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B pa6ote npeacrasneHs! pe3yabrathl GPS-Habmonenuii (2003—2020 rr.), BeIMosHeHHBIX B [IpuMopckom
1 XabapoBCKOM Kpasix Ha oro-Boctoke Poccum. llenssmMu Hammx mcciaegoBaHUI SIBISUIUCH ITOJIyYeHUe
3HAYEHU CKOPOCTEM CMeIeHUsI, TECTUPOBAHUE CBSI3UM COBPEMEHHBIX CKOPOCTell ¢ CeiCMUYHOCTBIO, C
OCOOEHHOCTSIMU T€OJIOTUUECKOM CTPYKTYPhI [IprMOpPBS, U3ydeHre PEOoOTUYECKUX MapaMeTPOB KOPhI U
acTeHocdepbl Ha OKpanHe KOHTUHEeHTa. B craThe NpoaHalu3upoBaHbl pe3ysibTaThl U3MepeHuii B [IpuMo-
pre Ha llenTpanbHoM CuxoT3-AJIMHBCKOM pasdioMe. B manbHeil 30He uccliienoBaHbl MOCASACTBUS ATIOH-
ckoro 3emiieTpsiceHus1 Toxoky-Oxku marautynoit M = 9, ciyuusierocst 11.03.2011 r. 3oHa KocelicMuye-
CKMX U MOCTCEMCMUUYECKUX CMELIeHUI MpocTupaeTcs Ha pacctossHue cBoilie 1000 KM OT anmuueHTpa.
IMocTcelicMuueckne 3aTyXaHUsI MHOTOJIETHUX TOPU3OHTAIBbHBIX M BEPTUKAIBHBIX CMEIIEHU MO3BOJISIIOT
OLICHUTH BpeMsl pejlakcalluu JIJIs1 YIIpyTro-Bsi3Koit Moaenu. [Ipu 3HaueHUsIX BpeMeHU 3aTyxaHus oT 4 1o
8 er, B paMKax IBYXCJIOWHOM PEoJIOTMYECKOit MOIENIM TOJIy4eHbl 3HAUCHUs BSI3KOCTU UJISI HUXKHErO
ciost: 8 X 1018—3 x 10! [Ta - ¢. Mcrionb3yst Momenb n3rn6a 3eMHOM MOBEPXHOCTH U JHA SITTOHCKOTO MOps,
B 30HE KOHTaKTa KOHTMHEHT—OKEeaH cliejlaHa olleHKa MolTHOCTH (20—25 KM) yrIpyroit BepxHeit YacTu 3eMHOM

KODBI.

Kanrouesbie croea: KocMudeckasi reofie3nst, KOHTUHEHTaJIbHAsI OKpanHa, CMEIeHHS Ha pa3JioMe, KocelcMu-
YyecKue CMelleHMs, IocTceiicMuueckas: pejakcauus, AnoHckoe 3emierpsiceHue 11.03.2011 r. (Toxoky-
OK1), MOIITHOCTh YIIPYTOM KOPHI, acTeHOcdepa, BI3KOCTh 110 MaKcBey.
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BBEIAEHUE

30Ha KOHTaKTa KOHTUHEHTA 1 OKeaHa, PacIioyio-
KEHHasl B BOCTOYHOM 4acTU A3UH, SIBIISIETCS apEHOM
AKTUBHOM CEMCMHUYECKON aKTUBHOCTH, H3YyUYEHUE
KOTOPOM SIBJISIETCS BeChMa aKTyaJlbHBbIM IJIsI Teodu-
3UKU. 30eCh PACIIONIOXEHO COWICHEHUE TPeX IJIaB-
HBIX TeKTOHMYecKuX IMT 3emiu (EBpasuiickoii,
CeBepo-AMepuKaHckoit u TuxookeaHckoit) (puc. 1).
OTMeTHUM, YTO MOJIOKESHME TPAHUIL M CYyIIIeCTBOBAaHUE
MUKPOILTUT (AMypcKoit 1 OXOTOMOPCKOI) SIBISICTCS
MPEeAMETOM NOUCKYCCUII M aKTUBHBIX COBPEMEHHBIX
nccienoBanuii [Crednos, 2004; Jin et al., 2007; Ko-
gan, Steblov, 2008; Creo6n0B u ap., 2010; Argus et al.,
2010; DeMets et al., 2010; Bacunenko u ap., 2011;
Tumodeen u ap., 2008; 2012; 2018].

Bricokas ceiicMuueckasi akTUBHOCTb 30H CYyOIyK-
U1 OOYyCIOBJIEHA IIPOUCXOMSINVMM 30eCh COBpe-
MEHHBIMUA T€OAMHAMUYECKMMHU IIpolleccaMu, a
MMEHHO IOrpyKeHMEeM OTHOIM TeKTOHUYECKOI TN~
Tl on Apyryio. Tak TuxookeaHCKasl IUIUTA, IIped-
CTaBJIeHHas1 OKEAaHUYECKOI KOpOii, CO CKOPOCTbIO
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0K0JI0 8 ¢cM B ron nomoauraercst non ity EBpa-
3usi. HamnpsikeHusl, HaKOIUIEeHHbIE B 36MHOM Kope,
KOHIIEHTPUPYIOTCS M aKTUBHO pas3rpyxaroTcsi Ha
rpaHuLaX IJIUT. DTO OTpakaeTcsl KaK B MO3auKe pac-
MpeaesaeHs 30H pa3ioMOB B BOCTOUHOI1 yactu EBpa-
3un [Karsakov, 2001; MamsimeB u ap., 2007], Tak 1 B
XapakTepe CMEIICHUI MO pasjioMaM, BbIIEISIEMOM
10 re0JI0TMYeCKUM AaHHBIM (puc. 2). OmTHUM U3 3Je-
MEHTOB BOCTOYHOM OKpaWHBl KOHTMHEHTA SBIISICTCS
xpebdeT Cuxora-AnuHb. 3[1eCh C IOT0-BOCTOKA Ha ce-
Bepo-3amnaj MpocTupaeTcsl capuroBasi 3oHa — LleH-
TpaTbHBIN CUXOT3-ANMHBCKAN Pa3JIOM.

CusnpHeiiine 3eMJIETpSICEHUsI, BO3HUKAIOIINE B
CyOOYKIIMOHHBIX 30HaX, 4YacTO XapaKTepU3YIOTCS
OYeHb MPOTSKEHHBIMU OYaraMy 1 BO3SHMKHOBEHUEM
JUIATEJBHBIX MOCTCEMCMUUECKUX TIPOLIECCOB BCJIE-
CTBHE BBICBOOOXIECHMS HSHEPIrUM HAKOIUICHHBIX
yrpyrux HanpspkeHnit [ Kogan, Steblov, 2008; Shesta-
kov et al., 2011; 2012; 2014]. Takue 3eMiieTpsicEHUS
MIPOSIBJISIIOTCS. B CMEIIEHUSIX 36eMHOM MOBEPXHOCTH,
KOTOPBIE MOTYT JOCTUTATh AECITKOB METPOB BOJIM3H
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Puc. 1. CMmenieHre Ha rpaHUIIE TUTAT IO Pa3JIMYHBIM MOJIEISIM B3auMHOTO BpaliieHrst CeBepo-AMepukaHckoit m EBpasuiickoit
it CTpeikamMuy noka3aHa BeJIMYMHa W HalpaBJieHUe CMellleHUid Ha rpaHuax winT. llupora u noirora B rpaaycax, CKo-
POCTb TOPU3OHTAJIBHOTO cMetIeHusT B caHTuMmeTpax B rof. PAC — Tuxookeanckas rumra, OKH — OxoTomopckast ruimra B co-

craBe CeBepo-AMEpPUKaHCKOM.

o4dara 3eMJICTpACCHUA U CAHTUMETPOB B ThICAYEC KU~
JIOMETpax OT AIMUICHTPa

3amayaMy HaIIUX MCCJICAOBaHMUS SIBJISLIMCH aHa-
JI3 COBPEMEHHBIX TI0JIeil CMEIIEeHUSsI, TTOJTyIeHHBIX
MeTomaMU KOCMUYecKoii reofe3uu B [Ipumopbe, Te-
CTUPOBAHUE CBSI3M COBPEMEHHBIX CKOPOCTEH ¢ celi-
CMUYHOCTBIO U C OCOOEHHOCTSIMHU TIeOJIOTMYeCKOit
CTPYKTYpBhl. Bompoc o peonormyeckux cBOMCTBaXx
acTeHoc(depbl B 3TOM PETrMOHE OTHOCUTCS K YUCITY
IMCKYCCHMOHHBIX [Bmagmvuposa n ap., 2011; Cnenb-
HUKOBa U ap., 2016], omHAKO MCClIETOBAHUE ITOCT-
CeICMMUUYECKMX IIPOLIECCOB, BBI3BAHHBIX CUJIbHEIi-
MU 3eMJICTPSICEHUSIMU, TIO3BOJISIET HAIESIThCS Ha
MMOJIyYeHME HOBBIX 3HAHUI O BI3KOCTU 3TOTO CJIOSI.

