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AHHoTayumA: [laH 0630p CnyTHUKOBLIX HaBUrayMoHHbIx cuctem (FTHCC) u nx
NPUMEHEHNA B re0AMHaMUYECKUX UccnenoBaHmnax. lNpoaHanusnposaHbl
pesynbTaThl U3y4yeHUA reoAnHaMmMueckux npoueccos ¢ nomotsto M’HCC,
BbINOMHEHHbIX cOoTpyaHnKkamu NP3 PAH B ceBepo-3anagHoM pervoHe
Poccuu, Brtouas Kapenuio, B 4aCTHOCTM Ha reoe3UYECKOM MyHKTE
(BOTS), 3anoxeHHom B BoTaHuueckom caay lNMeTposaBoackoro

Jedopmauuu, rocyZapcTBEHHOro yHuBepcuTeTa. MpuBeaeHsl pesynbTatel pacyeTta
MocT/IeAHNKOBOE NOAHATHE, CKOPOCTE# ropu3oHTamNbHbIX M BEPTUKASIbHBIX ABWKEHWH, NIoWwaaHbIX
reoanHamuka AedopMalnit, a Takke ConocTaBneHne UX ¢ CeNCMMUYHOCTBIO PErMoHa.

MNonyueHa: 26 HoAbpA 2021 roza NoanucaHa K nevatu: 18 nekabpa 2021 roza

MMmobanbHble HaBUrayWoHHble CcnyTHUKOBble cucTembl (FTHCC) LMpOKO McnonbaytTcA AnA  Has3eMHbIX
BbICOKOTOUHbIX KOOPAWHATHLIX onpeAesieHWi Npu WUCCNefoBaHWAX COBPEMEHHLIX ABUXEHUW U Aedopmalui
3eMHON KOPbl KaKk TEKTOHWYECKMX MNAWT, Tak M OTAENbHbIX FeoforMyYeckux CTPyKTyp. Mamepenuna nposoaAtcA

perynfpHo Ha cneuuanbHo BbiOpaHHbIX nyHkTax (GPS/TTIOHACC), ofpasytowmx —pasHomacluTabHble
reoaesnyeckne NoCTPoeHUa — recAMHaMmuyYecKmue NosIMroHsbl.
CoBpemeHHas CrnyTHWKOBaA HaBWrauuMoHHaA CUCTeMa OCHOBbLIBAETCA Ha MCMONb30BaHWM  MpuHUMNA

AanbHOMEPHbIX MSMepeHMVI Mexay HaBurayMoHHbIMU CNYTHUKAMU U HA3EMHbIMU NPUEMHUKaMK (pVIC. 1). B cocTtaBe
CuUrHasna Cco CnyTHUKOB nepenaéTCH MHdOopMaLma, Ha OCHOBaHWK KOTOpOFI BbICYMUTbIBAOTCA KOOPAUHATHI MYHKTOB B
O6U.leSeMHOl7I KOOpL]VIHaTHOﬁ CUCTEME Ha KaxAbli MOMEHT BpeMeHMU. Ina reonesnyeckux M3MepeHMﬁ ncnosib3yetcAd
BbICOKOTOYHAA annapartypa, cneuuanbHble nporpamMmmbl OépaéoTKM nosly4eHHbIX AaHHbIX AnA onpeaeneHud
NoSI0XeHNA NnyHKTa C MaKCumMalsibHO BO3MOXHOW TOYHOCTbIO, YTO MO3BOMAET n3yyatb MeasieHHble U 6bICprIe
AedopmaLlMoHHbIe npoLecchl, MponucxoadLmMe Ha 3EeMHOM NoBEepPXHOCTH.
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KA HA BBICOKHX OPEHTAX ‘%

