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B pa6oTe npepacTaBieHa MeToAUKa onpeaeneHuns
Ko3¢pPuLmMeHTa npeob6pasoBaHNS HATYPHbIX
AAHHbIX Na3epHO-UHTepdepeHLLMOHHbBIX
npu6opoB, CO34aHHbIX HA OCHOBE paBHOMJIEYUX
M HepaBHoOIMJIeYNX MHTepdpepomeTpoB
MarikenbcoHa, B 3HaYeHUs Bapuauuii jaBieHus
rugpocdepbl Npy perucTtpauum Mopckoro
BOJIHEHMS. Ha ocHOBe conocTaBneHuns
3KCNepuMeHTa/IbHbIX AAHHbIX, MOJIy4EeHHbIX

B 6yxTax MpMMOpCKOro Kpas B pasHbix
AnanasoHax NepyvoaoB BOJIH U HA Pa3HbIX
rnybuHax, nokasaHo, 4YTo HabagaeTcsa cubHas
3aBUCUMOCTb KO3pPuLMeHTa nepecyeTa
pasMepHOCTeN OT F1y6MHbI NOTPY>XXEHUS.

KntouyeBble c/10Ba: 1a3epHO-UHTEPPEPEHLNOHHbIE
npunbopbI, Na3epHbLI U3MepUTenL BapmaLumm
faBneHns rnapocdepol, UsMepuTenb CKOPOCTU
3ByKa C AaTYMKOM AaBNEHUS U TeMnepaTypbl,
MOpCKOe BOJIHEHME
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BBEAEHWE

Panee, B Hayase 2000-X romoB, COTPYAHHKAMH
nabopatopuu «dusuku reochepr» TOU [OBO PAH
61 paspaboTaHbl THAPOPHU3UUECKHE JIA3epPHO-
HHTepepeHLIIOHHbIe IPHeMHBbIe CHCTeMBI [JIS1 pery-
CTpallMM BapHallUi JaBieHUs rugpocdepsl. IT0 YHU-
KaJIBHBle JIa3epHO-UHTepdepeHLIMOHHble IPUOOPHL,
CO3JaHHBIe HAa OCHOBE PAaBHOIUIEYMX M HepaBHOILIe-
4yux UHTepdepomeTpoB MarikenscoHa [1]. C pacmiu-
peHHeM IIepeyHs pellaeMbIX 3aZad KOHCTPYKLIMK
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The paper presents a determination method
for the field data conversion coefficient of the
laser-interferential instruments developed

on the basis of equal-arm and unequal-arm
Michelson interferometers, into the values of
hydrospheric pressure variations during the
sea wave registration. Based on a comparison
of experimental data obtained in the bays of
the Primorsky Territory in various wave period
ranges and at different depths, it is shown
that there is a strong dependence of the
dimension conversion coefficient on the depth of
immersion.
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INTRODUCTION

Earlier, in the early 2000s, the staff of the laboratory
for geosphere physics, V.I.1l'ichev Pacific Oceanologi-
cal Institute of the Far Eastern Branch of the Russian
Academy of Sciences, developed the hydrophysical
laser-interferential receiving systems for recording
pressure variations in the hydrosphere. These are the
unique laser-interferential devices based on the equal-
arm and unequal-arm Michelson interferometers [1].
With the expansion of the list of tasks to be solved, the
design of devices has undergone many changes, some
modifications have appeared: a laser meter for hydro-
sphere pressure variations [2], laser hydrophones [3, 4],
and an autonomous laser meter for pressure fluctua-
tions [5].
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pubOpoB IpeTepIiesik MHOKECTBO U3MeHEeHUH, 11051
BIJIMCh MOOUQPUKAIIMU : JIa3epPHBI U3MePUTe/Ib BapU-
alnui AaBineHUs ruppocoepsl [2], nasepHBle THIPO-
donbl (3, 4], aBTOHOMHBIN Ja3epHBIH H3MepUTeNlIb
KoebaHUU naBieHus [5].

