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Guilfoyle’s Volcano (Cacti and Succulent collection) is in the foreground.
Source: Royal Botanic Gardens Victoria
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AHHoTauwms: [laH 0630p CNyTHUKOBBIX HABUTaLMOHHbIX cuctem (THCC)
WX MPYMEHEHNS B reoaMHaMnyeckmx nccnenosaHusx. lpoaHannsmposaHbl
pe3ynbTaThl U3y4YeHWs reoguHaMmnyeckmx npoueccos ¢ nomouwpto NHCC,
BbIMOJIHEHHbIX cOTpyAHMKamu P 3 PAH B ceBepo-3ananHoOM pervioHe
Poccun, Bknioyas Kapenuio, B YaCTHOCTW Ha reofe3n4eckoM NyHKTe
(BOTS), 3anoxeHHom B BoTaHuyeckom cany NeTpo3aBonckoro
rocygapCTBeHHOro yHusepcuteta. MpuseaeHsl pesynbTaThl pacyera
CKOPOCTEW ropn3oHTaNbHbIX U BEPTUKANbHbIX ABUXEHUNA, NnowanHbIX
JedhopMaunii, a TakXe CornocTaseHne nx ¢ CEMCMUYHOCTbIO pervoHa.

MonyueHa: 26 Hos16pst 2021 rona MopnucaHa k neyatn: 18 nekabps 2021 rona

nobanbHble HaBUrauMOHHble CryTHUKOBblE cucTembl (FTHCC) wWMpPoKO UCMOMb3yloTCcs [ONS HA3EMHbIX
BbICOKOTOYHbIX KOOPAWHATHLIX OMPEedEeNneHnin Npu MUCCNefoBaHNAX COBPEMEHHbIX ABUXEHUA 1 Jedopmauui
3EeMHON KOpbl Kak TEKTOHMYECKMX MAMT, TaK WU OTHOENbHbIX FE0NIOrMYeckmux CTPykTyp. V3mepeHus nposoasitcs
PErynsipHo Ha creumvanbHo BbiOpaHHbIX nyHkTax (GPS/ITIOHACC), obpasyowmx pasHoMmacluTabHble
reofesnyeckme NocTPoeHNs — reoJMHaMmyeckme nosimroHbl.

CoBpeMeHHasi CnyTHUKOBAs HaBUrauMoOHHAs CUCTEMa OCHOBBIBAETCS Ha WCMOMb30BaHUM  MpMHUMNA
JanbHOMEPHbIX N3MEPEHWIA MEXAY HaBUraLMOHHLIMUA CMYTHWKaMN 1 Ha3eMHbIMU NpueMHukamu (pvc. 1). B coctase
curHana co cryTHUKOB nepenaércst MHpopMaLmsi, Ha OCHOBaHWM KOTOPOW BbICYMTHIBAIOTCS KOOPAWHATHI MyHKTOB B
00lWe3eMHON KOOPOMHATHOW CUCTEME Ha KaxAplli MOMEHT BpeMeHu. [ng reomesnyeckux W3MEPEHUN
NCMONb3yeTCs BbICOKOTOYHAS anmapartypa, crneumanbHble nporpammbl 06paboTku MOMYYEHHbIX LaHHbLIX ONS
onpeneneHns MONOXEHNS MyHKTa C MakCMManbHO BO3MOXHOW TOYHOCTbIO, Y4TO MO3BONSET U3yYyaTb MEANEHHbIE U
HbICTPblE fedPOpMaLMOHHbIE MPOLECCHI, MPOVUCXOASINE HA 3EMHO MOBEPXHOCTW.
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Puc. 1. iHdppacTpykTypa HaBMraumm 1 no3vLMOHMPOBaHKS Ha 6a3e CUCTEMbI MOBbIWEHWS| TOYHOCTY HABUraLmm
PockocMoca. CtaHuum cbopa n3MepeHuin — npeactaBisoT coboli KOMMNEKC BEICOKOTOYHOM HABUT aUMOHHOM

annaparypbl, yCTaHOBNIEHHOM B TOYKAX C U3BECTHLIMY KOOPAMHATAMU; MHCPOPMALIMS O LENOCTHOCTMU CUCTEMbI —

VHbopMaLwsi o cbosix B pabote THCC; agheMepuaHO-BpeMeHHas NHGopMaLmMs — OaHHbe ANs pacyéTa opbuThl

