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MpaBuna NnpUMeHeHNa HaCTOALLEro craHiapTa YCTaHOB/EeHbl B CTaTbe 26 ®PefepasibHOro 3akoHa
0T 29 noHA 2015 . Ne 162-d3 «O cTaHgapTu3auum B Poccuiickoin degepauun». ViHdopmaumsa o6 nameHe-
HMAX K HACTOSLWEeMY CTaHfapTy Ny6nukyeTCs B eXerogHoM (Mo COCTOSHUI0 Ha 1AHBaps TekyLero roga)
NHDOPMAaLMOHHOM YKasaTersne «HaunoHasbHble CTaHgapThi», a ouumanbHblil TEKCT M3MEHeHui 1 nonpa-
BOK— B €XEeMeCAYHOM UH(popMaLMOHHOM yKasaTene «HaunoHanbHble cTaHgapThi». B cnyyae nepecmoT-
pa (3amMeHbl) NN OTMeEHbl HACTOSALLEro cTaHjapTa CoOOTBeTCTBYyHLee yBefoMNeHne byaeT ony6/mKo-
BaHO B 6vKaiiLlemM BblNyCKe eXeMecsa4yHOro MHPOopMaLMOHHOr 0 yka3aTens «HauoHanbHble CTaHgapTbi».
CooTBeTCTByWLWas UHPOpMaLMs, yBeLOM/IEHUE N TEKCTbl pa3MellalnTcs Takke B MHOPMAaLUOHHOW
cucTeme 06Lero nonb3oBaHMs — Ha ohuumnanbHoMm caiTe PefepanbHOro areHTCTBa N0 TEXHUYEeCKoMy
perynvpoBaHuio U meTposiorun B ceTun MIHTepHeT (www.gost.ru)

© CtaHpapTuHdopm, odpopmneHne, 2013, 2019

HacToswwnii cTaHfapT He MOXeT 6biTb MOMHOCTbIO WM YACTUYHO BOCNPOM3BEAEH, TUPAXKMPOBAH U pac-
npocTpaHeH B KayecTBe opuLMaNbHOIO U3gaHusa 6e3 paspeweHna defepasbHOro areHTCTBa No TEXHUYECKO-
My pPeryfiupoBaHuto v MeTposorumn
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BeepneHune

HacTtoawwnin ctaHgapT paspaboTaH B Lendax pacnpocTpaHeHWs Ha KOMMIEeKC KOOPAWHATHO-BPEMEHHbIX
N3MEepeHNli, BbINOJIHAEMbIX B TOM 4YUC/€ C UCNOMIb30BAHWEM HaBUTALMOHHbLIX U CNYTHWKOBbLIX TE€XHONMOTUIA,
NONOXEHWN 3aKOHOLATE/NIbHON MEeTPONOrMn, 3/1IEMEHTOB TEOPUN LWIKAN U3MEPEHWUA B cOYeTaHun ¢ TpaguLMOoH-
HbIMW MOHATUAMM, OTHOCALWMMUCH K Fe0fe3nYeckuM M3MepeHWsM, a Takke BHeApeHUs COBPEMEHHOU MexX-
AYHApOAHO MPW3HAHHOW TEPMWUHONOIMW B COOTBETCTBMM C MexAyHapoAHbIM C/IOBaApeM OCHOBHbLIX M 06LW KX
TepmuHoB B meTponorumn (VIM, 3-e nsgaHve 2008 r.), pekoMmeHgaLUaAMN N0 MEXrocyapCTBEHHOW cTaHAapTn-
3aumn PMI 83— 2007 «locypapcTBeHHass cuctema obecneyeHus eguHcTea mamepeHuin. LUkanbl M3MepeHuil.
TepmuHbl 1 onpegeneHna» n PekomeHgaunein KOOMET R/GM/20:2009 «[ocypgapcTBeHHass cuctema obecne-
YyeHna efuHcTBa M3MepeHuii. Wkanbl n3mMepeHWin. TEpMUHBLI U onNpeaeneHnsa».

B HacTosiwem cTaHgapTe cob6aiAeHbl nonoxeHus KoHcTuTyuum Poccuiickoih depgepauumu, cornacHo
cTatbe 71, p), KOTOpoin B BeAeHun Poccuiickoli degepaynmn HaxofATcAa MeTeoposiormyeckas cnyxba, ctaH-
AapTbl, 3TanNOHbl, MeTpMUyeckas cumcTteMa U UCHUCNeHNe BPEMEHU, reofesuns u Kkaptorpadusa, a Takke 3aKoHO-
JaTtenbHbiX akToB MNpaButensctBa Poccuiickoin ®epgepauumn B o6n1actu obecnevyeHnss eguHCTBA U3MEPEHUI 1
reogesun. NpumeHeHne HacToOALWEro cTtaHgapTa AOJ/IKHO OblTb TakXe OCHOBAHO Ha AOMNOJIHUTENbHbIX Nog3a-
KOHHbIX aKTax, pacnpocTpaHALWMX NOHATUA 3aKOHOLATE/NIbHON METPONOrMN Ha 3TasoHbl AN KOOPAUHATHBIX
N BPEMEHHbIX U3MEPEHWA.
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HALULWOHA/MNDBbHLBI R CTAHOLAPT POCCUWMUCKOMN PEOLEPALNMN

FocypapcTBeHHasi cuctema o6ecrneyeHus eguUHCTBA U3MepeHuii
STANOHbLI AgNA KOOPONHATHO-BPEMEHHDbIX M3MEPEHWN

OCHOBHbIE MONTOXEHUSA.
Cnocob6bl BblpaXeHNs norpewHocTel

State system for ensuring the uniformity of measurements. Etalons for coordinate-temporal measurements.
Basic principles. Ways for expressing the errors

Jata BBegeHuna — 2013—01—01

1 O6nacTb NpUMeHeHUA

HacToawwnin ctaHgapT ycTaHaBNBaeT OCHOBHbIE KOHLENTyalbHble NOM0XEHUsA, Heo6xoAuMble Ansa obe-
cnevyeHnNs eAuHCTBA M3MepeHuii B 061aCTM KOOPAWHATHO-BPEMEHHbIX n3MepeHuii. CtaHgapT yctaHaBamBaeT
nepapxuio CUCTEM MPOCTPAHCTBEHHbIX KOOPAWHAT, UCNO/Ib3yeMblX B HAaBUTALMOHHbLIX U CNYTHUKOBbIX TEXHO-
nornsax, Kotopass MOXeT 6blTb NOSI0OXKEHa B OCHOBY CO3JaHUA mepapxmy HauuoHasnibHbIX (fOCyJapCTBEHHbIX)
3TanoHoB, o6ecneymBalLWmNX €4UHCTBO U METPOJSIOTMYECKYIO MPOC/EeXNBAEMOCTb KOOPAUHATHO-BPEMEHHbIX
n3mepeHuin B Poccuiickon depepaynn.

Wcnonb3yemble B cTaHfgapTe HauMeHOBaHUA efuHUL, U3MepeHuli U Mx 0603HAYEeHUS COOTBETCTBYIOT
npuHATBIM MexgayHapoaHol cuctemoin eguHuy (CU) [1] n gonyuw,eHbl K NnpumMmeHeHuto B Poccuiickoih depgepa-
uun noctaHosneHnem lMpasutenscrea [2].

McxoaHble NPpUHUNUNBLI, UCMO/b30BaHHbIEe B HACTOAWEM cTaHhapTe, NpuBeAeHbl B NPUIOXeHNN A.

2 HopmaTuBHbIE CCbI/IKK

B HacToAwem cTaHgapTe MCNONb30BaHbl HOPMATUBHbIE CChIJIKM Ha crejylouime ctaHAapThl:

FTOCT 8.009 locypapcTBeHHas cuctema obecneyeHns eAMHCTBA U3MepeHuii. Hopmupyemble MeTPOO-
rmyeckne xapakrepucTuky cpeacTB U3MepeHuni

FOCT 8.016 TlocypapcTBeHHas cuctema obecneyeHus eguHCTBa M3MepeHuUii. FocygapCTBEHHbIN nep-
BMYHbI 3TaNoOH M rocygapcrBeHHas nNoBepoyHas cxema ANA CpeACcTB U3MepeHUin NA0CKOoro yrna

FOCT 8.381 TlocypapcTBeHHas cucTemMa obecneyvyeHuss egnMHCTBA M3MepeHuii. dTanoHbl. CNocobbl Bbl-
paxeHus TOYHOCTH

FOCT 8.401 TlocypapcTBeHHas cuctemMa ob6ecneyeHuss epuHcTBa Wu3MepeHuin. Knaccbl TO4YHOCTHM
cpencTtB nsMmepeHuii. Obwmne TpeboBaHMA

FOCT 8.567 locygapcTBeHHas cuctema obecneyeHns efumHCTBA M3MepeHuii. I3mepeHus BpemMeHu u
yacToTbl. TEPMUHBLI 1 onpeaeneHus

FTOCT 32454—2013 nobanbHasi HaBurayuoHHas cnyTHMKOBas cuctema. l[MapameTpbl paguoHaBura-
LMOHHOro nons. TexHnyeckne TpeboBaHUA U MeTOLbl UCMbITAHWI

FTOCT P 8.000 locypapcTBeHHas cucteMa obecneyeHns eguHcTBa naMmepeHunii. OCHOBHbIE NOMOXEHUSA