B KauecTBe HCTOYHUKOB CBETa BO BCEX IlepeUUC/IeH-
HBIX MOAUOUKALMIX IIPUOOPOB PErHCTpaLiUU JaBlle-
HUSI TUAPOCcHepbl HCIIONB3YIOTCS [Ba THUIIA J1a3€pPOB:
YaCTOTHO-CTaOMIM3UPOBAHHBIN TelUH HEeOHOBBIH
Nasep U IONYIPOBOJHHUKOBHIM sasep. IIprMeHeHMe
II0JIyIPOBOAHHUKOBOIO Ja3epa II03BOJMJIO 3HAUM-
TeJIbHO COKPATUTh MaccOrabaprTHbIE XapaKTePHUCTUKU
npubopoB. Bce asepHO-MHTepdepeHLIMOHHbIE IpHU-
eMHBIe CUCTeMbl 6bIIH altpoOHPOBAaHbBI B Pa3THYHBIX
akBaTopuax: Ha MOC TOM [IBO PAH «m. Illynbia» Ha
tore [IppMopcKoro Kpas, Ha «M. CBobomHbII» (0. Caxa-
JIMH) U B aKBaTOPHSX APyrux 6yxrt. IIMpOKUM Aua-
1a30H 4acToT, oT 0 (ycaoBHO) mo 1000 I, ¥ BeICOKAs
TOYHOCTh, 0K0/10 1 MIla, IIO3BO/ISAIOT PErHCTPHPOBATH
BapHalLlMU [aBJIeHHUs TUAPocdeprl IMPSIMBIMU MeTO-
OaMH, YTO 3HAUMUTEJbHO IOBBIIIAET LEHHOCTb IOy~
YeHHBIX HaTyPHBIX IAHHBIX.

Hcnonp3oBaHHe THUAPOPHU3UUECKHX JIa3epHO-
HHTepbepeHIIMOHHBIX IIPUEMHBIX CHCTEM a0 BO3-
MOKHOCTb H3Y4YHUTh II€PUOABI COOCTBEHHBIX KoJle-
6anum 6yxT 3anuBa IlockeTa SmoHcKkoro mops [6],
B3aKMMOJEMCTBHEe HH3KOYaCTOTHBIX T'HJPOAKYCTH-
YecKHMX BOJH C BeTPOBBIMHU MOPCKHMMH BOJIHAMH
[7], AMHAMMKy BeTPOBBIX BOJH IPH JBIKEHUH II0
menbdy ybpIBaromert riaybuHel [8], ocobeHHOCTH BO3-
HUKHOBEHUS MOPCKHX MHPparpaBUTALlUOHHBIX BOIH
[9], B3amMopmeNrcTBHe MOPCKUX BHYTPEHHUX BOJIH
U atMochepHBIX Jemnpeccuil [10] M HeKkoTOpkle ApY-
rve NpUPOJHbIe SIBIeHUs. [IpU pelleHUH 3THUX Hayu-
HBIX 3aJlad OCHOBHOe BHHMAaHHe yJesaoch 3Haue-
HUSIM II€PHO/I0B MOPCKOI'0 BOIHEHHUS U IIPUPAlLeHUI0
AMIUIATYA. [J1s pacueTa BbICOTBI MOPCKOI'O BOJTHEHHUS
IIPUMEHSUIMCh TeOpeTHUYeckue pacueTsl U jabopaTop-
Hble CTeH/[IBL.

YyBCTBUTE/IBHBIM 3/1eMEHTOM Jla3epHO-UHTepde-
PEeHIIMOHHBIX IIPHEeMHBIX CHUCTeM SBJSeTCS Kpyras
MeM6paHa, >KeCTKO 3aKpeIl/IeHHas II0 IepHMeTpy.
B 3aBHCHMOCTH OT H3MeHeHMUSs OaBJIeHHs Ha [OHe
M3MeHSeTCs BeJIMYMHa Iporuba LieHTpa MeMOpaHBI,
YTO OIlpefe/sieTcs Jia3epHO-UHTepdepeHIIMOHHBIM
MeTomoM. [l ompeneneHUs] BapHallUM [aBIeHUS
HeobXOoHUMO IIepeCuHUTaTh 3HAUEHHUS IlepeMelleHHH,
ompejensieMbIX Jla3epHO-UHTeppepeHIIMOHHBIMU
npubopaMy B eAUHHIAX U3MepeHHs MJIMH U peru-
CTPUPyeMBIX B eIUHHIIAX HAIpPsDKeHHs! Ha IIbe30-
TONKaTenasix MeMOpaHBl B BO/IBTAX, B IacKalH,
eIMHUIIBl U3MepeHUs JaBleHus. [lapameTp, CBSI3bI-
BaIOIMH Pa3MepHOCTH, Ha3bIBaeTcs KO3QPUILIeHTOM

