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A0 METPOJIOI'THHOTI'O 3ABE3INEYEHHA GNSS-HIBEJIFOBAHH S
HA POBOYUX ETAJTIOHAX

Poszsutox Ttexnonorii GPS/GNSS chpsivoByerbest 1y BU3HAu€HHI BUCOT [YHKTIB BiIHOCHO (izuuHOro Tina
3eMuTi — HOpMaTBHUX BHCOT. ToUHICTH iX BM3HadeHHS 3a pezynbTaraMu GNSS-criocTepekeHb CKITaIacThCS 3 JIBOX
YACTUH: MOXWOOK BU3HAUECHHS IPOCTOPOBOTO MiCIIE3HAXO/UKEHHS IYHKTY, 30KpeMa IeofIe3nIHOI BUCOTH (BiHOCHO
MaTeMaTH4HOro Tina 3emuni), 3 omparmroBanas GNSS-crmocTepexens; i moXxuOOK BH3HAYEHHS a00 MOIETIOBAHHS
IIOBEPXHI Teoina 4u KBazireoina. Mera 1riei poboTH — aHaNi3 NMOXWOOK BM3HAUEHHS KOOPAMHAT ITyHKTY, 30KpeMa
reofie3ndHoOl BUcOTH, TexHomoriero GNSS, a Takoxk po3paXyHOK ampiopHOi OIIHKA TOYHOCTI MEPeXi TEOMETPHIHOTO
HiBeMIOBaHHS 3a mporpamoro Il xmacy, mo HeoOXimHO A METPONOrivHOil arecTamii veTomuk uxoHaHHS GNSS-
HIBETIOBAHHS Ha poOOYMX eTajoHaxX. TakMMU eTajoHaMH MOXYTh OyTH (yHIaMeHTaNbHI T€O/e3UdHI Mepeki st
atectantii GNSS-mpuiimadie. MeTtoauka. Metposorigte 3abesnedeHHs poboUoTo €TATOHY [UTSL TOCTIKEHD TOUHOCTI
GNSS-niremoBanHs Tiepeadavae aHami3 TMOXHOOK BW3HAUEHHS BHUCOTH TYHKTY 3a croctepexenHsMun GNSS i
3a0e3nedeHHss KOHTPOJII0 TOYHOCTI MOJIE/TIOBAHHSA [TOBEPXHI reoiia y 1boMy perioHi. ToMy CTaTTs CKJIAJAEThCs 13
JIBOX HacTUH. Y TepImiil — aHami3ylOThCA NOXMOKM BH3HAYEHHS KOOPIHHAT IIYHKTIB 1 JOCTI/DKYHOTHCS ITOXHOKH
BM3HAYCHHS TEOJIE3HTHOT BUCOTH IYHKTY 3aJ€KHO Bia TpuBaiocTi cecii GNSS-cnocTepekeHsb (OCKITBKA OUTBINICTE
noXuOOK 3aJ1€XKIIN BiJ Uacy CIOCTEPEIKEIIIIs]) Ta 3aMEKIIOCTI TOXHOKH PIi3IHIN BUCOTH TOUKH, BH3NAYEIOl y cecisx
CTIIOCTEPEKEHb OIHAKOBOT TPUBAJIOCTI, SIKI BUKOHAHI y pizHi aHi 1t GNSS-BekTOpiB pizHOT MOBNKHHH. BuximanMun
JAaHUMHW JUTSA [IAX JTOCTTi/DKeHb BUKOPHUCTaHI JBI TOOOBI cecil CIOCTepelkeHb, 3MIMCHEHI OTHOYacHO Ha HYOTHPHOX
IyHKTaX ¢YHIAMEHTATRHOI I'€OJE€3WUHOI MEpPEexki JBOUACTOTHMMH mpuiiMadamu. OnuH 3 IYHKTIR BHOpaHUi 3a
pedepeHITHAH, TOMY TTOXHOKH BH3HAYEHHS BHCOT BHKOHAHO [T 3 IMyHKTIE Ha Biactadsx 10, 14 i 20 kM Bix
pedepenmHoro. Y npyrii 4acTHHI CTAaTTi U anpiopHOT OMIHKKM TOYHOCTI 3allpOeKTOBAHO! MepexXi TeOMEeTPUIHOTO
HiBemoBaHHs 3a mporpamoro 11 Kmacy BH3HAYANOTHCS Barosi koedimientu ans 11 penmepis 3 po3s’s3Ky CHCTEMH
IIapaMETPUIHIX PIBHAHb METOIOM HAMEHINNX KBAaJpaTiB. BHXIAHUMH JaHUMH JUTSA IIMX PO3PAXyHKIB MTOCITY)KHITH
JIOBXHHH XOJIB MDK pernepaMH B3[OBXK JOpir, BUMIipsAHI Ha TomorpadiuHiii KapTi 3 ypaxyBaHHaM pensedy, i
BEJIMIMHY TPaHUIHUX ITOXHOOK BHIIAJIKOBOT 1 CHCTEMATHIHOI CKITalloBUX JuTs HiBemoBaHHA 1l kracy. ['eomerpuune
HIBETIOBAHHA HeoOXimHe a1 KoHTpomo TouHocTi GNSS-HiBenmoBaHHA 1, BIANOBIAHO, TS OIHKA TOYHOCTI
MOJIETIOBAIIIST TIOBEPXIIl reoiza v Kpazireoina. PesynbTaTh. I3 focumimkens BCTAIOBJIEIO, IO JUIS BH3IAMEIIIT
TeOIe3NIHOT BUCOTH IMYHKTY 3 ompamioBaHHs GNSS-BUMIpiB 3 TOXUOKOW 6insg 1 MM cecis CIOCTepekeHb MOBHMHHA
TpUBaTH He MeHIne Hix 19 Tom. Mik noGoBumu cecismu GNSS-crocTepexeHs MoxXnOka BU3HAUCHHS BHUCOTH
CTAaHOBUTE OJIM3EKO 5 MM 1 II€ 3aJeKUTH HE TUTBKM BiJ BIACTaHI MDK ITYHKTaMH. ATpiopHA OIliHKA TOYHOCTL
BH3HAYECHHS BUCOT PEIlepiB, cepell AKX € IMyHKTH (yHIaMeHTATBHOI TeoAe3nTHOT Mepexi, IIoKa3ye, 110 3a 3a/aHuX
TpaHUYIHMAX TTOXUOOK HiBETIOBaHHSI, ITOXHUOKN BHCOT pemepie OymyTs v Mexax 0,8-2,0 mm. HaykoBa HOBH3HA Ta
NpaKTUYHe 3HAa4YeHHs. 37ificHeHW{ aHami3 MOXHOOK CBiMUUTH, MmO cymapHa moxuOka GNSS-misemoBaHHA 1
BH3HAYEHHS HOPMAIBHHX BHCOT IIYHKTIB yHIaMEHTATBHOT MEPEXi €TATOHHOTO IOJITOHY MOKE CTAHOBHTH OJIM3BKO
3-5 mm. Lle o3Hagae, mo dyHIaMeHTaTbHA T€0/Ie3HIHA Mepeska MOXKe CITYTyBaTH poOOTHUM €TATOHOM TSI KOHTPOITIO
TOUHOCTI MeTonnk BukoHaHHS GNSS-HiBemOBaHHS 3 MOJETIOBAHHAM IOBEPXHI Teoila/KBazireoina pizHUMHA
METO/IAMH.

