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Abstract. Planned creating of state satellite geodetic network, establishing of state coordinate system and lack
of information about this branch makes it necessary to pay attention to experience in creating state satellite geodetic
network in information developed countries.
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AnHotammst. [lmaHupyeMble CO3MaHUE TOCYAAPCTBCHHON CITYTHHKOBOW I'€OJC3HUCCKOM CETH, YCTAHOBICHHUC
TOCYJAPCTBCHHOH CHCTEMBl KOOPAMHAT W HEJOCTAaTOK HMH()OPMAIMM 1O JAHHOMY HAIPABJICHHUIO [CJACT
H606XOZ[I/IMI>IM YACTIUTD BHUMAHHC ONBITY CO3JAHUA TOCYAAPCTBCHHBIX CITYyTHHKOBBIX TCOACIHICCKUX ceTe B
HH()OPMAIMOHHO Pa3BUTHIX CTPAHAX.

Beenenue. [IpockT cozmanus rocyJapcTBCHHOW CITYTHUKOBOH I'C€OIC3UUCCKOM CCTH M YCTAHOBICHUS
rOCYIAPCTBCHHOH CHCTEMBI KOOpPAHHAT ObLI MpeaocTaBicH Ha 3acexanuu llpaBurenpcrea PK [1].
BonpIMHCTBO BBICOKOPA3BUTHIX CTPAaH B 3HAYUTCIBHOW CTENCHU ViK€ CHOPMHPOBATIO HALMOHATIBHBIC
(rocymapCTBCHHBIC) CHYTHHUKOBBIC TCOAC3HYCCKAE CETH W CHCTEMBl KOOPAWHAT, ONTHMATIbHO
OPHEHTHPOBAHHBIE HA COXPAHEHHE W Pa3BUTHE TEOAC3MUECKOrO IOTEHIHANa M IMPUHHUMAIOT aKTUBHOS
VUACTHE B MEXKIYHAPOAHBIX NPOCKTAX MO CO3JAHMI0 OOIIE3CMHOM TCOLCHTPHYCCKOH CHCTEMBI
KOOpJUHAT.

B mactosmee Bpems B PecnyOnuke KazaxcraH ycTaHOBIACHA €OWHAS TOCYAAPCTBCHHAS CHCTEMA
koopauHat 1942 roma (CK-42). B 1991 roay ona Obuta ypaBHEHa C HCIIONB30BAHHUECM IMOCICIHUX
JOCTHKCHMM HAyKM M TEXHONOTWH. BBIIO BBIABICHO, YTO IO Mepe VAAIEHHS OT HUCXOAHOTO ITYHKTa
IlynkoBo monpasku k koopanHaTaM Bo3pactaroT. Ha teppuropun Kazaxcrana nmonpaBku JOCTHTAOT OT 3
10 7 METPOB, a COBPEMEHHOE IC€OAC3HUCCKOC 0DOPYIOBAHME MPEAHA3HAUCHO I pabOThl HA OCHOBC
CIYTHUKOBBIX TEXHOJOTHH ¢ TOUHOCTEIO 2 cM. Cuctema xoopauHat Ck-42 uveeT rpud «CEKpPEeTHOY, UTO
3aTPYAHACT MOMYUCHHE TCOAC3MYCCKUX M KapTOrpaguUYecKHX MATCPHANOB B Pa3IMYHBIX OTPACIAX
SKOHOMPKH ¥ MPOMBIIIIEHHOCTH, OTPAaHUYHMBACT JOCTYII HETOCYAAPCTBEHHBIX CTPYKTYP, IOPUANUECKAX U
(PUBHUYCCKUX JINL, B TOM YHCIIE HHOCTPAHHBIX HHBECTOPOB.

Metoabl uccnenoBaHus. 3amaucii HAYKU SBIACTCH Pa3padOTKa HAYYHO-METOAMYMCCKHX OCHOB
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ONTUMAJIBHOTO CO3JaHUA TOCYAAPCTBEHHOM CIyTHUKOBOM T€OAE3WYECKOM CETH M VCTAHOBIICHUS
TOCYIAPCTBCHHOW CHCTEMBI KOOPAMHAT € COXPAaHCHHEM MMOTCHIMANA CYLICCTBYIOIIUX TIEOJC3HUICCKUX
CETCH M C HCIOJB30BAHHEM OIBITA MOCTPOCHUS TCOAC3MUECKHX CETeH B Hambosee HHPOPMALTHOHHO
Pa3BUTBHIX CTPaHAX MHUPA.

Haubonee mnomHeIMH ri100anbHBIMH CHCTEMAMU TO3HIIHOHHPOBAHUS HA CETONHAIIHUH JOCHD
sisroTes  amepukanckas cuctema  Global Positioning System (GPS) u poccuiickas ['noGampHast
nasurarmonHas crnytaukoBas cucrema (I'JIOHACC). Ho o6e 3tu rioGaibHbIC CITyTHUKOBBIC CCTH HE
COOTBETCTBYIOT KPHUTCPUIO 3()(PEKTUBHOCTH, TMOCKOIBKY KOJHUYECTBO NYHKTOB TC€OAC3MUCCKOH CETH,
MPAaKTHYCCKU PCATH3VIOIHUX 3Ty CHCTEMY, OTPAHUYCHO M OHHM MAaJOXOCTVIIHBI IS HCTOJNB30BAHHS
MOTPEOUTENEM TPU PCLICHHM BBICOKOTOYHBIX 330a4 HAYKH M OJKOHOMHKH, a TaloKe B LEIAX
MEXKIYHAPOIHOTO COTPYIHHUECCTBA.

