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METOAA BUSHAYEHHSA KOOPAUHAT TPAHCIIOPTHUX 3ACOBIB
B YMOBAX HIIUVIbBHOI MICBKOI 3ABY10BU

O.B. Muyuka, acucrent, XHALY, B.M. CaBuenko, nouent, HTY «XIID»
Anomayia. Poszenanymo anbmepuamueni Memoou 8UHAYEHHS KOOPOUHAM MPAHCHOPMHO20 3acoby 8
YMOBAX WNLHOI MICbKOI 3a0Y006U 6e3 GUKOPUCTNARHI CYNYMHUKOBUX Hagieayiunux cucmem. [loxasza-
HO, WO 6UKOPUCMAHRHA MePEedNC 00HOYACMOMHO20 GiWaHH}Z 8 Medcax micma 00360JI€ 3HAUYHO 3MeH-

wWumu 000amxo8i NOXUOKU BU3HAYEHHS KOOPOUHAM.

Knrouosi cnosa: koopounamu, ingpopmayivino-menemamuuni cucmemu, GPS, SFN, DVB

METO/bI OIPEJEJIEHUSI KOOPIUHAT TPAHCIIOPTHBIX CPEJICTB
B YCJIOBHMSX IUIOTHOM I'OPOJICKOM 3ACTPOMKHN

O.B. Muyuka, accucrent, XHAJIY, B.H. CaBuenko, nouent, HTY «XIIN»
Annomayusn. Paccmompenvt anvmepuamuenvle, 6€3 UCNONb308AHUSL CNYMHUKOBHIX HABUSAYUOHHBIX
cucmem, Memoovl onpedeiieHus KOOPOUHAM MPAHCHOPMHO20 CPEOCMEA 8 YCI08USIX NIIOMHOU 20POOC-
Kot 3acmpotixu. Tlokazano, 4mo ucCnoavb308aHue cemeli 0OHOYACTNIOMHO20 8eWaHUs 8 NPedeNax 20po-

0a no3sossiem CYUWECMBEHHO YMEHbULUMb 00ONOJHUMEIbHbIE noepeutHocmu onpedeﬂeﬂuﬂ KoopduHam.

Knrouesvie cnosa: xoopounamol, ungopmayuonno-menemamuieckue cucmemot, GPS, SEFN, DVB

POSITIONING TECHNIQUES VEHICLES IN DENSE URBAN AREAS
O. Mnushka, assistant, KhNAHU, V. Savchenko, associate professor, NTU “KhPI”
Abstract. An alternative, without the use of satellite navigation systems, techniques for determining the
coordinates of the vehicle in dense urban areas was considered. It is shown that the use of single-
frequency networks within the city can significantly reduce additional errors of the determining coor-

dinates.

Keywords: positiomimg, information and telematic systems, GPS, SFN, DVB

CHCTEMH BHUKOPHCTOBYIOTH SIK HEBiJ €MHHMH
KOMITOHEHT CUCTEM TPAHCIIOPTHOI JIOTiCTHKH.

Beryn

CyIyTHUKOB1 TEXHOJOTil KepyBaHHS aBTOTpaH-

cioptHrMH 3acobamu (T3) 6a3yroThcsi HAa BUKO-
PUCTaHHI CEPBICIB TJI00aJbHUX HaBIraIitHUX
CEpPEAHBO-0POITATBHUX (NAVSTAR GPS,
I''IOHACC, a B mnepcnektuBi — GALILEO) Ta
rIo0abHUX TEOCTAIlIOHAPHUX —CYIMYTHHKOBHX
cucreM. CHCTeMH MOHITOPHUHTY, Taki fIK,
Euteltracs, Benish GPS Ukraine, TELETRACK
Ta iH., JO3BOJSIIOTH 3IMCHIOBATH CYIPOBIJI aB-
TOTPAHCIIOPTHUX 3aCO0IB K TEPUTOpi€l0 YKpa-
1HM, Tak i 3a i Mexkamu. OCTaHHIM YacoM, Taki

AKTYAJIBHICTh 10CTiTKEeHb

[NommpeHi cuUCTEMH MOHITOPUHTY Ha OCHOBI
Hapiraiiaux cucrem (HC) GPS 3ab6e3neuyrorsh
noxuOKy BU3HAYCHHS KOOPJIUHAT MOPSAKY JeKi-
JILKOX METPIB, ajie MalOTh PsJl HEAOMIKIB:

- BIIHOCHO JIOBTHiA Yac «xojomHoro» crapty HC
(mo 30 xBwiIWH), OOYMOBJIEHHUH CIIOCOOOM
OTPUMaHHs Ta 30epiraHHs HaBIralliiHUX JaHUX
(Y BUIIAIl alibMaHaxy, IO MEPeIacThCsl CUTHA-
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oM GPS, a Takox Bix opOiTaNbHUX TAHUX);

- oOMeXeHa BUAMMICTD cymyTHHKIB GPS B ymo-
Bax BEJIMKOIO MICTa;

- IOCTaTHBO BEJTMKA CIIOKUBAHA MOTYKHICTb.

Jiis mojonaHHS BKa3aHUX HEMOMIKIB 3aCTOCO-
BYIOTh cucteMy A-GPS (3 BUKOPHUCTaHHSM CTi-
JILHUKOBOT'O 3B’53KY), 110 3a0e3Meuye MBUIKUN
«XOJIOZHUIY CTapT 3a paXyHOK OTPHMAaHHS He-
00XximHO1 iH(popMaIlil Ipo MICIE3HAXOMKEHHS 3
QIBTEPHATUBHUX JKEPEN Ta JIO3BOJISIE 3MEHIIH-
TH CTapT CUCTEMHU HaBiraiii 10 OfHieT CeKyHIH.
HenonikoM € 3a1exHICTh BiJ] TOKPUTTS TEPUTO-
pii crimpHUKOBUM 3B’si3koM 1 Tpadik (GPRS),
IO BHHUKAa€ TP HEOOXITHOCTI KOpEryBaHHS
JaHUX MPO MICIe 3HAXOIDKEHHS, 10 JIeno 00-
MEKY€ 3aCTOCYBaHHSI TAaKMX CHCTEM 32 MEXaMH
Kpaiau y poyminry. [loxuOka BU3HAueHHS KO-
OpPJMHAT TaKOX 3aJCKHUTh BiJ IUILHOCTI IOK-
pUTTS TepuTopii 0A30BUMHU CTAHIISIMH Ta KOJIU-
Baetbess Bim (200...500) mo (1500...2000) m.
Binbimicts cucteM A-GPS mpaiioTh Yy ABOX
pexXuMax: OH-JIaiH (OCHOBHUI, 3a0e3meuye moc-
TiliHE OHOBJICHHS JJaHMX Ta KOOpPJHMHAT oOlepa-
TOPOM TOCIYrH) Ta od-laiiH (BU3HAYCHHS KO-
OpIIMHAT Ta OTPUMAaHHS BCi€l MOTPiOHOT 1HPOpP-
Mallii 3MICHIOETHCS CaMOCTIHO KitieHToM) [1].

I'moGanphi iH(pOpMAaIiiHO-TEIEMaTHYHI CHCTE-
MU, SIK TIPABHIIO, BHKOPHCTOBYIOTH CYIyTHHUKOBI
CHCTEMH 3 OpOITallbHUM YTPYIyBaHHIM, pO3Ta-
IIOBAaHMMHU Ha TEOCTaIliOHapHIA abo cepemHix
opOitax. Y MOpiBHSHHI 3 POYMIHIOM CYITYTHH-
KOBI cHcTeMH 3a0e3MedyroTh JeNICBIINNA 3B'S-
30K. Heqomik — TiHbOB1 30HU y BEJIMKHX MiCTax,
0araTopOMEHEBHM NPHUIOM, 3aBaJy B 1HIIUX
CYNYTHHUKOBHUX CHUCTEM, BHCOKI BHMOTH JIO 00-
JIaTHAHHSA, B MIEPIIY YepTy aHTEHHOTO IPUCTPOIO
Ta TOYHOCTI HOro TO3UIIIOHYBaHHS  Ha
CYNyTHHK [2]. Y ToH >xe yac BiZOMI BHITaJIKU
HaJaHHS IEPCOHATBHOTO MOOUILHOTO 3B SI3KY 32
noromoroto Takux cucteM (Thuraya, OAE).

