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HALULWOHANBbHBIA CTAHOAPT POCCUUCKOW O@GEREPALUUMNU

Fno6anbHas HaBUraLuMOHHaA CNYTHUKOBAs cUCTeMa
METOAbl U TEXHONOIU BbINONHEHUA MTEEOAE3NYECKUX U 3EMINIEYCTPOUTESbHBLIX PABOT

Onpe.qenel-me OTHOCUTEIJIbHbLIX KOOPpAUHAT N0 U3MEPEHUAM ncesBaoaanbHoCTeN

OCHOBHBbI€ NONOXeHUs

Global navigation satellite system. Methods and tecnologies of geodetic and cadastral works execution.
Determination of relative coordinates by pseudo-range measurements. Basic principles

Dara BBegenmna — 2011—01—01

1 O6nacTb NnpuMeHeHUs1

HacToswmnin ctaHaapT pacnpocTpaHaeTcsa Ha MeTofdbl U TEXHOMOrMM BLINMOMHEHUA recaesndeckux 1
3eMneycTpouTeNbHbIX paboT ¢ UCMoNb30BaHWeM annapaTtypbl noTpeGuTenei rmob6anbHON HaBUraLUMOHHOM
CMYTHUKOBOW CUCTEMBL.

HacToswuit cTaHgapT ycTaHaBNMBaeT MeToAbl onpeaeneHnsl OTHOCUTENbHBIX KOOPAUHAT 3a4aHHOro
MyHKTa Mo M3MepeHusiM ncesaoAarnbHOCTEH HaBUraLMOHHOMO KOCMUYECKOTo annapaTa rnobanbHeIX Hasura-
LIMOHHBIX CMYTHUKOBBLIX CUCTEM.

2 HopmaTuBHbIe CCbINKKU

B HacTosLweM cTaHAapTe UCNoMb30BaHbl CCLINKW Ha cneayowmue cTaHaapThl:

FOCT P 52457—2005 mobGanbHas HaBUrauMoHHasa CNyTHUKOBaA cucTema. Annapartypa notpebure-
nein. Knaccudunkauums

FOCT P 52928—2008 CucTema crnyTHUKOBas HaBUraunoHHasa rnobanbHasn. TepMuHel 1 onpeaeneHns

FOCT 22268—76 [eogesus. TepMUHbI 1 onpeaeneHna

MpumeyaHune— py NONb3OBAHWN HACTOSILLMM CTAHAAPTOM LeNnecoobpasHo NPOBEPUTL AEWCTBUE CCbINOY-
HbIX CTaHAAPTOB B MHOPMALIMOHHOW cucTeme OBLLEro Nonb3oBaHuA — Ha oduumansHoM cante degepanbHOro areHT-
CTBA MO TEXHNYECKOMY PETYIIMPOBAHMWIO U METPONOrUK B CETU VIHTEPHET MNK NO eXerogHo n3pasaemomy MHPOPMaLNOHHO-
My ykasaTento «HaumoHanbHble cTaHAapTbi», KOTOPLIM onybnukoBaH NO COCTOAHWIO Ha 1 sIHBapsl Tekywero roga, u no
COOTBETCTBYIOLLMM EXEMECSIHYHO U34aBaeMbiM MHIOPMALMOHHBLIM YKa3aTensam, onyGnukoBaHHbIM B Tekylem rogy. Ecnn
CCbIITOYHbIN CTaHAAPT 3aMeHeH (U3MEHEH), TO NPW MONB30BAHUM HACTORALLMM CTaHAAPTOM CreyeT PyKoBOACTBOBATLCA 3a-
MEHSIIOWMM (M3MEHEHHbIM) CTaHAapTOM. ECnn cebinoYHbIN CTaHgapT oTMeHeH 6e3 3aMeHbl, TO NMorNoXeHne, B KOTOPOM Aa-
Ha CChlfka Ha HEro, MPUMEHSIETCS B YaCTW, He 3aTparvBaioLLen 3Ty CCbIMKY.

3 TepMuHbI M onpegeneHns

B HacTosleM cTaHaapTe npumeHeHbl TepMuHbl no FOCT 22268, TOCT P 52457, TOCT P 52928 u cne-
Oyrolne TEPMUHEI C COOTBETCTBYHOLLIMMU orpedeneHusmMu:

3.1 reope3nyeckue pabotbl: Komnnekc TeXHONorM4eckux npoLeccos, ocyLLecTBNsAeMbIX AN onpe-
deneHns napaMeTpoB dUrypbl v rpaBUTaLMoOHHOIO Nons 3eMuv, KoopaMHaT TOYeK 3eMHON MOBEPXHOCTAN N UX
N3MEHEHWIA BO BPEMEHMU.