Kmiovoei crosa: GNSS-HiBenmoBaHHS; ¢yHIaMeHTaTbHA Te0e3UTHA MEPEKa;

Beryn. llocTanoBka npodiaemMu HOPMaJIBHHX BHCOT Yy TeOJe3WYHi, mmo0 3a
reoJIe3NIHNMH KoopanHatamu (B, L, H) nepeiitn
JO  CHUCTEMH  NPOCTOPOBHX  NPSIMOKYTHHX
koopauHat (X, Y, Z). Taka nekapToBa cHcTeMa
Y KimacHyHuX (Ha3eMHUX) FEONIE3NYHUX METONAX BU-  3p’g3ama 3 BiANOBLAHEM  pedepeHu-emin-

COTH KBEBiI‘GOTI[& HeO6XiI[Hi JJIA nepeo6qncneHHa COTI[OMI JTOKaJIBHHM, HalpUuKIagI, eHiHCOTI[OM

Tepmin GNSS-HiBeMIOBaHHA MMO3HAYAE ANBTEP-
HATUBHUM METOJ] BHU3HAYEHHS BHCOT KBaszireoina.
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Kpacoscekoro, abo reonentpuunuM (WGS-84 abo
GRS-80).

VY 3B’A3Ky 3 LIMPOKHM 3aCTOCYBaHHSM TEXHO-
norii GNSS ju1s BU3HaueHHS KOOPIHMHAT MYHKTIB,
sKa, TeTep, BKe CTala OCHOBHOIO B Teoje3ii,
BUSIBUWIOCS HEOOXiMHMM 1 MOXJIMBHM, 3 IEBHOIO
TOUHICTIO, BHU3HAuaTH HopManeHi H (oprto-
MerpuuyHi h) Bucotn myHkTiB [Kyuep O. B,
Mapuenko O. M., Mapuenko . O., 3aens 1. M.,
2012]. Crmix 3a3HaYATH, IO MPAKTHYHO BHUPIMICHO
[Kygep O. B., Kypumax 1. C., Mapuenko O. M,
2009] nuTaHHA BU3HAYeHHS KOOPJUHAT 3 HeoO-
XiJTHOIO TOYHICTIO SK y TPOCTOPOBHX JIOKATBHUX
cucteMax koopauHat [Kywep O. B., 3aers 1. M.,
Cromxait 0. A., Penxeruu O. B., 2002], Tak i B
cucteMax mpoekmii Ha rmionmHy (YCK-2000) 3a
JIOTIOMOTOI0 RM3HAUEHHUX TIapaMeTpir TpaHcdopma-
mii koopmuHaT [Kapmiacekmii FO., Kydep O., 3a-
emb [, 2013]. Anme BuU3Ha4YeHHS BHCOT ITyHKTIRB
texHomnorielo GNSS y cuctemi npuitHaTol piBHEBOT
MOBEPXHI 3 HEOOXINMHOW0 TOYHICTIO € CKIIATHIIIONI0
zamavero. He cTiieku depes aemo (Kijgpka MiTiMeT-
piB) MEHINOi TOYHOCTI BU3HAUEHHS BEPTUKaIRHOT
CKIIaJOBOI  BiJl IUTAHOBOTO MICIIE3HAXOKEHHS,
CKUTBKH Yepe3 TOUHICTH MOJICIIOBaHHS caMoi piB-
HeBOT NOBepxHi a00 MOBepxHi reoina.

AHaJIi3 oCcTaHHIX JOCTiTKeHb

IMoBepxHS BIUIIKY OPTOMETPUYHUX 1 HOP-
MAaNBHUX BHCOT Peali3yeTbCs CepeIHIM piBHEM MO-
pa [Mapuenko O. M., Tpetak K. P., fpema H. II.,
2013]. Ii MomemoBaHHS, TOGTO BIIHOBRIEHHS
¢$yHKIIT Ha OCHOBI JUCKPETHO 33JIaHUX BHUMIpIiB
[Typuax JI. WU., Tlmotankor I1. B., 2003], moxe
OyTH BHKOHAHO 32 JaHUMH, HAIPUKIAJ, [PaBiMeT-
PUYHOTO 3HIMAHHS y BIANOBITHOMY pETioHIi
(UUIIXOM OOYUMCIIEHHS AHOMAIM CUIM TSOKIHHS 1
MoOyMOBOI0  PEriOHaNBHOTO — KBazireoima) abo
MOJIEJITIO TpapitaniiiHoro mons 3emui. Onpariro-
BaHHS ['€OMETPUYHOTO HIiBCIIOBAaHHS 3 YypaxyBaH-
HAM 3HA4YeHb TPHCKOPEHHA CHIM TKIHHA Jac
3MOTY OTPHUMATH OPTOMETPUYHI Ta HOPMAaJbHI BU-
COTH BiTHOCHO CePeJHBOro piBHA Mops [Mapuen-
ko O. M., Tpersx K. P., Apema H. II., 2013].
TounicTe perioHaneHOT MOJEN reoina, 3BUYANHO,
puma [Kyuep O. B., Mapuenko O. M., MapueH-
ko JI. O., 3aens 1. M., 2012] i 3a51exuTh, TepeRax-
HO, BiJl TOUHOCTI FPpaBiMETPUYHOTO 3HIMaHHS 1 HOro
JIOKJIATHOCTI (PO3/iNBHOT 31aTHOCTI 200 MIIILHOCTI

TOY0K). MOXYTh TaKoXX 3aCTOCOBYBATHCA TPaJlio-
METPHYHI BUMIPH HU3BKUX CYNyTHHKIB, HAIPHKIIA/
GOCE [Xu H., Zhang Y., Duan H., 2015], a Ha
TOBEPXHI MOpIB 1 OKeaHIB — CYIyTHHKOBA
aneTuMeTpia [Rio M.-H., Hernandez F., 2004].
OcTanHIMH pPOKaMH MNYHKTH 1 PEHepH NMep:KaBHOT
reoje3uunol mepexi (I-1V kracis) marorh Biano-
BimHOI To4HOCTI GPS-BH3HaueHHs i 3 BHKOpPHC-
TaHHSAM [JOOATBHUX MOJICTEH  T[EOMOTEHIIATy
3niticieHo GPS-miemoranns [Kyuep O. B,
Mapuenko O. M., Mapuenko /. O., 3acus 1. M.,
2012]. i 3Ha4eHHS BUCOT KBa3ireoina, OTpHMaHi 3
GNSS-HiBeTIOBaHHS, TAKOXX 3aCTOCOBYIOTE SIK BUMi-
PSAHI BeTTMUWHA U TOOYIOBH a00 YTOUYHEHHS pe-
rioHaIBHUX MOJIEIeH KBazireoina [Mapuenko O. M.,
Kyuep O. B., Mapuenko /1. O., 2013]. Bimomi
[Mapuenkxo O. M., Kyuaep O. B., Peaxernu O. B.,
2007] perioHaJIbHI MOJeNi KBazireoima s Te-
putopii Ykpainu. Pe3ynbraTi NOpiBHSIBHOTO aHa-
i3y TOYHOCTI OOYMCIIEHHS BUCOT KBasireoina B
3aragpHOMY Juid ycix GPS-mynkTiB  nmep:xaBHOT
reoje3uunol mepexi (JAITM) 3 BUKOpPHCTaHHAM
rmobaneanx Momeneit (EGMO08 i EGGO8) Ta
Moneni  ykpaiHcekoro — kBazireoima  YKI2007
nokaszand [Kyuep O. B., Mapuenko O. M., Map-
yenko J. O., 3aeus 1. M., 2012], mo rnobanbHi
MoJIeJi MaloTh OUTBITY CTaHAapTHY CEepPEeTHIO KBajl-
patnuny moxubOky (CKIT) momenioBaHHs piBHEBOT
norepxHi banTificbkoi cuctemu Bucot 1977 p., Hixk
perioHanbHa MOJIENb.