Two types of lasers are used as the light sources in
all indicated modifications of hydrosphere pressure
recording devices: a frequency-stabilized helium-neon
laser and a diode laser. Application of a diode laser
made it possible to significantly reduce the weight
and dimensions of the devices. All laser-interferential
receiving systems were tested in various water areas:
at the marine experimental station, V.. II'ichev Pacific
Oceanological Institute of the Far Eastern Branch of
the Russian Academy of Sciences “cape Schultz” in
the south of the Primorsky Territory, at “cape Svo-
bodniy” (Sakhalin Island) and in the waters of other
bays. A wide frequency range (from 0 (conditionally)
to 1,000 Hz) and high accuracy (about 1 mPa) make it
possible to record the hydrospheric pressure variations
by direct methods that significantly increases the val-
ues of field data obtained.

Application of the hydrophysical laser-interferential
receiving systems made it possible to study the own
oscillation period of the bays in the Posyet Bay of the
Sea of Japan [6], interaction of the low-frequency
hydroacoustic waves with wind-induced sea waves [7],
the dynamics of wind-induced waves when moving
along the shelf of decreasing depth [8], features of the
occurrence of sea infragravitational waves [9], interac-
tion of the sea internal waves and atmospheric depres-
sions [10] and some other natural phenomena. When
solving such scientific problems, primary attention
was paid to the sea disturbance period values increase
in the amplitudes. To obtain the height of sea waves,
the theoretical calculations and laboratory benches
were used.

The sensitive element of laser-interferential receiv-
ing systems is a round membrane rigidly fixed around
the perimeter. Depending on the pressure changes
at the bottom, the membrane center deflection is
changed that is determined by the laser interference
method. To determine the pressure variations, it is
necessary to recalculate the displacement values deter-
mined by the laser-interferential devices in the length
units and recorded in volts, voltage units, by the
membrane piezo-pushers into pascals, the pressure
units. The parameter linking the dimensions is called
the conversion factor, and it is calculated experimen-
tally for each device. The conversion factor determina-
tion procedure is rather conventional; for this purpose,
the laser meter for hydrosphere pressure variations
(LMHPV) are immersed in a basin where the water is
initially rising, while increasing the pressure, and
then lowering, while reducing the pressure.

Over the past years, new issues have appeared,
the solution of which has required another sensitiv-
ity level of the tools used. To expand the application
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repecuyeTa, U OH BBIYMHCISAETCS OJIS KaKOOIO IIPH-
6opa sKcIepHUMeHTalbHO. IIpoliefypa oIpeneneHUs
Ko3pduIeHTa IepecyeTa CTaHIAPTHAasA, AJIL 3TOrO
7a3epHble M3MEPUTeNH BapHaLlUi JaBIeHHS THMAPOC-
depsl (JIMB/IT) morpyskatorcs B bacceriHe, Boga B KOTO-
poM CHauajaa MpUOBIBaeT, yBeIHUYHBAas [aBJIeHHE,
a 3aTeM YXOOMT, CHU>Kas JaBJieHHe.

