MelleHust U JApyrue (GakTopsl, yka3aHHble B Tabmuie 1, ¢ TeM 4ToObl ONpeIennTh
ONTUMAIIBHYIO CXeMY KOHKPETHOT'O TIPUMEHEHHS.

6 BriBog

CormacHo pe3ynbTaTaM KOMIBIOTEpHOro MozenupoBanus rudpuanoe pemenne AOA/TDOA s
oTIpeieNieHus Teorpaguueckoro MECTOIONIOKEHUSI MOXKET 00ECIIEUUTh PsiI IPEUMYIIECTB 110 CPAaBHEHHIO C
cuctremamu TDOA u AOA. B mnpexacraBieHHOM mnpumepe kKomOuHHpoBaHHOe perrenue AOA/TDOA
oOecrieynBaeT JYUIINI 0XBAT IIPU MEHBLIEM YHCIIE TUIOIAJOK KOHTPOJIS.




	1 Введение
	2 Обзор технологии TDOA
	3 Сильные и слабые стороны метода TDOA по сравнению с традиционным методом AOA
	4 Гибридные системы
	5 Резюме
	6 Справочные документы
	1 Введение
	2 Общие соображения
	3 Моделирование факторов, влияющих на дальность обнаружения РЧ сигнала, на станциях контроля TDOA и AOA
	3(a) Влияние несущей частоты источника излучения
	3(b) Влияние высоты подъема антенны станции контроля
	3(c) Влияние ширины полосы сигнала
	3(d) Влияние коэффициента усиления антенны
	3(e) Влияние рельефа и прямой видимости

	4 Моделирование факторов, влияющих на зону охвата определением географического местоположения, на станциях контроля TDOA и AOA
	5 Сравнение результатов моделируемых и реальных измерений для определения географического местоположения РЧ сигнала
	6 Выводы
	1 Введение
	2 Методы определения географического местоположения

	3 Моделирование точности определения географического местоположения с использованием конкретного примера
	4 Специализированный программный инструмент анализа
	4(a) Пример географического местоположения
	4(d) Пример графика величины промаха

	5 Результаты расчетов по моделям
	5(a) Сеть из трех станций контроля
	1. Источник излучений мощностью 10 Вт – слышимость на трех площадках
	2. Источник излучений мощностью 10 Вт – три площадки ТОЛЬКО с системой АОА
	5(b) Обзор результатов расчетов по моделям (3 станции)
	5(c) Сеть из четырех станций контроля
	1. Точность определения местоположения, ТОЛЬКО TDOA – рельеф, 10 Вт
	5(d) Обзор результатов расчетов по моделям (4 станции)

	6 Вывод