[TosTOMy B BBICOKOPa3BUTBIX CTPaHAX MHUpPA, HOMHMO VYACTHI B MEKIYHAPOIHBIX MPOrpaMMax mMo
MOCTPOCHUIO MEXIYHAPOJHOH TEOLCHTPUYCCKOH CHCTEMBl KOOPAWHAT, OJHOBPEMEHHO CO3IAX0T
PETHOHANBHEIC (MEKIOCYAAPCTBCHHBIC) M HALTMOHAIBHBIC MPOCTPAHCTBCHHBIC CHCTEMBI KOOPJHHAT,
ONTHUMAIBHBIM 00Pa30M OPHUCHTHPOBAHHBIC Ha PCATHM3ALMI0 TOCYAAPCTBCHHOTO TI'COAC3HYCCKOTO U
KapTorpadguIeckoro mOTCHIMANIA.

leonmesnueckue ceTH, co3gaBacMble CIYTHHKOBBIMH TEXHOJOTHSAMHM, PA3ICISAIOT HA TII00aIbHBIC,
KOHTHHCHTAJIBHBIC, HAIMOHAJBHBIC, PETHOHATIBHBIC M JIOKATIbHbIE. BO3MOXKHOCTH COBPEMCHHBIX
CIIYTHUKOBBIX TEXHOJOTHH, MPOSBILIIOIINECS B TOYHOM H OINCPATHBHOM OINPEACICHHHA KOOPIWHAT
MYHKTOB, PACIOIOKCHHBIX B MPEICIaX 3¢MHOTO IIapa, ObIIM WCIONb30BaHbI A1 CO3AAHUS r1o0aIbHOM
OTIOPHOM TCOAC3UICCKOM ceTH [2].

HauGonee tounoiti u >(pGeKTHBHON TrI00ATPHON CIOYTHHKOBOH TICOAC3MUYCCKON CETBIO SIBISCTCS
(ITRF - International Terrestrial Reference Frame) - npaktuueckas peaausaus Me:KAyHAPOTHON 3¢MHOM
onopHoi cuctemsl koopaunar(International Terrestrial Reference System — ITRS). Karanoru koopaunar
nyakToB ITRF BehencTBre HENMpEepBIBHOTO COBEPINEHCTBOBAHUA CETH MEXAyHApOAHON accoLMaIiueH
reoxesnu (MAI) - IAG (International Association of Geodesy) nepuoguuecku obHoenstotes [3].IIpu
stoM ITRF ssrnsercs ommoBpemenno u omopHoii ceteto u cay:xkOoi IAG. ITRF paseusactcs u
nogaepxkusactess BMecte n HepaspbiBHO ¢ ITRS. ITRS/ITRF mpusHanel Bo BceM MHpE B KadecTBE
MEXIYHAPOIHOU OMOPHOHM CHCTEMbI JJIs HCIOIb30BAHUS B PpasaudHbIX (PYHIAMEHTAIBHBIX U
MPUKIAJHEIX 3a0a49ax (pu3rka, acTpoOHOMHUS, TCOJUHAMHKA, TCOAC3HS U TIP.).

IMoaaepsxanue u pazsurue [ITRS/ITRF Bxoaut B KOMICTCHITHIO U SIBIISICTCS. OAHON U3 TJIABHBIX LICICH
JCATCIBHOCTH CiIe OAHOU ciy:k0bl IAG — MexayHapoaHou ciy:kObl BpaICHUS 3EMIIM H OTOPHBIX
cuctem (MCB3) - IERS (International Earth Rotation and Reference Systems Service). Monuropusr,
MPOBOAUMBIM Ha MNYHKTaX TI00ATBHOH TCOAC3MUYCCKON CETH, MO3BO/LIET MEPHUOIMYCCKH YTOYHSITDH
KOOPAWHATBI 3THUX MYHKTOB, BBIYUCIITH TOYHBIC 3HAYCHHUS d3(eMepun CIOyTHHKOB CHCTEM
no3unuoHnpoBanms. COYTHUKOBBIC HAONMIOACHHUS MO3BOSIIOT HM3YYaTh TCOTUHAMUYCCKUE SIBICHHS,
MPOUCXOINUE B 3¢MHON Kope, noHochepe, Tpomochepe u T.4. BemyTest paboTel MO MOCTPOCHUID H
sKcruyaranuy  rnodaneHo cetd moctosHHEIX GPS myHkTOB. B 4WHCIO NOCTOSHHBIX IMYHKTOB
Mexnaynapoguoit cayx0be1 GPS must reoamnamuku (IGS) na teppuropun PecnyOnuke Kazaxcran
BKTIOUCHH [ leTponaBnosck u UnMKEHT.

