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B cratbe noka3aHoO ogHO U3

OCHOBHbIX HanpaB/1€HUA TEXHNYECKOM
MogepHu3aLum oTpacau, 6asupyioljeecs
Ha BHeapeHnn Hanbosiee nepeaoBbIX
TEeXHOJIOrnii N Hay4YHbIX [OCTUKEHUN

B cpepe rnnobasibHbIX HABUraLMOHHbIX
CNyYyTHUKOBbIX CUCTEM, 6€3 KOTOPbIX
cerogHs HeBO3MOXkHa 6e3onacHasi
aKcnnyarayusi BHyTPeHHero BogHoro
TpaHcnopTa. LjeHTpanbHoe mecTo

npy aTom 3aHuMaeTt pa3paborka
KOHLenTyasibHbIX NoAX0A0B K peLUeHUIo
cTparernyeckou 3aagaym — obecrne4eHuio
HaAe>XHoro yrnpasJsieHUs CyA0Xo4CTBOM
3a c4eT UCroJsib30BaHUS CIJIOLLUHOIroO
BbICOKOTOYHOIO pagmuoHaBUraLlMoOHHOro
nonsa angdepeHunanbHbIX NogcucTemMm
IJTIOHACC/GPS/GALILEO Ha Bcem
MPOTSHKEHUN KOHTPOJINPYEMbIX

BOAHbIX NyTEW, BKJIlOYasi peku, o3€pa

" BOogoOXpaHULLA.

Knto4eBble caoBa: BOAHbINM TPaHCropT,
rnobasibHble HaBUraLMoHHbIE CrnyTHUKOBbIe
CUCTEeMbl, BHYTPEeHHune BOAHbIe NyTu,
HaneXHOoCTb Cy4oXoAcCcTBa, yripas/ieHne
ABV>XXeHuneM cyjoB.
|
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Coasxoé Oaez Baadumuposuu — kanouoam
MeXHU4ecKux HayK, OOueHm, NPOpPeKmop no Hay4Hol
pabome Mockosckoii eocydapcmeer ol aKademuu
600H020 mpancnopma (MTABT), Mockea, Poccus.

MOCJIeHUE TOABI ISl peaju3alun

uege, chopMyaupoBaHHBIX

B «KoHIIemuunu pa3BUTUSI BHYTPEH-
Hero BogHOTO TpaHciopTa PD», Oenepanb-
HOE areHTCTBO MOPCKOTO W PEYHOTO TPaH-
CTIopTa MPOBOAUT CUCTEMHYIO OpTaHU3AIIM -
OHHO-TEXHUYECKYI0 pabOoTy, HATIPaBJIEHHYIO
Ha co37aHue Ha BHYTPEHHUX BOIHBIX MY TIX
CTpaHbl UepapPXUUIECKOU TprUaabl obecreyde-
HUSI HaJIe>KHOCTH 1 6€30TTaCHOCTH CYIOXO]I -
crBa: KPUC (kopnopaTuBHast peuHast UH-
dopmanmonHas cucrema) — PUC (peunas
nHdpopmannmoHHas ciuyxoa) — ACY JIC
(aBTOMaTM3MpOBaHHAs CHCTEMa yIpaBJe-
HUS IBUKEHUEM CYI10B).

OHUM 13 OCHOBHBIX HATIPABJIEHUIA COBEP-
IIEHCTBOBAHUSI 3TOI pabOTHI OCTAETCS U CTa-
HOBUTCS Bce 0oJiee TTIPUOPUTETHBIM UCTIONb-
30BaHNE CMYTHUKOBBIX HABUTAIIMOHHBIX CH-
cTeM U MX GYHKIIMOHATBHBIX JOTTOJTHEHUIA 15T
HY>KJl BHYTPEHHETO CY/I0XOACTBa (PeKU, 03€pa,
BojoxpaHwiuiia). B pamkax pazputug dene-
paJbHOU TPAaHCIOPTHOW CUCTEMbI aBTOPOM
MpeIaraeTcsi BApUaHT KOHUEMIIMY UCTIONb-
30BaHUsI IJ100aTbHBIX HABUTALIMOHHBIX CITYT-
HukoBbix cucteM (THCC) B aBToMaTU3MpO-
BaHHBIX CUCTEMaX yIpPaBJICHUsI JBUKEHUEM
cynoB (ACY IC) Ha BHYTpEHHUX BOIHBIX
nytsx (BBIT).
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NPEONOCHLIJIKU U TPEBOBAHUYA

22 ntona 2003 roga MUHUCTEPCTBOM TpaH-
criopTa ObLjla yTBepKAeHa KOHIEIILIMS CO3/1a-
HUSI ¥ UCIIOJIb30BaHus TuddepeHIIMaIbHbIX
noacuctem THCC ITTOHACC/GPS Ha BHY-
TPeHHEM BOIHOM TPAaHCIIOPTE.

Konueniiys onpezesiiia OCHOBHbIE IIPUH-
LIVIIBI, 11eJ11, 3aa41 MU HATIPABJICHYSI, CBSI3aH -
HbIE C YCIIOBUSIMU IIPUMEHEHUSI CITyTHUKOBBIX
HaBUTalIMOHHBIX cucTeM Ha BBT. B Heit oT-
MEUajioCh, YTO TOCYydapCTBEHHAs IMOJUTHUKA
npeaycMaTpUBaeT 00s13aTeIbHOE UCITOIb30-
BaHue 'HCC B uessix obecrieueHus 6e3omnac-
HOCTHU CYIOXOJCTBA. B ToM 4ucie 3To Kaca-
JIOCh, 3aMeTUM, KOMOMHUpoBaHHbIX [JIO-
HACC/GPS npuéMHUKOB, OTBEYABIIUX MO
CBOMM XapakTepucTtukaM HopmaM MMO
U CepTU(GULIMPOBAHHBIX KOMIIETEHTHBIMU Ha
3TO OpraHaMu.

