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TexHON0rmm oCBOHUSl apKTUYeCKUX pecypcoB
HYXXAAOTCA B pe3ysbTaTax pyHAAMEHTaNbHbIX
uccnepoBaHUM CTPYKTYPbl U cOCTaBa MOPCKOM
3eMHOM KOpbl Kak WenbgpoBbIX, TaK U ry60KOBOAHbBIX
MOKPbITbIX JIbA,0OM apKTUYECKMX aKBAaTOPUM.

B cTaTbe pacCMOTpPeHbl 0CO6EeHHOCTU NPUMEHEHUS
Mo6unbHoro nasepHoro gepopmorpada
NOBEPXHOCTHOIO TUNA A5 peleHns NoA06HbIX
3apauy. MpuBeaeHbl pesynbTaTbl SKCNEpUMEHTA

no onpepaeneHUo CKOPOCTHbIX XapaKTepuUCTUK
BOJIH, FeHepupyeMbiX HU3KOYACTOTHbIM
rMApoakycTUYeCcKUM nusnyyartesnem, Co3aatolmm

B BOJe rapMoOHUYecKue N C1I0XHble
¢dasomMaHMNyAMpOBaHHbIEe CUTHAbI.

BBEAEHWE

B cBSI3M ¢ HeoOXOOMMOCTBIO OCBOEHHSI APKTHUKHU
Iepes yUeHBIMU CTOST 3afa4M pas3JIM4YHOIO HAIpaB-
JIeHHUs TI0 BBIIIONHEHHIO psina GyHIaMeHTalIbHBIX
HCCIeJIOBAaHUM C AaJbHEHIIMM BBIXOLOM IIOy4eH-
HBIX pe3y/IbTaToB B IPUKJIAAHYI0 0671acTh ¢ pa3pabor-
KOM TeXHOJIOTUH U METOAUK OCBOHHU ST aPKTHUUECKUX
pecypcoB. OgHOM U3 371060HeBHBIX 33a/1a4 SIBJISETCS
3afiava I10 M3y4eHHI0 CTPYKTYPhl U COCTaBa MOPCKOM
3eMHON KOPBI KaK IIenbdOBBIX, TaK U I[MyHOKOBOL-
HBIX IIOKPBITBIX JbJOM apPKTHYECKHX aKBAaTOPHH.
B HacTosiIee BpeMsI ISl 3THX Liesiel B OOJIbIIeH CTe-
IIeHH IIOAXOASIT aKTHUBHBIE M IIACCHBHBIE aKyCTHYe-
CKHe MeTof bl [1-7]. AKTUBHBIE aKyCTHYeCKHe MeTOA bl
OPHEeHTHUPOBAaHBl Ha IIpHMeHeHHe HU3KOUaCTOTHBIX
TUAPOAKYCTUYECKHUX M3JydaTeslel, CIOCOOHBIX
reHepUpOBaTh B BOZle CUTHAJIBl Pa3/IMYHOM CIOKHO-
CTU. B OoTnMYMe OT HUCIOJb30BaHUS ITHEBMOIYIIEK,
B3PBIBHBIX UCTOYHHUKOB U CTPUMEPOB, IIPHMeHeHUe
TUAPOAKYCTHUYECKUX H3/ydaTesell SBAseTCS Hau-
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The technologies for the exploration of Arctic resources
require the results of fundamental studies of the
structure and composition of the sea crust of both
shelf and deep-water ice-covered Arctic waters. This
article deals with the features of using a surface-type
mobile laser strainmeter for solving similar problems.
The results of an experiment for determining the

speed characteristics of waves generated by a low-
frequency hydroacoustic radiator that creates harmonic
and complex phase-shift keyed signals in water are
described.

