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MpeaucnoBue

Llenun, OCHOBHbIE MPUHLMMBI U OCHOBHOI MOPSAAOK NpOoBeAeHUs paboT No MeXrocyaapCTBEHHON CTaH-
aaptusauun yctaHosneHbl B FOCT 1.0—2015 «MexrocyaapcTtseHHasa cuctema craHgaprusaumum. OCHOBHbIE
nonoxeHusa» n FOCT 1.2—2015 «MexrocyaapcrBeHHas cuctema ctaHgaprtusauun. CtaHgapTbl Mexrocyaap-
CTBEHHbIE, MPABUMA U PEKOMEHZALUMM N0 MEXTOCYAAPCTBEHHOW CcTaHaapTuaauuu. Mpasuna pa3pabotku, npu-
HATKSA, OBHOBNEHNUSA U OTMEHBIY»

CBeaeHus 0 cTaHaapTe

1 PASPABEOTAH AKUMOHEPHBIM 06LLECTBOM «Hay4HO-TEXHUYECKMI LIEHTP COBPEMEHHbIX HABUrALMOH-
HbIX TexHonoruin «MHTeprasuraumsa» (AO «HTL, «MHTepHaBurauus»)

2 BHECEH ®eaepanbHbiM areHTCTBOM MO TEXHUYECKOMY PEryNIMPOBaHUIO U METPOSIOTrUK
3 TMpuHaT MexrocyaapCTBeHHbIM COBETOM MO CTaHAapTusauuu, METPONOrMM 1 cepTudukauum no pe-

3ynbTaram ronocoBaHus (npotokon ot 30 asrycta 2017 r. Ne 102-11)
3a npuHATUE NPOrofiocoBanu:

KpaTkoe HanmeHoBaHMe CTpaHbl Kopa ctpaHbl no MK CokpalljeHHOe HauMeHOBaHWe HaLMOHanNbHOro opraHa
no MK (MCO 3166) 004—37 (MCO 3166) 004—97 no cTaHaapTMsaLmmn

AsepbaiigxaH AZ AsctaHgapt
ApmeHusa AM MwuHskoHoMUKK Pecnybnukun ApMerns
Benapycb BY locctangapt Pecnybnukn benapych
KasaxcTtaH KZ loccTangapt Pecnybnuku KasaxcTtaH
Kupruaus KG Keiprelactangapt
MongoBa MD Monposa-CtaHgapT
Poccus RU Poccranpapt
TagxmkucTaH TJ TapXukcTaHgapT
TypKMeHUCTaH ™ Maeroccnyxba « TypkMeHCTaHgapTnapb»
YabekuncraH uz YarocctaHgapT
YKkpavHa UA MuWH3KOHOMpPa3BUTUA YKpauHbl

4 TMpukasom PegepanbHOro areHTCTBa N0 TEXHUYECKOMY PEryriMpoOBaHuI0 U METPONOrumn ot 12 CeHTs-
6pst 2017 . Ne 1055-cT MexrocyaapcTBeHHbI cTanaapt FOCT 32453—2017 BBeaeH B AEHCTBME B KAYECTBE
HauMoHanbHoro craHgapTa ¢ 1 utons 2018 r.

5 BSAMEH rocCTt 32453—2013

UHpopmayus 06 UMeHeHUaX K Hacmoswemy cmaHOapmy nybruKyemcs 6 exe200HO0M UHgopmMayu-
OHHOM yKasamene «HauuoHanbHbie cmaHd0apmbi», @ MmeKcm U3MEHEHUl U MoMnpasoK — 8 eXeMeCSIYHOM
UHGbOpMaUUOHHOM yKazamene «HauuoHanbHble cmaHdapmbi». B criydae nepecmompa (3ameHbl) uiu om-
MeHbI Hacmosweeo cmaHdapma coomeememasytowjee yeedomiieHue 6ydem onybnuKkoeaHo 8 eXXeMeCIYHOM
UH¢hopMalUUOHHOM yKazamene «HayuoHanbHble cmaHdapmbi». Coomeemcemeyroujas UHghopmayusi, yeeoom-
NIeHUe U MeKcmb! pasmMewaromes makxke 8 UHOpMayuoHHOU cucmeme o6wezo nonb308aHuss — Ha ogu-
yuanbHom caiime ®edeparnibHO20 azeHmemea Nno MexHUYECKOMY pea2ynuposaHulo U Memporoauu 6 cemu
UnmepHem (www.gost.ru)

© CrangaptuHdopm, 2017

B Poccuiickon degepaummn HaCTOALMIA CTaHAAPT HE MOXKET ObITb NOMHOCTLIO UM YaCTUUHO BOCNPOU3-
BEEH, TUPAXKNPOBAH M PacnpoCTPaHeH B kayecTee ochmumansHoro usganus 6e3 paspewienus degepanbHoOro
areHTCTBa NO TEXHUYECKOMY PEryNIMPOBAHMIO U METPONOrUU
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NONPABKWU, BHECEHHbIE B MEXXTOCYAAPCTBEHHbIE CTAHOAPTDI

07 MATEMATUKA. ECTECTBEHHbIE HAYKU

MKC 07.040

Monpaeka k FOCT 32453—2017 Mo6anbHaA HABUraLuMOHHAA CNyTHUKOBaA cucteMa. Cuctembl KOop-

Auvxart. MeToasl npeo6pa3oBaHna KOOpAUHAT onpeaensieMbIX ToueK

B kakoM MecTe HaneuyataHo [omxHo BbiTh
Nynkr 5.4.2. dopmyna (33), no- —-0,00328sin°Byy)))); -0,00328sin°B,y))));
crnegHana crpoka
Moapaspen 5.5. dopmyna (37) AX AX
AAY AY
Z )a AZ A
Mpunoxenue I, noapasaen N1 [-0.003] [—0.013]
+| 0,001 +| +0,106
| 0,000 | +0,022 |
noapasaen N2 [-0,003] [-0,013]
- -0,001 -| +0,106
| 0,000 | +0,022 |

42

(NYC Ne7 2019r)




00}

NONPABKW, BHECEHHbIE B MEXXTOCYOAPCTBEHHbIE CTAHOAPTbI

07 MATEMATUKA. ECTECTBEHHbIE HAYKU

MKC 07.040

Monpaska k TOCT 32453—2017 'mo6anbHan HaBUraUMOHHaA CNyTHUKOBasi cucTtema. CucTeMbl KoopAuHat. MeToab!l npeobpa3oBaHuii koopauHaT

onpegenAeMbiX TO4YeK

B kakom mecTe HaneuataHo HonxHo BbITh

Moppasgen 5.5. AX 1 - AX Ax AX 1 - AX

dopmyna (37) Toz 0y Toz ~Oy
AY | =(1+m) o, 1 +o,||AY ]| +|Ay AY | =(1+m)| -0, 1 +oy || AY
AZ 5 toy, -0y 1 A L \AZ AZ +my, —0y 1 A A

®opmyna (38) AX 1 -0, +o,\(AX Ax AX 1 -0, +ao,)(AX
AY | =(1-m)|+0, 1 -y ||AY | ~|Ay AY | =(1-m)|+o, 1 -y AY
AZ), —0y +Oy 1 AZ), \Az AZ -0y +0y 1 AZ s

(MYC Ne 2 20201)
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M E X T OCVYAAPCTUBETHTHTUbB H C TAHAAPT

MobanbHas HaBMrauMOHHAsA CNyTHUKOBAsA cucTema
CUCTEMbI KOOPOUHAT
MeToabl npeotpasoBaHUl KOOPAUHAT onpeaensemMbIX TOYeK

Global navigation satellite system. Coordinate systems. Methods of transformations for determinated points coordinates

Nara BBeaeHuss —2018—07—01

1 ObnacTb NnpUMeHeHus

Hactosiwui ctaHgapT pacnpocTpaHAeTca Ha CMCTeMbl KOOPAWHAT, BXOASLLME B COCTaB CUCTEM reoje-
auyeckux napametpoB «lMapamerpbl 3emnu 1990 rogay n pedepeHuHble CUCTEMBbI KOOPAMHAT POCCUICKON
degepaunn.

HacTroswumii ctaHaapt ycraHaBnuBaeT METOAbI NPeobpa3oBaHNii KOOPAMHAT M MX NPUPALLIEHWUIA N3 OLHOW
cUCTeMbl B APYrylo, a Takke NopsAoK UCMONb30BaHMSI NapaMeTpoB NpeobpasoBaHUs CUCTEM KOOpPAUHAT Mpu
BbIMONMTHEHUN Te04e3MYeCKMX, HaBUraLMOHHBIX, kapTorpacduyeckux pabotr ¢ NPUMEHEeHMeM annaparypbl no-
TpebuTtenen rmobanbHbIX HABUrALMOHHBIX CMYTHUKOBbLIX CUCTEM.

2 TepMUHbI 1 onpeaeneHus

B HacTosiLem cTaHaapTe NPUMEHEHBI CreayioLmMe TEPMUHbI C COOTBETCTBYIOLMMU ONPeaEeNeHUAMM:

2.1 6onblas nonyoch nnuncouaa a: Mapamerp, xapakrepusyoLmin pasmep annunconaa.