FTOCT P 8.699 locypapcTBeHHas cuctema obecneyeHns efUHCTBA U3MEPEHUIA. BennuunHbl, e auHNLbI,
WKanbl M3MepeHuii, NCNnonb3yemble B rno6anbHOW HaBUraLUOHHOL CMYTHUKOBOW cucteme

FTOCT P 52438 Tleorpatunyeckme MHPOPMaLNOHHbIE CUCTEMbI. TEPMUHBLI U oNpeaeneHns

FOCT P 52572 Tleorpaduyeckne nHopmMmaLnoHHble cuctembl. KoopgnHatHasa ocHoBa. O6uwune Tpebo-
BaHWA

M3paHne oduuymanbHoe
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MpumeuyaHune — TMpyu NOMb30BAHUM HACTOSLMM CTAHAAPTOM LE/Iecoo6pasHo NPOBEpUThb AeCTBME CCbIfoY-
HbIX CTAHAAPTOB B MHIDOPMALMOHHON cucTeme 06LLErO NOMNb30BAHNUA — Ha OULMANIbLHOM caitTe deaepasibHOro areHT-
CTBa MO TEXHMUYECKOMY PEeryfivpoBaHuio 1 METPOSIOTMN B CETU VIHTEPHET MM MO eXerogHoMy MH(OpMaLUMOHHOMY yKa3a-
Teno «HauunoHanbHble CTaHAAapPTbl», KOTOPbI ONy6/MKOBaH MO COCTOSIHWIO HA 1 AHBaps TeKyllero roaa, v no BbiMyckam
€XeMeCcsIYHOro MHPOPMALMOHHOIO yKasaTens «HauuoHabHble CTaHAAaPThl» 3a TeKyLuii rof. Ecnn 3aMeHeH CCbIfTOUHbINA
CTaHJapT, Ha KOTOpbI AaHa HeAaTMpOBAHHAs CCblfiKa, TO PEKOMEHAYETCs MCNO/Mb30BaTh AEWCTBYIOLLYIO BEPCUIO 3TOTO
CTaHAapTa C y4eTOM BCeX BHECEHHbIX B [aHHYl) BEpPCUI0 U3MeHeHMii. ECNM 3aMeHEeH CCbI/IoYHbIN CTaHAapT, Ha KoTo-
pblii faHa AaTpoBaHHas CCbiNka, TO PEKOMEHAYEeTCsl MCMNO/b30BaTh BEPCUIO 3TOTO CTaHAapTa C yKa3aHHbIM Bbllle rogom
yTBEpPXAEeHMs (NpUHATUA). ECNu nocne yTBEPXAEHMS HACTOSLEro cTaHgapTa B CCbI/IOYHbIA CTaHAapT, Ha KOTOpbIi AaHa
[laTMpoBaHHas CCbifIKa, BHECEHO M3MEHeHWe, 3aTparnsarollee nosoXxeHne, Ha KOTOpoe AaHa CCbifika, TO 3TO NOJIOXEHWE
pekoMeHayeTcs NpUMeHsTb 6e3 yueTa AaHHOro U3MeHeHusi. ECNn cCbINIouHbIi CTaHaapT OTMeHeH 6e3 3aMeHbl, TO MoJo-
XEHWe, B KOTOPOM [laHa CCbI/IKa Ha Hero, PekoMeHAyeTCs MPUMEHATb B YacTu, He 3aTparmealoLleit 3Ty CCbIKy.

3 TepMUHBbI N coKkpalieHuns

3.1 B HacTosflWwem cTaHgapTe MPUMEHeHbl TepMUHbI KU onpegeneHua no [3], [4], [5], [6], TOCT 8.567,
FOCT P 8.000, FOCT P 8.699, T'OCT P 52572, TOCT P 52438, T'OCT 32454, BbI60pOYHO 0606 EHHbIE B
pekomeHgaumax [7].

3.2 B HacToflWeM cTaHfapTe NPUMEHEHbl cnefylolWmne cokpaleHus:

TC — rocypapcTBeHHas reogesnyeckas Cetb;

FTKMB — leHepanbHaa KOHepeHunsa No Mepam 1 Becam

FTHCC — rno6anbHas HaBUraymoHHas CNyTHWKOBASA cuctema;

[CBY — locypapcTBeHHas cnyxba BpeMeHu, 4acToTbl U onNpefenieHns napamMeTpoB BpalweHus 3emMnu;

KKC — KOHTPOJ/IbHO-KOppPEeKTUpyLWwasa cTtaHuus;

MBMB — MexayHapogHoe 6l0po Mep U BECOB;

MO3M — MexagyHapoaHasa opraHusaumns 3aKkoHOA4aTeNbHOW METPOIOrnNK;

HCI — HewucksoyeHHas cucrtemartnyeckas norpelHocTb;

C/ — MexpayHapoaHas cuctemMa efuHuu;

CKO — cpefHee kBajpaTUyHOE OTK/IOHEHUE,

PAIC — pyHAamMeHTanbHas acTpOHOMO-reofe3nyeckas ceTb;

ICRF — MexayHapogHas HebecHas KoopAuMHaTHas OCHOBA,

ICRS — MexgayHapogHasa HebecHas onopHasa cuctema (koopguHar);

IERS (MCB3) — MexayHapogHas cnyxb6a spalweHns 3eMnun U CUCTEM KOOpPAMHAT;

ITRF — MexayHapogHas 3emMHas KoopAuMHaTHasa ocHoBa (MaTepuanusauma ITRS);

ITRS — MexgayHapogHasa 3eMHas onopHas cuctema (KoopauHar).

4 O6uwuKe nosIoXeHns

4.1 KoopAWHATHO-BPEMEHHble U3MeEpPEHUA npegHasHauvyeHbl ANA onpefeneHns KoopauHaT MecTonoso-
XeHNs B TpexXxMepHoOM npocTtpaHcTBe. KoopAuHaTbl M npoucxogsuiMe B NPOCTPaHCTBE NPOLEcChl XapakTepu-
3yH0TCHA PAAOM KauyeCTBEHHbIX (Hepa3MepHbIX) U3MePSAEMbIX CBONCTB Y U3MepAeMblX BEIMYMUH. K usmepsaemMbim
CBOWCTBAM OTHOCMUTCH, B YAaCTHOCTWU, BEKTOP cOCTOAHUA noTtpebutensa THCC (B MoAe/NlbHOM MHOTOMEPHOM
npocTpaHcTBe), 06beANHA WU NPOCTPAHCTBEHHbIEe KOOPAMHATLI B 3afaHHOW cucTeMe oTcyeTa, COCTaBAO-
LiMe BeKTopa CKOpocTM M nonpasBKy yacoB noTpebutens M'HCC.

4.2 B pesynbTtare U3MeEpPeHWs MeCcTONOSIoOXeHUs (MO3NLUOHMPOBaAHWA MNPOCTPAHCTBEHHOIO 06beEKTa)
[O/KHO ObITb MOJIy4EHO ONUCAHWEe KOOPAMHATHbLIX fAaHHbIX MPOCTPAHCTBEHHOTO 06beKTa B ABYXMEPHBIX WK
TPeXMEpPHbIX MPOCTPAHCTBEHHbIX CUCTEMAxX KoopauHaT (COBOKYMHOCTb M3MEPEHHbIX 3HAYEHU KoopAuHAaT B
3afaHHON cucteMe KoopAMHaT), KOTopble A0/IXHbl 6biTb CONPOBOXAEHLI NOKa3aTenaMy TOYHOCTU U3MEPEHUNA.

Mpy oueHMBaHWKM MOrpelwHoOCcTel pe3ynbTaToB KOOPAMHATHO-BPEMEHHbIX W3MEpeHWid mMecTonosnoxe-
HWA yKa3blBalT, K KAKOW cucTeMe KoopAuHaT OTHOCAT pe3y/bTaTbl U3MEPEHU U 4TO NMPUHMMAIT 3a ONOpHOoe
3HayeHne M3MepsAemMoil BEeNUYUHbI UNM U3MEePAEeMOro Ka4eCTBEHHOro CBOMCTBA — MECTOMOJMIOXEHUSA noTpe-
6uTena, 1. e. onpegensAlnT pPasHOCTU U3MEPEHHBLIX U UCTUHHBIX KOOPAMHAT NOJMIOXEeHUA notpebutensa. Takas
NOrpeLwHOCTb He MOXeT ObiTb BblpaxeHa OAHMM 4ucnom (ux Tpu). MorpewHoCcTb HaBUraLLMOHHOIO onpeje-
NeHNs — 3TO NPOCTPAHCTBEHHbI BEKTOP, XapaKTepusyruwnin OTKNIOHEHNE M3MEPEHHOINO C UCNOMIb30BaHUEM
FTHCC mecTOononoXeHna notpebutensa OT ero UCTUHHOTO MECTOMNOJIOXKEHUS B 3afaHHO cucTteme KoopauHar.
OnopHoe 3HayeHuMe MeCTOMNONOXEeHUs npepctasnfaeT coboli COBOKYMHOCTb 3Ha4YeHW KoopauHaTt, npunu-
CaHHbIX reoge3nyeckomy 3Haky (MyHKTY) B 3ajaHHOl cucteme koopauHat. B THCC onepupylT NOHATUEM

2
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«MorpelwHocTb Nnepegayn BceMMpHOro KOOpPANHUPOBAHHOTO BPEMEHU TOCYAAapCTBEHHOIO 3TafioHa BPEMEHU U
yacTtoTbl Poccuiickoit degepauunn» [FOCT 32454 (nyHKT 2.15)] — pas3HOCTb BPEMEHU, NOSIYHYEHHOTO U3 pele-
HUS 3agaun MecToonpepesieHus noTpebutens, u BceMupHOro KOOpAMHUPOBAHHOIO BPEMEHMW TOCYAapCTBEH-
HOro 3TasioHa BpeMeHU u YyacToTbl Poccuiickoit ®epepayuu.