Puc. 1. MHdpacTpyKkTypa HaBurauum 1 no3MuMoHMpoBaHmna Ha 6ase CUCTEMbI MOBLILLEHWA TOYHOCTH HaBUraLmuu
Pockocmoca. CTaHumu cbopa nsmepeHuin — npeactasnarT coOon KOMMIEKC BbICOKOTOYHOM HABUraLMOHHOM
annaparypbl, yCTAHOBSIEHHON B TOYKaX C U3BECTHLIMU KOOpAUMHATaMK; MHGOPMAaLMA O LeNOCTHOCTU CUCTEMbl —
uHdopmaLmsa o cbonax B pabote M'HCC; apemepuaHo-BpeMeHHaA MHdOPMaL A — AaHHbIE ANA pacyéTa opOuThI
KOCMMYeCKoro annapara 1 AaHHble 60pTOBbLIX YACOB; HA3EMHbLIE NMHWK Nepeaayun AaHHbIX — YKB-paauocTaHuymy,
cUCTEMbI NOABWXHOM BecnpOBOAHOM CBA3K UK ceTb MHTepHeT. hitps:/www.roscosmos.ru/22054/ .

Fig. 1. Navigation and positioning infrastructure based on the Roscosmos Navigation Accuracy Improvement
system. Measurement collection stations are a complex of high-precision navigation equipment installed at points
with known coordinates; system integrity information is about failures in GNSS operation; ephemeris-time
information is data for calculating the spacecraft orbit and onboard clock data; ground data transmission lines are
VHF broadcast stations, mobile wireless communication systems or the Internet. https:/www.roscosmos.ru/22054/

*%*

OZHWM W3 MHTEPECHbIX OOBEKTOB reoAMHAMUYECKUX UCCIENOBaHU C NMPUMEHEHWEM HOBEWLLMX CMyTHWKOBBIX
reole3MyecKux TEXHOMOMMI cTana TeppuTopua cesepo-3anaga Poccun. BHeapeHne coOBpeMEHHbIX CryTHUKOBbIX
TEXHOMOrMM B NPAaKTUKy WCCNeAOBaHWM reoAMHaMMYecKUx MpoLeccoB B 3TOM pEervoHe Havasnocb Ha CTblKe
MPOLUIOrO U TEKyLLero CTONeTHiA Npu COAEUCTBUU CNeLnarniucToB HayuHbIX U yUeBHbIX YUpexaeHWin permoHa. 1o
MO3BOSIMSIO NO-HOBOMY NMOCMOTPETb HA HEKOTOPbIE TEKTOHMYECKUE U BHYTPUMNIIMTOBbIE MPOLECCHI MPU PeLleHuu
reoAMHaMUMYeckux 3ajady. AKTMBHOE y4yacTMe B OpraHu3aluuM CMyTHUKOBOTO MOHMTOPMHra NpUHUMAIOT
cneynanuctel MHctutyTa OuMsnkn 3emnm umenn O. HO. Wmuarta Poccuiickon Axkaaemun Hayk (M®3 PAH),
NpoAoHKaA WCCrneaoBaHWA, HadyaTble TPaAMUMOHHBIMU reoAe3UYECKUMU METOJaMK B paMKax MeXAyHapOoAHOro
npoekra (MpunenuH 1 ap., 2002; Galaganov et al., 2001; ManaraHos v ap., 2005).

CornacHo 0OLIenpuHATEIM NPeACTaBIeHUs M, ANA COBPEMEHHOM FeOAWHAMMUKM PEervoHa OnpenensatoLum
npoLeccoM ABAAETCA NOCTIeAHUKOBOE NOAHATUE KaK CreAcTBUe oneAeHeHusa, oxsaTusluero okono 10-11 TeicAy
neT Hasaja ceBepo-3anagHyrto YacTb EBpasuu, Braouvatollyto reorpaduueckue Tepputopun Hopseruu, Llseuwum,
Hanun, dunnanavu, a Tavke cesepo-3anaaa Poccuu.