KoHuemniyeii Hameuaaoch co3naHue Ha
OCHOBE KOHTPOJIbHO-KOPPEKTUPYIOLLIUX CTAH-
it (KKC) nuddepeHunaabHbIX TOACUCTEM
(AI1C) Ha BHyTpEHHUX BOAHBIX ITyTSX C IIEpe-
Jayeil moTpeOuTeNIsIM TaHHBIX [UIsT KaXI0TO
bacceitHa. Ha eguHoii ri1y0OKOBOIHOM cuC-
teMme (EI'C) EBpomeiickoit yvactu Poccun
M y4acTKax peK ¢ pa3BUTOM MHGPACTPYKTYpOid
TUTAaHUPOBAIOCH MPUMEHSTh JIoKajabHbie I T1C
¢ paaguycoM 30HbI AeiicTBus 300—500 kM,
paboTaloLIMX B CPETHEBOJIHOBOM JHMAara30He
283,5—325,0 xIi1. BT0 1O3BOISIET HA YCThEBBIX
U IPYTUX yOOOHBIX PEYHBIX OTpe3Kax MyTU
KMCIIOJIb30BaTh B MHTEPECaX BHYTPEHHETO
BOJIHOTO TpaHCIIOpTa MOpCcKUe AU depeHIIm -
aJIbHBIC TOACUCTEMbl M YHU(DULIMPOBAHHbII
MapK IMpUEMHOI anmaparypbl quddepeHim-
aJIbHBIX COOOIICHMI, YTO BaxKHO JJISI CYJI0B
CMEIIAaHHOTO «peKa-Mope» IJIaBaHUsI.

B Teuenue 2002—2011 rogoB B pamkax
peanu3anyu enepaabHOI LeJIeBOM TPorpaM-
Mbl «[J100abHasE HaBUTAaLIMOHHAsI CUCTEMa»
MIPEAIoIarajoch OCYyIIeCTBUTh IMO3TAITHOE
KOMILIEKCHOE BHeIpeHue auddepeHInaib-
Hbix noacuctem 'HCC I'TTOHACC/GPS,
00eCIIeYrBaOIIMX BBICOKOTOYHOE paJIlOHa-
BUTALIMOHHOE M0JIe Ha MAarMCTPAJIbHBIX PeKax
(mepBoouepenHbie 6acceiiHbl: Bonro-bantuii-
ckuit, MockoBckuii, Bomkckuii, Bonro-doH-
cKoii 1 A30B0-JI0HCKOI1), TIe TPOrHO3MpPOBa-
JIOCh YBEJIMYEHUE I'PY30II0TOKOB 0oJjiee YeM
B 1,5 pa3za 1 KOTOpbIE BKIIIOYESHBI B TPAHCIIOPT-
Hb1i Kopugop «Cesep-HOr».

ITocnenyouii ONbIT MOKa3all, YTO HaJIK-
yueM auddepeHnanbHbIX moacucteM [J1O-

® MWP TPAHCIOPTA, Tom 13, N2 6, C. 172-179 (2015)

HACC/GPS petatorcs cienytoniye mpakTh-
YecKue 3a1a4u:

— BBICOKOTOYHOE (710 10 MeTpoB 1151 BepO-
SATHOCTU 95%) W HaJeXHOe OMpenesieHre
MecTa Cya0B Ipu maaBaHuu mo BBIT;

— BHeJIpeHHWe Ha BHYTPEHHEM BOJIHOM
TpaHCTIOPTE Ha OCHOBE CO3MaHHOI MHbpa-
ctpyKTypbl AMC crucTeMbl KOHTPOJIS ABUXKE-
HUSI CYIIOB C OTIACHBIMU TPY3aMM U TTaCCaXu-
paMu, a TakKe JPYTruX CyI0B, MECTOITOIOXKE-
HME KOTOPBIX TOJIKHO aBTOMATUIECKU KOHTP-
OJINPOBATHCS;

— BHeJI[peHNE CPEJCTB JIEKTPOHHOI Kap-
Torpaduu;

— BBITIOJTHEHUE CIIEIMAJIbHBIX padoT, pea-
sm3yeMbix ¢ momouisio IT'HCC:

— o0cyienoBaHue aKBaTOPUIA;

— TIpOKJIaJiIKa TPYOOIIPOBOIOB;

— THOYTJTyOUTEIbHBIE PA0OTHI M KOHTPOJIH
3a UX BBITTOJIHEHUEM;

— BBICOKOTOYHBII TIpOMep TIIyOuH;

— rugporpaduyeckoe TpajieHue;

— TOYHOE BbICTaBJIEHUE IJIaBYIMX CPENICTB
HaBUTAIIMOHHOTO OTPaXKICHUS;

— pacyeT ¥ YTOUHEeHHe TTOTPaBoOK, CBSI3aH-
HBIX C pa3nureM cucteM KoopauHat WGS-84,
I13-90 u ITynkoBo 1942, mpuMeHsieMbIX pa3-
HBIMM BEJIOMCTBaMU;

— OKazaHWe ITOMOIIY B aBAPUITHBIX CUTY-
alMsIX ¥ IPYTUX YPE3BBIYATHBIX OOCTOSITE b~
CTBax.

TpeboBaHMs1 MOTpedUTENElt K pagoHaBU-
raunoHHbIM cuctremaM (PHC) nis obecnieue-
HUS HaJIeXHOCTH CYIOXOJCTBa Hauboee
MOJTHO C(pOPMYIMPOBAHBI B TIPOEKTE PaIno-
HaBUTAIMOHHOTO TIaHA TOCYIapCTB-y4acT-
HukoB CHI B pegakuuu 2011 roaa.