5 3TasioHbl CMCTEM KOOPAUHAT MECTOMOJIOXEHMNSA N BPEMEHMU

5.1 B KauyecTBe HalMOHa/IbHOTO UCXOAHOrO (OMOPHOr0) aTasioHa CUCTEMbI KOOPAWUHAT ANA U3MepeHuii
MeCTOMoNOoXeHni (no3mumnii) Ha 3emse M B OKO/TO3EMHOM MNPOCTPaHCTBE, BEKTOPOB CKOPOCTU ABUXEHUS U
YCKOPEHUA OTHOCUTENbHO 3eMAIN MOXeT ObiTb NMPUHATA COBOKYMHOCTb MPOCTPAHCTBEHHbLIX penepoB (Mep)
MEeCTOMOMIOXEeHNS Ha 3em/ie — rocyAapCTBEHHbIX penepoB (reofe3nyeckux MYyHKTOB) C YCTAHOB/IEHHbIMU
3HAYEHUAMMN KOOpAMHAT B NPUHATON cucTeme KoopauHar.

MpumeuvyaHne — B cooTBeTcTBUM C PegepasibHbIM 3aKOHOM [8] Takoil HauMOHasIbHbIA 3TasIOH MOXET ObiTb
peann3oBaH B KaYeCcTBe roCyAapCTBEHHOIO MEePBUYHONO 3TasloOHA CUCTeMbl KOOPAMHAT MEeCTOMOIOXEHUA B [NaBHOM Me-
Tposiornyeckom LUeHTpe (FocyfapCTBEHHOM Hay4YHOM METPOSIOTMYECKOM MHCTUTYTe) FocyAapCTBEHHOW cnyxbbl Bpeme-
HW, 4acTOTbl K onpejeneHna napameTpos BpaleHus 3emnan (FCBY). Mopagok peannsauumn HauMOHaNbHOIO UCXOAHOro
(onopHoro) atanoHa CMCTEMbl KOOPAMHAT MECTOMOJIOXEHW AO/MKEH OblTb YCTAHOBEH OTAE/NbHbIM HOPMAaTUBHO-NPaBO-
BbIM [JOKYMEHTOM.

5.2 B KayecTBe HaLMOHa/IbHOTO OMOPHOrO 3Ta/loHa reone3nyeckoil KOOPAMHATHOW cCUCTeMbl OoTcuyeTa
MOXeT 6blTb MPUHATA COBOKYNHOCTb NPOCTPAHCTBEHHbIX PENEPOB MECTOMO/IOKEHNSA Ha 3€MHON NOBEPXHOC-
TW — OMOPHbIX MYHKTOB rocygapcTBeHHON reogesnyeckoin cetn (TFC) — nyHKTOB dhyHAaMeHTanbHOl acTpo-
HOMO-reogesunyeckoin cetn (PArC).

5.3 Pa6ouynMun atasioHaMn MECTOMOSIOXKEHUS — 3TASIOHHbIMU MepaMu MEeCTOMNONOXEHUA MOryT ObiTb
onopHble NYHKTbl TTC (3a uckn4vyeHmem nyHkToB ®AIC), 6a30Bble CTaHUMW, KOPPEKTUPYHOLWMeE CcTaHunu 1 ap.,
ncnosnb3yeMble ANA nepefayn 3HaYeHUlt KoopAUHAT MEeCTOMOTOXEHNS CpeAcTBaM N3MEpPEeHUA.

MpumevaHnsa

1 COBOKYMHOCTb 3HA4YeHWii KOOPAMHAT MECTOMOIOXEHNSA paboyero aTasioHa UCNO/b3yeTcs B KavyecTBe OMNOPHOro
3HaYeHNss MecTONO/IOXEHUA B MeToANKax (MeTofax) SMepeHnin 1 MeToaukax NoBepkn (KannbpoBkn) CpeacTB U3MEPEHWA.

2 B kavyecTBe pabouymx 3Ta/IOHOB MECTOMO/IOXEHUSA, NPUMEHSAEMbIX AN KanubpoBKM HaBUraLMOHHOW annapaTypbl
C oTO6paxeHneM pe3ynbTaToB M3MEPEHUSs MECTONONOXEHNA Ha KapTax-cxemax, MCNOoNb3YTCA peasbHble Tonorpadguye-
CKMe 06beKTbl B 30He O0TOBpaxeHus.

3 B kauyecTBe pabounx aTaSIOHOB UCNOMb3YKTCA ONOPHbIE HA3EMHble Nepejallune CTaHLMn paguoHaBuraLMoHHbIX
cucTem.

5.4 TocypapCTBEHHbIi NePBUYHbIA cneunanbHblil 3TaNoH eAnHULbl ANWHbI NpegHa3HavyeH N8 BOCNPO-
n3BefeHnsa metpa B 061acTu n3MepeHuin 60NbWNX AIUH B COOTBETCTBUM C onpefesnieHneMm metpa B CU yepes
eAUHNLY BPEMEHN — CeKyHAy.

5.5 B kauecTBe 3Ta/lOHHbIX 6a3UCOB — 3TaNlOHHbIX Mep A/IUHbI MOTYT ObiTb MPUHATbHI PacCTOAHUA
Mexay onopHbIMU nyHkTamu C.

5.6 B kauyecTBe eAuHULbI M/IOCKOTO yrna B KOOPAWHATHO-BPEMEHHbIX W3MEPEHUSAX MNPUHAT NJIOCKUN
yrosa, BOCNPOW3BOAUMbBIA rocygapCTBEHHbIM NEPBUYHLIM 3TaNOHOM eAunHUUbl naockoro yrna no NFOCT 8.016.

5.7 B kayecTBe eAUHUL W WKaNn BPeMEHU B KOOPAWHATHO-BPEMEHHbIX U3MEPEHUAX NPUHATLI €AUHULLbI
BPEMEHU U LWKasbl BPEMEHMW, BOCNPON3BOAUMbIE HEMPEPbLIBHO paboTakwlwmM rocygapCcTBEHHbIM NEPBUYHBIM
3Ta/loOHOM eAWHWUL, BpeMEeHU, 4acTOoTbl U HAUMOHAaNIbHOW WKabl BPpEMEHU.

MpumevyaHne — Lkana atomHoro BpemeHn TA(SU) m wkanbl BcemupHoro Bpemenn UT, UT1, UT2, UTC
n UTC(SU) no NOCT 8.567 xpaHATCA 3TMM 3Ta/IOHOM C UCNO/SIb30BaHWeEM oduumnanbHon nHopmaunun o napamerpax
BpaLLleHnsa 3emnun FocyaapCcTBEHHON CyXObl BpEMEHU, YacTOTbl M onpefeneHns napameTpos BpalleHus 3emnu (FCBY),
ny6nvkyemoi B 6tonneteHax ISSN [9]—[11].

6 Cnocobbl BblpaXeHs TOYHOCTU 3Ta/IOHOB

6.1 O6wune cnocobbl BbipaXeHWs NOTPeLHOCTel 3Ta/lOHOB e4AUHUL, OA4HOMEPHbLIX BEAIMYUH YyCTaHOBME-
Hbl B TOCT 8.381.

6.2 Cnocobbl BblpaXeHUa MNOrpelHOCTeNn rocyfapCcTBEeHHbIX MEPBUYHBLIX 3Ta/lOHOB €AWHUL OfHOMeEp-
HbIX BenunynH B cooTtBeTcTBUM ¢ TOCT 8.381 xapaKrepusyTcda CAeAYyWNMN nokasaTtenamMmm TOYHOCTHU:

- CpeAHUM KBaApaTW4yHbIM OTKNOHeHueM (CKO), 06ycrnoBNEeHHbIM B/IMSAHUEM C/lyyYallHbIX norpew-
HOCTel;
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- TpaHMLaMmn HEUCKTIOUYEHHbIX CUCTEMATUYECKUX NOrpewHoCTel’;

- HecTabunbHOCTbI 3TasloHa BO BPEMEHMU.

6.3 Cnoco6bl BbipaXeHWss NorpewHocTell NepBUYHbIX 3TA/IOHOB AN15 06ecnevyeHnss NMPOCEXNUBaeMoCTH
KOOPAMHATHbIX CpeAcTB M3MepeHWin pekoMeHAYyeTCs XapakTepu3oBaTb nokasaTesiAsMU TOYHOCTW, aHanoruny-
HbIMW NPUBELEHHbIM B 6.2, HO cneunUUMpPOBaHHBIMU ANA BOCNPOW3BELEHUS U NMepefadun 3HavyeHuldi Koop-
OVHAT B NPOCTPAHCTBEHHbIX CMCTEMAX KOOPAMHAT.

MorpewHoOCTb N3MEPEHUS MECTONONOXEHUST NpeacTaBnsieT co60i MPOCTPAHCTBEHHbLI BEKTOp, Xapak-
TEepu3yK LNl OTKIOHEHUE N3MEPEHHOT0 3HAYEHUS MEeCTOMOJIOKEHUA TOYKM OT OMOPHOro 3HAYEHUs MecTono-
NOXEHNA 3TON TOYKM B COOTBETCTBYHOLWEN CUCTEME KOOpPAMHAT.