CotpyaHukn MU®3 PAH npogomkaloT npoBOAWMTb WM3MEPEHUA UM UCCneaoBaTb COBPEMEHHOE pasBuTHE
AedopMaumMoHHbIX npoueccoB Ha ocHoBe MoHuTopuHra GPS+[TIOHACC Ha reoanHamMMueckux MOnuroHax B
JlennHrpanckon obnactm u B Pecnybnuke Kapenusa. B 2015 rogy 6bin cosgaH reoAMHaMUYECKWi MOSIUIOH B
MypmaHckoi obnacti Ha nobepexbe KaHaanakWwceKoro 3anuea, rae Obinv 3anoXeHbl HOBble MYHKTHI AN1A U3yYeHus
noKasibHBIX ABUXEHWUN perroHa (puc. 2). Kaperbckuii nosMroH pacnonoxeH B obnactv ¢ Haubornee cTabunbHowM
reoauHamMuMuecKo 0BCTAHOBKOW WM HA JAaHHbI MOMEHT fABRAETCA reorpaduMuUeckuM LEHTPOM UcCrenyemMoro
pervoHa. B HacToswee Bpemsa B Hero BXOAAT ueTblpe NyHkTa: MELO — pacnonoxeHHbi Ha npubpexHom
BO3BbILLEHHOM MaccuBe BOnuau r. CoptaBana, GIRS — B pailoHe pacnonoxeHus ApeBHeNLLIMX NaneoByniKaHoB Ha
TeppuTopun noc. Mmpeac, KRMS — B nocenke Kapenbckaa Macenera, BOTS — Ha TeppuTopmmn BotaHnyeckoro
caaa [NeTpo3aBoACKOro rocyAapCTBEHHOIO YyHUBepcureTa.
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Puc. 2. MectonornoxeHue ocHoBHbIX nMyHkToB GPS+ITIOHACC: 1 — JleHuHrpaackan obnactb (HabnogeHns 1999—
2021 rr.); 2 — Kapenua (Habntoaenua 1999-2021 rr.); 3 — Konbckuid nonyoctpos (Habntoaenua 2015-2021 rr.).

Fig. 2. Location of the main GPS+GLONASS points: 1 — Leningrad Region (observations 1999-2021); 2 — Karelia
(observations 1999-2021); 3 — Kola Peninsula (observations 2015-2021).

a

Puc. 3. YctaHoBKa o6opyaoBaHua Ha nyHkTe BOTS: a) B 2006 r.; 6) B 2018 T.
Fig. 3. Equipment installation of at the BOTS point: a) in 2006; b) in 2018.

MynkT BOTS 6610 3anoxeH B 1999 rogy. MecTo AnAa Hero 6bino BbiOpaHo Ha 6oMbLUoW NonAHe, ¢ MakCUManbHO
OTKPbITEIM HEBECHBIM CBOAOM, UYTO ABMAETCA HEOOXOAMMBLIM YCIIOBMEM MOSYYEHWUS KAYECTBEHHbLIX CMYTHUKOBbIX
JaHHbIX. OH pacnonoXeH Ha CKarlbHOM BbIXOAE KOPEHHbIX MOPOoA, YTO MCKOYaEeT ero Ornon3HEeBOE CMeELLeHUe C
BEPXHMMM CIMOAMM TMOYBbl M NpeacTaBnaeT CcoOoi OeTOHHbIA MOHYMEHT C CUCTEMOW NPUHYAUTENBHOMO
LeHTpUpoBaHua (puc. 3a). Ha Taknx NyHKTax aHTEHHA KPEMnMUTCA K XECTKO 3aKPENNEeHHOM NNoLllaZke Ha BepLUUHe
MOHYMeHTa. TakaA KOHCTPYKUMA NpeanoxeHa QUHCKUMK crneuuanicTtaMmu AnA  BbINOSIHEHUA BbICOKOTOYHbLIX
AePOPMALMOHHBIX M3MepeHUid. 3a roabl HaBNAEeHUA BOKPYT MyHKTa BLIPOC LENbIA CTYAEHYECKUA rOPOLOK (pUC.
36), HOBble MOCTPOMKM YaCTUUHO 3aKpbiu 0030p, HO, HECMOTPA Ha 3TO, MONyYaeMble AAHHbIE HEe CTasu XyXe.
MpPOAOMKMTENBHOCTL NOBTOPHBIX HEMPEPLIBHBIX CMYTHUKOBLIX M3MEPEHWUI HA MYHKTE COCTaBnAeT 5—7 CyTOK, YTO
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CINYXHUT rapaHTMeVl BbICOKOIo KayectBa noj1y4yeHHbIX M3MepeHMVI.
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Puc. 4. N'padukn BpemeHHoro xoaa cesepHon (N) n BoctouHon (E) komnoHeHT koopaunHat ana nyHkta BOTS 3a
2006-2021 rr.