7151 cynoB, UCTIONB3YIOIINX BHYTPEHHME
BOJIHBIE ITyTH, UICXOIHBIMU TIPY OTIPEIETICHUN
TaKUX TPeOOBAHUY SIBJISIIOTCST; TAOAPUTHI CY-
JIOBOTO XOJIa, ero TJyOMHa U COOTBETCTBUE
[JIABHBIM pa3MepeHUsIM CYJI0B (JUTMHA, IAPU-
Ha, 0cajKa).

TpeboBaHUsI peUHBIX TOTPEOUTENEH K 10-
crynHocti PHC 3aBucaT oT paiiloHOB 1iaBa-
HUS:

* 110 eIMHON TIIyOOKOBOJHOU cCUCTeMe
EBponeiickoii yactu Poccuu — He MeHee
99,8% 3a IBYXJIETHUIA TIEPUOT;

* I10 MarucTpaJbHBIM pekam Cuoupu — He
MeHee 99,5% 3a IBYyXJIETHUI TIEPUO/L.

TpeboBaHUSI peUHBIX TOTPEOUTENIEH K 11e-
JIOCTHOCTU — He 6osee 5 ¢. YacTora onpeze-
JIGHUWST MeCTa — He MeHee OJHOTO pa3a B 2 C.
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Ta0amua 1

TpebdoBanus noTpedUTe el K TOYHOCTH ONpeIeJeHHOr0 MeCTa CyIHA
B 3aBUCUMOCTH OT PAiiOHOB IIABAHNUS

Perraemole 3amaun PaitoHbl rutaBaHust TouHOCTb M3MEPEHUST KOOPAUHAT
(CKIT), m
JIBYKeHME CyIHA TT0 BHYTPEH- 1. O3epa, BogoxpaHUIUIIIA 10,0...17,0
HUM BOJHBIM ITyTSIM 2. CBOOOJHBIEC PeKHU:
— EBponeiickoit yactu Poccuu 2,5...5,0
— Cubupu 2,5..7,5
— npyrux ctpad CHI' _
3. Kananbl 1,0...2,5

Ta0amua 2

TpebdoBanus noTpedUTe el K TOYHOCTH ONpeIe]JeHHOr0 MeCTa CyIHA
JUTSL PA3JIMYHBIX PeliaeMbIX 3124

Perraemole 3amaun Paitonsl pabot TouHOCTb OnpeaeieHUsI MecTa
(CKIT), m

Tunporpaduueckue paboTHI, Osepa ¥ BOMOXpAHITUIIIA 2,0...3,5

paccTaHOBKA 3HAKOB CYIOXOJHOM CBOGOJHbIE PEKL:

O0CTaHOBKH; MIO/UIEPXKAHNE 3aaH- | Epnoneiickoii yactu Poccun 0,5...1,0

HBIX TabapUTOB BOIHOTO MYTH — Cubupn 0,5..1,5
— apyrux crpad CHIT _
Kanaist 0,2...0,5

3emieuepraresibHbie CBOOOIHbBIE PEKU 1 KaHAJIbI 0,1...0,2

W THOYTJIyOUTENIbHbIE PaOOThI

TTpokianka kabenei CBOOOIHbIE PEKM 1 KaHAJIbI 0,5

U TpyOOTIPOBOJIOB

Jucneryepckue 3agaun BBII Poccun 50

110 MOHUTOPUHTY

3HaueHne auddepeHInaIbHON MOMpaBKu
JIIOJIKHO OOHOBIISITBCSI HE pexke, 4eM depes
30c.

B Tabnuie 1 mpuBeneHBI TPEOOBAHUS ped-
HBIX IIOTPEOUTENCH K TOUHOCTH OIIpeAeICHUS
MecTa CyIHa B 3aBUCUMOCTH paiiOHOB IJIaBa-
HUS IJIST KPYITHOTaO0apUTHBIX CYIOB IIPHU
OILICHKE BEepOSITHOCTU OTCYTCTBUSI HABUTAIIM -
OHHOTO IpouciecTsus 6osee 0,997.

B Tabnuiie 2 mpuBeneHB TPEOOBAHUS Ped-
HBIX IIOTPEOUTENCH K TOUHOCTH OIIpEeAcICHUS
MecCTa TS pa3IMIHbIX pellaeMbIX 3a1a4

B 2015 rony B xomne peanmzanuu (pemepaib-
HOW 1eseBoit mporpammbl «Ilopaepxxanue,
pa3BUTHE U HcTONb30BaHUEe cucTeMbl [J1O-
HACC 1a 2012—2020 rombl» HayaThl OITBITHO-
KOHCTPYKTOpCKUe paboThl «Co3maHne yHM-
dumupoBaHHOTO psiga 0a30BBIX MOIYJICH
HaBuraunoHHBIX TpuéMHUKoB THCC TJIO-
HACC/GPS/GALILEO nyst TpaHCTIOPTHOTO
KOMIUIEKCa» CO CpoKoM oKoH4YaHus B 2017 ro-
ny. JIooKHBI OBITH CO3MaHbl YHU(DUITMPOBAH-
HbIe 0a30BbIC HABUTAIIMOHHBIC M HABUTAIIM-
OHHO-TIPOIIECCOPHBIC MOIYJIH, BKJTIOUYAsT B TOM
YHCIIe ¥ TIPOTpaMMHO-arIapaTHbIC U CTPYK-
TypHBIE peIlleHusI, 00ecIeunBaroIIne coop,
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00pabOTKy HaBUTALIMOHHBIX ITOTOKOB IJIsI
MPUMEHEHUs B MEPCIIEKTUBHBIX 00pa3iax
COOTBETCTBYIOIINX ITPHOOPOB.

ba3oBrIit MOy AJISTI MOPCKOTO M peU-
HOTO TpaHCHOpPTa OO0IIero MpuMeHEHUS
OyaeT IpeaHa3HAYCH IS TTIOJIYICHUS TEKY -
IMUX KOOpAWMHAT B pexXMMaX OOBIYHO,
TMOBBIIIEHHOM, BBICOKOU M MPELIU3UOHHOMN
TOYHOCTH Kypca (TIpu UCITOIb30BaHUM ABYX
unu Tpéx npuemHukoB 'HCC), kpeHa
u nuddeperTa (IpU UCITOTB30BAHUN TPEX
npuémaukoB 'HCC), BpeMeHHU, BeKTOpa
CKOPOCTH.