TakuMm YWHOM, OJHIEID 3 OCHOBHHX IpoOiIeM
MpH po3poOIll CHCTEM MOHITOPHHTY € 3abe3me-
YeHHs Oe3IepepBHOro 3B 3Ky 3 aBTOTPAHCIIOP-
THHUM 3aC000M B YMOBax IIiJIbHOI BUCOTHOI 3a-
OyZI0BH B MICTaxX , B IHIIMX CKIAIHHUX pelbedax
MICIIEBOCTI, MOOIM3Y JIKEPEN eIeKTPOMArHiTHO-
T'O BUIIPOMIHIOBaHHSI, TAKHMX SIK JIiHII BHCOKOBO-
JMBTHUX EIIeKTporepeaay.

3angaya noOy0BH Ta BIOCKOHAJIECHHS TelleMaTH-
YHUX CUCTEM KOHTPOJIKO CTaHy Ta KEpPYyBAaHHS
ABTOTPAHCIIOPTOM € aKTyallbHOIO, a i BUpIilIeH-
HS TIOB’S3aHE 3 KOMIUICKCOM 3aXOIiB, cepexn
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SKHX TOIIYK aNbTEPHATHBHUX Ta BUIBHUX Bij
HEIOMIKIB TPaJAMIIMHUX HaBIrallIHHUX CHUCTEM
METO/IIB BU3HAYCHHS KOOPAMHAT Ha MiCIIEBOCTI.

ITocTanoBka 3agaui

Oryisag Ta aHali3 TPAAUIIHHUX Ta ajibTePHATHB-
HUX METOJiB BU3HAYCHHS KOOPJMHAT aBTOTPaH-
CIOPTHHX 3ac00iB Ha MICIICBOCTI, 3 METOIO BH-
pimieHHs MpobieMu 3abe3nedeHHs Oe3rmepeps-
HOT'O MOHITOPHHTY B CKJIQJIHUX YMOBAX IIUIbHOT
3a0y10BY BEJIUKUX MICT.

MeToau BU3HAYEHHS KOOPAUHAT
Ha MICII€BOCTi 3 BUKOPHCTAHHSAM
CYNyTHUKOBHX TA iHIIMX TEXHOJIOTii

OcraHHIM YacoM TOMIMPEHHS HaOyJIM CHCTEMH
HajaHHS NMUQPOBUX, B T.Y. CYIyTHUKOBUX, Te-
JEKOMYHIKaI[IfHAX TOCTyr Oe3rnocepeHbo KO-
puctyBauy (DBS, direct broadcasting satellite),
a TaKoX CHCTeMH UHU(PPOBOro TeredaueHHs
DVB-T, DVB-T2. Ha iX 0CHOBi CTBOPIOIOTh Me€-
pPeKi OAHOYACTOTHOrO Bimauusa (SFN, single
frequency network, puc. 1) [3], a CUTHaJIM CHHX-
pOHi3aIlil TaKMX MepeX BUKOPHCTOBYIOTH JUIS
norpe6 Haviramii. J{nst ¢ynkuionyBanus SFN
moTpioHo, mo06 BCci 6a3oBi craHiii (BS) nepena-
BAJIM HA ONHINW M TiM e 4acToTi B TOH caMuid
4ac OJIMH ¥ TOH ke HaOip CHMBOIIB.

Puc. 1. OmnoyactotHi (a) Ta 6araTo4acToTHi (0)
CHUCTEMH BIIIAHHS

B [4, 5] Buepie 3anponoHOBaHO 3aCTOCOBYBATH
Th-curnanu B HC Ta mokasaHo, 1110 OCHOBHUMH
nepeBaraMu TaKHX CHCTEM € IIMPOKa Toioca
cnektpy Th-curHamy, Benmwka MOTYKHICTh Iie-
penaBaviB Ta TapHE TOKPUTTS (TepuTopii
CIIIA). 3anporioHOBaHO aJrOPUTM Ha OCHOBI
BHUMIPIOBaHHS PI3HUII Yacy MPHUXOJy CHTHANTIB
(time-of-arrival, TOA) nnsi BU3HAYEHHS KOOP-
IrHAT abOHEHTa Ta MPOBENEHO JOCIiIKCHHS
npocroi (tinbku ATSC-DVB (CILA)) Ta ri0pin-
Hoi (ATSC-DVB+GPS) HC. Takox mokasaHo,
O I 1oTped HaBiramii MOXXJIMBE BHKOPHC-
TaHHs aHaoropux curHaiiB Th-nepenapauis, a
TaKOXK KOMOIHOBaHI CHCTEMH.
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N0

st BuzHaueHHs: koopauHat B HC Bukopucto-
BYIOTh CHTHalll CHHXpOHi3alii Mepexi DTV

(puc. 2).