2.2 BbICOKOTOYHaA reogesnyeckan cetb; BI'C: CnyTHMKkOBaA reoaesnyeckasi CeTb CO CpeaHUM pac-
CTOSIHUEM MeXay CMeXHbIMW nyHkTamu 150—300 km, KOOpAUHATBLI KOTOPOW ONpeaensiioTcs OTHOCUTENbLHO
MYHKTOB (PyHAAMEHTaNbLHON aCTPOHOMO-re0Ae3n4eCKoN CETH.

2.3 reoua: SkBMNOTEHLMaNbLHas NOBEPXHOCTb, COBNAAAIOLLAA C NOBEPXHOCTLIO MMPOBOro OkeaHa B Co-
CTOSIHUM NOMHOTO MOKOS M PaBHOBECUA U NPOAOSHKEHHAS N0, MaTepukamu.

2.4 reogesnyeckan BbiCOTa: BbicOTa TOUKM HAZ NOBEPXHOCTLIO OTCHETHOMO Jnnunconaa, oTCHMThIBa-
emas No HopManu K annuncougy.

2.5 reoge3unyeckas gonrora: [JByrpaHHbIi Yron Mexay niocKOCTsIMU re0Ae3n4eckoro mepuanaHa aaH-
HOW TOYKM M HAYanbHOro reoe3nyeckoro MmepuamaHa.

2.6 reogesnyeckas wupoTa: Yron Mexay HOpMarnbio K MOBEPXHOCTU OTCHETHOrO nNnuMnconaa, Npoxo-
AALueil Yepes 3aaaHHYI0 TOYKY, M MIOCKOCTLIO €ro 3KBaTopa.

2.7 rpaBuTauuMoHHoe none 3emnu; [M3: MNone cunbl TAXECTU HA NOBEPXHOCTM 3€MNN U BO BHELUHEM
NpPOCTPaHCTBE, 00YCNOBNEHHOE CUNOW NPUTSHKEHNA 3EMU U LEHTPOOEKHON CUION, BOSHUKAIOLLEN B Pe3yrib-
Tare CYyTOMHOro BpaweHns 3emnu.

2.8 KBasureouvn: reomeTpmquKoe MECTO TOYeK, nonyyaembixX NnyTem OTKNnagblBaHUA HOPMarbHbIX Bbl-
COT OT TOYeK PM3UYECKON NOBEPXHOCTM 3emnu nNo HOpMmanu K annuncouay. Maremarnyeckas noBepxHOCTb,
Bnuskas K reouay, n asnsamroLlasca OTCYETHOW AnaA yCTaHOBNeHNA CUCTeMbl HOPpMarnbHbIX BbICOT.

2.9 KocMuueckas reogesuyeckan cetb; KI'C: CeTb reoieanyecknx NyHKTOB, 3aKpenmnsiioLmX reoueH-
TPUYECKYIO CUCTEMY KOOPAMHAT, MOJNIOXKEHUE KOTOPbIX HA 3€MHOI NOBEPXHOCTU ONPEAENEHO NO HAONIOAEHUSM
WCKYCCTBEHHbIX CNYTHUKOB 3eMnu.

2.10 Mopenb rpaBMTaLMOHHOrO nonsa 3emnu: MatemaTu4eckoe OnuMcaHMe XapakTepucTUK rpaBuTa-
LIMOHHOTO nosnia 3emnu.

2.11 HopmanbHasa BbicoTa: M3amepeHHas pasHOCTb reonoTeHuuana B 4aHHOW TOYKE U Hadane cyeta
BbICOT, IENeHHas Ha cpeHee 3HaYeHne HOPMAaribHOM CUIbI TSXXKECTY.

U3paHue oduuymanbHoe
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2.12 HopmMarnbHoOe rpaBuTaLMoHHoe none 3emnu: Mogenb rpaBuTaLMOHHOIO Nons 3emnu, npeacras-
nsemasi HopMarnbHbIM NOTEHLMANOM CUMbI TSXECTU YPOBEHHOIO 3NnNMnconaa BpaLleHnsa u dyHaameHTanbHbl-
MU reogesndyeckumu napameTpamu, O4HO3HAYHO ONpeaensloLWMUMN OTCHETHYIO CUCTEMY.

2.13 obwesemHon annuncouna; O33: Innuncoua BpaLleHus, KOTOPbIN XapakTepusyeT ourypy n pas-
Mepbl 3eMnu U npuMeHseTca ana obpaboTku reoge3nyecknx U3MepPeHu Ha BCel MOBEPXHOCTU 3emnn B
06L1e3eMHON (reOLIEHTPUYECKOI) CUCTEME KOOpPAUHAT.

2.14 OTCYETHbIN 3Annuncoua: SNNUNCouUa BpPaLLUEHUS, KOTOPbIA XapakTepusyeT durypy u pasmepbl
3emnu u onpegeneHHbIM 06pa3om OpMEHTUPOBAaH B Tene 3emnu.

2.15 nnaHeTtapHaa moaernb rpaBuTaLuMoHHoro nons 3emnu: Mogenb rpaBUTaMoHHOrO nonsg 3emnu,
oTpaxkaroLlas rpaBuTaLuoOHHbIE 0COBEHHOCTM 3EeMMKM B LIENOM.

2.16 NfIOCKOCTb aCTPOHOMMUYECKOro MepuamnaHa: MNnockoCTb, NPOX0ASALLAA Yepes OTBECHYIO NIMHUIO B
JaHHOW TOYKe 1 napannenbHas ocu BpalleHns 3eMnu.

2.17 NNOCKOCTb reoae3nvyeckoro mepuauaHa: nockoctb, NPoxoadLwian Yepes Hopmarnb K NoBepx-
HOCTM OTCYETHOrO ANNUNCOMAa B IaHHON TOYKE W napannensHas ero Manou ocu.

2.18 NNOCKOCTb Ha4YanibHOro Mepuamana: Nnockocts MepuanaHa, 0T KOTOpOro BeaeTcs CHeT AONroT.

2.19 nnockue NPAMOYrornbHbIe KOOPANHATLI: JIMHeNHbIE BEMUYUHBI, ONPEAEnsoLLMe NONOXEeHNe TOo-
YeK Ha MNNOCKOCTU, HA KOTOPOI oToOpaXkeHa B 3a4aHHON KapTorpadyuyeckon npoekuun orpaHM4eHHas vyactb
NOBEPXHOCTU OTCHETHOrO annunconga. OCamMu KOOPAMHAT ABNSIOTCA NPAMONMHENHbIE N300paXKEHNUSA 9KBATO-
pa annuncouaa u 0CeBoro MepuanaHa CoOTBETCTBYIOLLEN 30HbI, MepecekarLuecs nog npsMbIM YrioMm.

2.20 cxkartume annuncounaa o PasHoOCTb Mexay 00nbLION nan Manon 0CAMU INNUNCOUAA, BbIpaXKeHHAN
B eAuHMuax 60nbLUION NONyoCH U Bbluucnsemas no opmyne

a—-b
a:
a

2.21 nepBbIii (BTOPOI) 3KCLIEHTPUCUTET e (e') annuncounga: dokanbHOE pacCTOsiHUE C, BbIPAXXEHHOE

- o c Cc
B eAnHMUax 6onbLuon (Manoii) nonyocu annuncouaa U BelYucnsiemoe no chopmyrne e = —(e'= — )

a b
rae ¢ = .a2-b2.

2.22 reopesnyveckne KoopauHatbl: [apameTpbl, ABa U3 KOTOPLIX (reogesnmyeckas LmMpoTa U reogesu-
yeckad Aonrota) xapakTepusyloT HanpaefieHne HOPManu K NOBEPXHOCTM OTCYETHOrO annuncouga B 4aHHON
TOYKE NPOCTPaHCTBA OTHOCUTENBLHO MNIOCKOCTEN €ro 3KBaTOpa M Ha4anbHOro MepuaunaHa, a TpetTun (reogesn-
yeckas BbICOTa) NpeacTaBnseT co00M BbICOTY TOUMKM HAZ4 NOBEPXHOCTLIO OTCYETHOrO anfunconaa.

2.23 cuctema reogesnvyeckux napamerpon 3emnu: COBOKYNHOCTb NapaMeTPOB U TOYHOCTHbIX Xapak-
TEepUCTUK (pyHaaMeHTanbHbIX reoe3nydecknx NOCTOSIHHbIX, 00LEe3eMHOro annuncouaa, Moaenu rpaBuTaum-
OHHOTO NMons 3eMnu, reoLeHTPUYECKON CUCTEMBI KOOPAUHAT U NapamMeTPOB TPAHCHOPMUPOBaHNUS €€ B ApYrue
CUCTEMBI KOOPAMHAT.

2.24 cnyTHUKOBaA reogesnveckan cetb 1-ro knacca; CIrC-1: CnytHukoBas reogesndeckas Cetb CO
CPeAHUM PacCTOSHUEM MEXAY COCeAHUMM NyHKTamu 15 — 20 KM, KOOpAMHATbI KOTOPbIX ONPEAENAITCA OT-
HOCUTENbHO BbICOKOTOYHON re04e3n4eCcKo CETH.

2.25 dpynpameHTanbHasa acTpoHOMo-reogesmyeckan cetb; GAIC: CnyTHukoBasa reogesunyeckas
CETb CO CPEAHUM PaACCTOSAHUEM MexXay coceaHUuMmM nyHkTamm 650 — 1000 km, KOOpAUHATBI KOTOPbIX Onpeae-
NAKTCA B reOLEHTPUYECKON CUCTEME KOOPAMHAT.