Sxrmo perioHansHa MOJIeNb KBazireoina He 30y-
JoBaHa, a TIO0aNbHI TpaBiTaIliiHI MOJeTi Moje-
JTIOIOTH PIBHEBY BI/UTIKOBY TOBEPXHIO 3 HEJO-
CTaTHLOIO TOYHICTIO Yepe3 PI3HHINO B CHCTEMax
BUXITHHX TapaMeTpiB, TO 3 MEBHHUMH ITOXHOKaMH
3MIHCHIOIOTE IHTEPIOIOBAHHA BHCOT KBazireoima
Ha TIOBEPXHI MK pemepaMH, Ha SKHX BHKOHaHI
GNSS-puznauenns [Uzun S., Cakir L., 2006].

3 GNSS-HiBeTIOBaHHS BHCOTH KBa3zireoina
MOXYTh BH3HAYATHUCS 3 Pi3HOIO TOYHICTIO 3aJIEXKHO
RiJl TpaRriTamiiHoi Mozeni i periony. s rucoTHOT
Mepeski Uexii craHAapTHI 3QIMIOKOBI BiTXWICHHS
BH3HAUeHNX BHCOT KBazireoina 3 GPS-nieemo-
BaHHA [Novak P., 2009], 3 BUKOpHCTaHHAM MOAETI
EGMO08 sk moBepxHi KRazireoina, CTaHOBWUTH
3,3 cm. Hocnimxenns [Tperoro 1. C., Liomak 1. M.
2015] nmokazamu, 1O HA TEPUTOPIl E€TAIOHHOTO
miHiHOTO 6asucy cucrema BHcOT Mojaerni EGMO08
3cyB 3 Baarilicekoro

Ma€  CHCTEMAaTHYHHI
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cuctemMoro BucoT 1977 p. Ha 12,5 cm. Sxmo
CHUCTEMAaTHYHE 3MIllIeHHA YCYHYTH, CTaHIapTHE
BIAXWIEHHS CTaHOBUTL 7,2 MM. DBH3HaueHHH
BITHOCHWX BUCOT 3 ompamoBadHs GNSS-BuMipir
MoxkHa oTpuMyBatd 3 CKII ~5 MM mpu BifcTaHsaX
BiJl peepeHIHOTO MYHKTY 710 3 KM.

IlocTtanoBka 3aBaanHga. Meta

Amnaiz my6mikariifi CBiTINTE TPO HEOOXITHICTh
MOAAJBINIOTO PO3BUTKY TT00ATBHUX 1 PEriOHaIBHHX
MOJIeJIel MOTEHINaly CHIM TSDKIHHSA, HiJBUINEHHS
iX ToyHOCTI. 3 iHIOro OOKY, BUXIHI JIaHi JUIA IMO-
OynOBH perioHaNBHEX MOENeH HEeOOXiMTHO MPHBO-
JIUTH 10 BIANOBIMHOI CHCTEMHU MapaMeTpiB i po3-
B’S3aHHS IapaMETPUYHUX PIBHSHB 3/TIHCHIOBATH 3a
neBHHX yMoe [Mapuenko O. M., Tpersx K. P,
Spema H. I1., 2013], mo 3a6e3meuuTh CyMilllEHHS
pPIBHEBHX NIOBEPXOHB PETiIOHANBHOI MOJENi KBa-
3ireoina i baxrilicekol cucremu Bucot 1977 p.

Ha 1ieft wac HeoOXiHO PO3POOUTH HOPMATHBHI
JIOKYMEHTH, fKI  PeriIaMeHTyIOTb  BHKOHAHHS
GPS/GNSS-nuiBemoBanus [3ydapes A. 3., 2012] i
METOJHKY JUTS
OTPHMaHHsI Pe3yJbTaTiB CHOIBPO3MIPHUX 3 JaHHMH

ONpAalIOBaHHA LHX BHUMIpIB
FEOMETPUYIHOTO HiBETIOBAHHS.

OOHa/1iliINB] pe3yabTaTH (~5 MM) BU3HAUEHHS
BIJTHOCHHX BHCOT IYHKTIB 3  ONpAITiOBaHHS
GPS/GNSS-sumipis [Tpesoro 1. C., Lwomnak 1. M.,
2015] orpumaHi ans BiacTtaHed 0 3 kM. ABTOpH
pobotu [3ybaper A. 3., 2012] Takox BBaXXaiOTh,
MO OTPUMAHHSA BiTHOCHUX T€OJIC3UIHHUX BHCOT 3
TAaKOK X TOUYHICTIO MOXIIMBE JUIS BiJICTAaHEH MO
25 kM, 10 HeOoOXiTHO MIATBEPAUTH JONaTKOBHMH
JIOCTI/DKEHHSIMHA. BIMOBIIHI AOCHI/DKEHHS MOYKHA
BUKOHYBaTH Ha (yHAaMeHTANBHINA Teome3wmuHik
mepexi [[pystok B., Mazyp A., Tperoro L., Llio-
mak [, 2010], myEkTH sKOi MarOTh HafiliHI
MPOCTOPORI KOOP/THHATH, OTPUMAaHI 3 OaraTopiuHUX
GPS/GNSS cmoctepexxenb, 1 iXx HeoOXimHO 3a-
0e3MeunTH JTaHUMH T€OMETPUYHOTO HiBeMIOBaHHS
3a mporpamoto Il kmacy. [IpsMi MOpiBHAHHS Teo-
JIe3UIHUX 1 HOPMAIBHHUX BHUCOT, a TaKOX 3aCTo-
CyBaHHA TpaBiTallitamx Mozaenmedt 3emui  Juis
MOJICTIOBAaHHS MOBEPXHI Teoina/KBasireoina MaiTh
3MOTY OLIH!OBaTH TOUHICTE GNSS-HiBemOBaHHS Ta
pPO3pOOIISITH METOJUKY OOUYMCIIEHHS HOPMaJbHUX
BrcoT 3 onpaniopanas GNSS-sumipie. Tak, ¢pyHna-
MEHTaJIbHY T€0JIE3UYHY Mepexy, SK poOounid

€TaIOH MOXHA 3acTOCYBaTH JUIS JOCKIJKeHb
touHocTi Metomuk GNSS-wiBemoranas. [lyHkTH
(dhyHIaMeHTaTBbHOI TeOMe3NTHOT MepeXi CTaroTh
peNlepHUMHI TOYKAMH 3 BiZIOMAMH T€OJE3NUYHUMH i
HOPMaJTBHUMH BUCOTaMH.

Mertoto 1€l cTaTTi € CTBOPEHHHA BHCOTHOI
OCHOBH JUI JIOCHI/DKEHb TOYHOCTI BiJTHOCHOTO
Metoay GNSS-nmiBemioBanHs. BinnmopiaHo m1o MeTH
3aB/TaHHSAMH JIOCTI/DKEHb 1Mi€i pOOOTH BCTaHOBHMO!
1) orminroBaHHS NOXMOKKM BU3HAYEHHS T€OAE3NUHOT
BHCOTH ITyHKTIB 3 onpaittoBanHs GNSS-BumipiB, sk
OMHOI 3 OCHOBHUX; 2) MOMNEPENHid pPO3PaXyHOK
¢byHna-
MEHTATBHOI TeONe3MUHOi Mepeski TeOMETPHUHHM

TOYHOCTI BHU3HAUEHHSA BHCOT MYHKTIB

HIBEIIOBaHHAM 3a nporpamoto 11 kiacy.