KopucryBau

OrmopHa cranIist ado
MOHITOD

Puc. 2. Cxema cunxponizaii

3a JI0MOMOroK OMOPHOI CTaHIli BHU3HAYAIOTH
CHTHAIIM CHMHXPOHI3allii MepeaBaya 3 BHCOKOIO
TOYHICTIO Ta MepeialoTh Ha cepBep HaBiramiitHol
cyxOu. BcTaHOBIEHHSI TOYHUX KOOPIMHAT
MOJKJIMBE MPH HASBHOCTI CUTHAJIIB TPHOX IEpe-
naBadiB. JI7s BUIUIEHHS CUTHAIY CHHXPOHI3AIIT
BHUKOPUCTOBYIOTh BUMIPH Yacy PO3MOBCIOKEH-
HSl CHTHally BiJ JpKepena JO KOpUCTyBada Ta
ornopHoi crantii (1)

¢m,t = ¢ref,t (tr) - ¢ysr,t (tu ) =
= f + drt - dl/t + C(Tr(tr) - Tu (tu)) -

u

—c(7,(t,)-7,(t,)) = N, Ay )

ne N,,=N, —N, — Hesinomi uiii uucna; d,,,
d,,— BiICTaHb IO KOPHCTyBa4a Ta OMOPHOI CTa-

Huii; t,(¢,), t,(,), 1,(), t,(f) — pi3HuIA
MK BUMIPSHUM Ta pealbHAM 4acoM.

3 ypaxyBaHHSM TOrO, III0 YaCTOTa IepeaBaya €
cTabipHOI0, (1) MOXKHA CITPOCTUTH 1 TIPUBECTH
10 GopMH, 3pyqHOI Il MOOYJOBU CHCTEM CTe-
XKeHHA (2)

6,,=d,—d,+ c(l +0r, (tr)/ét) =N, (2)

Hns M-nepedasauie MO>XKHa BU3HAUUTH BEKTOP
noxuOOK BUMIpIOBaHb

y=HAx+v, 3)
M
T NppoNoar |

u,lon ru

Je X = |:du,lat d

—1M 1+or(2)/0t
H=| : : o . 0 |;
—1Y 1+ot,@)/or 0 0 -,

v — mBuAKICTH T3.

[Nokazano, o A1 BU3HAYEHHS KOOPAWHAT TOT-
piOHO PO3B’SI3yBaTH CHCTEMY HEINIHIHHX piB-
HSIHb BHCOKHX IOPSIKIB a0 JiiHeapi3yBaTH Ia-
pametpu. [IpoBeneni B [4] mocmimkeHHs MOKa-
3aj|, 0 TEOpETHYHA PO3ALIbHA 3JAaTHICTh Ta-
KOI CHCTEMH CTaHOBUTH Omm3pko 0,1 M, ame B
peanpaux ymMoBax Taka HC Tex He cipoMokHa
3a0€3MeUnTH MOCTIHHUN 3B 30K, MOXMOKH BH-
3Ha4YeHHs koopauHat Ha 20-30% menmi 3a GPS.

B [6] 3anpononoBano HC Ha OCHOBiI CHTHaIiB
inenTudikanii nepenasadis (7x/D) ta anroputm
BHU3HAYEHHS KoopauHAT ocHOBI 7OA Ta dacy
3aTPUMKH  BiJ YOTHPHOX 0a30BUX CTaHIII

2 2 2 .
ti'c:\/(x—xl.) +(y=y) +(z-2z),i=1.4,
ne t/ =t —At;At— abCONIOTHA 3aTPUMKA CHI-

HaJly; ¢ — MIBHJKICTh CBITJIA; X, Y,z — KOOPIHUHA-

TH O0’€KTY; X;,);,Z; KOOpAMHATH 0a30BUX
craniiii. [lokazaHo crocobu peaiizaliii anropu-
TMYy Ta WOTO MOXJIHBI MmokpamieHHs. [loxubku
BH3HAYEHHS KOOPJHMHAT OOMEXEHI KOJIOM pali-

yCOM 5 METpIB.