baz3oBrbIit MOy 711 MOPCKOTO U PEUYHO-
To TpaHcIopTa AU hepeHIINATBHOM TT00aTb-
HOI HAaBUTAIIMOHHOM CITyTHUKOBOM CICTEMBI/
aBTOMATU3UPOBAHHON MIEHTU(UKALIMOHHOM
CHCTEMBI TIPEAIIoIaraeT IMONCK TeKYIIUX KO-
OpIMHAT, BpeMEHH, BEKTOPa CKOPOCTH C yUe-
TOM CHTHAJIa KOHTPOJIbHO-KOPPEKTUPYIOIINX
cranunit CB-auanaszona (KKC).

AHamM3 HalpaBIeHUI HAyYHBIX UCCIICIO-
BaHMI MOKA3bIBAaCT, YTO HABUTAIITMOHHO-MH-
(GOpMaIIMOHHOTO 00ECITeUeHUS MHTEIUICKTY-
aJIbHBIX TPAHCITIOPTHBIX CUCTEM C YyJacTHEeM
texHojornii [JIOHACC 3aHuMamT B HUX

CongakoB O. B. CnyTHI/IKOBaSl HaBUrauus v yrnpaesieHne ABNXKeHNEeM PeYHbIX CYAOB: KOHLenTyaslbHbie
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Hemasioe MecTo. OHaKo TeMaThka MHQpopma-
LIMOHHOTO 00eCTIeYeHUSI CUCTEM YIIPABJICHUS
JNBUKEHUEM CYIOB Ha BHYTPEHHUX BOJHBIX
MNyTSX MpeacTaBieHa MOoKa HeI0CTaTOUYHO.
BocnoaHuTk 3TOT NMpoben u npu3BaHa Mpe-
JlaraeMasi aBTOPOM KOHLICTILIHS.

LLEJIU U SBAOAYUN KOHLENLUUU

CTpaTernieckoii 1ebio KOHIIETIIINHN SIBJISI-
eTcst pa3paboTKa 0A30BBIX ITOJIOXKEHUH 1O CO3/Ia-
HMIO W CTPATEeTuy MCTOIBb30BAHNS CIUIOIIHOTO
BBICOKOTOYHOTO PaJIMIOHABUTAIITMOHHOTO TTOJIST
muddepenmanbHbx moacuctem [TIOHACC/
GPS/GALILEO Ha BceM nipoTsikennu BBIT
B MHTepecax TMOBBIIIEHNsT HAIEXKHOCTU U 0e3-
OTIaCHOCTHU CY/IOXOJICTBA HA OCHOBE MacCOBOTO
MPUMEHEHUsI HABUTAIIMOHHOM armapaTtypsbl
notpeduteneit THCC, cynoBoii amnmaparypsl
AW C u 6eperoBbix kommoneHToB ACY J1C.

PagunonaBuranmonHoe mnoJjie auddepeH-
nuanbHBIX TToacucteM [IJIOHACC/GPS/
GALILEO ¢ ucnonb3oBaHUEM anmapaTypbl
AUNC Oyner criocobcTBOBaTH 00ECTIEUeHUTO
BBICOKOTOYHOTO OIpeNesIeHUsT KOOpAUHAT
MECTOTIOJIOXKEHUSI, TTyTeBOTO yIJia, CKOPOCTH
OTHOCUTEJILHO TPYHTA U BpEMEHU Ha PEUHBIX
Cylax JUIsl MHCTPYMEHTAIBHBIX METOIOB UX
TIPOBOJIKY, BKJTIOYASI:

—TUTaBaHUe TI0 MapIIpyTy B MHAMKATOP-
HOM peXHMe;

— aBTOMaTUYECKOE yIpaBJIeHNE JIBVKEHM -
€M CyJIHa TTI0 3aIaHHOI TPaeKTOPUN;

— 9JIEKTPOHHYI0 KapTorpaduto Ha BBII;

— aBTOMAaTU3WPOBaHHBIE WH(POPMAIIMOH-
HBIe cucTeMBbl, B ToM yncie u ACY JIC.

BHenpeHune coBpeMeHHBIX METOJIOB CYIO-
BOXKIIEHUSI TIOBBICUT 0€30TIaCHOCTD TUTABAHUS,
CHM3UT PUCKA DKOJOTUUYECKUX OeICTBUN
u Katactpod Ha BBII, a Takxe gact 3Hauu-
TeJIbHbIE SKOHOMUYECKNE BBITOIBI 32 CUET
YIJIy4IIeHUsI OCHOBHBIX TT0Ka3aTeJiel TpaHC-
TIOPTHOTO TIPOLIECCa U MOBBITIIEHUSI TTPOU3BO-
JTUTETLHOCTH TPYyAa MPU BBITTOJTHEHUH TTyTe-
BBIX pa0OT, COKpAIleHNs KOJTMYECTBA 3HAKOB
HaBUTAITMOHHOW 00CTAaHOBKU.

JocTuxeHne 1eu TpearoiaraeT perie-
HUE CIIeTyIOIINX 3a1a4:

* Anaauz omeuecmeenHo20 U 3apy0eicHoeo
ONbIMA MACCOB020 UCNOAb308AHUSL HABULAUUOH -
Hotl annapamypoet nompebumeneii THCC u ux
DYHKYUOHANbHBIX OONOAHEHUL HA MPAHCnopme
U 8 CMEANCHBIX 00AaCmX.

