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IMpencraBneHbl pe3yabTaThl pa3paboTKM MakeTa NMpUEMHUKA CUTHAJIOB OT NIOOAJILHBIX HaBUTAIIMOHHBIX
cnyTHUKOBbIX cucteM (ITHCC) Ha ocHoBe Mmonyinst u-blox ZED-FI9P u BeinosiHeH cpaBHUTEbHBIN aHATN3
ero xapakrepucTtuk ¢ npodeccuoHanbHeIMU T HCC-nipuemaukamu Trimble Alloy (ctanumsa KZN2 cetu
IGS) u JAVAD TRE-3L B 3amaue perucrpauuu IIOJHOIO 3JIEKTPOHHOro coaepxaHus. OTMedeHo Kaye-
CTBEHHO Y KOJIMYECTBEHHO CpaBHMMOE TOBeIeHNEe McCienyeMbIx IapaMeTpoB st Bcex turioB THCC-

IIPUEMHUKOB.
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BBEIAEHME

JIByxyacToTHBIE (Pa30BBIC U TPYITIIOBBIEC 3aMla3Ibl-
BaHUSI CUTHAJIOB INIOOAJIbHBIX HABUTALIMOHHBIX CITYT-
HukoBbix cucteM (THCC) ¢ navyana 90-x romoB uc-
MOJIB3YIOTCS IJISI OTIPEIeJICHMSI IIOJTHOTO DJIEKTPOHHO-
ro coaepxanus (IT9C) B noHochepe 3emian, 4ToObI
KCCJIENOBaTh €€ OTKJIMK Ha pa3jIMYHbIC €CTECTBEH-
HbI€ 1 UCKYCCTBEHHbIE BO3AEMCTBMA. TaK KaK CITyT-
Huku 'HCC gBurarooTcs 10CTaTOYHO MEIJIEHHO IO
He0OoCBOOY ITOIBIOHOC(hEPHAsI TOYKA OCTASTCS B IIpe-
Jieiax MUCCIIEAYyeMOi 00J1acTU B TEUYCHME ITPOIOJIKM -
TeJIbHOTO MHTEePBaJia BpEMEHU, YTO MO3BOJISIET TTOJTY-
YUTh MTHPOPMAILIUIO O IIPOCTPAHCTBEHHEIX I BDEMEH -
HBIX XapaKTePUCTUKaX BOJTHOBBIX BO3MYIIICHUI.

Merton IMCTaHIMOHHOTO 30HAUPOBaHUS MOHOCHE-
pol curHajamMu 'HCC Haien mmpokoe mpuMeHEeHUe
JIJT1 U3YdEeHUST pa3IYHbIX SIBJICHUI, BO3HUKAIOIIX B
noHocdepe [1], HarpuMep, B MCCIISTOBAHUSIX NOHO-
chepHBIX 3(HEKTOB 3KCTPEMAIbHBIX TeJIUOreodu-
3MYECKUX COOBITUII, TaKMX KaK MarHUTHBIE Oypu
[2, 3], coHeuHble BCIbILKY [4, 5], 3aTMeHus [6], a
TaK>Ke PEryJISIPHBIX COOBITHIA, HATIPUMED, IIPOXOXKIIE-
Hue cojHeuHoro tepmuHaropa (CT) [7, 8]. C momo-
IIbI0 TAaHHOTO METOJda TakKXKe M3y4aeTCsl OTKIIMK
HOoHOC(HEPBl Ha 3eMJICTPSICEHUSI U TIOUMCK MX TIpel-
BECTHUKOB [9] 1 ee peaKius Ha IeMCTBUE TPOIIMYEC-
CKMX IMKJIOHOB M BHE3AITHBIX CTPAaTOCHEPHBIX MO-
teruieHuit. C cepenunnl 2000 roqoB HaYaI0Ch aKTUB-
HO€ WCHOJb30BaHMWE CUTHAJIOB HaBUTAIIMOHHBIX
CITyTHUKOB 1151 oripenenenust [1DC Boois 1yga crmyT-

HUK-IIPUEMHUK, TEepeceKallero BO3MYILIEHHYIO
o0JracTh MOHOC(HEPHI BO BpPeMsI SKCIEPUMEHTOB II0
BO3JCUCTBUIO HA HEE MOIIHBIM KOPOTKOBOJIHOBBIM
panuousiiydueHueM. Takue ucciaeqoBaHuUs TPOBOAU-
ymch Ha cteHnax HAARP [10, 11] u CYPA [12—14].
CTrouT OTMETUTh TaKXe MCCIAEOOBaHMs, KOTOPBIE
MPOBENCHbI METOIOM PAAMO30HANPOBAHMS CUTHAJIA-
mu HCC, cBsg3aHbl ¢ HM3y4eHHEM BO3MYIICHUMA
noHocGepHO TIa3MBI 1 00YCIOBJICHBI AaHTPOIIOTEH -
HBIMUM BO3JEMCTBUSI Ha Hee [15], HammpuMep, paker-
HBIMHU 3aIlyCKaMM M WHKEKIHMeil aKTUBHOIO Bellle-
CTBa IIpU paboTe MAHEBPOBLIX IBUTATEJIE KOCMUYE-
ckux ammapatoB [16, 17]. YacTe paGoT mocBsieHa
pellIeHrIo 0OpaTHOM 3aJadyu, a UMEHHO HCCIIeIoBa-
HUIO BOIIPOCA O BJIUSHUM MOHOC(hEPHOI M1 MATHUTO-
chepHOIt Bo3myllieHHOCTU Ha coou B padote THCC B
MIEpUOAbl PAa3IMYHBIX T'eIUOreo(pU3NICCKIX COOBI-
it [18—20].

B 1o ke Bpemsi usmepenusi [19C u MHIEKCOB
MOHOC(EPHON aKTMBHOCTH, OCHOBAaHHBIX Ha HEM,
takux Kak Bapuanuu I1OC (VarTEC), cpenHekBan-
patuueckoe oTkjiaoHeHue (CKO) oTHOCUTETBLHOIrO
HaksioHHoro I19C B onpenenreHHoM okHe (RMSTEC),
npousBogHas [1DC (ROT), CKO npousBomgHoit [19C
Ha iaTuMuHyTHOM uHTepBasie (ROTT), CKO npous-
BomHoIi [19C, HopMupOBaHHOIT Ha KBaapaT HAKJIOH-
Horo ¢akropa (AATR) u psinma gpyrux, CylecTBEHHO
3aBUCAT oT u3MepeHHBIX I HCC-nipueMHuKOM (pazo-
BBIX ¥ rpynnoBbix 3anasabpiBanuii ' HCC-curnaios.
A Tak Kak armmapaTHast KOHpUTypamst 1 METOIbI 00pa-
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588 KOI'OT'MH u np.

ootk ganHHbIX B THCC-tippeMHIIKe B OOJIBITMHCTBE
Cyd4aeB HEW3BECTHBI HCCJEAOBATENl0, HEOOXOOMMO
MMETh BO3MOXHOCTH OLICHUTh KaU4eCTBO PETHCTpaLiii
I[1DC. ITonoOHEI cpaBHUTEIBHBIN aHAJIM3 PETHUCTPa-
myu [TOC gt THCC-nmpueMHUKOB pa3andHBIX ITPO-
n3BOOUTENel, Takux Kak Trimble, Javad, Leica u
Septentrio, OB TpoBeaeH B padoTe [21].