2.26 doyHOaMeHTanbHble reoge3nyeckue NocCTofsHHbIe: B3anMocornacoBaHHble reoge3ndyeckue no-
CTOSIHHbIE, OIHO3HAYHO oMnpeaensLwye napamMmerpbl 00LWEe3eMHOro anNnMncouaa U HopMarnbHOe rpaBuTauu-
OHHOE none 3emnu.

2.27 3KBUNOTEHLMaribHasA NOBEPXHOCTb: [MOBEPXHOCTL, B KAXKA0M TOYKE KOTOPOM NOTEHUMan ocTaeT-
CSl NOCTOSIHHbIM.

2.28 napameTpbl TpaHcopMUpoOBaHMA CUCTEM KOOpaAUHAT: MapamMeTpbl, C MOMOLLbIO KOTOPbIX Bbi-
nosnHsaeTcs npeobpa3oBaHUe KOOPAMHAT U3 OAHON CUCTEMbI KOOPAUHAT B APYrYIO.

3 CokpaweHus

B HacToAweM craHaapTe NPUMEHEHbBI CREaYIOLME COKPALLEHUS:
BI'C — BbICOKOTOYHAsA reoaesnyeckasl CeTh;
[TC — rocynapcTBeHHas reoae3nyeckas CeTb;
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MOHACC — rmo6anbHasi HaBuraLMoHHas CnyTHUMKOBasi cuctema Poccuiickon deaepauuum;

MHCC — mobanbHasi HaBUraUMoHHasA CMYTHUKOBAsA CUCTEMA;

ms3 — rpaBuTaUnoHHOE none 3emMnu;

M3-90, M3-90.02, M3-90.11 — cucrembl reogesnyeckux napametpos «Mapametpol 3emnu 1990 roga»
Poccuitckoin deagepaumu;

CK-2011 — reogesnyeckaa cuctema koopamHatr 2011 roga Poccuiickoi degepaumu, 9snoxa

2011 roaa;

Crc-1 — CNyTHMKOBAA reogesndeckas cetb 1-ro knacca;

CK — cucTema KoopauHar;

QAIC — pyHAaMeHTaneHaa acTpoOHOMO-re0ae3nyeckas CeTb;

BIH — MexayHapoaHoe G1opo BpEMEHH;

GPS — mobanbHas HaBUrauuoHHas CNyTHUKOBas cuctema CoeanHeHHbIx LLitatoB AMepuku;

IERS — MexayHapogHas cnyx0a BpalleHuns 3emnu;

ITRF — npakTuyeckas peanusaumsa cuctemol koopauHat TRS, ocywectengemas IERS;

IRM — pedyepeHLHbIA MepUANaH, ycTaHOBMNEHHbIN IERS;

IRP — pedyepeHLHbIA NONOC, yCTAHOBMNEHHbIN |IERS;

TRS — 3eMHasf cuctema KoopamHar, y4acTByioLlan BMECTe ¢ 3emriein B ee CyTOYHOM BpaLLeHun
BOKPYT OCH;

TRF — MpakTuyeckas peanusaumsa cuctemMol koopauHat TRS;

aycs.s4 — DOnbLuas nonyock o6Lie3emMHoro snnmncousa s cucreme WGS-84;

ay, — BonbLuas nonyock annuncomaa KpacoBckoro;

Op — oxatue annuncouaa KpacoBckoro;

WGS-84 — cucrema reogesunyeckux napametrpos «Muposas reogesnyeckaa cucrema 1984 roga»
CoeanHeHHbIx LLTatoB AMEpUKu.

4 3eMHasi cuCTeMa KoopaUHaT U ee npakTuyeckue peanusauum

3emMHas cucrema KoopauMHaT npeaHasHayYeHa Ass KONMMYeCTBEHHOIo ONMCaHUS MOMOoXeHUa U ABUXEHUSA
00bEKTOB, HAXOAALUMXCA HA NOBEPXHOCTM 3eMNN U B OKOII03€MHOM NPOCTPaHCTBE.

KonnyecTBeHHbIMU XapakTepucTukamu NOMOXEeHU TOUKM B 3EMHOW CUCTEME KOOpAUHAT ABMSIOTCA KO-
opAuHaThl, UMeloLmMe BapuauMn BO BPEMEHU, Bbl3BAHHbIE reOPUINYECKUMU ABNEHUAMU (TEKTOHUYECKUMM
U NPUNAUBHBLIMK AehopMaunsamm).

MpakTuyeckasn peanusauma TRS, ocywecTtensaemas |IERS, nonyyuna HammeHoBanue ITRF u 3akniova-
€TCsl B onpeAernieHMn KOOpANHAT NYHKTOB (M UX CKOPOCTEN M3MEHEHUA BO BPeEMEHM), 3akpennsowmx ITRF Ha
NOBEPXHOCTU 3eMIIN.

Hauano u HanpaeneHue ocen cuctemMbl koopauHat ITRF onpegeneHsl crnegyowmm obpasom:

- HAYano — B LiEHTpe macc 3emnu;

- ocb Z HanpaeneHa B IRP;

- oCb X HanpaerneHa B TOYKy nepeceyeHns nnockoctn IRM ¢ nnOCKOCTbIO, NPOXOAALLEN Yepe3 Havano
cuctembl koopauHat TRF 1 nepneHanKynspHyto K ocu Z;

- OCb Y OOMONHAET CUCTEMY A0 NPaBoW OPTOroHasnbHOM KOOPAUHATHOW CUCTEMBI.

TOYHOCTb NOCneAHUX NPaKTUYECKNX peanu3aumin TRS HaxoguTcsa Ha cyBCaHTMMETPOBOM YPOBHE TOY-
HOCTU onpeaeneHusi KOOPAUHAT NYHKTOB.

MpakTuyeckne peanu3auuu 3eMHON cucTeMbl koopauHaT TRS, ucnonb3yemblie B rnobanbHbIX HaBUra-
LMOHHBIX CryTHUKOBLIX cucteMmax MOHACC (M3-90) u GPS (WGS-84), a Tawke pedepeHuUHble CUCTEMBbI
koopauHat Poccuiickoin degepaumn (CK-42, CK-95, CK-2011) npueeaeHsbl B 4.1.

MpuMeyaHue— B HacTosLee Bpems MexayHapoaHoii cnyx6oii BpalLeHna 3emnu nonyyeHa npakrnieckas
peanusaunsa TRS, obosnavaemas kak ITRF-2014 Ha anoxy 2010 roga.

4.1 CuctemMbl reoe3nvecKux napaMmeTpoB

4.1.1 Cuctema reoge3nyeckux napametpos «lMapameTtpbl 3emnu 1990 roga»
4.1.1.1 Cnucrema reogesunyeckux napameTtpos N3-90 Bknioyaet B cebs:

- hyHAaMeHTarnbHble reo4e3n4eckue NnoCTOSHHbIE;

- napameTpbl O33;
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- cuctemy koopauHat IM3-90, 3akpennsaemyo KOOpAMHATaMKU MYHKTOB KOCMUYECKON reoge3nyeckon
ceTu,

- Xapaktepuctuku mogenu ITi3;

- NapameTpbl TPaHCHOPMUPOBAHNS reOLEHTPUYECKON cucTembl koopauHar 13-90 B pedepeHuHble cu-
CcTeMbl KoopanHaT Poccum u 3apybesxHble CUCTEMbI KOOPAUHAT.

MapameTpbl TPaHCOPMUPOBAHUA MEXAY CUCTEeMOit koopauHart M3-90 n pedepeHuHbIMU cUCTEMaMM
KoopaumHat Poccum 1 nopsgok ux MCrnonb3oBaHusi npu npeobpasoBaHMn CUCTEM KOOPAUHAT NPUBEAEHBI B NPU-
NOXeHun A.

MpuMedaHNe—B cooTBETCTBUM € [1] B HacTosILLee BpeMs yCTaHOBMNEHa rocyapcTBEHHas reoLeHTpuye-
ckas cuctema koopauHar «MapameTtpel 3emnu 1990 roga» ([13-90), oTHeceHHas k anoxe 2010.0 n o6o3HavaemMas Kak
M3-90.11.

Yncrnosble 3HAYEHWA SNIEMEHTOB TPaHCHOPMUPOBaAHUA MEXAY cucTtemamm koopauHar M3-90, 13-90.02
1 M3-90.11, a TaKke NOPsSA0K X MCNOML3OBAHUA NP NpeobpazoBaHMn CUCTEM KOOPAUHAT NPUBEAEHbI B NPU-
noxeHusax b u B.

4.1.1.2 Teoperuyeckoe onpegeneHve cuctemMbl koopauHat M3-90 OCHOBbLIBAETCA HA CreayroLmx no-
TNOXEHUAX:

- Ha4yano CMCTEMbl KOOPAMHAT PACMONOXEHO B LIEHTPE Macc 3eMnu;

- 0Cb Z HanpaBneHa K yCrIOBHOMY 3€MHOMY MONOCY (MeXayHapoaAHOMY YCMOBHOMY Havany);

- 0Cb X NEXMT B NSIOCKOCTU Ha4YanbHOro aCTPOHOMUYECKOro Mepuanana, ycraHosneHHoro IERS n Mex-
AYyHapoaHbIM GIOPO BPEMEHH;

- OCb Y OONOMHAET CUCTEMY 10 NPaBOW CUCTEMbI KOOPAMHAT.