INTRODUCTION

In connection with the need for the exploration of
the Arctic, the scientists are faced with the tasks of
various directions in the implementation of a number of
fundamental studies with further output of the results
obtained in the applied field with the development of
technologies and techniques for the exploration of Arctic
resources. One of the topical tasks is the task of studying
the structure and composition of the sea crust of both
shelf and deep-water ice-covered Arctic areas. Nowadays,
active and passive acoustic methods are more suitable for
these purposes [1-7]. Active acoustic methods are focused
on the use of low-frequency hydroacoustic radiators,
capable of generating signals of varying complexity in
water. Unlike the use of air guns, explosive sources and
streamers, the use of hydroacoustic radiators is the most
environmentally friendly for the environment and biota.
Nowadays, the receiving systems in one of the main
technologies for studying the structure and composition
of the sea crust for the purpose of searching for minerals
are arranged in the form of sensors distributed under
the sea. Such arrangement of receiving systems is a
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bonee sKkosoruyeckd 6e30macHBIM [JISI OKpYysKalo-
IeH cpebl U OHMOTHI. B HacTosiIlee BpeMsl B OJHOK
M3 IVIAaBHBIX TeXHOJIOTHH [0 M3y4YeHHI CTPYKTYPHI
M COCTaBa MOPCKOKM 3eMHOM KOPBI C LIeJIbI0 IIOMCKa
II0JIe3HBIX MCKOIAeMBbIX IIpHeMHBIe CHCTEeMBI PacIIo-
JaraloTcs B BUJe paclpefie/leHHBIX 10 JHY JaTUYHKOB.
Takoe pacnonokeHHe MPHEMHBIX CHUCTeM SIBJISIeTCS
CJIOKHOM 3aJlaved [/1s IIOKPBITHIX JIBJOM aKBaTOPHH,
ocobeHHO 6e3 ero mpefBapUTeIbHOIO Pa3pylIeHHS.
J7151 Ipeofone s JAHHOTO 3aTPyAHEHHU S BO3MOKHO
pacIriosiokeHHe IPHUEeMHBIX CHCTeM BO JIbAY [6] uau
Ha bepery [2-4].

B paborax [2-4] B kayecTBe IIPHUEMHBIX CHUCTEM
HCIIONB3YIOTCA CTallMOHApHBIe JIa3epHble dedopMo-
rpadel, pacnonoxxeHHble Ha 6epery M. Illynbla SnoH-
ckoro Mopsa. JlasepHrle mepopmorpadsl CO3TaHEBI
o cxeMe HHTeppepoMeTpa MakKKe/lIbCOHA C MCIIOIb
30BaHHEM B KaueCcTBe HCTOYHHKA H3JIyUeHUS
YaCTOTHO-CTabMIM3UPOBAHHBIX TIelHIH-HeOHOBBIX
na3epoB. Pabouue meuu na3epHbIX AedopMorpadon
HMeIoT OAuHB 52,5 U 17,5 m [8, 9]. B coBOKyIHO-
CTH OHH COCTAB/ISIOT JByXKOOPAHUHATHBIM J1a3ePHBIN
nedopmorpad [9], KOTOPBIE MOKHO HCII0IB30BATH JJ151
IleJIeHTOBAHUS Pa3/MUYHBIX MCTOUHUKOB eCTeCTBeH-
HOTO M MCKYCCTBEHHOI'0 IIPOUCXOXKAeHUH [10].