3.2 3emneycTpoutenbHble paboTbl: KOMMMekc TEXHOMOrM4yeckux npoLeccoB, OCYLUECTBSAEMbIX
ONs yCTaHOBMEeHUs, BOCCTAHOBIIEHUS U 3aKpenfieHWsl Ha MeCTHOCTU rpaHuL, 3eMenbHbIX y4acTKoB, onpeaene-
HWUs1 1 OhOPMMEHUS UX MECTOMONOXEHMS U nNnowagu.

UzpaHne ocmumansHoe
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3.3 nceBgopanbHOCTL kogoBan: MpousBeaeHUe CKOPOCTU pacnpocTpaHeHUs curHana B Bakyyme Ha
pasHOCTb Mexay BpeMeHeM npueMa curHana ro Lukane BpeMeHW annapatypbl noTpebutens u BpemeHem
nepeaa4n atoro curHana ¢ HKA no 60pToBOI LWKane BpeMeHu.

3.4 nceBaopganbHOCTb hasoBan: [pousBeaeHWe ANUHBLI BOMHbI Hecyllei 4acToThl HAa pasHOCTb
chasbl curHana, cosfaHHoro B NpUEeMHUKe B MOMEHT NpueMa curHana o Likane BpeMeHun annapartypbl noTpe-
6utens, u dhason curHana, cosgaHHoro Ha HKA no 60pToBoM WKane BpeMeHu.

3.5 koopamHatbl nyHkTa: lMpamoyronbHble koopauHaThl X, Y,Z nyHKTa B 06L1e3eMHO reoLeHTpu4ec-
KOW cucTemMe KoopauHar.

3.6 nokanbHana puddepeHunanbHaa noacuctema MHCC: NuddepeHumanbHas noacucTema
MHCC, B koTopon anddepeHunansHele Nonpasku UCNoNb3YOT B npeaenax ot 50 Ao 200 kM OT KOHTPOIb-
Ho-KoppeKTupytoLen ctaHuun auddepeHumansHon nogenctemol MTHCC (onopHoi ctaHuun).

3.7 oTHocuTenbHble KoopAUHaTbl RyHKTa: KoopauHaTbl onpegensiemMoro nyHkta HabniogeHus
OTHOCUTENbHO OMOPHOTO MYyHKTa C U3BECTHBIMU KOOpAUHaTaMMU.

3.8 pernoHanbHaa auddepenunansHan nogcuctema N’HCC: OudpdepeHunansHas noacucrema,
B KoTOpoW AnddepeHumansHele nonpasku ucnone3yoT B npeaerniax ot 400 ao 2000 kM OT KOHTPONBHO-KOP-
pekTupytoLen ctaHuun auddepeHumnansHon noacuctemel THCC (onopHon cTaHumm).

3.9 wupoko3oHHaa auddepeHynansHaa nogcucrema NMHCC: [uddepeHumnansHas nogcuctema
MHCC, B koTOpoN AnddepeHumansHele Nnonpaskn cnoneayoT B npedenax oT 2000 ao 5000 kM OT KOHTPONb-
HO-KOppeKTUpytoLLen ctaHumn guddepeHumnansHon nogeuctemol MTHCC (onopHoi ctaHumn).

4 O6o03Ha4YeHUs1 N COKpaLLeHUsA

B HacToslweMm cTaHO4apTe UCMonb3oBaHbl creayrolme 0603Ha4eHUs U CoKpaLLeHUst:

BI'C — BbICOKOTOYHasA reofiesnydeckasl ceThb;

FANWNEO — rnobanbHas HaBuraluMoHHas CcryTHUKoBas cucTema EBponeickoro kocMuyeckoro
areHTCcTBa;

TC — rocynapcTBeHHas reogesndyeckas ceTb;

FMOHACC — rnobanbHas HaBurauvoHHas cnyTHUKoBas cuctema Poccuiickon ®efepauuu;

MHCC — rnobanbHas HaBuMraunoHHas CryTHUKOBasi cCUCTEMa;

FCMN — rno6anbHas cuctema NosMLMOHUPOBaHNS,

HKA — HaBUrauMoHHbIA KOCMUYECKUIA annapar;

Ol — onopHbIA NYHKT;

MH — nyHKT HabnoaeHus;

PAIC — cbyHOameHTanbHas acTpoHOMO-reoesmn4eckasn ceThb;

GPS — rnobanbHas HaBuUraumoHHas cnyTHukoBas cucteMa CoeanHeHHbIx LUTaTtoB AMepukn.