KOCMMYECKOro annapara v faHHble 60pToBbIX YacoB; HA3eMHbIE IUHWUK Nepenayn AaHHbix — YKB-paavnoctaHumm,
CUCTEMbI NOABMXHOW BecnpoBoAHON CBA3U UK ceTb VHTEpHeT. 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/

*%

OnHUM 13 MHTEPECHBIX 0OBEKTOB reoAMHaMNYECKMX UCCNENOBAHNA C NPUMEHEHNEM HOBEWWWNX CMYyTHUKOBbIX
reonesnyecknx TEXHOMOIWA cTana TeppuTopust cesepo-3anaga Poccun. BHeapeHne COBPEMEHHLIX CMyTHMKOBbIX
TEXHOMOTMA B MPaKTWKYy WCCNELOBaHUA FeoAMHAMMYECKMX MPOLIECCOB B 3TOM PErMOHE Hayanocb Ha CTbke
MPOLWOro U TEKYLEro CTONETWIA MPY COLENCTBUM CNELMANNCTOB HayyYHbIX U YYEOHBIX YUpeXOeHuiA peruoHa. 910
MO3BONM/IO MO-HOBOMY MOCMOTPETb Ha HEKOTOPblE TEKTOHMYECKME WU BHYTPUMANTOBBIE MPOLIECCHI MPU PELIEHWN
reogvHaMnyeckmx 3agjady. AKTMBHOE YyyacTue B OpraHuM3auuyM CryTHWKOBOrO MOHUTOPWHrA MPUHMMAIOT
cneunanuctbl MiHctutyta dmaukn 3emnu mmenn O. 1O. Wmupota Poccuiickon Akagemun Hayk (MD3 PAH),
npoJonXxas MccrnefoBaHUs, HayaTble TPAQULMOHHLIMU FE0LE3UYECKUMN METOLAaMM B paMKax MeX.OyHapO4HOro
npoekTa (MpunenuH 1 gp., 2002; Galaganov et al., 2001; ManaraHos u gp., 2005).

CornacHo 06IJ.l,eI'IpVIHHTbIM npencrtaeneHnam, aons COBpeMeHHOIZ reognHammkm permoHa onpenendroumnm
MPOLIECCOM SBNSIETCS MOCTNEeAHUKOBOE MOOHSATHE KakK CNeAcTBue onedeHeHus, oxeaTmelero okono 10-11 Tbicay
neT Hasal ceBepo-3anafHylo YacTb EBpasun, Bkntovalollyo reorpaduyeckme Tepputopumn Hopserum, Liseuun,
Janun, duHngaHomm, a Takxe cesepo-3anana Poccun.

CotpygHuku M®P3 PAH npoponxaloT NPOBOAUTb W3MEPEHWS W WCCNenoBaTb COBPEMEHHOE pPa3BUTUE
necopmMaumoHHbIX npoueccoB Ha ocHoBe MoHuTopuHra GPS+ITJTIOHACC Ha reognHamuyeckmx mnosMroHax B
JNeHnHrpanckon obnactn u B Pecnybnuke Kapenwsi. B 2015 rogy 6bin co3paH reofMHaMMyYeckuii MOMUIOH B
MypmaHckoii obnacTn Ha nobepexbe KaHoanakwckoro 3anuea, rae Obinv 3anoXeHbl HOBble MYHKTbI ONS
N3y4YeHust NokanbHbIX OBUXEHUI pervoHa (puc. 2). Kapenbckuii MonMroH pacrnonoXeH B obnactu ¢ Havbonee
CcTabwibHOW reoAMHaMMyeckoi OBCTAHOBKOM M Ha HAaHHbIi MOMEHT SBNSeTCs reorpadunyeckuMm LEHTPOM
uccnegyemoro pervoHa. B Hactosiwee Bpems B Hero BXomAT YeTbipe nyHkTa: MELO — pacnonoXeHHbln Ha
npubpeXHOM BO3BbIWEHHOM MaccuBe BOAM3W r. CopTaBana, GIRS — B pailoHe pacrnonoXeHusi APEBHEMWmX
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naneoBy/skaHoB Ha Tepputopum noc. 'vpBac, KRMS — B nocenke Kapenbckas Macenbra, BOTS — Ha
TeppuTopumn BoTaHmyeckoro cana NeTpo3aBoAcKoro rocyLapCTBEHHOMO YHUBEPCUTETA.
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Puc. 2. MecTononoxeHue ocHoBHbIX NyHKToB GPS+IJIOHACC: 1 — JleHuHrpanckas obnactb (HabnoaeHus
1999-2021 rr.); 2 — Kapenus (HabnogeHus 1999-2021 rr.); 3 — Konbckuii nonyoctpos (HabntoneHns 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).