Mpepensl norpewHocTeld M3MEepeHUiAi MecTONOoNOXEeHUs npeacTaBnsaloT CO6G0A 3aMKHYTYHO OrpaHuyu-
TeNbHY0 MOBEPXHOCTb BOKPYr TOYKM MPOCTpaHCTBa, COOTBETCTBYHLW, e/ ONOPHOMY 3HAYEHWIO MeCcTomnono-
XEHUSA 3TOl TOUYKM B COOTBETCTBYHLWEN CACTEME KOOPAMHAT.

HeonpepeneHHOCTb M3MepeEHUi MECTOMNOMOXEHNS TOUYKN npeacTaBnseT cob6oil COOTBETCTBYHLLYH BO3-
MOXHOMY paccesHuio pe3ynbTaToOB M3MepPeHnit MecTONoNoXeHNs 06a1acTb NpocTpaHCcTBa, B KOTOPON mpeano-
NOXUTENbHO HaXOA4WUTCH 3Ta TOYKa B COOTBETCTBYHOLWEN CUCTEME KOOPAMHAT.

6.4 lNpocnexnmBaeMoCTb KOOpPAMHATHbIX 3Ta/lOHOB M paboyux cpeAcTB U3MepeHUili obecneuymBatT Ka-
Nn6poBKOW (NOBEPKOi) B COOTBETCTBUU C «LeNbl0 METPOSIOTMYECKON MPOCNEXMNBAEMOCTN», OTOOPAXEHHOW Ha
pucyHke 1.

PucyHok 1

6.5 lMoka3aTennm TOYHOCTM KOOPAMHATHbIX 3TA/IOHOB AO/XHbl 6blTb NpeAcTaB/eHbl COBMECTHO CO CBe-
OEHNSAMU O MPUHATON cucTemMe KoopAuHaT U MmeTode namepeHun (npamoii, andpdepeHymnanbHbili, a3oBblil C
ncnonb3oBaHnem MHCC, reofesnyecknx NOCTPOEHUN U T. 4.).

6.6 B o6wem cayyae NorpelwHoOCTb 3TasloHa KoopAauHaT MeCcTONOM0XEHUSA npeacTaBnsaeT cob60oin oTkNo-
HeHWe BOCMPOM3BOAMMOrO 3TA/IOHOM 3Ha4YeHunsa (X, Y, Z) OT ONOPHOTro (MCTUHHOTO, AEeNCTBUTENbLHOTO) 3HAYEHUA
mecTtononoxeHua (x0, y0, z0), T. e. NOrpewHOCTb npeacTaBnseT cob60 NPOCTPAHCTBEHHbLIN BEKTOp, Xapak-
TepusylLwnii OTKIOHEHUE BOCNPOU3BOAMMOrO 3Ta/IOHOM MECTOMOJIOKEHUSA OT ONOPHOTO0 MECTOMONIOXKEHUSA B
COOTBETCTBYIOLLEN CUCTEME KOOpPAUHAT.

6.7 B KayecTBe OMOPHbIX 3HAYEHUI MECTOMNOMOXEHUN ANA 3TaNIOHOB KOOPAMHAT MEeCTONO0XeHUli Npu-
HUMaKT 3HAYEeHUS MeCTOMNOJI0XKEHNA, BOCNPOMU3BOAUMBIX (MPUNUCAHHBIX) 60/1€€ TOYHbIMU 3TA/IOHAMW, Bbllle-
CTOAWMMKN NO NOBEPOYHOW CXeme.

6.8 HauuoHanbHbI (rocyfapCTBEHHbI MEPBUYHbIE — OMOPHbIN, UCXOAHbLIA ANA CTPaHbl) 3TaNOH KO-
opAuHAT MecTONOoN0XeHNH Ha 3eM/ie XxapaKkTepusyioT:

- CNy4yaliHOW norpewHOCTb0 BOCNPOM3BEAEHUSA 3HAYEHUS MEeCTONONIOKEHUA (Bblpaxaemoil rpaHuuei
CKO npu N He3aBUCUMbIX HabNOAEHNAX);

- HEUCK/IIOYEHHOW cucTemMaTUyecKol NOrpewHoOCTb0 BOCNPOM3BEAEHUA 3HAYeHUs MeCcTONOoSI0XKeHUs
(Bblpaxaemoi rpaHuuein HCM);

- HecTabunbHOCTbIO V XpPAHEHUS MEeCTOMO/oXeHNA (M3MEHeHWeM 3Ha4YeHWs MeCTOMOMOXEHUSA, XpaHu-
MOr0 3Ta/lOHOM, B YCTAHOBJ/IEHHbIA NMPOMEXYTOK BPEMEHN).

CKO, HCIl uv oyeHuBarwT B egnHULAX OUHbI.
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OueHky CKO SR Bocnpou3BefeHNss 3HAYEHUS MECTOMNOJ/IOXKEHUSI NEePBUYHBIM 3TA/IOHOM HaxoAsT Ha oc-
HOBaHWWN 3KCNEPUMEHTAaNbHbLIX AAHHbIX, NMOMYYEHHbIX NPU UCCNEef0BaHUN 3TanoHa, NyTemM pacyeta U HOPMU-
poBaHuAa (yctaHoBneHus rpaHuubl) CKO mogynein R, BEKTOPOB C/y4YyaliHON NOrpewHoCTy.

OueHky HCI1 BocnpoussefeHna 3HavyeHNss MeCTONOMOXEHNA NEPBUYHLIM 3Ta/IOHOM HaxoA4AT N0 pe3yb-
Tatam MeTpOJIOrMYeCcKUX MccnepoBaHuWii aTasoHa, aHanu3a NorpewHocTeld mMeToda BOCNPOWM3BEAEHUA U No-
rpewHocTel OT AeNCTBMA BAMAIOWNX BEAIMUYMH, a TaKKe Mo pe3ynbTataM MeXAyHapoAHbiX CUYEHUI 3TanoHa
C aTasioHaMun Apyrux crpaH. MNpy 3TOM paccuyuTbiBaT M HOPMUPYIOT (YyCTaHaBAMBAlOT) rpaHuubl Moaynsa Hen
BekTopa HCI. Mpu oyeHke HCI yuynTbiBalOT UCXOA4HYIO AedHULNANBbHYIO HEONpeLeneHHOCTb [6] ycTaHoBe-
HUS BOCNPOM3BOAUMOM 3€MHOW CUCTEMbI KOOPAMHAT.

OueHKYy HeCTabubHOCTU V XPaHEHWSA MeCTONOJIOKEHUSA NePBUYHLIM 3TA/IOHOM, Bbl3biBAEMYI BJ/IUSAHU-
€M CTapeHnsa ero KOHCTPYKTUBHbIX 3/IEMEHTOB W APYTMMU NMPUYMHAMU, HAXOAAT NyTEM UCCNefOoBaHUA M3Me-
HEeHWli BO BpEMEHN BOCMPOU3BOANMbBIX 3TA/IOHOM 3HaYeHUi MECTOMOMOXEHUA, a TakKe No AaHHbIM MexXAyHa-
pPOAHbLIX CNMYeHunii. HecTabUNbHOCTb V XapakTepusywT Moaynem RV BekTopa MaMeHeHUsI MecCTONOJTOXEHNS.

CKO, HCN n v oTHOCATCA K KaxAol mepe (penepy) MeCTONOMOXEHUA, BXOASLWEA B COCTaB HauMOHab-
HOro (rocyfapCTBEHHOr0) 3TasioHa.

3a onopHoe 3HauyeHne mectononoxeHusa (x0,y0,z0) mepbl (penepa) B cOCTaBe HaLWOHaNbHOTO 3TasioHa
MOXeT 6biTb MPUHATO 3HAYeHWe, NONYyYeHHOEe B pe3y/bTare MeXAYHapOoAHbIX CAUYEHWIA C MeXAyHapoaHOWn
peanusaumneili 3eMHO cucTembl kKoopanHaT ITRF.

OueHky CKO mMoaynei N cnyvaiiHOM norpewHocTn Ans N HabnaeHWA peKoMeHAyeTCs BbINONHATb
no cnepyrwemMy anroputmy:

Al =V (* - *)2+ (Y - ¥)2 + (zi ~2)2,
roe X, V), Zj— 3HauyeHus KOOpAMHAT MECTOMNOJIOXKEHUSA MepPbI, NOIyYEHHbIE B /-M HABMIO4EHNN;
X, Y, Z— cpeaHue apudmMeTuyeckne 3Ha4YeHUss KOoOpAUHAT:

nn In 1

X=i2p' Y=ng>l. 1 =ijp>

CKO mogyneit Rj BbluucnswT no dhopmynam:
- AN oAHOro Ha6nwpaeHusa (MsmepeHusa) B psagy HabnwgeHun (M3mMepeHuin)

Z_iR, Rf 1n
So = Al , rae R=-J7ARI;
R =\ n-1 n-El

- ANSA cpefHero apudMeTnyeckoro psaga HabnwgeHuii Sh = s—}o=k
K yn

6.9 OueHKM norpewHoCcTe BTOPUYHbIX 3Ta/lOHOB KOOPAMHAT MECTOMNONIOXEHUN XapakTepusyrT OTKNO-
HEHWSAMW BOCNPOU3BOAUMBIX UMM XPAHUMbIX UMW 3HAYEHUI MECTOMOMOXEHU OT OMOPHbIX 3HAYEHUA 4NA ITUX
X€ MEeCTONO/IOXEHWUA, onpeAeneHHbIX C NOMOLLbI0O MEPBUYHOIO 3TasoHa.