PesynbraThl TaKOTO aHAIM3a TTOKA3BIBAIOT,
YTO B HACTOSIIIEEe BPEeMsI MPHU MPOBEICHUN
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CITyTHUKOBBIX T€0/Ie3NIECKHUX padOT ITUPOKO
WCTIOIB3YETCST PEXXUM KWHEMATUKK PeaTbHO-
ro BpeMeHU (Real Time Kinematic — RTK
B aHIJIMIicCKOM Harnrcanuu). OH mpenroiara-
€T BMECTe C KOJIOBBIMU TOMpPaBKaMU WU
BMECTO HUX IPUMEHSTH (pa30BbIe MTOMPaBKU
Kk usmepenussMm 'HCC, uyto obecneunBaer
orpe/iesieHre TeKYIIUX KOOPAWHAT C TIOTpel-
Hoctbio 0,1 M. ITogoOHAs TOYHOCTh ITOJIHO-
CTBIO YIOBJIETBOPSIET TPEOOBAHUSM PEUHBIX
MoTpeduTeNel, yKa3aHHBIM B Ta0IuLe 2.

* Paspabomka mexnuueckoeo 000CHO8AHUS
nosvlulenus bezonacHocmu cy0oxodcmaea Ha
BBII 3a cuem maccogoeo ucnoavsosanus HAIT
THCC u ux ¢hynkyuonanvHbix 00noAHeHU.

st obecnieyeHUss PYHKIIMOHUPOBAHUS
pexuma RTK Tpebyetcss pazBépThiBaHUE
OeperoBbIX JABYXUYaCTOTHBIX KOPPEKTUPYIO-
IIUX CTAaHLIMI, pabOTAIOIUX B IUaTa30HaXx
yactoT L1 u L2. [ng nepegayu momnpaBokK
KKC Ha cynoByto HAII npennaraercst uc-
MOJIb30BaTh PalMOKaHaI MEXITy OeperoBoit
u cynoBoiit AUC, TexHn4YecKre BO3MOKHOCTHU
IS OpTaHU3aIMY TAKOTO paguoKaHaia uMe-
f0TCSI. YUUTBIBAsl OTPAaHUYEHHYIO TaTbHOCTD
JIeCTBUS TIepeAaTINKOB OEPETOBBIX CTAHIIMI
AUNC, annapatypy KKC MoxHO pazmecTuTb
HEIOCPEJACTBEHHO Ha BBIIIKAX O€PEeroBbIX
CTaHIINIA, T/Ie eCTh Teofe3nueckasi MpuBs3Ka
aHTEHH U TIOJIBEIEHO 3JIeKTponuTaHue. Ta-
KOE€ COBMECTHOE pa3MellleHHEe alapaTypbl
U CTaHIINI1 00YCJIOBJIEHO TaKXKe COBITaIEHU -
€M JTaJIbHOCTH AeWCTBUST (DYHKIIMOHATBHBIX
nononHenuit THCC B pexume RTK
(mo 30 kM) u 6eperoBbix ctraHuuni AUC
(mo 40 kM), 9TO TTO3BOJISIET TTOKPHITH PaINO-
HaBUTAIIMOHHBIM MoJieM nuddepeHIna b-
HBIX MOTIPABOK BCIO aKBATOPUIO, HA KOTOPYIO
pacmpocTpaHsitoTcst curHaibl. Mcronb3oBa-
HME TOJIbKO KoJI0BbIX nmomnpaBok oT KKC
TTOMOXET OTIPeeSIEHUIO TEKYIITUX KOOPINHAT
¢ morpemHocThio 5—10 MeTpoB, a BMecTe
¢ $a30BBIMM TOIMpPaBKaMU — YMEHBIIUTh
norpemrHocTh 10 0,1 meTpa.

* Paspabomka mpebosanuii k cydosomy
u 6epeecosomy 060opydosaruro oast BBII ¢ yuemom
2aPMOHU3AUUU ¢ OOKYMEHMAMU MeNCOYHAPoOo-
HbIX Op2aHU3ayUll.

CoBpeMeHHbIe cynoBbie MpuéMHUKU HATT
He TIpeIHa3HaYeHBI TSl TOTyYeHUST (ha30BBIX
nuddepeHIUATBHBIX TonpaBok. [ToTpedyeT-
CsI CO3/IaHNE HOBBIX CYIOBBIX IByXUaCTOTHBIX
npueéMHUKOB. B puHIune sta mpobjiemMa yxe
MMeeT HayuyHOoe pellleHue, HO 3aMeHa TTPUEM-
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HUKOB HeM30eXHa C BBOJAOM B JIEHCTBUE €B-
porteiickoit THCC GALILEO.

* Qopmuposanue cucmemvl HAY4HO20 83aU-
Mmodeiicmeust, Koonepauuu 8y308, cNOCOOHbBIX
aghghekmusHo QONOAHUMb CUCTEMY OMPACACEHIX
HAYHO-UCCAe008AMENbCKUX UHCINUMYIOB.

Ceituac Takoe Hay4yHOE B3aUMOJCHCTBUE
BO MHOTroM ocJiabyieHo. PelieHue 3agauu
JIOJKHO HaJaOUTh PEryISpHbIA OOMEH 3Ha-
HUSIMM 1 TEXHOJIOTUSIMU ME3K/TY ITPOMBIIILICH -
HOCTBIO M HAYKOW.

» Ilposedenue psoda 83aumMoc8a3aHHbBIX
HHUOKP 0as docmudicenus yeneii pearu3ayuu
KOHUenuuu.

» I[lranuposanue pabom 6 ompacau 045
peaausauuu yeneil KOHYenyuu.

Pemenue sTux 3amad 00eCIIeUnT CO3MaHIE
HAyYHO-TEXHUYECKOIO0 ¥ 3KOHOMUYECKOIO
noTeHlMa1a, HEOOXOAMMOTO 11 MOJyUYeHUS
MPEeIyCMOTPEHHBIX KOHLIETILIEN pe3yIETaTOB.

