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Abstract. The article presents the main characteristics and studies spectral and recording capabilities of ex-
perimental samples of three types of molecular-electronic hydrophones with different sizes of electrochemi-
cal converting cells, which were installed in the central part of the south of Sakhalin Island and on Kunashir
Island (southern part of the Kuril ridge) at the end of 2018. A hydrophone on a new technological basis (with
an increased sensor sensitivity relative to previously conducted studies) was approved on Kunashir Island.
Equipment of this type was used for observations on the territory of the Sakhalin region for the first time.
As a result of continuous seismoacoustic observations on Kunashir Island, in seven cases out of 35 studied
(from May 1, 2019 to February 29, 2020) earthquakes, a low-frequency anticipatory signal (LFAS) was de-
tected, and all seven events had a depth of hypocenter of more than 80 km. In the area of the Central Sakhalin
fault, in addition to the possibility of registering the LFAS, spectral features in the recording of waveforms
were studied for different conditions of instrument installation. It is shown that the influence of such atmos-
pheric factor as wind load significantly affects hydrophones located in a shallow water body and a shallow
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open borehole. However, molecular-electronic hydrophones have demonstrated the ability to fully record
seismic events regardless of the installation conditions of the equipment.

Keywords: seismoacoustic observations, molecular-electronic hydrophone, spectral density, seismic events,
low-frequency anticipatory signal
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CelicMOaKkyCTU4YECKHE MCCIE0BaHUS CErOJHS
BOCTpeOOBaHbI B CEiCMOpa3Be/IKe, IIPU OLIEHKE pU-
CKOB B MOPCKOM M IPUOPEKHOM CTPOUTEIHCTBE,
B CUCTEMaxX OXPaHbl AKBATOPHUI U MPOUUX OKEaHO-
rpaduyeckux HaOmoneHusx. He nocnennee mecto
B 3TOM CIMCKE 3aHHUMAET U3yUYE€HUE CEHCMHUYECKUX
IIPOLIECCOB C HCIOJIB30BAHUEM T'MJPOaKyCTHYe-
ckux cucreMm. Kak Obuio panee nokazaHo [bopu-
CoB U Jip., 2013], npuMeHeHne ManoradapuTHBIX
rUIPOGOHHBIX CHCTEM B YCJIOBUSIX MEJIKOBOAbS
MIO3BOJISIET PETUCTPUPOBATh PErMOHAJIBHBIE 3EMIIE-
TPSICEHUs1, B TOM 4HcCJIe c1a0OMarHuTyHbIE U [Ty~
00K0(pOoKyCHBIE, TOKAIbHBIE MUKPO3EMIIETPSICEHUS,
MIPOU3BOIUTH OLIEHKY [1apaMeTPOB 3eMJIETPSICEHNUH,
(UKCUPOBATH CUTHAJIBI T€0AKYCTUYECKON AIMUCCUH,
BBISIBJISITH HAINPSKEHHO-E(POPMUPOBAHHBIE COCTO-
SIHUSI TE0JIOTUUECKUX TIOPOLL.

Ha o. Caxanun u Kypuiibckux octpoBax ruipo-
aKyCTHUYECKUE O3epHbIC U celicMuueckue oepero-
Bble HaOmoaeHus nposoawinck B 2006-2012 rr
B paiioHe llentpanbHo-CaxanMHCKOIO pasjioma
0. CaxainuH, a Takxke Ha ocTpoBax Kynamp u [11u-
kotaH [bopucos u np., 2012; bopucos, bopucos,
2017]. HabGmroneHuss mpOBOAMIM TIPU TIOMOIIH
rUApOGOHHBIX ABTOHOMHBIX ~CEMCMOCTaHLUH,
pa3paboTaHHBIX M U3rOTOBJIEHHBIX B WHcTUTy-
Te Mopckoil reosnoruu u reopusuku J[BO PAH
(UMI'ul' AIBO PAH) nsis nonroBpeMEHHOro Tu-
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JIPOAKyCTUYECKOTO HAOIFOMEHMSI 32 CEHCMUYECKON
akTUBHOCTHIO [bopucos u nip., 2013].

JlanHple HaOMIONEHHS HOCWIM MpEeUMyIIe-
CTBEHHO JKCIEAMLIMOHHBIA Xxapakrep. Hecmo-
Tpsi Ha OONBIIOE KOJMMYECTBO MOMEX MPU PEru-
CTpallii TUJIPOAKyCTHUECKHX 3aIlluceH, yaanoch
yctanoBuTh [bopucoB u np., 2012], uro cnadseie
3eMJIETPSICEHUSI YBEPEHHO PETUCTPUPYIOTCS TH-
IpohOHHBIMU CTaHIUSAMU. Taxke ObUIO MOKa3a-
HO [bopucoB u np., 2012], 4yTo 711 HEKOTOPHIX
Cl1a0bIX 3eMJIETPSACEHUN XapaKTEpHO MOSBICHHE
CBEPXKpPATKOCPOYHOI'0 IpHU3HAKA CEeHCMHUYECKO-
ro COOBITHS — HU3KOYACTOTHOTO YTPEKIAIOIIETO
curHasia (HYC). UntepecHo, 4TO 3aperucrpu-
POBaHHbIE THUAPOAKYCTUYECKHUE OTKIUKHU B BUIE
HYC xopomio Buanbel Ha yactote 6 I'u, a mpo-
JOJKUTEIbHOCTh CUTHAJIA COCTABIISIET IPUMEPHO
3 % ot o01Iel MPOJOIKUTEIHLHOCTH 3alIUCH BOJI-
HOBOH (POPMBI.

B HacTosmieit paboTte ncciieioBaHbI CIIeKTpalib-
HBIE U PEruCTPALMOHHBIE BO3SMOKHOCTH TPEX THU-
OB THAPO(OHOB B 3aBHCUMOCTH OT UX KOHCTPYK-
TUBHBIX ocobeHHocTell. [mapodonsr 769 u 8§91
ObUTH YCTaHOBJIIEHBI B COBEPIIEHHO Pa3HBIX yC-
JIOBUSIX, YTO TIOMOIJIO BBISIBUTH BO3JEHCTBUE
pa3IMYHBIX aTMOC(hepHBIX (HaKTOPOB Ha paboTy
obopynoBanusi. C UCIIOIB30BaHHEM MOJIEKYIISIP-
HO-2JIEKTpOHHOTO ruapodona 770, mpemocTas-
nenHoro OOO «P-cencopc», Ha o. Kynammp
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IIPOBOJUINCH HETIPECPBIBHBIC THAPOAKYCTHUCCKUEC
HaGJIIOIleHI/ISI, KOTOPBIC IMO3BOJIMJIN IMOJTYYHUTb HC-
IIPOTUBOPECYHUBLIC JaHHBIC CPABHUTECIIBHO C Ooiee
PaHHHUMU UCCICIOBAHUAMMU.