ITRF saBnsercs 6G10KOBOM CHCTEMOM U BKIFOUACT 6 PETHOHATBHBIX OMOPHBIX CETH U COOTBETCTBCHHO
6 VIOpaBLIOIIMX MMH perHoHaNbHBIX mogkomuccuii IAG, a WMEHHO: pervoHanbHAs MOAKOMHUCCHS IO
Esporic - EUREF, peruonamsnas mogxomuccust mo Hskuoit u LlenrpamsHoiti Amepuke - SIRGAS,
peruoHansHas noakomuccus no Ceseproit Amepuke - NAREF, pernonanpnas moakomuccns mo Adpuke
- AFREF, peruonanpHas mnogkoMuccus nmo A3suarcko-THXOOKCAHCKOMY PETHOHY, PETHOHATbHAS
moakomuccuss 1o Antapktuke - SCAR. VYkazanHeic pErHOHANBHBIC TMOAKOMHUCCHH BXOIAT B
[Moxxomuccuro IAG mo pervonansHeiM onopHeiM ceTaM SC1.3, cozmannyio B 1987 roay perieHuem
I'enepanbroit Accambnen (International Union of Geodesy and Geophysics) IUGG. Ctpykrypa, nenu u
3amaun peruonanpHbix moakomuccuil ITRF umeroT obmiee u oTmuums.

Haubonee Ommskas x P® pernonamenas moakomuccus nmo Espome EUREF mpecneayer mens mo
cozgannio u pazsuturd EUREF Permanent Network (Monwuropunrosoit cetu EUREF) - EPN,
OCHOBOIIOJIATAOIAMH MPUHIHMIIAMH PA3BUTHS KOTOPOH SBISIOTC:

- OTKpBITOCTS U1 pazeutyd no npuHateiM EUREF npasuiam;
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- nyHKThI EPN 10/KHBI OBITh «AKTHBHBIMIY, T.€. IocTOstHHO Ha0roaate T HCC;

- TeHacHuus Hapammsanus HaOmoaeHuit B THCC, momumo GPS, cucremsr 'JIOHACC (a mance
GALILEO u COMPASS) - na xonen 2010 roaa xomuuectso nyHkroB vadbnwoaeuuii (ITH), padoraroumx
o I'JIOHACC, cocraBumo 50% ot obmero komudaecrea [TH EPN;

- uH}pACTPYKTYpHASI MOAJCPKKA BCEX CIELHUATBHBIX NpockToB, cBa3aHHBX ¢ GALILEQO, u
HaseiBacMbIx EBponetickue nanmmatuesl (European initiatives);

- coBMmecTHOE paszsutue ¢ eBponeiickumu BeicoTHhiMU ceTsimu (UELN, EUVN) u Espomnetickoit
KOMOUHHpOBaHHOU reogesmdeckoi cethio ECGN;

- COIJIacOBaHHAs Pa0oTa LICHTPOB JAHHBIX U LHEHTPoB aHanu3a no npuHaTeiM EUREF npasunawm;

- wucnone3oBanne pexomeHaoBanHbx EUREF, Ho pasmnmusbix, maketoB mnporpamm (IID) -
BERNESE, GIPSY/OASIS u GAMIT - ¢ npuMeHeHHEM Pa3MTUYHBIX MOACICH M cTpaTeruil odopadoTku
JAHHBIX.

baoka u cootsercTByrOomen uadpactpykrypsl ITRF mo Bocrounoii Espornie, CeepHoit u Cpenneit
Azun, mokpeIBaroIpX O0ombeinyro YacTe Tepputropun orBero CCCP, Her.

HeoGxoanmocTs yueTa XapakTEepHBIX IS KOHKPETHBIX KOHTHHCHTOB (aKTOPOB (TCKTOHHUESCKHE
JBHOKCHUS ABCTPATUHCKOHN TUTHTHI COCTABISIOT NPUMEPHO 70 MM B rox [4]), OKa3bIBAIOIINX BIUSHHUE HA
M3MCHCHHUSI C TCUCHHUCM BPECMCHH 3HAUCHUN OMNPESACISICMBIX KoopauHAar (pucyHOK 1), o0ycrnoBuio
LenecooOpa3sHOCTh  MOCTPOCHMSI KOHTHHCHTANBHEIX —OIMOPHBIX Treoie3udueckux ceted. [lpumepom
KOHTHHCHTAJIbHOU ceTu ciy:kuT EBponetickas reoxesnueckas cets (EUREF), coznannas mpu yuactuu
16-tu eppomelickux ctpan, rac Hapaay ¢ GPS mpeaycmarpuBaroTcss H3MEpEHHS € TOMOLIBIO
CIIyTHUKOBBIX JIA3CPHBIX AanbHOMEpPHBIX cucteM (SLR) u paguouHTepdhepOMETPOB CO CBEPXITHHHOMN
6azoii (VLBI).

120° 135° 150°

Pucynok 1 - Cxema pacnionokenust IyHKToB AFN u ANN

Hapsany ¢ rnoGampHON U KOHTHHCHTANBHBIMU T€OJC3HUCCKUMHE CETAMH, CO3IABACMBIMH HA OCHOBC
CIIYTHUKOBBIX TCXHOJOTHH, aHATOTUYHBIC MOAXOIbI HCHOIB3VIOTCH U MPH MOCTPOCHUH HALMOHAITBHBIX
OMOPHBEIX TCOAC3HUYCCKUX CceTel, oOccreuHBaOmMX Haubomee paunuoHanbHOoe H - 3 PEKTHBHOC
MPaKTHICCKOC OMPEACICHHE KOOPAMHAT M BBICOT NMMYHKTOB HA BCCH TEPPUTOPHUH CTPAHBI C TOYHOCTSAMH,
TpeOyeMBIMH AN PELICHHS BO3MOXKHO OONCE IOHPOKOTO KPYra HAYYHO-TCXHHYCCKHX U
MPOU3BOACTBCHHEBIX 3a1a4.

