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PEDEPAT
Pynenko Haraunis BikTtopiBHa
" 3acTocyBaHHSI HEKJIACHYHOI Teopil MoOXuMOOK BUMIPIB /151 aHATi3y YacoBMX cepiii
nepmaneHTHUX GNSS-cranuiii Ykpainu "

B pesynbrari OararopiyHUX AOCHIIKEHb YaCOBUX CEpiil KOOpPAWHAT MOCTIHHO
nirounx GNSS-mepex Oyiau BUSBICHI 3MIHM B KOOPJIMHATAaX CTaHINM CHOCTEPEKEHD,
SKi KOPENIOIOTh 3 pyXaMH 3€MHOI KOpH. SIK mpaBwmiio, Ii 3MiHH XapaKTepPU3YIOThCS
MOCTIMHUM TPEHJAOM 1 TMEPIOJUYHUMU CKIaJOBUMH. JlOCHiUKEHHS TpeHAIB 1
NEepPIOJUYHUX CKJIAJOBHX YaCOBUX Cepld BKpail BaXXJIMBO MpPU TIE€OJUHAMIYHOMY
MOHITOPUHTY, OCKUIBKM JI03BOJISIE PO3PI3HATH PYyXH, IMOB'SI3aHI 3 NPUPOJHUMHU
(eHJOTeHHI Ta €K30Te€HH1) Ta TEXHOICHHUMHM MPOoIlecaMu, 1 3MiHU, BUKJIUKAH1 1HITUMHU
MpoIlecamMmu, HapUKJIIa, poOOTO caMOi HaBIralliiHOI CUCTEMHU.

OpHak mpu MPOBEACHHI aHAI3y YacOBUX CEpill KOOPAMHAT BUSBIEHO, IO
MalwTh MiCIle JIesKi HeBpaxoBaHI (aKTOpU B MOJACISAX, SKI 3aCTOCOBYIOTHCS Y
nporpamMHoMy 3a0e3mnedeHHi mpu ompaioBaHHl GNSS-mannx. MoOXyTh TakoX
MPOSIBIATUACS BIUIMBH MICIIEBUX OCOOJMBOCTEH (TIAPOJNIOTIYHUIA PEXUM, HASIBHICTDH
MEePENIKOJl CYIMyTHUKOBUM CUTHaJIaM, CTIMKICTh T€0J€3MYHOIO 3HAKy TOIO) y MiCIl
pO3TallyBaHHs CTaHLII CHOCTEPEKEHD, IO 00YMOBIIIOE€ BUOIPKOBICTh I[LOTO IIPOLIECY B
OKpeMHUX CTaHIisX. B 1isiomy 1€ 03Ha4yae, 10 HAaBITh NPHU HASBHOCTI OJHAKOBOTO
oOnaHaHHS 1 IpOorpaM CIIOCTEPEKEHb, TOBipa 10 pe3yiabTariB KoxHOI okpemoi GNSS-
CTaHINI MOXXE CYTTEBO BIJPIZHATHCS. TOMY OUYEBHIHO, IO TIABKH 1HIWBIAYyaTbHHIMA
MIAX1T A0 KOKHOI CTaHIIi MOXK€ BHSBUTH MNPUAATHICTH 1i JAHUX JUIS TOJAJBIIOTO
reOJJMHAMIYHOTO aHAI3Y.

Takum YuHOM, BHUOIp TEMH JOCHIPKEHHS 1 1i aKTyaJbHICTb 3YMOBJEHI
HEOOXIAHICTIO 3aCTOCYBaHHS Cy4aCHOTNO MaTE€MaTHUYHOIO anapatry IS JOCHIIKEHb
JaCOBHUX PSAJIIB 3 JOCTATHBO BEIMKHUM 00CSITOM BHOIPKH JJIS iX SKICHOTO aHaizy. Tomy
BUSBIICHHS TMPUIATHOCTI MepMaHeHTHUX Ta pedepenunux GNSS-cranmii g0
PENpPEe3eHTaTUBHOTO PO3B’I3yBaHHsI 3a/1a4 F€OAMHAMIKH € aKTyaJbHOIO 3a7a4ero.

Memoro nanoi kBamidikamiiiHoi poOOTH € TMPOBEACHHS TEOPETUYHUX Ta
MPaKTUYHUX JOCIIDKEHb 4acoBHX cepil koopauHar pedepeHunux GNSS-cranumin

VYKpaiHu 3 METOI0 BCTAHOBIICHHS 1X NPUAATHOCTI JI1 F€OJIMHAMIYHUX J10CII1/I)KEHb.