HIupoxkomnoiocHbie rHAPOPOHBI

HAa OCHOBE MOJICKYJIAPHO-2JICKTPOHHOI0
nepeHoca AJsi MpoBeIeHUus
CeliCMOAKYCTHYECKOI0 MOHMTOPUHIA

CyIecTByOT pa3inyuHble TEXHOJIOTHH H3TO-
TOBJICHUS! TUAPOPOHOB — NATUHUKOB, U3MEPSIO-
IIMX BapUaIluy aKyCTHYECKOTO JaBneHus. Hanbo-
Jee pacmpoCTpaHeHbl THAPO(OHBI, OCHOBAHHBIE
Ha AJEKTPOTUHAMUYECKOM, TTHE303JIEKTPHUECKOM
W MarHUTOCTPHUKIIMOHHOM 3(dekrax. HezaBucu-
MO OT TEXHOJOTHH, WCIOIb30BAaHHOW TpPH CO3-
JaHUM TUAPOPOHOB, BO3MOKHOCTH H3MEPEHHUS
CJTa0BIX CUTHAJIOB C IOMOIIBIO THIPO(OHOB Orpa-
HUYEHBI YPOBHEM PETUCTPHUPYEMBIX ITIOMEX, HE OT-
HOCSIIIIMXCS K TIOJIE3HOMY CUTHATY U MPEICTABIIS-
IOLUX, C TOYKU 3PEHHs MPOIIECCOB HU3MEpPEHUs,
myM. B HacTosimeM uccieoBaHUH TpeACcTaBIIe-
HBI PE3yJIbTAThI MPAKTUUYECKOTO OIBITA UCIIOIB30-
BaHUs THIPO(OHOB, CO3AHHBIX HA OCHOBE MOJIe-
KYJISIPHO-3JIEKTPOHHOTO mepeHoca 3apsiaa (MOI])
00O «P-cencopce» B corpyaHudecTse ¢ LleHTpom
MOJICKYJISIPHOU DJIEKTPOHUKH MOCKOBCKOTO (u-
3uKo-TexHruueckoro uucruryra (MOTHN) [3aiies
u ap., 2019]. Texnonoruss M3II, ycnemHo 3ape-
KOMeHIoBaBmast ceds B 00JacTh CENCMOIOTHH

U reo(U3NYecKHX HCCIeOBaHMM, Halula MpH-
MEHEHHUE U MpHU pa3paboTKe JaTYMKOB JaBJICHUS,
OTIIMYHBIX OT TPAAMLMOHHBIX IbE30KEpaMHUUe-
CKHX, MUKPOMEXaHUYECKUX M ONTOBOJIOKOHHBIX.
OTIUYUTENEHBIME ~ OCOOEHHOCTSAMH  JaTYUKOB
Ha ocHOBe MOII SBIAIOTCS UCKIIIOYUTEIBHO BbI-
COKasi 4yBCTBUTEIBHOCTb M HHU3KHH YpPOBEHb
COOCTBEHHBIX IIYMOB B 00JIaCTH HH(PPaHU3KUX
yacToT. DyHAaMeHTaIbHble MPUHIMIBI PabOThI
cucteM Ha ocHoBe MDOII goctaroyHo moapoOHO
u3JoeHs! B tureparype [Huang et al., 2013; By-
raeB u 1p., 2018]. OcHOBy H000TO YCTpOICTBA,
paboraromiero o Texuonoruu MOII, cocTaBuser
NIEKTPOXUMHUUECKas peoOpasylolias suenka.

KoHCTpyKIIMsT M OCHOBHBIE NIPHUHLHUIIBI pa-
00TBl MOJIEKYJSIPHO-3JIEKTPOHHOTO TUAPOPOHA
C OTpHIIATETHLHON OOpaTHOW CBS3BIO IMOKA3aAHBI
Ha puc. 1 [Zaitsev et al., 2018]. Dnexrponaker,
COCTOANINI U3 HA0Opa CETYATHIX IEKTPOJIOB, 1O~
MEIIAIOT B pacTBOP MEKTPOJIUTA MEXKIY YIIPYTH-
MU PE3UHOBBIMU MEMOpaHaMU BHYTPU BHELTHETO
xopnyca ruapodona. K oqHoi u3 18yx memOpaH
NPUKPEIJICH MarHuT, KOTOPBIi MOXeT CBOOO[-
HO IepeMeniarbcsi BHYTpU KaTymku. KaTyiika
JKECTKO TMPHUKJIEEHA K BEPXHEH KpbIKe. TexHu-
YECKUH PE3YyNbTaT JOCTUTaeTcsi TeM, YTO OJHa
ynpyras MeMOpaHa HMeEET HEeNOCPEICTBEHHBIH
KOHTAKT CO CPEJOil, B KOTOPOH PacipOCTPaHSIOT-
Csl aKyCTHUYECKHE BOJHBI, @ BTOPAsi OrpaHUYHBACT
OTIpeJIeNIeHHbI 3aMKHYTBHIH 00BEM BO3/yXa IMpH
3a/laHHOM JJaBJICHUU.

Puc. 1. KoHcTpyKuus v BHEITHUN B MOJIEKYJISIPHO-3JIEKTPOHHOTO THApodoHa [Zaitsev et al., 2018]. 1 — BHewHuit Kopiyc
ruapodoHa, 2 — KaTymka, 3 — MarauT, 4 — MeMOpaHbl, 5 — BIEKTPOIAKET, 6 — AIEKTPUIECKHE KIEMMbI aHOAOB M KaTOJOB,
7 — pacTBOp IMEKTPOIINTA, 8 — BEPXHSS KPHIIIKA.

Figure 1. Construction and appearance of a molecular-electronic hydrophone [Zaitsev et al., 2018]. 1 — outer case, 2 — coil,
3 —magnet, 4 — membranes, 5 — electrical package, 6 — electrical terminals of anodes and cathodes, 7 — electrolyte solution,
8 — upper cover.
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Pa3paboTunkom, B COOTBETCTBUH C PE3YJIbTa-
TaM{ MaTeMaTH4eCKOTO MOJISTMPOBAHMSI, TTOKa3a-
HO, YTO OCHOBHBIM MapaMETPOM, BIHSIOIIUM Ha
XapaKTEePUCTUKH MOJIEKYJIIPHO-3JIEKTPOHHBIX TU-
Ipo¢OHOB, SABIAETCS pa3Mep IUIOLAau npeodpa-
3yIOLIer IEKTpoaHoU ssueliku. Kpome pasmepos
SYEHKN Ha HKCIUTyaTallMOHHBIE CBOMCTBA TUIPO-
(OHOB OKa3bIBAIOT BIUSHUE KECTKOCTh MeMOpa-
HBI ¥ BEJIMYMHA TUIPOTUHAMUIECKOTO COTIPOTHUB-
neHus [Zaitsev et al., 2019].

Jns mpoBeneHHsT CEHCMOAKYCTUYECKUX Ha-
omonenuit Ha Caxanune u Kypunbckux octpoBax
KoMIanuen «P-ceHcopc» OBLIM MpPeIoCTaBIEHBI
TPU DKCIEPUMEHTAIBHBIX oOpa3ia ruapodoHa,
pazMyaroIuyecs: paMepaMu STYErKu: 6 X 6 MM,
3 X3 MMu2 X2 MM, a TAKXKE JKECTKOCTHIO MEM-
Opan (Tabdm. 1).

B runpodonax 769 u 770 msmeHeHHE UYB-
CTBUTEJIBHOCTH TNPOUCXOJUT IVIABHBIM 00pazoM
Onarogapsi yYBEJIMUYEHHUIO JKECTKOCTH CHCTEMBI
U3-32 MOCTENEHHOrO CXKAaTHUs BO3IYIIHOTO ITy3bl-
psl, 3aKJIIOYEHHOTO MPU aTMOC(HEPHOM JIaBICHUU
B KOpITyce Nprudopa BO BPEMsI €r0 U3rOTOBJIECHMUS.
I'uapodpon 891 wumeeT npUHIMNHAIBHO ApY-
I'yI0 KOHCTPYKIHMIO — PacIIMPHUTENbHBIH 00BbeM
3aM0JIHEH CUJIMKOHOBOM JKUAKOCTBIO, KOTOpas
CXKMMaeTcs MPH BO3HUKHOBEHHUU IABIICHUS, YTO
MO3BOJISIET COXPAHATh CTaTUYECKOE JaBIICHHE
u obecreunBaTh pabOTOCIOCOOHOCTH 0 30 M.
[Ipu 5TOM XKECTKOCTh MEMOpaHbl HE OKa3bIBaeT

BIMSHUS Ha MapaMeTpbl THAPO(OHA, MOCKOIBKY
3HaueHNe 00bEMHOTO MOJYJISI YIIPYTOCTH MCTIOIb-
3yeMOU CHIIMKOHOBOMW YKUIKOCTH (ITOJMMETHIICH-
JIOKCaHa) BBIIIE 3HAYCHHUS )KECTKOCTH MEMOPAHBI.
J171s1 UI3TOTOBJIEHHBIX 00Pa3II0B pa3pabOTIYHK MPO-
BEJI SKCIEPUMEHTAJbHYIO J1a0OpaTopHYO Ipo-
BEPKY aMIUIUTYHO-9aCTOTHBIX XapaKTePUCTHUK
Y TIPEIOCTaBIII KATMOPOBOYHBIEC TAHHBIE 110 KaK-
noMy obpasiy (puc. 2).