OtMeTrM, 9TO KaK B HaIlleli CTpaHe, TaK 1 3a pyoe-
>KOM OO0JIbIIIast YaCTh JAHHBIX O ITPOCTPAHCTBEHHO-Bpe-
MEHHOM TUHAMUKE COCTOSHUSI MOHOC(HEPHI, ITOJTydeH-
HBIX METOIOM MHOTOYACTOTHOIO PaarO30HINPOBAHUS
curHaiaMu THCC, oxBaTbIBaeT Takue PEerMoHbl, Kak
Snonus, CIIA, 3anagmHas EBporma, roe IUioTHas
cetb HCC-cTanuuii cioxmniaachk paHbIlle, 9YeM Ha
TePPUTOPUU HaIllEel cTpaHbl. Takke UMEIOTCSI CUCTE-
MEbI coopa u oomeHa THCC-gaHHBIMU B CBOOOTHOM
noctyre (IGS, UNAVCO, CORS, CHAIN u gp.).
Mexny TeM KOJMYECTBO MOCTOSIHHO JEHCTBYIOIINX
I'HCC-cranmuit Ha Tepputopun Poccuiickoii Mene-
paluu B IIOCIIETHEE IeCATIIETHAE PE3KO yBEIMINBACT -
csi. B HacTosmmii MOMEHT (DYHKIIMOHUPYIOT MHOTO-
YHUCJIeHHBIE KOMMEPYECKIE 1 TOCYTIapCTBEHHBIC CETH.

OnmHako nmaxke yuuthbiBasg yBelmdeHue ['HCC-
CTAaHUMI B TIOCJENHEE NECITUIIETUE, TUIOTHOCTh U
HepaBHOMEPHOCTh pacripeaeieHus 6azossix [HCC-
cTaHLMiT Ha TeppuTopun Poccuiickoit @enepaiium, B
MOJIHOM Mepe He obecrieuruBaeT BO3MOXHOCTb Herpe-
PBIBHOTO MOHUTOPUHTIA OJIV>KHETO OKOJIO3EMHOTI'O KOC-
MUWYECKOT0 MPOCTPAHCTBA METOAAMU AUCTAHIIMOHHOTO
3oHaMpoBanus curHagamu ' HCC B maHHOM pernosHe.
B cuny omnuvcaHHOro BbIlIE, OLEHKHA YPOBHSI BO3MY-
ILIEHHOCTY MOHOC(heEpHI, TToTydaeMble Ha OCHOBE 3TOTO
METO/Ia, B YACTHOCTU PETUOHAIIBHBIE KAPTHI pacripene-
JieHus1 ”HTeHcuBHOCTY Bapuauuii ITOC, kapter ROTI
U JIp., IS Oonbliieit yactu tepputopuu PP nmeror
HU3KOE MTPOCTPAHCTBEHHO-BPEMEHHOE pa3pelIeHUE.

AKTHUBHO pa3BHUBAIOIIAsSICSI B HACTOSIIEE BpPEMs
OTpaciab BO3AYIIHBIX M Ha3eMHBIX OECHMIOTHBIX
CPEAOCTB CTAHOBUTCS OIpeAe/IsTIomuM (haKTopoM
pPa3BUTUSI BBICOKOTOYHOTO MO3UIIMOHUPOBAHUS C
CyOCAaHTUMETPOBOI U OOJIbIIEH TOUHOCTBIO. YCTPOIi-
CTBa, 00eCIeYnBaIoNIre TAKYI0 TOYHOCTh IIO3UIIMOHM -
pOBaHMS JOKHBI OTBEYATh JOIIOJHUTEIbHBIM Tpe-
OOBaHUSIM: MAJTOTA0APUTHOCTb, SHEProa(h(HEeKTUBHOCTh
¥ HM3Kask crouMocTh B cpaBHeHnu ¢ THCC mpuem-
HUKaMHU Teone3ndeckoro kiacca. /i1 obecreueHust
BBICOKOII TOYHOCTU ITO3MIIMOHUPOBAHUS OMIUCAH-
HEBIC BBIIIE YCTPOMCTBA 00JIaIal0OT BO3MOXHOCTBIO
MapajuleIbHOTO MpHUeMa CUTHAJIOB BO BCEM YacTOT-
HoM auamnasoHe 1176—1610 MIt ocHoBHbeix THCC
(GPS, TJIOHACC, Galileo, BeiDou, QZSS), uto
IMO3BOJISIET TIPOBOAUTH MCCAEI0BaHNE NOHOCKHEPHI C
nomoliubio usamepeHus I1OC u nuHAEKCOB MOHOChEP-
HOM BO3MYILIEHHOCTH, pAaCCYUTAHHBIX HA OCHOBE €TO.
Ha maccoBoM pbIHKE B MOCIEIHEE BPEMS CTAIO IO-
SIBASATHCS Bee Oonblire Henoporux [ HCC-Monyneit u
OTJIAIOYHBIX IJIAT Ha UX OCHOBE, ITOMIEPXKIBAIOIINX
napauleIbHbII IpYMeM HaBUTAlIMOHHBIX CUTHAJIOB BO

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

BceM yacToTHOM muamnaszoHe. K ornensHbeiM [HCC-
MOJYJISIM C BO3MOXHOCTBIO TapalieJIbHOro IpueMa
B 1Byx auamnaszoHax (L1+L2 unu L1+L5) MoxHO oT-
Hectn OpenRTK330; ZED-F9P; LC79D u LG69T;
BCM47765 u BCM47755; PX1122R u np. K roroBbIM
pElLIeHUsIM, MPEACTaBJICHHLIM B BHAC OTJIAHOYHBIX
11aT, no3BoJsgromyx nonydate ' HCC-manHBIe ¢ BO3-
MOXHOCTBEIO Tiocnenytoneit konseptaimu B RINEX
otHocstes: simpleRTK2B; PX1122R-EVB; C099-F9P;
SparkFun GPS-RTK2 u ap. [Tmocamm Takmx 1oiat siB-
JIsIeTCsl HU3Kasi CTOMMOCTb, MaJiblii BeC, HU3KOE HEP-
roroTpediieHre, HaMuunue (GUPMEHHOTO IIPOrpaMM-
HOTo ob0ecnedeHus IJ1s1 KOH(MUTYypauy 1 HaCTPOMKU
000pyIOBaHUsI, OTHOCUTEJIbHO OOJBIIOE KOJIUYEe-
CTBO pabouux kKaHajoB (oT 184 1o 230). B To xe Bpe-
MsI HEOOXOAMMO OTMETUTD, YTO B CBSI3U C BHIITYCKOM
yuna BCM47755, yctaHaBIMBaeMOIro B COBpPEMEH-
HbIE cMapT(OHBI, KOJIMYECTBO TAKUX YCTPOIMCTB C BO3-
MOXHOCTBIO peructpaumy [1DC 1o nByx4acTOTHOM
KoMOMHau (a30BbIX U3MEPEHUI Ha YacTOTaX Ira-
nmazoHoB L1/L5 OyaeT NoCTOSIHHO yBEeJIMYMBAThCS.