CraljMoHapHEIe Ja3epHEle Aedopmorpadsl HeBO3-
MOKHO MCII0/Ib30BaTh AJ1s1 PelleHHs HHBePCHUOHHBIX
3a7la4 MHOTHX aKBAaTOPHM. [lJISl pelleHHs PA3IH4Y-
HBIX 3a7ja4 He TPeOyIOIIMX BBICOKOI'O MeTpOJOruye-
cKoro obecrieyeHUs ObLI CO3MaH MOOUIBHBIM J1a3ep-
HBH pepopmorpad [11], gnuua paboyero mieda
KOTOPOT0 BapbHUPYeTCs B 3aBHUCHMOCTH OT IIOCTaB-
JeHHBIX 3aJad. B KayecTBe MCTOYHMKA H3JIyUeHHUS
B MOOHM/IBHOM Ja3epHOM Jedopmorpade HCIIOIb-
3yeTCsi YaCTOTHO-CTAaOM/IM3HMPOBAHHBIN TelHM-
HEOHOBBIN sazep ¢upmbl Melles Criot, mmeromui
IOJNTOBPeMeHHYI0 CTabUIBHOCTb B JIeBITOM 3HAaKe.
B [aHHOM cTaTbe PacCMOTPeHbl 0COOeHHOCTH MpHU-
MeHeHHUSI MOOMIBHOIO sa3epHoro medpopmorpada
B 3UMHUX YCJIOBHAX JJISI PellleHHs 3a7ad I10 h3ydye-
HUIO CTPYKTYPBI U COCTaBa MOPCKOM 3 MHOM KOPBI.

OMUCAHUE SKCNMEPUMEHTA

N NOJTYYEHHDbIX PE3YJ/IbTATOB

[lepen Ha4yaJoM 3KCIIEPUMeHTa Ha Oepery Amyp-
CKOTO 3a/IMBa SIIMOHCKOr0 MOPSI B TOUKe C KOOpPAHHA-
tamMu 43°11,754' CIII u 131°55,141" BJI, 6611 yCTaHOBJIEH
MOOGHUIBHBIN Jia3epHBIA Oedopmorpad, cm. puc.l.
B TepMOCTabHIN3HUPOBAHHOM IIOMENIEHHUH 1, B KOTO-
POM IIOALEPKHBAIACh TeMIlepaTypa C TOYHOCTBIO
0,5 rpapn, pacrosnarajiacb OCHOBHAasl 4acTb UHTepde-
pomeTrpa MarkenbcoHa., OHa cocTosiia u3: 1) naszepa;
2) KOJUIMMaTopa; 3) Ae/UTeIbHOM IIIacTUHBL [TH-100;
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Puc.1. bepezosoli nyHKmM HabAtodeHus: 1— nomel,eHue 0CHO8-
H020 UHMepdepeHUUOHH020 Y3/a MOBUAbHO20 AA3EPHO20
dedpopmozpada; 2 - 6okc ompaxkamens; 3 - Ay4es00; 4 - Aabo-
pamopHoe nomeuieHue

Fig. 1. Coastal observation point: 1-location of the main
interference assembly of the mobile laser strainmeter;

2 - reflector box; 3 - ray guide; 4 - laboratory room

complex task for ice-covered water areas, especially
without its pre-destruction. To overcome this difficulty,
the receiving systems can be located in ice [6] or on the
shore [2-4].

In papers [2-4], stationary laser strainmeters located
on the shore of the Schulz Cape in the Sea of Japan are
used as receiving systems. Laser strainmeters are created
according to the Michelson interferometer scheme using
frequency-stabilized helium-neon lasers as a radiation
source. The actuating arms of laser strainmeters have
lengths of 52.5and 17.5 m [8, 9]. Together they make up a
two-coordinate laser strainmeter [9], which can be used
for direction finding of various sources of natural and
artificial origin [10].

Stationary laser strainmeters cannot be used to solve
the inversion problems of many water areas. To solve
various problems that do not require high metrological
support, a mobile laser strainmeter was created [11],
where the length of the actuating arm varies depending
on the tasks assigned. A frequency-stabilized helium-
neon laser by Melles Griot is used as a source of radiation
in a mobile laser strainmeter which has a long-term
stability to the nine decimal places. This article deals
with the features of using a mobile laser strainmeter in
winter conditions for solving problems on studying the
structure and composition of the sea crust.