W3 mpencraBneHHBIX MaHHBIX BUAHO, YTO
B COIJIAaCHH C TEOPETUYCCKUMH MOJENSIMU 00-
paszer; MOJEKYISIPHO-3JIEKTPOHHOTO THUAPOQOHa
C y3JI0M pa3mMepoM 2 X 2 MM B 00JIaCTH BBICOKUX
Y HU3KHUX YaCTOT UMEET MEHBINWHN CraJl aMIUId-
TYIHO-YaCTOTHOU XapaKTEPUCTUKH.

Puc. 2. AMIUIATYTHO-9aCTOTHBIE XapaKTEPUCTUKA 00pas3-
LIOB MOJICKYJISIPHO-3JIEKTPOHHBIX THUAPO(POHOB C pas3iiny-
HBIM Pa3MepOM SYCHKH.

Figure 2. Amplitude-frequency characteristics of samples
of molecular-electronic hydrophones with different cell
sizes.

Tabnuya 1. CBonHasi TAGINIA ¢ XapaKTEPUCTHKAMH IKCIEPUMEHTAIBLHBIX 06pa3oB*

Table 1. Summary table with characteristics of experimental samples*

Homep o0Opasma

XapakTepucTuka

769 770 891
[Tnomans mpeodpa3zyromiei 66 3% 3 2%x2
UIEKTPOJHON AYEHKU, MM
XKectkocth MeMOpansr, [1a/m? 34.6- 10" 13.1- 10" -
Ionoca nponyckanus, I'y 1-200 1-300 1-300
UyscTBHUTEIHHOCTH, B/I1a 0.0020 0.0020 0.0028
CobctBenHsIit myM, Ha 1 Ty (o
orHourerno k 1 MxITa/NT'r) 65 nb 65 nb >0 ab
['myOuna morpykeHus mo 10 m mo 10 m mo 30 m

*COIJIaCHO TEXHHUYECKOHN JTOKYMEHTAIMHU [TPOU3BOIAUTEIS.
*According to the technical documentation by the producer.

Tpumeuanue. T'abapuTsl Bcex THAPOQOHOB: AuaMeTp 33 MM, BeIcOTa 47 MM; uana3oH pabounx temreparyp: —40...+65 °C.
Note. All hydrophones dimensions: diameter 33 mm, height 47 mm; operating temperature range: —40...+65 °C.
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PacnosioxkeHue M ocHalieHHe MYHKTOB
HAOTI0TeHU

B xauecTBe TeppUTOpHM A HCCIENOBAHUS
BO3MOXKHOCTEH TPENOCTABICHHBIX THUAPO(POHOB
OBLITM BBIOPAHBI YYaCTOK B IEHTPAJIBHOW YacTH
tora o. Caxanus B paiione [lentpanbHo-CaxanuH-
CKOro pasinoma u o. KyHammp, pacrnonoXeHHbIH
B 10)kHOM yactu Kypuibckux octpoBoB (puc. 3).
Ha rore o. CaxanuH mpoxuBaeT OObIIasi 4acTh
Hacenenust CaxallMHCKOM 00acTH, MO3TOMY BO-
IIPOCHI CEMCMUYECKOTO MOHUTOPUHIA AJIS 3TOTO
paiiona akryanbHbsl. KOxnbie Kypunbckue ocTpo-
Ba COCTABILIIOT YacTh Kypuno-Kamuarckoit nyry,
SIBIISIOILIEHCS] KIIACCUYECKUM MPUMEPOM CYOITyK-
Ui THXOOKEeaHCKON JTUTOC(HEpHOH IUIMTHI MOA
MaTepHuK, 4YTO OOYCIIOBIMBAET YpPOBEHb Celic-
MUYHOCTH PETHOHA — OJIMH M3 CaMbIX BBICOKHUX
Ha 3emie.

Mecrta pa3mernieHuss 000pyJoBaHUs BbIOKpa-
TV UCXOJIS M3 HAIMYHS HHPPACTPYKTYPHI U TPH-
€MJIEMBIX YCIIOBUH pEerucTpaluu.

B paitone [entpanbHo-CaxaquHCKOro pas-
JoMa B KauecTBE MECT YCTaHOBKHU THUAPO(POHOB
ObuTM BBIOpaHBI KOMIUIEKCHBIH Te0(U3NYEeCKHI
nosmron UMI'ul” JIBO PAH B cene Ilerpomas-
noBckoe AnHuBCKoro paiiona [Kostylev et al.,
2019] u myHKT CcEeMCMHYECKOT0 MOHMTOpPHHIA
B cOCTaBe JIOKanpHOU cetu tora Caxanuna Ca-

Puc. 3. PaifoHBI celicMOaKyCTHYECKHX UCCIICAOBAHUN U Me-
CTa pa3MEIICHUs ITyHKTOB HAOIIOACHUH.

Figure 3. Areas of seismoacoustic research and location
of observation points.
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xanuHckoro ¢unnana deaepanibHOro HCCIENO-
Barenbckoro IneHrpa «EnuHas reopusnyeckas
cinyxx6a PAH» (CD ©UL EI'C PAH) B ypoun-
nie 3aropckoe [lomuHckoro paiiona [CemeHOBa
u ap., 2018]. B nepBom cityyae sl yCTaHOBKH
ruipooHa Ha MOJIMIOHEe ObLIa MOCTPOEHa clie-
[UaJbHasi CaMOOOBOJHSIOIIANACS CKBaXXKMHA TITy-
ounoit 3.5 M. CxBaxkuHa oOcaxeHa nephopupo-
BaHHOM TuTacTUKOBOM TpyOoii 110 MM. Bo BTOpOM
cllyyae YCTaHOBKa T'MIpo¢OHa NPOM3BOAMIACH
B OTKPBITOM Bojpoeme (mpyz pazmepoM 3 X 9 m)
Ha niryoune 0.5 M.

Ha o. KyHamup mectoM yCTaHOBKH THAPO-
(oHa MOCITYKUJI TeOAMHAMUYECKUN TOJIMTOH Ha
6a3e cericmuueckoii ctanuu «FOxxuHo-Kypunbsck»
C® OUILL EI'C PAH. Ha Tepputopun noiaurona
pacnojoxkeHa HaOnofarenbHas CKBaXHMHA THU-
nporeonedopmaniioHHOro MoHUTOpUHTa Ne 2722
000COOJICHHOTO CTPYKTYpHOTO TOJpAa3/IeICHHUS
«CaxI'PO» AO «/lansaeBoctounoe [11'O» ry6u-
Hoit 303.3 M, oOcakeHHast Ha BCro Tryouny [/e-
MEXKO U J1p., 2009]. I'mnpodoH pa3MelieH B 3TOi
CKBa)XMHE Ha TITyOuHe 25 M B 00CcaHON KOJIOHHE
auameTpom 245 mm.