XapakTepHBIM MPUMEPOM HAIWIOHATHHON CITYTHHKOBOH TEOJE3MUYECKOM CETH ABIAETCS CETh
ABcTpanuu.
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leonmesnueckas cmyTHHKOBasS ceTh ABCTpaTIUH OOBCIHHACT OCHOBHVIO, HAIIMOHANBHYIO CETH H
cIyTHUKOBYIO ceTb GPS.

Aecmpanuiickas ocnoenas cems (Australian Fiducial Network — AFN) BkmarouaeT BoceMb
TIOCTOSTHHO JCUCTBYIOMINX CTAHIIMH, KOOPAHUHATH KOTOPHIX ONPEACICHHI B 30Xy 1994.0 ¢ TouHOCTRIO 10
HECKOIBKHX CAaHTUMETPOB(2—4+107) My

Aecmpanuiickas  Hayuonanvnas cemwv (Australian National Network — ANN) cocrour wus
PaBHOMEPHO PACIIOIOJKEHHBIX ITYHKTOB CO CPEAHUM PACCTOSHUEM MEKAy HUMH 0k0s10 500 kM.

T'ocyoapcmeennaa cemv GPS (StateGPS networks) [5] npeacrasaser coboi 3anoIHSIOMIYIO CETh CO
croporamu 1 0—100 kM.

Cxema pacnonoxxenns cranuuid AFN u ANN npusegena Ha pucyHke 1.

[Tpumenutensro k CHIA 310 coBokynHOCTE eaepanbHON ONOPHON ceTH, 00BCAUHEHHON OMOPHOM
CCTU U MOJB30BATCIRCKON ceTH crymeHust. B Poccmiickoit @eacpanmu npeayCMOTPECHO MOCTPOCHUC HA
OCHOBC CITyTHHKOBBIX  TCXHOIOTHMH (yHIaMeHTambHOH actpoHoMo-reogesmdeckor cetu (DAIC),
BBICOKOTOUHOM reoae3uucckoit cetu (BI'C) u cnytaukosoit cetu 1 kiacca CI'C-1.

Deoepanvras onopuas cemv (Federal Base Network — FBN) mpeacraBieHa ceTbi0 NOCTOSHHO
JeHCTBYIOINX (YHAAMECHTANBHEIX CTaHLUH, pacnonoxkeHHbix uepe3 100 kM. Cerp obecrmeunBacT
MPOCTPAHCTBCHHBIN KOHTPOJIb ¢ HAHOOJIEe BHICOKOW HA CETOAHALIHUEI ACHb TOYHOCTBIO (95%):1 oM ama
LIUPOT W JOJTOT,2 CM TS 3JUTUICOMAAIBHON (I€OAC3UUCCKOM) BBICOTHI, 3 CM AJIsI OPTOMETPHUCCKOM
BbICOTHI, 50 MxI'an gyt cutbr TsprecTH, | MM/TOT UTST ABHXKCHUS 36MHOH KOPBHI.

Oobveounennas onopuas cemw (Cooperative Base Network — CBN) o0beamHfAeT MNOCTOSHHO
JCHCTBYIOIUE CTAHLUH, pacnoiokeHHbie Ha Tepputopun Coeannennbix LlItaTos Ha paccrosaun 25-50
KM oaHa ot apyroi. Haumonanenas reoaesmueckas cmyx6a CIIA (National Geodetic Survey —NGS)
orBeuaet 3a CBN u okaspiBacT MOMOLIE W KOHCYJIbTALMH COTPYIHHUYAIOIIUM VUIPSKICHUSAM B
OCVILCCTBICHHH NPOCTPAHCTBCHHOTO KOHTPOIS B COOTBETCTBHH C NPHHATHIMH  (heACpaTbHBIMU
CTaHJAPTAMH U TCXHUUYCCKUMH YCIOBUIMH.

Honvzosamenvcraa cemov ceyuwenus (User Densification Network — UDN) oGecneunBact
MPOCTPAHCTBCHHYIO MPUBA3KY JTOKAIBHBIX HH(PACTPYKTYPHBIX NMPOCKTOB, & MPH HEOOXOANMOCTH — H
KOHTPONb Ka4ecTBa, apXMBHPOBAaHWE M pacnpocrpaneHue gaHHBIX IMyHKTOB UDN. Ilepen ormpaskoit
nmanubix B NGS, opranuszanus — siazaeaen nyHktoB UDN 10omkHA TPOBEPUTE UX TOYHOCTH, UCHIOIB3YS
nmporpaMMHoe obecnieucHue, nocrasasemMoe NGS (prcyHok 2).

B cocraB cozmaBacMoll rocyaapcTBCHHOM reome3mdeckor cetu Poccmiickoit dexepammin HOBOTO
THINA AODKHBI BXOAWTh 50 myHKTOB (pyHIaAMeHTanbHOU actpoHOoMo-reonesuueckon cetu (PAIC), 300
MMYHKTOB BBICOKOTOUHOM reogesnucckoi cetu (BI'C) u 6 000 nyHKTOB CIyTHHKOBOH T'€0AC3UICCKON CeTH
1-ro kmacca (CI'C-1).