O06’ext gocmimkenns. Yacosi cepii koopauHat pedepeHuHnx GNSS- craHIH.

IIpenmer mocnimxeHHs. OuiHIOBaHHS mNpuaaTHOCTI  pesynbrariB  GNSS-
CIIOCTEPEKEHb IS 3a1a4 Ie0IMHAMIKH.

Metonu pochimkeHHs. [lpu mnpoBeneHHI MOCHIKEHb BUKOPUCTAHI METOIU
CTaTUCTHYHOTO ONpAIfOBAaHHA Ta ONTUMaJbHOI (UIBTpaIii eKCIepUMEHTAIbHUX

JaHUX, MCTOAHU MaTCMAaTHUYHOI'O MOAC/IIOBAHHA.

Kpamidikamiitna po6Gorta OakamaBpa wmictuth 49 cropiHok, 11 Tabmuip, 4
PUCYHKH, CIIUCOK BUKOPUCTAHUX JpKepen 13 31 HalilMeHyBaHHS.

KuarouoBi ciaoBa: GNSS-criocTepeskeHHs, 4acoBl cepii KOOPAWHAT, T€ONEe3UYHI
BUMIpIOBaHHS, MOXUOKH BUMIipIOBaHb, mepmaHeHTHI GNSS-cranmii, HeKIaCH4YHOI

Teopii MOXHUOOK BUMIPIB.



ANNOTATION
Rudenko Natalia Viktorivna

""Application of non-classical measurement theory for analyzing time series

of permanent GNSS-stations of Ukraine"

As a result of long-term studies of time series of coordinates of permanent
GNSS-networks, changes in the coordinates of observations stations, which correlate
with movements of the crust, have been identified. As a rule, these changes are
characterized by a constant trend and periodic components. The study of trends and
periodic components of time series is extremely important in geodynamic monitoring,
since it allows to distinguish between natural (endogenous and exogenous) movements
and man -made processes, and changes caused by other processes, such as the work of
the navigation system itself.

However, when analyzing the time series of coordinates, there were some
unaccounted factors in models that are used in software in the processing of GNSS-
data. The influences of local features (hydrological regime, the presence of interference
satellite signals, the stability of geodetic sign, etc.) at the location of the observation
station, which causes the selectivity of this process in separate stations, may also be
manifested. In general, this means that even in the presence of the same equipment and
observation programs, trust in the results of each individual GNSS-station can be
significantly different. Therefore, it is obvious that only an individual approach to each
station can reveal the suitability of its data for further geodynamic analysis.Thus, the
choice of the topic of research and its relevance are conditioned by the need to use a
modern mathematical apparatus for research of time series with a sufficiently large
sample for their qualitative analysis. Therefore, identifying the suitability of permanent
and reference GNSS-stations to representatively solving geodynamics problems is an
urgent task.

The purpose of this qualification work is to conduct theoretical and practical
studies of time series of coordinates of reference GNSS-stations of Ukraine in order to
establish their suitability for geodynamic research.

Object of study. Time series of coordinates of reference GNSS-stations.

The subject of the study. Evaluation of the suitability of GNSS-observations for

geodynamics problems.
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Research methods. The research uses methods of statistical processing and

optimal filtration of experimental data, methods of mathematical modeling.

The bachelor's qualification work contains 49 pages, 11 tables, 4 figures, a list of
sources used with 31 names.

Keywords: GNSS-surveillance, time series of coordinates, geodetic
measurements, measurement errors, permanent GNSS-stations, non-classical

measurement theory.
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BUCHOBKMH

Otxe, GNSS-texnomnorii (Global Navigation Satellite Systems) cramu
HEBIJI'€MHOI0O YAaCTMHOIO CYy4YacHOi reojesli, MOHITOPUHTY nedopmariidi Ta I1HIIUX
rajiy3ei, Je notrpioOHe BUCOKOTOYHE MO3UIIIOHYBaHHS. BOHM 0O3BOMSIOTH OTPUMYBATH
KOOpPJIMHATH 3 BHUCOKOIO YAaCTOTOIO 1 3HAYHOKO TOYHICTIO, IO POOUTH iX 1/1€aJIbHUMHU
JUIsl CTBOpEeHHs yacoBux cepiit. [IpoTe, He3Bakatouun Ha ixHi nepeBaru, GNSS-nani He
€ 1J1I€aJIbHUMU 1 MICTSATh PI3HOMaHITHI TOXUOKH Ta IIyMH, 1110 BUMAraloTh PeTeIbHOTO
OTIpaIfOBaHHSI.