MeTtoanka Ta pe3y.1bTaTi podoTH.
GNSS-HiBeTIoBaHHS 3 NOTIAAY MeTPOJIOTIT

OnHuM i3 3aBAaHb TEOAE3MYHOI METPOJIOril
[oJIArae y po3poOieHH] 1 MeTpoNoriuHiil atecTanii
METO/IMK BHUKOHAHHS reo/ie3nyHux Bumipis [Crm-
punonos A. W., |. 10 HOBHX reoJIe3HYHHX BHMIpIB
Ha1exuth i GNSS-HiBEIIOBAaHHA, METOAUKH BH-
KOHAHHS $KOro HEOOXiMHO aTtecTyBaTH. Biaxu-
JIEHHSA BUMIPSHOT BEJMYWHHU Bil €TANOHHOI MOX-
JUBE TINBKA 338 PaxyHOK BHWIIAJIKOBUX IMOXHOOK
BUMIpIOBaHb Ha JIOIYCTHMY BeJIWYHHY, IO TPO-
MOPITiiHA TOYHOCTI NpUiaay. Y pa3i BAKOPUCTaHHA
HEMpSIMUX BHUMIPIB, HANpHUKIAA CYMyTHAKOBUX
CTOCTEpEXeHb, HEOOXiTHO 3abe3meunTu  30epe-
JKEHHSI €TAIOHHOI OJIMHUIN BUMIPIOBAHE 1 IMiJT Yac
OTIpAITOBAHHSA MACHBY CIOCTEPEXEHb 3a JIOMO-
MOTO10 CIIEMialbHUX KOMIT IOTEPHUX TPOorpaM, Jie
OJIMHMITI BUMIPIOBaHb NPUCYTHI y (i3UYHHX,
ACTPOHOMIYHHX 1 TeOJIe3MYHUX CTajnX, fKi Mo-
BUHHI BiJINOBIIATH CTaHJAapTHUM OJIMHUIIAM BH-
MiploBaHb. Y TakoMy pa3i, MOKHA IOPiBHSTH, Ha-
MIPUKIIaJ, BijicTaHh abo MepeBHINEHHS MiX MyHK-
TaMHU BUMIPSIHI HA3eMHUMH MeTOJIaMU i BU3HaueHi
3 OMNpalliOBaHHSA CYITyTHHKOBUX CITOCTEPEKEHb.
Tpeba 3a3HauWTH, MO Ha Ha3eMHI METOMW 1 Cy-
ITyTHAKOBI TEXHOJIOTii BUMIpiB HEOJHAKOBO BILTH-
Ba€ 3eMHa TpaBiTarlis i atmocdepa [Tpesoro 1. C.,
Hromax 1. M., 2014]. ¥V reonesii, mepenoBciM,
BU3HAY4al0Th MICIIENONIOXKEHHS TOUYOK 34 JIIHIHHUMH
i/ab0 KYTOBHMH BHMIPSHAMH BEIHYMHAMH. Y
TakOMy pasi 3aCTOCOBYIOTHCA MOJEITI
3TEKHOCTI BHMIPAHHX BEIHYHH Bil KOOPIHHAT

IEeBHI
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TOYOK Ta IHINUX TapaMeTpiB MOeNi, AKi BU3Ha-
YaroTbesl. Y Ha3eMHHX MeTolaxX M 4Yac BUMi-
pIOBaHb, SIK MPAaBHIO, NPHJIANAMH Peali3yeThCs
TOINOIIEHTPHUYHA TOPU3OHTaJbHA CHCTEMa KOOp-
JIMHAT, OJHa 3 Oce AKoi ojpa3zy i 000B’SI3KOBO
CYyMIIMAETECA 3 TPIMOBUCHOIO IiHI€0. Y CyMIyT-
HUKOBHX TEXHOJOTISX BHUKOPHCTOBYIOTH KilbKa
CHCTEM KOOPAMHAT OJTHOYACHO 1 BU3HAYEHI 3B A3KH
MiX HHMH, TOMY IO KOOPAMHATH CYIyTHHKa
BU3HAUAIOTHCA B OJHIN (T€ONEHTPUYHINA iHEp-
MiabHiH), KOOPAMHATH MYHKTY B APYTiH (T€OTIEHT-
pUUHIW 3eMHIH), a KIiHIIEBI TOYKH BHUMIPSHOI
BEIMYHHHU B IHIMX (CYNYTHUKO-TIEHTPUYHIH Ta
TOIIOIIEHTPUYHIH) cHucTeMax KkoopauHat. Tomy
3B’A3KH MDXK CHCTEMaMH KOOPJIMHAT MOBHHHI OyTH
TOYHO BH3HAU€HI, MO0 HE BHOCHTH IONATKOBI
MOXUOKK y pe3ynbTaTH, OTPUMYBaHI 3 CYMyTHH-
KOBHX BH3HAYeHb i HA3e€MHHX BHMIDIB Mia Hac ix
MOPIBHIOBAHHSL.

eomerpruHe HiBETIOBAHHA — 1€ MPSAMI BUMIPH
NepeBUIlleHb MK NMyHKTaMd. Bucotn myHkTiB abo
MEPEBUINIEHHS MK HHMH, SKI BH3HAYAIOTHECA 13
GNSS-HiBenmoBaHHS € HeNPSAMHUMH BUMipamu. 3a
MPSAMUX BUMIPIOBaHb OXHOKA MEPEBUIIIEHHS 3aJie-
JKUTh BiJl HOXHUOOK HaHECEHHS IITPUXIB Ha HiBEMip-
HHX pefikax, TOXHOOK PiBHIB Ha pelkax, MOXHOKH
3a BIJIXUIEHHS PEWKHA BiJl HaNpsMy CHJIOBOT abo
MPAMOBHACHOI JIiHIT y TOYINi CTOSIHHS peHKH,
TOYHOCTI mpwiamy (piBHA) 1 WOTO IOCTYBaHH:, a
TaKO)K 3AIHMINKOBOI aTMochepHOi pedpakiiii Ta
3eMHOi rpapitanii (mompaska 3a KpPHBHHY 3emui),
BUKJIMKaHI HEpIBHICTIO IUTed Ha CTaHmii 1 #Horo
HarpoMa/uKeHHAM 1o cekinii. [lix yac oOuucieHHs
HOpPMaJBHOT BHCOTH BBOJUTHCA IOINpaBKa 3a Hema-
payieNnbHICTE TPAMOBHCHHX JiHIH 1O cekmii. Y
HeNpsAMHUX BUMipaxX MOXHOKa OTPUMAaHOT BeIMUUHH,
SIK BUMIpPY, 3aJI&XHTh W Bl TOYHOCTI NPHIAy,
OTIpaIllOBaHHS TPAMHUX BHMIpiB, a TaKOoX BiJl MO-
xnboK Mojenel sBUII (Y3ro/DKEHOCT] iXHIX mapa-
METPIB 1 BHKOPHCTaHHX CTalHX), 3a/isHHX Y
aNTOPUTMI OTIpAITiOBaHHA 1 B MapaMeTpUIHOMY
PIBHSHHI 3aJIE)XKHOCTI BUMIPAHOI BETMYHUHHU Bij
ITyKaHUX (BU3HAUYBAHWX) TMapaMeTpiB, yepe3 sKi
O0YHCTIOIOTECST  BETMYMHM, 1110 BUMIipIOIOTBCA
Ha3¢MHUMH METOJIAMH.

Ha TouHiCTE BH3HAYeHHS BHCOT TOYOK TEXHO-
aorieto GNSS BITUBAIOTH TaKi YHHHUKU:

— pyx ©a3oBOro HEeHTPY aHTeHW MpuiiMaya
GNSS 1o BUCOTI;

— TEOMETPUYHE pPO3MIllleHHS CYNYTHHKIB Hal
MyHKTaMH,

— TOXWOKHA BUCOT TIepMaHeHTHHX MYHKTIB;

- moxubkn  edemepun  GNSS-cynmyTHUKIB
[Koctenbka 4., ITimxo 1O., 2013];

— BILIMB aTtMocdepu (TpomodepHa Ta 10HO-
cthepna pedpakiris).