BbIBOAbI

Wcnonb3oBaHue 17100aIbHBIX HABUTALIMOH-
HBIX CIIyTHUKOBBIX CUCTEM 1 X (DYHKITNOHAITb-
HbIX JOTIOJIHEHUI B aBTOMATU3UPOBAHHBIX
cUCTeMax yMnpaBieHUs ABUKEHUEM CYIOB Ha
BHYTPEHHUX BOAHBIX MYTSIX HY>KIAETCSI B KOH-
LenTyaaibHOM mnoaxoae. To ecTb B €eAUHOM
TpeOOBaHMM KaK K TPUMEHEHUIO HABUTALIMOH -
HOW CITyTHUKOBOW CHUCTEMBI, TaK M K HaBWTa-
LIMOHHOM amnmaparype NoTpeOUTeIs.

ITporpamma pazBepTbIBaHUsI KOHTPOJbHO-
KOPPEKTUPYIOLIMX CTAHLIMU U aBTOMATU3UPO-
BaHHBIX NWHOOPMAIIMOHHBIX CUCTEM IS
BHYTPEHHETO BOJHOIO TpaHCHOPTa B 0a30BOM
BapuaHTe 3aBeplIEeHa, OCTA€TCS COBEPILEHCT-
BOBaHUE METONOB U TEXHOJIOTMM, KOTOpbIE

00eIaroT 6oJIee HaIeXKHYIO M 0e30ITaCHYIO €TO
SKCIUTyaTaluio.

JINTEPATYPA

1. PacnopsixkeHue mnpaBuTeabcTBa Poccuiickoit
®eneparun ot 3 ot 2003 . Ne 909-p «O6 omobpeHnn
KoHuenmm pa3BuTusi BHyTPEHHETO BOIHOTO TPAHCTIOP-
Ta PO».

2. MenepanbHblil 3ak0H Ne 24-D3 «Komekc BHY-
TpEeHHEro BOAHOTO TpaHcmnopra Poccuiickoit Penepa-
uuu» ot 7 mapta 2001 1.

3. Consxos O. B., IyceB A. K. TpeboBaHus K CITyT-
HUKOBOMY ITO3UIIMOHNPOBAHWIO Ha BHYTPEHHUX BOTHBIX
mytsx Poccuu // KypHan YHuBepcuteTa BOMHBIX KOM-
MyHuKamwii. — 2012, — Beim. 4 (16). — C. 131—134.

4. ConsixoB O. B. O6ecrieyeHne 6€30MacHOro Cy10-
XOJICTBA HAa BHYTPEHHMX BOJIHBIX MyTSIX C MCITOJIb30Ba-
HUEM HaBMTallMOHHOW ammapartypbl moTpedurens //
BectHuk TocymapcTBeHHOTO YHUBEPCHTETa MOPCKOTO
u peuHoro dJora uM. aam. C. O. Makapoa. — 2015. —
Beim. 1 (29). — C. 112—116.

5. Hofmann-Wellenhof, B., Lichtenegger, H.,
Wasle E. GNSS-Global Navigation Satellite Systems
(GPS, Glonass, Galileo and more), Springer, Wien,
ISBN: 978—3—-211-73012—6 New York, 2008, p. 545.

6. Consikos O. B., 3yeB B. ®. OcHOBHBIE aCIIEKThI
MTOBBILICHNS] TOYHOCT ¥ MECTOOIPENEICHUS CyI0B Ha
CJIOXHBIX y4aCTKaX BHYTPEHHMX BOIHBIX MTyTel (rocTta-
HOBKa 3anay) // XKypHayn YHUBepCUTEeTa BOIHBIX KOM-
myH#uKamuii. — 2012, — Berm. 3 (15). — C. 160—165.

7. Consixos O. B., 3yeB B. ®@., Pakutun B. /1. Oco-
OEHHOCTHU MPOrPaMMHOTO obecrieueHUs] TPUEMHUKOB
THCC nnst pedyHBIX CYIOB BHYTPEHHEro IJIaBaHus //
Boanbie mytn Poccuu: cTpouTeIbCTBO, IKCILTyaTaIlUs,
yrpasineHue / Te3uchl TOKII. MEXIyHap. HAYYHO-TIPAKT.
koudepentuu. — CI16.: CIIT'YBK, 2009. — C. 77—80.

8. ConsikoB O. B. HaBurammoHHas anrmnapartypa
MoTpeOuUTeIei /I BHYTPEHHEr0 BOIHOTO TPaHCIOpTa
// 1T Buepa, ceromnsi, 3aBTpa / Martepuaisr 11-it HayaHO-
HCCIeIoB. KOH(MEPEHIIMU CTYJIEHTOB U aCIUPAHTOB. —
CI16.: TYMP® um. angm. C. O. Makaposa, 2014. —
C. 109—110.

9. ConsikoB O. B. Moznenb cuctemMsl aBTOMaTHye-
CKOTO YIpPAaBJIEHUsI IBUXEHUEM CYTHA HA BHYTPEHHUX
BOIHBIX MyTsX // CoBpeMeHHbIe KOHLICTIINN HayYHBIX
uccienoBanuii: Matepuainsl [V MeXIyHapoa. HaydYHO-
MpakT. KoHbepeHmu // EBporna-Azusi. — 2014. — Boim.
Ne 8. — C. 123—126. ®

KoopaunHatel aBTopa: CongkoB O. B. — solyakov1@yandex.ru.

Crtatbsa noctynuna B pegakumio 20.11.2015, npuHaTa k nyénvkauum 18.12.2015.

® MUP TPAHCIOPTA, Tom

,N26,C.172-179 (2

CongakoB O. B. CnyTHI/IKOBaSl HaBUrauus v yrnpaesieHne ABNXKeHNEeM PeYHbIX CYAOB: KOHLenTyaslbHbie

nooxoabl




SATELLITE NAVIGATION AND RIVERBOATS’ SHIPPING CONTROL.:

CONCEPTUAL APPROACHES

Solyakov, Oleg V., Moscow State Academy of Water Transport, Moscow, Russia.