BTOpuYHbIe 3TasIOHbl KOOPAMHAT MECTONOJIOXKEHNI XapakTepusyT cymmapHoli CKO BocnponsBegeHus,
BK/lOYawlei B cebs cnyyaliHble NOrpewHOCTM U HecTabuabHOCTM cpaBHWBaeMbiX 3TanoHosB, HCIM nepBuu-
HOTo 3TasioHa M MOTPeWwHOoCTb MeToAa nepegayn Wkanbl U3MEPEHU A MeCTOMO/TOXEHUA OT NePBUYHOTO 3Tano-
Ha. CymMmmMapHas morpewHoCcTb BTOPUYHOrO 3TasioHa MOXeT 6biTb BblpaXeHa B BUAE AOBEPUTENbHON rpaHuLbl
MOAy/Nel CyMMapHbIX NorpewHocTell ¢ 4OBEPUTENbHO BepoAaTHOCTbo 0,99.

JonyckaeTtca ykasbiBaTb oTaenbHo CKO, HCI n HecTabunbHOCTb BTOPWYHOrO 3TasloHa, Tak Xe Kak u
nepBUYHOro aTanoHa. HectabunbHOCTb BTOPUYHOrO 3TasioHa ONpeAensioT Ha OCHOBaHWU pe3ynbTaToB cpas-
HEHUI C NePBUYHbLIM 3TA/IOHOM B Hayasie M KOHUEe YCTaHOB/IEHHOrO Nepuoja BpeMeHMU.

6.10 O6wune cnocobbl BblpaXeHUsA NOrpewHocTen paboymx 3TasIOHOB efWHUL, OAHOMEPHbIX BEU-
YMH pasNNYHbIX YPOBHEN TOYHOCTU M pabouux CpeAcTB M3MEPEeHUA OAHOMEPHbIX BEMIMYMH YCTAHOBNEHbl B
FOCT 8.401 n N'OCT 8.009.

6.11 Cnoco6bl BbipaxXeHWa NorpewHocTein paboynx aTasoHOB UM paboyux cpencTB U3MEPEHU MecTo-
NONOXEHNA peKoMeHAyeTCA XapakTepu3oBaTb MNokaszaTeNsaMu TOYHOCTW, aHaNOTMYHbLIMW NPUBEAEHHBIM B
FOCT 8.401 n FOCT 8.009, HO cneunPULMPOBaAHHBIMUN AN1A KOOPAWHATHLIX N3MEPEHNI.
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6.12 3TaNoHHble Mepbl MECTONONOXEHNA (paboune 3TanoOHbl) pEKOMEHAYeTCSH XxapaKkTrepusoBaTb:

- YCTAHOBJ/IEHHbIM (MPUMNUCAHHbLIM) 3HAYEHWEM MECTOMOJIOKEHMUS (XM, yn, zn) ¢ yKasaHUem 3afaHHOW
cuctembl KoopanHaTt (06Wen uam nokasnbHOM);

- npegenom AR moayns BekTopa AonyckaeMoli MOTrpewHoOCT BOCNPON3BEAEHUA MECTOMOMOXEHUS.

B cocTaBHOIl cucTeme KoopauHaT nokasaTensiMy TOYHOCTM 3TasioHa MEeCTONO/IOXKeHUs MOryT ObiTb
npegensl ropusoHTanbHOl A1 U BepTUKaNbHOW [ B AONyCKaeMblX NorpewHocTein. Mpu atom AT onpegenstoT
KaK rpaHuuy mogyneit Rr BeKTOpoB norpewHocTeir MecTOMO/0XEHUS B TOPU30OHTANIbHOW N/IOCKOCTU CUCTEMBI

KoopAuHaTt, Hanpumep Ar = +Apn, rae Aw v 44 — norpewHocTy no wupote U [A0NroTe B efmHuuax
OANVHbL; OB onpefensalT Kak rpaHuuy norpewwHocTeil MecTOMNONI0XEeHUs No BepTukanuM B LWKane BbICOT B
eAnNHNLax ANUHBI.

HopmupyeMmbie npegenbl NOrpewHocTeld Mep MecTonoNI0KeHUs, NPUMEHSAEMbIX B Pa3fIMyHbIX CUCTEMAX
KOOpAMHAT M pasNInyHblX MeTojax WU3MepeHuin, peKoMeHAyeTCca ycTaHaB/MBaTb KOHKPETHO ANA BCeX Bapu-
aHTOB MPMMEHEHWUA, TakK Kak 3Tu npefesibl MOryT 3HauuTeNbHO pasnnyartbcA. Hanpumep, nNpu NpPUMeEHEHUN
anddepeHuManbHOro metoga M3MepeHnii ¢ ncnonbL3oBaHMem npuemHoin annapatypbl THCC B permoHanbHoOM
(nokanbHOIi) cucTteme KoopauHat Ar cnefyeT yctaHaBnueatb 6€3 cuctemMaTnyeckux COCTaBAALWNX NorpeL-
HOCTe BocnpousBegeHns Mepoin (penepom) mectononoxenusa B INMC.

6.13 OTaNoHHbIe NPMOBOPbLI M3MEPEHNA MECTOMNOIOXEHNSA PEKOMEHAYEeTCS XapakrepusoBaTb nNpegesioMm
Ar moayna BekTOopa AONYyCKaeMoW MOTrpelHOCTU M3MEPEHUS] MECTOMOJIOXEHUS C YyKa3zaHUeM NpUMeHSeMbIX
CUCTeMbl KOOpAMHAT U mMeToda WM3MepeHus. Hopmupyemble npepenbl NorpewHocTeld aTanoHHOro npubopa
pekoMeHAyeTCa ycTaHaB/IMBaTb KOHKPETHO AN BCEX BAPUAHTOB NPUMEHEHUA.

6.14 TOYHOCTb pe3ynbTaToOB U3MEPEHU (onpepeneHns) napamMeTpoB Mo pedepeHTHbIM MeToauKaM U3-
MepeHUn pekoMeHayeTCca xapakTepnsoBaTb HeonpeaeneHHOCTbo. [pyM 3TOM ANS OLEHKN HeonpeaeNeHHOCTH
MCNOMb3YIT anropuTM, aHasaornyHbIli npeacTaBneHHOMY B 6.8 gna oueHkn CKO.

6.15 B meTogukax noBepkun pabouymx 3TasOHOB KOOpAMHAT MECTOMOJIOKEHUSA U OAHOMEPHbIX BEIMYUH
pekoMeHAyeTCca B npoueaypax OLEHKM COOTBETCTBUSA YCTAHOBJ/IEHHbIM HOpMaMm Ha npegenbl norpewHocTem
nmcnonbL3oBaTb HeONpeneseHHOCTU U3MEePEeHUn No meTofoNOrMKN, NpeacTasneHHon B [12], [13].
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MpunnoxeHue A
(cnpaBo4HOE)

McxopHble MPUHLUMBLI, NCNONBb30BaHHbIe B HAcTOsILWEM cTaHaapTe

A.l O6wme cBefeHNs O LWKanax N3MepeHuni

A.1.1 K npocTpaHCTBEHHO-BPEMEHHbIM KauyeCTBEHHbIM (HepasMepHbIM) CBOWCTBAM OTHOCATCS:

- MecTonosioxeHue (B BbiIbpaHHON cucTteme KoopauHar);

- Hanpas/ieHue B NPOCTPaHCTBE;

- opueHTaumsa obbekTa B NPOCTPAHCTBE;

- B3aMMOMOJIOXKEHME TOYEK, NOBEPXHOCTEN, NNHWIA, duryp;

- hopma nnHWiA, NoBEpPXHOCTEN, 06BEMHbIX huryp (Hanpumep, 3eMHbIX anaunconga u reonga).

[ONns n3MepeHns KavyecTBEHHbIX CBOMCTB YCTaHaBAMBAKT MO COrNalleHWUio LKasbl U3MEepeHuin — cnocobbl 0TO-
6paxeHnsa nusMepuTenbHol MHgopMalmmn. MNocKoNbKy NPOCTPAHCTBEHHbIE CBOWCTBA OTHOCATCA K MHOTOMEpPHbIM, TO CO-
OTBETCTBYHOLLME LIKa/bl U3MEPEHUIA TaKXe MHOrOMEpHble, W UX NPUHATO HasbiBaTb cMCTeMaMu koopauHat. Hanpumep:
HebecHas cucTemMa koopamHaT npeacTaBnseT cobol WwKany n3MepeHnii Hanpas/eHUin B NpOCTpaHCTBe, 3eMHasa cucrema
KoOOpAuHAT — LWKasy MeCcTONOIOKEHUA OTHOCUTENbHO 3eM/n. JINHEHbIE U YINOBble KOOPAMHATLI B TakMX LWKanax nusme-
PSAOT B COOTBETCTBYHOLWMX efMHNLAX U3MepPEeHUid, AoNYLLEHHbIX K NPUMeHeHnt0 B Poccuiickoin degepauun.

A.1.2 N3mepsieMble BENNUYNHDBI, KaK NPaBUI0, BbIpaXalT cKaNnsApHbIMK (O4HOMEPHLIMW) MateMaTU4YeCcKUMmn Besinyu-
Hamu. BekTop vav TeH30p, KOMMOHEHTbI KOTOPOro NPeACTaBAT COB0 BENNUYUHBI, TAKXKE paccMaTpBalOT KaK BE/IMYMHBI.
K 04HOMEpPHbIM M3MepsieMbIM BENNYMHAM, UCMO/b3YEMbIM B KOOPANHATHO-BPEMEHHbIX N3MEPEHUSAX, OTHOCATCS:

- paccTosiHue, A/IMHa, OTPE3KU Ha KOOpAMHATHbIX OCSX;

- MI0CKMe YI/bl;

- VHTepBasibl BPEMEHMU;

- BpeMsi (MOMEHTbI COObITUIA).