Takum oOpa3om, Bce TOUKU CEHCMOaKyCcTHIe-
CKHUX HaOMIONEeHUH 00OpYIOBaHBl KaK aBTOHOM-
HbI€ MYHKTbl MHCTPYMEHTAJIbHBIX HAOIIOCHUM
(ITMH), sBastoniyecss 4acThi0 IMOJUTOHOB KOM-
IJICKCHBIX Teodu3nyeckux HaOmoneHui. Ilpu-
Mep CXEMbl OCHAILIEHUS MTOJIUTOHA, C BbIIEICHUEM
B €ro cocraBe 00OpYIOBAaHUS aBTOHOMHBIX ITyH-
KTOB CEHCMOAKyCTHUYECKUX HAONIONEHUMN, Mpe-
cTaBJieH Ha puc. 4. [TonHbIl nepedyeHb XapakTepu-
CTHK ITyHKTOB HaOJIfOIeHUI TpUBECH B TA0M. 2.

Jlnst cOopa maHHBIX HA BCEX MyHKTax HaOIIO-
JICHUI MCIIOJIBb30BaH PETUCTPATOP CEMCMUYECKUX
curHanoB NDAS-8226 (URL: http://r-sensors.
ru/ru/products/data_loggers/ndas-8226 rus/) —
24-pa3psiiHas CUCTEMa, NPEUMYILECTBEHHO OI-
TUMU3UPOBAHHAS ISl aBTOHOMHOM pEerucTparuiu
CEHCMHUYECKUX JaHHBIX B IIOJIEBBIX YCIIOBUSX.
OTnnuuTenpHble NMPU3HAKM CHCTEMBI — IMPOCTO-
Ta B UCMOJb30BAHUU U HAJIEKHOCTh B COYETAHUU
C BBICOKMMU TEXHMYECKHUMH XapaKT€PUCTHKAMH.
Jlyis mepenauv JaHHBIX U KOH(DHUTYpUPOBaHUS CH-
crembl ucnonbiytorcst USB u Wi-Fi coennnenus;
32 T'0 BHYTpEHHEH MaMsTH TO3BOJSIOT BECTH
JUTUTENIbHYI0 PErUCTPALMI0 JAaHHBIX B aBTOHOM-
HOM pexkumMe. CrcTeMa OCHallleHa BHICOKOTOUHBIM
KBAapLEBbIM T'€HEPAToOpoM C MPHUBSI3KOM K abco-
aroTHOMY Bpemenu ¢ nomoiisio GPS/TJIOHACC.
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Tabnuya 2. XapaKkTepHCTHKH MYHKTOB HAOIIOIeHHIT
Table 2. Characteristics of observation points

Peructparop
CEeCMUYECKUX CUTHAJIOB

Cucrema
AIIEKTPOTUTAHUSL

NDAS-8226 (s/n 4403)

Axxymynsatop B.B.Battery
BP 5-12 (12V; 5 Ah).
3apsiiHOE yCTPOUCTBO

NDAS-8226 (s/n 4410)

Axkymymsitop Delta DT
1265 (12V; 65 Ah)

XapaKTepucTuka «HeTp?SE?E)BCKOG» «33&08%06» «}Oxn0-Kypunsck» (YUK)
Howmep runpodona 769 891 770
Koopnunatst 46.789° N; 142.496° E 47.305° N; 142.489° E 44.035° N; 145.861° E
['myOuHa ycTaHOBKH, M 35 0.5 25

Jlata ycTaHOBKH 24.10.2018 11.06.2020 27.04.2019

NDAS-8226 (s/n 4404)

Axxymynsatop CSB GP
1272 (12V, 7Ah).
3apsAHOE yCTPOUCTBO

Conap ¥3205.01

Comnap ¥3205.01

DNeKTpONUTaHWe TYHKTOB, 3a WCKIIOYCHHEM
[IMH «3aropckoe», Ile OTCYTCTBYET MOIKIIIO-
YeHHE K DJIEKTPHUUECKON CceTH, obecreunBaeTcs
12-BOJTBTOBBIM HCTOYHUKOM MTUTAHUS C BHEITHUM
aKKyMYJISITOPOM, YTO TapaHTUPYET paboTy KOM-
IJIEKCa B CIy4yae OTKIIIOUEHHUS SJIEKTPOIHEPTHUHU.
Ha ITMH «3aropckoe» HCHOIB3yeTCsl TePMETHU3H-
POBaHHBII CBHUHIIOBO-KHCIIOTHBIN aKKyMYJSTOD
E€MKOCTBIO 65 AXd4, 00eCIIeYnBaIONINi aBTOHOM-

HOE€ DJICKTPONMUTAHUE KOMIUIEKTa (pEerucTparop—
ruzpodoH) 10 50 cyT HenpephIBHOM padOTHI.
Hacrpoiika mapameTrpoB paboTsl 000pynoBa-
HUS IPOU3BOJUTCS C UCTIONIb30BAHUEM IPUIIOXKE-
Hust NDAS, npennasHaueHHOro Ui yIpaBieHUs
peructparopamu cepurt NDAS. [Ipunoxenue no-
3BOJISIET TPOU3BOANTE HauyaJbHOE KOHPUTYypUPO-
BaHUE yCTPOWCTBA O Havyasa paboThl, KOHTPOJIb
COCTOSIHUSL CHUCTEMBI, 3alllCh CEHUCMHUYECKUX

Puc. 4. OcHamenne KOMIUTEKCHOTO Teodm3maeckoro nonmuroHa «I[lerpomasnoBckoey. KpacHoit pamkoit BbIeneHo 060py-

JTIOBAaHUE [T CEHCMOaKyCTHUECKUX HAOIIONCHUH.

Figure 4. Equipment of the “Petropavlovskoe”complex geophysical test site. Equipment for seismoacoustic observations

is shown within red frame.
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CHUTHAJIOB Ha BCTPOEHHBIA HOCUTENb — SD-KapTy,
MIPOCMOTP 3alKChIBAEMOI MH(POPMAIIUH B pealib-
HOM BPEMEHU.

B coorBercTBUM € KOHLENUIMEH CO30aHUS
ABTOHOMHBIX ITYHKTOB WHCTPYMEHTAJIbHBIX Ha-
ONMIONeHUI OpraHW30BaH YNAJICHHBIA JIOCTYM
K PErUCTPUPYEMBIM JaHHBIM, a TAKK€ KOHTPOJIb
U yrpaBieHHe paboToil yCTaHOBIEHHOTO 000pY-
nosanus. [l obecrieueHus yaaaeHHOro JoCTyna
U ympaBlieHUs] pabOTON PEerucCTPUPYIONIEro 000-
pynoBanus ucnonb3yercs Wi-Fi mapuipytuzarop
¢ noanaepxxkoil 4G, KOTOpBI MO3BOJISIET YIpaB-
JATh paboToii cuctemsl yepe3 MuTepuer. MoneMm-
MapupyTuzatop nonkiarouaercs k NDAS-8226
¢ nomonpro Wi-Fi-coequHeHus, 4To IMO3BOJISET
eMy OBITb PACHOJIOKEHHBIM HE3aBUCHMO OT Me-
CTONOJIOKEHUs peructparopa. Pabora ¢ perucrpa-
TOPOM B PEXHUME YAAJIEHHOIO J0CTyIa IPOU3BO-
mutcst 4yepe3 BeO-uHTEepdeiic NDAS, koropsbrit
NpeAHa3HAYeH /U1 KOHPUTYPHUPOBAHUS yCTPOHCTB
NDAS, B ToM uncie, u Ha cMapTdhoHaX U IJIaHIIIe-
Tax. OH 03BOJISIET IPOU3BOJAUTH TE K€ OIIEPALINHY,
y1o U nporpamma NDAS. B pexume yaaeHHOTro
J0CTyIla OCHOBHBIMHU TIPOLIEAYypaMH IpU padoTe
¢ BeO-uHTEpQEiicoM ABISAIOTCS KOHTPOJb CTaTyca
U YIPAaBJIEHUE YyCTPOWCTBOM, PEXHUM IPOCMOTpa
CUTHAJIa B PEAJIbHOM BPEMEHU U JOCTYIl K Kara-
nory FTP-cepsepa ycrpoiictBa. Joctyn k FTP-
cepBepy IMO3BOJISIET 00ECHEeYUTh MOJyYEHUE UH-
(opmaIum ¢ perucTparopa JoObIM YCTPOUCTBOM,
MMEIOIINM MOJIKJIFOUEHUE K ceTH MHTepHeT.