METOINKA SKCITEPUMEHTA

ImobGanbHbBIE HABUTALIMOHHBIE CITyTHUKOBBIE CU-
cremnl (VLBI, GPS, DORIS u SLR) 3a MHOTHE necsI-
TWJIETHSI CBOETO Pa3BUTHS BBIBEIM Ha HOBBIN Kade-

OU3NUKA 3EMIIM  Ne 1 2023

CTBEHHBII YpOBEHb METOIbI MCCAESIOBAHMS U IIPUBE-
JI1 K CYIIECTBEHHBIM WM3MCHEHMSIM B IIomxomax K
M3YYECHUIO PAa3JIMYHBIX T'€OAMHAMNYECKHMX IIPOIIEC-
coB. Haubonee MaccoBoe IprMeHEeHUE B reorMHa-
MUYECKMX H3MepeHUsIX mnoayuuna cucrema GPS
(mobGanpHasi cUcTeMa MO3ULIMOHUPOBAHUS), OTJIM-
Yalomasicsi KOMIIAKTHOCTbIO M CPaBHUTEILHOM JIer-
KocTtbio yctaHoBKHM. CereBbie GPS-u3mepeHust B
ITpumopckom 1 XabapoBckoM Kpasix Hadatsl B 2003 T.
C 3aKJIaJIK1 IIMPOTHOTO MPOodUJIs U3 5 MyHKTOB, TIe-
pecekaroniero xpeoder Cuxora-AJMHb C 3amajga Ha
BOCTOK (puc. 2). 3akiaaka ceBepHbIX ITyHKTOB B Xa-
0apoBCKOM Kpae mpoBomuiack HaumHasg ¢ 2007 T.
[TyHKTEI 000OpYyHOBaINCh HA KOPEHHBIX IIOpOAax, Oe-
TOHUPOBAHUE PEIIEPOB BHIMOJIHSIJIOCH 3a 2—3 MecC. 10
Havayia uaMepeHuil. I1pu uamMepeHUsIX IpUMEHSIINCh
JIBYX4aCTOTHbIE MPUEMHUKNA KOCMUYECKOI Te0Ie3Un
tuna Trimble 4700 ¢ XecTKoIi LIECHTPOBKOI aHTEHH
Microcentered TRM33429.00+GP. OgHoBpeMeHHO
WCIIOJIB30BAJINCh IBA KOMIUIEKTa IpueMHuKoB. Ha
BpeMeHHOI pernoHaibpHOM ctanuun ZMEY BeImor-
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Puc. 2. lNonoxenue nynktoB GPS-usmepenwnii u pas-
JIOMHasl CeThb B BOCTOYHOI yacTu EBpa3um Ha Tepputo-
puu Ilpumopckoro m XabapoBckoro kpaes [Karsakov,
2001].

1) — ocHOBHBIE pa3omsbl peruoHa: 1 — [NaykaHckwmit, 2 —
Kykanckwii, 3 — Utynb-WUnanckuii (Tau-J1y), 4 — dyH
Mu, 5 — AnunHckuii, 6 — Haonuxa, 7 — ApceHbeBCKUIA,
8 — LleHtpanbHblit Cuxora-AnuHbekuit, 9 — [pudpex-
Hbli, 10 — Amypckuii, 11 — KoaymMOuHCKMIA; 2) — MyHK-
el GPS-Habmonenuii, B ToM unciie CUXoT3-AJMHBCKUI
IIMPOTHBIN NpodUIb (BpeMeHHBIM 6a30BbIii ITyHKT: (0 —
ZMEY, Bbicota nyHkTa H = 129 M, ceTeBble IyHKTbI ITPO-
bunsa:1 — MALI, H =189 m; 2 — EAST, H =404 m; 3 —
BURS, H = 687 m; 4 — NEBO, H = 838 M; 5 — PLST,
H =112 m); 3) — xapakTep CMEIIEHUI MO pa3ioMaM II0
Te0JIOTMYECKUM JaHHBIM.

HSIJIOCHh HAKOIUIEHME HAHHBIX 3a BECh IIEPHUOI CETe-
BBIX M3MepeHuii (mBe—Tpu Hen.). Ha oTnenbHBIX ce-
TE€BBIX MYHKTaX HAOIIONEHHUS IIPOIOJDKAINCH OT 48 MO
72 4. JIns MCKIMOYEeHWs Ce30HHBIX MCKaxXeHWI Ha-
OJIIOACHUS IPOBOIMINCH €XKEeTOMHO B ceHTsI0pe. I1pu
aHaJIM3€e MaTEepUAJIOB UCIOIb30BaINCH CIIELINAIbHEIC
IporpaMMHBIE ITaKeThI, HauboIee pacIpoCTpaHEeH-
HBIE B pabOTe MEXIYHAapOOHBIX HAYYHBIX IEHTPOB:
GAMIT-GLOBK [Herring et al., 2006a; 20066] u
BERNESE [Dach et al., 2007]. JaHHbIE CETEBBIX U3-
MepeHUiT 00pabdaThIBaJINCh C MCITOJIL30BAaHUEM pe-
3yJIbTaTOB M0 MUPOBOM CETU MOCTOSSHHBIX CTAHLIWAIA
EBpasuu u ee okpyxeHus (KOObl CTaHIIMK B CETU
IGS: TNML, TCMS, PIMO, TWIF, SHAO, SUWN,
DAEJ, TIXI, YAKT, MAGO, HETP, BILI, YSSK,
USUD, TSKB, KSMU, MIZU, NVSK, BJFS,
WUHN, IRKT, KUNM, LHAS, NRIL, URUM,
HYDE, IISC, BAN2, SELE, POL2, KIT3, ARTU,
BANR, ZWE2, MOBN, ELAT, ANKR, GLSV).
Ilpumep ompeneaeHUs IMIMPOTHI IIYHKTA UM CPEIHE-
KBaJApaTUYHON OIMMOKM ONpenejcHUs IpUBEIcH B
Tabs. 1. OmmbKa omnpeneeHUiA JTOJTOTHI Takasl XKe
JJIs1 OTAENbHOM 310X, ONpeaeaeHNsI BEpTUKAJIbHOM
KOMITOHEHTBI OOBITHO ITPOUCXOIST C OITMOKOM B TpU
pasa OoJIblIIe.

MN3MeHeHne BEJIWUYMHBI OIIMOKU B OTHCIBbHBIC
nepuoabl HAOMIOOEHU CBSI3aHO C ITOTOAHBIMU
YCIOBUSIMU, IMPOXOXICHUEM TaiiyHOB U IUKIIO-
HoB. Mcmonbp3oBaHue pe3yabTaTOB HaOIIOAEHUMN
OpU U3YYEHUU OTHOCUTEIBHOTO CMEIICHUS ITUIUT
NPOUJUTIOCTPUPOBAHO Ha puc. 3. BennunHa BekTopa
CKOPOCTU TOPU3OHTAJIBHOIO CMEIIEHUs] TTyHKTa
GORA otHOcuTenbHo ImyHKTa YSSK, pacrionoxeH-
Horo Ha okpauHe T. FOxHo-CaxaJlnHCK Ha I0ro-Bo-
cToke octpoBa CaxanuH, JocTuraeT 15 MM B rof, 4To
Ha MOPSIOK TIPeBBIIACT OIIMOKY ONpeaeaeHUs
(Tabs. 1) ¥ COOTBETCTBYET MOJIEJILHBIM IIpeICTaBIe-
HUsIM (puc. 1).

