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Summary

The application of a joint method of recording seismic and infrasound signals generated during ice calving from
the terminal part of the outlet glaciers to identify the process of iceberg formation is considered. For many years,
the Kola Branch of the Geophysical Service of the Russian Academy of Sciences has been developing technol-
ogy for remote monitoring of the processes of destruction of ice sheets in the Arctic. To improve the methodol-
ogy of geophysical monitoring of processes of the iceberg calving in the Arctic seas in the Svalbard archipelago,
the experiment was conducted for the first time on the complex recording of the destruction of the Nordenski-
old glacier using seismometers, infrasound microphones and video cameras. The aim of the experiment was to
obtain time-synchronized recordings of seismic, infrasound and video signals produced by calving of the glacier
edge. The synchronized recordings obtained as a result of the experiment were used to identify specific attributes
that characterize the recordings of iceberg-inducing ice quakes. Results of the experiment showed that the calving
events that produce floating icebergs generate seismic and infrasonic signals of a special spectral composition and
are characterized by the presence of pronounced bands in the spectral-time representation. The revealed charac-
teristic is a distinguishing evidence of a calving event with the iceberg-inducing potential from other types of ice
quakes, such as cracking and movement of the glacier body. The experimental results obtained may be used for
development of a system for seismic-infrasound monitoring of processes of the iceberg formation.
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MOHUMOpUHe, ceticmuyeckuti MOHUMOPUHe.

PaccmaTpuBaloTcs pesynbTaTbl SKCNEepUMMEHTa Mo KOMMIEKCHOW PerncTpaumm npoueccoB AeCTpyKUun
nefHvka HoppaeHwenbaa (apxunenar LUnuu6epreH) npyi NOMOLM CEMCMOMETPOB, HGPa3BYKOBbIX AaTUu-
KOB 1 BuAeoKaMep. 3afjaumn SKCNePUMEHTA 3aKJTIOUAIOTCA B PErMCTPaLMN CUHXPOHU3UPOBAHHBIX MO Bpe-
MeHMN CceNcMUYecKnx, MHGPA3BYKOBbLIX CUFHANOB W BUAEO3aNUCeln, reHepupyembix obpylleHnem Kpas
NefHVKa, BbIABEHNN XapaKTePHbIX OCOOEHHOCTEN STUX CUTHAMOB, @ TakXKe NPOBEPKe BO3MOXHOCTYN Npu-
MeHEHUA MeToAa COBMECTHOMO CENCMUYECKOTO 1 MHGPA3BYKOBOTO MOHUTOPWHIA ANA O6HapyKeHus cny-
uaeB 0bpa3oBaHMA ancOepros. AHanM3 NONyUYeHHbIX AaHHbIX NOKa3as, YTo KajBUHIOBble COObITUA, MOPOX-
Jalowye nnaeawowme ancbepru, reHepUPYIT ceNncMUYecKne CUrHanbl 0coboro CreKTpasbHOro COCTaBa,
KOTOPbIE XapaKTepU3yloTCA HalMUeM SIPKO BblPaXKeHHbIX NMOJIOC B CNEKTPabHO-BpeMeHHO Anarpamme.

BBenenne

Iporiecchl necTpyKIMKU JETHUKOBBIX TTOKPOBOB,
K KOTOPBIM OTHOCSITCSI pacTpecKHUBaHue (crevassing)
Teja JieMHUKA, aHOMaJIbHO-ObICTPbIE TMOABUXKH
(surging) my1bCUPYIOIIMX JEMTHUKOB, KpaeBoe 00py-
ILIEHME BBIBOIHBIX JIGTHUKOB, BHIXOMSIIMX Ha ITOBEPX-
HOCTh MOpS$1, — KalBUHT (glacier calving), reHepUpyIOT
CceliCMUYECKMe CUTHAJTbI, Ha3bIBAEMbIE 1600MPsICeHUs -

mu [1—6]. BepositTHO, mepBbIM Hay4HO 3aUKCHUPO-
BaHHBIM CBUIIETEILCTBOM TOTO, UTO MPHU pa3pylIeHUN
JIETHUKA TeHEPUPYIOTCS celicMUYecKue U MH(ppa3By-
KOBBIE KOJICOaHUSI, ABIISETCS ITyOIMKALIUS U3BECTHO-
r'0 HOPBEXCKOTo nyTelecTBeHHnKa ®puthoda HaH-
ceHa [7], Tak onMcaBILEero 3TO SBJAECHUE: «...IIIyM, KaK
BBICTpEJIbI OPYAUIA... M APOXKb 3eMan» [8]. HayuHbrit
HMHTEpeC K MCCASIOBAaHUIO CEMCMUYHOCTY JICTHUKOB
HavaJl ITPOSIBJIATHCS TOJIBKO ¢ cepearHbl 1950-x ronos
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n K 2000 r. HacauTHEIBaJIOCh He Oonee 50 mybimka-
nuit 1o 3Toi Temaruke [7]. CoBpeMeHHBIN 3Tan B
HCCIIEIOBAHNN CEHCMUIHOCTH JIEAHUKOB HAYaAJICS C
CepUM CTaTeil aMepuKaHCKOTo ceiicMojiora I'opoHa
OkcrpéMa [9—11]. B aTtux paboTtax ObLIN OIMCAHBI
MOPOXIEHHBIE KPYITHEIMKA BEIBOOHBIMM JICTHUKAMM
nmobepexbs ['peHIaHINN HU3KOYACTOTHBIE CUTHA-
JIBI, 3apErUCTPUPOBAHHBIC II00ATBHON CeCMOI0-
TUYECKOI CEThIO, YCTAHOBIIEHBI CE30HHBIC BapHaL
KOJIMYECTBA JIbIOTPSICEHUI W MPEIIOXeHA MOACIb
oJara JIbIOTPSICEHMSI, CBSI3aHHasI C ITOABIKKOI Tera
JleAHMKa 110 J10XKy. ITocie padot DkcTpéma HaydHBIIH
MHTEPEeC K CEMCMUYIHOCTH JICTHUKOB PE3KO BHIPOC —
3a nepuog ¢ 2000 o 2016 r. onybaukoBaHO Gosiee
100 pabot o aToii TemaTuke [7].