N3 mocrosuHo aetictByiompx nyHkToB DAI'C 33 myHkTa SBIAIOTCS NYHKTAMH OTKPBITOTO
MONB30BAHUS, YaCTh W3 HHUX SBISCTCA POCCHUCKHM cerMeHTOM MexayHapoanoil cetn IGS.Tak kak
ONpeeneHUs KOOPAUHAT MPOoBeACHE B cucteMe koopauHar ITRS, a npu ypaBHMBaHUHM CETH MYHKTOB
OAI'C 6putn ucnone3oBanbl AanHeie nyHKToB ITRF Ha Tepputopmu Poccrm m wactu 3apyOeskHBIX
nyHkToB ceTd [TRF, mpakTuyecky BCe TOUHOCTHBIE XapaKTCPUCTHKH KOOPIWUHAT MYHKTOB POCCHHCKOU
BBICOKOTOYHOM TCOAC3HYCCKON CCTH AHAIOTHYHBI XapakTepuctukam MexkavHapomaHoit cetu ITRF,
BKIIOYas €€ TCOLCHTPUUHOCTD.
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Pucynok 2 - 3uavennst ckopocTeii ¥ HallpaBIeHS! JBUYKEHI TS Pa3HbIX ITYHKTOB 10 JTAHHBIM
HarmonamsHo# reoesndeckoii cbeMkd NGS CITTIA

Kaxaei nyakr @AI'C u BI'C mpeacraBnser coboil COBOKYNHOCTE W3 5 MYHKTOB:l MyHKT
CIICIIHATBHON KOHCTPYKUMH ABISCTCS padounm neHrpom pias HabmwogaeHuin GPS/TJIOHACC; 2 mynkra
rocynapcreennoii reoaesuucckoii cetu (ITC) — 1 — 2 knaccoB; 2 myHKTa rjIaBHOH BBICOTHOW OCHOBBI
(I'BO)-rocyaapctBenHoro nmseaupoBanusl — I kmaccoB. Bce 3T myHKTHI CBSI3aHBI TOYHBIMHU
GPS/TJIOHACC u HUBETUPHBIMU U3MEPCHUSMHU.

Munskonompaszsutusa Poccnn u Pocpeectp obecnieunBaroT MOCTPOCHUE TCOAC3HUSCKIX CETEH HOBOU
CTPYKTYpBL, peamusyolmux Ha tepputopun Poccmiickoit ®eaepauny  BBICOKOTOYHVIO COUHYIO
TCOLICHTPHICCKYIO CUCTEMY KOOPIHHAT, U MOJACPKAHHE €€ HA YPOBHE COBPEMCHHBIX U MEPCIICKTUBHBIX
TpeOOBaHUI SKOHOMMKH, HAVKH W OOOPOHBI CTPAaHBI NMPH MAaKCHUMATbHOM HCIOIb30BAHHWN MOTCHLMANA
CYLIECTBYIOLINX TC€OAC3HUECKHX CETCH.

[coneHTpUUECKUE 3KBATOPUANBHEIC MPOCTPAHCTBCHHBIC MPSMOYTOJIbHBIC CHCTEMBl KOOPAHUHAT
ONPEICISAIOT MONOKEHHE TOUKH OTHOCUTEIBHO LICHTPA MAcC, TJIABHOH OTCUETHOU MIIOCKOCTBIO SIBJISCTCS
IJTIOCKOCTh DKBATOPA, CYCT KOOPIHHAT BHIIOTHACTCS B MPABOCTOPOHHEH MPOCTPAHCTBCHHOH JCKApTOBOM
cucteMe koopauHaT. IIpocTpaHcTBEHHBIE TIPSIMOYTOIBHBIE KOOpAUHATH X, Y,Z BEIpakaroTCA B TMHEHHOM
MEPE, YUCICHHO PaBHBI PACCTOSHUAM OT PACCMATPHUBACMON TOUKH A0 COOTBETCTBYIOIIMX KOOPIUHATHBIX
IJIOCKOCTEH (PUCYHOK 3).

Havano orcueta xoopauHar HaxoAuTcs B ueHTpe 3emin. | aaBHas miockocte OXY coBMmemieHa ¢
ITIOCKOCTBIO 3KBaTopa. [ maBHas ock - 0Chb Z COBMCINEHA C OCBHIO BPAIUCHHA 3EMIH M HAMPABICHA K
cesepHOMY TOTrOCY. OCh X NEKUT B MIOCKOCTH SKBATOPA H HANIPABJICHA B TOUKY MEPECCUCHIS IIIOCKOCTH
3KBaTopa ¢ HavyaabHbIM MepuauaHoM. Ocb Y Takke HAXOAWUTCS B INIOCKOCTH 3KBATOPA U AOMONHSCT
cuctemy XYZ 1o mpaBod CHCTEMBI KOOPMHAT.

[Ipu BRIMONHEHMH PaGOT MO CO3JAHHI0 HALMOHANTBHOU TCOLEHTPHUUECKOW CHCTEMBI KOOPIHHAT
Poccrn Gbi1 MCTIONB30BaH OMBIT MOCTPOCHUS HAITMOHAIBHBIX W KOHTHHCHTAIBHBIX T'COLCHTPHYCCKUX
cucteM koopaunat, co3gaBacmbix B CIHA, EC, Ascrpamum, Kamane u Kurtac - nHamGosece
HHPOPMALIMOHHO Pa3BUTHIX CTpaHax Mupa [4].
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Pucynok 3 - I'eonieHTpryeckast cucreMa KOOpIuHaT