Fig. 4. Time series of the northern (N) and eastern (E) coordinate components for the BOTS point for 2006-2021.
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Puc. 5. KapTa ckopocTei CoBpeMEHHbIX BEPTUKANbHBLIX ABWKEHUH (M30MTMHUKN) U BEKTOPOB rOPU3OHTaNbHbIX
ABWKeHW (CTpenku) cesepo-BocToka BoctouHo-Esponeiickon nnatdopmel 3a nepnoa 2006-2021 r.

Fig. 5. Map of modern vertical movements velocities (isolines) and vectors of horizontal movements (arrows) of the
northeast of the East European Platform for the period 2006—2021.
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Puc. 6. OnuueHTpbl 3emneTpaceHni, nponsoweawmx 3a 20002019 rr.
Fig. 6. Epicenters of earthquakes occurred in 2000—-2019.

CuHxpoHHble namepenna GPS+ITIOHACC npoBoaATtca B UOne-aBrycte ¢ ABYXrOAMYHBIM UHTEPBANIOM MEXAy
anoxamu M3mepeHuit cnoco6om anddepeHLUanbHOro NO3ULMOHUPOBaHUA B CTAaTUYECKOM PEXUME, C UHTEPBaSIOM
peructpauum 30 c. OnAa BbiGpaHHOrO BPEMEHHOrO WMHTEpBana MPOU3BOAWMTCA OMpeAesieHUe CPEedHECYTOUHbIX
reOLEeHTPUYECKUX M re0fe3nM4ecKUX KOOpAMHAT NYHKTOB U MX OCPeAHEHWEe B OTCYETHOM KOOPAMHATHOW cucTeme
ITRF. Tawke npusnekaroTca AaHHbIE NOCTOAHHO AEWCTBYIOLLMX CTaHUMin MexayHapoaHON reoAnHaMUYECKoHn ceTu
(IGS) B Poccuun, dunnanauu, Lseunn n Hopsernun. Bnnxaiiume M3 HUX UCNOMbL3YIOTCA B BEIYMCIIEHUAX B Ka4ecTBe
OMOPHBIX (NepemeLLaeMblx BO BPEMEHHU C NMOCTOAHHOW CKOPOCThI0). CpeaHeKkBaapaTUuecKan olnbka onpeaeneHus
NMIaHoBbIX KoopAuHat coctasuna B cpeaHem 0.2 mm ana nyHktoB IGS n 0.3-0.5 Mm — anAa onpeaenaembix
MyHKTOB. TOYHOCTbL ONpeAeneHna BepTUKanNbHOW COCTaBNAIOLLEN KoOpAMHAT B 2—2.5 pasa HUXe.

Ha rpadukax, npvBeaeHHbIX Ha puc. 4, OTPaKEHO U3MEHEHME BO BPEMEHM KOMMOHEHT KOOPAMHAT MyHKTA
BOTS 3a nepuoa ¢ 2006 no 2021 rr., KOTOPOE AEMOHCTPUPYET PaBHOMEPHOE FOPU3OHTANIBHOE CMELLEHWE NMyHKTa
BO BpPEeMeEHHU, YTO CBUAETENbLCTBYET O BbICOKOM KavyeCTBe NpoBOAMMbIX M3MepeHMVI.