Lkanbl nsmepeHuii paccTosHUSA, NIOCKUX YI/I0B U MHTEPBA/IOB BPEMEHM ONUPAIOTCA Ha CTaH4apTU30BaHHble efun-
HUUblI n3mepeHnin. OnpeaeneHns passimyHbIX WKan namepeHunii Tekywero spemenn (TOCT 8.567) cogepxat, kpome eau-
HULbI U3MEPEHNS UHTEPBA/IOB BPEMEHMU, eLle YC/I0BHbIE (NPUHATbIE NO COrNalleHno) Hyu oTcyeTa U pernaMeHTMpoBaH-
Hble nonpasku. K Wkanam c yc/roBHbIM Hy/eM NpUHaAIeXUT, Hanpumep, wWKana BbICOT B reofesnu, 3a HyNieBoe 3HavyeHune
KOTOPOW NpuHATa oTMeTKa Ha BbanTtuiickom dyTwToKe.

HanpaBsneHne B NPOCTPAHCTBE HE CUMTAKOT BEKTOPOM, TakK Kak OHO He MMeeT pa3mepa — 0653aTefIbHOro aTtpubyTa
BeKTopa. Vismepsiemble BEKTOPbI Cnepylowme:

- CKOpPOCTb ABWXeHUs obbekTa (B 3afaHHON cucTteme KoopauHar),

- yCKOpeHue gBuxeHus obbekTa (B 3af4aHHON CUCTEME KoopAuHaT),

- ycKopeHue cBOOOAHOIO nageHus (rpafueHT rpaBuTaLMOHHOrO noteHunana).

Lkanbl n3MepeHnii BEKTOPOB ONUPAKOTCS Ha TPEXMEPHbIE NPOCTPAHCTBEHHbIE LUKasbl — CUCTEMbI KOOpAMHAT Ans
onMcaHns U3MEpPEHHOro HanpaBNeHUsi BEKTOpa B NPOCTpaHCTBe. PasMepbl Modyneli BEKTOPOB BbipaXakT B COOTBETCTBY-
IOLWNX eauHMLAX M3MEPEHUiA, AoNYyLLEHHbIX K MpUMeHeHno B Poccuiickoii Pepepaunn [2].

CB0Oe0o6pa3Hyl0 MHOTOMEpPHYI0 NPOCTPaHCTBEHHO-BPEMEHHYIO Likany obpasdyeT cucTemMa napameTpoB BpalleHUus
3emMnn — COBOKYMHOCTb MATW YI/I0BbIX NapamMeTpoB, XapaKTepusylLlinX B3aMMHYH OpUeHTauulo 3eMHOW W HeGecHo
CMUCTEM KOOpAuHarT.

A.1.3 MecTononoxeHune (No3uumsa), B3avMoOpacnosioXXeHne, HanpaBfeHWe ABWKEHUS U opueHTaums 06BbEKTOB B
NPOCTPaHCTBE MOTYT 6GbiTb OMMCAaHbl TOMILKO KOMMMIEKCOM OMpeAesnieHnil, peanunsylowmux MeToq KoopAauHar, T. e. Cnoco6om
onpeaeneHns NnosioXeHUsi TOUkM (MecTa HaxoxXAeHUs o6bekTa — HaBUTaLUMOHHON annapaTtypbl NOTPe6GUTENs) ¢ NOMOLLLHO
COBOKYMHOCTU YuCeN WM APYrMX CUMBOJIOB — KOOpAMHAT, NPUCYLLMX BbiBpaHHOW cucTeme koopauHat. KoopaumHatbl —
3TO BeJIMYMHbI, HO COBOKYMHOCTW KOOPAMHAT KOHKPETHbIX TOYEK B NMPOCTPAHCTBE HE OTHOCATCA K Be/IMYMHAM, MOCKOMbKY
OHW HeconocTaBUMbl N0 06513aTeNbHOMY A8 BEIMYMH NPU3HaKy O4HOMEPHOro ynopsagoyeHus no pasmepy (6osble unm
MeHbLue). Mo3ToMy COBOKYNMHOCTb KOOPAWMHAT TOYKM B MPOCTPaHCTBE MNpeAcTaBnsieT cob6oli 0603HaYeHne MPOsB/IEHUSA
(3HauyeHuns) KauyecTBEHHOIO M3MEpPSIeMOro CBOWCTBA — MECTOMNOMOXEeHUs. [ U3MepeHusi 3TUX CBOWCTB AO/KHbI GbiTb
yCTaHOB/NEHbl (CTaH4apTU30BaHbl) cneungurkaumm COOTBETCTBYIOLWMUX KOHKPETHbIX MPOCTPAHCTBEHHBIX MHOrOMEpPHbIX
LUKan U3MepeHuin — cucTem KoopamvHar.

B COOTBETCTBMM C CUCTEMOW METPOMOrMYECKNX NOHATWI [3]—[7] onpedeneHns KOHKPETHbIX CUCTEM KoopAuHat
npeAcTaBNsAT Kak cneuudukauuy COOTBETCTBYIOWMX KOOPAMHATHLIX LUKaN WU3MEPEHWA, peanun3aumm 3TuX cneuuduka-
LWt (KOOpAMHATHBIE OCHOBbLI) — Kak 3TasIOHbl KOOPAMHATHBIX LKA/ M3MEepPeHWUiA, a penepbl, ONOpHble MyHKTbl (kBa3apbl,
reogesunyeckne 3Haku, KKC) — kak matepuasibHble Mepbl Hanpas/IEHUA Y MECTOMO/IOXEHNSA 06BEKTOB B NPOCTPAHCTBE.

MpW KOCBEHHbIX U3MEPEHNAX MECTOMOMIOXKEHNUS MOTPpebuTens B Ka4ecTBe OAHON U3 U3MEPSEMbIX BEIMYUH MPUHU-
MatoT NceBAoAa/lbHOCTb Kak pasHOCTb Mexay MOMEHTOM Mnpuema curHana no yacam nosnb3oBaTenis U MOMEHTOM nepeja-
4m ero co cnytHuka MHCC no yacam CnyTHMKa, YMHOXEHHYIO Ha CKOPOCTb pacnpocTpaHeHus pagvMoBOJSIH B NPOCTPAHCTBE.

7
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A.2 CI'IELLI/ICbVIKaLLMI/I LKan m3mepeH|/||71, OTHOCALWNXCA K KOOpAUHATHO-BPEMEHHbBIM N3MepeHNAM

A.2.1 MexpyHapogHas HebecHasa onopHasa cuctema koopguHat (International Celectial Reference System,
ICRS) — wWwkana uamepeHunii HanpasfeHWii B NPOCTpPaHCTBE, onpefesieHHass B BuMAe nonspHoi (cdepudeckoit) cucte-
Mbl KOOpPAMHAT, OpUEeHTaLMa KOTOPOl/ B NPOCTPaAHCTBE YCTAHOB/IEHA COINlacOBaHHON COBOKYMHOCTLIO YINOBbIX KOOpAUHAT
yOaneHHbIX (TOYeUHbIX) UCTOYHVKOB Pajuoun3nyyeHms KocMmyecknx o6bekToB (kBasapos u Apyrux no ICRF).

Cneundmkauns NpocTpaHCTBEHHOW LiKanbl M3MEpPeHWin Hanpas/ieHuli B MPOCTPaHCTBE onpefenieHa B [OKYMEH-
Te MexgayHapogHoi cnyx6bl BpauieHns 3emnmn (IERS) «IERS Conventions 2003» [14], cogepxalliem KaTasor yrioBbix
KOOpAMHAT KBa3apoB (M APYrMX UCTOYHMKOB Pagnon3ydyeHuns) 1 nopsaok UX YTOUHEHUS.

A.2.2 MexpgyHapogHas 3eMHass onopHas cuctema koopauHat (International Terrestrial Reference System,
ITRS) — wkana m3mepeHuii MecTononoxeHuii (No3uunin) Ha 3emne, BEKTOPOB CKOPOCTU ABMXEHUS U YCKOPEHUS OTHO-
CUTeNbHO 3eMnu, onpefenieHHas B BUAE TPEXMEPHON NPsSMOYro/ibHON (AeKapTOBOWM) CUCTEMbI KOOPAWMHAT C HayasioM B
LeHTpe macc 3emnu (BkYaa aTtMocdiepy v oKeaHbl) 1 OCHOBHOW NIOCKOCTbIO, NePNeHAMKYNAPHOW K reoLeHTpuyYeckomy
HanpaB/ieHNI0 Ha YC/MIOBHOE MeXJyHapoAHOoe Hayasno, C KoopauHatamu cpefHero nosnwca 3emnu Ha anoxy 1984.0. Mpu
3TOM cuMTaloT, YTo MexayHapoaHas 3emHas onopHas cuctema KoopAuHaT He coBepluaeT rnobasbHOro BpalieHus oT-
HOCUTE/NIbHO 3€MHOI NOBEPXHOCTH.

Cneyundumkayms ITRS onpegeneHa fokymeHToM MexayHapoaHoi cnyx6bl BpaweHus 3emnam (IERS) «IERS Con-
ventions 2003» [14], cogepxalinum CCbIfIKy Ha Katasior KOOpAMHAT COBOKYMHOCTU OMOPHbIX MEXAYHapOAHbIX CTaHUWi Ha
3emne (ITRF) n nopagoK nx TEKYLLETO YTOYHEHUS.