DESCRIPTION OF THE EXPERIMENT AND THE
RECEIVED RESULTS

Before the beginning of the experiment, a mobile laser
strainmeter was installed on the shore of the Amur Bay
of the Sea of Japan with the coordinates of 43°11.754'
north latitude and 131°55.141' east longitude, see Fig. 1. In
the heat-stabilized room 1, where the temperature was
maintained with an accuracy of 0.5 deg, the bulk of the
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4) nByX IJIOCKOIApa/l/IefIbHBIX 3epKajl, 3aKpeIleH-
HBIX Ha [be30KepaMHYeCKUX UHIMHAPaX PacKauyKU
MU cucteMbl cbpoca ypoBHeM; 5) CHCTeMBbI 3KCTpe-
MaJIbHOTO Pery/lMpOBaHMS, NpeJHa3HA4YeHHOM /IS
yIpaBieHUs paboTor HHTepdepoMeTpa. YIOIKOBBII
OTpa’kaTe/lb PasMellajicsi B TePMOM30JIHUPOBAHHOM
boxce 2. MexkAy TouKaMH 1 U 2 j1y4 Jlazepa pacIpo-
CTPAaHSICA B IIeH IIPOIMJIEHOBBIX Tpybax (3). Kom-
IIBIOTEpP C aHaJIoro-LMPpPoBBIM IIpeobpasoBaTeneM
pasmelnajncd B OTal/IMBaeMOM IIOMeIIeHUU 4,
B KOTOPOM TaK>Ke HaXO[UJICA omepaTop. Bea anmapa-
Typa 3aIllMThiBajJach OT IIEPEHOCHOIO TeHepaTopa,
obecrieynBaIOLIETO Ha BbIXO/e CTAOM/IbHOE IIepeMeH-
HOoe HaNpsskeHHe BelHM4YHHOM 220 B. IludpoBasg
CHCTeMa PerucTpalliy Jja3epHoro gedopmorpada
perucTpupoBasia M3MeHeHHe PaCCTOSHHUS MeXIY
OCHOBHBIM Y3/I0M HHTepdepomeTpa (Touka 1) u yrom-
KOBBIM OTpa’kaTesieM (TOUKa 2) C TOUHOCTbIO 0,3 HM.
IIpyu AnMHe M3MePUTe/bHOIO IlJleya, PaBHOU 6 M,
Ipefie/ibHasl YyBCTBUTENIBHOCTh MOOUIBPHOIO J1a3ep-