B [7] zampomonoBano HC Ha ochoBi SFN Ta
DVB-SH, anropuT™M BH3HAuY€HHS KOOpAWHAT Ha
ocHOBI TDoA. BumiprtoBaHHS 4acy pO3IOBCIO-
JUKEHHSI CUTHay Bix aBoX (abo Oinbiie) 6a3o-
BUX CTaHIIIl TPaHCIIOETHCS B TOUKY Ha TIEPETH-
Hi 1BOX (200 Oinblle) rinepOONiYHUX KPHBHX.
Jnst poOOTH CUCTEMH MOXKHA BUKOPHCTOBYBATH
pi3Hi mapamerpu curHany DVB-SH. Ilpobnemy
po3B’si3yBaHHA (3) 3aIPONIOHOBAHO BUPIIIUTH 3a
JOTIOMOTOI0  METO/ly HaWMEHIINX KBaJpaTiB,
3Ba)KarouM Ha Te, mo aas1 OF DM curHaiis 1mos-
HICTIO BiZIOMi ITapaMeTpu CUTHAIY.

B [8] zampomonoBano HC Ha ochoBi SFN Ta
DVB-T2, anropuT™M BHU3HAUY€HHS KOOpIAMHAT Ha
OCHOBI BHUMIPIOBaHHS PI3HHMIII Yacy PO3MOBCIO-
JDKEHHS CUTHAJTy MK KOPUCTYBa4eM Ta Iepe/a-
Bauamu (time-difference-of-arrival, TDoA). Tlo-
kazaHo, mo i peanizanii HC He morpibHO
BHOCHTH 3MIHHU B iCHYIOY€ 00JIaJHAHHS 0a30BUX
cranmii. IlpoBeneHo iMirallifine MOCIIOBaHHS
CHCTEMH, OTPUMaHi pe3yJabTaTH JO3BOJISIOTh
3pOOHUTH BUCHOBOK, 110 3anpornonoBana HC mae
MaJIi MOXUOKH BU3HAYCHHS KOOPIHUHAT.
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Puc. 3. BusHaueHHsS KOOpIMHAT 3a METOJOM
TDoA

B [9, 10] 3ampomoHOBaHO aidrOpuTMH BHU3HA-
YeHHS KOOPJMHAT Ha OCHOBI ad-hoc Mepex, B
SKHX BY3JM MeEpeKi OOMIHIOIOTBCS JTaHUMH
TUIBKY 3 03MOCEPETHIMM CYCiTaMHU.

B [9] 3ampomoHOBaHO BUKOPHCTaHHS METOLY
BHMIPIOBaHHS HANPSAMKY HAIXOHKCHHS CHTHAa-
nmiB (angle-of-arrival, AOA) nns BHU3HAYCHHS
koopauHat. OcHoBHOMO ifeeto AOA € BU3HAUCH-
HSl HANPSAMKY Ha OCHOBI KYTOBHUX BHMIpPIOBaHb,
SIKI 3JIACHIOIOTh 33 JOMOMOIOK aHTCHHUX pPe-
IITOK a00 KUIbKOX BHCOKOYACTOTHHX MpHUKMa-
yiB. [Toka3zaHo, 1110 AJ1s1 MOTPeO HaBiraIi MoXxHa
BUKOPUCTOBYBAaTH CEHCOPHI MEpekKi, B SKUX
TUJIbKY YacTUHA BY3JIIB Ma€ BJIACTUBICTH JIO IMO-
3MINIIOHYBaHHS Ha MiCIIEBOCTI.