A.2.3 Cuctema napameTpoB BpalleHus 3em/in — LWKana U3MepeHuii COBOKYNHOCTW MATW YI/10BbIX NapameTpos,
XapakTepusyLmnx B3aMMHY0 OpUeHTaLnio 3eMHOW 1 He6eCHOW cucTemM KoopauHar.

[Ba yrna onpefensioT HyTauMOHHOE ABMXEHWEe BpalweHns 3eMHOi ocu, ABa yrna onpefensoT NosoXeHne MrHo-
BEHHOr0 nostoca (ocu BpalieHnsa B Tene 3emnun), NATbIA napameTp — BceMupHoe Bpemsi, KOTOPOMY COOTBETCTBYET Yrofn
noBopoTa 3emnn BOKPYr CBOEN OCY B fl@HHbIi MOMEHT BPEMEHU.

A.2.4 TnobanbHas reoueHTpuyeckas koopamHaTHas cuctema oTcueTa Poccuiickoli depepaumm — rocyfapcTBeH-
Hasa Wkana n3mepeHuii MeCTONoNoXeHUn (No3nunii) Ha 3emse, BEKTOPOB CKOPOCTU ABMKEHUSA U YCKOPEHNUS OTHOCUTESTIbHO
3emnu, onpegeneHHas B BUAE reOLeHTPUYECKON NPAMOYro/bHOW KOOPAUHATHOW CUCTEMbl OTCYETa, CBA3aHHOW C 3eMHOW
NOBEPXHOCTbI HAGOPOM reofe3nyecknx MyHKTOB.

MocTtaHoBneHnem MpaButensctea Poccuiickoin ®epepaumm [15] BBeaeHa MnobanbHas reoueHTpuyeckas Koopaum-
HaTHaa cuctema otcyeta Poccuiickoii ®egepaumm «MapameTpsl 3emnn» (M3-90) ona ncnonb3oBaHMA B LENSAX reogesu-
yeckoro obecneyeHuns opbuTasbHbIX NOMETOB N PELLEHNS HaBUraLUOHHbLIX 3aga4. YTouHeHHan Bepcus 13-90.02 BeegeHa
pacnopsixeHnem lMpasutensctBa Poccuiickoin ®epgepaunn [16].

A.2.5 Teope3nyeckas koopauvHaTHas cucTema oTcyeta Poccuiickoli ®epepaumm — rocygapCcTBEHHAs LWkKaia W3-
MEpEHUA MeCTOMOIOXKEHU (NO3ULKMIA) HA NOBEPXHOCTU 3emsin, onpefeneHHas B BuAE pedepeHLHONn NpsMOoyrosibHoM
reoLeHTPUYECKOn KOOPAMHATHOW CMCTeMbl OoTcyeTa Ha annunconge KpacoBckoro. MecTonosoxeHue B 3TOW wwkane 060-
3HayaeTca Tpems koopauHatamu: AOAroToN (B Yr/0BbIX eAnHMLAX B NIOCKOCTU Xy), reofe3nyeckoi WnpoTo (B YrnoBbixX
eAnHnuax) n npeBblleHnem (B MeTpax) OTHOCUTENbHO BanTuiickoro cyTwwiToKA.

MocTtaHoBneHuem lNpaButensctBa Poccuiickoii ®epepaunn [15] BBegeHa eogesnyeckas koopavHaTHas cuctema
oTcyeta Poccuitckoli ®egepaummn CK-95 ana ucnosb3oBaHUS NpU OCYLLECTB/IEHUN Treofe3nyeckux U Kaptorpaduyueckux
pabor.

A.2.6 MecCTHble cUCTEMbI KOOPAMHAT — LUKasIbl U3MEPEHUI MECTOMOIOXEHWNI (N03nLKnin) Ha 3emne, onpefeneHHble
B BMAE YCNOBHbIX CUCTEM KOOPAMHAT, yCTaHaB/IMBAEMbIX Ha OrPaHUYEHHON TePPUTOPUN, HE NPEBbIWAIOLWEN TEPPUTOPUID
cybbekta Poccuiickoit depepaummn, Hayano oTcyeTa KOOpAMHAT U OPUEHTUPOBKA OCeli KOOPAUHAT KOTOPOW CMeLleHbl No
OoTHoWweHn K CK-95.

MpaBuna ycTaHOB/IEHNA MECTHbIX CUCTEM KOOpAWMHAT BBeAeHbl noctaHoBneHveM lMpasutenbcTea Poccuiickoi de-
nepauun [17].

MpuMmeyaHne — K pasHOBUAHOCTM MECTHbIX CUCTEM KOOPAMHAT MpuUHaAfNexaT CUCTEMbl KOOpAMHAT HaBu-
raTopoB — LUKasbl U3MEPEHUI MECTOMOMOXEHWI (No3uunii) Ha 3emne, onpefesieHHble B BuUAe Tonorpaduyecknx kapt
pasnnyHbIX MacliTaboB, NnepeBefeHHbIX Ha LM POBbIE HOCUTENN U UCNOMNb3YEMbIX B KAYECTBE KapTorpatmnyeckux OCHOB
reouHopMaLMoHHbIX cucTeM. Ha ocHoBe TonorpadMyeckux kapT co3fatoT MesikomacluTabHble 1 MeHee UHopmaTuBs-
Hble KapTbl-CXEMbl, UCMOMb3yeMble B HaBWUralWOHHOM annapartype A/l 0TOOpaXeHWs Ha HUX pe3y/nbTaToB U3MepeHust
MECTOMOJIOXEHUS.

A.2.7 Wkana n3amepeHunii ANNHbI B cUCTEMAX KOOpPAMHAT — LuKasa M3MepeHuii pacCcTosaHNiA Mexay ToukaMu B Npo-
CTpaHCTBE, BblpaXaeMblX B YCTAHOB/IEHHbIX eANHULAX U3MepeHuid. JnnHa SBAsSeTcA KONMYeCTBEHHON XapaKTepuCTUKOn
NPOTSHKEHHOCTW MPSAMbIX U KPUBbLIX OTPE3KOB NINHWIA (B TOM YMC/e Ha OCSIX KOOpAMHAT) B NPOCTPaHCTBE.

B Poccuiickoii ®egepaunv NpuHATa efuMHuua A/iMHbl METP — O4Ha M3 OCHOBHbIX eauHuy, CU. o onpegenexHuio
MeTp ecTb AJiMHa NyTu, NPoXoAMMOro CBETOM B BakyyMe 3a UHTepBasi BpemeHu 1/299 792 458 c [1]. B aTom onpegeneHum
NPVHATO, YTO CKOPOCTb CBETa B Bakyyme TOYHO paBHa 299 792 458 m/c — chyHAaMEHTaNbHOW (PM3NYECKON KOHCTaHTe.

MpumeyaHune — B Poccuiickoit depepanmmn gonyuwieHbl K NPUMEHEHNIO BHECUCTEMHbIE eAVHULbI A/INHbI:
- acTpoHomMuyeckas egnHuua (a. e.), la. e. ~ 1,49598 « 1011 wm;
- cBeTOBOI rog (cB. roa), 1c.. rog ~ 9,4607 « 1015 m;
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- Mopckas munsa (muns), 1 muna = 1852 wm;
- yT (doyT), 1 cpyT = 0,3048 ™.

Mopckyto Myt 1 dhyT NCNOJb3YIT B MOPCKOW M aBMaLMOHHOW HaBuraumm B COOTBETCTBMM € NocTaHoBNeHneMm lMpa-
BuTENLCTBA POccuiickon ®egepauun [2].

A.2.8 LWkana n3mepeHnii NI0CKOro yrna B CUCTEMAx KOOPAMHAT — LWKasia M3MEPEHUA BENYUHBI, KOSIMYECTBEHHO
XapakTepuayloLeil pasnnyune HanpasneHnii B NpocTpaHcTee. Mnockuii yron — 6e3pasMepHas BeMumHa, Bblpaxaemas B
YCTAHOB/IEHHbIX eAuHNLAaX U3MEePEHU.

B Poccuiickoli ®egepaumm npuHaTa eguMHuLa naockoro yrna pagnaH — eguHuua CU. 1 pag = 1/21T yacTu NoJsiHOro
yrna.

MpumeuaHue — B Poccuiickoli ®egepaunm AONyLLEHbI K NPUMEHEHUI0 BHECUCTEMHbIE €AMHULbI MI0CKOro
yrna [2]:

- rpagyc (yrnooi rpagyc), 1° = 1/360 yacTu NosIHOro yrna,;

- MuHyTa (yrnosas muHyta), 1'= (1/60)°;

- cekyHga (yrnoeas cekyHga), 1" = (1/60)’;

- MeTpuyeckuin rpagyc (rpag, gon), 1 rpag = 1/400 yactu nonHoro yrna (MCnonb3yeTcs B reogesun).

A.2.9 Wkansl namepeHns BpeMeHn — Lwkasibl BcemupHoro spemenn (UT1 n UT2), mexayHapogHas Lwkana koopau-
HupoBaHHOro BpemeHn (UTC) n HaumoHanbHasa wkana koopgauHuposaHHoro speMmenn (UTC(SU)) no FOCT 8.567.
B Poccuiickoit ®egepaunmn npuHATa eguHMLa BPEMEHU cekyHaa — eguHuua CU.