HOTO LLeC])OpMOI‘paCba COCTaBJ/Isd/1a BeIHYHUHY
e=fL_03HM 5 g
L 6 M

Ha paccroanuu 3150 M OoT MecCTa IIOCTAHOBKH
MobuibHOro sasepHoro ngedpopmorpada B TOUKe
C KoopauMHaTaMu 43° 12,391' CII u 131° 52,984’ B]]
B IIPOIIMJIEHHYIO JYHKY Ha raybuHy 12 M 6bUT CcIIy-
IleH HH3KOYaCTOTHBIM THAPOAKYCTHYECKHUH M3y~
4JaTeslb 3JIeKTPOMAarHUTHOIO THIIA, KOTOPBIU
Co3ZaBajl B BOAe FapMOHHUYeCKHe U CJIOKHBIe $pa30-
MaHUIIYIHUpOBaHHBe (M-mIoC/Ien0BaTelbHOCTH)
CHUTHaJBl C LeHTPaAbHON 4YacTtoTou 33 I'l. Huskova-
CTOTHBIM THIPOAaKYCTHYECKHH H3/IydaTenb SIBIS-
eTCd OCHOBHBIM 3JIeMEeHTOM HM3/1y4aloller CHCTeMBI,
B KOTOPYIO JOIIOJIHMUTEbHO BXOAAT pama [jis IOA-
Beca H3nydaress, Kabelbp-IIJaHT C KOHTPOJIBHBIM
MaHOMEeTPOM, HCTOYHHUK 3IeKTPOIIHUTAHHUS, 3JIeK-
TPOHACOC, KOHTPOJIBHBIN TUAPOPOH, ABa Kanudpo-
BOUYHBIX aKcelepoMeTpa, LHUPPO-aHAIOTOBBIM IIpe-
obpasoBaTenp, HOyTOYK. B KadecTBe IMepPBUYHBIX
HMCTOYHUKOB IIOCTOSIHHOTO TOKa HCIIONb3yeTcst 6ara-
pest IocjleloBaTe/IbHO COeIMHEHHBIX (B KOIHUYeCTBe
0T 3 [0 6 IITYK, B 3aBHUCHUMOCTH OT HeobOXOmHMOI
MOIIIHOCTH) KHCIOTHBIX aKKYMY/ISTOPOB HaIIpsiKe-
HHeMm 1o 12 B, emKkocThi0 90 A-4. MCTOYHUMK HHUTa-
HUS IIpeJCTaB/seT COO0M MOCTOBOM KJIIOYEBOM yCH-
JHUTeNb, BBIIOJHEHHBIM Ha [OBYX II0JIYyMOCTOBBIX
IGBT-Moaynax, CHab>KeHHBIHA KOMIIeHCUPYIOIIen
6aTapee151 KOHJIeHCAaTopoB 420 MK®, 3aIlUTHBIM aBTO-
MaTOM M aMIIepMeTPOM IIOCTOSHHOIO TOKa. MaKcH-
MajbHOe 3¢ deKTHBHOE 3BYKOBOE [JaB/IeHHe, KOTOpoe
criocobHa BBIJABATh H3/yYaloIlas CUCTeMa, COCTaB-
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Michelson interferometer was located. It consisted of: 1)
a laser; 2) a collimator; 3) a dividing plate PI-100; 4) two
plane-parallel mirrors fixed on piezoceramic propelling
cylinders and a level-resetting system; 5) an extreme
regulation system designed to control the operation of
the interferometer. The angle reflector was placed in the
thermally insulated box 2. The laser beam was
propagated into the foam propylene pipes (3) between
points 1 and 2. A computer with an analog-to-digital
converter was placed in a heated room 4, were the
operator was also located. All hardware was powered by
a portable generator that provides stable variable voltage
at the output of 220 V. The digital registration system of
the laser strainmeter registered the change in the
distance between the main node of the interferometer
(point1) and the angle reflector (point 2) with an accuracy
of 0.3 nm. With a measuring arm length of 6 m, the
ultimate sensitivity of the mobile laser strainmeter was

8_A_L_O,Snm

=5.-10™",
L 6m

At a distance of 3150 meters from the location of the
mobile laser strainmeter at the point with coordinates
43°12.391' north latitude and 131° 52.984' east longitude, a
low-frequency hydroacoustic radiator of electromagnetic
type was lowered into the propylene hole to a depth of 12
m, which produced harmonic and complex phase-shift
keyed (M-sequences) signals in the water with a central
frequency of 33 Hz. The low-frequency hydroacoustic
radiator is the main element of the radiating system,
which additionally includes a frame for suspending the
radiator, a cable-hose with a control manometer, a power
source, an electric pump, a control hydrophone, two
calibration accelerometers, a digital-to-analog converter,
a laptop. A battery of 12 V acid cells connected in series
with a capacity of 90 A-h was used as a primary source of
direct current (in the amount of 3 to 6 pieces, depending
on the required power). The power supply source was
a bridge key amplifier made on two half-bridge ICBT-
modules, equipped with a compensating battery of
420 pF capacitors, a protective automatic device and a
direct current ammeter. The maximum effective sound
pressure that a radiating system is capable of producing
is 3500 Pa (191 dB/1 pPa). All additional hardware of the
radiating system was located in a minibus standing on
the ice. The experimental scheme is shown in Fig. 2.