[Iponiecc mocTpoeHHsT COBPEMECHHOW CHCTEMBI KOOPAMHAT HE MOXKET VCICIIHO Pa3BHBATHCA
H30JIMPOBAHHO B TPAaHULAX OTACIBHBIX TOCYAAPCTB. JTO OOVCIOBICHO, BO-TIEPBBIX, TEXHUUYCCKUMH
MPUYMHAMH, CBSI3AHHBIMH CO CHCUH(HUKOH COBPEMECHHBIX CPEIACTB I€ONC3UUCCKUX M ACTPOHOMHYCCKHX
H3MCPEHHUH, JCKAIMUX B OCHOBE MOCTPOCHUS CHCTEM KOOPAMHAT, & BO-BTOPBIX, HAIIMOHATbHAS CHCTEMA
TCOAC3MICCKUX KOOPAMHAT, KAK COCTABHAS YAacTh SKOHOMHKH CTPaHbI, BOJBHO WM HEBOJBHO JOJDKHA
pasBUBAaTBECA B pycic OOMEMHPOBBIX HHTCTPALIMOHHBIX OSKOHOMHUYCCKHX Tpoueccco. [lostomy npu
paspaboTKe TEXHOJIOIMH MOCTPOCHHS OOBEIMHCHHOU T'COLCHTPHYCCKOH CHCTEMBI KOOPAMHAT AOMKCH
OBITh H3VUCH H YITCH MHPOBOH OIBIT CO3JAHHS COBPEMEHHBIX TCOLICHTPHUSCKHX CHCTEM KOOPIHHAT.

HMuckyccusi. Bee coBpemveHHbIe peanu3aiuu OOIIC3CMHBIX TCOLCHTPHUUCCKUX CHUCTEM KOOPAUHAT
WGS-84, ITRF, 113-90.02 u gpyrux oCHOBaHBI Ha OJAHOHW U TOU K€ MEKIVHAPOTHOW 3¢MHOH OMOPHOI
cucreme koopauHat ITRS. TlpuHupmel opueHTanmMuM TakoW CHCTEMBI KOOPOWHAT B Tele 3EMIH
onpenencHel MexxayHaponHot ciy:kOor Bpamenus 3emmu, MCB3 (International Earth Rotation and
Reference Systems Service —IERS) u Mexaynapoasoit accoumanuenn reogaesuu, MAIL (IAG),
SBILIOIICHCS OJHOH U3 CEMH acCOLMAIi MeKIyHApOIHOTO FEOAC3HICCKOTO U TeOpH3HUECKOrO COr03a,
MITC (IUGG). Poccuiickas ®eaeparius spisietcs aeictButeasHbiM wicHom MITC u MAT'

MesxaynapoaHas weOecnas omopras cucrema koopauHat ICRS (International Celestial Reference
System) u MexxayHapoAHas 3¢MHas omopHas cuctema koopamHat [TRS  onpeaencHsr moxkymMeHTaMU
Me:xaynapogHoi cny:kObl Bpamenus 3eman — MCB3 (International Earth Rotation and Reference
Systems Service — IERS) [6, 7].

[IpakTHueckue peanuzandyd  MEXKIYHAPOAHOH HEOCCHOM OMOPHOH CHUCTEMBI KOOPAMHAT U
MEXKIYHAPOIHOU 36 MHOM OMOPHOM CHCTEMbI KOOpAMHAT HocaT HasBaHus International Celestial Reference
Frame (ICRF) u International Terrestrial Reference Frame (ITRF) sBastroTcst onopHbIMU (HCXOAHBIME)
STANOHAMH IOKAJ HAMpPaBICHUH B MPOCTPAHCTBE, MECTOMOJOKCHHS ([MO3HLMM) HA 3E€MJIC, BEKTOPOB
CKOPOCTH M YCKOPEHHS OTHOCHTEIBHO 3EMIH B BHAC COBOKYIIHOCTH MPOCTPAHCTBEHHBIX PEICPOB —
cranuul, mpeacrasneHHbIX B ICRF ¢ mpumucaHHBIMH VITIOBEIMH KOOPAWHATAMH HANpPABICHHUH Ha
KBa3apel U APYTUC YIAICHHBIC HCTOUYHHKH paanonsayucHus, a B I[TRF —c npumucaHHbIMU ACKapTOBBIMH
KkoopauHatamu X, Y, Z.

ITRF — nanbonee TouHAs HA AAHHBIH MOMCHT MPAKTHUYCCKAS PEATU3ALMS MCKIYHAPOIHOU 36MHOU
OTMOPHOW CHUCTEMBI KoOpAuHAT. Mcmomp3yemas HBIHE MpoLEAypa €€ BbIBOJA MPESAyCMATPUBACT
KOMOUMHHpOBaHUE HeCKONbKUX YacTHBIX pemeHni (TRF),momyuacMpix B pa3nuyHbIX DEHTpax 00paboTKH
€ HCTIOBb30BAHUEM HAOTIOACHUM Pa3HEIMH METOAAMH KOCMUYCCKOM reoJe3uu: paauo uHrepdepomeTpun
co ceepxanunaoil Oazoit PCIB, nmazepuoit nokammm crmytHHkOB JUIC, mommepoBckod CHyTHHKOBOU
cuctemoii DORIS (Doppler Orbitography and Radiopositioning Integrated by Satellite), rmoGaapHbIME
HaBurarmoHHbsiMu cyTHHKOBbIMU cuctemamu [ HCCGPS (Global Positionning System) u B mocieHee
Bpems [JIOHACC.