4.1.1.3 NonoxeHus Todek B cucteme M3-90 moryT ObITb NONYYEHbI B BUAE NPOCTPAHCTBEHHBLIX NPAMO-
YrOMbHbIX USN re0e3nYecKuX KOOpAMHAT.

leogesunyeckne koopguHatel oTHOCcATCH K O30, pasMmepbl u hopma KOTOPOro onpeaensioTca 3HavYeHu-
sIMM BONbLUOA MONYOCH U CXKATUS.

LleHTp O33 coBsnagaeT ¢ Hayanom cucteMbl koopauHar M3-90, ocb BpaLLeHNa annunconaa — ¢ 0Cblo Z,
a NMoCKOCTb HavasnbHOro MepuanaHa — ¢ NNOCKOCTbio XOZ.

MpwnMedaHne— 3a OTCYUETHYIO NOBEPXHOCTb B CUCTEMAX reogesnyveckux napamerpos 13-90, M3-90.02 n
M3-90.11 NpuHAT obLieseMHoi annuncona ¢ GonbLLIOI NONyocklo anpg = 6378136 M U cxaTueM ong = 1/298,25784.

4.1.2 Cuctema reoge3nyeckux napamerpos «Muposas reoge3nyeckan cucrtema 1984 rona»

4.1.2.1 Cucrema napamerpoB WGS-84 Bkniovaet B cebs:

- (byHAaMeHTarnbHbIE reoe3nyeckne NOCTOSHHbLIE;

- cuctemy koopaumHat WGS-84, 3akpennsaemylo KoopauHatamyu NyHKTOB rnobanbHOW reofes3nyeckon
cety;

- napameTpbl O33;

- xapakrepuctukn mogenum ITiI3;

- NapaMeTpbl 3NIEMEHTOB TPAHCHOPMUPOBAHUSI MEXAY FeOLIEHTPUYECKON cuctemon koopauHar WGS-84 B
pasnuyHble HALMOHAarbHbIE CUCTEMbI KOOPAUHAT.

MapameTpbl 9N€MEHTOB TPaHC(OPMUPOBAHMS MEXAY reOLEHTPUYECKUMU CUCTeMaMu KoopauHart
M3-90 u WGS-84, a takke nopsiaok UCNONb30OBAHUS SNEMEHTOB TpaHCHOPMMPOBaHUA NPUBEAEHbLI B NpU-
noxexum I

MpwuMeyaHue— B HacTosiLlee BpeMs AeNCTBYeET LuecTas Bepcusi cuctembl koopauHat WGS-84, oTHeceHHas
K anoxe 2005.0 n ob6o3Havyaemas kak WGS-84(G1762). B npuBegeHHbLIX 0603HavYeHUsIX Bepcuii cuctemel koopguHat WGS-84
nutepa «G» o3HayaeT «GPS», a «730», «873», «1150» u «1762» yka3sbiBatoT Ha HoMep GPS-HeAenun, coOOTBETCTBYIOLLEH
AaTe, K KOTOPOW OTHEeCEeHbl 3TU Bepcun cucTembl koopaunat WGS-84.

Mo oueHkaM 3apy6exXHbLIX creLuanucToB cuctema koopgauHat WGS-84(G1762) cormacoBaHa ¢ CUCTEMOIA koopau-
HaT ITRF-2008 Ha cyGMUNMMMUTPOBOM YPOBHE.

4.1.2.2 TeopeTndeckoe onpeaeneHne cuctembl koopanHat WGS-84 0CHOBLIBAETCA Ha Cneayowmx no-
NOXEHUAX:

- Ha4yarno CUCTEMbI KOOPAUHAT PACMNONOXEHO B LEHTpe macc 3emnu;

- ocb Z HanpaBneHa B IERS Reference Pole (IRP);

- 0Cb X HanpassneHa B TOUKy nepeceyeHna nnockoctn (IRM) ¢ nnockoCTbIo, NPOXoAALLEN Yepes Havano
cucrtembl koopauHat WGS-84 1 nepneHANKYNAPHYIO K ocu Z;

- 0Cb Y AOMOSIHAET CUCTEMY A0 NPaBON CUCTEMbl KOOPAMHAT.
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4.1.2.3 MonoxeHusi To4ek B cucteme WGS-84 mMoryT ObiTb NOMyyYeHbl B BUAE NPOCTPAHCTBEHHbIX Nps-
MOYTOMbHbIX UNK reoge3nyeckux KoopanHar.

leosesnyeckne KoopauHatel oTHoCATCA K O33, pazMepbl 1 chopma KOTOPOro ONpeaensiioTCA 3HaYeHU-
AMKM BOMbLLON NONYOCH U CXATUA.

LleHTp annuncouaga coBnagaeT ¢ Ha4yanom cuctembl koopauHat WGS-84, ocb BpalleHus snnuncouga
COBMAaAAET C OCblO Z, a NNOCKOCTb HAYanbLHOr0 MeEpUANaHa — C NIockoCTbio XOZ.

MpuMeyaHune— 3a oTCHETHYH NoBepxHocTe B WGS npuHAT o6Lwe3eMHoR annuncons ¢ 6onbLLUoii nonyocko
awWGs-g4, PABHBIM 6378137 M, 1 cxXaTuem yyGs-g4, PABHEIM 1/298,257223563.

4.2 PecpepeHuHble reogesnyeckne cucteMbl koopauHat Poccunckon Peaepauum

4.2.1 Feope3unyeckana cuctema koopauHart Poccuiickon ®enepaumn MCK-2011

4.2.1.1 B cootBeTcTBUM C [1] B Ka4eCTBE rOCyAapCTBEHHONW ycTaHoBneHa Takke MCK-2011, oTHeceHHas
k anoxe 2011 roga.

CK-2011 — rocypapcTBeHHas reogesnyeckas cuctema KoopauHart, npeaHasHavyeHHas Ansi ocy-
LEeCTBIIEHNS reoae3nyecKkon, KapTorpamyeckon, HaBUrauMoHHOW U ApYyrux BUAOB OEATEerbHOCTU Ans
TEKYLUMX U NepcnekTUBHbIX MNOTPEBHOCTENH 3KOHOMMUKM, Hayku, 0BOpOHbI M Ge3onacHOCTM Poccuiickoi
denepaymmn n obecneymsaoLlas NPEEeMCTBEHHOCTb CYLLECTBYIOLLUX F€04Ee3n4EeCKuX CUCTEM KOOpAUHAT
CK-95 n CK-42.

4.2.1.2 Teoperuyeckoe onpeaeneHune cuctemol koopamHat NCK-2011 ocHOBbIBaAETCA Ha CreayoLwmx no-
NOoXeHuAX:

- Hayaro cucTembl KOOPAUHAT PaCMONOXEHO B LEHTPE Macc 3emnu;

- OCb Z HanpaBsrieHa K YCNoBHOMY 3€MHOMY MONIOCY, Kak onpeaeneHo pekomenaauusamu IERS un BIH;

- 0Cb X HanpaerneHa B TOUKY NepeceqYeHuns NoCKOCTN IKBATOPA M HAYANbLHOr0 MeEpuanaHa, yCTaHOBIEH-
Horo BIH;

- 0Cb Y JONOMHAET CUCTEMY A0 NPaBoi CUCTEMbI KOOPAMHAT.

4.2.1.3 'CK-2011 3akpennseTca Ha noBepxHocTu 3emnu nyHkramu GPAIC, BI'C, CI'C-1, a Taioke nyHKTa-
mu MC Poccuiickor degepaummn o6wmm ynucnom okono 300000.

4.2.1.4 MNonoxeHus Touek B cucteme MCK-2011 moryT ObiTb NONy4Y€EHbI B BUAE NPOCTPAHCTBEHHBIX Npsi-
MOYFOSbHbIX UM FE04E3UYECKUX KOOPAUHAT.

leopesnyeckne koopauHatbl oTHocATCA kK O33, pasmepbl n hOpMa KOTOPOro oNpeaensaioTcA 3HaAYEHu-
MU OONbLLION NOMYOCU U CKATUS.

Llentp O33 coBnagaer ¢ Ha4anom cucteMbl koopauHar MCK-2011, ocb BpalleHus annuncouaa coBna-
[la€eT C 0Cbio Z, a NNOCKOCTb HAYanbHOr0 MepuaMaHa — ¢ NNOcKocTbio XOZ.

MpuMeuyaHune— 3a oTcyeTHyto NoBepxHocTb B M(CK-2011 npuHAT obwesemHoii annuncoug ¢ GonbLuoii nony-
OCbIO arcy pp11, PABHOM, 6 378 136,5 M, U CXATUEM Olrgy.o014, PABHBIM 25647157

4.2.2 PecpbepeHuHble cuctembl koopauHat CK-95 n CK-42

Kpome NCK-2011 koopauHaTtHas ocHoBa Poccuinckon degepauun npeacrasneHa peepeHUHON Cu-
CTEMOW KoopauHat, peanu3oBaHHoW B Buae [TC, 3akpennsiowen CUCTEMY KOOPAMHAT HA TEPPUTOPUMN
CTpaHbl, M rOCYyAapPCTBEHHON HUBEJIMPHON CETU, PACNPOCTPaHSAIOLWEN Ha BCIO TEPPUTOPUIO CTPaHbl CUCTE-
MYy HOpMarnbHbIX BLICOT (banTunckas cucrema), MCX04HbLIM Ha4YarnoM KOToOpou aBnseTcs Hynb KpoHwTaar-
CKOro qoyTLuToka.