Before the beginning of the experiment, a signal
model was constructed on the computer consisting
of a tone signal 300 s long, a pause 30 s long and
a single phase-shifted signal. The total duration of
radiating packet was 485 s. The radiation of a single
phase-modulated signal was separately performed
additionally after each radiation series. Fig. 3 shows
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nset 3500 ITa (191 gB/1 mkIla). Bcs gomonHUTeNbHAS
amnmnapaTypa H3/ly4alolled CHCTeMBbl paclonaranach
B CTOSAIeM Ha JIbAy MHKpoaBTobyce. Cxema 3KcIIe-
pHUMeHTa IpUBeLeHa Ha PHUC.2.

[lepes, HayanaoM 3KCIIEPHMMEHTA Ha KOMIIBIO-
Tepe ObLJIA IIOCTPOEHA MOJENb CUTHAA, COCTOSIIIAS
13 TOHOBOT'O CHI'HaJIa JJIHTeNbHOCTRIO 300 ¢, mmay3ou
30 ¢ ¥ ogHOTO Ppa3soOMaHUIYJIMPOBAHHOIO CHUIHAJIA.
H3nydaromun nakeT 6b1 obIIer AIUTeIbHOCTHIO
485 c. JIOTIONHUTENBHO IOC/Ie Ka’KAOU Cepuu U3y~
YeHHS OTHe/IbHO BBHIIIOJHSAIOCh HM3/Iy4eHHe OLHOIO
$a3oMaHUIIYIMPOBAHHOIO CMrHasa. Ha puc.3 npu-
BelleHbl JHHaMHYeCKHe CIIeKTPOrPaMMBbl 3aIlHCeHr
KOHTPOJIBHOTO ruIpodoHa U MOOUIBPHOIO JIa3ePHOTO
nedopmorpada mpu paboTe THMAPOAKYCTHUECKOIO
H3JIy4daTesis.

[Tony4yeHHBbIe 3aIIMCH KOHTPOJIBHOIO TUAPOPOHA
M MOOMIBHOIO Ja3epHOro mnedpopmorpada 6p1u
[IOJBEPTHYTHl IOIONHUTENbHON 06paboTke B y1abo-
paTopuu, KOTOpas CBOOM/IACh K CBepPTKe 3allMCHU
KOHTPOJIPHOTO THAPOGOHA C 3aNMCBIO J1a3€pHOTO
nedopmorpada. OnuH U3 pe3yIbTaTOB CBEPTKH IIpea-
CTaBJIeH Ha puc.4. IIpuMeHeHHe CHCTeM TOYHOIO
BpeMeHH B H3/yYaloller CUCTeMe U B MOOHIBHOM
nasepHoM Aedopmorpade IM03BONIKIO 06BEKTHBHO
OLIEHUTHh BpeMeHa IIPUXO0J0B 3aPerucTPUpPOBaHHBIX

131,92°8B.4.
0. CkpebuoBsa

| 43,22°c.w.

Puc.2. Cxema nposedeHus 3kcnepumeHma. V1 — uzaydamens;
J11 = MobunbHbil Aa3epHbIl depopmozpad

Fig. 2. Scheme of the experiment. R - radiator; LS — mobile
laser strainmeter

the dynamic spectrograms of the records of the control
hydrophone and the mobile laser strainmeter when the
hydroacoustic radiator operates.