MpumeuvyaHne — HapaBHe c egunHuuein BpemeHn CU B Poccuiickoin ®egepaummn AoNyweHbl K NPUMEHEHUIO
BHECUCTEMHble eAVHUL, BpeMeHu [2]:

- MuHyTa, 1 MuH =60 c;

- yac, 14 = 3600 c;

- cyTku, 1cyt = 86400 c.

A.3 MexayHapoaHble 3Ta/IoHbl CUCTEM KOOPAMHAT MECTOMO/IOXEHUS

A.3.1 MexAayHapo4HbIM UCXOAHbIM (ONOPHbLIM) 3TA/IOHOM LUKasIbl HANpaB/eHWi B NPOCTPaHCTBE (hakTuyeckn ABns-
eTCA COBOKYMHOCTb NPOCTPAHCTBEHHbIX PenepoB — Hanpas/ieHU Ha KBasapbl U gpyrve yaaneHHble NCTOYHUKN paanouns-
NlyyeHns KOCMUYeckux o6bekToB, onpefesieHHbix B ICRF cOBMECTHO € NpuMnNUcaHHbIMU YI/10BbIMU KOOpAMHATamMu. TakoW
eCTeCTBEHHbI 3Ta/IOH NpeAcTaBnseT coboi peanusayno cneyndmkaymm mexayHapogHoin He6ecHOl ONOPHOI CUCTEMBI
koopauHat (ICRS).

A.3.2 MexayHapoaHbIM UCXOAHbIM (OMOPHbIM) 3TA/IOHOM LUKasIbl MECTOMOIOXEHWUIA (NO3MLUKA) Ha 3emnie, BEKTOPOB
CKOPOCTW ABWKEHMNA N YCKOPEHNSA OTHOCUTENTbHO 3emnun hakTnyeckn npuHaTa (cM. Pesontoumo 9 XXIV FTKMB, 2011 r. [18])
COBOKYMHOCTb NPOCTPAHCTBEHHbIX penepoB (Mep) MecTOnoNoXeHns Ha 3emsie — OMnopHbIX cTaHuuin (MexayHapogHas
3eMHas oTcyeTHasi OCHOBA), onpeenieHHblX B ITRF ¢ npunucaHHbIMU AeKkapTOBbIMU KOOpAMHATaMMU.

A.3.3 MeTog (npouenypa) onpefeneHns napameTpoB BpalweHns 3eMam npyu COBMECTHOM WCMO/Ib30BaHUN pe3ynb-
TaToB M3MepeHuii no wkanam ICRS n ITRS dakTnyeckn npeacrasnset cobon MexayHapogHyto pedepeHTHY0 MeToANKY
N3MepeHUin napameTpoB BpaleHns 3emnn. 3HauyeHus napameTpoB BpalleHUs 3eM/u, NoJslydYeHHble Mo 3ToW MeToauke,
NPUHUMALIOT B KAYECTBE UCXOAHbIX (OMOPHbIX) AN CPaBHEHUSA.

Peann3aunsa Takoii MeTOAMKM B rOCyfapCTBEHHON cucTeMe obecneyeHus efuHCTBa U3MepeHuli hakTuyecku
npeactaBnseT cobol HauMoHabHY0 NEPBUYHY pedhepPeHTHY0 METOAMNKY U3MEPEHUA NapaMeTpoB BpalleHus 3emnu.
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MBMB, 8-e usgaHue, 2006
(BIPM, 8e Edition 2006)

Bnénunorpaguna

MexayHapoaHasa cuctema eguHny, CA
(The International System of Units SI, Paris)

MoctaHoBneHve MpaBuTenbcTBa Poccuiickoli ®epepaunmn ot 31 okta6ps 2009 r. Ne 879 «O6 yTBepxaeHun Mono-
XEeHVA 0 eguHMLAaX BENWYMH, fOoNyCcKaeMbIX K NpyMeHeHuto B Poccuiickoli ®efepaumn»

PekomeHgaumm no mexrocy-
[apCTBEHHOW cTaHfapTusauum
PMIT 83—2007

PekomeHpauns

KOOMET R/GM/20:2009
(Recommendation

COOMET R/GM/20:2009)
PekomeHgaunmn no Mexrocy-
[apCcTBEHHOI cTaHgapTusaumm
PMIT 29—99

Cnosapb O6beAUHEHHOTO
KoMuTETa NO pPyKOBOACTBaM

B 06/1aCTU MEeTposIorum

(JCGM 200:2008 (E/F))

PekoMeHAaLMm No MeTposiorum
P 50.2.079—2011

FocypapcTBeHHasi cucteMa obecneyeHuss eAMHCTBA U3MepeHuii. LWkanbl nsme-
peHuii. TepMUHbI 1 onpegeneHus

FocygapcTBeHHas cuctema obecneyeHns eauHCTBa M3MepeHuii. Wkanbl name-
peHwuit. TepMuHbl 1 onpeaeneHuns

(State system for ensuring the uniformity of measurements. Scales of measure-
ments. Terms and definitions)

locypapcTBeHHaa cucTtemMa obecrnevyeHns efuHCTBa U3MepeHwuid. MeTponorus.
OCHOBHbIe TepMUHbI 1 onpegernennsa (¢ iameHeHnsamn Ne 1 un 2)

MexayHapoaHblii croBapb No mMeTponorn OCHOBHble M 06LLMe MOHATUS W CO-
OTBETCTBYIOLLME TEPMUHbI

(International vocabulary of metrology — Basic and general concepts and asso-
ciated terms (VIM))

lFocyaapcTBeHHas cuctema obecnevyeHnss eanHcTBa mamepeHuii. KoopguHaTtHo-
BPEMEHHble n3mepeHus. TepMuHbl 1 onpeaeneHns

3akoH Poccuiickoii degepauunn ot 26 mioHa 2008 . Ne 102-®3 «O6 obecnevyeHnyn eguHCTBa N3MEPEHUN»

ISSN 1143-1393 BUREAU

INTERNATIONAL DES POIDS ET MESURES. ORGANISATION

INTERGOUVER-

NEMENTALE DE LA CONVENTION DU METRE. CIRCULAR T. PAVILLON DE BRETEUIL

ISSN 0135-2415 depepanbHOe areHTCTBO MO TEXHUYECKOoMY perynnposaHuio u metponornn «POCCTAHOAPT».

FNABHbBI METPONOMMYECKUW LLEHTP FCBY. ®ryYN «BHUN®TPU». BIONJIETEHb B. CpaBHeHWe 3Tas/loHOB

BPEMEHU U YacTOTbl

ISSN 0135-2415 ®depepanbHOe areHTCTBO MO TEXHUYECKOMY perynuposaHuio u metponornn «POCCTAHOAPT».

FNABHbIA METPOJIOTMYECKUMA LIEHTP TCBY. OryYMn «BHUW®GTPWU». BIOJNIETEHb T. Llkana koop-

AVHMpOBaHHOro BpemeHnn MIBY Poccwuiickoin depepaummn — UTC(SU), ee nokanbHble peanusaunm — UTC(K), n

wkana spemenn 'S NCBY — FAT. BbluncneHHble BENNYNHBI U NX HEONPEeAe/IeHHOCTU Ha Bpema nsgaHua bronneteHs

PekomeHaaumnyu nNo Mexrocy- lFocypapcTBeHHaa cuctema obecneveHus eguHcTBa u3mepeHuil. CoBMecTHoe

[apcTBEHHOI cTaHgapTusaumm NCMO/Ib30BaHNE MNOHATUA «NOTPELUHOCTb W3MEPEHUsI» U «HeonpeaesieHHOCTb

PMI" 91—2009 n3MepeHuii». O6Lme NPUHLMNGI

PekomeHpaumnsa Vicnonb3oBaHne MOHATUI «NOrPELUHOCTb M3MEPEHUs» U «HeonpeAeneHHOCTb

KOOMET R/GM/21:2011 nsmepeHusi». O6Lme NPUHLMNGI.

(Recommendation (Use of concepts «errpr of measurement» and «uncertainty of measurement».

COOMET R/GM/21:2011) General principles materials)

TexHuyeckas 3annuce MCB3, MexgyHapogHasa cnyxba BpaweHna 3emsim 1 onopHbiX cuctem. CornaweHus

Ne 32 MCB3 (2003)

(IERS Technical Note, No 32) (International Earth Rotation and Reference Systems Service. IERS Conven-
tions (2003))

MocTtaHoBneHue MpaButensctBa O6 yCTAHOBMEHUN €4UHbIX TOCYAapCTBEHHbIX CUCTEM KOOpPAUHAT

P® ot 28 mona 2000 r. Ne 568

PacnopsixeHue MpaBuTensctBa  O6 UCNOMb30BaHWM YTOYHEHHOW BepcuW TrOCYAapCTBEHHOW reoLeHTpUYecKoit

P® ot 20 nioHsa 2007 1. Ne 797-p  cucTembl koopanHat «MapameTtpbl 3eman 1990 r.» (M3-90.02)

MoctaHoBneHue MpaBuTtensctBa P® ot 3 mapta 2007 1. Ne 139 «O6 yTBEPXAEHUN NPaBua YCTaHOBEHUSA MECTHbIX

CUCTEM KOOpAMHAT»

Pesontouymn 24-ii TKMB, 2011 r.

(Resolutions 24th CGPM, 2011)

Pezontounsa 9. O NpuHATUM 06LLEe 3eMHOI CMCTEMbI KOOpAMHAT
(Resolution 9. On the adoption of a common terrestrial reference system)
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