ABSTRACT

The article shows one of the main areas of tech-
nical modernization of the sector, based on the in-
troduction of the most advanced technologies and
scientific achievements in the field of global naviga-
tion satellite systems, without which safe operation
of inland waterway transport is impossible nowadays.

The central place in this case belongs to the develop-
ment of conceptual approaches to solving a strategic
task —to ensure reliable control of navigation through
the use of continuous high-precision radio navigation
field of differential subsystems GLONASS/GPS/
GALILEO throughout the controlled waterways, in-
cluding rivers, lakes and reservoirs.

Keywords: inland water transport, global navigation satellite systems, inland waterways, safety of naviga-

tion, riverboats’ navigation control.

Background. /n recent years, for the realiza-
tion of the goals set out in the «Concept of devel-
opment of Russian inland waterway transport», the
Federal Agency of Sea and River Transport has
conducted systemic organizational and technical
work aimed at creating on the inland waterways of
the country a hierarchical triad of reliability and
safety of navigation: CRIS (corporate river informa-
tion system) — RIS (river information services) —
ACS RT (automated control system of river crafts
traffic).

One of the main directions of improvement of
this work is becoming more and more preferential
use of satellite navigation systems and functional
supplements to the needs of inland navigation (riv-
ers, lakes, reservoirs). As part of the federal trans-
port system development the author suggests the
concept version of the use of global navigation
satellite systems (hereinafter — GNSS) in auto-
mated control system of river crafts traffic (herein-
after — ACS RT) on inland waterways (hereinafter —
w).

Objective. The objective of the author is to
consider the use of satellite navigation in the field
of traffic control on inland waterways of Russia.

Methods. The author uses general scientific
methods, comparative analysis, structural analysis,
evaluation approach.

Results.

Prerequisites and approaches

On July 22, 2003 the Ministry of Transport has
approved the concept of creation and use of dif-
ferential subsystems GLONASS/GPS GNSS in in-
land water transport (hereinafter — IWT).

The Concept defines basic principles, goals,
objectives, and areas related to the terms of use of
satellite navigation systems in IWT. It was noted that
public policy provides for the mandatory use of
GNSS in order to ensure navigation safety. In par-
ticular it concerned, we note, combined GLONASS/
GPS receivers, meeting according to their charac-
teristics IMO standards and certified by the com-
petent authorities on this.

The concept planned creation on the basis of
control and correction stations (hereinafter — CCS)
of differential subsystem (hereinafter — DS) on in-
land waterways with data transfer to consumers for
each basin. On a single deep-water system (here-
inafter — SDS) of the European part of Russia and
parts of rivers with developed infrastructure it was
planned to use local DS with coverage radius of
300-500 km, working in the medium range 283,5-
325,0 kHz. This allows to use on estuarial and
other convenient waterway segments to the ben-
efit of inland waterway transport marine differential

subsystems and the unified park of reception ap-
paratus of differential messages, which is important
for vessels of mixed «river-sea» navigation.

Over the years 2002-2011 within the framework
of the federal target program «Global Navigation
System» it was supposed to carry out a phased com-
pleximplementation of differential subsystems GNSS
GLONASS/GPS, providing high-precision radio navi-
gation field on the main rivers (the priority basins: the
Volga-Baltic, Moscow, the Volga, Volga-Don and
Azov-Don), where increase in traffic by more than 1,5
times was predicted, and are included in the transport
corridor «North—South».

Subsequent experience has shown that the pres-
ence of differential subsystems GLONASS/GPS ad-
dresses the following practical tasks:

— High precision (up to 10 meters for 95% prob-
ability) and reliable determination of location of ves-
sels when sailing on IW;

— The introduction on inland water transport on
the basis of created infrastructure, AlS of traffic con-
trol system for ships with dangerous cargo and pas-
sengers, as well as other vessels, the location of which
shall be automatically controlled;

— The introduction of electronic cartography;

— Implementation of special works, realized by
means of DGNSS:

— Inspection of water areas;

— Laying of pipelines;

— Dredging operations and monitoring their im-
plementation;

— High-precision soundings;

— Hydrographic sweeping;

— The exact exposure of floating aids to naviga-
tion;

— Calculation and refinement of amendments
related to the difference between coordinate systems
WGS-84, PZ-90 and Pulkovo 1942 used by different
agencies;

— Assistance in emergency situations and other
extreme situations.

Requirements of consumers for radio-navigation
system (hereinafter — RNS) to ensure reliability of
navigation are more fully set forth in the draft of radio
navigation plan of CIS member states in the 2011
edition.

For vessels using inland waterways, the starting
point for determination of such requirements are: size
of navigable pass, its depth and consistency with main
dimensions of vessels (length, width, draft).

River users’ requirements for availability of RNS
depend on navigation areas:

« on single deep-water system of the European
part of Russia — not less than 99,8% over a two year
period;
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Table 1
Requirements of consumers for accuracy of determined vessel
location according to navigation areas

Solvable tasks Navigation areas Accuracy of coordinate measurement
(RMS error), m
Movement of the vessel on inland | 1.  Lakes, reservoir 10,0...17,0
waterways 2. Open rivers of:
— European part of Russia 2,5...5,0
— Siberia 2,5..7,5
— other CIS countries _
3. Watercourse 1,0...2,5

Table 2
Consumers’ requirements for accuracy of determined vessel location for different solvable tasks
Solvable tasks Operation areas Accuracy of coordinate
measurement (RMS error), m

Hydrographic works, arrangement of signs of Rivers and reservoirs 2,0...3,5
navigable situation; maintaining predetermined Open rivers of:
dimensions of the waterway — European part of Russia 0,5...1,0

— Siberia 0,5...1,5

— other CIS countries _

Watercourses 0,2...0,5
Dredging operations Open rivers and watercourses | 0,1...0,2
Laying of cables and pipelines Open rivers and watercourses | 0,5
Dispatching tasks on monitoring IW of Russia 50

+ on main rivers in Siberia — not less than 99,5%
over a two year period.