al

Puc. 3. YcTaHoBka ob6opynoBaHus Ha nyHkTe BOTS: a) B 2006 r.; 6) B 2018 r.
Fig. 3. Equipment installation of at the BOTS point: a) in 2006; b) in 2018.

MyHkT BOTS 6bin 3anoxeH B 1999 roay. MecTo ons Hero 66110 Boi6paHo Ha 60/bLoi NMosiHe, C MakCUMasnbHO
OTKPbITbIM HEGECHbIM CBOLOM, YTO SIBASIETCS HEOOXOAWMBIM YCNOBUEM MOMYYEHUS KAYECTBEHHbBIX CMYTHUKOBbIX
JAaHHbIX. OH pacnosio’keH Ha CKa/lbHOM BbiXxOo4e KOPEHHbIX nopond, YTo UCKoYaeT ero ononi3HeBoe cMmelleHne C
BEPXHUMM CJIOSIMM MOYBbI U MpencTaBnsieT coboil 6GEeTOHHbIA MOHYMEHT C CUCTEMOIN MNPUHYOUTESIbHOMO
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LueHTpupoBaHus (puc. 3a). Ha Takmx nyHKTax aHTeHHa KPenuTCs K XEeCTKO 3aKpenneHHOW naowanke Ha BepumnHe
MOHYMeHTa. Takas KOHCTPYyKUMS npennoXxeHa (OUHCKMMU crneupanucTamy 0N BbiMONHEHUS BbICOKOTOYHbIX
echopMaLMOHHbIX N3MepeHniA. 3a rofbl HAbMAEHUIA BOKPYT NyHKTa BBIPOC LEJbI CTYAEHYECKUA ropoLoK (puc.
36), HOBble MOCTPOMKM YaCTWYHO 3aKpPbinvM 0630p, HO, HECMOTPS Ha 3TO, MOJlyYaeMble AaHHbIE HE CTann XyXe.
[MpooonXUTenbHOCTb MOBTOPHbLIX HEMPEPbLIBHBIX CMYTHUKOBLIX M3MEPEHUIA HA MyHKTE COCTaBnseT 5—7 CyToK, Y4TO
CINYXWT rapaHTUei BbICOKOro KayecTBa rnoJlyYeHHbIX U3SMEPEHWN.
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Puc. 4. N'padoukn BpemeHHoro xona cesepHoli (N) 1 BocTouHol (E) KOMNOHEHT KoopavHat ans 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. KapTta ckopocTei coBpeMeHHbIX BEPTUKaIbHbIX ABUXEHWIA (M30/IMHNW) N BEKTOPOB rOPU30HTaNbHbIX
OBUXEHWI (CTPenKn) cesepo-BocToka BocTouHo-EBponeickoin nnatdopmbl 3a neprod 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. SnuueHTpbl 3eMneTpsiceHnid, npousowewmx 3a 2000-2019 rr.
Fig. 6. Epicenters of earthquakes occurred in 2000-2019.