Ilocne BBenEeHUS KOMIUIEKTOB PETHCTPUPYIO-
LIeH anmnaparypbl B SKCILTYyaTalUI0 I KaKJI0TO
[INH 6bu10 MPOBEIEHO UCCIIETOBAHUE IITYMOBBIX
XapaKTEPUCTUK METOAOM KOPPEJSILIMOHHOIO aHa-
7132 C OCIEAYIOLUM PacyeTOM INIOTHOCTU MOIII-
HOCTEH IIIyMOBBIX CUTHAJIOB B YCIIOBUSAX, MaKCH-
MaJbHO MPUOIMKEHHBIX K 3TaIOHHBIM [ [lpOo3HUH,
Hpo3uuna, 2010]. Jnga mpoBeneHus pacyeToB
ObuIM BBIOpAHBI OTPE3KH BPEMEHU C HU3ZKHM
ypoBHeM ceiicmuueckoro (ona. [Tonydyennsie pe-
3yabTathl (pUc. 5) MOATBEPKIAI0T BBIBOABI pa3pa-
00TYMKOB 0OOPYIOBaHUS O TOM, YTO CYLIECTBEH-
HBIN BKJIAJ B ITyMbl BHOCHUT KECTKOCTh CUCTEMBI,
a pazMep y3J/1a NPUBOAUT K CHUKEHUIO LIyMa IpU
YBEJIMYEHUH TUAPOJUHAMHYECKOTO COIPOTHUBIIE-
Hus. TakuM oOpas3oM, MOATBEpXKIEHA LIEJIeco0-
Opa3HOCTb CHM)KEHUS Pa3MEpOB MaKeTa IJisi CHU-
YKEHUS LIIYMOB U PaCIIMPEHUS YaCTOTHOM MOJIOCHI
B 00JIACTH BBICOKUX U HU3KUX YaCTOT.
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Puc. 5. CrnexrpanbHasi IUNIOTHOCTh MOIIHOCTH IIIyMOBOIO
curHana (nenuberisl o oTHomeHuro K Mxlla%/T'r) ruapo-
(hOHOB ITYHKTOB MHCTPYMEHTAIBHBIX HAOIIONCHHA.

Figure 5. Power spectral density of the noise signal (decibels
in relation to puPa?’Hz) of hydrophones of instrumental
observation points.

Pe3yabTarsl Ha0MOAEeHUIT

ITHUH «IO0cno-Kypunock»
(ocmpoeé Kynawiup)

Ceiicmoakyctuueckue Habmonenus B [TMH
«}OxHO0-Kypuibck» nposoasres ¢ 2019 r. Ilpak-
TUYECKH Cpa3y B MOTOKE CEHCMOAKYCTHYECKOU
SMUCCUU YHAJNOCh BBIJCIUTH BapHUallMM, CBS3aH-
HbI€ C CYTOYHBIM, MPWJIWBHBIM, aTMOC(EpPHBIM
1 noHocdepHeiM ¢pakropamu [KocteuieB, borun-
ckas, 2019]. He mMeHee MHTEpECHBIM MPEICTAB-
JSeTCS HAMpaBlICHHE IMIOMCKAa TeOoPU3NISCKUX
CUTHAJIOB, KOTOpPbIE MOIVIM OBl HCIOJb30BaThCS
B KaueCcTBE KPAaTKOCPOUYHBIX IMPEABECTHUKOB Iie-
pen celicMu4YecKuMH coObITHsIMU Ha [lampHeM
Bocroke.

B pa6ore [bopucor u ap., 2012] 6sutn BHI-
MOJHEHbl ~ THJPOAKYCTHYECKHUE  HAOIIOACHHUS
U U3YYEHbl CBSI3U PErHCTPUPYEMBIX CHUTHAJIOB
co cnaboil celicMUYHOCTBIO B paifoHe HOxHBIX
Kypunbckux ocTpoBOB. 3aMETHOUM KOPPEIISIIIUU
MEXIy T€0aKyCTUYECKOW IMHUCCHEH U CIaObIMH
3eMJIETPSICeHUSIMU  BbIsIBIIEHO He Obu10. Ilpen-
MOJIOKEHUE O CYIIECTBOBAHWUHU Tepesa CiaadbIMu
3eMJICTPSICEHUSIMM  HM3KOYaCTOTHOTO YIIpeK/a-
romero curnana (HYC, celicmoakycTudyeckuii
OTKJIMK Ha TMOABUXXKY TI€0JIOTMYECKOr0 MAaccCH-
Ba Tepel CEHCMHYECKHUM pa3pbIBOM) HAIILIO
MOJITBEPKACHUE JIMIIb B HEKOTOPHIX CIIy4asix.

Jns mpoBeneHus MCCIEAOBaHUWA B JaHHOM
aCIeKTe aBTOpaMu OblIa BBIOpaHA MPSIMOYTOJb-
Has o0nacTh ¢ koopaunaramu ot 43.0° 10 45.0° N
u ot 145.0° no 147.0° E. Breibopka coObITHIA
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B OTOM 00JIACTH, COIVIACHO OIOJIETEHIO CEMCMMU-
gyeckoil craHimu «tOxHo-Kypuibck», coctaBuna
18 3emuerpsicenuit ¢ M > 4.0 3a nepuog ¢ 1 mas
2019 1. mo 29 dempamns 2020 r. Taxxe uccnemno-
Basiach obmacts B R = 40 KM OT MecTa YCTaHOBKH
rupo¢oHa, KOJIMUECTBO coObITHI ¢ M > 2.0 B Helt
cocTaBwiIO 17 3a aHAaJOTUYHBIN MEPUOJ BPEMEHHU.
['myOuHBI TUIIOLEHTPOB BapbUpoBaId OT 16 110
147 xm. Y13 35 3aperucTpupOBaHHBIX 3€MIIETpsICE-
HUil B 7 cimydvasax Obu1 BeisiBieH HYC. Bee 7 co-
ObITuil UMenu mTyOuHy TunoneHTpa oonee 80 kM
U pacrojarajvuch NpeuMylIecTBeHHO B HOxHO-
Kypunsckom nponuse. Ha puc. 6 mokazano pacro-
JIOKEHUE SMULIEHTPOB 3€MJIETPSICEHUH, ST U3 KO-
TOPBIX UMEIOT YETKO BBIPAXKCHHBIA aKyCTHYECKUN
cursan 4acrorod S5 I'l ¥ npoAOIKUTENIBHOCTBIO
ot 3 o 13 c. Ha aByX 3eMyeTpsiCeHUsX CUTHAJ HE
CTOJIb BBIPA)KE€H, HO €r0 YacTOoTa COBMAJaeT C ya-
CTOTON WACHTHU(PHUIUPOBAHHBIX HAMHU YIPEXKIAI0-
IIUX CUTHAJIOB.

Ha puc. 7 npencraBieHa B BHjE INpUMEpa
3alUCh BOJIHOBBIX (OPM 3eMIIETPSCEHUH, IMpo-
m3omenqmux 14.10.2019 u 18.12.2019, a Taxxke
YACTOTHBIE XapaKTEPUCTHUKU CaMHX CHTHAJIOB
U CEHCMHYECKNX COOBITHIA.