MonoxxeHus onpeaenseMbiX TOYEK OTHOCUTENbHO KOOPANHATHOW OCHOBbI MOTYT ObITb NONy4€eHbI B BUAE
NPOCTPAHCTBEHHbIX NPSIMOYTOfbHLIX UMK reofe3n4ecknx KoopanmHatT nubo B BUAE MIOCKMX NPSIMOYIOMbHbIX
KOOPAMHAT U BbICOT.

leogesnyeckue koopauHatbl B pedepeHUHbIX cucteMmax koopauHat Poccuinckon Pepepauum CK-95
n CK-42 otHocatca K annuncouay KpacoBckoro, pasmepbl U popma KOTOPOro onpeaensaioTcs 3Ha4YeHUAaMm
OonbLUOK Nonyocu ayp, paBHOMN 6378245 M, n cxatusa Qyp, PABHOTO 1/298,3.

LienTp annuncouaa Kpacosckoro coBnagaeT ¢ HayanoMm pedepeHLHONn CUCTeMbl KOOpPAUHAT, OCb Bpa-
LUeHUA SNMUNcoMAa napannenbHa OCu BpalieHus 3eMnu, a MioCKOCTb HYNEBOro mMepuauaHa onpeaensiert
MONOXKEeHWe Hauana cyeta AonMror.

MpuwmeyaHue—B coorserctBuM [1] cuctema reogesndeckux koopauHar 1995 rona (CK-95) n egunas cuctema

reofieanyecknx koopauHat 1942 ropa (CK-42), BBefieHHas B cOOTBETCTBUM ¢ [2], npumensitoTca ao 1 aHsapa 2021 1. B oT-
HOLLEHUU MaTepuraroB (JOKyMEHTOB), CO3[JaHHbIX C UX UCMONb30BaHUEM.
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5 Metoabl npeobpa3oBaHUI kKOOpAUHAT onpeaensieMbIX ToUeK

5.1 NMpeo6paszoBaHue reoge3nyeckMx KOOPAMHAT B NPSAMOYrofbHbIe NPOCTPAHCTBEHHbIE
KOOpAUHATbI U 06paTHO

5.1.1 MNpeobpasoBaHue reoae3nyeckux KOOPAUHAT B MPSIMOYTONbHbIE NPOCTPAHCTBEHHBLIE KOOPAWHATDI
OCYyLLEeCTBAAOT N0 hopmyrnam:

X= (N + H)ycosBcosL
Y=(N+ H)cosBsinL |- M
Z=[(1-e?N + H]sinB

rae X, Y, Z — npaMoyrofbHbie NPOCTPaHCTBEHHbIE KOOPAUHATbLI TOYKU,
B, L — reoge3unyeckue LLMpoTa U AONrotTa TO4YKM COOTBETCTBEHHO, paj;
H — reoaesunyeckas BbICOTa TOUYKU, M;
N — paguyc KpuBM3Hbl NEPBOro BEpTUKana, Mm;
€ — JKCLeHTPUCUTET annunconaa.
3HaueHus paavyca KpUBM3HbI NEPBOIO BEPTUKANa U KBaapara SKCLIEHTPUCUTETA Snnunconaa Bblumcns-
10T COOTBETCTBEHHO N0 hopMynam:

a
N=——, 2
A1-e?sin2B @
62 =20 —o?, ®3)

rae a — 6onbLuas nonyoch aNAMNCouaa, Mm;
o — CxaTue annuncouaa.
5.1.2 Ons npeo6pa3oBaHna NPOCTPAHCTBEHHBIX NPAMOYIOfbHbIX KOOPAUHAT B reoae3ndeckne Heobxo-
AUMO nNpoBeAeHne utepauuii NPy BbIYMCNEHUU re0Ae3UYECKON LLUNPOThI.
[ns 9T0ro MCNOmnb3yT CReayoLMiA anropuTm:
1 — BbIYMCAAIOT BCNOMOraTenbHyo BennyiuHy D no copmyne

D=,x2+Y2; ]
2 — aHanu3upytoT 3Ha4eHue D:
a)ecnm D =0, T0
T Z
B=——, 5
21 ®
L=0,

H=Z"sinB-ay1-esin?B, ®)

0) ecnm D # 0, T0 npu

Y<0,X>0, L=2n-L, |
Y<0,X<0, L=mn+lL,
Y>0,X<0, L=7I—La, , (7)
Y>0,X>0, L=L,
Y=0,X>0, L=0,
Y=0,X<0, L== ]
Y
rae L, = arcsm(B)‘ 6]

6
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3 — aHanu3upytoT 3Ha4YeHue Z ;
ayecm Z=0, 10

B=0,H=D-a, ©)

6) BO BCEX JIPYIMX CNYy4Yasix BbIMUCNEHNUS BbIMOSHSIOT Creaytowmum oGpasom:
- BbIYUCHIAKOT 3HAYEHMS BCMIOMOraTENbHbIX BEMUYMH 7, C, P N0 (hopMyrnam:

r=AXe+y2+ 272 10)

¢ = arcsin %) ()
eza
p=— (12)

- peanuayioT UTepaTUBHbI NPOLIECC, UCNONb3Ys BCIOMOraTeribHbIE BEMUUUHBI Sy U Sy

s, =0, (13)
b=c+s, (14)
. psin(2b)
s, = arcsin| ————|, (15)
2 LM —e2sin2p }
d=|sy—s|, (16)

ecnu sHayenue d, onpeaenaemMoe no popmyne (16), MeHbLLE YCTAHOBNEHHOTO 3HAYEHUA A0NycKa, TO

B=b, a7
H=D-cosB+Z-sinB-a-+1-e?sin2B , (18)

€CMnK 3Ha4YeHue d He MEHee YCTaHOBNEHHOTO 3HAYEeHUs JONYCKa, TO
Sy =Sy, 19)

1 BbIYMCIIEHUS NOBTOPSIOT, HAYUHAA ¢ hopMynbl (14).
5.1.3 MNpu npeobpa3oBaHuAX KOOPAUHAT B Ka4eCTBE AOMycKa NPeKpaLleHus MTepaTUBHOTO npouecca

NPUHAMAIOT 3HaueHue d, pasHoe 104,

B atoM cnyyae norpeLHoCTb BbIYUCNEHUA re0ae3u4eCcKoi BbiCOTbl He npesbiwaet 0,003 M.

5.2 NpeoGpa3oBaHne NPOCTPAHCTBEHHbIX NPAMOYrofbLHLIX KOOpPAWHAT

Monb3osarenam MHCC MOHACC u GPS Heo6x0aMMO BbINOMNHATL NPeobpa3oBaHUS KOOpPAMHAT U3

cuctembl M3-90 B cuctemy WGS-84 n obpatHo, a Takke u3 M3-90 n WGS-84 B pedepeHLUHble CUCTEMDI
koopauHat Poccuiickon ®egepauuu, UCMONb3Yst CEMb ANEMEHTOB TPaHCHOPMUPOBAHUSA, TOYHOCTb KOTOPbIX
onpeaenser TO4YHOCTb NPeobpa3oBaHuiA.

MapameTpbl TPaHCHOPMUPOBAHUS MEXAY CUCTEMAMM KOOPAMHAT yKa3aHbl B COOTBETCTBUN C NPUIIOXE-

Huamu A — L0

- M3-90.11 u CK-42, CK-95, TCK-2011 (cM. npunoxeHue A);

- MN3-90.11 n N3-90.02 (cM. npunoxexue b);

- N3-90.11 n N3-90 (cM. npunoxeHue B);

- M3-90.11 n WGS-84(G1150) (cMm. npunoxenue IN;

- N3-90.11 n ITRF-2008 — (cMm. npunoxenue [);

Mpunoxenusa A, B u [] conep>xat anoxy napameTpos npeobpasoBaHus.
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3T0 06CTOATENLCTBO HEOBXOAUMO YYUTLIBATL NMPKU Npeobpa3oBaHUM KOOPAUHAT B COOTBETCTBUM C MpPO-
Lueaypow, npuseeHHON B NPUIOXeHUM E.

Ecnn panHblie 06 anoxe napameTpoB npeobpa3oBaHWs OTCYTCTBYIOT, TO Npeobpa3oBaHMe KOOpAUHAT
BbIMONHSAIOT CTaH4aPTHbIM 06pazom.

MpeobpasoBaHue koopauHat u3 cuctembl WGS-84 B koopanHaThl pedepeHuUHbIX cuctem Poccuiickon
defepauumn oCyLLECTBNAIOT NOcneaoBaTenbHbIM Npeobpa3oBaHMeM KoopauHaT cHayana B cuctemy M3-90, a
3aTeM — B KOOPAUHATLI PEEPEHLIHBIX CUCTEM.