MonyyeHHble B pesynbTate pacyeTa BepTUKaNbHbIE W FOPU3OHTalbHbIE CKOPOCTM 3EeMHOM MNOBEPXHOCTH
perMoHa npusefeHbl Ha puc. 5. PesynbTaThl BblUMCIEHWI NOATBEPKAAIT COBPEMEHHOE NoAHATUE BanTtuickoro
wmTa co ckopoctbio A0 10.4 Mm/rod, Ha POCCUMCKOW TeppUTOpUKU He npesbiwana 5—6 mMm/roa. BeluncreHsl Takke
ropusoHTanbHble ABwxeHna BocTtouHo-EBponeiickon nnatdopmbl. OHU UMEIOT CEBEPO-BOCTOYHOE HamnpasneHne v
COCTaBMAT B cpedHeM 23 MM B rod B MexAyHapoAHOW KoopAuHaTHoM cucteme oTcyeta ITRF.
BHyTpuUpernoHanbHble rOpU3OHTaNbHBIE CKOPOCTU CMeLleHna nyHkToB Kapenuu u JlenuHrpaackoin obnactu Gbinu
nony4YeHbl MyTEM nepepacyeTa CKOPOCTEW OTHOCMTENBHO HaxoAdLerocq Ha cesepo-3anaae nyHkta KIRU, kotopebii
Obln MPUHAT 3@ HEMOABWXHBLINA. [10yYeHHbIE CKOPOCTM B JOKANIbHOM CUCTEME OTYETa MMEHT NPEUMYLLECTBEHHO
Or0-BOCTOYHOE HanpasneHue 1 coctasnaoT nopaaka 3—4 mm B roa. [ina nyskra BOTS — 3.8 mm B roa.

MomMMO aHanusa CkopocTe NyHKTOB, BOMbLIOE BHUMAHWE YAENAETCA W3YYEHUIO MrowaaHbIX AedopMaLmnii 1
COBPEMEHHOIO CEWCMMUYECKOro pexuma. McnonbsoBaHHaa METOAMKA aHanu3a AepOpMUPOBaHUA 3eMHOM Kopbl

BbliBM1A HaNMuMe YepeaytonMxcA 30H PacTAXEHUA M CKaTUA CO 3HavyeHWAMM aedopmauui oT (—0.8)-10_8 ao

161088 roa. [1nA oUueHKM CENCMUYECKON aKTUBHOCTM AAHHOMO PErMoHa UCMNOb30BaICA KaTtanor 3eMNeTPACEHUN,
npeaoctaeneHHbin Ko® OULL EFC PAH, u aaHHblie Teonoruueckon cnyx6el CLUA (USGS). TeppuTopua obnaaaet
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cnaboit ceicMuueckor axktuBHocTbto. C 2000 r. 3aecb npousowsio okosio 200 cercMuyeckux coBblTU C
mMariutynamu (Mg) 0.7—4.1. B ocHoBHOM 3T0 cnabble cobbiTuA ¢ MarHuTyaamu Ao 3.3, kpome AeBATh — ¢ Mg oT 3.5
Ao 4.1. TloBblleHHaA WMHTEHCUBHOCTbL CEWCMUYECKUX MPOABMEHWIA XapakTepHa ANnA CBOAOBOrO MNOAHATUA
®deHHocKaauu (puc. 6).

OZnHoW 13 BaXKHEMNLLMX 3aZlay UCCeA0oBaHUi ABNAETCA CONOCTaBEHWE NOYYEHHbIX CMELLEHUI 3EMHOM KOpbl C
BblAeNMBLLENCA CENCMUYECKON Hepruen. MNponaBneHne CENCMUMYHOCTHM B Npedenax paccmatpusaeMon TeppuTtopmm
[0CTaTOYHO HEOAHOPOAHO, BblAenATcA 00MnacTh, MPUYPOUYEHHbIE K 30HaM, MEePEexXOAHbIM OT PaCTAXEHWA K
CXKaTWI, MM K 30HaM pacTsxeHus. BoiaeneHa Bbantuiicko-Jlagoxckas 065acTb CEMCMMUYECKON aKTUBHOCTH,
MapKupyroLLada 30Hy nepexoaa ot ceoaa k nnatdopwme ('ycesa v ap., 2016, 2020).