5 OcCHOBHbIe NONoOXeHun

5.1 B oCcHOBe BCcex MeTOAOB onpeaeneHna KoopanMHaT NyHKTOB HabntogeHus ¢ ucnonbsosaHuem MCC
NEeXnT MeToA 3aceudkn NoNoXeHUa annapaTypbl NoTpebutens (MoGUNbLHOro NPUeMHUKa) OT U3BECTHLIX NOMo-
xeHun HKA. F'eomeTpus onpegeneHusa koopanHat MNH oTHocutensHo O nokasaHa Ha pucyHke 1.

PucyHok 1
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5.2 OnpepeneHne OTHOCUTENbHBLIX KOOPAWHAT MO U3MEPEHUsIM MceBAoAanbHOCTEN BbINOMHAETCS
OfIHUM 13 ABYX MeToaoB: AnddepeHUUanbHLIM UK OTHOCUTENBHBIM.

B anddepeHunansHoMm MeTode no pesynbtataM HabnoAeHWd Ha OMOPHOM NyHKTe opMUpyloTcA
auddepeHumnansHble NOMpaBKK K COOTBETCTBYIOLUMM NapameTpam HabniogeHwur ansa onpeaensemMoro nyH-
KTa. 3T0T MeToa ob6ecneunBaeT onepaTMBHOe onpeaeneHue koopauHat MH (B peanbHoMm MacwTabe Bpeme-
HW). B kadectBe OI1 UCMONb3YIOTCA MNYHKT fOKanNbHOW, peruoHanbHOW UM LWMPOKO3OHHOM
anddepeHumansHomn nogeuctem MCC. Beibop noacuctemsbl 3aBucut ot yaaneHHoctu MH ot ON.

B oTHOoCUTENbHOM MeToAe HabnogeHus, BbINONMHEHHbIE OAHOBPEMEHHO Ha OMOPHOM U onNpeaensemMom
nyHKTe, obpabaTbiBaloTcsl COBMECTHO. [Mpu 3TOM onpeaensoTca npupalleHus koopauHat MNH oTHocuTensHo
Onn. OnpegeneHue koopauHaTt NMH MoXeT NPOBOAUTLCA B CTAaTUYECKOM PeXnMe, NO3BOSISIOLLEM BbINONHATL
NPoAOKUTENbHBIE ceaHchl HabnoaeHIA.

5.3 lMpu BbIGOPE MeToga U TEXHOMOMMU onpeaeneHUa OTHOCUTENbHBLIX KOOpAMHAT MO U3MEPEHUsIM
ncesaoAanbHOCTEN yUnTbIBalOTCA TpeboBaHUA K TOYHOCTU reoaesnyecknx U 3eMneycTpouTenbHbiX paborT.

MpumevaHns:

1) B nacrosiwee Bpemsi NPUHATHI Criefylowme OpUeHTUPOBOYHbIE TPEGOBaHNA K TOYHOCTM onpeaerneHnst OTHOCK-
TeNbHBIX KOOPAUHAT:

reoguHaMmmnyeckme UccrnefoBaHus, MOHUTOPUHI CEMCMUYECKUX panoHoB — (1—5) mwm;

cosfaHue rocygapcTBeHHown reogeandeckon cetn MC (PArC, BIrC, cneunaneHole cetn) — 1 cM BO B3aUMHOM
nonoxexuun nyHkToB GPAIC;

COoCTaBneHne KagacTpoBbIX KapT Npy 3eMneycTpoucTee, mexesaHne — (3—5) cwm;

BOAHLIV KagacTp, reofe3nyeckoe obecrneveHne MHXeHepHbIX COOPYXeHun, menuopauns — (3—5) cm B nnaxe,
(3—5) MM no BbICOTE;

KagacTp HacerneHHbIX NYHKTOB, reofe3nyeckoe obecneveHne CTponTenbCTBa, reoae3nyHecknii KOHTPONb COOPYXe-
HUN — (1—2) CM BbIHOC TOYKM B HaTypy, (1—3) MM KOHTPONb CTabUNbHOCTN COOPYXEHWUN;

KagacTp CenbCKOXO3sIMCTBEHHbIX 3eMenb, MexeBanHne — (3—10) cm;

necHom kapactp, mexesaHne — (0,1—0,5) m.