Taxkmm o6pa3om, 3agada MOBBIIIEHUS TIJIOTHOCTH
cetu 'HCC-cranuuii Ha tepputopuu Poccuiickoit
Ddepepaunu 3a cyeT pa3paboTKU MOOUILHOIO GO~
xetHoro I'<HCC-npumeMHMKa, KOTOPHIM B IIEPBYIO
ouepenb OyAeT MCHOJIb30BaThCS JJIsI MOHOCKhEPHBIX
HUCCIeAOBAHUM, SIBISETCS aKTyaJlbHOM U BOCTpeOO-
BaHHOI, a TEXHUYECKUE BO3MOXHOCTU COBPEMEH-
HBIX YCTPOWCTB CITOCOOCTBYIOT €€ pPEIleHUIO.

Llens maHHOI pabOTBI — pacCMOTPETh OCHOBHEIE
XapakTepucTuku co3gaHHoro mMaketa I'HCC-npu-
€MHUKA U pe3yIbTaThl €ero TECTUPOBAHUSI B CpaBHE-
arn ¢ ipodeccroHanbHBIM [ HCC-060pynoBanmeM.

1. OBIIME TPEBOBAHUS
K PASPABATBIBAEMOMY YCTPOUCTBY
U ONIMCAHUE AMNIMAPATHOUW YACTHU
I'HCC-TIPUEMHUWKA

Mcxons u3 mocTaBaeHHOM 3agaum, pa3pabarbiBa-
eMbIii MakeT MoounbHoro 'HCC mpuemMHuKa mgoj-
KeH ObUT 00/1a1aTh CASAYIOIIUMU (PYHKIINSIMU:

— npuHumMartb U coxpaHsaTh THCC-pganusie (pa-
3a, MCeBAOAANbHOCTh, OTHOIIIEHUE Hecylleit K Iry-
My, yactora Joruiepa u ap.), moiaydeHHbie oT GPS,
I'TTOHACC, Galileo, BeiDou;

— KOHBEpPTUPOBaTh MX B craHAapTHbIA RINEX-
dopmar;

— (hopMHpOBaTh aBTOHOMHBIH (Daiijl c pacueTaMu,
BKJIIOYAIOIIVMHU B Ce0SI TOJIBKO HEOOXOAUMBIEC IOJIb-
30BaTeII0 NapaMeTphl;

— OTHPAaBJISITh JaHHBIC Ha YOAJICHHBII cepBep IS
oIepaTUBHOM ITyOJIMKAIIMK B ceTu MTHTepHeT;

— MMETh BO3MOXHOCTb BU3yaIu3allui JaHHBIX B
peXMnMe pealbHOrO BpEeMEHMU.

PaszpabateiBaeMblii MakeT ycTpoiicTBa (puc. 1) co-
crouT M3: omiamouyHoil 1wiatel simpleRTK2B, ocha-
meHHoii 'HCC-monmynem u-blox ZED-F9P; omHo-
Ne 6
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Puc. 1. OcHOBHBIC KOMIIOHEHThI YCTPOIMCTBA: a) oTjIagouHas ruiata simpleRTK2B; 6) onHomiaTHbIM KoMmiibioTep Raspberry Pi;

B) THCC-anrenHna.
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Puc. 2. CyrouHoe uameHeHue KojiuuectBa ciyTHUkoB GPS, ITTOHACC, Galileo u BeiDou Ha makete THCC-nipueMHuka Ha

6a3e momyJs u-blox ZED-F9P.

TIIIaTHOTO KoMIibioTepa Raspberry Pi; MHOroyacToTHOM
I'HCC-antennsl; 4G-MoneMa u/uUiau poyTepa.

OCHOBHBIM KOMITOHEHTOM pa3padaTbIBaeMOTO
I'HCC npuemnuka ssasiercss THCC momynb u-blox
ZED-F9P — wmmnoromonocHbeii Momyiab 'HCC co
BCTPOEHHOI MHOTOIIOJIOCHOI TeXHOJIOTHEH “KUHe-
MaTuku peajibHoro BpemeHu” (RTK), mo3Bossitomeit
JTOOUTHCI TOYHOCTU KOOPAMHATHOI TIPUBSI3KM Ha
YPOBHE CAHTUMETPOB.

OcHoBHble xapakrepuctnku [THCC-monmyng u-
blox ZED-F9P:

— mapauienbHbI npueM curHaioB GPS, TJIO-
HACC, Galileo, BeiDou, QZSS)

— o0111ee KOJIMYeCTBO paboumnx KaHaJioB 184;

— noazepXKa MHOTOYaCTOTHOM TEXHOJIOTUU TOJTy-
yeHwMsI rmonpaBok B pexkrMe RTK ¢ ObI1cTpbIM BpeMeHeM
CXOIMMOCTU U HaJIEXKHOI TTPOM3BOAUTENIBHOCTHIO;

— TIoaepKKa OOHOBICHUIT HABUTALIMOHHBIX JaH-
HBIX 70 20 IT1;
Ne 6
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— Haimmyue GUPMEHHOTO ITPOTrpaMMHOTO oOec-
MeYeHus JJIsI KOH(PUTypaui U HaCTPOMKHU 000opy-
JTOBaHUS;

— HM3Kasd CTOMMOCTbD.

Monyns ZED-F9P oTHocuTcs K Turly “napa-
JICABHBIX” TIPUEMHUKOB, T.€. IIPUEMHUKOB, CIIOCOO-
HBIX TIPUHUMATh U OTCJIEXUBATh HECKOJIbKO TUIIOB
I'HCC. BbICOKOYACTOTHBIII TpaKT MOMYJISI ITOAACP-
XuBaeT Bce dyeThipe ocHOoBHBIe TUa THCC (GPS,
ITIOHACC, Galileo u BeiDou) u perrnoHajibHO# cu-
crembl QZSS. Bce maHHBIE CO CITyTHUKOB MOTYT IIpH-
HUMAaThCSI OTHOBPEMEHHO, UTO 0OECIIeYMBaET BO3MOX-
HOCTh PerucTpallMid HaBUTALIMOHHBIX CUTHAJIOB BCEX
ocHOBHBIX gelicTByromnx [ HCC. CyrouyHoe nameHe-
HUE OOIIEro KOJuyecTBa PErucTPUPyeMBbIX CITyTHU-
koB Ha makere [HCC-npuemMHuKa Ha 0a3e MOIYIISI
u-blox ZED-F9P u ux pasmeneHue 110 OTAEILHBIM
tunnaM 'HCC npencrasieHo Ha puc. 2. M3 puc. 2
BUIHO, 4YTO OOIee KOJUYECTBO HABUTAIIMOHHBIX
CIIyTHUKOB B TeYEHUE CYTOK BapbUpyeTcst oT 33 1o 46.
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ITmata simpleRTK2B mpencrasisier coboit oT-
JIENIbHBINA OTJIANOYHBIA MHCTPYMEHT, OCHOBAHHBIA Ha
monyie u-blox ZED-FI9P. I1nata simpleRTK2B cos-
MECTHMA C OOJIBIIIMM YKCJIOM BHEIITHMX MOMYJIei, Ta-
kux kKak Arduino, STM32 Nucleo, Raspberry Pi n
Pixhawk, 1 moanepxxuBaeT MOOKIIOYEHE MHOXECTBA
pPagroyCTPOMCTB, 00ECIIeYNBAIOIINX CBI3b 110 KaHa-
nmam Wi-fi, Bluetooth, 3G, LoRa.