W3 Bcex THIIOB JIbAOTPSICCHNI HAMOOIBIINIA,
MpeXAe BCETO IMIPAaKTUISCKUI MHTEPEC BHI3BIBAIOT
00pyILIeHMST Kpasi BEIBOOTHOIO JeAHUKA (KaJBUHT).
OOpYIIEHUIO YaCTO MPEAIIeCTBYET WM COITyTCTBY-
eT pacTpecKMBaHMe JegHuKa (crevassing). O6paso-
BaHME OOJIBIIMX TPEIIVH B JICTHUKOBBIX IIOKPOBaX
TaKXXe PEeTHUCTPUPYETCS ceficMOMeTpaMM KaK M-
IIYJIbCHBIE CEMCMMYECKHE COOBITHUSI, KOTOPEIE TOXE
Ha3bIBaIOTCY JIbAOTpsiceHnssMu [12]. B pabote [13]
BBISIBJICHA YETKasl KOPPESILIMOHHAS CBSI3b MEXIY
IUIATEJIBHOCTBIO OOPYIIEHUS Kpast JISTHUKA U -
TEJIbHOCTHIO CEICMUYIECKOM 3aIMCH JIBIOTPSICEHMSI.
HenpepbsiBHBIE HAOTIOOEHMS 32 COCTOSTHUEM JISTHH -
KOBBIX ITOKPOBOB B APKTHKE B Pa3HBIX BpEMEHHBIX
MacIITabax BO3MOXHBI TOJIBKO C IIOMOIIBIO CUCTEM
yIaJ€HHOTO MOHUTOPUHTA.

I'eopusnueckue MeTOObl yIAIEHHOTO MOHUTO-
pUHTa C IpUMEHEHNEM CEMCMUYECKUX U MHPpa-
3BYKOBBIX CTaHIIMI1 MPENCTaBISIOT COOOM OTHO-
CUTEJIBHO Maj03aTPaTHBINA, KPYIJIOTOOUYHBINA U
BCEITOTOIHBIM MHCTPYMEHT /IS IIPOBEICHMS IOI00-
HEIX paboT [14]. CoBMecTHOE MCTIOTL30BaHME celic-
MHUYECKUX 1 MH(PPa3BYKOBBIX METOIOB MOHUTOPHH-
ra IO3BOJISIET HANEXKHO OTINYATh JBIOTPSICEHUS OT
C1a0BIX 3eMJIETPSICEHNIA, a TAKKe O0JIee TOYHO OIIpe-
IeJIITh KOOPANHATHI 3IUICHTPOB JETHUKOBEIX CO-
OBITHI1 TI0 CPAaBHEHMIO C MCIIOJIb30BAaHUEM TOJIBKO
CeiICMUYEeCKHNX MJIN TOJBKO MH(PPa3BYKOBBIX JaH-
HbIX [15, 16]. [IpuMeHeHne reoPU3NIECKUX METO-
OB MOHUTOPWHTA JICTHUKOBBIX ITIOKPOBOB APKTUKU
IAET BO3MOXKHOCTb COOMPATh HEIIPEePhIBHBIC TaHHBIS
¥ BECTH CTAaTUCTUYCCKUM aHaIN3 NHTEHCUBHOCTHU
OOpYIIEHU JIeMHUKOB, YTO CIIOCOOCTBYET MOJIyde-
HUIO HOBBIX CBEICHUI O peakKIIUM JeTHUKOB Ha CO-
BpeMEHHbIC N3MEHEHUS KJIMMATUIeCKIX YCIOBUA.

Kak u3BecTHO, 0OpylLIEHUST WU KPYIHBIE OT-
KOJIbI JIEMHUKA C TTaJieHUueM JeASTHbIX 0JI0KOB B BOAY
MPUBOAAT K 00pa30BaHUIO alicOeproB, MpeacTaB-
JITIOIUX CO00M pealbHYIO YyIpO3y CYIOXOACTBY U
1eJIboBOM MHGPACTPYKTYpE apKTUUECKUX MOPEA.
ITpakTuyeckoe NMpUIoXKeHUEe TEXHOJOIMHU Hemnpe-
PBIBHOI'O reo(pu3n4eckKoro MOHUTOPUHIA pa3py-
LIEHUS JIEMHUKOB — MPOrHO3 aicOeproBoii omnac-
HOCTHU. 3a1a4yu HaCTosIIIel paboThl — PacCMOTPEThb
pe3yabTaThl YHUKAJIBHOTO 3KCIIEPUMEHTA IO OJ-
HOBpPEMEHHOI celicMuueckoit, MHPPa3ByKOBOW U
BUAEOpErucTpalliu oopylieHuit GpoHTa JEeAHU-
ka Hopaeniensaa (apxunenar IInuubdepreH), a
TaKXKe BbISICHUTb OCOOEHHOCTH ceiicMOrpamMM U MH-
(pa3BYKOBBIX 3aMUCEli, CBSI3AHHBIX C OTKOJOM U
najcHueM JeAsTHbIX O0JJOKOB B BOIY 3ajiMBa, YTOOBI
BbIpabOTaTh KPUTEPUU OTIUYUS ailcOEproreHHbIX
COOBITUIA OT IPYTUX TUTIOB JbAOTPSICEHUIA.