I3 xypcy reomerpii BiloMO, SIKIIIO BHU3HAYEHO
KoopauHaTH (abo HEeHTpallbHI KyTH) JBOX TOYOK
(4, B), o mns BHyTpimHBOI Touku (C), 1m0 «0a-
YUTH» IIi JBl TOYKH, MH MOXEMO 3HaWTH KOOp-
JMHATH 32 JOMOMOTOI0 €lIeMEHTapHUX T'eOMeT-
puuHUX 00y0B (Touka C MOXKe 3aliMaTH OJTHE
3 JIBOX BH3HAYEHUX MICI[b Ha OKPYXHOCTI, SKY
nposeneHo uepe3 A Ta B). Hampsmok pyxy BuU-
3HAYa€ThCA 3a JOMIOMOT0I0 OOYUCIICHHS BEKTOPY
HaTpsAMKy Ta (a00) KyTa 3a JOIMOMOTOI0 TpiaH-
TYJISIII.

B [9] 3anporioHoBaHO TiOpUIHUIN PO3MOALICHHI
QITOPUTM BH3HAYCHHS KOOPJAWHAT, IO MOEIHYE
BH3HAYEHHS IMapaMeTpiB BEKTOpa HAIPIMKY Ta
TpiaHrymsii GPS. 3anpornoHoBaHO TPU Pi3HHX
METOJM HaBiraili, fKi PI3HATBCA CKIIJHICTIO,
TOYHICTIO, MOKPUTTSM Ta i30TPOIHICTIO MEPEXKi.
[okaszaHo, peasibHI KOOPJAMHATH BiAPI3HIIOTHCS
BiJl pO3paxOBaHUX Ha BiJICTaHb, 0 HE NEPEBU-
IIy€ JOBXHUHH PAIIOXBHIII B CUCTEMI, 110 CTaHO-
BUTH MPUOIN3HO 6%.

m

B [11] 3anpomoHoBaHO cHcTeMy Ta METO BH-
3HAUYCHHS KOOPJMHAT Ha OCHOBI CUTHAJIIB IMiJIOT-
TOHIB FM-pagiocTaHIliii. AITOPUTM BUKOPUCTO-
Bye TDoA Ta no3BOJSE BUSHAYUTH KOOPAMHATH
abonenta HC mo curnanam Tppox 0a30BHX cTa-
HI[if, HA OCHOBI BUMIpIOBaHHA pi3HMII (a3 y
MPUAHATHX MUIOT-TOHIB Bl PI3HHUX JDKEpeNl B
MPHCTPOi KoprcTyBaya. B minomy cucrema aHa-
JIOT1YHA JI0 PO3TJSIHYTHX BUIIE, ajie BUKOPUCTO-
BY€ MEHII BHCOKOYACTOTHI CHTHANM (YacToTa
niioT-rony 19 xl'm).

BucHoBku

HagirariiifHi CHCTeMH BHKOPHCTOBYIOTH OJIWH 13
meromiB: T0A, TDOA, AOA Tta RSS (the
received-signal-strength). TDOA ta TOA BUKO-
PHUCTOBYIOTH iH(OPMAIIIIO MPO Yac PO3MOBCIO-
JDKEHHSI CHUTHANy JJIsi BU3HAYEHHS KOOPAWHAT
T3, € n0oBOJI CKJIATHUMH, ajne 3a0e3MedyloTh
JIy’Ke Majl MMOXWOKM BU3HAYCHHS KOOPIWHAT.
AOA BukopuCTOBYE iHPOPMAIIIIO PO HAMPIMOK
HAJXOJPKCHHSI CUTHANly Ta BUMAarae TOTYKHOTO
obnmasHaHHS (SK B BHUCOKOYACTOTHOMY TPAKTi,
Tak 1 B 00YMCIIOBAILHOMY), III0 CTPUMYE HOTO
BIIPOBKEHHS Y KOMepIiiHi pimenas. RSS oc-
HOBaHUI Ha TIOCTIHHOMY BHMIpIOBaHHI 3MiH pi-
BHSI MIPUHAHATOTO CUTHAJY, € MPOCTIIIMM 3a I0-
nepeani, ane 3abesneuye OUTbIN MOXHMOKH BH-
3HA4YCHHS KOOPAMHAT, SIK MPABHIIO BUKOPUCTO-
BYETBHCSI B aHTEHHHUX CHUCTEMaX, IO MPAIOI0Th B
PEXUMI CTEXEHHS (CyIIPOBOLY).