OcHoBHbIe focTonHcTBa simpleRTK2B:
— OCHOBaHa Ha MmonyJie u-blox ZED FI9P;

— paboTaeT Kak B 0a30BOI1, TaK U B OJBUKHOM —
KOH(UTypausix;

— nmeet mmpokuii crriektp ' HCC-Bo3MokHOCTEIH;

— HIOAACPKMUBACT JICTKYIO MHTCIrpalilii0 B KOM-
IJICKCHBIC ITPOCKTHI,

— JOCTYITHA B HECKOJIbKNX KOMITJICKTallUsX;

— IJISl CHHXPOHUM3allu1 BHEIITHETO 000pyI0BaHUS
€CTh BBIXOH timepulse;

— MIMeeT HU3KYIO LIeHY.

OnmHoraTtHeI KoMnbioTep Raspberry Pi mcrmons-
3yeTcsl B JAaHHOM paboTe ISl HACTPOMKM U OTJIagKa
riatel sSimpleRTK2B. I1pu 3ToM ciieayer OTMETUTD,
YTO I PETUCTPALIMM MOXKHO HMCIOJIb30BaTh JII000M
coBpeMeHHbIH TTK nau HoyTOyK.

2. OBLIEE OITMCAHUE MPOTPAMMHOM
YACTHU THCC-ITPUEMHUKA

st otnagku v ynpabiieHus wiaTtoii simpleRTK2B
BO3MOXHBI pa3IMYHbIC CLIEHAPMH, KOTOPHIC 3aBUCSIT OT
HCIIOIb3yeMOM KOH(pUTrypauum odopynoBaHus. Mox-
HO MOOKIIOYNUTH OTamouHylo 1uiaty simpleRTK2B He-
nocpenctBeHHo K 1K miam HoyTOyKy mon yripasiie-
HMeM olepaluuoHHoit cucrembl (OC) cemelicTBa
Windows (Vista u crapiiie) mo craHgapTHOMY usb MH-
Tepdeicy u, NCITOIb30BaTh pa3padOTaHHYIO KOMITa-
Hueit u-blox nmporpammy U-center mis HacTpoiKu
w1athl. 711 OBICTPOTO CTapTa TAKOM ITOAX0 OyIeT Hau-
Oojlee MpaBWIBHBIM, TaK Kak mporpamma U-center
MpeacTaBiIsieT cO00i MOIITHYIO TUIaT(hOpMy TSI KOH-
durypalimy, TeCTUPOBaHUS M BU3yaIM3allud TaHHBIX
st THCC-monyieit dupMbI u-blox 1 Ha HaYaTEHOM
arare ee GyHKIMOHAILHOCTH 00Jiee YeM I0CTaTOYHO.
CyliecTBeHHBIM HeIOoCTaTKoM mnporpamma U-center
SIBJISIETCSI TO, YTO OHA HE ITOMIEP>KUBAETCS B OTlepalv-
OHHBIX cucTeMmax cemeiictBa Linux. [Toatomy mis Ha-
crpoiiku, ortnanku u ymnpapieHus: [ HCC-npuemHm-
KOM C ITOMOIIBIO OMHOIIIaTHOTO KoMIbioTepa Raspber-
ry Pi4 ¢ yctaHoBneHHoii Ha Hero OC cemeiicTBa Linux
OBLIO HAIMCaHO OPUTMHAJIEHOE IIPOrpaMMHOE 0OecIIe-
yeHne Ha si3bIke Python [22]. Mcmmonb3oBanne omHO-
IUIATHOTO KOMIIbIOTEPAa B KayecTBE YIPaBJSIIOIIETO
YCTPOMCTBA MO3BOJSIET HOOUTHCS HE TOJIBKO KOM-
MaKTHBIX pa3MEpPOB YCTPOICTBa, HO U OOECHEYUTh
€ro HU3KOe BHEeproroTpedieHrue, YTO B COBOKYITHO-
CTH TOBBIIIACT OOIIYI0 aBTOHOMHOCTb U MOOWJIb-
HOCTh pa3padareiBaecMoro ' HCC-npuemHuka.

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

KOI'OT'MH u np.

Vmpasneane 'HCC-nmpuemuaukom B OC Linux
peann3oBaHoO B AByX BapuaHTax. [lepBrIii — “Kiiaccu-
YeCKMI1” — MOAKITII0YEeHNE K IPUEMHUKY C UCIIOIb30-
BaHMEM COOTBETCTBYIOILIIEH ITeprdeprun: KiIiaBUaTypHI,
MBI 1 MOHUTOpa. JJaHHBIN CITOCOO XOPOIIO MO~
XOIUT IJIsl OTJIAJKX HpOTrpaMMHOI0O oOecrnedeHUs,
BKJIIOUAST BU3YyaIM3allMIO JaHHbBIX, OJIarogapsi UCIIOJIb-
30BaHMIO Bcex (YHKIMN rpaduyeckoil 000J0YKHU
Raspberry Pi OS unu mo60ii npyroit OC u3 cemeiicTBa
Linux. Bropoit — ¢ momomnibsio mporokoiia SSH. Ilo-
ckonbKy Ha Raspberry Pi 4 peann3oBaHbl HECKOJIBKO
ceTeBhIX MHTepdeiicoB Nepenadyn MH(GpopMaluu, Ta-
kux Kak Wi-Fi, Ethernet 1 USB-MonewM (110 BeIOOpY),
yrpasiasaTb 'HCC-nipueMHUKOM MOXKHO C JIIOOOTo
YCTPOMCTBA CLIOCOOHOI'O BOCIIPOU3BOIUTh U MIepeaa-
BaTh MH(MOPMALUIO MO JAaHHOMY IIpOoTOKOoiy. Ilpu
HEeoOXOAUMOCTU, MPUCYTCTBYET BO3MOXHOCTbH MO -
KJTFOUEHMUS K YCTPOUCTBY 110 mpoTokoay RDP.

B o6mem ciayyae pesynbratroM padotel THCC-
MpUEeMHUKa SIBJIsieTcsl (popMupoBaHue aitia, coaep-
xkamero 'HCC-nmannbie (a3oBble U MICEBIONAIBHO-
MEpHble U3MEPEHUsI, OTHOLIEHUE HECYIIe K IIyMy
u 1p.). B cnyuae ¢ nnaroit simpleRTK2B dopmupy-
ercs aiin B nBomyHoM ¢opmate UBX. OnHako mist
xpaHeHus u ooMeHa T HCC-ganHbIMU ropa3no ynoo-
Hee NUCHOoIb30BaTh 001enpuHAThINA hopMaT RINEX.
Hns kouBeprauuu UBX B RINEX 06bl11a ucmnosib3o-
BaHa 6uoimmoreka RTKLIB. Oomumii anroputm pado-
el THCC npuemMHuKa npeacTapjieH Ha puc. 3.