CoBpeMeHHEIE TpeOOBaHHMS K TOYHOCTH CHCTEM KOOPAHMHAT OOYCIABIHMBAIOT HEOOXOIMMOCTh
YVYUTBIBATh U3MCHCHUS BO BPEMCHH KOOPAMHAT, CBS3AHHBIX C BIMSHHUCM TTIOOANBHBIX FCOANHAMHYCCKAX
mpoueccoB. I[losroMy Karajgorm KOOpPAWHAT TYHKTOB TEOLCHTPHUECKOM cuctemel koopauHar ITRF
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MCPHOANICCKH OOHOBIISIOT H YKA3bIBAKOT UX IIOXY.

[eonenTprteckas cucTeMa KOOPAMHAT M MapamMeTpbl ODINIE3EMHOIO JJUTHNCOMAA OMPEICILIIOTCS U
YTOUHSIFOTCS TIPH COACHCTBUN MEIyHAPOIHOH CIy»OBI TOOATBHBIX HABUTALMOHHBIX CITYTHHUKOBBIX CHCTEM
International GNSS Service (IGS) [8] (B mporwiom International GPS Service) — noGpoBOEHOTO 00BEIUHSHIS
6onee ueM200 HAWOHATBHBIX AreHTCTB U CIyKO, 3aHmMarommxcs coopom manHbix GPS m [JIOHACC ¢
MOCTOSHHO paboTarompx 0OazoBbIX CTaHIMH, pacloNoKeHHBIX 1o Beemy wmupy. Llempro IGS spmsgercs
MOAACPKKA HAVYHBIX UCCIICAOBAHUM B 00ACTH M3YUCHUS TUIAHETHI 3EMIISl, MHOTONPO(IIbHBIX TIPHIOMKEHHH U
oOpazoBanus. B nacrosumee Bpemst IGS Bxomur B MexayHapoaayro accormanmio reoaesun (International
Association of Geodesy — IAG) [9]. (CneayeT otmeTHTh, UTO Ha TeppHUTOpPHU PoccHi pacionoyeHo TOIBKO 6
nyHkToB IGS, nanHbIc HAOMIONCHHIT U KOOPAMHATHI KOTOPBIX BKIro4YcHHI B Karanord ITRF.)

Ilpu paszsutuu u moaacp:kaHuu cuctemMbl koopaunar WGS-84 (cucrembr koopanHatr MuHOGOPOHBI
CILIA), sdemepunnoe obecneucuue MC3 GPS ocymectsastor 20 cranumii cnekeHuss MUHHCTSPCTBA
oboponst CIIIA. Tlepuoguuecku MHHOOOPOHBI YTOUHSCT KOOPAWHATHI CBOMX CTAHIMH MO JAHHBIM
mexayHapoxHou cuctembl koopamHar ITRF [10]. Takum o6pazom, mpu MuHHMyME (PHHAHCOBBEIX U
TPYZOBBIX 3arpar cucrema koopauHat WGS-84 meproauueckn VTOUHSCTCS, W HA YPOBHE INCPBBIX
cautamerpos coBmagact ¢ ITRF. OueBngHa nenecooOpasHOCTE TAKOTO MOAXOAA H HPU PErYLIPHOM
yrouneHnn koopaunHat nyHkroB HKY TJIOHACC no aamneiM HaOmozenuii [HCC na mocrosHHO
npeicryromux nyHktax GAIC.

B Coegnnennbix IltaTtax AmMepHKH, HE3aBHCHMO OT paboOT HO MOAACPKAHHIO U PA3BUTHIO
cuctembl koopauHat WGS-84 u yyactus B paboTax MO PasBUTHIO U MOAACPIKAHUIO MEHKIYHAPOTHOM
3emuol cucremsl koopanHat ITRF, B pamkax mecarmmernHero mimana HarmonanpHOH reone3wdeckon
ceemku NGS (National Geodetic Survey) wa2008-2018 roxer [11] paseuBaeTcs HalMOHATbHAS
mpoctpancTeeHHas cucrema koopauHar NSRS (National Spatial Reference System), onmrumanbHbIM
obOpazom opueHTHUpOBaHHAs HA 3 (EKTUBHOE UCIIOAB30BaHKE yoke co3aannoro B CIIA reoaesuueckoro u
KapTorpadguIeckoro MOTCHIMANIA.

Ha anamormuneix npuHimpnax GopMupyeTcs HALMOHAIBHAS TEOLICHTPHUICCKAs (IIPOCTPAHCTBCHHAS)
cuctema koopaunar B Kanazae (Canadian Spatial Reference System—CSRS) [12].

I'eouenTpuueckas cucrema wxoopaunat Ascrpaiaun, GDA (Geocentric Datum of Australia) -
CHUCTEMa KOOPAHMHAT, MPHUHATAs MEKIPABUTCIBCTBCHHEIM KOMHUTETOM IO TCOAC3UH H KapTorpaduu
Asctpamuu ICSM  (Intergovernmental Committee on Surveying and Mapping). GDA94 asnsetcs
CTATHYECKOM CHCTEMOM KOOpAMHAT HA ocHOBe MeskayHapoaHo# 3eMHOI cuctemsl koopaunHar [TRF 1992
roga (ITRF92) na smoxy 1 suBaps 1994 roma. B sto Bpems GDA94 u ITRF cosnmamamu ¢ WGS-84.
OaHako ¢ TCUCHHUEM BPEMCHH, M3-32 TCKTOHHUYCCKHUX BIDKCHHH ABCTPAIHHCKON IUIMTHI, PCaTH3aLHN
ITRF u WGS-84 cramu oraumuarbest ot GDA94, u B HacTosnee Bpemst aOCOIOTHAS PA3HHULIA MEKITY
GDA94 u ITRF (¢ xoropoii cucrema WGS-84 cormacoBaHa Ha CaHTUMETPOBOM YPOBHE) COCTABISICT
MPUMEPHO OJHH METP.