OoopynoBanue

DKCNepUMEHT IO KOMILIEKCHOMY HaOII0ICHUIO
3a (ppoHTaANIbHOI YacThlo JeaHuka HopaeHiueabaa
npoxoaua B aBrycre 2016 r. Ing storo 17 aBrycra
2016 r. Ha cKaJIbHOM OOHAaXEHUU B OJIMKHEN 30HE
(Ha ygajeHUu OT TMEePBbIX COTEH METPOB A0 KUJIO-
MeTpa) OT Kpas JieAHWKa ObLIM YCTAaHOBJIEHHI J1BE
BUAeoKaMephbl, ocHalléHHble GPS-npuémMHukamu,
U ceiicMuyeckast ctaHuus. s perucTpaluu UH-
(pa3ByKOBBIX U aKyCTUUYECKUX CUTHAJIOB, TeHEePU-
PYEMBIX JIBAOTPSICEHUSIMU, UCITOJIb30BaJICS CEMCMO-
nHpa3BykoBoii koMmIiiekec PYR, pacrnosnoxeHHBbII
B ntocénke [upamuna Ha ynameHuu 12 KM oT Kpas
neaHuka [16]. Cxema pasMelleHusT 000pyI0BaHUS
rnokasaHa Ha puc. 1, KoopaAuHaThl pa3MelleHUs
000pya0oBaHUs MpUBEAEHHI B Ta0I. 1.

st BUgeoperucTpalii UCHOAb30BaJIU JBE BU-
JleoKaMephbl ¢ 4acToToi cheEMKM 30 KaapoB B CEKYH-
oy ¥ pasperueHusaMu 2569 X 1090 u 1920 X109, ycra-
HOBJICHHbIE HAa TPEHOXHbIE IITATUBLI. LIS TOUHOM
MPUBSI3KM KO BpEeMEHM BUIAEOPErUCTPATOPhI OC-
Hamwaau GPS-npuémuukamu. Bugeoperucrparo-
PBI BEJIM 3aMKCh MH(POPMALIMK HA ChbEMHbIE HOCUTE-
au (a1 kapThl 06bEMoM 256 I'6). KapThl mamaTu
B BUIEOpPETUCTpaTOpaX 3aMEHSIIN exXeaHeBHO. s
perucTpalumm ceiCMUYECKUX COOBITUM B OJIMKHE
30HE MCIOJb30BaJICS IIUPOKOIMOJOCHBINA TPEXKOM-
MOHEHTHBIN LKGpoBoi ceiicmomerp GuralpCMG-
6TD, coxpaHSIOLINI JaHHbIE BO BHYTPEHHE!N ITaMsI-
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Puc. 1. Pacrionoxenue ceticmmdeckoii cranivi NRSH (1)
¥ OBYX BumeopeructpatopoB (2), ocHameéHHBIX GPS-
MNpUEMHUKAMHU, ycTaHOBIEeHHbIMU 17.08.2016 r. BOIM3U
¢poHTta nenHuka HopaeHiuenbna (apxunenar Hlnui-
OepreH)

Fig. 1. Location of the seismic station NRSH (/) and two
video recorders (2) equipped with GPS receivers, in-
stalled on 08.17.2016, near the front of the Nordenskjold
Glacier (Spitsbergen archipelago)

Tabnuya 1. KoopAMHATHI aNmapaTypsl, yCTAHOBICHHOI BOMN-
3u ¢ppoHTa neguuka Hopaenmensaa

C.u1./B.n., rpagycsl
78,6523/16,9213
78,6528/16,9205
78,6571/ 16,9122

Anmnaparypa
Ceiicmoctanumst (NRSH)
Buneoperucrpatop 1

Buneopeructparop 2

1. BpeMeHHas ceficMocTaHLIMS Oblla yCTaHOBJIEHA
Ha CKaJIbHBI IPYHT, a TaK KaK OHa pacrnoJjaraiach
BOM3M negHuka HopaeHiuenbaa, el ObL1 IpUCBO-
eH YHUKaImbHEIN Kom — NRSH. INutanne BpeMeHHO
YCTaHOBJIEHHOIO 000pyIOBaHMS AaBalu ABa aKKy-
MyJsITopa ¢ OarapessMu €MKOCThIo 70 A/4 Kaxnasl,
NPUYEM K OTHOMY U3 aKKyMYJISITOPOB ObLIU MO~
KJTIOUEHBI ceicMOoAaTYMK U BUAEOPETUCTPATOP, APY-
roit akKyMyJISITOp o0ecreunBall MMTaHUE TOJIbKO BU-
neopeructpatopa. CyMMapHOe 3HEProIoTpedeHne
ceficMOJaTYMKa U BUAECOPETUCTPATOPA COCTABIISIIO
200 A/4, ciaenoBaTeabHO, pacYETHOE BpeMsl pabOThI
CUCTEMBbI HAOJIFOAEHMSI COCTaBJISLIIO OKOJIO 15 cyTOoK.
Kak yxe yka3bIBanoch, UH(Pa3ByKOBbIE CUTHAJIBI
PETUCTPUPOBAIUCH CEMCMOMH(PPA3BYKOBOI IPYIIION
PYR, ycranosneHHoii B oc. ITupamuaa. OHa cocTosi-
JIa U3 TPEX HU3KOUYACTOTHBIX KOHACHCATOPHBIX MUK-
podoHoB MPA-201, pa3HeCEHHBIX B MMPOCTPAHCTBE,
U IIIMPOKOIIOJIOCHOMN TPEXKOMITOHEHTHOM ceficMuye-
ckoii craHmu GuralpCMG-6T. Perucrpanus Bcex

Tabnuya 2. KoopauHatsl MHQPa3BYKOBBIX JaTYNKOB (MUKpO-
($OHOB) U TPEXKOMIIOHEHTHO CEICMUYECKOIl CTaHIMM, BXO-
RALIMX B COCTaB ceiicMonH(pasByKoBoro kommiekca PYR,
pacnionoxxenHoro B roc. [lupamupa (apxumenar llInun6epren)

Anmnaparypa C.1./B.1., rpagychbl
CeiicMocTaHLIMs 78,6555/16,3525
Muxkpodon M1 78,6560/16,3515
Muxkpohon M2 78,6558/16,3560
Muxkpodon M3 78,6552/16,3513

IIECTU U3MEPUTETEHBIX KAHAJIOB BeJIach LIU(PPOBBIM
24-pa3psigHbIM PETUCTPATOPOM IeoU3UUECKUX CUT-
HaJioB «baiikan-8». KoopauHathl 3J1eMeHTOB CceiicMO-
MH(Pa3BYKOBOI IPyMITbl IPUBEAECHBI B Ta0JI. 2.