HMcnonab3yss MHOTOJIETHUE MaHHBIC O €XETOMHBIX
OIpeAeACHUSIX KOOPIANHAT, IOJIydaeM TOJOBYIO CKO-
pocTh cMellleHUsT myHKTa. McKitiouasi mIuTHOe TBU-
keHue EBpasuiickoil TUIMTHI oIpeneisieM aHOMAab-
HyI0 cKopocTb. CMellieHUs Ha chepe OIUChIBAIOT Ye-
pe3 mapameTpbl BpalleHusi. CKOpOCTh TUIMTHOTO
IBVKEHUST V, MCITOIb3ysl YIJIOBYIO CKOPOCTh Bpailie-
HUS AT Q (rpagyc/MULIMOH JIET), BBIYUCIISIETCS
o ¢popMyJiaM:

V =11.12sin yQ,
y = arccos[sin @sin @ + cos D@ cos(A — A)|,Vy =Vsinf; Vy =V cosp; )
B = arctg{sin (A — A)/[(sin(90 — (p)/tg(90 — ®)) — cos(90 — @) cos(A — A)]},

OU3UKA 3EMJIM  Ne 1 2023
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Ta6omuna 1. 3HayeHus mmpotsl nyHkTa GORA Ha nonurone “Mpic Lllynbia” mo exxecyToYHbIM OMpeAeIeHUSIM C TOMO-
1isto mporpamMHoro rmakera GAMIT-GLOBK Bepcuu 10.7: A) no onpeaenenuto 2012 r., b) — 2013 r.

A)

Jara Yac, MmuH, c. IIIupora B rpamycax OTKJIOHEHUE OT CPEOHETO OTKII0HEeHNE

B rpamycax x 1010 B MIWJUIMMETpPax

2012.08.28 115900 42.5824009581 423 4.7
2012.08.29 115900 42.5824010137 979 11.0
2012.08.30 115900 42.5824009507 349 3.8
2012.08.31 115900 42.5824008725 433 4.8
2012.09.01 115900 42.5824009248 90 1.0
2012.09.02 115900 42.5824008451 707 7.8
2012.09.03 115900 42.5824008983 175 1.9
2012.09.04 115900 42.5824008636 522 5.8
CpenHee 3HaueHUE 42.5824009158
CpenHekBagpaTudHast Omubka + 201 2.2
b)

Hara Yac, MuH, c. Iupora B rpagycax OTKJIOHEHME OT CpEenHero OTKJIOHEHUE B

B rpamycax x 1010 MUWUTMMETPax

2013.09.11 115900 42.5824008011 18 0.2
2013.09.12 115900 42.5824008010 19 0.2
2013.09.13 115900 42.5824008065 36 0.4
CpenHee 3HaYCHHE 42.5824008029
CpenHekBaapaTuyHast Ommbka +18 ’ +0.2

rie: ¢ — MUpoTa MyHKTa HaOJIIOAeHUIT; A — noJrora
nyHkra; ® — mmupota nmojiroca Dityiepa; A — mojarora
nomoca. Jms EBpasuiickoil IIIIUTBI MO MOACIU
SOPAC-2008 mmpora moJjiroca BpalleHWsT TUTATHI
55.851° c.u1., gonrora 262.622° B.n., yriaoBasi CKO-
pocTth BpameHus 0.263 rpagyca B MALIMOH JIeT. JIu-
HeliHasl CKOpOCTh cMelleHus 1o ¢dopmyne (1) moiry-
yaeTcsl B CAaHTUMETpax B IO MPU CPEIHEeM paauyce
3emu 6371 kM.

IMony4yus rpacduk cMelIeHWI ITyHKTa M UCKJTIOUMB
IJINTHOE JBVKEHME, MOXHO aHAJIM3UPOBATh PErHO-
HaJIbHbIE aHOMAaJIMY, HaIIpUMep, CMEIIEHUS Ha pa3-
JIoMaxX WIM 3aTyxaHUe CMEIICHMWI II0C/Ie CHIBHBIX
3emiieTpsicenuii. IlocTceiicMuueckre CMeENIeHUS
3€MHOMI ITIOBEPXHOCTU B paMKax BepPTUKaJIbHO CTpa-
TUGUIUPOBAHHON MOIEIM C YHOPYTMMHU U BSI3KO-
YIIPYTUMM CJIOSIMM B IBYMEPHOM CJIydae pacCUUTHI-
BatoTcs aHanuTnmdeckm [Segall, 2002], a B TpexMep-
HOM IPOCTPAaHCTBEHHOM BapuaHTEe — OOBIYHO C IO-
MOIIIbIO BBIYMCIUTENBHBIX METOIOB U CIIELIMAIbLHBIX
nporpaMMHbiX cpenctB [Pollitz, 2006]. Ilpowecc
IOATOTOBKM 3eMJIETPSICEHUSI U IIOCTCEMICMUYECKUE
IpOIEeCChl B 30HE CyOMYKIIMMA MOXKHO ONMNCATh KakK
OJIOKMPOBKY CMEIIICHW Ha KOHTAKTe OKCaHNIECKOMN
1 KOHTMHEHTAJIbHOM IJIUT, YTO COIIPOBOXIAETCS Ha-
KorieHueM sHeprum gedopmanuu. Ilorom cremyer
oOpa3oBaHMe pa3pbiBa MU OBICTPOTO CMEIICHUS BEPX-

OU3NUKA 3EMIIM  Ne 1 2023

Hel ynpyroii yacT KOpbl (MOMEHT 3eMJICTPSICEHUS).
Jlanee HaOMOmaOTCId MemJIeHHBIE IOCTCelicMUUe-
CKHE CMCIICHUSA, CBA3aHHBIC C BA3KUM IIPUJIUITIAHU -
€M M KpUIIOM B 30HE KOHTaKTa IJIUT. M3BeCTHO, YTO
KOCeliCMUYECKMe 1 ITOCTCeICMUYECKIE pacIipeaesie-
HHSI CMEIIEHUM TOYeK Ha MOBEPXHOCTU OTIMYAIOTCS
BBEIEHHEM B pelleHNe, MCIIOJIb3yeMOoe ISl OIMca-
Hud 3P dekToB, BpeMeHHU. T.e. B 3TOM ciIydae OT pe-
IIEHUS C YOPYTUM IIOJIYIIPOCTPAHCTBOM MEPEXOIUM
K JIBYXCIOMHBIM M1 MHOTOCJIOMHBIM MOJEJISIM C YIIPY-
MM U BSI3KO-YIPyTUM ciossMu. IlepBast yacTh pele-
HUS OTIMCHIBAET AehOopMalIMIo ITIOBEPXHOCTH YITPYTO-
IO CJI0sl C BHYTpeHHel KpaeBoii auciiokauueii. Bro-
pas 4acTh CBsI3aHa C CYIIECTBOBAaHMEM HIDKHETO
BSI3KO-YIIPYTOro moJjiylpoctpaHcTBa. Iloaydaem 3a-
BHUCHMYIO OT BpeMeHHM JedopMannio Kak OTKIUK Ha
MT'HOBEHHYIO Ie(opMaIinio, BBI3BAaHHYIO CMEIICHU -
eM (muciioKalueii) BMOMeHT BpeMeHu ¢ = (0. BHe3ar-
HOE MOsIBJIEHME KpaeBOi JUCIOKALMM MPUBOIUT K
HadyaJIlbHOMY CMCIICHUIO ITOBEPXHOCTH, HOILO6HbIM
0 BEJIWYUHE pe3yJbTaTaM Ha YIPYTIOM IIOJYIIpO-
crpaHcTtBe. Ho co BpemeHeM aedopMalivisi U3MEHSI-
eTCsI KaK pe3y/IbTaT pejiaKcallii B HUDKHEM ITOIYIIPO-
CTpPaHCTBE, IIOBEPXHOCTHas AedopMamnusi pacapo-
CTpaHsIeTCSI OT IIOBEPXHOCTU pa3pbiBa M MEHSIET CO
BpeMEHEM KapTHUHY CMEIICHMI Ha IIOBEPXHOCTHU.
IIpomoknTeIbHOCTh MEIJICHHOW nedopManuu B
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Puc. 3. Bekrop ckopoctu cmemieHue nyHkra usmepennit GORA Ha nonurone “Muic Hlynbia” v rpaHULBl TEKTOHUYECKHUX
wiT. [paHULIBl TEKTOHUYECKUX TJIUT (CIUIOUIHbIE JIMHUM) MPUBEACHBI cortacHo miobanbHoit Mogenu NUVEL-1A u no co-
BpEMEHHBIM MoziesisiM (- - - -) [DeMets et al., 2010; Kreemer et al., 2014]. Ctpenkoii nokazaHo cMmenieHue myHkra GORA ot-
HocurtenabHo nyHKTa FOxHo-CaxammHck — YSSK, pacrionoxxkeHHoro Ha OXOTOMOPCKOIL TuTe. Dnoxa udmepenuii: 2012—2013 rr.
3Be3104uKaMy IMOKa3aHo MOJIOKEeHUE AMULIEHTPa KaTactpoduueckoro 3emierpsiceHus B Anonuu 11.03.2011 r. maruurynoit M= 9.0
BocTOYHee 0. XOHCI0 M HeBebCKoro 3eMIteTpsiceHusl y 10ro-3aramaHoro rmoodepexbst o. Caxanun 02.08.2007 r., M = 6.5. AMU —
Awmypckast ruurta B coctaBe EBpasmiickoii, NA (OKH) — Oxoromopckas mmnta B coctaBe CeBepo-AmepukaHckoit, PAC — Tu-