EdekTuBHICT CTBOPEHHSI YAaCOBUX CEpiil KOOpAUHAT OE3MOCEPEIHbO 3aJICHKUTD
Bi oOpanoro meroxy ompairoBaHHss GNSS-nanux. [CHYIOTH pi3HI MIIXOAU, KOXKEH 3
SKHX Ma€ CBOi IEpPEeBaru Ta HEJOJIKU:

CratuuHi MeTonu: 3a0e3Meuy0Th HAMBUIILY TOUYHICTh, aJl€ BUMAaratoTh TPUBAIUX
crocTtepexkeHb. BoHM € OCHOBOI0O Aiisi (yHAAMEHTAIBHUX TEOJE3MYHUX MEpPEex Ta
MOHITOPHUHTY MOBUIBHUX JiehopMarliii.

Kinematnuyni Metoau: J03BOJISIOTH OTPUMYBATH KOOPJIAMHATA B pycCl, WO
Ba)XJIMBO ISl IUHAMIYHUX 3acTocyBaHb. OHAK iXHS TOYHICTh, K MPaBUJIO, HUXKYA 32
CTaTU4H1, 1 BOHU OUIBII Uy TIUBI 10 IEPEIIKO/I.

PPP (Precise Point Positioning): € NOTYyXHUM METOAOM, SIKUN JI03BOJISE
OTPUMYBATH BUCOKOTOYH1 KOOPIAUHATH 33 JOTIOMOT'OI0 OJIHOTO MpHiimMaya, ajie moTpedye
JAOCTYMy JI0 BUCOKOTOYHHUX OpOIT Ta TOAMHHUKOBHX IOMPABOK, a TAKOXK TPUBAJIOTO
yacy KOHBEPTEeHIII].

Hudepenmiansai meronu (RTK, DGNSS): BUKOPUCTOBYIOTHCS JUIS M1 ABUIICHHS
TOYHOCTI B pEJIbHOMY dYaci abo0 B MOCTOOpOOI NUIIXOM BUKOPUCTAHHS ITaHHUX 3
0a30BHX CTaHIIIi.

Koxxen meton mae cBOi onTUMaibHI cepu 3aCTOCYBaHHS, 1 iX BHOIp MOBHHEH
0asyBaTHCsl Ha BHUMOTax 1O TOYHOCTI, TPHBAJIOCTI CIOCTEPEKEHb, IOCTYIHOCTI
obnagHaHHS Ta HE0OX1AHOCTI poOOTH B peaJbHOMY Yaci.

3aJIMIIKOBI CUCTEMAaTUYHI TOXUOKM € OJHUM 3 HAMOUIbIIMX BUKIHUKIB MpPH
CTBOPEHHI TOYHMX 4acoBuUx cepiid. [li moxubOku MOXyTh OyTH BHUKJIMKAHI TaKUMU

dbakTopamu, fK:



baraTornpoMeHeBiCTh: BIIOUTTS CUTHAILY BiJl HABKOJIUILIHIX O0'€KTIB.

TpomnocdepHi Ta i0HOChHEPHI 3aTPUMKHU: 3MIHU IIBUJKOCTI MOITUPEHHS CUTHATY
B atMocdepi.

[HCTpYyMEHTanbH1 MOXUOKK MPUHMaUiB Ta AaHTEH.

HetouHocTi B MO/IeIIsSIX 3€MHO1 KOpH Ta 11 Aedopmartii.

KnacnyHi MeToaM CTaTUCTUYHOTO aHaji3y 4YacTO HE BPaXOBYIOTh CKIIAIHY
MPUPOAY MUX TMOXUOOK. Y IIbOMY KOHTEKCTI HEKJIACHYHA TEOpis MOXUOOK BUMIPIOBAHb
BIJIIFPAa€ KPUTUYHY poJib. BoHa no3BOIISIE:

MopentoBaTi KOpeiabOBaHI MOXUOKU: BUKOPUCTOBYIOUM Takl MIAXOIU, SIK
bineTpu Kanmmana, ARMA-Mozmerni, 1o BpaxoBYIOTh YaCOBY 3aJIeKHICTh TTOXHUOOK.

3acTocoByBaru poOACTHI METOAM: JUIsl MiHIMI3aIlii BIUTUBY BUKHUIIB Ta aHOMATii
y JIaHUX.

[nenTudikyBaTu Ta KOMIIEHCYBaTH CHCTEMATU4YHI CKJIQJO0Bl: WIO JO3BOJISIE
BUJUIUTH peaibHI pyXu 00'eKTa B1J MOXHUOOK BUMIPIOBaHb.