CuHxpoHHble namepenns GPS+IMNOHACC npoBoasitTcsi B Utofe-aBrycte ¢ ABYXrOANYHBIM MHTEPBANIOM MEX Oy
aMoxamy USMEPEHWIA CocoboM AncbdpepeHLanbHOr0 NO3ULMOHNPOBAHWS B CTATUYECKOM PEXUME, C MHTEPBANIOM
pervctpaumyi 30 c. Ons BblBpaHHOrOo BPEMEHHOrO WHTEpBana MPOW3BOAUTCS OMPEeLENEHNe CpPemHECYTOYHbIX
FeOLEHTPUYECKMX N reoAe3nyecknx KoOpaMHAT MyHKTOB M X OCPEOHEHNe B OTCYETHON KOOPAMHATHON cucTeme
ITRF. Takxe npuBnekawTcs AaHHble MOCTOSHHO OENCTBYOWMX CTaHumi MeXayHapoAHOW reoanHaMnyeckomn
cetn (IGS) B Poccuu, ®uHnanoum, Weeunm n Hopeerun. Banxariwme M3 HUX UCMONb3YIOTCA B BbIYUCIEHUSX B
KayecTBe OMOPHbIX (MepeMellaeMbix BO BPEMEHW C MOCTOSHHOW ckopocTblo). CpenHekBagpatmyeckas olwmnbka
ornpeneneHns nnaHoBbIX KOOpAMHAT cocTaesmna B cpepgHem 0.2 mm ang nyHktoB IGS u 0.3-0.5 mm — ans
onpenensieMblX MyHKTOB. TOYHOCTb OnpeneneHust BepTUKanbHOW COCTaBNSoWeNn KoopamHaT B 2—2.5 pa3a Huxe.

Ha rpaq)vu(ax, npmBeneHHbIX Ha pucC. 4, OTpaxeHo U3MeHeHne BO BpEeMEeHU KOMMOHEeHT KoopAawuHaT MyHKTa
BOTS 3a nepnog ¢ 2006 no 2021 rr., KOTOPOE OEMOHCTPUPYET PAaBHOMEPHOE FOPU30HTA/NIbHOE CMELWEHNE MyHKTa
BO BPeMeHW, 4TO CBMAOEeTEe/IbCTBYET O BbICOKOM KayecTBe NpoBOAUNMbIX VI3MepeHI/II7I.

[MonyyeHHble B pesynbTate pacyeTa BepTUKaSIbHbIE U FOPU3OHTAsNIbHbIE CKOPOCTW 3EMHOA MOBEPXHOCTU
pervoHa npveefeHbl Ha puc. 5. PesynbTaThl BbIYMCIEHUA NOATBEPX AT COBPEMEHHOE MOAHATNE Bantmiickoro
wmTa co ckopocTtbio 8o 10.4 MM/rofd, Ha POCCUICKOW TEppUTOPUM He MpeBblwas 5—6 MM/rod. BeluncneHbl Takxe
ropu3oHTanbHble ABuxeHus BoctouHo-EBponeiickor nnatcopmbl. OHU MMEIOT CEBEPO-BOCTOYHOE HamnpasieHne v
COCTaBNAlOT B cpedHeM 23 MM B rog B MeXJHAyHapoAoHOW koopawHaTHoi cucteme otcyeta ITRF.
BHyTpuperuoHanbHble ropu3oHTanbHble CKOPOCTH CMeleHus nyHKToB Kapenuu u JleHnHrpagackoi obnactu 6uinu
noflyyeHbl NyTEM nepepacyeTa CKOPOCTEN OTHOCUTENbHO Haxogsuwerocs Ha cesepo-3anage nyHkta KIRU,
KOTOpbIA Obln MPUHSAT 3a HEMOABWMXHbIA. [lony4YeHHble CKOPOCTU B JIOKA/JbHOW CUCTEME OTYeTa UMelT
NpPenMyLLecTBEHHO 0ro-BOCTOYHOE HanpasneHne n cocTaBnsaoT nopsaka 3—4 MM B rod. [ins nyHkta BOTS — 3.8
MM B rog.
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MoMyMO aHanusa CKOpPOCTEeR MyHKTOB, 60/blIOe BHUMAHWE YAENSETCS U3YYEHWIO MoWanHblX aedoopMauunii
COBPEMEHHOr0 CencMMYeckoro pexmuma. VicnonbsoBaHHas MeToovka aHanusa OeddopMUMPOBAHUS 3EMHOMN KOpbl
BLISIBUNA HaNM4Me YepeayloWMXCs 30H PACTSKEHUs U CXaTWs CO 3HayeHnsMM pedbopMaunii ot (-0.8)-108 no
1.6-108 B ro;. [INS OLEHKM CEVCMUYECKON aKTWUBHOCTU OaHHOTO pervoHa uncnonb3oBanca Kartanor
3emneTpsceHnii, npegoctaBneHHblin Ko® ®ULL EFC PAH, n paHHble eonoruyeckoit cnyx6bl CLA (USGS).
Tepputopuss obnagaet cnaboil cericMmyeckoin akTueHocTbio. C 2000 r. 3mecb npowsowno okono 200
cevicMuyeckmx cobbiTuii ¢ marHutynamm (Mg) 0.7—4.1. B ocHoBHOM 3T0 cnabble cobbiTvs ¢ MarHutTygamu o 3.3,
kpome geBsitu — ¢ Mg ot 3.5 0o 4.1. lNoBblleHHAas MHTEHCUBHOCTb CEMCMUYECKUX MPOSBNEHUIA XapakTepHa Ans
CBOLOBOro NoaHATUS PeHHockaaum (puc. 6).