Requirements of river consumers for integrity —
not more than 5 seconds. Frequency of determining
the place - at least once every 2 seconds. The value
of differential corrections must be updated at least
every 30 seconds.

Table 1 summarizes the requirements of river
users to determine the accuracy ofthe vessel location
based navigation areas for large ships in the evalua-
tion of the probability of lack of navigational accidents
over 0,997.

Table 2 summarizes the requirements of river
users for accuracy of determination of location for a
variety of solvable tasks

In 2015, during the implementation of the federal
target program «Promotion, development and use of
GLONASS system for 2012-2020» were commenced
development works «Creation of a unified set of basic
modules of navigation receivers GNSS GLONASS/
GPS/GALILEO for the transport complex» with termi-
nation date in 2017. Unified basic navigation and
navigation-processor modules must be created, in-
cluding, without limitation, software and hardware and
structural solutions for collection, processing of
navigation flows for use in prospective samples of
corresponding instruments.

Basic module for maritime and river transport of
general application is designed to get current coor-
dinates in the modes of normal, elevated, high and
precision accuracy of heading (using two or three
GNSS receivers), lurch and trim difference (using
three receivers GNSS), time, speed vector.

The basic module for sea and river transport
of differential global navigation satellite system/
automated identification system involves finding
current coordinates, time, speed vector based on
signal of control and correction stations MW-band
(CCS).
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Analysis of the areas of scientific research shows
that navigation and information support for intelligent
transport systems involving GLONASS technologies
occupy a considerable place in them. However, the
subject of the information support of traffic control
systems for ships on inland waterways is presented
not enough. The concept proposed by the author is
designed to fill this gap.

Aims and objectives of the concept

The strategic goal of the concept is to provide the
basic provisions on creation and strategy for the use
of continuous high-precision radio navigation field of
differential subsystems GLONASS/GPS/GALILEO
throughout IW in order to improve reliability and
safety of navigation on the basis of massive use of
navigation equipment of GNSS users, shipboard
equipment AIS and coastal components ACS RT.

Radio navigation field of differential subsystems
GLONASS/GPS/GALILEO using AIS equipment will
help to ensure high-precision determination of loca-
tion coordinates, course angle, speed over ground
and time on river crafts for instrumental methods of
wiring, including:

— Sailing on route in the indicator mode;

— Automatic control of vessel traffic along a pre-
determined track;

— Electronic cartography on IW;

— Automated information systems, including ACS
RT.

Introduction of modern methods of ship naviga-
tion will enhance safety of navigation, reduce the
risk of environmental disasters and accidents on
IW, as well as provide significant economic benefits
by improving basic performance of transport pro-
cess and increase labor productivity when perform-
ing track operations, reduce the number of signs of
navigation situation.

Achievement of goals requires solution of the
following tasks:
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« An analysis of domestic and foreign experience
of mass use of navigation equipment GNSS users and
their functional supplements in transport and related
fields.

The results of this analysis show that at the pres-
ent time during the satellite surveying real-time kine-
matic mode (Real Time Kinematic — RTK in English
spelling) is widely used. It proposes along with code
amendments, or instead of them to apply phase cor-
rections to GNSS measurements, which provides the
definition of the current position with an accuracy of
0,1 m. Such precision completely satisfies the re-
quirements of river users, specified in Table 2.

- Development of technical justification of im-
proving the safety of navigation on IW due to the mass
use of NAP GNSS and their functional supplements.

For the operation of RTK mode the deployment
of dual-frequency coastal corrective stations operat-
ing in the L1 and L2 frequency bands is required. To
transmit CCS amendments to ship NAP it is proposed
to use the ship’s radio channel between shore and
ship’s AIS, technical possibilities for organization of
such a radio channel are available. Given the limited
range of the transmitters of AlS shore stations, CCS
equipment can be placed directly on towers of
coastal stations, where there is a geodetic connection
of antennas and electrical power is supplied. This
co-location of equipment and stations is also due to
the coincidence of operating range of functional
supplements to GNSS in RTK modes (up to 30 km)
and coastal stations AIS (up to 40 km), which allows
to cover with radio navigation field of differential cor-
rections the entire water area, on which the signals
propagate. Using only code amendments of CCS will
help to determine current coordinates with an accu-
racy of 5-10 meters, and together with phase amend-
ments — to reduce the error of up to 0, 1 meters.

« Development of requirements for shipboard and
shore facilities for IW, taking into account harmoniza-
tion with documents of international organizations.

Modern ship receivers NAP are not designed for
phase differential corrections. It is required to create
new ship dual-frequency receivers. In principle, this
problem already has a scientific decision, but the
replacement of receivers is inevitable with the intro-
duction of the European GNSS GALILEO.

« Formation of a system of scientific interaction,
cooperation of universities, can effectively comple-
ment the system of sectoral research institutes.

Now such a scientific interaction is weakened in
many respects. Solution of the problem should im-
prove regular exchange of knowledge and technol-
ogy between industry and science.

- Conduct a series of interconnected research
and development to achieve the objectives of the
implementation of the concept.

« Planning of works in the industry to implement
the concept targets.

Solving these problems will ensure the creation
of scientific, technical and economic capacity re-
quired to obtain results provided by the concept.

Conclusions. The use of global navigation satel-
lite systems and their functional supplements in au-
tomated control system of ship traffic on inland wa-
terways system needs a conceptual approach. That

is a common requirement as for the use of satellite
navigation systems and navigation equipment of the
consumer.

Deployment program of control and correction sta-
tions and automated information systems for inland water
transport in the base version is completed, now it is the
time for improvement of techniques and technologies
that promise a more reliable and secure its operation.
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