Mpeo6pasoBaHue NPOCTPaAHCTBEHHLIX NPSIMOYFONbHbIX KOOPAMHAT BLINOMHAOT No hopmyne

X 1 to, —oy || X AXx
Y =(+m) -0, 1 +oy||Y + Ay, (0)

rae Ax, Ay, Az — nuHeliHble napameTpbl TPAHCOPMUPOBAHMSA NPU NEPExXoae U3 CUCTeEMbl A B cuctemy b5, m;
Dy Oy OF = er'IOBIZIe napamMmeTpbl TPaHCHOPMUPOBaAHUA NPU NEPEXOAE U3 CUCTEMbl A B CUCTEMY B, paa;
m — macwTabHelii napameTp TpaHchOpMUPOBAHUSA NPU NEPEXOAE U3 CUCTEMBI A B CUCTEMY bB.
OBpaTHoe npeobpazoBaHue NPSMOYTOSIbHBIX KOOPAUHAT BbIMOMHSOT MO hopMmysie

Y =(-m) +oy, 1 =-oy|Y| - Ayl @1)
Z), -0y *oy, 1 V4 5 \AZ

5.3 NMpeobpa3oBaHue reoge3nyeckux KOopauHaT

MpeobpasoBaHne reoae3nyecknx KOOPAMHAT U3 CUCTEMbI A B CUCTEMY B BBIMOMHSAIOT MO hopmynam

Bg =B, + AB,
Lp=Ly+AL, ¢ 2
Hg = Hy, + AH,

roe B, L — reogesnyeckue LWnpota u A0NroTa, BblpaXeHHble B eAUHMLAX NITOCKOro Yrna;
H — reoagesaunyeckas BbiCcoTa, M;
AB, AL, AH — nonpaBku K reoae3n4eckum KoopanHaTam TOUKU.
MonpaBku k reoae3nyeckumM KoopaMHaTam BbIMUCHAIOT NO DOpMynam:

N2
— +1
a2

2
NsinBcosB % -

(M+H)| a
— (AxcosL + AysinL)sinB + AzcosB] —
- o,sinL(1 + e2cos2B) + o cosL(1 + e2c0s2B) — pme? sinB cosB,;

) veing 4 . ~ N 23)
AL 7(N+H)cosB( AxsinL + Aycosl) + tgB(1 e2)(coxcosL+mysmL) o,

B=—7" [ﬂezsinBcosBAa+

2
AH= —% Aa + Nsin2B A% + (AXCOSL + AysinL)cosB + AzsinB —

2 i Oy . 21 32
— Ne“4sinBcosB ?smL— 5 cosL |+ W+H m

rae AB, AL — nonpasku K reogesm4yeckum WwnpoTe, 4oNroTe, yri. c;
AH — nonpagka K reoe3n4eckoil BbICOTE, M;
B, L — reogesnyeckue LuMpoTa u 4onrota, paa,;
H — reoge3unyeckas BbICOTa, M;
AX, AY, AZ — NUHEHbIE ANEeMEHTbI TPaHCOPMUPOBAHUA CUCTEM KOOPAMUHAT NPU NEpexoae U3 cucTembl A
B cuctemy b, m;

8
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Oy, Oy, ®z— YINOBbLIE NAPaMETPbl TPAHCHOPMUPOBAHUSA CUCTEM KOOPAMHAT NPU NEPEXOAE U3 CUCTEMBI A
B cuctemy b, yrn. c;
m — macwTabHbli aNeMEeHT TPaHC(OPMUPOBAHUSA CUCTEM KOOPAUHAT NPKU nepexoae U3 Cuctemsl A B
cucremy b;
Aa=ag-ay;
2= o2 _ 52
Ae” = e - ay;
agtap
a= :
2 )
2, .2
eE+¢€
e2=B"FA,

3
M — pagunyc KpMBU3HBI MepUANaHHOTO ceuenna (M = a(1 — e2)(1 — e2sin2B)™ 2);

1
N — paamyc kpuBn3HbI nepsoro Beptukana (N = a(1 — e2sin2B)”2);
ag, 8, — GonbLuMe Nonyocu SNUMNCOMAOB B CUCTEMAX KOOPANHAT 5 U A COOTBETCTBEHHO;

eg, aA? — KBaZparbl 9KCLIEHTPUCUTETOB JMNMNCOUAOB B CUCTEMAX KOOPANHAT 5 n A COOTBETCTBEHHO;

p — 41CNO YrnoBbIX cekyHa B 1 paauane [p = 206 264, 806" ].

Mpu npeobpa3oBaHum reoge3nuecknx KOOpAUHAT U3 cUCTeMbl A B cuctemy 5 B chopmyne (22) ucnosnb-
3YI0T 3HaYEHUs reoe3nyeCcknxX KOOpAUHAT B cucteme A, a npu o6patHom npeobpasoBaHun — B cucteme b, u
3Hak nonpasok AB, AL, AH B popmyrne (22) MEHSIIOT Ha NPOTUBONONOXKHbIN.

dopmynebl (23) 06ecneunBaloT BLIMUCIIEHME NONPABOK K re0Ae3u4eckuM KOoOpaAUHaTaM C NnorpeLlHocTbIo,
He npesbiwatoLlei 0,3 M (B NuHeliHoW Mepe). [ina AoCTUXEeHUs NorpeLuHocTu He 6onee 0,001 M BbIMOMNHAIOT
BTOPYIO UTEpALIMIO, T. €. YYUTLIBAIOT 3HAYEHUSI NONPABOK K reoie3nyeckum KoopamHatam no popmynam (22) n
NMOBTOPHO BbINOMHAKT Bbl4MCreHns no dopmynam (23).

Mpu atom
g o Bat(BarB)
2
La+(La+AL
L=-tarartl) 24)
LAY

dopmynbl (22), (23) U TOMHOCTHbIE XapaKTEPUCTUKN NpeoGpasoBaHuii No aTum opmynamM cnpaseanu-
Bbl 4O LUMPOT 89°.

5.4 MpeobpasoBaHue reoge3nveCckUx KOOPAUHAT B NIOCKME NPSIMOYroNbHble KOOPAWHAaTbI
u o6paTtHoO

5.4.1 ns nony4yeHus NIOCKUX MPSIMOYrofbHbIX KOOPAMHAT B MPUHSATOW Ha TeppuTopum POCCUIACKOW
denepauuu npoekuuu Maycca-Kprorepa ncnonb3yior reogesnyeckue KoopauHatbl Ha annuncouae Kpacos-
CKOrO.

Mnockue NpsAMOYronbHLIE KOOPAMHATBI C MOTPELIHOCTLIO He 6onee 0,001 M BbIMUCAAIOT NO pOpMynam

X = 6367558,496 8 B — sin2B (16002,890 0 + 66,9607 sin2B + 0,3515 sin“B —

- 12 (1594561,25 + 5336,535 sin2B + 26,790 sinB + 0,149 sin®B +

+ /2 (672483,4 — 811219,9 sin2B + 5420,0 sin“B — 10,6 sin®B + 25)
+/2 (278194 — 830174 sin2B + 572434 sin?B - 16010 sinfB +

+ /2 (109500 — 574700 sin2B + 863700 sin*B — 398600 sinfB )))));

y =(5 +10n)105 + [ cosB (6378245 + 21346,1415 sin?B +107,1590 sin*B +

+0,5977 sin®B + /2 (1070204,16 — 2136826 66 sin?B + 17,98 sin?B — 11,99 sin®B +

+ /2 (270806 — 1523417 sin2B + 1327645 sin*B -21701 sin®B +

+ 1279690 — 866190 sin2B + 1730360 sin?B — 945460 sinfB )))), (26)
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rae X, y — nnockue npsiMoyrosibHble KoopAuHaThl (aGcumcca u opauHara) onpeaensiemMoin TOYKU B NpoeKLmn
laycca-Kptorepa, Mm;

B — reogesnyeckas LuMpoTa onpeaensaeMon To4KK, paa;

[ — paccTosiHue OT onpeaensieMon TOYKM A0 OCEBOr0 MEpPUAMAaHA 30Hbl, BbIPAXXEHHOE B panaHHOu
Mepe U BbluMcnsemoe no dopmyne

[={L—[3+6(n-1)]}/57,29577951; @7)

L — reogesunyeckas gonrota onpeaensemMoin TOUKK, rpaa;
n — HOMep LUeCTUrpagyCHOW 30HbI B Npoekuuu Maycca-Kprorepa, BbluMcrsieMblii No popmMyne

n=E[®+L)/6], (28)

E[...] — uenas 4acTb BblpaXXeHUs, 3aKO4YEHHOIO B KBaapaTHbIE CKOOKMN.
5.4.2. NpeobpasoBaHue NNOCKUX NPAMOYTONbHbIX KOOPAUHAT B Npoekuun Maycca-Kprorepa Ha annunco-
nae Kpacosckoro B reoe3nyeckne KoopanHaTbl OCYLLECTBNSIOT No hopMynam

B=B,+ AB; (29)
L =6(n-0,5)/57,29577951 + /, (30)

rae B, L — reogeanyeckue LuMpoTa u AoArota COOTBETCTBEHHO ONPEeAenaAemMOon TOYKK, pad;
B, — reosesnyeckas LuMpoTa Touku, abcumcca KOTopoli paBHa abeumcce x onpeaensaemMon Touku, a op-
AuWHaTa paBHa Hyno, pag;
n — HOMeEp LLEeCTUrpagyCcHOMN 30HbI B Npoekuun Maycca-Kprorepa, Beluncnsiemolivi no popmyne

n=E[y1079), 31)