OpHoW 13 BaxXHeMWwmnx 3aaay uccnenoBaHnin SBNSIETCS CONOCTaBAEHWE MOJTyYEHHbIX CMELLEHUIA 3EMHOI KOpbl C
BblAENMBLLENCS CENCMUYECKOW aHepruei. NpossneHne cencMMYHOCTM B MPeaenax paccMaTpMBaemMon Tepputopum
JOCTaTOYHO HEOAHOPOLHO, BbIOENAOTCS 001acTW, MPUYPOYEHHbIE K 30HaM, MEPEXOAHbIM OT PacTSAXeHUs K
cXaTtuio, UM K 30HaM pacTsxeHus. Boimenena Bantwiicko-Jlagoxckas obnactb CEACMUYECKON akTMBHOCTM,
Mapkupyowas 3o0Hy nepexoda oT csoga kK nnartdpopme (Mycesa u ap., 2016, 2020).

*k*

PesynbTatbl BbINONHEHHBLIX MCCNEnOBaHWA C ncnonb3oBaHmem MTHCC TexHonorui m aHanua3a CencMUYHOCTM
MO3BONSAIOT OLEHUTb COBPEMEHHYIO TEKTOHUYECKYIO aKTUBHOCTb PEHHOCKaHAMN U 0COOEHHOCTN ee NMPOSIBNEHNS B
nepsoe gApaguatuneTne Tekywero Beka. ComnocTaBneHWE CKOPOCTEN MepemeleHwin, agedopmaumin v
CENCMMYHOCTU OnpefensieT KOJNIMYECTBEHHbIE XapakKTEepPUCTUKN COBPEMEHHOW FEOAUHAMVKX UCCNeayemoro
pervoHa Ans KOHKPETHOrO BPEMEHHOrO MHTepBana. JanbHelwee pa3BuTue CeTu reone3nyecknx HabnoaeHnin B
ceBepo-3anafHon Yactu BocToyHo-EBponerickon nnatgopmbl MO3BOMWUT PaCWUPUTb UM YTOYHUTb UMEoWMecs
OaHHble 0 re0AUHaMNYECKOM PeXUME 3TOr0 pPernoHa.

Bbipaxkaem 6narogapHocTb aupektopy Anekceto AHatonbesudy MpoxopoBy 1 coTpyaHukam MNeTpo3aBoackoro
60TaHMYeCcKoro caga 3a Ten/bli MPMEM U NMOMOLLb B OpraHu3auum 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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