JOnOIHUTENBbHO K 3alMCU JaHHBIX B TBOUYHOM
dopmare UBX c¢ mocrenyronieii KoHBepTauueir B
RINEX peannzoBaHa BO3MOXHOCTb 3aIicu (aiiia B
TeKcToBOM dopmarte. laHHAsT OIIIMS TTO3BOJISIET 3a-
MUCHIBaTh B (haiisl TOJIbKO BbIOpaHHBIE MOJIb30BaTe-
JieM TlapaMeTphl.

J1s1 ynoOHOI TpaHCITOPTUPOBKY 1 OIIEPAaTUBHOTO
pa3BepThIBAHMST Ha MECTE IIPOBEACHMSI SKCIIEpUMEHTA
OBIJT pa3padboTaH 1 cMoaearpoBaH Koprryc 'HCC-nipu-
eMHUuKa B mporpamme 3D-monenupoBaHusi. OOLLuit
B, 3aKOHYEHHOIO MakKeTa YCTPOMCTBA IpencTaBiIeH
Ha puc. 4. IlutaHue ycTpoiicTBa BO3MOXHO OCY-
LLIECTBJISITh KaK OT CETEeBOTO 3apsITHOIO YCTPOICTBA,
TaK U OT BHEIIHETO aKKyMYJISITOpa, 00ecCIIeYnBalo-
1mero HamnpstkeHue 5 B 1 Tok Ha BeIxoze 3 A.

3. PESVIIBTATBI TECTUPOBAHWA
OBOPYAOBAHUA U ITPOBEPKHM JAHHBIX

st rectupoBanus makera ' HCC-nipueMHuka u
MMPOBEPKU JAaHHBIX OBLJIO MTPOBEIECHO ABa HE3aBUCH-
MBbIX 9KCTIEpUMEHTA.

I1epBEIit 3KCIepMMeHT OBIT ITPpOBeIeH Ha Kade-
pe panuosnekrpoHuku Mucturyra puzuku KDY 22
mons 2021 r. B unTtepBane 16:00—19:00 UTC. [IBa
NprueMHMKa U-blox HaXOIMINCH Ha PACCTOSTHUU OKO-
Jjo 1 M apyr oT apyra u B ~150 M 0T 6a30BOIi CTaHLIUU
KZN2 [55.79 c.111., 49.11 B.A.]. B 3TOM 3KcniepuMeHTe
KCCJIENOBAINCH KaK XapaKTepUCTUKM MaKeTa pa3pa-
Ne 6
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[ COop JaHHBIX \
3aryck Bri6op I1puem 3anuch
rpacduyeckoit dopmara T'HCC-paHHbIX T'HCC-
000JI0YKH 3anucu C TIJIaThI JIaHHBIX
porpaMmbl I'HCC-panHbIX simpleRTK2B B daiin

o

/

l

-

[NepBuyHas mocrobpadoTKa

~N

OTrpaBKa
JTAHHBIX Kowpeprauus Busyanuzaums
Ha yJaJeHHBI (aitros UBX €3yJIETaTOB
A B RINEX pesy.
cepBep

/

Puc. 3. O6mas cxema anroputma pabotel [HCC-nipueMHuKa.

Puc. 4. ®otorpacduu paspadoranHoro Mmakera ' HCC-npuemHuka: a) oowmuit Bua B kopnyce u ¢ THCC-anreHHoit; 6) Bun

cBepXxy 6e3 KopItyca; B) BUuiI cOOKy 6e3 KopIryca.

6oranHoro 'HCC-npueMH1Ka, TaK U BIUSTHUE HC-
nosb3yeMoit THCC-aHTeHHBI Ha perucTpupyeMbie
nanHele ot THCC GPS, ITTOHACC, Galileo, Bei-
dou. B kauecTBe 3TaJJTOHHOTO U BepUDUIIMPOBAHHOTO
ucrounuka nHpopMauuu I'HCC-paHHbIX BBIOpaHa
cranuust KZN2 wmuposoit cetu I'HCC-cranmumii
IGS, ocHamenHas nmpodeccnoHaIbHBIM Ireoae3nde-
ckuM 'HCC-nmpuemuukoM Trimble Alloy ¢ aHTeH-
Hoit Trimble TRM 59800. 1151 cpaBHUTEJILHOTO aHa-
nuza BausHus [THCC-aHTeHH ucnonb30BaHbI 1Ba
I'HCC-npuemMHnKa OpUTMHAJIBHON pa3pabOTKUA Ha
06aze wMonyna u-blox ZED-F9P, ocHameHHEbIe
Ne 6

PAAMOTEXHUKA N OJIEKTPOHUKA  ToMm 68

I'HCC-anrenHoii Trimble Zephyr 3 Rover (u-blox 1)
u T'HCC-anrtennoii Beitian BT-290 (u-blox 2).

Bropoii skcriepyMeHT OBIIT IIpoBeAeH Ha Kadenpe
¢usuku atmochepsr MI'Y um. M.B. JlomoHOCOBa B
nepuon ¢ despansg nmo mapt 2022 1. g wiamrocTpa-
LIMU TIOJIYYEHHBIX PEe3yJbTaTOB ObLIM 0OpabOTaHBI
pe3yabTaThl, mojiydeHHbIe 15 deBpais 2022 1. B naH-
HOM 3KCIEPUMEHTE CpaBHUBAJIM PE3yIbTaThl, MOJY-
yeHHble ¢ ToMmolnpio Maketa ['HCC-npueMHnka
OPUTMHAILHOM pa3paboTKu Ha 0a3e Momynst u-blox
ZED-F9P u c ucnons3oBanuem npuemHuka TRE-
3L pupmer JAVAD. O6a npueMH1Ka OBIJIN MOIKITIO-
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Puc. 5. Tpaekropuy IBVXKEHUSI HABUTALIMOHHBIX CITyTHUKOB B TOJISIDHOI CHUCTEME KOOPAMHAT, UCITOJIb3YEMbIX [UISl aHAIM3a
T'HCC-pannbix B nepBoM skcnepumenre: a) [ HCC-npuemuuk Trimble Alloy ¢ antennoit TRM 59800 (IGS cranumsa KZN?2);
6) THCC-npuemHuk Ha 6a3e orianouHoit rmiuatel simpleRTK2B ¢ monynem u-blox ZED-F9P ¢ antenHoit Trimble Zephyr 3
Rover (nanee u-blox 1); B) THCC-npuemHuk Ha 6a3e otiiagouHoii miatsl simpleRTK2B ¢ moaynem u-blox ZED-F9P ¢ THCC
antenHoit BEITIAN BT-290 (u-blox 2). ['panaiueii ceporo Ha TpaeKTOpUHU NBMKEHUSI 0003HaUY€HA MOIITHOCTh CUTHAJIA Ha Ya-
crotax L2 mist GPS u ITTOHACC, E7 nnsa Galileo n B7 mist Beidou.

nbI

Puc. 6. TpaekTopuu ABMKEHUS HABUTAIITMOHHBIX CITyTHUKOB B TIOJISIPHOI cucTeMe uisi BToporo skcrnepumenTa: a) THCC-
NpUEeMHUK Ha 6a3e orianouyHoit riatsl simpleRTK2B ¢ monynem u-blox ZED-F9P; 6) THCC-npuemunk JAVAD TRE-3L.
I'pamauueii ceporo Ha TpaeKTOPUM ABUXKEHMSI 0003HaYeHa MOIIIHOCTh curHaia Ha yactoTtax L2 mist GPS u ITTOHACC, E7 niusg

Galileo u B7 misa Beidou.