CucremaruzupyeM IMOJyYE€HHbIE HaMU Ha
0. Kynammp pesynbrarsl.

Hn3kouacTOTHBINA YIIPEKIAIONINI CUTHAJI BbI-
sBrieH Hamu B 20 % ciy4aeB OT OOIIEero Kojude-
CTBa CEHCMHUYECKUX COOBITHH W ISl MOJIOBHUHBI
guclia TTyOOKO(OKYCHBIX 3eMJIETPSCEHUN (C TIIy-
ounoit 6omee 80 km). HYC nmen mecto npakruye-

Puc. 6. Celimuueckue cOOBITHS ¢ WACHTU(HHUINPOBAHHBIM
YIPEKAAIOIINM CUTHAJIOM.

Figure 6. Secismic events with an identified anticipatory
signal.

Puc. 7. [IpumMeps! 3anmcH CEHCMUYECKIX COOBITHI C YIPEXKIAIONIMM CHUTHAIOM U CIIEKTPAbHBIA aHaIu3 (C BBIICICHH-
€M TI0 BEPTHKAJIbHOW OCH CTENEHU KOPPENALUH) YHIPEKIAIOIEr0 CUTHANIA U CEHCMHUYECKOTO COOBITHS 10 3aIHCAM, I10-
CTPOEHHBIH KaK (yHKIUsS aBTOKOppeIsiiK curHaia B nporpamMmmuoM komiuiekce JJUMAC [[lpo3uun, [po3nuna, 2010].
A-14.10.2019,B - 18.12.2019.

Figure 7. An example of seismic events recording with anticipatory signal and spectral analysis (with the degree of cor-
relation highlighted along the vertical axis) of the anticipatory signal and seismic event from the records, built as a function
of signal autocorrelation in the DIMAS software package [Droznin, Droznina, 2010]. A—14.10.2019, B — 18.12.2019.
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CKHM JJIsl KaXKIOro BTOPOTo Takoro cooniTusi. He-
cmotps Ha TO yTo HYC CBS3BIBAIOT B OCHOBHOM
C KOPOBBIMHU 3€MJIETPSICEHUSIMU, TPOUCXOSAIIUMHU
Ha JHE OKeaHa B 30HAX CyOAyKIMH, MOMOOHBIC
CUTHAJIbl B HEKOTOPBIX CIIydasX OTMEUEHBI U Te-
pen tirybokodokycHbIMU coObITUSIMU [CacopoBa,
2005].

[TapameTpbl BBIICTICHHBIX HU3KOYACTOTHBIX
KoyieOaHui (Iepuojl, aMIUIUTyda, 4acToTa CHT-
Haja, BpeMs YIPEKICHUS U CTPYKTypa CaMoro
CUTHajia) BapbHUPYIOT He3HauuTenbHO. Ilepuoa
konebanuii cocraBun 0.2 ¢, xoieOaHUS MOSBIISA-
1oTcs 3a 3—13 ¢ o npuxonga P-BOJIHBI, UX MOXK-
HO HaOMIOMATh HAa CEWCMUYECKHUX 3amucsx 0e3
npenBaputensHoro GuibTpa. CXoacTBO Mapame-
TPOB MOXKHO OOBSCHUTH TEM, YTO 3€MIICTPSICCHHUS
C ouaramH B Ipe/ieiax OJIHOTO PerhoHa XapakTe-
PHU3YIOTCSI HE3HAYUTENIbHBIM Pa30poCcoM Iapame-
tpoB HYC [CacopoBa, 2005].

IIHH «Ilemponagnoeckoe» u «3azopckoey
(paiion llenmpansno-Caxanunckozo pazioma)

Hexotopsble pe3ynbraTsl HAOMIONEHUH ¢ TOMO-
uipto runpodona [TMH «IlerponaBnoBckoey» ObLIH
npencrasieHsl paHee [Kawme-
HeB U ap., 2019]. B 2020
aHAJIOTUYHBIE  UCCIIEIOBAHUS
NPOBEICHBl JUIA  TUAPOdOHA
HOBOM MonuduKaluy, pasme-
mienHoro B IIMH «3aropckoey.
Jns anHanu3a perucTpanyroH-
HBIX BO3MO)KHOCTEH HOBOIO
runpodoHa, HX CpaBHEHUs
¢ ruapodponom ITMH «Iletpo-
MaBJIOBCKOE», a Takke s
BBISIBIICHUSI OCOOCHHOCTEH HX
paboThl B Ka4eCTBE HCTOYHU-
ka wuHpopMmamuu o ceicMu-
YECKHX COOBITUSX B paloHE
UCCIIeIOBaHUs ObUT MCIOJMB30-
BaH KAaTaJlOl 3€MIIETPACEHUI
II0 JTAaHHBIM JIOKAJBHOM ceTu
C® ®Ull EI'C PAH 3a nepu-
on ¢ 11 utons no 30 ceHTAOpPs
2020 . B kxBazgpare, OTrpaHHU-
yeHHOM 46.7-47.5° N u 142.2—
142.7° E. Karanor BkJO4aer
B cebs 31 celicmuueckoe co-
owiTue ¢ M = 1.8-3.4. Jlns Bpe-
MEHHOI'O MHTEpBaJla Ka)J0ro
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CEHCMHUYECKOro COOBITUS M3 apXuBa BOJIHOBBIX
dopMm perucTpaTopa CEHCMHUYECKHUX CHUTHAJIOB
NDAS-8226 Obuid BBIFENEHBI COOTBETCTBY-
IolllMe 3amucu, o0pabOTKy KOTOPBIX MPOBEIH
B nporpaMmmHoM komiuiekce DIMAS [/lpo3HuH,
Hpo3uuna, 2010]. s ymobctBa 00paboTKH
CElCMOJIOTMYECKUX MAaTepuajoB HCIO0JIb30Ba-
M pasnuyHble BUIBI QuibTpoB. [lo pesynbra-
TaM 00pabOTKH yCTaHOBJIEHO, 4TO U3 31 3emie-
TPSACEHMsI YeTKas 3allUCh BCTYIIEHUH HMMEETCs
y 14 coOwITHII 110 3ancsaM BOTHOBBIX hopm [TMH
«IleTponasnoBckoe» U 11 22 coObITUH IO 3a-
nucsaM [IMH «3aropckoe». Pe3ynbrarel aHanuza
peructpanoHHbix Bo3moxkHocTed [IMH mnoxka-
3aHbl Ha pUC. 8, WUIIOCTPUPYIOLIEM NIPOCTpaH-
CTBEHHOE pacIpeielIeHUE 3apEruCTPUPOBAHHBIX
KOMILIEKCAMHU COOBITMM B 3aBHCUMOCTU OT MX
MarHuTyZl U pacnoJiOKeHUs dMULeHTpoB. Ceiic-
MUYECKHE COOBITHS, YBEPEHHO 3apEerucTpHUpO-
BanHble [I11H, noka3aHbl LIBETHBIMU MapKepaMH,
a HeHJEHTU(PUIMPOBAHHBIE HA 3alUCAX TUAPO-
(OHOB — MONTYNIPO3pauHBIMH MAapPKEPAMHU.

W3 npencraBneHHOro pucyHKa BUJHO, YTO IIPU
COBMECTHOM HCIONB30BaHuU ruapodonos [TMH

Puc. 8. Perucrparionnsie Bosmoxxnoctu ruzpodonos [TMH «IlerponasioBckoe» (A)
u [TNH «3aropckoe» (B).