Jiist 3MEeHIIeHHsT TTOXHOOK BU3HAYEHHS KOOD -
HAT MOTPIOHO MAaTH TPU-YOTHUPH JDKEpesa Orop-
HUX CHTHaNiB. SIK MpaBWJIO ILOTO JIOCTATHBO,
JUIS JOCSTHEHHS PO3JAUIHHOI 3JaTHOCTI KiJIbKOX
METpiB (JecATKIB CaHTHMETPIiB au(epeHIliaib-
HUMH METOJIaMH), ajie B yMOBax MicTa Ta CKJia-
JHOTO penbedy MOXUOKH 3HAYHO 3POCTAIOTh.
Takok Ha TOYHICTH BIUIMBA€E BHUCOTA HaBIrarii-
HUX CYIYTHHKIB HaJl TOPH30HTOM.

Cucremu MOHITOPHHTY Ha OCHOBI SFN y mopis-
HsHHI 3 GPS 3a0e3neuyioTh psj nepesar: 1) 3a
paxyHOK OLTBIIOI MOTYXHOCTI CHUTHady (mpuo-
mu3Ho Ha 40 /I6) € MOXIJIMBICTP BUKOPHUCTAHHS
TAaKUX CHCTEM B CKJIQJHUX MICBKHX yMOBax SK
Mo3a MeXaMH TPUMIIIEHb, TaK W Y CEpeHHi;
2) 3a paxyHOK B 6 pa3iB OUIBIIOI TOJIOCH CITEKT-
py TOM’SKIIyeThesi eeKT Bij OaraTompoMeHe-
BOT'O PO3IIOBCIOJDKCHHS CHTHAIIB; 3) 328 paxyHOK
BEJIMKOro Jiana3oHy 4actoT Th-curhany Hagi-
raimiifHa cucTeMa MOXKE CIPaBJISITUCS 3 3aTyXaH-
HSIMH CHTHAJIy B HACJIJIOK MOTJIMHAHHS pajioX-
BUJIb, 0araTOMpPOMEHEBOTO MPUHOMY Ta IHIINX
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edexris.

Y mopiBHSHHI 3 MEPESKHUMH HaBiramiiHUMH
cucremamu SFN Mae Taki mpeBaru: 1) BU3Ha-
YEeHHSI KOOPJMHAT B PEKUMI «pEabHOTO 4acy»;
2) Taka cucTeMa BUKOPHCTOBYE TUTbKH MPHAHS-
THH CHTHAI, OT)Ke He MOTPiOHUI nepeaasad, 1o
3MEHIIYE Ta0apuTH Ta CIPOIIYE CHCTEMY; 3)
HaBiraififina cucremMa BUKOPHUCTOBYE BXKE Ipa-
mroroue obnagHanas SFN, 10 3I€IIEBIIIOE CHC-
Temy; 4) He Ma€ JJOIaTKOBUX BUIPOMIHIOBAHb Ta
3aBajJl J0 ICHYHOYHMX TEICKOMYHIKAI[IHHUX Ta
THIINX cucTeM; 5) oOaHaHHs aDOHEHTa MOXKHA
peaizyBaTH y BUTJIAI OAHOILUIATHOTO OOJKET-
HOT'O KOMIT I0Tepa po3MipoM 3 OaHKIBCbKY KapT-
Ky, Hanpukian Raspberry Pi [12].

B ymoBax BmpoBajpkeHHS B YKpaiHi CHCTEMH
mugpoBoro Th DVB-T2 po3risHyTi anbTepHa-
THUBHI METOJIM BU3HAUCHHS KOOPIMHAT aOOHEHTA
MOXKYTh OyTH 3aCTOCOBaHI B MpOLECi Po3poOKU
HOBOT'O HaBiraiifiHoro oOiamHaHHs iH(pOpMa-
HITHO-TEIEeMATUYHHUX CUCTEM.

[lepcniekTBaMu MOJANBIINX JIOCTIIKEHb €
aJianTaiisi po3risiHyTHX METOJIB 10 YMOB YKpa-
iHM Ta po3pobka riOpHIHUX HaBIraliifHUX CHC-
TEM.

[TyOnikariss MiCTUTh PE3yJbTaTH IOCIHiIKEHb,
MPOBENICHUX MpPU TpaHTOBii mixTpumi Jepxa-
BHOTO (hoHIY (PyHIaMEHTAIBHUX JOCIIIKEHb 32
KOHKYpcHUM 1nipoekToM ©62/040.
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