3a mpouleflide rofbl IMOSBU/IMCh HOBBIE 3aa4H,
pellleHHe KOTOPHIX TpeboBaso HMHOIO YPOBHS UYB-
CTBUTEIBHOCTH HCIIONb3yeMBIX mpubopoB. [g
pacmiupeHHs TpaHMWL, IIPUMEHEHHS Jia3epHo-
HMHTepdepeHLIMOHHBIX IPHO6OPOB B 06JIACTH PerucTpa-
LIUH AaBIeHUs TUApocdepsl HeOOXOMHUMO PACCUHUTATh
K0P HUIIMeHT Ipeobpa3oBaHUs HATyPHBIX JAaHHBIX
JIMBAL'. 7 9TOro, a TakKe JJis OIlpefesieHHs 3aBH-
CHMOCTH KO3QPHIMeHTa IepecyeTa HaTYpPHBIX HaH-
HBIX OT YCJIOBUE M3MepeHHUH ObIIH IIpOBeJieHbl CEPUH
3KCIIEPUMEHTOB B Pa3IHYHBIX OyxTax I[IpHMOPCKOro
Kpasi. Cxema sKCIIepyMMeHTa IIpeAIioiaraia yCTaHOBKY
JIMBAT COBMECTHO C H3MepHTe/lIeM CKOPOCTH 3BYK
Mini SVP dbupmel Valeport C ODAaTYHMKOM JaBJIeHUS
u Temnepatypsl (30H/) [11], mpryeM H3MepeHHMSs PO~
BOIMJIM Ha PA3THYHBIX ITy6HMHAxX. Pe3ysbTaThl, IIONY-
YyeHHble C 060MX IPHUOOPOB, COIMOCTABISUIM U IPYII-
[IHMPOBaJIM I10 BOJIHAM, MMEIOIIMM pasHble IIePUOIbL.
JlJ11 KaKIOM TPYIIIBI BOMH OBUI pacCUUTaH KO3 H-
LIMEeHT IIpeobpa3oBaHMUs HATYPHBIX AaHHBIX JIMBJT
B 3aBUCHMMOCTH OT IJIyOHHBI TOTPY>KeHHUSI.

SKCNEPUMEHT

B KauecTBe IIPHEMHBIX U3MePHUTEIbHBIX CHCTEM B 9KC-
[IepUMEeHTAIBHBIX HCCIeJOBAHHUIX HCII0Ib30BAIHN
JIa3epHBIM M3MepHTelb BapHUallUI AAaBIeHHUs THIPOC-
dephl 1 M3MepHUTeb CKOPOCTH 3ByKa Mini SVP ¢upmsl
Valeport (puc. 1). s cuuxporusauuu 30H] (2) 6511
3aKpeIVIeH Ha M3MEPUTENbHBIN MOMAY/Ib Ja3epHO-
HHTepdepeHLIMOHHOTO Ipubopa () U yCTaHOBIEH
Ha faHO. Ilepen ycTaHOBKOM IPUOOPHL 6BUIH CHHXPO-
HHU3UPOBAHBI C IIOMOIIBI0 YACOB TOYHOIO BPeMeHH.
OnTtuueckas cxema JIMB/T co3maHa Ha OCHOBe MOZep-
HM3UPOBAHHOIO HepaBHOIUIeuero HMHTepdepoMeTpa
MarKeIbCOHA C HCIIONb30BAHMEM B KadyecTBe KCTOY-
HHKa CBeTa YaCTOTHO-CTaOHMJIM3HUPOBAHHOIO TelTHU-
HeoHOBOro J1azepa ¢upMbl Melles Griot, obecreunBa-
IOLEro CTabMIBHOCTD YacTOTHI HU3nydeHus 1079, Kaxk
M BO BCeX JIa3epHO-MHTephepeHIIMOHHBIX ITpubopax
B JAHHOM yCTaHOBKe LIMPPOBOU CHCTEMOMN PerucTpa-
LIUU (5) U3MePsIeTCss pa3HOCTb MEKAY 3TaIOHHBIM ILIe-
YOM HHTepbepoMeTpa K H3MepUTeNbHBIM. H3nmyde-
HHe B 3TUIOHHOM IlIede HHTepbepoMeTpa IIPOXOAUT
OIITHYEeCKUH IIyTh OT JIeJUTEeIbHOM IUIACTUHEL 10 3€ep-
KaJI, 3aKpeI/IeHHBIX Ha IIbe30KepaMHYEeCKHUX OCHOBA-
HUsIX (4). U obpaTHO. M3ny4deHHe B MU3MEPHUTETBHOM
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boundaries of the laser-interferential devices in the
field of hydrospheric pressure recording, it is neces-
sary to calculate the field data conversion coefficient
of the LMHPV. For this purpose, as well as for deter-
mination of the dependence of field data conversion
factor on the measurement conditions, a series of
experiments and tests were performed in various
bays of the Primorsky Territory. The experimental
design assumed the LMHPV installation together with
a Valeport Mini SVP sound velocimeter with a pressure
and temperature sensor (Mini SVP) [11]. The meas-
urements were performed at different depths. The
results obtained from both devices were compared and
grouped by the waves with various periods. For each
group of waves, the field data conversion coefficient of
the LMHPV was calculated depending on the depth of
immersion.