E[...] — uenas 4acTb BblpaXXeHUs, 3aKNO4YEHHOIO B KBagpaTHble CKOOKM;
y — opAauHara onpegensaemMon To4ku B npoekumn Maycca-Kpiorepa, m.
3HavueHus By, AB 1 / BbIMUCAAIOT NO cneaytowmmM opmynam

B, =P +sin2p(0,00252588685 — 0,00001491 860sin2p + 0,00000011904sin*p); (32)

AB = -z2 - sin2B,(0,251684631 — 0,003369263sin?B,, + 0,00001127sin*B,, —
- 22(0,10500614 — 0,045599165in?B,, + 0,00228901sin*B;, — 0,00002987sin°B,, -
- 23(0,042858 — 0,025318sin2B, + 0,014346sinB, — 0,001264sin°B; — (33)
- 23(0,01672 - 0,00630sin?B,, + 0,01188sin*B, — -0,00328sin®By))));

1= z,(1-0,0033467108sin’B, — 0,0000056002sin“B, — 0,0000000187sin°B, —
- 23(0,16778975 + 0,162735865inB;, — 0,00052490sin*B, — 0,000008465in°B, —
— 22(0,0420025 + 0,1487407sin?B,, + 0,0059420sin“B, — 0,0000150sin®B, — (34)
—22(0,01225 + 0,09477sin2B,, + 0,03282sinB;, — 0,00034sin°B, —
- 22(0,0038 + 0,0524sin?B,, + 0,0482sin*B;, - 0,0032sin°By))))),

rae p — BcnomoraTesibHasi BefiMunHa, Bbluucrsemas no opmyne

X
p= 6367558,4968 (39)
ZO — BCNomMorarenbHasa BenuynHa, sblymcndaemasn no d)opmyne
—(10n+5)10°
_ (= )10%) | (36)

%0 = "(6378245c0sBy) ’

X, y — abcumcca u opanHata onpeaensemon To4ku B npoekyumn Faycca-Kptorepa COOTBETCTBEHHO, M.
10
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MorpeluHocTL NpeobpasoBaHusa koopauHar no hopmynam (25); (26) n (32) — (36) coctasnsaet He 6onee
0,001 m.

5.5 MNpeo6pasoBaHne npupaweHniti NPOCTPAHCTBEHHbIX NPAMOYIOSfibHbIX KOOpAUHAT
U3 OOHOWN CUCTEMBbI KOOPAUHAT B APYryIO

MpeoBpasoBaHue NpupaLleHni NPOCTPAHCTBEHHbIX MPSAMOYTONbHLIX KOOPAUHAT U3 CUCTEMBI KOOPAUHAT A B
cuctemMy b6 OCyLLIECTBAIOT N0 hopmyne

AX 1 +o, -oy| AX Ax|
AY| =(1+m) oy, 1 +oy| AAY| + Ay . @37)

OBpaTtHoe npeobpa3oBaHue NpUPALLEHUI NPOCTPAHCTBEHHBIX NPAMOYIONbHLIX KOOPAUHAT U3 CUCTEMBI 5 B
cuctemy A BbINOMHAOT No popmyne

AX 1 -0, +oy |l AX AX
AY| =(1-m)|+o, 1 -—oy| AY| —|Ay]|. (38)
AZ -y toy 1 AZ Az

JA /B

B dopmynax (37) n (38) yrnosble SNeEMEHTbI TDAHCHOPMUPOBAHUA ®y, Oy, ©7 BbIPAXEHbI B pagnaHax.

5.6 CBA3b Mexay reoae3nvyecko U HoOpMaribHOM BbICOTaMM

leonesnyeckas U HOPMAsbHAs BbICOTbI CBA3AHbI COOTHOLIEHMEM:
H=H"+¢, (39)

rae H — reopgesnyeckas BbICOTa ONpeaenaemMon TOUKU, M;
HY — HopMarsbHas BbICOTa ONpeaensieMon TOUKK, M;
¢ — BbICOTa KBa3ureonaa Hag annunconaomM B onpeaensemMon TouUke, M.
BbiCOThI KBasureonga Hag OTCYETHLIM INNUNCOUAOM CUCTEM reogesnyeckux napametpos M3 n WGS
BbIMMCAAT Mo Mogensam M3, aBnaowmmMmMcsa COCTaBHON YaCTbl0 CUCTEM reo4e3nvecknx napameTpoB.
[MNpu nepeBbIMUCNEHNN BLICOT KBA3ureonaa u3 CMCcTemMbl KOOpaAUHaT A B CUCTEMY KoopauHaT b ncnonb-
3y10T hopmyny

Cs=Cxat AH, (40)
rae (g — BbicOTa KBasureonaa Hag 033, m;

{, — BbICOTa KBa3ureoma Haa anNnuNcouaom Kpacosckoro, Mm;
AH — nonpaska K reoe3nm4eckon BbICOTE, Bbluucngemas no popmyne (23), M.

11
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MpunoxeHue A
(o6sa3aTenbHoe)

MapameTpbI npeoGpa3soBaHnsa Mexay cuctemomn koopauvHar N3-90.11
u pedepeHUHbIMU cuCTEMaMu KoopauHat Poccuickon ®epepauun

A.1 MpeobpasoBaHue KoopanHaT U3 pedepeHLHON CUCTEMbI KOOpAUHAT
1942 roaa (CK-42) B cuctemy koopauHar 13-90.11

Ax =+ 23,557 m; ®, =—-0,00230"
Ay=-140,844m; o, =-0,34646"
Az=-79778 M; 0, == 0,79421",
m = (- 0,228) 1075,
X 1 -3,850439-10"% +1,679685:10°8 || X +23,557
Y =[1 +(-0,228)10-6]| +3,850439-10~8 1 -1,115071-10"8 || Y +| —140,844
Z |hs9011 -1,679685-10%  +1,115071-10-8 1 Z okap L-79,778

A.2 NMpeobpaszoBaHue KOOpAUHAT U3 cUCTeMbl koopauHat 13-90.11
B pedoepeHUHy0 cucteMy koopauHat 1942 roga (CK-42)

X 1 +3,850439-106 -1,679685107% || X +23,557
Y =[1 - (-0,228)10~%]| —3,850439-10-6 1 +1,115071-108 || Y —| —140,844
Z lck-42 +1,67968510°8  —1,115071-1078 1 Z |qa0011 L —79.778

A.3 NpeobpaszoBaHue kooOpAUHAT U3 pechepeHLHON CUCTEMDI
koopauHat 1995 rona (CK-95) B cuctemy koopautar N3-90.11

Ax = + 24,457 w; ®, =—0,00230",
Ay=-130,784 ™, o, =+0,00354",
Az =-81,538 m; ®,=—0,13421",
m = (—0,228)1075;
X 1 —6,506684-10~7 —1,716240-108 |[ X +24,457
% =[1 + (=0,228)10-8] | +6,506684-10~7 1 -1,115071-1078 || Y +| ~130,784
Z Jns.0011 +1,716240-10°8  +1,115071-10-3 1 Z_|okos L 81938
A.4 MNpeo6pazoBaHne KoopaUHaT U3 cuctemMbl koopauHar M3-90.11
B pecpepeHuHYto cucTemy koopauHat 1995 roga (CK-95)
4,457
X 1 +6,506684-10-7  +1,716240-10-8 ][ X *1230' s
Y =[1 - (-0,228)10-8]| —6,506684-10~7 1 +1,115071-10°8 || Y -7 o1 '538
Z lekeos —1,716240-108  —1,115071-1078 1 Z Jnsgott L707

12
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A.5 MNpeobpasoBaHue KoopauHaTt U3 pedepeHLHON CUCTEMbI
koopauHat CK-2011 B cuctemy koopauHart 13-90.11

Ax = 0,000 ™, o, =—0,000562"
Ay =+ 0,014 wm; my=—0,000019";
Az =—-0,008 m; o, =+ 0,000053"

m = (- 0,0006)107%.