IMoxu6kwu, MO BILIMBAIOTE Ha TOYHICTE GNSS-
HIBETIOBAaHHS — TaKi:

- moxubka BHU3HAYEHHS TEO/IE3NUHOI BHUCOTH
nyHkry H 3 onparioradas GNSS-crocTepeskeHs;

- noxubka MOJETIOBAHHS pPehepeHIHOl Mmo-

BEpPXHI PpIiBHA MOpsl JUIA BH3HAYEHHS BHCOT
KBasireoina;
— moxuOka BU3HAUEHHS BHCOTH MYHKTY

reoMeTPUIHAM HiBEJIOBAHHSM.

Hnst Oyib-sKUX BUMIpIOBaHB, BPaXxOBYIOUH 1
BH3HAUEHHS BUCOT MYHKTIB TexHojorieio GNSS,
METPOJIOTIuHe 3a0e3Me4YeHHs] CKIAMA€ThCI 3 Op-
raHizamiifHoi, 3aKOHOAaBuOl, HOPMATHBHOI, HAYKO-
Boi 1 TexHiuHoi OCHOB. Metposoriune 3abe3-
NiedeHHs repeidadac 3acTOCyBaHHS METPOJIOTTYHUX
HOPM, MPOEKTYBaHHS, CTBOPEHHA Ta 3aCTOCYBaHHS
TeXHIYHUX 3aco0iB, HATIPUKNIA, (pyHIaMeHTaIbHOI
reoJIe3HIHOT Mepexki, SK eTaloHHOI, HeoOXimHol
JUIS TOCATHEHHS €THOCTI 1 TMOTpiOHOI TOYHOCTI
BUMiptoBaHhk. OpradizamiifHa, HOpMaTHBHA 1 3aKo-
HONMaBYa OCHOBH 3abe3reuyloTees [3akoH YKpaiHu,
2014], BimOOBIZHO, IiCHYBaHHAM METPOIOTIYHOI
cnyxOH, Jep)KaBHUMU Ta MIDKHAPOJHUMH ETalo-
HaMH 1 3aKOHaMH, HOpMaMH, IocTaHoBaMHu. Ha-
YKOBOIO OCHOBOIO METPOIOTIYHOTO 3a0e3neueHHs €
MeTponorist 1 Teopis TexHonorii GNSS. Texniuna
OCHOBa METPOJIOTTYHOrO 3a0e3MMeUYeHHsl CKiIaja-
€TBCA 3 NEPIKABHUX €TAJOHIB ONMHHIL (HI3HIHHX
BEMYMH, POOOUMX €TATOHIB 1 3pa3KoBHX 3acobiB
BUMIiptoBaTbHOT  TexHiku. [us  3abe3neueHHs
MeTpororiuHoi atectaiiii npuiiMauis GPS/GNSS Ta
TexHoyoriii GNSS-eumiptoBanb, 30kpema GNSS-
HiBeNIOBaHHS, HEOOXiTHO OOHOBHUTH HIBeTipHY
Mepexy, sika OXOIUTIOE MYHKTH (pyHIaMeHTalbHOT
TEOME3NYHOI MepeXi ¥ eTaJOHHOrO JIHIHHOTO
0azucy  HAyKOBOTO  TEOJE3MYHOIO  TOJITOHY
[Tperoro 1.C., Lronaxk I. M., 2015].

AHaJIi3 NOXHOOK BU3HAYEHHS reode3HIHHUX
BHCOT 3 onpamoBaHHs GNSS-cnocTepexeHb

BenuunHa BruTMBY OIMBIIOCTI  BUIIAIKOBHX

MOXHOOK HA TOYHICTE BH3HAUYCHHS KOOpauHat
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TOYKH 3alIeXXUTh Bif TpuBanocTi cecii GNSS-cro-

CTepekeHb. 1aKk MOXXHa 3MEHIIUTH  BIDIHB
3aITHIIKOBHUX TTOXHOOK:

—  MOJIeNMOBaHHSA BIUIMBY Tpomnochepw;

- pyxy $a30BOro neHTpy aHTEHU MpUHMaYa;

—  YCYHEHHS BILUTUBY ioHOC(hEpH;

—~ TEOMETPHYHOTO PO3MIMEHHS CYNyTHUKIB
HaJT TyHKTaMH;

-  TmoxuOku edheMepu.

3a3HAUMMO, IO JTOCTI/KEHHS 3aJIeXKHOCTI TOU-
HOCTi BHU3HAYEHHS KOOPAHHAT IMYHKTIB Yy HPAMO-
KyTHili cucteMi koopmuHat (X, Y, Z), a Takox
oOuMCleHHs BijcTaHeld 3a CHIOCTEPEKEHHIMH
GPS/GNSS ®xe BUKOHYBanwcs paHinie OGaraTbma
JnocrimHukaMmu, 3okpema [Kocremnpka ., TTHim-
ko 0., 2009; Kocreuska ., Ilimxo [O., Te-
mens M., 2011; Hromak 1., 2012].

Y 1BOMYy JOCHI/DKEHHI BaXJITHBO BCTAHOBHTH
3aTeKHICTh TMOXUOKW BHU3HAYCHHS] BHCOTH IYHKTY
Bia TpuBanocti cecii GPS-cnoctepexeHs i BincTani
MK ImyHKTaMH. J171s1 aHali3y BUKOPHUCTAHO JOOOBI CIIo-
crepexxennst Tprox GNSS-sextopis: VASL-ANDR,
VASL-GOSH i VASL-TZSU, n10BXHHH SKHX
pigmoBizao — 10, 14 1 20 xMm. Teone3uuni
koopauHatu myHKTiBE ANDR, GOSH i1 TZSU
BU3Hauanucs 3a ceciamu  GPS-cmoctepexeHs,
TPHUBATICTEL AKUX 30iMbLIyBany Ha 1 Tox. 3a TOYHI
3HAYEHHS BUCOT NYHKTIB TPUHHATO Ti, dKi
BU3HaUEeHI 3a JIOOOBUMH CECiIMH CIIOCTEpeKeHb.
Ha rpagikax (puc. 1 i puc. 2) HaBeneHO 3MiHY
MOXHOKM BU3HAUCHHA TeONE3UYHOI BHUCOTH H
MyHKTIB 3a CECIsTMHU TPUBAJTICTIO Bijx 1 10 24 Tox.

HocmipkeHHss BUKOHaHI Ha JBOX J00OBUX
cecisx, Haszpaumx 186 i 187. Bimomo, 1Mo koop-
JIMHATH MYHKTiB BH3HAYEHI 3a PI3HUMH JIOOOBUMH
cecismMu BinpizHAioTRCT Ha 1-4 mM. Ha pwc. 3
300paXkeHO PI3HMIN BUCOT ITyHKTIB, BU3HAUCHUX 32
CECISIMH Pi3HOI TPHBANIOCTI Mixk mTHIMH 186 1 187.

Ha rpagikax (auB. puc. 1 i 2) BuAHO, 110
MOXHUOKN BU3HAYCHHS BUCOTH IYHKTIB TMPOTATOM
JIOOM OMUCYIOThH “CiHYCOiH”, IpUYOMy J0 6 roxa
cecii CMoCTEpeXKeHh aMILTITYy/la KOJIHBaHb MOXKE
carat 30 MM, As ceciit TpuBamicTio 1o 16 Tox —
Jo 5-10 MM, a ms ceciii TPUBAIICTIO OUTBINE HiX
19 ron — 6auzeko 1 MM. ToMy A7 TOYHHX BU3HA-
YeHb TEeOJIE3NYHUX BUCOT MYHKTIB 1, BiJITIOBITHO,
BHUCOT KBazireoima 3 GNSS-HiBemoBaHHS cecis

criocTepexeHb MOBUHHA TPUBATH Bia 19 1o 24 roj.