3arutaHupoBaHHAs JUIMTEIbBHOCTh KOMIUIEKCHBIX
HaOJII0IeHNI 32 KPOMKOM iemHnKa HopaeHinenbaa
coctaBisiia 10—15 gHeii. 3a 3T0 BpeMs HeoOXoau-
MO ObLIO cOOpaTh MpeACTaBUTEIbHYIO 0a3y JaHHbBIX
HaOTI0IeHUI Te0(PM3NIEeCKNX CUTHAJIOB, BEI3BAHHBIX
pa3pylieHueM KPOMKMU JICTHUKA, COIMPOBOXAAEMBIX
BHUIICOPSIAOM, TAK3Ke TOUHO ITPUBSI3aHHBIM KO BpeMe-
Hu. OQHAKO yKe Ha TPEeTUil AeHb SKCIIEpUMEHTA P
MOCeIleHNM BPEMEHHOM CeiCMOCTaHLIMKA U OJHOTO
U3 IYHKTOB BUAEOHAOIOAEHW ObLIO OOHAPYXEHO,
YTO OJTHA U3 KaMep ITOJTHOCTBIO pa3pylleHa, CelicMo-
CTaHIIMS OIPOKMHYTA, a KOMMYTallMOHHKIE IIPOBOAA
paszopBanhbl. I1o TaHHBIM BUIEOHAOIIONEHUS, COXpa-
HUBIIAMCS Ha KapTe IaMsTHU BUAEOPETUCTpaTopa,
YCTaHOBIIEHO, YTO IPUYMHA pa3pylIeHNI HA MyHK-
Te€ MOHUTOPUHTa — HanaaeHue 6e1oro meapens. Cam
MeIBeIb HaXOMWICSI OJIM3KO, HO He MPOSIBIISIT IIPH-
3HAKOB arpeccuu. B cBsI31 ¢ peasibHOM YIpo30ii CToN-
KHOBEHUSI UCCIleioBaTesicii ¢ OeIbIM MeaBeaeM DKC-
MepuMEeHT ObLI MpekpaméH. Takum obpa3om, s
JaJbHEHIIero aHajgu3a B HallleM PacIlopsKEHUU
ObIJI0 66 YaCOB HEMPEPHIBHBIX HAOIIONEHUIA.

MertonoJiorug

ITockonbKy TIpy pa3pylIeHUH JIETHUKOBBIX I10-
KpPOBOB TeHEpUPYIOTCI KaK CEMCMUYECKIE, TaK U
aKycThudeckue (B TOM 4YKCiIe U B MH(MPa3ByKOBOM
JIyana3oHe) KojeOaHsl, NCIIOIb30BaHUe celicMrye-
CKUMX ¥ MH(PPaA3BYKOBBIX JATIMKOB [UISI PETUCTPALIAN
JIBIOTPSICEHUIA MpeacTaBiisieTCsl HanboJiee LeIeco-
00pa3HbIM. DPPEeKTUBHOCTH COBMECTHOI'O MCIOJIb-
30BaHMS CEMCMNYECKNX N MH(PPA3BYKOBBIX TaHHBIX
MHOTOKPATHO ITOATBEP:KIEHA B XOJIe SKCIIEPUMEHTOB
1Mo MOHUTOpUHTY JienHukoB nuubeprena [15, 16].
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st HabGmoaeHui 3a oOpylleHreM KPOMOK JISAHUKOB
ceficMorH(Pa3ByKOBBIM METOIOM B IIEPBYIO OUepenb
HEOOXOOMMO OTJINYATh COOBITHS, CBSI3aHHBIE C OTKO-
JIOM OT JIPYTUX TUIIOB JILAOTPSICEHUIA, HAIIPIMED pac-
TpecKkuBaHueM. O4eBHIHAS Ha TIEPBBIN B3IJISII MIEs B
KaveCTBe NUCKPYMHIHAIIIOHHOIO KPUTepHsI COOBITHIA,
CBSI3aHHBIX C OOpYIIeHHEM KPOMOK, MCIIOJb30BaTh
MECTOIOJIOKEHIE SIUIICHTPA, IIPUYPOICHHOE K Kpae-
BOI1 30HE JIEMHUKA, CTAJIKABACTCS CO CICAYIOIIMMU
TPYIHOCTSIMM: BCTYIUICHUS OOBEMHBIX CEMCMUIECKIX
BOJIH JIBAOTpACEHU HeuéTkue [16, 17], a ux rmonsapu-
3aIMOHHAYg KapTHHA BeIpaXkeHa ciaabo [18], B pe3ynb-
TaTe JIOKAIKSI MOXeT ObITh HEIOCTATOYHO TOTHOIA.

JlomomHUTEIbHAS CIIOXHOCTh B ONpeae/ieHUN
BCTYIUICHUI pa3aInYHBIX (a3 BOJH 00YyCIOBIIEHA
CJIOXXKHOI BOJTHOBOM KAapTHUHOM B CIydae perucrpa-
LMK alicOeproodpasyoIyX IIPOLIeCCOB, OMHOBPEMEH-
HO MHUIIMMPOBAHHBIX Ha IPOTSKEHHBIX YIacTKax
JnemHUKOBOro (poHTa [18, 19]. YacTmaHo mmpobdiaemy
OIlpene/IeHNS] BPEMEHH BCTYIUICHUI CEMCMIYECKIX
BOJIH, BBI3BAHHBIX JILIOTPSICCHUSIMU, YOAETCSI HUBE-
JIMPOBATh IIPUBJIICYCHUEM MH(PPa3BYKOBBIX JaHHBIX,
HCTIOJIB3YS B KAYeCTBE BCTYIUICHNSI BTOPUYIHOM BOJIHBI
BpeMsI IPUXoJa aKyCcTU4eckoro curHaia [16]. B atom
CIIydae SIMIICHTP COOBITHS PacIIOIOXKEH B TOUKE ITe-
pecedyeHusT OKPYKHOCTH, COOTBETCTBYIOLIEH #,—1p
(t4 — Bpems npuxona MH(MPa3BYKOBOM BOJIHBI HA aKy-
CTUYECKUIA JaT4uK; fp — BpeMs IPUXOJa BOJIHBI P Ha
celicMUYeCcKUil 1aT4uK), U a3UMMyTa, pacCCUYUTaHHO-
ro 1o uHgpasByKoBoii rpymnme [20]. CoBMecTHOE HC-
MOJIb30BaHME CECMMYECKUX U MH(Pa3BYKOBBIX JaH-
HBIX MTOBBIIIAET TOYHOCTb ONpeAeaeHUs] KOOpAUHAT
SMULEHTPA, HO HEe TTO3BOJISIET OMHO3HAYHO CAeNaTh
BBIBOJ, O PUPOAE COOBITHSI, TOCKOIBbKY (pPaKTUUECKUIA
SMULIEHTP MOXKET HAXOAUTHLCS Ha JIEAHUKE B HECKOJIb-
KHUX COTHSIX METpa OT ero kpas [ 15, 16].