XOOK€aHCKas 1inra, PH — ®ununnuHcKast miumTa.

peoJioTMYecKoi Mozear Tejla MakcBesljla xapakTe-
puU3yeTcs rapaMeTpoM — BpemeHeM pesakcauuu T,
KOTOpPO€ CBSI3aHO CJIEAYIOIIMM COOTHOIIEHUEM C
BSI3KOCTBIO 1| U MOZYJIEM CIBUTA Ll HYXKHEN KOPBI UJIU
acteHocdepbl. OOHO U3 TIEPBbIX OINPeNeJIeHUN pU-
BeleHo B pabore [Nur, Mavko, 1974], ipu 3TOM HUC-
MOJIb30BAHO COOTHOIIIEHNE:

T = (om)/2u, 2)

TIe mapaMeTp oL u3MeHsieTes B mpenenax: 1 < o < 10.

Takum o6pa3zoM, B paMKax MOIEIM, MCHOJIb3YS
9KCTIEPUMEHTAIbHBIE TaHHBIE, MOSIBJISIETCS BO3MOX-
HOCTb ONpeaeeHUs BI3KOCTU HUKHETO CJTOSI.

IIpoBons ucciienoBaHUsI Ha OKpaHe KOHTUHEH-
Ta, MOKHO ITPOaHAIM3UPOBATh 0COOEHHOCTH (POPMBI
penbeda 3eMHOI TTOBEPXHOCTU U JHA OkeaHa. Mc-
MOJIBb3YSI MOJEJIb U3rnuba, MOXKHO OIIPEAeIUTh MOIII-
HOCTb BEPXHETO YIIPYroro ciosi. U3BecTHO, UTO YHU-

OU3UKA 3EMJIM  Ne 1 2023
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Tabomuna 2. Topu3oHTaIbHBIE CKOPOCTH 1151 cTaHLIMIT CUXOT3-AJIMHBCKOM CETU U PETMOHATIbHBIX CTAHIIUI C OIIMOKAMU
B cucteMe ITRF2008 (mmuTHOE cMellieHre OTHOCUTEILHO LeHTpa Macc 3emiin) U oTHocuTenabHo EBpasun-EUR. Dmoxa

2003—-2004—2005—2006 rr.

Cxkopoctsb Vy, | Ckopocts Vi, CkopocThb CkopocTb
Kon IIupoTta B Jlonrora B
cramn rpanycax rpanycax MM/TO1 c MM/TOI ) OTHOCHTEJIbHO | OTHOCHTEIBHO
O1IMOKOI c ommbkoit | EUR Vy, mM/ron| EUR Vg, mm/ron

ZMEY 48.100 135.590 —-13.0+04 23.0+0.4 +0.6+0.4 1.1+04
KHAJ 48.521 135.046 —13.8+0.2 22.8+0.2 —0.31£0.2 0.9+0.2
EAST 46.000 135.060 —13.1x£1.0 22.4+0.5 +0.4+1.0 0.0*+0.5
BURS 45.400 135.440 —-13.3%£0.7 231+0.8 0.3+0.7 0.7+0.8
NEBO 45.110 135.820 —10.0 £ 0.8 24.0+£0.7 36£0.8 1.6 £ 0.7
PLST 44.730 136.310 —12.8£0.9 23.6 £ 1.0 0.9+09 1.2+ 1.0
SMHK 44.346 135.818 —12.7+04 225+ 1.1 09+04 0.0 £ 1.1
TERN 45.062 136.601 —11.2£0.9 23.4+0.4 25109 1.2+0.4
BepcaJbHbINA NpodMIb N3rnba, BhI3BaHHLIN Jedop- PE3VIIBTATHI

Malueil 3eMHOM MOBEPXHOCTU B 30HE KOHTaKTa
KOHTMHEHT—OKEaH, OMMUCHIBAETCS CJICAYIOIIECH Kpu-
Boii [Turcotte, Schubert, 2001]:

o/, =2"%e™" exp[~(m/4) (x — x,)/(x, = Xo)] X
X sin[n/4 (x— xo)/(x,, = x)l,
re: x, — x, = TA/4 [Turcotte, Schubert, 2001]; x, —

TOYKa Ha OeperoBoil JMHWU; X, — camasi BEpXHSIs
TOYKa IIpOodUIs.

[TapameTp KpUBU3HBI A 3alTMCHIBAETCS B BUJE!
A=4(x, - xo)/n. “4)

Hcnionb3yst cooTHolieHue (4), mojaydaeM mapa-
MeTp KpuBU3HBI Tpodmiad A = 51—64 kM. I[1apameTtp
n3rnuba A cBsI3aH C U3TMOHOM XKEeCTKOCThIO TJTACTUHBI
D-CcooTHOLIIEHUEM:

1/4
A= [4D/(p, —p.)&l"", %)
rae: p,, — IIIOTHOCTb MaHTUU; P,, — TZIOTHOCTb BOJBI;
g — TPAaBUTALIMOHHOE YCKOPEHMUE.

M3 cooTHotieHus (5) mosyyaeM BbIpakKeHUe ISt
U3rUOHOM XKECTKOCTU B BUIIE:

D=Ap, —po)g/4. (6)

CBsI3b M3rMOHOIN XKECTKOCTH, Ko3(phuimreHTa
ITyaccona v, momynsa FOHnra ciost £ 1 ero MOIITHOCTH
h 3ammuceiBaetcs B Buae [ Turcotte, Schubert, 2001]:

D=ER/ 120 V). ()

OTcroga mojydaeM BbIpaXeHHE IS MOLIHOCTU
YIIPYTOTO CJIOS:

h=1{D[23 —v*)/EN”, 8)

Jlanee, CTIOJIL3yS OIMMCaHMeE peabeda u OaTUMeET -
pMIO THA MOpPS B 30HE KOHTaKTa KOHTUHEHT— OKEaH,
MOXHO OLIEHUTh MOII[HOCTh YIIPYTOii YacTU KOPhI B
peruoHe.