Puc 1. I'paghixu noxubox suznavenns 2ec0e3uunol
sucomu nynkmie ANDR, GOSH i TZSU (ceciz 186)
Fig. 1. Graphs errors of determination of the geodetic
height of points ANDR, GOSH and TZSU(session 186)

Puc 2. I'paghixu noxubox susnavenns zeodezuunol
sucomu nynkmie ANDR, GOSH i TZSU (cecia 187)
Fig. 2. Graphs errors of determination of the geodetic
height of points ANDR, GOSH and TZSU(session 187)

Puc 3. I'paghixu pisnuys sucom nynkmie ANDR, GOSH
i TZSU mixc cecismu 186 i 187
Fig. 3. Graphs differences of the heights point ANDR,
GOSH and TZSU between sessions 186 and 187

3az"aunmo, mo Mix ao6osuMu ceciasmu GNSS-
CIOCTEpEXKEHE (MUB. puC. 3) moxuOka BH3HAYCHHSA
BHCOTU CTAHOBMUTE Ol 5 MM 1 Il€ 3alEeXUTL HE
TIJIBKY Bil BI/ICTAH] MIX MyHKTaMHU.
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Puc. 4. Higearosanns nynkmie Qyrnoamenmansbuoi 2eo0e3uynol mepexct
Fig. 4. Geometric spirit leveling of the points of fundamental geodetic network

Puc. 5. Cxema x00ig nigenioganns nynkmis gpyroamenmarbHol

2eodesuunol mepedici 3a npoepamoio Il kracy
Fig. 5. Scheme of geometric leveling of points fundamental geodetic
network by means the program of class 11

Po3paxyHok anpiopHoi TouHoCTI
reOMeTPUIHOT 0 HiBeTIOBAHHS
3a mporpamoto Il knacy

Hiremoranus 3a mporpamoro Il wmacy Oyne
BUKOHYBATHCS R3JORXK JIOPIr MDK HiREITIPHAMHI
pemepamu uepes myHkta VASL, ANDR, GOSH i
TZSU ¢dyHaaMeHTaIRHOT TEOMe3WUHOT Mepexi
(puc. 4). Cxemy XOJiB MOJIBIHOTO HIiBETIOBAHHS i
penepiB HABOJTUMO Ha PHC. 5.

s anpiopHOT OINIHKH TOYHOCTI BH3HAYEHHS

BHCOT pemnepiB 1 TyHKTIB (yHAaMeHTaIbHOT
reo/e3uuHol Mepexi HeoOXi/IHO BU3HAYMTU Bard
BUMIPAHUX BeNWYAH. BUXiTHIMA AaHUMH A 1THX
PO3paxXyHKIR TOCTYTYBAIM TORKHHH XOMIB MiX
pemepaMu  B3JIOBXK JIOPIT, BHUMIpAHI
rpadiuHiii KapTi 3 ypaxyBaHHAM peibchy. VY

HallloMy BHIIaJIKY BI/IMipHHI/IMI/I BCIMYHHaAMH €

Ha TOmHO-

NEpEeBHIeHHs /; MiX BIINOBITHEMH penepaMu
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HiBemoBaHHs. O6uncnenna CKII nepepuinens no
KO)KHOMY [OJIBIHHOMY XO/ly BUKOHYETbCS 32

BEJIMUMHOIO BHUMAJKOBOI 77 Ta CUCTEMAaTHYHOI O

MOXWOOK BUMIPIOBAHE [UIS [IE€BHOTO  KIIacy
HiBeTIOBaHHA 3a popmyioio [Skosier H. B., 1989]
m'='L+o’L’, (D

ne m — CKII monagitinoro xony HiBearoBaHHA. s
I xmacy HiBeIIOBaHHA BHITAJKOBA ITOXHOKA
77 =2 MM Ha OJMH KiJIOMeTp XO[Ty, a CHCTeMaTHYHa
Ha Nopsyiok MeHa — 6 = 0,2 mm [MHCTpYyKIIUS 1O
1990]. ¥V Tabm.
CKIT Ta
HiBETIOBAaHHS MIX periepamu.

HUBEIHPOBAHHUIO, 1 HaBeneHo

JIOBXWHH  XOJIiB, Barn P, Xomis

Tabnuys 1

O0uncieHHa Bar noaBiiiHNUX
XoaiB HiReJIIOBAHHY

Table 1

Calculating weight of measurements
of different heights of the benchmarks points

Xin wisemopanus | JOBKH-
Ne Ha m, P
3/ Bin Io X0y, MM !
KM
1 RpM RpKP 33 3,69 7,33
2> | RpxP | vasL | 75 |s68| 310
3 | Rp322 | VASL 4,8 4,49 | 4,97
4 | Rp322 | Rpval | 69 |543| 339
5 RpVAI | RpStSh 4,0 4,08 6,01
6 | RpStSh | RpM | 55 | 482| 431
7 VASL | RpNem 3,5 3,81 6,90
8 RpNem | ANDR 11,5 7,16 1,95
9 | ANDR | Rp322 | 66 |530| 355
10 | ANDR | RoMag | 9 626 | 255
11 | RoMag | RpTm | 95 | 645| 240
12 RpTm Rp322 6,3 5,18 3,73
13 | RpTm | GosH | 137 |789| 160
14 GOSH | RpVAl 6,2 5,13 3,80
15 RpTm TZSU 8,5 6,07 2,71

3a3HadyuMo, M0 CeKmil MNOABIHHOrO HiBEIO-
BaHHA MAalOTh JIOBXWHY He OiNbllle HiK 5 KM, K
npaBwino, 3—4 KM, aje BOHH 00 €/THaHI MiXK OCHOB-
HUMH pelepaMy, BUCOTH, SKHX BH3HAYAKOTHCH.
3rifHO 31 cXeMow HiemoBaHHA (puc. 5) € 12
penepis, 3 HAX oauH RpM — BuxinHuii i 11, BucoTH
SIKHX BHZHAYAIOTRCA.

Baru BumipiB (Tabn. 1) HeoOXimHI Ia 00UMC-
JeHHA eleMEHTIB MaTpHIli BaroBUX KoedillicHTIB
Q; (1abn. 2), sAKy OTPHUMYIOTH PO3B’ SI3aHHAM
MapaMETPHUHNX DIBHAHE METOJIOM HAWMEHTITIX
keaaparie [Sdxoeres H. B., 1989]. Ouinka CKII
ONMHUII Bard L OOUHUCITIOETRCA 33 (POPMYIIOF0

u=myQ0, ., (2)

qe m = 2,23 mm — obuuciiena 3a Gopmynoro (1) mpu
L=1xMm, a O, — BaroBuii koedimniear Q; (auB.
Tabn. 2 1 puc. 5) Halcnabuoi giHiT HiBeIIOBaHHS,
TOOTO MaKCUMAaJILHUM.