YyeHBI yepe3 pa3BeTrBuTellb K omHoii T HCC-anTenHe.
TpaekTopuu ABUKEHUS] HABUTALIMOHHBIX CITYyTHUKOB
B TIOJNIIPHOM CUCTEME KOOpPAMHAT, MCIOIb3yeMBbIX
i panbHelero anamm3a ' HCC gaHHBIX B TIEpBOM
U BTOPOM BKCITEpUMEHTE MPEACTABIEHBI Ha pUC. 5—6
COOTBETCTBEHHO.

B kauecTBe cpaBHUBaeMBIX IapaMeTPOB B 000OUX
SKCIEpUMEHTaX MCIIOIBb30BaHbl MeIWaHHBIE 3Hade-
HUs, ToaydeHHBIe 1o Beeit Beioopke I'HCC-crytHnI-
KOB, a UMEHHO JJaHHBIE O MOILLIHOCTU CUTHAaJIa, 1 IOy~
JISIpHBIE MHIIEKCHI OLICHKY MOHOC(EPHOI1 aKTUBHOCTH,
TMoJyYeHHBIe Ha ocHOBe AaHHBIX 0 I1DC, paccunran-
HOM Ha OCHOBE JBYX4aCTOTHOH (pa30BOif KOMOMHALINU
Ha LeHTpaibHbIX YacTtoTax L1- n L.2-mrarma3oHoB, Ta-
KM€ KaK Bapraly OTHOCUTEIHLHOTO HaKJIoHHOTo [19C

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

(VarTEC), cpennekBanpatnueckoe otkiaoHeHue (CKO)
oTHocutenbHOro HakjaoHHoro IIDC B okue 100 ¢
(RMSTEC), npousBoanas [19C (ROT), CKO npous-
BonHoii [19C Ha natumuHyTHOM MHTepBane (ROTI),
CKO mnpousBogHoii I[I1DC, HopMHpoOBaHHONM Ha
KBaJpaT HakJIOHHOTO (pakTopa (AATR).

B nepBoMm akcriepuMeHTe 00111ast BEBIOOpKa cocTa-
Buna 30 cnyrHukoB 11 THCC-nmpunemnanka Trimble
Alloy, 28 cnythukos mist THCC-npueMHuKa ¢ Moay-
JieM u-blox ZED-F9P u anteHHoit Trimble Zephyr3 u
33 cnyrauka migs THCC-npumeMHHKa ¢ MomylieM
u-blox ZED-F9P u antennoiit BEITIAN BT-290. Bo
BTOPOM 3KCIIEpUMEHTe o0Iiasi BbIOOPKA COCTaBUJIA
76 cryraukos 1 ' HCC-nmpuemnnka JAVAD TRE-3L
Ne 6

TOM 68 2023
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Puc. 7. MenuaHHbIe 3HaYeHMST CpaBHUBaeMbIX mapaMeTpoB 1o Beeit Bbioopke THCC cnyTHUKOB TSl TEPBOTO 9KCITIEpUMEHTA
npu 30, 35, 40 u 45: a) SNR — oTHomeHue Hecyuiei K mymy; 6) VarTEC — Bapualiuu oTHocuTeIbHOro HakJioHHoro [19C;
B) RMSTEC — cpennekBanparuyeckoe orkinoneHune (CKO) otHocutensHoro HakioHHoOTo [1DC B okHe 100 ¢; r) ROT — nipo-

usBoaHas [19C; 1) ROTI
HOPMUPOBaHHOM Ha KBagpaT HaKJIOHHOTO (hakTopa.

u 71 cnytHuk aiass F'HCC-npueMHuKka ¢ MomyjieM
u-blox ZED-F9P.

Ilpn o0OpaGoTke mTaHHBIX OBIT WCITOJIB30BaH
30-MUHYTHBIIT (UIBTP CPHIBOB (Da3bl CUTHAJIA, T.C.
€CJIY B TeUeHHe HaOIIoaeHNI He ObLIO CPHIBOB (Da3bl
WA BPEMEHHOII MHTEpBajl MEXIY CpbIBAMM paB-
Hsicst 30 MUH U 6oJiee, TO TaKre TPOMEXKYTKY BbIOH -
paluch IJisl najbHelinero aHanusza. st ¢puibTpa-
uun gaHHbIX [19C ucnoab3oBasoch 15-MUHYTHOE
cKoJib3siee cpeaHee. s uccieqoBaHUsI MOBeEIE-
Husg nHaekcoB ROT n AATR ucnonp3oBannchk Bpe-

PAJUOTEXHUKA U BJIEKTPOHUKA

TOM 68 Ne 6

— CKO npoussBonHoii [19C Ha nmatumuHyTHOM nHTepBaie; ¢) AATR — CKO npousBogHoii [1DC,

MEHHbIE TPOMEXYTKM B 5 MUH MEXIY 3HAYCHUSIMU
HakstioHHoro [19C, png ROTI m RMSTEC stoT uH-
TepBayi ObLT paBeH 15 muH. ITpn 06paboTke TaHHBIX
HCIIOJI30BaJIM YeThIPE Pa3HbIX (DMJILTPA OTHOIIECHUS
Hecyliell K 1mymy, a umeHHo Oosee 30, 35, 40 u
45 nbIu. INocne ¢unbrpanuu 110 TAaHHOMY KpPUTE-
PUIO PaCCUUTHIBATIUCH MapaMeTPhl: MOIITHOCTY CUTHA-
Ja, Bapuanuu [T1OC, unnekcsl ROT, ROTI, RMSTEC,
AATR (puc. 7 u 8).

JIOMOJTHUTENEHO OBLI TIPOBENEH KOPPEISIIIMOH-
HbI aHaJIM3 MeAUAaHHBIX 3HAYEHUII CpaBHUBaeMbIX

2023
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Puc. 8. MenuaHHbIe 3HaUYCHUSI CPaBHUBAaeMBbIX ITapamMeTpoB 110 Beeit Beioopke ['HCC-cryTHUKOB IIJTsI BTOPOTO 9KCITepUMEHTa
npu 30, 35, 40 u 45 nbI1i: a) SNR — oTHolIeHMe Hecylel K 1rymy; 6) VarT EC — Bapuaiiym oTHOCUTEIbHOIO HaKJIoHHOTo [19C;
B) RMSTEC — cpennekBanpatuyeckoe otkiioHeHue (CKO) otHocuTenpHOro HakiionHoro [19C B okue 100 c; r) ROT — mpous-
BogHas [19C; n) ROTI — CKO npousBogHoit [19C Ha narumunyTHoM uHTepBaie; €) AATR — CKO npoussonHoii [19C,

HOPMUPOBAHHOI Ha KBaapaT HaKJIOHHOTO (hakTopa.

rapaMeTpoB, TIpelcTaBIeHHbIX Ha puc. 7 u 8. Ilomy-
YeHHBIE Pe3yJabTaThl MPEACTaBIeHbl B Tabl. 1 mis
TIEpBOTO SKCIepUMEHTAa 1 B Ta0JI. 2 — IIJIST BTOPOTO.