EXPERIMENT

The laser meter for hydrosphere pressure variations
and a Mini SVP sound velocimeter by Valeport were
used as the receiving measurement systems in the
experimental studies (Fig. 1). For synchronization, the
Mini SVP (2) was attached to the measuring module
of the laser-interferential device (1) and installed on
the bottom. Prior to installation, the devices were
synchronized using an exact time clock. The LMHPV
optical circuit was based on a modernized unequal-
arm Michelson interferometer using a Melles Criot

Puc. 1. JlasepHbili usmepumenpb 8apuauuli 0asneHus 2udpoc-
epbl € 3aKpenneHHbIM Ha Hem U3mepumene cKopocmu 38yKa
Mini SVP ¢upmei Valeport

Fig. 1. Laser meter for hydrosphere pressure variations with
a Mini SVP sound velocimeter (Valeport) attached.
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IJiede MHTepdepoMeTpa IPOXOAUT ONTHYECKUU MyTh
OT [eIUTelbHON IIIACTUHBL [0 CHCTEMBI «KOIIKHH
r7a3», COCTOSIIIEM M3 JHMH3HL (6) U 3epKala, >KeCTKO
3aKpeIl/IeHHOIo B IIeHTpe ruOKoi MeM6paHsI (7). Bo3-
BpaIlasCh Ha JIeNUTeNbHYIO IIJIACTUHY 0ba Jyda cMme-
IIMBAOTCS U IafAal0T Ha GOTONpHEMHHK, 0bpasys
UHTepepeHIIMOHHYI0 KapTHUHY.

YyBCTBUTE/IbHBIM 371eMeHTOM JIMB]T aBiseTcs Kpy-
rnast MeMbpaHa, 3aKpeIUleHHasI 10 Kpao. OHa yCTaHaB-
JIMBAETCS B HEUTPAJ/IbHOE IT0JI0KeHHe B MOMEHT I10CTa-
HOBKH ITpubopa Ha JHO. ITO JOCTHUraercs 6naromaps
cucTeMe KOMIIEHCALIMHM, BK/IIOYAIOIIel KOMIIeHCallH-
OHHYIO KaMepy, KIallaH (8) U eMKOCTb C Bo3zyxoM (I).
B MoMeHT morpyskeHus nprbopa KiaraH OTKpPbIBaeTCs
U IIOf, IeHCTBHEM [IaBJIeHMs BOJEI BO3AYX M3 eMKOCTH
HaYMHAaeT IIOCTYyIIaTh B KOMIIEHCALIMOHHYIO Kamepy,
BBIDAaBHHBAs [aBJIeHHe B Kamepe C [aB/IeHHeM, Jeu-
CTBYIOIIMM Ha MeM6paHy C Ipyror cTopoHsl. Ilocie
TOCTIDKeHUsT paboderl IybHHBI KIallaH 3aKpbIBAeTCS,
Y npubop HauMHAeT PerdCTPUpPOBaTh BapHALlUU JIAB-
NeHUs TUApocheprl Ha MembpaHy. Ilon melcTBHeM
IaBIeHUs Bofpl MeMbOpaHa Iporubaercsi, MeHss OITH-

YecKylo JUIMHY M3MepUTeIbHOro Ieya. CucreMa peru- |

CTpallMH, YCTAHOBJ/JIEHHAA B H3MEPHTE/IbPHOM MOAYIJIE,
KOMIIEHCHUpYeT H3MeHeHHEe OJIMHbI H3MEPHUTE/IbHOI'0o
Iieda, MeHsd OJIMHY 3TJIOHHOTO IlIeYad. Hs aToro