Takum ob6pa3oM, WISl HANEXKHOTO OTIMYUS alic-
0eproodpasyluuX COOBITUN OT APYIrUX THUIIOB
JIBAOTPSCEHUI HEOOXOAUMO TMPUBJIEKATh MTOIOJI-
HUTEIbHbIC KPUTEPUM, OCHOBAaHHBIE HA aHAJIM3€E OCO-
OeHHOCTell celicMUYecKUX U UH(GPa3BYKOBBIX 3a-
nuceit. UCTOUHUKYM ceCMUYECKUX U aKyCTUYECKUX
CUTHAJIOB CBSI3aHBI C pa3IMYHLIMU (pa3aMu alicoep-
roo0pa3oBaHUsI: OTPLIB (OTKO) JibJA OT Kpas JIeAHU-
Ka; oChIlIaHWe OTKOJIOBLIETOCs JIbIa Mo (PPOHTAIbHOMN
CTEHKe JIeIHUKA; yalapeHue OTKOJIOBIIEICS MacChl O
BOIy U/WIH AHO [2, 21, 22]. Bo3MOXHOCTL OOHapyXe-
HUS U (puKcauy pa3IMyHbIX (a3 alicoeproodpazo-
BaHMS HA CEACMUYECKUX U MH(PPA3BYKOBBIX 3aITUCSIX
MO3BOJIUT CEJIaTh BHIBOA O IPUPOJE JILAOTPSICEHUSI.

O0padoTKa JaHHBIX

BrisiBneHue 3anuceii aiilcbeproodpasyonux co-
OBITUI TPOBOAUIOCH B ABa ATana. Ha nepBom 3Tane
yCTaHaBIMBAIM BO3MOXHBIE celiCMUUYECKUE COObI-
THUS, CBSI3aHHBIE C 3TUM SIBJ€HUEM, C TTOMOIIbIO
nerexktopa STA/LTA [20] mo gaHHBIM CTaHLIUU
NRSH, Haxoasuerics Boau3u JegHuka. I[Tpume-
HEeHHUE MPOCTOIN CXeMBbI JeTeKTUPOBAHUS B JTaHHOM
cJlyyae ompaBaaHoO, TaK Kak MpuOOp ycTaHABIUBaJI-
Cs Ha CKaJIbHBIM IT'PYHT BOJIM3H OT 1LI€JIEBOIO UCTOY-
HUMKa CUTHAJIOB 1 B TaJIM OT UCTOYHUKOB Ityma. Ha
BTOPOM 3Talle BBHITIOJHSUICS MOMCK BUIEO3aMuceil B
COOTBETCTBYIOIIMX OOHAPYKEHHBIM CEMCMUYECKUM
COOBITUSIM BpeMEHHBIX paMKax. TakuM crocooom
OBbLIM yCTaHOBJIEHBI BUaeo3anucu 20 COObITHIA, CBSI-
3aHHBIX C O0OpylIeHueM (POHTAILHON YacTH Jie-
Huka. OTMETUM, YTO BOIIPOCHI OLIEHKN MarHUTYIbI
WA CEMCMUYECKOI S9HEPIUUM TaKUX COOBITUI JieXaT
3a paMKaMM HacTosIIIei padoThI.

IMTouck nH@pa3ByKoBO TMapkl 1JIs1 0OHAPYXKEH-
HBIX CEICMUYECKUX COOBITHI1 BBIIIOJHSIIM 110 JaH-
HBIM IIOCTOSTHHO aelicTBytomero ¢ 2015 r. ceitcMo-
nH(pa3ByKoBoro komruiekca PYR, yctaHOBIeHHOTO
B noc. INupamupaa [16] Ha paccTossHuM 13 KM OT Tep-
MUHQIBLHOIM 4aCTH JIEAHWUKA, 1 BDEMEHHOM CEMCMU-
yeckoid craHuum NRSH. Mertoauka moucka MH-
(¢pa3ByKOBOIi MTapbl OCHOBBIBAJIACh HA BHIYMCIECHUU
BpeMEHHOI 3aepXKKU MeXIy OOHApYyXKEHHBIM Ha
cranuu NRSH celicMuyeckuM CUTHAJIOM U ceiic-
MouHbpa3ByKoBoii rpymnmoil PYR ¢ yuétom ckopo-
CTU pacIpOCTPaHEHUSI 3BYKOBOI BOJIHBI MPU YCJIO-
BUM, YTO CEUCMUYECKUI U aKyCTUYECKUIN CUTHATBI
MMOPOXKIEHBI OMHUM UCTOYHUKOM [15, 16]. Eciu mo-
JIyJMBIIIAsiCS] BpeMEHHAs 3aiepKKa COOTBETCTBOBAIA
BpeMEeHU Ipo0era BOJIHBI MEXKIy ABYMSI ITyHKTaMU CO
CKOPOCTBIO, COOTBETCTBYIOIIEN CKOPOCTH pacIpo-
cTpaHeHMs 3ByKa B atmocdepe (0,32+0,05 xm/c), To
napa oOHapy>Ke€HHBIX CUTHAJIOB CYMTAJIach CcelicMO-
MH(Pa3BYyKOBEIM coObITHEM. M3 20 3admkcupoBaH-
HBIX 32 66 yacoB pabOTHI BUAEOAINapaTyphbl 00pyllie-
HUI (DpOHTA JIEMHUKA TOJIFKO OTHO COIIPOBOXIAIOCH
ceificMonmH(pa3ByKOBOIT mapoit curHaiaoB. Ha puc. 2
MIPUBEACHBI BOJIHOBBIE (DOPMHBI LIEJIEBOTO COOBITHSI
Ha JenHuKe HopneHinenpaa, 3aricaHHbIE CEMCMU-
yeckoii cranuueir NRSH u nH(bpa3ByKoBoii MUKpPO-
rpynmoit PYR B moc. Ilupamuna. Bpemennas 3a-
JepxKKa MeXIy CEeCMUYECKUM U MH(PPa3BYKOBBIM
curHajgamu (41 ¢) COOTBETCTBYeT BpeMeHU Ipoodera
BOJIHBI OT UCTOYHMKA IO ceiACMOMH(pPa3BYKOBOTO
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Puc. 2. [Ipumep nHdpa3BykoBoro (a) 1 ceiicMrUecKoro (6) CUTHAJIOB, CTeHEPUPOBAHHBIX KAJIBUHTOBBIM COOBITHEM
Ha (poHTe nenHuka Hopnenmensaa 17.08.2016 B 07:02:32.2 UTC:

a — uHbpa3ByKoBas 3anuch natruukamu M1, M2, M3 ceiticMonHdpa3BykoBoro komiiekca PYR; 6 — TpéxkoMIioHeHTHas celic-
MorpaMma (opueHTanus naTyukoB: E — BocTok, N — ceBep, Z — BepTUKalbHbIN) Ha cTaHIMM NRSH

Fig. 2. An example of infrasonic (a) and seismic (0) signals generated by a calving event on the front of the Norden-

skjold glacier on 08.17.2016 at 07: 02: 32.2 UTC:

a — infrasound recording of sensors M1, M2, M2 of the PYR seismoinfrasound group; 6 — 3-component seismogram (sensor direc-

tions: E — east, N — north, Z — vertical) of the NRSH station

komriekca PYR, pacnonoxeHHOro Ha pacCTOSIHUM
13 xM oT (ppoHTa NenHuKa HoprneHinenbaa.

Oco0eHHOCTH ceiicMIIecKnX U HH(PA3BYKOBBIX
3anuceii aiicOeproodpasyrommx cooObITHIA

CoBMeCTHBII aHAIN3 CUHXPOHU3UPOBAHHBIX 110
BpeMeHU CeiCMUUYeCKMX JaHHbBIX U BUIE03aIMCcel 00-
Hapy>KeHHBIX COOBITUI IMTO3BOJI COIIOCTABUTD (pa3bl
aiicbeproobpazoBaHus (HaYaja0 OTPhIBA IJILIOLI JIbAA,
3aBepIlleHNE OTPhIBA, MaJeHNE IJIBIOKI JIbIa B BOMY,
OCHITTAaHWE MEJIKNX (PparMEeHTOB JIbda M OTPaXKeHHE
3BYKOBOI BOJIHBEI OT MOPCKOTO THA M IIOBEPXHOCTHU
BOIbI) C OCOOCHHOCTSMU CIIEKTPATbHO-BPEMEHHOIO
MpeacTaBlIeHns ceiicMorpaMMbl. Ha puc. 3 mpuBo-
JATCSI COBMECTHOE 0ToOpaxkeHue (poTodurkcalm Mo-
MEHTOB OTPBIBA U MaAcHUS Kpasl JISAHUKA 1 CeCMM-
YeCKOTr0 CUTHaJIa, BEI3BAHHOTO 3TUMU COOBITUSIMU.
Hayvasno BCcTymieHus ceiicCMUYECKOro CUrHaja cooT-
BETCTBYET Havyaly OTPhIBA [JIBIOBI JIbAA OT Kpast JIe/-
HUKa (cM. puc. 3, a). MakCUMyM aMILTATYIbI Celc-
MOTPaMMbI COOTBETCTBYET MaIEHUIO OTKOJIOBIIETOCS
JibAa B Bomy (CM. puc. 3, a). Y4acToK ceiiCMOrpaMMBl,
TOPOXAEHHBIN TTafeHUEM JIba B BOIy, — 0OoJjiee HU3-
KOYACTOTHBIN 1O CPAaBHEHUIO C YYaCTKOM, COOTBET-

CTBYIOILIIM OTPBIBY TJIbIOBI (CM. pUC. 3), TIOCKOJBbKY
TpY NTaIEHUM TeHEPUPYETCST CUIIbHAS TTOBEPXHOCTHAsSI
BojiHa. YacToTHO-BpeMeHHOe TpeICcTaBlIeHe yJacT-
Ka TTOBEPXHOCTHOM BOJHBI (CM. pucC. 3, 6) UMEET He-
CKOJIPKO HECYIIIMX YacTOT (I0JI0C), BO3HUKAIOIIUX B
pe3yJIbTaTe MEPECOTPAKCHUN CEMCMUYECKUX BOJIH OT
MOPCKOTI'O THA Y TIOBEPXHOCTU BOJIBI.