Onoxa napameTpoB npeobpasosaHua 2011,0

X 1 +2,569513-10~10  +9,211460-10~" X 0,000
Y =[1+(~0,0006)10~°]| -2,569513-10~"° 1 -2,724653-109 || Y +| +0,014
Z Inz-90.11 -9,211460-10-"  +2,724653-10~9 1

z CK-2011 —0,008

A.6 MNpeobpasoBaHue koopanHaT U3 cucTeMbl KoopauHart 13-90.11
B pecdepeHUHYI0 cuctemy koopauHat NCK-2011

X 1 -2,56951-10710  —9.21146-10"" || X 0,000
Y =[1-(-0,0006)10"%]| +2,569513-10~10 1 —2,72465107° || Y -| +0,014
1011 .10-9

Z |rekaom +9,211460-10 —2,72465-10 1

4 MN3-20.11 -0,008

13
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Mpunoxexue b
(obs3aTenbHoE)

MapameTpbl Npeodpa3oBaHUA Mexay cuctemon koopauHar MN3-90.11
u cuctemomn koopauHar 3-90.02

B.1 Npeo6pa3oBaHne koopaMHaT U3 cucTeMbl koopauHart 13-90.02 B cuctemy koopauHar 13-90.11

Ax=-0,373 ™, o, =-0,00230"
Ay =+ 0,186 m; y=+ 0,00354",
Az =+ 0,202 wm; o, =—0,00421"

m = (- 0,008)10-6

Onoxa napameTpoB npeobpasoraHus: 2010,0

X 1 -2,04107-108  —1,71624-108 || X -0,373
Y =[1+(=0,008)1076]| +2,04107-10-8 1 -1,11507-1078 || Y +| +0,186
Z |n3-9011 +1,71624-10%  +1,11507-1078 1 Z |na.9002 L +0,202

B.2 Npeo6pa3oBaHue koopanHaT U3 cucteMbl koopauHart 13-90.11 B cuctemy koopguHar 13-90.02

X 1 +2,041066-10~8  +1,716240-10°8 || X -0,373
Y =[1-(-0,008)10-%]| —2,041066-10~2 1 +1,115071-1078 || Y —| +0,186
Z |n3.90.02 -1,716240-108 -1,115071-1073 1 Z |ns.9041 L +0,202
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MpunoxeHue B
(o6sa3aTenbHoe)

MapameTpbl Npeobpa3oBaHuA Mexay cuctemon koopauHar M3-90.11
u cuctemon koopauHar MN3-90

B.1 NpeoGpa3oBaHue KoopguHaT u3 cucteMbl koopauHar N3-90 B cuctemy koopguHar M3-90.11

Ax =—1,443 ™m; o, =—0,00230"
Ay =+ 0,156 m; o, =+ 0,00354",
Az =+ 0,222 wm; o, =—0,134210"

m = (—0,228) 10~

X 1 -6,50668-10~7  -1,71624108 || X —1,443
Y =[1+(-0,228)10-%]| +6,50668 10~7 1 —1,11507:1078 || Y +| +0,156
10-8 10-8
Z J13.9011 +1,71624-10 +1,11507-10 1 Z oo L +0222

B.2 Npeo6pasoBaHue KoopauHaT U3 cucteMbl koopauHar 13-90.11 B cuctemy KoopauHar 13-90

X 1 +6,506684-10~7 +1,716240:1078 || X —1,443
Y =[1 - (-0,228)10%]| —6,506684-10~7 1 +1,115071:108 || Y —| +0,156
Z |ns.90 -1,716240-10°%  —1,115071-10-8 1 Z |ns.oo11 L *0,222

15
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Mpunoxenune I'
(obs3arenbHoe)

MapameTpbl NnpeoGpa3oBaHuA Mexay cuctemon koopautart N3-90.11
n cuctemoin koopauHat WGS-84 (G1150)

I.1 NMpeobpasoBaHne koopAUHAT U3 cUCTeMbI koopauHaT WGS-84 (G1150) B cuctemy koopamHar 13-90.11

Ax=-0,013m; o, =—0,00230"
Ay =+0,106 m; o, = +0,00354"
Az=+0,022 M; 0, =-0,00421"

m = (- 0,008)10°.

X 1 —2,041066:1078  —1,716240-108 |[ X -0,003

Y =[1+(~0,008)10-8]| +2,041066:10-8 1 -1,115071-1078 || Y +| -0,001
10— .10-8

Z |ns0011 +1,716240:10~8  +1,115071-10 1 Z wes-sactso) L 0,000

I.2 NMpeobpasoBaHne KOOPAUHAT U3 CUCTEMBI koopauHaT 13-80.11 B cucremy koopanHat WGS-84 (G1150)

X 1 +2,041066-108  +1,716240-10°8 || X —-0,003
Y =[1-(-0,008)10"%]| —2,041066-10-8 1 +1,115071-108 || Y -| —0,001
Z_|\wes-84(G1150) -1,716240-10"8 -1,115071-10-8 1 Z ls9011 L 0,000

16
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Mpunoxenue O
(o6sa3aTenbHoe)

MapameTpbl Npeobpa3oBaHuA Mexay cuctemon koopauHar M3-90.11
n cuctemomn koopauHat ITRF-2008

0.1 NMpeo6pasoBaHue koopAMHaT U3 cucTeMbl kKoopauHat 13-90.11 B cuctemy koopauHart ITRF-2008

Ax =—0,003 m; o, =+ 0,000019"
Ay =—0,001 m; Oy == 0,000042%
Az = 0,000 M, o, =+ 0,000002"

m = (- 0,000) 10-6.

Onoxa napameTpoB npeobpasoBaHusa: 2010,0

X 1 +9,696274-10~12  +2,036217-10~10 || X -0,003
Y =[1+(-0,000)10~%]| —9,696274-10~12 1 +9,211460-10°1 || Y +| —0,001
Z |1 TRF-2008 -2,036217-10710  -9,211460-10~" 1 Z |ns.g011 L 0,000

1.2 NMpeo6pasoBaHne kKoopAMHAT U3 cucTeMbl koopauHat ITRF-2008 B cuctemy koopauHar M3-90.11

X 1 -9,696274-10712  —2,036217-10710 || X -0,003
Y =[1-(-0,000)10-9]| +9,696274-10~12 1 -9,211460-10°" || v —| 0,001
z +2,036217-10710  +9,211460-10-" 1 Z |1trr2008 L 0,000

M3-90.11

17
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MNpunoxeHue E
(o6a3arenbHoe)

Anroputm yueTa 3noxu napameTpoB npeodpasosaHua Npu npeodpasoBaHMU KOOPAUHAT
M3 OAHON CUCTEMBI B APYIYHO

Tak kak cuctemel koopguHat M3-90.11, M3-90.02, ITRF-2008, WGS-84 (G1150), TCK-2011 oTnuyaroTcs NOBbILLIEH-
HOW TOYHOCTLLO, TO Nepes BbINOMHEHEM Npeobpa3oBaHusi U3 O4HOW CUCTEMbl KOOPAUHAT B APYryHo KOOPAWHATLI MyHKTOB
JOMKHbI 6bITb NpUBefeHbl Ha 3Moxy BeIBoLa NapaMeTpoB NpeobpasoBaHns STUX CUCTEM KOOPAMHAT C UCMONb30BaHWEM
CKOPOCTEN M3MEHEHUs KOOPAMHAT MyHKTOB. NS 3TOro NCMonb3yHT CriefyoLLyto TPeXLUarosyo npoleaypy.

B ka4ectBe npumMepa npeobpasyem koopauHathl NyHkTa MeHgeneeso (MDVJ), saafaHHble B cucteme ITRF-2008 u
OTHeceHHble k anoxe 2005,0, B cuctemy koopauHart M3-90.11 Ha npoussonbHyto anoxy 2013,9.

KoopawHaTtel nyHkTa MeHaeneeso (MDVJ) B cucteme ITRF-2008 Ha anoxy 2005,0 1 ckopocTW U3MEHEHUS Koopan-
HaT MyHKTa UMEIOT 3HaYEHUS:

X =2845456,081 wm; V, =-0,0212 m/rog;
Y =2160954,245 wm; Vy =+0,0124 wv/rog;
Z = 5265993,223 wm; V,=+0,0072 m/rog.

MepBbiit War.

Beluncnsem koopauHatel nyHkTa MeHgeneeso (MDVJ) B cucteme koopguHat ITRF-2008 Ha snoxy 2010,0

X =2845456,081+(-0,0212)%(2010,0-2005,0) = 2845455,975;

Y = 2160954,245+(+0,0124)%(2010,0-2005,0) = 2160954,307,

Z = 5265993,223+(+0,0072)%(2010,0-2005,0) = 5265993,259.

Bropoii war.

BeinonHue npeobpa3soBanune koopguHat nyHkTa MeHgeneeso (MDVJ) s cuctemel koopguHat ITRF-2008 B cuctemy
M3-90.11 Ha anoxy 2010,0 ¢ ucnons3oBaHnem napaMeTpoB NpeobpasoBaHus, NPpUBEAEHHLIX B NpUNoxeHnu [, nonyyaem

X = 28454559769 wm;

Y =2160954,3075 wm;

Z = 5265993,2598 M.

TpeTuit Wwar.

Beluncnsem koopauHatel NyHkTa Menaeneeso (MDVJ) B cucteme koopauHat N3-90.11 Ha anoxy 2013,9

X =2845455,977+(-0,0212)%(2013,9-2010,0)= 2845455,894,

Y = 2160954,308+(+0,0124)x(2013,9-2010,0)= 2160954,356;

Z = 5265993,260+(+0,0072)x(2013,9-2010,0)= 5265993,288.

18
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Bubnuorpadus

MoctaHoBneHue MpaBuTenbctBa Poccuiickoit Oegepauuu oT 26 Hoabpa 2016 r. Ne 1240 «O6 ycTaHoBne-
HWW rOCyflapCTBEHHBIX CMCTEM KOOPAMWHAT, FOCYapCTBEHHON CUCTEMbl BHICOT M FOCYapCTBEHHOW rpaBume-

TPUYECKON CUCTEMbIY.
MocTaHoBneHne CoBeTa MuHuctpoB CCCP ot 07.04.1946 . Ne 760 «O BBeaeHWn efuHOW CUCTEMBI reofe-
3UYEeCKUX KoopAUHaT U BbICOT Ha Tepputopun CCCP».
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