2) OudphepeHumanbHbii METOA ONpeaeneHns OTHOCUTENbHLIX KOOPAWMHAT NO KOAOBLIM NCEBAOOANbHOCTSM B
HacTosiwee BpeMsi obecneumnBaoT To4HOCTb 0,5 M, no ¢a3oBbLIM NceBaoaanbLHOCTAM OT 1 40 500 MMm. OTHOCUTENBHBIN
mMeToA no as3oBbIM NCEBAOAANBHOCTAM 06eCneYMBaeT TOUHOCTL OT €AUHUL, MUNTTUMETPOB A0 HECKONBbKUX CaHTUMET-
poB.

5.4 HasurauuoHHas annapatypa noTpebutens, ucnonb3yemMas Ans onpeaeneHus OTHOCUTENbHbIX
KoopAMHaT Mo U3MepeHUsIM NceBaoAanbHOCTEN NP BLIMOMIHEHUN reofes3nyeckux U 3eMneycTpouTenbHbIX
paboT, foMKHa OTBeYaTh creayrowm TpeboBaHuaM:

paboTaTtb no curHanam MMOHACC w/unu GPS u FTANUNEOQ;

Mo YCOBUAM NPUMEHEHUs (CTalMoHapHas ans onopHbIX NYHKTOB, NepeHocHas ana paboThl Ha onpeae-
nsaeMbIX NyHKTax);

no KONMYecTBY KaHanoB 06paboTkn cUrHanoB — MHOrokaHasnbHas;

MO TOYHOCTHBLIM BO3MOXHOCTAM (C TOYHOCTbIO onpeaeneHnss OTHOCUTENbHbIX KOOPAUHAT OT HECKOMbKUX
OeunmMeTpoB A0 HECKOSTbKUX MUSISTMMETPOB);

no sBuay obpabaTbiBaeMbiX curHanos (paboTtawoLwas B 04HO- U ABYXHACTOTHOM pexuMmax);

no pexumam usMepeHuin (kogosble n hazosble U3MepeHns).

OauH 13 npueMHUKOB annapaTtypbl NoTpebutens pacnonaraetcs Ha Ol ¢ U3BeCTHLIMU KoopAUHATaMN,
a BTOpon — Ha onpegensiemom MNMH.

5.5 TOYHOCTHbIE BO3MOXHOCTU OMNpeferieHusi OTHOCUTENbHBIX KOOPAWHAT Mo U3MepeHUsaM nceeao-
OanbHOCTEN 3aBUCAT OT:

MeToaa 0bpaboTkM M3MepeHHbIX NceBaoaanbHOCTEN;

NOrpeLLHOCTY LWKaslbl BpeMeHU annapartyphbl cnyTHUKa U noTpebutens;

norpeLHocTn 6opTOBLIX adhemepus;

WHCTpYMeHTanbHOW oLWmnbKkv annapaTtypbl CyTHUKa 1 noTpebutens;

noHocepHon 1 TponocdepHon 3aaepXKkn curHana;

yAaneHHOCTU onpeaensieMoro nyHkra oT OMOPHOro;

oT uncna HKA THCC, Habrniogaembix Ha OMOPHLIX U onpeaenseMbiX MyHKTax;

OT reoMeTpUn pacnosnoXeHUst CNyTHUKOB.
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5.6 [na maTemaTuyeckoro onMcaHusi \aMepeHHon KoJo0BoW NcesaoaansHoCTH p’l.l(l'_‘f”) cMH po i-ro HKA

ncnonb3yeTca ypaBHeHMe BMaa.

i (kon) i
PrH

=ctpy, = p’l.l(LeOM) + c(dtny —dt' ) + Tropp,, + lonop,, +dmp, +ep,, )

gt
rae ¢ — CKOPOCTL CBETa B Bakyyme;
i

Tpy — PasHOCTb Mex/y BpeMeHeM NprieMa curHana B annapaType notpebutens 1 BpeMeHem nepeaaqn
3TOro cUrHana co CrnyTHUKa;
p’l.l(,r_'eo"") — reomeTpuyeckas 4anbHOCTb;
dtqy — nonpaeka K Yacam npuemHika HMH,;
dtf — nonpaska k yacam HKA;

Trop’l.IH — nonpaeka 3a BrnusiHue Tpornocdeps!;
lono’nH — ronpaeka 3a BMusiHue noHocdepsl;
dm’l.IH — rorpaeka 3a BUsSHNEe MHOroMyTHOCTM Ha NceBaoAansHoOCTb;

eII'IH — MOrpeLHOCTb U3MepPEHUst KOJOBOW NceBA0AaNbHOCTH.