CIIY>KHT HbeBOKepaMH‘-IeCKHfI OUJIHNHAP, Ha KOTO- |

PBIH IOfaeTcsd HampsiKeHHe. M3MeHeHHe HaIlpsbKe-
HUSI QUKCUPYeTCsd LUPPOBOM CHCTEMOM PeruCTpaliuU
U IepefiaeTcsl Ha IIHIIYIIUE KOMIIBIOTEp, YCTaHOB/IEH-
HBIM B MOJy/le aBTOHOMM3aLlMH. JKCIIeprMeHTa/IbHble
JaHHble IIOCTYNAKT C CHUCTEMBl PerMCTpaliiu dYepes
aBTOMaTH4eckHI I[MPPOBOM IIpeobpasoBaTess U Hop-
MHPYIOTCS B BHJe $aliioB JAaHHBEIX JJIUTEIbHOCTBHIO
14ac c yacroron guckperusanuu 800 I'wl.

Pe3ynbTaTel COBMECTHBIX HM3MepeHHI JIa3epHOro
H3MepHUTeNlsl BapHallMK [aBleHUs TIuLpochepsl
M 3aKpeIlJIeHHOTO Ha HeM H3MepUTeIss CKOPOCTH
3Byka Mini SVP ¢upmsl Valeport maydens! B Tpex 6yx-
Tax [IpEMOpPCKOro Kpasi Ha pasHeIX IybnHax. B byxTe
AnexceeBa (0. ITomoBa) mpu6ophl ObIIM yCTaHOBJIEH
24.06.2021 r. Ha rny6uHe 8 M (puc. 2a). B 6yxTe Yucc
(r. Bl1amMBOCTOK) SKCIIEPUMEHT [IPOBOJUJICS B II€PUOT,
c 06.07.2021 r. mo 13.07.2021 r., rnybuHa B MecTe
YCTaHOBKHU cocTaBuia 7 M (puc. 2 b). B 6yxte BUTs3b
3anuBa [TockeT TpUOOPBI HAXOAUIHCh Ha ITTyOHHE 5 M
B miepurof ¢ 30.06.2022 r. o 01.07.2022 . (puc. 2 c).

YCTaHOBIEHHBIN HAa U3MePUTeIbHOM Mogyie 30H]
MMeeT MeHbIIYI0 aBTOHOMHOCTb, IIPH YacTOTe 3aIlMCH
8 I'l; OHa cocTaBsieT 4yTh bosee cyToK. [laHHBIE BapH-
allMH AaB/leHHs ruApocdepsl 3alKChIBAIKNCH B HeIlpe-
PBIBHOM PeKHMe Ha BHYTPeHHHH HaKOIIUTh IIpubopa
¢ 4yactororl 8 Tm. [IJ1s1 COIOCTaBAeHHUS SKCII€PHMeH-
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frequency-stabilized helium-neon laser as a light
source that ensured the radiation frequency stabil-
ity of 10°. As in all laser-interferential devices, the

ByxTa AllekceeBa

ByxTa Yiaucc

Puc. 2. Mecma ycmaHoeKu Ad3epH020 U3MepumeAs 8apu-
auut dasneHus 2udpocepbl U U3nMepumenst CKopocmu

38yKka Mini SVP ¢pupmbl Valeport: a) - 6yxma Anekceeaa

(0. Monoaa; b) — 6yxma Yaucc (2. Bradusocmok); c) - 6yxma
Bums3b (3anus Mocbem)

Fig. 2. Installation points of the laser meter for hydrosphere
pressure variations and the Mini SVP sound velocimeter by
Valeport: a) Alekseev Bay (Popov Island); b) Uliss Bay (Vladi-
vostok); c) Vityaz Bay (Posyet Bay)
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TaJIBHBIX JAaHHBIX 6y,ZLEM HCIIOJ/Ib30BaTh TOJIBKO HOaH-
Hble JaTYHKa JaABJIEHHA.