MexaHu3M reHepaluy CeACMUIECKOro CUrHaia
NP OOPYIIEHUM CTEHKM JIEIHNKA CXOX C MEXaHU3-
MOM OOpYIIIEH!SI KOHCOJIEH B KaphepaX TOPHOPYIHBIX
npennpusTiii. CpaBHEHNE ceiCMOTpaMM OOpYIIIEHUST
JIEIOBBIX OJIOKOB OT KPOMKHM JIEAHUKA U 3aITICEH 00-
PYLIECHUI KOHCOJIEN CKAJTbHOM MOPOABI, pETUCTPUPY-
€MBIX Ha PyTHUKAX B XMOMHCKOM TOPHOM MAacCHUBE,
T0KAa3aJI0 BEICOKYIO CTEIIeHb ITOA00MST; OTJIMYHE 3a-
KJTIOYAETCS B TIOSIBJICHUN HECKOJIBKUX TI0JIOC, BO3HM-
KaIOIMX 13-3a TaJeHUsT OTKOJIOBIICHCS TJIbIOKI JIbIa
B Boay. UMeHHO 3Ta 0COOEHHOCTh CIEKTPaIbHOTO
TIpEeACTaBICHMS CUTHAJIA U TIPEACTaBIIsIeT cO00i OTIIN-
YUTEIbHBIN MPU3HAK acOeproodpa3yiolero CoObITHS
OT JAPYTUX TUTIOB JILAOTPSICEHUI. A HaJTU4YKE T10JI0C
B CIIEKTpe 3aIlICH OJHO3HAYHO ITOKA3bIBAET, YTO OT-
KOJIOBIIIMIACS JIASTHOM OJIOK yrnaia B Booy 3aimBa. Ha
puc. 4 MPUBOAITCS 3alMCh UH(PA3BYKOBOTO CUTHAIA
Ha ceficMouH(pa3BykoBoii KoMmruiekec PYR, BbI3BaH-
HOTO aiicbeproodopas3yoinuM coobITUEM Ha (pOHTE
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Puc. 3. ConocraBjieHUe 4aCTOTHO-BPEMEHHOTO TpeAcTaBlIeHUsT ceiicMuueckoii 3anmucu craHieitr NRSH u Bunmeo-
3alMCH TUITMYHOIO KaJBUHIOBOIO COOBITH Ha ppoHTe NenHuke Hopaenmenpaa 17.08.2016 B 07:02:32.2 UTC:

a — BojiHOBas ¢opMa; 6 — criekrporpamma Pypbe, HOPMUPOBAHHASI HA MAKCUMYMBI 110 yactoTaM. CTpesiKaMu IMOKa3aHbl COOT-
BETCTBYIOIIME MeCTa Ha (hparMeHTax BUIEO U CECMUIECKON 3anuceid: ] — Hayano OTPhIBA IIILIOBI Jibaa; 2 — OTPBIB IIIBIOBI JIbAa
MpoM30LIENT; 3 — MageHue Jbla B BomLy; 4 — oOpylleHre MeJKUX (parMeHTOB U OTPaXeHMe 3BYKOBOM BOJHBI OT JHA U MOBEPX-
HOCTH Bojibl. Ha cror-Kampax BUa€03aicy 3TU MeCTa 00BeIeHbl KPACHBIM LIBETOM

Fig. 3. Comparison of the time-frequency representation of the seismic recording by the NRSH station and the video
recording of a typical calving event on the front of the Nordenskjold Glacier on 17.08.2016 at 07: 02: 32.2 UTC:

a — waveform; 6 — Fourier spectrogram, normalized to maxima in frequencies. The arrows show the corresponding places on the
fragments of video and seismic records: / — the beginning of the ice block detachment; 2 — the ice block has been detached; 3 —
falling ice into the water; 4 — the collapse of small fragments and the reflection of a sound wave from the bottom and surface of the

water. In the videos, these places are circled in red

neqHuka HoprmeHinenbna, a Takke CONMOCTaBICHUE
YaCcTOTHO-BPEMEHHOIO IpencTaBlIeHs nHQpa3By-
KOBOTO CUTHaJIa U Buaeo3anucu (cM. puc. 4, 6). Ha
YaCTOTHO-BPEMEHHOM IPEACTABICHUM OOpYIICHUS
JeassHoro 6yioka ¢ ¢poHTa egHuka HopaeHiensna
(cM. puc. 4, a) TakKKe TIpOCMaTPUBAIOTCSI OCHOBHBIE
¢a3bl (OTPHIB MILIOBI JIbAA U TTaIeHUE JbIa B BOIY),
reHepupyole HPPa3ByKoOBbIE KOJeOaHUsI B aT-
Mocepe. Kak 1 B ciayyae celicMorpaMmbl, WHGppa-
3BYKOBasl 3aIlCh MMEET HECKOJIbKO HEeCYLIHUX YacTOT
(ToJ10C), BO3HUKAIOIIVX M3-3a IIePEOTPAXKECHUS 3BY-
KOBBIX BOJIH OT TOBepXHOCTH Bonbl. K coxaneHuio,
B HallleM PacHOPSLKEHUM UMEETCS TOJIBKO OJHA MH-

(bpasBykoBas 3anMch OATBEPXKAEHHOTO OTKOJA JIC -
Horo 0JI0Ka, COMpoBOXaAaeMasl BuaeopsiaoM. Tem He
MEeHee MbI CYMTAEM, YTO IIPU PaCIIOIOKEeHUU MHMpa-
3BYKOBBIX IJATYMKOB Y Kpasi JIEAHUKA Ha y4aCTKe, CBO-
OOIHOM OT MPENSITCTBUI, MEILAIOLINX IPOXOXKICHUIO
3BYKOBBIX BOJIH, MH(ppa3ByKOBas 3aIlvCh Beerna OymeT
colepKaTh HECKOIbKO YaCTOTHBIX T10JIOC.

Takum 00pa3oM, COIOCTABIICHIUE CUHXPOHU3UPO-
BaHHBIX 110 BpeMEHHU BUIe03auceil aiicoeproodpasy-
IOIIMX COOBITUI C ceiicMorpaMMaMM U MH(PPa3BYKO-
BBIMU 3aITMCSIMU MO3BOJIUIIO OOHAPYXUTh HAIMUKE
XapaKTepHBIX (ha3 Mpoliecca oopyiieHns: (PpoHTA Jiea-
HMKA Ha CEIICMUYECKUX U UH(MPPa3BYKOBBIX 3aIIMCSX.
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Puc. 4. ConocrapiieHre YaCTOTHO-BPEMEHHOTO MpeACTaBIeHUs MH(DPa3ByKOBOI 3aIMCU Ha celicMOMHMPa3BYKOBOI1
komiuieke PYR u Bupeo3anucy TUIIMYHOIO KaJBUHIOBOIO COOBITH Ha (ppoHTe teaHrka Hopaenmensaa 17.08.2016