5.7 Ons matemaTnyeckoro onucaHus namepeHHon hasoBoi NceBaoaanbHOCTU p’rﬁaﬁ) ucnonbayeTcs

ypaBHeHue:

i

a3)
PrH

= 2807y, = P10 1 o(dtny —dt’ ) + Troph,, —fonol, + AN +dmb + hel ., @

rae A — [AnvHa BOMHbI curHana Hecyluen (. = cffy, fy — 4acToTa curHana Hecyuei);

A(pil'IH — pasHocTb hasbl cUrHana, co3gaHHoro B npuemMHunke B MOMEHT NpuemMa cCurHana, u cbasoﬁ curHana,
CO30aHHOro Ha CnyTHMKe B MOMEHT nepejavun curHana;

N{.IH — LuenouncneHHas HeoaHO3HaYHOCTb hasbl;

dmp,,, — nonpaska 3a BAVsIHUE MHOrOMYTHOCTU (hasbl;

Aep,, — NOrpeLHOCTL U3MepeHust hasoBoM NCEBAOAATLHOCTH.

6 AuddepeHumanbHbIn MeTOA onpeaerieHUus KoopauHat

6.1 B anddepeHumansHoM metoge npuemHuk Ol (6asoBas cTaHUMA), UMEA TOYHbIE KOOPAWUHATHI
¢asoBoOro LeHTpa CBoeln aHTeHHsbI, onpeaensieT us HabmogeHuin HKA nonpaeku ans KoaoBbIx ncesgoaanb-
HocTeln (unu dasosbiX NcesgoaansHocTen). C UCNoNb3oBaHNEM 3TUX, Tak HasbiBaeMbix auddepeHumans-
HbIX Monpasok, nepeaasaemblx Ha lMH, KOPpeKTUPYIOTCA U3MepeHUsa COOTBETCTBYIOWUX HaBUMALUMOHHBIX
napameTpoB B npuemHuke MH (MoBbunbHOM npuemHUKe), B pesynbTaTe 4Yero MOBbLIWAETCA TOYHOCTb
onpeaeneHus ero koopauHar.

AuddepeHumansHble nonpasku oT 6a30BOI cTaHUMU K MOBUNBEHOMY NPUEMHUKY nepeaaroTca npu
nocrobpaboTke Unu B peansHOM macluTabe BpeMeHu ¢ UCMoNb3oBaHUEM paguoMoaema unn apyrux cpeacTs
6ecnpoBoAHoON cBA3N. ITO AaeT BO3MOXHOCTb ONepaTUBHO Nofy4vaTtk koopauHaTtbl MH (nocne ovepeaHoro
n3MepeHuns).

6.2 Mpu yaanernun MH ot Ol Ha paccTosiHua ao 200 km o6cnyxuBaHe o6paboTku KoAOBLIX NCEBAO-
AanbHOCTeN BLINONHAET NokanbHas auddepeHunansHas nogcuctema, B koTopon paboTaeT oaHa onopHasi
ctaHuus. MNMpu yaanernun MH ot Ol Ha paccTosHusx ot 200 go 2000 km ob6cnyxusaHne 06paboTkM KOOOBbLIX
ncesAofanbHOCTeN BLINOMHAET perMoHanbHas anddepeHumnancHas nogeuctema. OHa CTPOUT NpoCTpaH-
CTBEHHO-BPEMEHHYI0 MoAeNb NOonpaBok, TO €CTb YYATLIBAIOTCA U3MEHEHUA B NOMNpaBKax Nno Mepe yaaneHus
HIM oT onopHoro nyHkTa. B wupoko3oHHoW auddpepeHumnansHo nogcucteme pasMep oGCyXUBaeMOWn
obnactn moxeT aocturatb 5000 kM. Ecnu audbdepeHumanbHeii MeToa No HabniogeHusM casbl Hecyllei
obcnyxuBaeTcs eANHCTBEHHBIM 6a30BbIM MYHKTOM, TO PacCTOAHUA A0MKHBI BLITh B Npeaenax 10 kM 1 peako
Ao 30 km. lNMpu uncnonbsoBaHUM MeToAa MHOXKECTBEHHBIX OMNOPHbLIX MyHKTOB pasMep obnactn moxer
[ocTUratb HECKONBbKUX COTeH KUMOMEeTPOB.

6.3 OnpepeneHne OTHOCUTENbHLIX KOOpPAUHAT MO KOAOBLIM MNCEBAOAANbHOCTAM BLIMNOMHAETCA C
1cnonb3oBaHNEM crieaytoLero anroputMa.