The received records of a control hydrophone and a
mobile laser strainmeter were subjected to additional
processing in the laboratory, i.e., convolution of the
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CUTHAJIOB C TOYHOCTBIO 1 Mc. YBepeHHO OBLIO 3ape-
TUCTPHUPOBAHO TPH IIPUXOZA C BpeMeHHBIMHU IIPOMe-
SKYTKaMH OT Havaja usinydenus 0,924; 1,270 u 1,526
c. Ilo BpeMeHaM MPHUXOA0B CUTHAJIOB U PACCTOSTHHUIO
MeXIy TOUKaMH H3/Iy4deHUs U NpHeMa OBLIH oIpe-
Jle/leHbl BepOSITHble MHHHMaJIbHBle CKOPOCTH HX
pacopoctpaHeHus: 3400, 2480 u 2060 m/c. MoskHO
IpeAIoNoXKUTh, YTO: 1) CUTHA, pacHpoCcTpaHs-
IOIIMICSI CO CKOPOCThIO 2480 M/c, COOTBETCTBYET
3aTyxamlled BoJIHe P3jesi, pacHpoCTpaHSIOIMeHCs
II0 IPaHMIIe "BOAA-IHO"; 2) CUTHAJI, PaCIpPOCTPaHSIO-
IIHUKCS CO CKOPOCTBIO 3400 M/C, COOTBETCTBYeT BOJIHE
JIsiBa, pacnpoCTpaHSIOUIENCs 10 TPaHHUIle 'TOHHBIE
ocanku - 6azansr’. HTepeceH CUTHaj, MMM
CKOPOCTb pacmpocTpaHeHus 2060 m/c. OH MoKeT
6BITH CBsSI3aH K60 C JIeASHBIM IIOKPOBOM M 00YC/IOB-
JIeH U3rubHOM MOIOM, 1UbO0 ero MOKHO IMPUIIHCATH
[I0BEPXHOCTHOM BOJIHe (aHAJIOI BOJNHBI Pajes 3aty-
Xalollero THIa), paclIpoCTPaHSAOLIELCs 10 TPaHHULIe
"Jlex - BOOHBIN Cy10M".

3AKJIIOMEHUE

B xolle BBHIIIOJIHEHHS 9KCIIEPUMEHTATIBHBIX PaboT
Ha 71bAy U bGepery AMypCKOTo 3aJuBa SIIIOHCKOTO
Mopsi Oply1a oTpaboTaHa MeTOAMKA KCIIyaTalluH
Mob6UIBHOTO a3epHOro gepopmorpada B 3SMMHHUX
YCAOBHAX IIPU OTPHIIATENbHEBEIX TeMIlepaTypax
Bo3ayxa. Ilo ImosyyeHHBIM 3KCIIEPHMEHTATbHBIM
OAHHBIM OBIIM OIpefeseHbl MHHHMAJbHBIE CKO-
POCTH Tpex CHUIHAJIOB, PaCIPOCTPAHAIOIIUXCI
0T MecTa H3/1ydeHHUSs Ho bepera, KOTOpble PaBHEI
3400, 2480 u 2060 m/c. Ilony4yeHHBIe pe3yabTaThl
IIPOBEI@HHOTO 3KCIIePHMEHTA IIPOAEeMOHCTPHUPO-
Banu 60/bIIMe BO3MOXHOCTH [JaHHOM TeXHOJIO-
TUH I10 U3yUYeHHIO CTPYKTYPBl U COCTaBa MOPCKOU
3eMHOM KOPBHl MOKPBITHIX JIbJOM apKTHYeCKHX
aKBaTOPHH.

Paboma 8blnoAHeHa npu 4acmu4Hoil GpuraHcosoil noddepskke npo-
epammst "Ianvuuli Bocmok" u POOU (epanm 16-29-02023 odu_m,
modepHu3ayus annapamypl u nposedeHue IKCnepuMeHma).
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Fig. 3. Dynamic spectrograms of the radiated signal: a) control
hydrophone; b) mobile laser strainmeter.

control hydrophone record with the laser strainmeter
record. One of the results of the convolution is shown in
Fig. 4. The use of time-accurate systems in the radiating
system and in the mobile laser strainmeter allowed
us to objectively estimate the arrival times of the
recorded signals with an accuracy of 1 ms. Three arrivals
were registered for sure with time intervals from the
beginning of the radiation of 0.924, 1.270 and 1.526 s. By
the times of signal arrival and the distance between the
radiation and reception points, the probable minimum
propagation velocities were determined: 3400, 2480 and
2060 m/s. It can be assumed that: 1) a signal propagating
with a velocity of 2480 m/s corresponds to a damped
Rayleigh wave propagating along the "water-bottom"
interface; 2) the signal propagating with a velocity of
3400 m/s corresponds to the Love wave propagating
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Puc.4. Pesyabmam ceepmiku M-nocaedogamenbHocmu ¢ 0dH-
HbIMU MO6UABHO20 Aa3epH020 depopmozpada