Tabnuys 2
Busnaueni Barosi koegiuienTn i CKII penepis
Table 2

Determinating the weighting factors
and the rms errors of repers

Ne 3/m Perep [or My, MM
1 RpKP 0,1215 0,78
2 VASL 0,2903 1,20
3 Rp322 0,3145 1,25
4 RpVAI 0,2714 1,16
5 RpStSh 0,1890 0,97
6 RpNem 0,3941 1,40
7 ANDR 0,4387 1,48
8 RpMag 0,5720 1,69
9 RpTm 0,4399 1,48
10 GOSH 0,4455 1,49
11 TZSU 0,8088 2,01

AnpiopHa OIliHKa TOYHOCTI BU3HAUYEHHS BUCOTH
KOKHOTO pemiepa 1 MNYHKTIB (QyHIaMEeHTIBLHOT
reone3nunoi Mepexi, sk CKII my; obunciena 3a
thopmyoio

m, =H 0, (3)

3TiTHO 3 pe3yihTaTaMH, HaReJACHNMH ¥ Tal. 2,
HaiiOIbLly NOXHOKY 3 TE€OMETPHYHOr0 HiBelro-
BaHHS, TZSU.
BpaxoBytoun, 1Mo Moxubka BUCOTH MYHKTY 2 MM,
MOJKHA BB2XXaTH, 1110 T€OMETPHYHE HiBEIFOBAHHA 3a
mporpamoro Il kmacy € joctaTtHiM Uit 3abe3-
[EYEHHs METPOJIOriuHOl  arecraiii  METOJMKHU
GNSS-niBemoBaHHs i 3a0€3M€USHHS €IHOCTI BUMi-
PSHHX 1 BH3HAUEHHX IIEPEBUITIEHb MK MYHKTAMH
3a JIOTIOMOTOIO, RIi/MORITHO, T€OMETPUYHOro i
GNSS-HiremoBaHHS.

MO)KHa OUYIKYBaTH Y IYyHKTI
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HaykoBa HOBH3HA i NIPAKTHYHA 3HAYYIHICTL

3niiicHeHUil aHadi3 IMOXUOOK CBIAYHUTE, IO
cymapHa noxubOka GNSS-HiBenrOBaHHS 1 BU3HA-
YeHHS HOPMAJBHUX BUCOT MYHKTIB (yHIaMeH-
TaJbHOT MEpPEeXi eTaJlOHHOTO TONIrOHY MOXE CTa-
HoRUTH Oinst 3—5 mM. Lle o3Hauae, mo ¢pyHaameH-
TaJbHA TE€OJE3NTHa MeEpeka MOXKe CIyryBaTH
pobOYNM  €TaloHOM JUISI KOHTPOJIIO TOYHOCTI
BukoHaHHS GNSS-HiBeTIOBaHHS 3 MOJETIOBAHHAM
MIOBEPXHI reoita/kBazireoina pisHIMHA METOTAMH.

PesynapTatn  mOCHI/DKEHB  TIOKa3yloTh, IO
ocHOBHY BenumHy moxubOku GNSS-HiBeTIOBaHHA
CTAaHOBUTH IIOXHOKAa MOJENIOBaHHSA TOBEPXHIi
reoina/keazireoina. Tak, kpame BH3HAUATH Bif-
HOCHI BHCOTH, ab0 TepeBUITICHHS Han pedepeHt-

HUM (OIIOPHHM) ITyHKTOM.

BucHoBKH

Buxonani y 1 ¢TaTTi AOCTIUKEHHS MOKa3aIH,
mio:

1) TOYHICTH BH3HAYEHHA TEOJE3MYHOI BHCOTH
MYHKTY 3 ompaitoBaHHs GNSS-BumipiB 3a cecisimMu
CHOOCTEPEXKEHb TPUBAJIICTIO HE MeHIe HiXK 19 roa
MOY€ CTAHORUTH OJIM3EKO 1 MM;

2) mnoxuOKka BH3HAYeHHS BHCOTH IYHKTY 3a
nobosumu cecisimu GNSS-criocTepesxeHs JUTST TBOX
PI3HHX JTHIB MOXe JIOCATATH 5 MM;

3) reoMeTpHYHE HIBEIIOBAHHA 32 MPOTPaMOI0
Il xnacy mMoxe zabe3lmeYNTH KOHTPOJH TOYHOCTI
GNSS-nHiBenmoBaHHsS 338 PI3HUX METOMIB MOJEIHO-
BaHHS IOBEPXHIi reoina un KBazireoina.
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K METPOJIOTMYECKOMY OBECITEUEHNIO GNSS-HUBEJIMPOBAHU A
HA PABOUIX OTAJIOHAX