4
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BoiuncnatoTtesa auddepeHUnansHble NONpaBkM AN U3MepeHHbIX KOAOBLIX NcesaoAanbHocTen. [Ansa
3TOro CocTaBnATCA ypaBHeHUs HabnogeHua suga (1) ana ONM:

i(kom) — =p i(reom)

Pon on &

+ c(dton — df) + Tropl,, + lonoy, + €l

on
reOMeTpVI‘-IeCKaﬂ AanbHOCTb plérl.eIOM) paccyUTbiBaeTCA Kak pacCcTodHue mexay CnyTHUKOM B MOMEHT

BbiXo4a curHana v npueMHUKOM B MOMEHT NpuemMa CUrHana ¢ ucnojib3oBaHUem CbOpMyﬂbll

pifeom) = i~ X on)2 + (Y —Yon)2 +(Z' - Zon)?, @

rae X', Yi, Zn Xon, Yon, Zon — oopavHaTel HKA, BbIUUCsieMbl€ MO AaHHBIM HaBUraLMOHHOMO COOBLIEHNS!
C y4yeToM NoBopoTa 3eMin 3a Bpemst pOXoXKAEHUA CUrHana, u koopauHaThl
On. Mpu yyeTe ownbKN Ap' (9P®) GoprosbIx ahemepua HKA norpetuHocTs

Ap on B ncesaodanbHOCTN Ha OMOPHOM NMYHKTE COCTaBUT:

Apl = plleom) _ pHkom) = _ppT(OPO) _ g(ditoy — dif) — Troply, + lonoly, — e, )

MorpelHocTb Ap’on TpaHcnupyeTca kak auddepeHumansHas nornpaska. Ha onopHOM NyHKTe OTbICKU-

BaKOTCA NMONPaBKU K U3MepPeHHbIM KOAO0BbIM NceBaodanbHOCTAM Ans Bcex Habniogaembix HKA B kaxayto ano-
Xy HabnoaeHus.
3HauyeHue nsmepeHHon ncesgoaansHocTu Ha MNMH koppekTupyeTcs no popmyne:

P’k‘.ﬁ’pp) =pir€t|on) + APio plrﬂ_leom) +(A pi(op6) _ Api(opb')) + ©
+ o(dtpy — dton) + (Trop’l.“_| - Tropon) + (lono Ionoon) + el."_lor|

CocTaBnsieTca cucTema ypaBHeHuii nonpaBok HabnioaeHusi C y4eToM YCrIoBMiA:
(Apil_fﬂps) - Ap’él‘flp@)= (Trop’hl_| - Trop’bn) = (IO”O{'|H —Ionoic)n) ~Q

(pHreM )y = (X ~(Xnu)o)? + (Y —~(Yi)o)? +(Z ~(Zrmo)?.
B mMaTpu4HOM NpeAcTaBneHu CUCTEMa YpaBHEHWIA Nonpasok AN BceX HaBnoaeHuin uMeeT Bua
AX-L=V, )
roe

X'-Xoma (' -Mordo  (Z' =(Xondo
Pre™)y  (REM), (PO,

(X* ~(Xond  (Y*-(ond  (Z* ~(Xon)o

= 2
A (PAIEMYy  (pAeoM),  (pAEOM)y,

X" -(Xoma  (Y"-(on)o  (Z" —(Zon)o 1

®

(pg(HreOM) )0 n(reOM) ) ( n(rGOM) )
pOPP) — (p lteom) ), AX Vi
2
L= |P n(||_|<0PP) —(p %(LGOM) )o X = AYpH Vs Vo . (9)
............................. AZpy o
pn (HKopp) _ (P%(LGOM) )o cdtny A

HaHHas cnctema ypasHeHuin pewaetcs no MHK ¢ Becosoii matpuuein P:
X = (ATPA)-1ATPL — BekTop nonpasok k koopauHatam MH 1 k Yacam annapaTypsl noTpebutens,
Q = (ATDA)~1 — koppensaunoHHas MaTpuLa peLieHus,

2 _VIPV

i owmnbka eanHNLILI Beca,
n —
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= pZQ jj — CPeaHss KkBaapaTuieckasi MorpellHocTb j-ro napameTpa (jj — auaroHanbHeIn anemeHT

mMaTpuubl Q).
2_VTv
c“= i Aucnepcus NonpasokK K M3MepeHHbIM NCeBA0AANbHOCTAM.
n-—