(€)

OU3NUKA 3EMIIM  Ne 1 2023

PaccMmoTpuM MHTEepHpeTaluio pe3yJibTaTOB U3Me-
peHuii. AHanmu3 maHHBIX 3a mepuon 2003—2006 rr.
MOKAa3bIBAIOT €XErogHoe cMmelleHue Kpas EBpa3uii-
CKOi1 (AMYpPCKOM IUIMTBI) OTHOCUTEIBHO Kpast Oxo-
TOMOPCKOM TIUTHI B cpeaHeM Ha 10 MM Ha BOCTOK.
st KoHTpoJs pesynbraTa gaHHble ITo CHXOT3-
AnIMHBCKOMY TPOMUITIO Ha 3TOM Meproae HabIIoae-
HMIA ObLIY JONOJHEHBI U 00pabOoTaHbI C UCIIOJIb30Ba-
HueM TmiporpammHoro kommiekca BERNESE-5.0.
PesynbTaThl 00pabOTKM JaHHBIX MHOTOJIETHUX U3Me-
peHmMiT TIpencTaBiieHBl B Taba. 2 [Tmmodees u mp.,
2008; Shestakov et al., 2011]. 3aech mpUBeAEHBI TOI0-
Bbl€ CKOPOCTU CMEIllleHUs TTyHKTOB Ha 1or (V) u Ha
BOCTOK (V) OTHOCUTEIBbHO LIEHTpa Macc 3eMiivd U
aHOMAaJIbHBIE CMEIIEHUS IIPU UCKIIOYCHUH TUIMTHO-
ro nBmXeHus: EBpa3uiickoit TInTHI.

N3mepenns, BeimonHsgeMbie ¢ 2007 T., BKIIIOYaIn
HaOII0CHUS Ha TYHKTaX, pacloJ0XEeHHbIX HA CeBe-
pe Xabaposckoro Kpas. [lepponnaHoCcTs n3MepeHMin
Ha OTIEJbHBIX MYHKTaX CETU COCTaBJislia OT 2 10
5 net. Ilepuon namepenuit 2007—2014 rr. BKIIIoyaeT
3IIOXU CWJIBHEMIIUX 3eMJieTpsiceHui pernoHa: Cu-
mymmpcekux 15.11.2006 r. u 13.01.2007 1. ¢ MarHuTy-
mamu 8.0 u 8.1; Hesennsckoro 02.08.2007 r., M = 6.5;
Snonckoro 11.03.2011 r., M = 9.0 1 OXOTOMOPCKOTO
24.05.2013 ., M = 8.3), KOTOpBIE OTPA3UINUCH B pe-
3yJIbTaTaxX HEeIIPEPBIBHBIX U3MEPEHMI KaK Ha Peruo-
HaJabHBIX cTaHUMSIX [Bnamummpona n np., 2011; Ba-
cujieHKo u ap., 2011; Ozawa et al., 2011; Cre0yioB
u ap., 2010; IlecrakoB m ap., 2011; CoeapHUKOBA,
CrebmoB; 2016], Tak u Ha ceTeBbIX nyHKTax. Han6Go-
Jiee SIPKO KOCeMCMUUIeCcKe CMEIIEHUSI TIPOSIBUINCH B
anoxy ArnoHckoro 3emnerpsiceHus 11.03.2011 r., M=9.0.
Haxke B najibHel 30He Ha paccTossHUsAX 0oee 1000 kv
OT BIUIIEHTPA CKAYOK CMEILIEHUI TOCTUTrajl CaHTU-
MeTpoB (puc. 4). OTMeTHM, YTO 3HAUYEHUE BEKTOpa
CMellleHUI YOBIBAeT C PACCTOSIHUEM Y OPUEHTUPOBA-
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Puc. 4. 3aBUCUMOCTh KOCEMCMUYECKOTO TOPU3OHTAb-
HOTO CMeEILIeHUsI (B CM) OT PAaCCTOSIHUSI 10 SMULIEHTpa B
TBICSTYaX KWJIOMeTpax (TOpU30HTaIbHAS 1IKaja). Psao 1 —
SKCIIepUMEHTAIbHbIE TaHHBIE, MTOJyYeHHbIe B [IpruMopbe
1 B XabapoBCKOM Kpae, ¥ TUHUS TpeHaa (1/x°).

HO Ha BIIMUEHTp 3eMieTpsiceHus [TumodeeB u ap.,
2018].

Hauwnnas ¢ 2010 r. usMepeHus1 ObUIA JOTTOJTHEHBI
€XeroJHbIMU HAOMIOAeHUSIMU HA HAyYHOM TOJINUTO-
He “Mpuic llymeua” (puc. 2, puc. 3), KOTOPBIA pacIio-
JIOKeH B HajibHe# 30He Ha paccrogHun 1000 kM ot
anuieHTpa AnoHckoro 3emierpsiceHus 11.03.2011 r.
(xoopmuHaTH 38.1° N, 142.9° E) [Japan Met., 2011;
Ozawa et al., 2011]. Exxerogaple HaOIOIEHUS HA TTO-
yuroHe (koopauHatel 42.58° N, 131.16° E) no3zBoau-
JIM 3aperucTpupoOBaTh KOCEMCMUYECKIE M MOCTCEe-
cmmueckne 3PdekTel — n3MeHeHne 3D-cMemenmnin
BO BpeMeHU, HaunHas ¢ 2010 r., mo 2020 r. Cmelue-
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HUS B TAJIbHEH 30He, TTOKa3aHHbIE HA PHC. 5, TIOJTyYEHBI
B pe3yJbTaTe €XErogHbIX ONpeNesieHUil B CEHTSIOpe.
J11s1 TOPU3OHTAJIbHBIX CMEIIEHUI 3aperucTpupoBaH
CKayoK B MOMEHT KaTacTpoduieckoro fAmoHcKoro
3emyeTpsiceHus. s BepTUKaabHBIX IBUXKEHUI KO-
CEMCMMYECKOTO CKauyKa B MOMEHT 3eMJIETPSICEHUS HE
otMmeueHo. IlocTceiicMmyeckoe OIyCKaHMWE ITyHKTa
3a 10 et coctaBuiio 22 MwuinMeTpa. st Topu30H-
TaJIbHBIX CMEIIEHUI MocTceiicMuueckuit addexr,
CBSI3aHHBIN C KaTacTpOopruIeCKUM S TTOHCKUM 3eMIIe-
TPSICEHUEM, MOXHO OLIEHUTb, MCKIIIOYMB IIJIMTHOE
cMellleHUe ITyHKTa. I3MeHeHe MOJI0XEHUsI MyHKTa
GORA 3a niepuon 2010—2020 rr. 1 MOIeabHOE TIJTUT -
HO€ CMellleH1Ee MMOKa3aHbl Ha puc. 5.

OBCYXIEHMUE PE3VJIIbTATOB
CoBpeMeHHbIE CMelIeHHUs Ha pasJioMe

PaccMoTpyM BO3MOXHOCTM MeTOJa KOCMUYE-
CKOIl reolne3ny IpH KCCIEeNOBAaHUM CTPYKTYPHI Ce-
BEpPHOM M BOCTOYHOM oKpauHbl EBpaszmum. OTHOCH-
TeJIbHbIe CKOpOCTU Ha TpaHuLiax EBpasuiickoit u Ce-
Bepo-AMepUKaHCKOM IUIUT (puc. 1) MEHSIOTCSI OT 2—
4 MM B TOI Ha ceBepe B paiioHe Tukcu, mo 10—15 mm
B rox B paiioHe IIpumopre—CaxanuH [Crtebm0B,
2004; TumodeeB u np., 2008; 2012]. Bo3zmoxHoO,
MEHBIIINE II0 IIPOTSIKEHHOCTH BHYTPUMKOHTHHEH-
TaJlbHbI€ CTPYKTYPHBIE I'PaHUIIBI — 30HBI Pa3JIOMOB
JIOJDKHBI UMETh M MEHBIIINE OTHOCUTEIILHEBIE CKOPO-
ctu. B IlpnMopbe oguH M3 3HAYMMBIX CTPYKTYPHBIX
aneMeHTOB — 3To LleHTpanbHblli CHUXOT3-AJMHBb-
ckuit pasnom. [eojornyeckue OLEHKU BETUYMHBI
CIBHWTA Ha pas3jioMe HeomHo3HauHbI [Karsakov, 2001;
Mansies u ap., 2007]. TlpoanaiusupyemM OJaHHBIE,