4. ObBCYXIEHMUE PE3VIIbTATOB

N3 puc. 7 BugHO, 4YtOo IIpOodeCCUOHATbHBIN
I'HCC-npuemnuk Trimble Alloy ¢ BBICOKOKaye-
crBeHHoii T'HCC-aHTeHHOI moKasajl OXHIaemMo
JIy4yIlIie pe3yJbTaThl II0 CPaBHEHUIO C MAaKETOM
I'HCC-npuemnuka. B nmepByio oduepenb OH UMEET Cy-

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

IIECTBEHHO MEHbIIIEe YUCIIO CPBIBOB, OCOOEHHO TTpU
BbIOOpKe maHHBIX Bhimie 40 nblt. Takke oTMeTuM,
yto mcroyb3dyeMble B akcnepuMenTe THCC-anTeH-
Hbl BEITIAN BT-290 u Trimble Zephyr 3 ¢ MakeToM
IT'HCC-npuemMHrnKa He OKa3ald CyIIEeCTBEHHOTO
BIWSTHUS Ha pEeTUCTpUpyeMbIe TaHHEIe (puc. 76—7¢).
MOXHO JUIIL OTMETUTh HE3HAYUTEIHLHO BBIPOCIIITIA
YPOBEHb OTHOIIIEHUS HECYILEeH K IITyMy MPU UCITOJIb-
3oBaHuu ['HCC-antennsl Trimble Zephyr 3 (cwM.
puc. 7a). B 1ie1oM Bce cpaBHUBaeMbl€ MapameTpbl
MOKAa3bIBAIOT CXOXKYIO KAPTUHY MOBEICHMS.
Ne 6
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Taomuna 1. KoadduimenTt koppensiuuum [MupcoHa mist mepBoro sKcriepuMeHTa

ITapamerp Trimble Alloy — u-blox 2 Trimble Alloy — u-blox 1 u-blox 2— u-blox 1

Jna mapabeix < 30 nbIi
SNR 0.47 0.40 0.83
VarTEC 0.30 0.45 0.94
RMSTEC 0.83 0.80 0.88
ROT 0.35 0.50 0.85
ROTI 0.67 0.62 0.84
AATR 0.51 0.58 0.87

Jnsa nanabix < 35 nbI1g
SNR 0.64 0.55 0.86
VarTEC 0.57 0.58 0.92
RMSTEC 0.72 0.68 0.87
ROT 0.66 0.81 0.82
ROTI 0.70 0.77 0.76
AATR 0.66 0.77 0.82

Js manHbix < 40 nbIr
SNR 0.70 0.73 0.74
VarTEC 0.56 0.65 0.93
RMSTEC 0.85 0.80 0.82
ROT 0.67 0.46 0.75
ROTI 0.78 0.80 0.55
AATR 0.66 0.59 0.77

Jnsa naaabIX < 45 nbIi
SNR 0.50 0.58 0.56
VarTEC 0.71 0.65 0.96
RMSTEC 0.62 0.62 0.74
ROT 0.65 0.65 0.70
ROTI 0.73 0.72 0.73
AATR 0.60 0.61 0.73
Taomna 2. Kosddunment koppesinuu [TrpcoHa it BTOPOro aKCrepruMeHTa

JAVAD TRE-3L — u-blox
IMTapametp
<30 bl <35 nblIu <40 nblu <45 nblu

SNR 0.76 0.69 0.69 0.46
VarTEC —0.01 —0.01 0.01 0.03
RMSTEC 0.29 0.53 0.67 0.40
ROT 0.49 0.61 0.66 0.70
ROTI 0.49 0.67 0.62 0.67
AATR 0.42 0.51 0.54 0.63

ITpu 0OpaboTKe BHIOOPKM MAaHHBIX C QUIbTPAMU
10 40 agbIt (cMm. puc. 8) BUIHO CyIIECTBEHHO OOJIb-
1ee KojauyecTtBo cpbiBoB Ha MakeTe ' HCC-mipuem-
HHKa 110 cpaBHeHMUIO ¢ ITpodeccuoHanbHbiM THCC-
npuemHukoM JAVAD TRE-3L, yto B cBOIO ouepenb
MPUBOIUT K PE3KUM BbIOpOCaM B psilax CpaBHUBae-
MbIX apamMeTpoB. [1pu aToM npu dunbTpaluu naH-
HeIX Beilie 40 1Bl kKapTnHa MeHsIeTCSI U TaHHEBIE,
Ne 6

PAAMOTEXHUKA N OJIEKTPOHUKA  ToMm 68

noJiyueHHble ¢ mmomoiibio Maketa 'HCC-nipuem-
HMKa, TTOKa3bIBAIOT CXOXUE WU Jaxe JydIlllue pe-
3yJIbTaThI.

Takum obOpa3zom, caeiraeM CISOYIOIINE BBIBOIDI.
st TIepBOro »KCIEpUMMEHTa OTMEYAeTCs IOJIOXKM-
TeJIbHAsl KOppelalus IS BCeX IMapaMeTpOB U IIO
BceM TpeM cTtaHIusM. [1o cTreneHu Koppersiiuy 1aH-
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HBIE 10 Nape ctaHnuii (u-blox 2, u-blox 1) koppenu-
PYIOT HEMHOTO JIy4llle, YeM JaHHbIe 1o napam (Trim-
ble Alloy, u-blox 2) u (Trimble Alloy, u-blox 1). laH-
Hble o nmapaM (Trimble Alloy, u-blox 2) u (Trimble
Alloy, u-blox 1) KoppeaupyioT IIpUMEpPHO OJTMHAKO-
Bo. [Ipu nmpoBemeHNM KadyeCTBEHHOIo aHajnu3a BTO-
pOTo 3KCIIEpMMEHTa U3 JaHHBIX ObLUIM yIaJeHBI OT-
CUYEThI ¢ CIbHBIMU BIOpocamu Kak 11t THCC-mipu-
emManka JAVAD TRE-3L, tak m i1 Makerta
paspadboranHoro I'HCC-tmipueMHNKa, IpA 3TOM IS
I'HCC-pannbsix npuemuauka JAVAD TRE-3L takux
BBIOPOCOB 3HAYUTEILHO OoJjiblle. OTMEUYeHa MOJIO-
XKUTENbHASI KOPPEJISKs 110 MMapHBIM TaHHBIM CTaH-
uuii JAVAD TRE-3L — maker THCC-nipuemMHuKka c
monyneM u-blox ZED-FI9P nnst mapametrpoB AATR,
RMSTEC, ROT, ROTI, SNR. Ilo mnapamerpy
VarTEC koppensuust orcyTcTByeT. JJaHHBIE MEXIy
CTaHLIMSIMHA BO BTOPOM 3KCIIEPUMEHTE KOPPEIUPYIOT
cimabee. Kpome Toro, B JaHHBIX BTOPOIO 3KCIIEPH-
MmeHTa 1o VarTEC oTcyTcTByeT KOppeasiiyst MeKIy
CTaHLIUSIMU.