*kk

PesynbraTthl BbIMOMHEHHBIX UCCNeaoBaHuih ¢ ucnonb3oBaHuem MTHCC TexHonorui M aHanusa CEMCMUYHOCTH
NO3BOSAOT OLEHWTb COBPEMEHHYIO TEKTOHMUYECKYHO aKTUBHOCTb PEeHHOCKaHAMM U 0COOEHHOCTU ee NMPOoABIEHNUA B
nepBoe ABaauaTtuieTne Tekyllero Beka. ConoctaBneHne CKOPOCTEN NepeMeLLeHnii, gedpopmanmin u CEMCMUYHOCTH
onpeaenfeT KOSIMYECTBEHHbIE XApPaKTEPUCTUKA COBPEMEHHOW TreoAMHAMMKM WCCedyeMOoro pervoHa Aand
KOHKPETHOrO BPEMEHHOro MHTepBana. [anbHeWliee pasBUTUE CeTU reofe3nyeckux HabnoaeHuin B ceBepo-
3anaaHon vyactu BoctouHo-EBponeickoin nnatdopmbl MO3BOANUT PaCLUMPUTL U YTOUYHUTbL MMEOLLMECA AaHHbIE O
reoANHaMUUYECKOM PEXMME 3TOM0 PErMoHa.

Brlpaxxaem 6narofapHocTb AvpekTopy Arekceto AHaTonbeBuuy [MpoxopoBy M coTpyaHukam eTpo3aBoacKoro
6oTaHMyeckoro caza 3a Tensbii Npuem 1 NoMoLLb B opraHusaumu pabor!
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Key words: Summary: A review of satellite navigation systems (GNSS) and their application in
review, technology, science, global geodynamic studies is made. The results of studying geodynamic processes using
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GNSS performed by the staff of the IFZ RAS in the north-western region of Russia,
including Karelia, in particular at the geodetic point BOTS in the Botanical Garden of
Petrozavodsk State University, are analyzed. The results of calculating the velocities
of horizontal and vertical movements, areal deformations, as well as their comparison
with the seismicity of the region, are presented. Satellite geodetic points for
observations of deformation processes in the region began in the 90s of the 20th
century. The BOTS point was founded in 1999 as part of Karelian test-site. It is
located on a rocky outcrop of bedrock, which excludes its landslide displacement with
the upper layers of the soil. It is a concrete monument with a forced centering system.
The duration of repeated continuous satellite measurements at the point is 5-7 days,
which is a guarantee of the high quality of the measurements. The vertical and
horizontal velocities of the earth's surface of the region reveal the postglacial uplift of
the Baltic Shield at a rate up to 10.4 mm/year, not exceeding 5-6 mm/year for the
Russian territory. Horizontal movements of the East-European tectonic plate have a
NE direction and average 23 mm/year. Intraregional horizontal displacement
velocities in Karelia and Leningrad region in the local reference system are mainly in
SE direction and are about 3—4 mm/year, for the BOTS — 3.8 mm/year. In addition
the velocities of points, much attention is paid to the study of areal deformations and
the modern seismic regime. The method of analyzing the deformation of the Earth's
crust revealed the presence of alternating zones of stretching and compression with
deformations (—0.8)x10-8 — 1.6x10-8/year. The territory has weak seismic activity.

Since 2000, about 200 seismic events with magnitudes (Ms) 0.7—4.1 have occurred
within the territory under consideration. A large intensity of seismic events is inherent
to the dome uplift of the Fennoscadia. Seismicity within the territory under
consideration is rather heterogeneous, with areas timed to zones of transitioning from
stretching to compression, or to zones of stretching; the Baltic-Ladoga region of
seismic activity is identified, marking the transition zone from the dome to the
platform. The results of the studies using GNSS technologies and seismicity analysis
allow us to assess the current tectonic activity of Fennoscandia and the features of its
manifestation in the first twenty years of the current century. The comparison of the
velocities of displacements, deformations and seismicity determines the quantitative
characteristics of the modern geodynamics of the studied region for a specific time
interval. Further development of the geodetic observation network in the north-
western part of the East European Platform will allow expanding and clarifying the
available data on the geodynamic regime of this region.
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