6.4 Peanusauua audpdepeHumnansHoro metoaa no uamepeHuaM asosbix nceeaogansHocTen Tpedy-
eT paspelueHus ¢a3oBbiX HEOQHO3HAYHOCTEH, UTO NpeanonaraeT UCNoNb3oBaHWe AOCTAaTOYHO ANNTENbHbIX
pagoB HabniogeHnin. ObpaszoBaHue pasHOCTEA Mexdy CNyTHUKaMWU U Mexay npuemHukamu 3hekTUBHO
ncKlodaeT Bce cMeLleHns U3-3a oMboK reHepaTopoB YacoB U B TO e BPeMS 3HaYUTENbHO YMeHbLUAeT Apy-
rme cMeleHua (3a UCKNIYEHUEM HeOAHO3HAYHOCTU a3s).

Onpegenexne oTHocuTeNbHbIX KoopauHaT AnddepeHumanbHbEIM METOAO0M MO KOAOBLIM NceBAoAaslb-
HOCTAM BBINOSMHAETCA C UCMONb30BaHWEM CMEeAYIOWEro anroputma:

Boluncnaiotes anddepeHumansHbie Nonpaski AN U3MepeHHbIX hasoBbix ncesaoaansHocTen. Ana
aToro Ha Ol 13 HabnioaeHUA NepBoil 3NOXU BLIYUCAAESTCA Lienoe Yucno Nlon

ki | PO —pgh (10)
on A ’

rae obo3HavyeHus1 COOTBETCTBYIOT NPUHATEIM B chopmynax (1) u (2).

[anee onpenensetcs hazoBas NceBA0AANbLHOCTb, 6nn3kas K UsSMepeHHON KOAOBOW NceBaoAanbHOCTH
i(kom).
Pon -

P = + 1y o

W BbIUMCIIAETCA CpeiHee 3HaYeHNe u g HeBA3KKM aanbHocTei (popmyna 11), nonydeHHbix Ha Ol o Bcex HKA
B HayarbHy0 3Moxy, U reomeTpudeckux gansHocren (popmyna 4):

l’ |'|(1) pl(reom) —gl(}l)aa)_ (12)
OToi nonpaskon koppekTupyeTcs pasosas NcesAoAanbHOCTb B HaYarbHYIO 3MoXy:
A §ER (1) =B (1) - p 5™ —non(. (13)

M3aMeHeHMe HeBA3KN OT 3MoXM K 3noxe 1 nonpasku ¢asoBoli NnceraoaansHOCTU BeiMUCAsieTeA No ¢op-
Mynam:

It =)= 1o (0 =15 (= 1),
won(t) =ponlt-"1+ - Zl nlt="1),
Si=1

Ap'§E) (t) = p S0 (t) - 5F*)(t) - pwon(t) (14)

daszosble nonpasku (14) nepepatorca Ha MNH.
C ncnons3oBaHMeM 3TUX NOMPaBOK BbIYMCIISIIOTCA CKOPPEKTUPOBaHHbIE 3HaYeHUs1 nsmepeHHon aso-
BOW ncesaodansHocT Ha MH:

PO =0 + a0 "

CocTaensaeTca ypasHeHWe oanHapHoii pasHocTu And Ol un MH ¢ ucnonb3oBaHnem cooTHowweHus (11)
ans Ap’ (Pa3) (4) p’ (re°"')(t) eon (Pas) | 5 ki on) — R on(t) v (bopmyna 2) ana p’rf‘l_*"aa) (t), koTopoe nocne npeo6-

pasoBaHuA umeeT Bua:
%) - A SE ) =~ () + NN () + Kol —c(dton - dtnn) - (16)

—won(t) + Tropln ny®) + 10000 - oo (6
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B neBoii YacTu codepXuUTcs UcipaBneHHas dasoBas NceBaoAanbHOCTL p’l_f?pp) (t) c obpaTHBLIM 3HaKOM.
PasHOCTU Mexay ABYMs CMyTHUKaMu OnpeaensioTcs Ha OCHOBE COOTHOLLEHNS:

PP (O = PP ) = —p ™ (€) ~ pie ™ () + MNGr () + Ko = Kol + (a7)

+
TropOI_I ﬂH( )+Ionoorl MH, q)as(t)
C 1cnonb3oBaHWeM AaHHOTO COOTHOLLEHWST BEIMMCTIAIOTCA nNpupalleHns koopauHat MNH oTHocuTensHo
On no ucnpasneHHbIM U3MepeHHbIM ha3oBbLIM NCeBAOAANBHOCTAM C 3TOro NyHkTa. B kavecTe HeoagHO3HAu-
HOCTW oLeHMBaeTCca MoanpuLMpoBaHHas HeOQHO3HaYHOCTb:
ik i ek 18
Non, v+ Kon —Kon- (18)
CocTaBneHue 1 pellueHue cMcTeMbl ypaBHEHW nonpaBok HabnoaeHuin no dopmyne (17) ¢ oLeHkon
TOYHOCTW BbIMOSHSAETCHA aHanorMyHo ¢ ykaszaHHoun B 6.3.