Figure 8. Registration capabilities of hydrophones of the “Petropavlovskoe” (A)
and “Zagorskoe” (B) instrumental observation points.
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«ITerponasnoBckoe» u IIMH «3aropckoe» pe-
ructpupytorcs 93.5 % celicMudecKkux COOBITHIA
¢ M > 1.8 B pailone uccnenoBanuil. [Ipu 3tom
[IMH «IleTponaBioBCcKOe» yBEPEHHO PErUCTPH-
pyer ceiicmudeckue coOwitus ¢ M > 2.5 B pa-
nuyce 10 30 kM OT Mecta ycraHoBku, a [IMH
«3aropckoe» — Ha pacctosHuu Oonee 50 KM,
4TO 00BSACHSETCS ropasao 00j1ee HU3KUM YPOBHEM
TEXHOT€HHBIX IMOMEX B MECTE YCTaHOBKU 000-
pynosanus [IMH «3aropckoe», a Takxke ycoBep-
LICHCTBOBAaHHOM KOHCTPYKLIMEHW MCIIOIb3yEMOTIO
ruapodoHa. Paznuuus B KOHCTPYKIMH THIPOdO-
HOB, OYEBUIHO, BHOCAT crieU(PUKY U B (HOPMBI
3anucel U XapaKTepUCTUKU PErUCTPUPYEMBIX CO-
obiTuii. Ha puc. 9 oroOpaxxeHbl THTUYHBIC BapH-
aHTBl PETUCTpAllMU Ha MPUMEpe HAuboIee CUIb-
HBIX CEMCMHYECKUX COOBITHH, MPOU3OIISIIINX 3a
HCCIIeAyEMBIN IEPUO HAa IPUMEPHO OJIMHAKOBOM
yaanenuu (10-15 kM) OT MyHKTOB HaONIOICHUN.
Hna IIMH «IletponaBinoBckoe» 3TO celcMHUe-
ckoe coopiTre 03.07.2020 (M = 3.4), a nns [TMH
«3aropckoe» — cobeitre 12.06.2020 (M = 3.2).
VYKkazaHHBIE CEMCMUYECKHE COOBITHS BBIICIICHBI
Ha puc. 8.

Bunno, uto nns ruapodoHa, pacmnonoKeHHO-
ro B oOBogHeHHOW ckBaxkuHe («IleTpomnaBios-
CKOE€»), PEeTUCTpalusi CEUCMUYECKOTO COOBITHUS
XapaKTEepHU3YyeTCsl CIIEKTPOM C 0OoJiee BBICOKUMH
yactotamu koieOanuit (20 I'm), a perucrpanus
CEeHCMUYECKUX COOBITHI TUAPO(GOHOM B OTKPHI-
TOM BOJIOEME IPU MPAKTUYECKU IOJIHOM OTCYT-
CTBUM TEXHOTEHHBIX MOMEX MPOUCXOIUT Ha dYa-
crorax go 10 I'm.

Bausinue armocgepHbIX
¢paxTopos

Ha npakruke, B ycioBusix aBtoHoMHbIX [11H,
Ha paboTy THAPOPOHOB OKA3BIBAIOT BO3JICHCTBHE
arMoc(epHbIe SIBJICHUSA, CTENEHb BIUSHUSA KO-
TOPBIX ONPENENAETCs, B TOM YHCIE, U CIIOCO0OM
yctaHoBku ruapodona. s ruapodonHa, ycra-
HOBJICHHOTO B m1yOokoi ckBaxkuHe (FOxnO-Ky-
pWIbCK), ObUla NpOBEIEHA OLIEHKA BIMSHUSA Ha
paboty ruapodoHa aTMOC(hEpHBIX MapaMeTpPOB
(TakuX Kak ypOBEHb arMOC(epHOTo JaBJICHUS
Y 3HAYCHUS YPOBHS BOJIbI B CKBOKUHE) IO CIEIY-
IO METOJUKE: JJIsS 3alUCe BOJHOBBIX (hopm
MPOJODKUTEIBHOCTBIO 7 CYT HOCTPOEHA yCpen-
HEHHas Ooruoaromiasl CUrHayia, KoTopas Obuia J10-
nojHeHa WHQpopManueld 00 YpOBHSIX JIaBICHHS
¥ ypOBHE BOJBI B CKBR)XUHE B MECTE YCTaHOBKH
runpodona. 13 puc. 10 oueBUIHO, YTO U3MEHEHHE
JIaBJIEHUS] U YPOBHS BOJbI HE OKa3bIBAIOT CyIlle-
CTBEHHOTO BIUSHUS Ha paboTy mpubopa. Ha pu-
CYHKE BBIJICIISIIOTCS TOJIBKO CyTOYHbIE N3MEHEHHS
YpOBHS CHTHaNA TUAPO(OHa, CBI3aHHBIE C TEXHO-
TeHHON aKTUBHOCTBIO B JTHEBHOE BPEMs, OCOOCH-
HO XapaKTepHBIE /ISl CEPEANHBI PabOUeii HEIeH.

st runpodoHoB, paboTarommx B 0oJee «KecT-
KHUX» YCJIOBUSX (MEIKOBOJHOM BOJIOEME U HEITy-
OOKOM OTKPBITOM CKBAKUHE ), BIMSHUE PUPOTHBIX
¢axropoB 6onee 3HaunTenpHO. B 2020 1. mpoBene-
Ha OIIEHKA BO3AECUCTBHS YPOBHS OCA/IKOB U BETPO-
BOW Harpy3kw Ha paboOTy THIPO(POHOB B OTKPHI-
tom Bogoeme (ITMH «3aropckoe») u HermyOOKOM
ckBaxxuHe (IIMH «llerponaBnoBckoe») B meprosn
MPOXOXKACHHST TaiidyHa «XarymuT» 7 aBrycra

Puc. 9. ®opma U criekTpaibHasi COCTABISIOMIAS YaCTOTHI (C BBIACICHUEM IO BEPTHKAJIBHOW OCH CTEICHH KOPPEISILIUH)
peructpupyembix ceiicMuueckux coosrtuii ast [TMH «IlerpomaBnosckoe» (A) u [TMH «3aropckoe» (B).

Figure 9. Waveform and spectral component of the frequency (with the degree of correlation highlighted along the vertical
axis) of recorded seismic events of the “Petropavlovskoe” (A) and “Zagorskoe” (B) instrumental observation points.
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Puc. 10. CooTHoeHHs1 ypoBHS arMOC(hEpHOTo IaBICHHS [0 JaHHBIM MeTeocTanuu «FOxkHo-Kypuibek» (BBEpXy) M ypOB-
HS1 BOJIBI B CKB@XHHE C YCTAHOBJICHHBIM THAPO(GOHOM (IO JaHHBIM ypoBHeMepa ruzppocrarndeckoro «Keap-AM» OCIT
«CaxI'PO», http://www.geomonitoring.ru/download/IB/2018_dfo.pdf) u orubatomeii curnana rugpodona.

Figure 10. The ratio of the atmospheric pressure level according to the Yuzhno-Kurilsk meteorological station (above) and
the water level in the well with the installed hydrophone (according to the hydrostatic level gauge Kedr-DM OSP SakhGRE,
http://www.geomonitoring.ru /download/IB/2018_dfo.pdf) and hydrophone signal envelope.
(Hdomuuckas mpaBnma, Ne 33, 14 asr. 2020 r). apodoHOB MO3BOJMT B JajibHEHIIEM BbIpaboTaTh
TaﬁQ)YH OKa3aJl CHJIBbHOC BJIMJAHHC Ha paﬁOHBI ONTUMAJIBHBIC HHKCHCPHO-KOHCTPYKTOPCKHUC PC-
yctanoBku [IMH. Tak, mo maHHBIM OMIKaWIIAX — MISHUS, TO3BOJISIIONTNE MUHUMHU3UPOBATh BO3/IEH-
K TyHKTaM HaOmtofeHuil MeteocTaHmnuii, B Jo- cTBHe okpyxaromieit cpeasl. [Ipu aToM coBmecT-
nuHackoMm pairone (ITMH «3aropckoe») 3a 12 4 HBIH aHamU3 CEHUCMOAKYCTHYECKUX M JPYTHX
BBITIAI0 73 MM 0CaJIKOB, a MOPBIBLI
BeTpa gocturaiu 15 m/c, a B AHUB-
ckom parione (IIMH «Iletpomnas-
JOBCKOe») — 51 MM ocaJkoB, TO-
puiBEI BeTpa a0 10 m/c. Pesymbrar
pacueTa MOIIHOCTH CHEKTPaTbHOM
IINIOTHOCTU CHI'HAJIOB B MOMCHT
NPOXOXKICHUS TanpyHa M uepes
ABOC CYTOK IIOCJIE €TI0 OKOHYAaHHUA
HpeJcTaBiIeH Ha puc. 11.