J1st GOIBLUIMHCTBA MPAKTHICCKUX MPUMEHCHUH, ¢ HE TPEOYETCsI TOUHOCTE BBILIEC, UM OAUH METP,
koopauHatel B cucteme GDA94 moryT cumratbes Takumu ke, kak WGS-84 wau [TRF. Onuako, ans
00eCICUCHNST PAcXOXICHHS B KOOPAMHATHBIX CHCTEMAaxX OTCYETA, IOJIb30BATCIH, paboTaromiue Ha
CaHTHMETPOBOM YPOBHE TOYHOCTH, JO/DKHBI NPHMEHATH mnpeoOpaszosanmst mexay GDA94 u ITRF.
Co0TBETCTBYIOIIEE MPOTPAMMHOE 00SCIICUCHUE TOCTYTHO Ha caire [CSM.

C 1 suBaps 2000 roma cucrema GDA94 sasnsercs opuIMAIBHBIM CTAHAAPTOM TCOACIUUCCKUX
JAHHBIX, IPUHATOM Ha HanuoHadbHOM ypoBHe. Koopanuater B GDA94 BeIpaskeHBI Kak reoe3HUCCKUC
KOOpAuHAThl (IIMPOTA W JOJTOTA) WiIH mpsMoyrombHbie koopauHatel (XY u Z). GDA samenser
ABCTpalIHMHCKYIO reogesudueckyro cucteMy koopaunat (AGD), kotopas aevictoBana ¢ 1966 roma. 1o
ObLIa CHUCTEMA KOOPAMHAT, KOTOpPAs HAMIYYIIMM OOpPa3oM COOTBETCTBOBAIA MOBCPXHOCTH 3CMJIH B
peruoHe ABCTpaluH, HO €€ Hadalno HE COBMNAAAJ0 C LEHTPOM MAacc 3EMIH. PACXOXKICHHEC MEKIY
Hauajamu cucreM koopauHat GDA m AGD cocraBmser okono 200 METpoB, IPUMEPHO HA TAKYIO K
BCJIMYHHY PA3THYAIOTCS U KOOPAUHATHI TOYCK HA MMOBEPXHOCTH 3EMITH.

B Espone perunonamsHas noakomuccus — EUREF (SC 1.3 a Regional Reference Frame Sub-
Commission for Europe) B 1990 roay, pekoMeHA0Ba A HUCMONb30BATh SBPONMCHCKYO 36MHYIO OTOPHYO
cuctemy koopauHat ETRS89 (European Terrestrial Reference System), cosmagmaromiyto ¢ ITRS B snoxy
1989.0 u cBa3aHHYIO cO cTaOMIBHOM HacThio EBpasuiickoii mnardopMer.
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ETRS89 peanuzoBana B Buac espomeiickoii cuctemsr koopaunatr ETRF (European Terrestrial
Reference Frame), ocHoBanHO# Ha myHkTax eBponeiickor peruonHansHoU cetd EPN (EUREF Permanent
Network). [Ins xaxnout peanuzanpn ETRS89 npunsaro o6o3nauenne ETRFyy.

3akmrouyenune. Takum oOpa3oM, OONBPITUHCTBO BBHICOKOPA3BUTHIX CTPAH, UMCIOINUX 3HAYUTCIBHBIC
TCPPUTOPUH, NPUHUMASA AKTHBHOC YYACTHE B MCKIYHAPOAHBIX MPOCKTAX W MPOrpaMMax Mo CO3TAHHIO
CIVHOH OOIIE36MHON TICOLCHTPHUUCCKOW CHCTEMBI KOOPIAHHAT, (POPMHUPYIOT TaKKe HALMOHATBHEIC
(rocymapcTBEHHBIC) CHCTEMBI KOOPIHHAT, ONTHUMATBHEIM 00pa3oM OPHCHTHPOBAHHBIE HA COXPAHCHHE U
Pa3BUTHE TCOAC3UUCCKOTO M KapTOrpadguIeckoro moTCHIMANA, YKE CO3AHHOTO K 3TOMY BPEMCHH.

MemutekeTTiK CepiKTIK reoie3usiIbIK Kyiieaepai Kypy #oHe KOOpAHHATAJIAp KYiielepiH opHAIaCThIpY
TyKipuGeepi
Bexmypsaes B.2K., KacbivmkanoBa X. M., Kanrynosa I'.K., bexryp B.K.
an-Oapabu atemaarsl Kasak YITTHIK YHUBEPCUTETI, AMaTH K., Kazakcran

E-mail: batyrkhan53@mail.ru, khaini_kamal@mail.ru, gulnar_zan(@mail.ru

Kinr ce3aep: reoiesus, Teoakiiapar, CepikTiK ['eo Ie3HSIIBIK TOP, MEMIIEKETTIK T'eOTICHTPITIK KOOPJIMHATA JKYHec.

Annotamus. JKocnaprmaHbl OTHIPFaH MEMIIEKETTIK CEPIKTIK Top JKyHenepial Kypy >KoHe KOoOopIuHaTamap JKyHelnepiH
OpHATACTHIPY JKOHIHJET1 aKapaTTap/IbH JKeTKLUTIKCI3Ir], aKIapaTThIK JaMbIFaH MeMICKeTTepIH TaxKipuoenepiHe KeTe KOHUT
6oyl KaKeT eTefl.
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