Fig. 4. Result of convolution of the M-sequence with the data
of the mobile laser strainmeter
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along the "bottom sediments - basalt" interface. The
signal having a propagation velocity of 2060 m/s is of
particular interest. It can be connected with the ice
cover, and is caused by a bending mode. Alternatively, it
can be ascribed to a surface wave (similar to a Rayleigh
wave of decaying type) propagating along the ice-water
interface.

CONCLUSIONS

During the experimental work on the ice and the coast
of the Amur Bay of the Sea of Japan, the technique
of operating a mobile laser strainmeter in winter
conditions under negative air temperatures has been
perfected. Based on the obtained experimental data,
the minimum velocities of three signals propagating
from the radiation site to the shore, which are equal
to 3400, 2480 and 2060 m/s, were determined. The
obtained results of the experiment demonstrated the
great possibilities of this technology for studying the
structure and composition of the sea crust of ice-covered
Arctic water areas.

The research was carried out with partial financial support of the Far
Easten program and the Russian Foundation for Basic Research (grant
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XIV MEXKAYHAPOJHASI KOH®EPEHIIH S TOJIO3KCIIO 2017 (HOLOEXPO 2017)

MpUHATL yYacTne B MexayHapoaHON
Hay4YHO-TEXHMYECKON KOHdepeHunmn
"fonorpadms. Hayka ©n npakTuka"
npurnawaeTt CnewnasmcToB OpraHu-
3aUMOHHBLIN  KOMUTET KOHpEepeHuu.
Meponpusitne coctonTcsa 1214 ceHTa-
6ps 2017 roga B 3BeHMropoje, B oTene
HELIOPARK Thalasso, yn. JlepMoOH-
ToBa, 1 (www.heliopark-thalasso-
hotel.ru)

Lenb koHdepeHuun — obcyxae-

-

HME HOBEWMLLMX HAYYHO-TEXHUYECKMX m Cekumss Ne2 -

NOCTMOKEHUA N TeXHoNorum B obna-
CcTn ronorpadum B Poccun, Pecny-
6nvke benapycb, B ApYyrux CTpaHax
CHI n 3a pybexom, a Taikoke OLEeHKM
COCTOSIHUSI PbIHKA ronorpadu4eckmx
TEXHOMOTMN N MPOAYKLMM M Hanpae-
JIEHU NX Pa3BUTUS.
MnaHnpyetca paboTta
cekymm:

= Cekums Ne1 — "TexHonormu nosy-

YeHWS 3aWMTHbIX FO/IorpamMm”;

cnepyolmx

"®opmupoBaHue
M306paxkeHnn ©n OTobpaXkeHue
nHbOpMaLMM C MOMOLLbLI OO0~
rPaMMHOM ONTUKM U ONTUKO-FOJ0-
rpaduyeckmx cucrtem”;

Cekumst Ne3 — "MeTtamartepuansl,
HaHOTEXHONOrMM U MIA3MOHHbIE
CTPYKTYpbI Ana ronorpadun, rono-
rpamMmmHble 1 AndpakLMOHHBbIE
ONTUYeCKMe 3SNeMeHTbl, MeToAbl
KOMMbIOTEPHOrO CUHTE3A U TEXHO-
JIOr NS U3roToBIeHUS",

Cekuma N2 4 - "N306pasnTensHas
ronorpaduna n GoToHyBCTBUTENL-
Hble MaTepuansl gns ronorpadpum’;
m Cekumsi Ne5 — "lonorpadpumyeckas
nHTepdepomeTpus, ronorpaduye-
cKas NamsATb, ONTUKO-ronorpadu-
yeckasa obpaboTka nHdopmaumm'.
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