(6)
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Puc. 5. CmenieHue Ha 1or (a) 1 Ha BocTok (0) myHkTta GORA Ha nosiurone meic Llysbia 3a mepuron 2010—2020 rr. BepTukanb-
Hasl 1Kayia B MeTpax. Psn 1 — HaGmoaeHHbIe 3HaYeHUsI cMellleHui; Psig 2 — pacueTHOe IIMTHOE cMellieHre o moaenu EBpa-

3un  SOPAC-2008 (koopauHaThI
[http//sopac.ucsd.edu].

nomoca  Ditnepa  55.851°

car., 262.622° Ba; ® = 0.263°/MWUIMOH JieT)

OU3UKA 3EMJIM  Ne 1 2023
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Puc. 6. AHOMaTbHOE cMellleHre Ha 10T (a) 1 Ha BOCTOK (0) myHkta GORA B meTtpax 3a mepuon 2010—2020 rr., CHITO TUTUTHOE
nBxkeHre o Mmoaea SOPAC-2008. Psin 1 — akcniepuMeHTalbHBIE faHHBIe; Psin 2 — MoaenbHast KpuBasi, Hadaiio oceHb 2011 1.
TopusoHTanbHas mkana — Bpemst, rofsl. Kpusast 3atyxanust cmemeHuit wy = A[1 — exp(—¢/T)] noctpoeHa npu 3HaY€HUU Bpe-

MeHu T = 8 siet (Ha 1or) 1 75 = 6 j1eT (Ha BOCTOK).

MOJly4eHHbIE B IIEPUOI OTCYTCTBUS CUJIBHBIX 3€MJIE-
TpsiceHuit B pernoHe. B amoxy 2003—2006 rr. cpen-
HsIsI CKOPOCTh TOPU30HTAIBHOTO cMeleHus (Tadir. 1)
otHocutenbHO EBpasmu mra nyHkroB (ZMEY,
KHAJ, EAST), pacnioioxeHHBIX K 3anany oT LleH-
TpanbHOro CuxoTa-AimHbcKoro pasioma (L[CAP)
cocrapuna Vy = 0.23 mMm/Ton, V= 0.66 mMm /Ton | Tu-
modeen B.JO. u op., 2008; Shestakov et al., 2011]. dns
MYyHKTOB K BOCcTOKy or paszioma (BURS, NEBO,
PLST, SMHK, TERN) cpenHsist CKOpOCTb TOCTUTaa
Vy=1.64 mm/ron, V;= 0.94 mm/ron. Bekrop ckopo-
cTu cMmelieHus1 BoctouHoro (iaanra LICAP otHocu-
TeJIbHO 3amagHoro gocturan 1.4 £ 1.0 mMm/rom Ha
CCB. To ecTh, IOIy4eHO JIEBOCTOPOHHEE OTHOCH-
TeJIbHOE cMellleHue. MOXHO OTMETUTh, YTO 3HaK
CMEIIEHMSI COOTBETCTBYET TI€OJIOTMYECKMM IIpE-
craBiaeHusM (puc. 2). boiblinas ommbka orpenese-
HUS U MaJjlasi SKCIepUMeHTalIbHasl BEJIMUMHA CKOPO-
CTH, BUAUMO, JAIOT JINIIIb KAYECTBEHHYIO OLIEHKY 3(h-
¢dexTa JIEBOCTOPOHHEIO CIBMIa Ha pa3jioMe, a o
KOJIMYECTBEHHOM OLICHKE JIUIIb OTMETUM, YTO OTHO-
cuTelIbHasE CKOPOCTb 3IeCh HE IIpeBHIMaeT 1 MM B
ron. JIas Oojiee TOYHBIX OIIPENeICHUN HEOOXOIUM
MPOAOJIKUTEIbHBIN Tepruoa OmpeaeieHUid ¢ Tia-
TEJIbHBIM MCKITIOYEHHEM BJIMSIHUS KOCEMCMUYECKUX
¥ TTOCTCEMCMMYECKIX (P PEKTOB.

KoceiicMuueckue u nocrceiicMuueckue 3 eKTol B
JajibHeil 30He SImoHCKOro 3eMieTpsACeHusI
11.03.2011r.

Ha BocTouHoOIT okpariHe EBpa3uiickoil TeKTOHU-
YECKO# MIUThl HauboJiee CUIbHBIM 3€MJIETPSICEHUEM
3a MocjemHue AecITUIeTus: sipisiercs: SAmnmoHckoe
semiteTpsicenue 11.03.2011 r. ¢ marauTymoii 9.0 (xo-
opouHatel 38.1° N, 142.9° E) [Japan Met., 2011].

OU3NUKA 3EMIIM  Ne 1 2023

B manpHeit 30He SJITOHCKOTO 3eMJIeTpsiCEHUSI Ha pac-
crosgHusix ot 1000 mo 1600 KM KoceiicMUYecKre CMe-
IeHUsT U3MeHsIoTCs oT 43 mo 7 Mm. J1j1s onmcaHus
KOCEMCMUYECKMX CMEIIEHUI CyIIeCTBYeT AUCIOKA-
LIMOHHAST MOJIE/Ib 3EMJIETPSICEHUSI C aHAJTUTUYECKUM
pellleHreM M mporpaMMHoOil peamm3anmeit [Okada
1992; Coulomb 3, 2003—2009]. B pabote [Shestakov
et al., 2012] moka3zaHa BO3MOXHOCTb OTIIpEACICHUS
KoopauHar 3emierpsiceHus1 (38.98° N, 143.47° E) nio
GPS-manHBIM, TTOTYy4eHHBIM B TaJdbHEN 30He. BpICT-
past koceilicMuueckast ooObeMHas1 AeopMalLys Jaab-
Heit 3oHbl (IIpumopckuii kpait m XabapoBCKMIA
Kpait) mocturia yposHs +1.7 x 10=% [Tumodees
u np., 2018].

MHoroneTHre HAOIIOAEHUS TO3BOJSIOT BhIAS-
JINTh TTIOCTCEMCMUYECKUI CUTHA OT 3eMJIETPSICEHMUSI.
I1pu n3yyenun mocrceiicMmuueckux 3(EOEeKTOB MOXK-
HO paccMaTpuBaTh IIPOCTPAHCTBEHHBIE pacIpeaeie-
HUSI CKOPOCTU CMEIIEHUIT M CpaBHUBATh UX C MO-
IenbHBIMU pacuetamu [Pollitz, 2006], ¢ apyroii cto-
POHBI, MOXHO IIPOAHAIM3UPOBATh MHOTOJIETHIOIO
KPUBYIO 3aTyXaHUsSI CMEIEHUI, UCKIoUass Koceii-
cMHMYecKyio 4acTb. ComracHO pe3yJibTaTaM CETEBBIX
GPS-u3Mmepenuii B naapHel 30He AITOHCKOTO 3eMITe-
Tpsicenust 11.03.2011 r., KoceiicMuueckuii 3¢pdexT
ONMUCHIBAETCS B pamMKax Teopuu yrpyroctu [Illecra-
KoB m np., 2011]. ITocrceiicMuueckne cMeIeHUS
(2011—2020 rr.) OpreHTUPOBaHEKI TaK Ke, KaK 1 KOoceii-
cmuueckue. IlocTceiicMuueckue cMmeleHust (puc. 6)
MOJIy4€HBI MCKITIOYEHNEM TUIMTHOTO JBVDKCHUS ITyHK-
ToB oTHOcuTebHO EBpazuu (Moaens SOPAC-2008) u
OIMMCHIBAIOTCS KPMBOI1 peTakcaliuy TUTIA:

w= Aexp(—t/T) )

C pasJIMYHBIM BpeMeHEM 3aTyxaHus Makcsesia
T, BpeMeHeM f, Ha4YMHasl CO CJEAYIOIIETO roa Mmocie
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BpPEMEHU OCHOBHOTO COOBITUS (11 WCKITIOUCHUS
a(dekToB adpTepIIOKOB U MOPOYIIPYTOCTU) U KOID-
¢uLmeHToM A, 3aBUCUMBIM OT BEJIMYUHBI KOcCeii-
CMHWYECKOTO CKauKa B MOMEHT 3eMJICTPSICEHUSI.