Passutne TtexHomoruu GPS / GNSS Hampapisiercs W B ONPEICTICHUH BBICOT IYHKTOB OTHOCHTEIBHO
¢usmyeckoro Tena 3eMJIM — HOPMABHBIX BBICOT. TOYHOCTH UX ompexaeneHus mo pesynsraraM GNSS-HabroneHumit
COCTOWT U3 JIBYX YacTel: MOrPEeLIHOCTEH ONnpeesieHrs] IPOCTPaHCTBEHHOI'0 MECTOHAX0XK/ICHHSI TYHKTA, B YACTHOCTH
re0JIe3NYECKON BBICOTHI (OTHOCHTENIBHO MaTeMaTHYecKoro Tenma 3emunn), mo obpabotke GNSS-nHabOmomenwuit; u
MIOTPENIHOCTEH ONpeNesieHns] WM MOJETUPOBaHMS MOBEPXHOCTH reouna win kBasureona. Lless naHHol paboTHI
aHaJIU3 TIOTPEITHOCTEH ONpeieNIeHNs] KOOPAWHAT IYHKTa, B YaCTHOCTH IeoJIe3nIecKor BBICOTHI, TexHoorun GNSS, a
TaKKe pacyueT alpHOpHOM OIEHKU TOYHOCTH CETH M€OMETPHUYECKOro HHMBEIMpPOBaHUs 1o nporpamme |l kiacca, uro
HEOOXOAMMO MJIsl METPOJIOTMYECKOW aTrTecTauu MeToauKk BbimoiaHeHus GNSS-HuBenupoBaHusi Ha paboymx
9TajoHax. TakuMU 3TajJoHaMHU MOTYT ObITH (PyHIAMEHTalbHBIE Teone3ndyeckue cetn s arrecrauun GNSS
npueMHUKOB. MeTonuka. MeTtposornieckoe odecriedeHre padouero aTajioHa Juisi uccienoBanuii Tounoctn GNSS-
HUBEJIMPOBAHMUS, BKIIOYAs aHAIM3 ITOIPEIIHOCTEH Ompe/eneHnus BHICOTHI NMyHKTa mo HaoOmroneHusMm GNSS wu
obecrieueHns KOHTPOJISI TOYHOCTH MOJIEIMPOBAHMSI MOBEPXHOCTH TIeouja B JaHHOM peruone. [loatomy craThs
COCTOMT M3 JABYX uacreil. B mepBoll  aHamM3UPYIOTCS MOTPEITHOCTH ONpENeNIeHHsT KOOPAUHAT ITyHKTOB U
HCCIIEYIOTCS TOTPELIHOCTH ONPEeNIeHNs] Ie0JIe3MIECKO BBICOTHI ITYHKTa B 3aBUCUMOCTH OT MPOJIOKUTEIBHOCTH
ceccun  GNSS-nabmroeHuii  (MOCKONBKY OONBITUHCTBO TMOTPENIHOCTEH 3aBUCAT OT BPEMEHH HAOMIOACHHS) H
3aBHCHMOCTH IIOTPEITHOCTH Pa3HUIBI BBICOTHI TOYKH, OIPEIENICHHOW B CECCHsIX HaONIOAEHUH OJUHAKOBOM
MIPOJOJDKUTENFHOCTH, BHIIONHEHHBIE B pa3Hblie AHU 115t GNSS-BekTopoB pa3Hoi AnuHbL. MCXOAHBIMU TaHHBIMU JIJIS
9THUX UCCIIEOBAHUI UCIIOIB30BaHbI JIBE CYTOYHBIE CECCHU HAOJIOEHUH, COBEpIIEHHBIE OJHOBPEMEHHO Ha YETBIPEX
MyHKTax (QYHIaMEHTAIbHON IeOJe3WYEeCKON CEeTH IBYXYAaCTOTHBIX NpUeMHHKaMu. OIMH M3 IyHKTOB BBIOpaH Kak
pedepeHIIHBINA, TTOITOMY MOTPEITHOCTH ONPECIACHHUS BBICOT BBIMOJIHEHO I 3 MyHKTOB Ha paccrosuusx 10, 14
n 20 kM ot pedepeHnHOro. Bo BTOpO# yacTu CTaThy AJIsl AllPHOPHOM OLIEHKH TOYHOCTH 3aIPOIKTUPOBAHHOU CETH
TeOMETPUUYECKOro HUBEIMPOBaHMs 10 niporpamme || kiacca onpexensitorcs BecoBbie Ko duiuenTs mis 11 perniepos
U3 PEIICHHUS] CHCTEMbI MapaMeTPUUECKUX YPaBHEHUH METOMOM HAMMEHBIIHNX KBaApaTOB. MICXOMHBIMU NaHHBIMH IS
9THUX PAcUeTOB MOCIYXXHJIH JUTHHBI X0/I0B MEX/y pPerepaMu BAOJb JOPOT, H3MEPEHHbIE Ha Tornorpaduueckoil kapre ¢
y4eToM penbeda W BEIMYMHBI MPEAENBHBIX IOTPENIHOCTeH CIydailHOW M CHCTEMAaTH4eCKOW COCTABIISIONIMX IS
HuBenupoBanus |l kmacca. ['eomerpuueckoe HHBenHpoBaHHME HeoOXomumoe i KoHTpossi TouHoctd GNSS
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HHBEITHPOBAHAA U, COOTBETCTBEHHO, TSI OLEHKH TOYHOCTH MOZIETMPOBAHNS NIOBEPXHOCTH TEOM/IA WK KBa3HUTEOH/Ia.
PesyabTarsl. C HcciieIoBaHUM yCTaHOBIIEHO, UTO JUTSL OTPE/IEIICHIsI Te0Ie3MIeCKOH BBICOTHI ITyHKTa o 00paboTke
GNSS-mmMepennit ¢ morpenrHocTsi0 okoilo 1 MM ceccrst HaAOMIOACHUN MOMKHA ATUTECL He MeHee 19 1. Mexmy
cyrounsiMu ceccusiMA GNSS-rabmrofeniii mOTpemocTs ONPENeNeNns BEICOTEL COCTABISIET OKOJIO 5 MM H 3TO
3aBUCHT HE TOJIBKO OT PACCTOSIHUSI MEKIY IIyHKTaMH. AIPHOpHAsS OlleHKAa TOYHOCTH OINPEJIETIEHUS BBHICOT PENEpPOB,
Cpear KOTOPBIX €CTh IIYHKTHI (DyHIaMEHTATBHOM T€0/IE3NUECKOH CETH, OKA3hIBACT, UTO IPH 3aJaHHBIX TPAHWIHBIX
TTOT PETITHOCTSIX HUBETHPOBAHUS MTOTPEINTHOCTH BEICOT pernepor OyayT B mpenenax 0.8 — 2.0 mv. HayuHast HOBH3HA H
NpaKTHYecKoe 3HaYeHue. [IpoBeIeHHEIH aHaIN3 OMIMOOK CBUACTENBCTBYET, 9TO cyMMapHas rnorpermHocts GNSS-
HHUBEITHPOBAHUS U OTpeIesieHNs HOPMaTBHBIX BBICOT IIYHKTOB (pyHIAMEHTATEHON CETH 3TaOHHOTO MOJTUTOHA MOXKET
COCTaBIISITE OKOJIO0 3 — 5 MM. DTO 03Ha4aeT, 4To (hyHIaMeHTaTbHas Te0/Ie3MdecKast CEeTh MOJKET CITY)KUTH pabodnm
ITAJIOHOM JUTSL KOHTPOITS TOUYHOCTH MeTOAMK BBIIoHeHNsT GNSS-HUBETMPOBAHUS ¢ MOJIETUPOBAHIEM [TOBEPXHOCTH
reou/sa / KBA3UreOn1a pa3/iniHbIMH METO/IAMH.
Knioueegvie cnoea: GNSS-HUBenmmpoBanus; GyHaaMeHTATEHAS T€0/Ie3HIeCKas CETh.
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METROLOGICAL PROVISION OF GNSS-LEVELING ON WORKING STANDARDS

Widespread use of GPS / GNSS technology sets the task of determining the normal (orthometric) heights of
points. We know that it is necessary to determine the initial level surface — the surface of the geoid / quasigeoid.
Determination of the quasigeoid surface can be performed by: 1) a gravimetric readout in the relevant region and
building the regional geoid / quasigeoid; 2) a model of potential of gravitational field of the Earth; 3) an interpolation
of quasigeoid’s heights on a surface given by leveling reference points, on which GNSS-leveling is carried. Most
often the quasigeoid surface is determined with a global gravity a model, for example EGMOS, the standard deviation
of this quasigeoid from the adopted system of heights, depending on the region, is from 3.5 to 25 cm. In the previous
studies authors of the article show that the determination of the relative heights from processing of GNSS-
observations is performed with the mean square error of about 5 mm at a distance of 3 km. The goal of the article is
the calculation of the possible accuracy of determination of heights of the basic geodetic network points of the
reference polygon both from geometric leveling with the Program of II class and from GNSS-definitions. The task of
the practical metrology is in providing the compliance of the units of measurement of the device to the reference ones
and in using the methods or methodologies of measuring performance that retain this unit of measurement. In case of
using indirect measurements, which are satellite observations, it is necessary to provide the preservation of the
standard unit of measurements during the measurements themselves, while processing the array of observations and
during obtaining the resulting value. Then you can compare the distance or elevations between points, measured by
ground-based methods and by processing satellite observations. It also necessary to consider that the terrestrial
methods and satellite technologies of measurements are not equally influenced by the Earth’s gravity and the
atmosphere. The accuracy of determination of points heights with the use of GNSS technology is influenced by
several key factors, but the size of the errors mostly depends on the duration of observations. Therefore we will
explore the change of the error of height determination caused by the change of the observation session duration. The
accuracy of GNSS-leveling attestation as a method is influenced by such errors: definition of geodetic point’s height
with processing of GNSS-observations; determination of the point’s height by geometric leveling; restoration of the
reference surface of the sea level to determine the quasigeoid heights. To analyze the value of the error of point’s
height determination using GNSS technology, daily observations of three GNSS-vectors, whose length were
respectively — 10, 14 and 20 km, were performed. Geodetic coordinates of points were determined by sessions of
GNSS-observations, the duration of which was increased gradually by 1 hour. For accurate values of points heights
have been taken those, which were determined by the daily sessions of observations. The errors in determining the
heights of points during a day describe sinusoids, moreover, with up to 6 hours of the session of observations the
oscillation amplitude can reach 30 mm, for sessions lasting up to 16 hours — 5-10 mm and for sessions lasting more
than 19 hours — about 1 mm. Therefore, to recieve accurate definitions of geodetic points’ heights and, accordingly,
heights of quasigeoid using GNSS-leveling, the observation session should last from 19 to 24 hours. Between the
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daily sessions of GNSS-observation, the error the height determination is about 5 mm and it depends not only on the
distance between points. The heights of quasigeoid, as the heights of points from GNSS-leveling, are always defined
as absolute, that is, from the accepted level surface. The position of the level surface (Baltic system of heights 1977)
is determined with bigger error, than the geodetic heights H from the surface of the ellipsoid (WGS-84), what can be
concluded from the research. This way, it is proposed to determine the relative heights or elevations over the
reference point. The study of definition accuracy of points’ heights from processing GNSS-observations prove that if
daily sessions of observation are performed, the error of determination of geodetic point’s height can reach up to 5
mm. Thus, the accuracy of GNSS-leveling, that is, of determination of the geoid’s height, can increase the error by 5
mm at a distance of 10 km.
Keywords: GNSS-leveling; fundamental geodetic network;
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