B 07:02:32.2 UTC:

a — BoiHOBas dopma; 6 — criektporpamma Dypbe, HOPMUPOBAHHAS HA MAaKCMMYMBI 110 4actotaM. CTpesIkaMu IToKa3aHbl COOT-
BETCTBYIOIIIME MeCTa Ha ()parMeHTaxX BHIEO M CeCMUYECKOi 3amuceii: I — OTPBIB IILIOHI Jibla; 2 — MaaeHue Jibaa B Boay. Ha
CTOI-Kaapax BUAEO3aIMCH 3TH MecTa 00BEIeHBI KPACHBIM I[BETOM

Fig. 4. Comparison of the time-frequency representation of the infrasound recording of the PYR seismoinfrasound group
and the video recording of a typical calving event on the Nordenskjold glacier front on August 17, 2016 at 07:02:32.2 UTC:

a — waveform; 6 — Fourier spectrogram, normalized to maxima in frequencies. The arrows show the corresponding places on the
fragments of video and seismic records: / — detachment of a block of ice; 2 — ice falling into the water. These places are circled in

red in the video recordings

YcTaHOBIIEHO, YTO JIBAOTPSICEHMS, TIOPOXKIAIOIINE
TUTaBalolIye aiicOepru, reHepUpPYyIOT CeiCMUYECKHE
M aKyCTUYECKHME CUTHAJIBI 0COOOTr0 CIEKTPaJIbLHOTO
COCTaBa M XapaKTepU3YIOTCsS HAIMYKEM SIPKO BhbIpa-
JKEHHBIX TOJIOC B CITEKTpOrpaMMe Ha ydJacTKe 3alli-
CH, CJIENYIOIIEM 3a CUTHAJIOM OT MaIeHUsI JIEASTHOIO
Osioka B Bony. JleTanbHBIN aHATIN3 pa3IMUHBIX (a3 re-
HepaLy TAKKX CUTHAJIOB IMOKAa3aJl, YTO SIBHbIE YETKO
BbIpaXkKeHHbBIE TIPU3HAKU alicOEPrOoreHHOIo COOBITHS
B CIIEKTpe 3aliCcy Ha CeiCMUYECKUX U MHDpa3By-
KOBBIX KaHajlax (POpMUPYIOTCST B pe3yIbTaTe OTpa-
JKEHUI, TeHEPUPYEMBIX MaeHUEM JIEISTHOTO OJI0Ka B
BOZY, BOJIH OT JJHA Y TOBEPXHOCTH BOJPI.
OmnucaHHbBIE B HACTOSIIEN CTaThe HAOIIOAEHUS
MPOBOJMIA Ha OTHOCUTEJIBHO HEOOJIBIIIOM PACCTOSI-
HUM OT UICTOYHMKA T'eHepallK LIeJIEBBIX CUTHAJIOB —
nopsaka 12 kM. PaHee, B Xone 3KCIepuMeHTaIb-

HBIX HAOJIIOACHUI B pailoHe JIeAHUKA DcMapKa B
2012—2014 rr. [15], celicMonH(ppPa3ByKOBOI TpyII-
noit bapeHOypr ObLIM 3aperucTPUPOBAHbBI Maphl
ceiicMOMH(MPa3BYKOBBIX CUTHAJIOB C PACCTOSIHUS
nopsiaka 25 KM, 0JHAKO UX IPUYPOYEHHOCThb K
mnpoileccaM aiicoeproodopa3oBaHus He ObLIa MO -
TBep:KAeHa BuacoHabmoaeHusIMu. [1peaioxkeHHbIi
noaxon K ooHapykeHUIo (akToB alicoeproodpaso-
BaHUsI HA OPOHTAX BHIBOIHBIX JICAHUKOB TpeOyeT
JIanbHEeWIe BeprpUKaluyd Ha OOJBIINX YAAICHU -
SIX UCTOYHUKA OT celicMOMHGPa3BYKOBOI TPYIIIIHI.
IMonydyeHHbIe B X0[e MPOBEACHUS JAHHOTO DKCIIE-
PUMEHTa aMILIUTYTHO-YaCTOTHBIE XapaKTePUCTUKU
CeMCMUYECKUX Y MH(PPA3BYKOBBIX CUTHAJIOB OyIyT
MCIIOJIb30BaHbI /I AAIbHEHIIIETO Pa3BUTUS METOAA
MOHUTOPMHTIA OTKOJIa alicOeproB Ha PacCTOSIHUSIX B
MepBbIC COTHU KUJIOMETPOB.
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3aKinoyenue

B pesynabraTte 3KCcneprMMeHTa MO COBMECTHOMY
ceiicMuyeckoMy, MH(PPa3ByKOBOMY U BUICOMOHU-
TOpUHTY JienHuKa Hopnenmrenbaa B aBrycre 2016 T.
06110 oOHapykeHo 20 ceficMUUecKUX 3arnuceii 00-
pylieHuil (ppoHTANIbHON YacTu JIeAHUKA, COMPO-
BOXXIaeMBIX BuaeopsaoM. YacTh cOOBITHI 3aperu-
cTpupoBaHa MH(pa3ByKoBoit Mukporpynmnoii PYR
B nnoc. Ilupamuga. B pe3ynbTaTe COmocTaBIeHUS
CUHXPOHU3UPOBAHHBIX 110 BPEMEHHU BUIIEO3aIIN-
ceit obpymenus gppoHTa tenanka HopneHmensaa,
a TaKXXKe CeICMMYECKOro M MH(PPa3ByKOBOTO CUT-
HaJIOB YCTaHOBJICHO, YTO XapaKTepHbIe (a3bl Ipo-
ecca aiicoeproobpazoBaHus (0TKoaA ¢pparMeHTa
JIbIA OT (PpPOHTA JIGAHWKA, TTaJlcHUE JISASTHOTO 0JI0Ka
B BOIY, OTpaxkeHHEe BOJH OT IHA U IIOBEPXHOCTU
BOJIBL.) IIPUCYTCTBYIOT Ha CEMCMMYECKUX 1 MH(Ppa-
3BYKOBBIX 3aITMCSIX TAKUX COOBITUI. YCTaHOBIICH-
HbI€ CIIEKTpaJiIbHO-BpEeMEHHbIE OCOOEHHOCTHU CUT-
HaJIOB OT alicOeproreHHBIX JbAOTPSICEHUI OYIyT
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