Mogenb BSI3KO-YIIPYTOM pejlakKcaluy CMeIleHU
HauboJiee peajibHa JJISI OMMCAHUS TTOCTCECMUYe-
ckoro a¢dekra gajabHell 30HBI SIMOHCKOro 3emiie-
TpsiceHus1. CoracHoO 3KCIIEpUMEHTaJbHBIM TaHHBIM
M0 TOPU3OHTAJIBHBIM CMEUIEHUSIM (pucC. 5), BpeMs
penakcauyy 7 MOXHO OLICHUTH B 8 1 6 jieT. B oTiu-
ype OT COOTHOIIeHUs (2) B COBPEMEHHBIX paboTax
[Segall, 2002; Pollitz, 2006] mis Tena Makcsemia
BpeMsl pejlakcally OOBIYHO IIPEICTaBICHO CIIEIyIO-
IIIMM COOTHOIIIEHUEM:

T =n/2, (10)

rae: L — YIpyruil MOJesb CABUTA; 1| — BSI3KOCTh
HIKHETO CJIOS.

(1)

Hcmonp3ys 3HaYeHNe BpeMeHU peakcarum 1, =
= 8 JIeT U TIpU YIIPYIroM MOJIYJIE IJISl HUKHETO CJIOs
pw= 30-55 ITla, nonyyaemM BEJIUYUHY BSI3KOCTU:
1.5 x 10°—=2.8 x 10" I1a - ¢c. [y cienyIomero 3Haue-
HUS T, = 6 JIeT TToTyJaeM BeTUINHY BI3KOCTH HIXK-
Hero cios: 1.1 X 101—2.1 x 10" ITa - ¢. {na omnycka-
HHSI 3eMHOM ITOBepxHOCTU (puc. 7) KpuUBas 3aTyxa-
HUSI COOTBETCTBYET BpeMeHU penakcauuu 1; = 4
rojia, 4To NMPUBOAUT K OLIEHKE Bi3KocTh 7.5 X 1018—
1.4 x 10" ITa - c. Bo3MOXHO, B 3TOM CJIy4ae ClIeIyeT
paccMmarpuBaTh 0oJiee CIOXHYIO MOJIEIb ITpoliecca
3aTyxaHusl CMelleHni. B utore Mbl mpoaHaJIUu3Mupo-
BaJIM KpPUBHIE 3aTyXaHUsI CMEIeHUI, TTOJTydeHHBIE Ha
OIHOM MYHKTE B NalbHEll 30He SIMOHCKOTO 3emJie-
TPSICEHUSsI, U TOJIYYMJIN CIACAYIOIINe 3HAUCHUS BSI3-
KOCTH HMXKHETO CJI0s1, JIEXAllle B CACAYIOIINX Ipe-
nenax: 7.5 X 1018—-2.8 x 10 I1a - c.

M3BecTHO, UTO 11 IIYHKTOB, PACITOJIOKEHHBIX, B
OCHOBHOM, B ceBepo-BocTouyHOM Kwtae, uz mpo-
CTPAHCTBEHHOIO peEILIeHUs] IS pachpeacacHUs
TTOCTCEMCMHMUYECKNX CKOpocTeit cmemieHuii [Zhao
Qian et al., 2019] moyiydeHbI OLIECHKU 3HAYEHUS BSI3-
KOCTU HUXXHETO CJIOS, JIeXKalllie B OUamna3oHe OT
8 x 10" 1o 2 x 10" Ia - ¢, YTO COOTBETCTBYET HALLIUM
olleHKaM. B ciydae IIpocTpaHCTBEHHOTO aHAJIU3a 110
CETU ITYHKTOB, B paMKax MO/ BSI3KOI peJlakcauu
CMEIIEeHUI 111 Iepuoma oT 2.5 mo 4.5 jer mocie
SInoHCKOro  3eMJIeTpsSiICeHMsI, aBTOpaMM pPabOThI
[Zhao Qian et al., 2019] BbImoIHEHa TakXKe OlLICHKA
MOIITHOCTH YIIPYroii yactu autocdepbl. BenuuumHa
MOIIHOCTH OKa3ajach Ha ypoBHe 20—30 kM.

n=2u7.

MomHOCTb YIPYroii 4acT! 3eMHOI KOPBI

C apyroii cTOpOHbI, MOIITHOCTb BEpXHEU yIpyroi
YaCcTH 3¢MHOI KOPBI MOXKET OBITh OIlcHEeHa, MCIIOJb-
3ysl YIPYTYyI0 MOIETb M3rMba M KPUBU3HBI 3€MHOM

[onpl
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Puc. 7. BeptukasibHOe MHOTOJIETHEE OITyCKaHUE MTyHKTa
GORA B MmwumMerpax. Psn 1 —skcnepuMeHTalIbHAS
KpuBasi; Psn 2 — MonmenbpHast KpuBasi 3aTyxaHusi. [opu-
30HTaJIbHAS 1IKaja — BpeMsi, rofabl. MopeibHast KpuBast
3aTyxaHusl CMellleHUit wy = Asexp(—t/73) mocTpoeHa npu
BpeMeHU Makcseiuia 73 = 4 rona.

MMOBEPXHOCTH B 30HE KOHTAKTa KOHTUHEHT—OKeaH
(puc. 8).

MN3ru6 moBepXHOCTHU, BBI3BAHHBLIM B3aMMOACH-
CTBUEM TEKTOHMYECKUX TUINT B 30HE KOHTAKTa KOH-
TUHEHT—OKEaH, OTpaxkaeTcsl B pejbede 3eMHOI T10-
BepXHOCTH ora IIpMopbst 1 B JaHHBIX OATUMETPUMN
nHa SmoHckoro Mmopst. Ha koHTuHeHTe TIpod b Ha-
YUHAaeTCcs B palioHe HeBbIcoKoro (okoso 400 m) Hap-
BUHCKOTO NepeBana CyxopeueHCKOTo xpe0dTa 1 najee
Ha 1or (puc. 8) 1 1ro-BocTok (puc. 9) no nHy fArnoH-
cKoro Mopsi. B paMkax Teopun ynpyroctvi Mbl MHTEp-
MPETUPYEM KPUBU3HY MPOMUIST IO JIMHUU CeBep—
0T, TIPOXOASIIEro IO MOBEPXHOCTU KOHTMHEHTA Ha
paccrosgHuu 40—50 KM 10 TOOEpPEXbsI, 3MECh BHICOTHI
yMmeHbIiarTcs ot +0.3 1o 0 kM. a manee ot 6eperoBoit
JIMHUM S TIOHCKOTO MOPSI TI0 MOPCKOMY OHY 10 SImoH-
CKOM KOTJIOBUHBI, IJe TTyOMHAa MOHOTOHHO YBEJIU-
yuBaeTcs oT 0 KM 1o — 2.5 KM (MakCcUMaJIbHasI TIIyOu -
Ha KOTJIOBUHBI 3669 M).

i1 uHTeprnpeTalyy JaHHBIX 00 M3r1ubde MOBEPXHO-
CTH UCTIoJIb3yeM cooTHoleHus (3)—(8), ipu (x, — x;) =
= 40—50 kM, rIe x, — TouKa Ha OeperoBoi JUHUU;
X, — camMasi BepXHsIsl Touka rpodmirs. Mcrmonb3ys co-
oTHomieHHe (4), IMmoaydaeM IlapamMeTp KPHBHU3HBI
npodpmwist A = 51—64 kM. Ilpu NIO0THOCTU MaHTUU
P,, = 3400 kr/m>, rioTHOCTH BoOmbI P,, = 1000 kr/™M> 1
YCKOPEHUM CHWIBI TskecTd g = 10 M/c?, ucnonans3ys
cooTtHoureHwust (6) u (7), ojiydaeM BeIUUNHY U3T10-
Hoit xxectkoctu D = (0.4—1.0) x 102 H - M. Mcnionb-
3y cooTHolleHue (8) sl MOILIHOCTU A YHpyroro
cnost (h={D[12(1 —Vv?)/E]}'/?), npu 3HaueHnM KO3 -
dummenTa I Tyaccona v =0.25, momynst FOura E=751T]Ia,
st tora [IpuMopbst TIoflydaeM OLEHKY MOIIHOCTU
yIIpyTroit BepxHei Kopbl 20—25 kM.
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Puc. 8. [Tpoduis penbeda 1o HanpaBJIEHUIO ¢ ceBepa (KOHTUHEHT) Ha 1or (mHo SnoHckoro mopst) (Bepcust GOCE, [ESA Basic ...]).
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Puc. 9. M3ru6 noBepxHOCTH MO NpOoGIIIIO B HAIIPaBJIEHUH C I0T0O-BOCTOKA Ha ceBepo-3anas (HO SImMoHCKOro Mopst — mobe-
pexbe) [ESA Basic ...]. BepTukanbpHas 1IKaja B MeTpax, TOpU30HTaJIbHAasI B KUJIOMETpax.
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3AKJIIOYEHHME