ITo Bceit BUAMMOCTU, OTCYTCTBHE KOPpPEJISILIAU
st Bapuanuii [19C (mapametp VarT EC) nist BTopo-
TO 3KCIIepruMeHTa cBsI3aHo ¢ TeM, uto ' HCC-1ipuem-
HUK JAVAD TRE-3L 6oee 4yBCTBUTECH K IIIyMaM
U TioMexaM, yeM paszpaboraHHbiii [HCC-npueMHUK
Ha 6a3e monyis u-blox ZED-F9P. 13 tabmme! 5 Bu-
HO, YTO Mpu ucnojib3oBaHuu ¢GpuwisTpoB 40 u 45 bl
3HaYeHUsT KO3((ULIMEHTOB KOPPESILIUU 1 HOHO-
chepnbpix mapamerpoB (VarTEC, AATR, RMSTEC,
ROT, ROTI) HeckonbKko Bo3pacraroT. TakuMm obpa-
30M, OoJiee BBICOKHME 3HAYEHUSI KOPPEJISILIUU MOXHO
MMOJIYYUTh ITyTEM COOTBETCTBYIOIICH HACTPOMKHU TP~
€MHOI1 arnmnaparTyphbl.

B 11e;10M B X0me KOppeJIsILMOHHOIO aHa/IM3a JaH-
HBIX IBYX 9KCIIEPUMEHTOB YCTAaHOBJICHO HAJIMYME KOP-
eI MEXITY TaHHBIMU, TIOJTy4EHHBIMU C HECKOJTb-
Kux craHumid. [ToCKOIbKy 3TO CMHXpPOHHBIC JaHHbBIE
OIHUX U TeX XK€ IapaMeTpoB, HO C pa3HbIX CTAHLIWIMA,
HaJIMYWE TIOJIOKUTETbHOU KOPPEJSIIUUA MEXTY JaH-
HBIMU CBUAETEIBCTBYET O HAJIMUMU CTATUCTUYECKOMN
B3aMMOCBSI3U MEXAY 3TUMU TaHHBIMU.

SAKIIIOYEHHME

B pabGote nipencrapiieH pa3pabOTaHHbBIIT MaKeT MO-
omnsHoro OromkerHoro 'HCC-tpuemMHMKa WISt Mc-
cJiemoBaHusI MIOHOCGEepHBIX ITpoliecco Ha 6aze THCC-
monysi u-blox ZED-F9P. BrinosiHeHO cpaBHeHUe
ero XapakTepuCTHK B 3agade peructpannu [19C c
npodeccuoHanbHbiMu ' HCC-nnpuemuukamu Trim-
ble Alloy u JAVAD TRE-3L.

Pa3paboTraHHOE YCTPOICTBO CIIOCOOHO obOecre-
YUTh MaJjible HAy4YHBIC TPYMNIIbI MOOMJIBHBIM M JIO-
CTYOHBIM IIO 1I€eHe OOOpYHOBaHMEM pPEeTUCTpaluu
I'HCC-paHHBIX. DTO B CBOIO OYepedb MOXKET CIIO-
COOCTBOBAThH IIOBBIIICHUIO IIPOCTPAHCTBEHHO-BpE-
MEHHOTIO pa3pelleHus] KapT pacipeaeieHus NHTeH-

PAAVNOTEXHUKA 1 BJIEKTPOHUKA

cuBHoct Bapuanmii I19C 3a cyeT yBeIndeHUS KO-
JIMYEeCTBa CTAHLIMI, CO3JaHHBIX Ha 0a3e HAaHHOIO
MIpUEMHHMKA, U MOCJIEeayIolIeMy Nepexoay K Hempe-
PBIBHOMY MOHUTOPUWHTY IIPOILIECCOB, MPOTEKAOIINX
B OKOJIO3eMHOM KocMmueckKoM rpoctpaHcTse, THCC-
MmeTogamu. Ha tekyiem atare pa3paboTK1 BO3MOXK-
aoctn MakeTa THCC-nmpmeMHMKa MTO3BOJISTIOT TIPH-
HUMaTh gJaHHbIe ¢ yacTtotoit 1o 1 Iir ot Bcex THCC
06e3 MpOITyCKOB JaHHEIX. /1151 60Jiee BBICOKMX YaCTOT
peructpauuu (5...20 I'n) mpenBapuTelIbHO HEOOXO-
JIUMO BBECTU OTPAHUYEHUSI TTO0 KOJUYECTBY UCIIOb-
3yembix TuIioB F'HCC.

[IpencraBiaeHHBle B paboTe pe3ysIbTaThl pa3pa-
o0otku 1 TectupoBanus mMakera I'HCC-npuemHuka
Ha 6aze momayis u-blox ZED-F9P nemoHcTpupytoT
BO3MOXHOCTb KOHKypeHIIMM Mexny I'HCC-tmpuem-
HUKaMU U3 HEAOPOTOro IIEHOBOIO CerMeHTa ¢ 6oee
JIOPOTMMH II0 CTOMMOCTM TOTOBHIMU PELICHUSIMU
reoae3M4eCcKOoro Kjacca, a TakKKe 11eJ1eCO000pa3HOCTh
ucrionb3oBanusg MooOwiabHoro I'HCC-npuemHuka
u-blox ZED-F9P B 3agaue onpenenenus [19C u npy-
TMX MHIEKCOB MOHOC(EPHOM BO3MYIIIEHHOCTH Ha €TO
ocHoge. [1o pe3yiabraTamM aHaIM3a MOJYYeHHBIX 3KC-
MIEpUMEHTAJIbHBIX JaHHBIX MOXHO CIEJIaTh 3aKJII0Ue-
HUE O Ka4eCTBEHHO M KOJIWYECTBEHHO CPaBHUMOM
MOBEAECHUU MCCIIEAYEeMbIX ITapaMeTpPOB IJIsI BCEX TH-
noB ucciaeayembix 'HCC-nipueMHUKOB.

Certb, cocTosmiasi U3 MATA CTAHIIMM, OCHAIEH-
Heix THCC-npueMHukamMu Ha 0a3e Moayis u-blox
ZED-F9P, npoliuia TeCTOBbI€ UCITBITAHUS B OKTSIOpe
2021 . B skcniepumenTax Ha YHY crenn CYPA.

ABTOpBI 3asIBIISIIOT 00 OTCYTCTBMM KOH(PIMKTA
WHTEPECOB.

BJIIATOOJAPHOCTHA

ABTOpPBI BeIpaxaloT 6;1arogapHocTtb A.M. [1amoxuny 3a
MOMOIIb B OpraHu3alMu 3KcnepuMeHTa B MIY um.
M.B. JlomonocoBa ¢c THCC-nipunemaukom JAVAD TRE-3L.

OUNHAHCHUPOBAHUWE PAGOTbI

HccnenoBaHue BBIMIOJHEHO MpU (UHAHCOBOI MOMI-
nepxxke Poccuiickoro HaydyHoro ¢oHaa (mpoekt Ne 21-72-
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