O4eBUHO 3HAUUTETHHOE BIIH-
STHUE BO3JICUCTBUS Tal(yHA HA TH-
npodoH B oTKpbIToM Bogoeme (b)
Ha vacrorax 1o 1 T'u. Ipn stom Puc. 11. CnexrpaspHas IJIOTHOCTh CEHCMHUYECKOTO HIyMa (JIeuOesIbI 1o OT-
BJIMSAHUC TaﬁQ)yHa Ha FI/IHPOQ)OH Hotrennto Kk MklITa*T'n) wa TTMH «Ilerponasiosckoe» (A) u ITUH «3arop-
B CKkBaxuHe (A) TposBIsieTcs B Ckoe» (B) B mepuox mpoxoxueHus TaiidyHa (kpacHslii user) — 7 aprycra 2020
MEHBIIEH CTEMEHH, HO B GONBIIEM T. ¥ ITOCJIe OKOHYAaHMUS BBIMTAACHUS 0caakoB — 9 aBrycra 2020 r. (cuHUH 1BET).
sacrornon auanasone 0.1-10 T FEAe 1 Spstl densiy o sl i sl o wltion 1

HccnenoBanne BIUAHUSA aTMOC- oints during the typhoon passage (red) — August 7, 2020 and after the end
(bepHbIX (QakTOpOB HAa pabOTy I'M- of precipitation — August 9, 2020 (blue).
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reo(pU3MYECKUX JTAHHBIX (BKIIOYasi BO3MYIICHHS,
CBSI3aHHBIC C LUPKYJIALUEH aTMoc(epbl, MarHuT-
HBIMH OYpSIMH ¥ CONTHEYHOW aKTHBHOCTBIO) MOXKET
OBbITh HaNpaBJIeH HA Pa3pabOTKy METOIUK KPaTKO-
CPOYHBIX 3aKIIOYEHHH IO PA3BUTHIO CelicMHYe-
cKoro pexxuma Ha 0. CaxayiuH U B paiione FOxHbIX
Kypuibckux ocTpoBOB.

3akJao4yenne

B crarpe npencraBieHsl pe3ynbTraThl CEHCMO-
aKyCTHYEeCKHX HaOmoneHui Ha ocTpoBax Caxa-
JvH 1 KyHammp ¢ noMoIpio0 MOJNEKYISIPHO-3JIEK-
TPOHHBIX rHIpodoHOB. HecMoTps Ha Hen30exxHOE
BIMSHME Ha PaboTy 00OpYyIOBaHUS TEXHOTCHHBIX
1 atMocepHBIX (HaKTOPOB, BBIOOP MECT U CIOCO-
00B yCTaHOBKH 000pyHIOBaHMs CIeIyeT MPU3HATh
YAaQ4YHbIM. OmnbIT OKCIUTyaTallul MOJICKYJISAPHO-
ANEKTPOHHBIX THUAPOPOHOB IOKa3al COOTBET-
CTBUEC XapaKTCPHUCTHUK, IMTOJTYYCHHBIX B PC3YyJIbTATC
NPAaKTUYECKUX HAOIIONEHUM, XapaKTepHCTUKaM,
3asIBIEHHBIM [TPOU3BOIAUTEIIEM.

B ucnonb3yembIx A ceHCMOaKyCTUYECKHX
HaOmoeHui npubopax (perucrparope U THIpoO-
(oHE) OTCYTCTBYIOT AJIEMEHTHI TOUHOW MEXaHHKH
N IBOKYIIUXCA MEXaHHUYCCKHUX T-I{:lCTGI‘/’I, 4TO rapaH-
TUPYET UX BBICOKYIO Ha/IE)KHOCTb U YCTOMYHMBOCTb
K HEXCIIAaTCJIIbHBIM BHCUIHUM BOSHGﬁCTBHﬂM.
OTO MOATBEPKIAETCS ONBITOM MPUMEHEHMS 3TUX
npubOpoB Ha MyHKTax HaOmoneHuil. Hecmorps
Ha JIOCTATOYHO JKECTKUE YCIIOBHSI SKCILTyaTalluy —

Cnucok Jureparypsbl

yeckuti gecmuux, 1(14): 18-29.

DIMAS. Ceticmuueckue npubopwi, 46(3): 22-34.
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100%-10 BaxHOCTH B JIeTHUH niepuos a1 KOxxHo-
Kypunscka u temneparypsl —5...—10 °C B 3umHui
MEPUOJ], UCIIOIb3YEMbIN KOMILIEKT 000pyAOBaHHS
MOKa3aJl, B LIEJIOM, OYE€Hb BBICOKYIO CTENE€Hb Ha-
nexkHoctu. Ilpoctom perucrpanuu CoOCTaBUIM
He 6omnee 0.01 % oT BpeMeHH pabOThl KOMILIICKCA.

AHanu3 3anucei ¢ TuaApo(OHHOM CTaHIIMK Ha
0. Kynammp BoeisiBun B 20 % ciyudaes u3 35 3ape-
TUCTPUPOBAHHBIX 3€MJIETPSICEHUI HaJIU4HUE HU3-
KOYaCTOTHOTO YHPEXKAAIOIIET0 CUTHaNa — Mepes
1y00KO(POKYCHBIMU 3eMIIETPSCCHUAMU (TITyOHHA
runoneHTpa Oosbme 80 kM). YacTOoTHBINA 1ua-
Ma30H UACHTU(ULIMPOBAHHBIX CUTHAJIOB COCTaB-
nseT B cpenHeM 4—6 I'1, a mponomKUTENbHOCTh
cUrHajua Bapeupyet ot 3 10 13 c.

HaGmronenus B 30He llentpansHo-CaxanuH-
CKOIO pas3jioMa IOKa3ajd, 4YTO MOJEKYISIPHO-
ANIEKTPOHHBIE THIPO(POHBI MO3BOJSIOT HE TOIBKO
3a(huKkcUpoBaTh Takol reo(hu3NYECcKuil mapamerp,
KaK HU3KOYACTOTHBIN YIPEKIAIOUINI CUTHAT, HO
Y BECTH MOJHOILICHHYIO PEruCcTpaluio ceiicmuye-
CKHMX COOBITHH HE3aBUCUMO OT YCIOBUN yCTaHOB-
KU IIpHUOOPOB.

N3ydeHne peakuuu MOJEKYISPHO-3JIEKTPOH-
HBIX THIPO(OHOB HA BO3/IEHCTBHE BHEIIHUX (hakK-
TOPOB MOKET OBITh MOJIE3HBIM JIJIs pa3pabOTYHKOB
IIpU CO3JIaHUM cepuiiHoro u3aenus. Tak, oOpasen
891 (ITMH «3aropckoe») NOCIy KU OCHOBOM 115t
CEpUMHOIO0 NpoayKTa KommaHuu «P-ceHcope»
(runpodor MTAS-30).
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