B teuenue 2003—2020 rr. B [IpumopckoM u B Xa-
06apOBCKOM Kpasix TPOBOIWINCH pEryspHbIe Ha-
OIIOIEHUST METOIOM KOCMHMYECKOM Te0ne3ni C MC-
MMOJIb30BAHUEM  JBYXYACTOTHBIX TeOIe3UUeCKUX
GPS-npueMHuKoB. 30ech co3maHa reoaMHaMUYe-
CKasl CeThb, Ha KOTOPOM IMIPOBOISTCS TIEPUOINICCKIE
ompockl. B [IpuMopbe aHaimm3 coBpeMeHHOM KUHe-
Mmatnkn lLleATpambHoro CmxoT3-AINMHBCKOTO pa3-
JIoMa TT0Ka3aJl KaueCTBEHHOE COOTBETCTBHE T€0JIO-
TUYECKUM TIPEACTaBICHUSIM O JICBOCTOPOHHEM
COBUTOBOM JBIDXKEHWH T10 pa3iomy. TouHast Kojude-
CTBEHHAasl OIleHKa BEJIMYMHBI OTHOCUTEIBHOTO CMe-
IIEHWS Ha pa3jioMe BCIIENCTBYE €€ MAJIOM BEJIMIMHBI,
TpedyeT 60s1ee MPOIOJLKUTEILHOIO TTeproia HabI10-
JIEHU 1 TIIATEJILHOTO y4yeTa ceiCMUYeCKUX 3 peK-
TOB. B pesysibTaTe M3aMepeHUs BeIMYMHA CKOPOCTHU
oKasaJjiach Mopsiika MAJJIMMETpa B TOf, YTO CPaBHU-
MO C OIIIMOKOM omipeAesieHus. B peructprupyeMbIx Ha
IMYHKTaxX CETU MHOTOJIETHUX CMEILIEHUSIX BbIIEJISIIOT-
csl koceiicmuueckre 3(dEKTh, CBI3aHHbIE C CUJIb-
HBIMU 3eMJIETPSICCHUSIMU peTHoHAa (MarHUTYIoi oT 7
110 9, B 3aBUCUMOCTHU OT PACCTOSTHUS 10 SMULIEHTPA).
Tak BenmnumHa HAGIIOTAEMBIX OBICTPBIX CMEIICHU B
nmanbHei 30He (0osee 1000 kM oT anuiieHTpa) SAmoH-
ckoro 3emiaetrpsicenust (11.03.2011 r., M = 9) mocTu-
rama 40 mm. Koceiicmmueckne >(p@eKTH XOPOIIo
OITMCHIBAIOTCS B paMKax TEOPUH YIIPYTOCTH IJIST AUC-
JIOKAIIMOHHOM MomeNn 3emJeTpsiceHusl. B mepuon
2011—2020 rr. B nanpHel 30He SIITOHCKOTO 3eMJIeTpsI-
CeHUsI HaOIIOmaIich IOCTCeMCMUYECKHUe CMelle-
HUsI, U OMMCAHUSI KOTOPBIX MCITOJIb30BaHA IBYX-
cJIoliHas ympyro-Bs3Kas monenb. KpuBas penakca-
LU, TIOJTydeHHAasl IJIsl TOPU30HTAILHOTO CMEIICHUSI,
MPUOIN3UTEILHO COOTBETCTBYET OLIEHKE IS BpeMe-
HU MakcBemia ot 6 o 8 net. it BEPTUKAILHOTO
OITyCKaHMs BeJIMYMHA BPEMEHU 3aTyXaHUsI COCTaBU-
a4 roaa. B utore, B paMKax MOJEH, BA3KOCTb HUX-
Heli cios1 (acTeHocdepbl) OlLIeHUBAETCS B TMANa30He:
7.5 x 10'—-2.8 x 10" I1a - c. B 30He B3auMoneiicTBus
TEKTOHWYECKUX TUTUT B paMKax YIIpyroi Momenu, uc-
TMOJIb3YsI TaHHbIE 00 U3rnbe 3eMHOIt TTOBEPXHOCTH Ha
OKpanHe KOHTMHEHTA, MoJy4eHa OlleHKa MOILIIHOCTHU
yrpyroii yactu kopbl. OHa coctasiser 20—25 KM.
IMTonyyeHHBIE 3HAUYEHUSI MOLIHOCTU BEPXHETO YIpPY-
TOTO CJIOSI U BEJIMYMHBI BSI3BKOCTU HIKHETO KOPPEJIU-
PYIOT C U3BECTHBIMU OLIEHKAMMU JJISI CEBEPO-BOCTOYHO-
ro Kutasi [Zhao Qian et al., 2019] u MOTYT IPUMEHSITHCS
TP MOIETNPOBAHUN CECMHYECKUX TTPOIIECCOB U MX
TTOCJICICTBUM. DKCIIEpUMEHTATIBLHO TTOJTyJdeHHBIe 3Ha-
YEHUSI CKOPOCTE CMEIIEHUI ITyHKTOB PETMOHA MOTYT
OBITH VICITOJIB30BAHBI 1T KOPPEKIINI MECTHOM CUCTe-
MBI KOODIOWHAT, 3KCIIEpMMEHTAIbHBIC BEITUIMHBI
OBICTPBIX Y MEIJICHHBIX CMEIIEHWI 36MHOI MTOBEPX-
HOCTH BaXXKHBI IUISI TIPOTHO3a KaTacTpod Ha HedTe- 1
ra3omnpoBOax, JIEKTPOINHUSIX, Ha KeJIE3HBIX TOPO-
rax, MOCTax ¥ TYHHEJISIX peruoHa.
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Study of the Crustal Displacement Fields by Space Geodesy Method at the Primorie

V. Yu. Timofeev* *, D. G. Ardyukov®, A. V. Timofeev’, and M. G. Valitov’

“Trofimuk Institute of Petroleum-Gas Geology and Geophysics,
Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

b[lyichev Pacific Oceanological Institute, Far Eastern Branch of the Russian Academy of Science, Viadivostok, Russia
*e-mail: timofeevvy @ipgg.sbras.ru

This work presents the results of GPS observations (2003—2020) carried out in Primorsky Krai (aka the Pri-
morie) and Khabarovsk Krai in southeastern Russia. The objectives of our study were to obtain displacement ve-
locities, to test the relation of current velocities with seismicity, with the specific features of the geological structure
of the Primorie, and to study the rheological parameters of the crust and asthenosphere at the continental margin.
This paper analyzes the results of measurements made in the Primorie at the Central Sikhote-Alin fault. The study
includes the effects of the Tohoku-Oki earthquake in Japan with magnitude M = 9, which occurred on March 11,
2011. The zone of coseismic and postseismic displacements extends to a distance of over 1,000 km from the epicen-
ter. The postseismic attenuations of the multi-year horizontal and vertical displacements allow us to estimate the
relaxation time for the elastic-viscous model. With attenuation times of 4 to 8 years, the followin? viscosity values

were obtained for the lower layer according to the two-layer rheological model: 8 x 10'8—3 x 10

9 Pas. Using the

bending model of the Earth’s surface and the bottom of the Sea of Japan, we estimated the thickness (20—25 km)
of the elastic upper part of the Earth's crust in the continent—ocean contact zone.

Keywords: space geodesy, continental margin, displacements at the fault, coseismic displacements, postseis-
mic relaxation, the March 11, 2011 Japan earthquake (Tohoku-Oki), thickness of the elastic crust, astheno-

sphere, Maxwell viscosity
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