MpunmeyaHu e —MpusedeHHbIn anropytv o6ecneunBaeT TOHYHOCTb HA YPOBHE eAuHUL, MUNNIMMETPOB Npu yaa-
TNeHun OT onopHoK ctaHuum o 10 KM, TO ecTb B 06nactu geicTeus nokansHon guddepeHumansHon nogemctemsl FTHCC.
Ona 6onblunx AanbHOCTEN UCMONb3YTCA Apyrie NOACUCTEMBI (PEervoHanbHas U WMPOKO30HHas andpdepeHumansHbie
noacuctemsl FTHCC).

7 OTHOCUTEeNbHbLIN MeToA onpeaerneHns KoopauHaT

7.1 B oTHOCMTENbHOM MeToae HabnogeHna HKA, BbinonHeHHbIe 04HOBPEMEHHO Ha OMOPHOM U onpe-
aensieMom nyHkTe, obpabaTeiBaloTCs COBMECTHO. 13 06paboTkn CUHXPOHHBIX HabriogeHUiA OAHUX U TeX Xe
HKA, nonydyeHHbix Ha O u IMH, onpedensoTcs pasHOCTU KOOPAWMHAT 3TUX NYHKTOB (AX = Xgy — Xop,
AY = Yny = Yom AZ = Zpy — Zop) — NpoeKumn 6a30BOM NIMHWM Ha OCK KOOPAMHAT.

7.2 OnpegeneHne OTHOCUTENbHBLIX KoOOpAMHAT NO KOAOBLIM MCEBAOAASNIbHOCTAM BbINONHAETCA C
ncnonb3oBaHWeM criegyroLero anroputma:

Ans kaxgoro CMHXpOHHOFO namepennst gao HKA

+e

an p’ (reom) 4 o(ditryy — dit) + Trop{_IH + lono. H

NH

o= P’éﬁoM) + c(dtop — df) + Tropiy, + lonoy + e (19)
cbopMleyroch pasHoCTU

an pOI'I prﬁ_ieowl) p(grl_elowl) + o(dinqy — dto,-,)+Troan TroporI +/ono Iono on* I'IH on-
Mpn 06pasoBaHN pa3HOCTU UCKIIOYAOTCSA NorpewHocTn opbuTel 1 Yacos HKA.

Mo 3TM pasHOCTAM COCTABNAETCS CcUCTEMA ypaBHEHMWIA NonpaBokK HaBGnoAeHUIA C y4eTOM YCMoBUiA

(Trop’lv.“_| - Trop"on) = (Iono —lono 0,

OI'I)

pieom) = [(x7 _Xom? + (Y ~Yon)? +(Z' -Zon)?,

(p:(reom))o =\/(Xi —(XHH)O)Z + (Yi —(YI'IH)O)2 +(Zi —(ZHH)O)Z-

B maTpuuHoM npeacTaBneHUM MOfyYeHHast cMCcTeMa ypaBHEHWA NOMpPaBoOK AN BCEX CUHXPOHHBIX
HabntogeHuid umeeT Bug (bopMynbl 7),

roe
[ (X" —Xonde  (¥'-(on)e  (Z' ~(Xon)o 4
PRy PRy (R
| X2 =(Xonde (" ~(on)s (2% ~(Xon)o 4
A= ( pn(reom)) ( plgl(':eom) Yo ( plg"(_lreom) Yo i (21)
(X”—(Xon)o(Y”—(Yon)o(Z—(Zon)o
(pn(reom) ) ( pn(reom) ) (pﬁ(reom) )
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1(Kopp) 7( 1(re0M)) AXHH V1 (22)
2(Kopp) ( 2(reom)) AY, V.
L= p X=|"MH| y=|"2|
............................. AZI‘IH .
n(Kopp) ( pn(reown) ) Cdth Vn

HaHHas cucteMa ypaBHeHUI peluaeTcs cnocobom, aHanorMuHbIM Crnocoby pelleHns CUCTeMbl ypaBHe-
HUIA (cbopmynel 7).
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