3acToCyBaHHSA HEKJIACMYHMX MIAXOMIB € HEOOXIAHUM I ITiABUIIEHHS
JOCTOBIPHOCTI Ta TOYHOCTI YaCOBUX CEpid KOOpPAHMHAT, OCOOJMBO MPU MOHITOPUHTY
Manux aedopmariiiit abo AOCIIKEHH] T€OIMHAMIYHHUX TTPOLIECIB.

[Tomanpmuit  po3BUTOK MeTOAIB ompaioBaHHs GNSS-maHuxX Ta CTBOPEHHS
YacCOBUX Cepli KOOpJIUHAT Oyze 30CepeKeHUN Ha:

[aTerpamii 3 iHmMMU ceHcopamu: KomOiHaris GNSS 3  iHepHmiaabHUMH
CUCTEMaMH, JIA3EPHUMHU CKaHEepaMH JIJIsl TT1IBUIIICHHS TOYHOCTI Ta HAAIHHOCTI.

BukopuctanHi MamMHHOTO HAaBYAHHS Ta IITYYHOTO  IHTENEKTY: IS
ABTOMATUYHOTO BHSIBICHHS AaHOMAaJiid, ONTHUMI3allli MapaMeTpiB OMNpAalIOBaHHS Ta
POrHO3YBAHHS MOBEIIHKU TOXUOOK.

Po3po01ii OibI JOCKOHANUX Mojeseil aTMochepu: Il TOYHINIOI KOMITeH Al
TponocpepHux Ta 10HOC(HEPHUX 3aTPUMOK.

Po0oOTI 3 HOBMMM CYNYyTHHKOBUMH CHUCTEMaMHU: BUKOPHUCTAHHS CUTHAIIB BiJ
Galileo, BeiDou, QZSS a1 miaBUIIEHHS KITBKOCTI CIOCTEPEkKEHb Ta MOKPAIICHHS
reoMeTpii.

VY po6oTi BUSABIEHO, IO KOPETSAIiS MK OKPEMHMH CTaHIIISIMH MEPEXK MOXKE

A0CATaTu 3HAYHUX BCJIMYMUH, 4YCPC3 IO YacoBl cep11 MICTATh IOXHOKH 3arajabHOTO
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pexumy (Common Mode Errors, CME), siki MoXyTb OyTH BHJIyY€HI IIMPOKUM
CHEKTPOM KJACMYHUX METOAIB. BukopucTraHHs mOpOCTOPOBO-4acOBOi (uIbTpaLii,
METOJly HaMEHIITNX KBaJpariB, OIIHKA MaKCUMaJIbHOI MPaBIONOII0HOCTI JO3BOISIOTh
3MEHIIUTH BIUIMB IUX MOXHOOK B cepeaHbomy Ha 40%. [Ipore momanpimmii aHai3
OTpMMaHUX YacCOBUX Cepid, HampuKiIaJ TpPH TOPIBHAHHI PI3HUX TEPIOIB
CIIOCTEPEKEHb, Y JACSKUX BUIIAJKaxX MOKa3aB, M0 Pe3yIbTaTh 3HAYHO BiJIPI3HSIOTHCS B
3QJIEKHOCTI Bl OOpaHOro METOAY OIpaloBaHHS, W10 BKa3ye€ Ha HAasBHICTb
3aJIUIIKOBUX MOXWOOK, BUSIBUTH K1 KJIACHUHUMHU METO/IaMU HEMOXKIIHBO.
3acTocyBaHHS HEKJIACHMYHOI Teopii MOXUOOK BHUMIPIB mepeadayaeTbest MpH
MaTE€MaTUYHOMY OIpallOBaHHI BEIMKHUX OOCSTIB CIOCTEPEKEHb, OCKITLKM BOHU HE
MIIKOPSIIOTECS  HOPMAJIbHOMY — 3akoHy — posmoaury.  AmpoOamiss  HTIIB g
nepMaHeHTHUX cTaHliii Mepex IGS Ta EPN, po3ramoBanux Ha Tepuropii YkpaiHu
nmokasana, Mo HWMOBIpHICTE P Toro, mo Bumipu € BHOIPKOBUMH 13 HOPMAaJIBHOI
reHepajJbHOl CYKyIMHOCTI BIANOBIIHO 3MiHIOIOTHCS B Mexax Big 0.001 mo 0.92. A ue
O3Hauae, WOI0 pealibHl PO3NOAUIM TOXMOOK BHUMIpPIB HE MIANOPSAKOBYIOTHCS
HOPMaJIbHOMY 3aKOHY, aJi€ y3TO/KYIOThbCSI B pamMKax 3acTapliuX KJIACMYHHX YSBIICHb

PO 3aKOH PO3NOJLITY MOXUOOK BETUKOTO 0OCHTY.
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