OBPABOTKA N AHAJTIU3 NMOJIYYEHHbIX
OKCNEPUMEHTAJ/IbHbIX OAHHDbIX

[lepen comocTaB/leHHeM 3KCIIePHMeHTAIbHBIX JaHHBIX
IIpHBeleM 3aIlMCH BapHallMM JaBleHHUs TUApochepsl
K omgHoMy Buny. [nsa storo maHHble JIMBI/ oTduIb-
TPyeM HHU3KOYACTOTHBIM QMIBTPOM C OKHOM X3MMUHTA
mnuHou 3000 mo 4dactotel 8 I'1] U 3aTeM MPOIELIUMU-
pyeM B 100 pas. IlonydeHHBIe YacoBble GparIbl 00BeIHU-
HUM B HeIIpepbIBHBIM Psifi AAHHBIX. B pe3ybpTate momy-
JaeM 3KCIIepHMeHTa/IbHble AaHHble JIMBI'Jl u 30H[
OIMIHAKOBOM AJINTEIBHOCTBIO C YaCTOTOM AMCKpeTH3a-
1y 8 I'nr. [1py aHa/IM3e CIIeKTPOB 3KCIIePHMEHTA/IbHBIX
IAHHBIX OBUTH BBIETEHBI TAPMOHUKU C IIEPUOIAMHU OT
HEeCKOJIBKUX CeKYHJ 40 HeCKOJbKUX MHHYT. Ilepromasl
0T 4 10 6 C COOTBETCTBYIOT IIOBEPXHOCTHOMY BETPOBOMY
BOJIHEHHIO B MeCTe YCTAaHOBKH IIprbopa, a epHOAbL OT
8 110 20 € COOTBETCTBYIOT BOIHAM 3bI0M. Tak >ke Ha 3aITu-
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digital registration system (5) in this setup measured
the difference between the interferometer reference
arm and the active arm. The radiation in the inter-
ferometer reference arm passes along the optical path
from the dividing plate to the mirrors installed on the
piezoceramic bases (4) and back. The radiation in the
interferometer active arm passes along the optical
path from the dividing plate to the “cat’s eye” system,
consisting of a lens (6) and a mirror rigidly fixed in the
center of the flexible membrane (7). After returning
to the dividing plate, both beams are combined and
become incident to the photodetector while generat-
ing an interference pattern.

The LMHPV detecting element is a round membrane
fixed along the edge. It is set to the neutral posi-
tion when the device is placed on the bottom. Such
position is ensured due to the compensation system
consisting of a balance chamber, a valve (8) and an
air tank (7). During the device immersion, the valve is
opened and, under the influence of water pressure, air
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Fig. 3. Records of hydrospheric pressure variations obtained using a laser meter for hydrosphere pressure variations (red lines)
and a Mini SVP sound velocimeter (blue lines): a) and b) represent data obtained in the Alekseev Bay; ¢) and d) show data
obtained in the Uliss Bay; e) and f) show data obtained in the Vityaz Bay
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cs1X IIpU6OpOB BBLIESAIOTCS KonebaHHsS C MepHUOaMHU,
COOTBETCTBYIOIIMMU COOCTBEHHBIM KojebaHHSIM OyXT,
B KOTOPBIX OHU OBITHM yCTaHOBJIEHBI. BbibepeM CHH-
XPOHHBIE YYaCTKH 3amucel IIPUOOPOB ¢ MaKCHMalb-
HBIX KOPPeJSLIMH [/IS1 PAa3/IMYHBIX [1IePHOJ0B MOPCKOrO
BOJIHEHUSI JI/Is1 KKIOH U3 6yxT (puc. 3).

Ha puc. 3 mipefcTaB/ieHsl [10/y4YeHHbIe 3KCIIePUMeH-
Ta/JIbHble JaHHble BapHallUM [aBleHHd TuApochepsl
OByMsl IpubopamMu ISl KaKOoH K3 OyxTel CHUIHAJIBL:
pHC. 32 U puc. 3b COOTBETCTBYIOT AAHHBIM IIOTy4eH-
HeIM 30H]I u JIMBL]] B 6yxTe AnekceeBa (o. Ilomosa),
CHUTHAJIBI PUC. 3C U PUC. 3d [1Oy4eHbl TP II0CTAHOBKE
rpubopoB B byxTe Ymmcc (r. BaaaHBOCTOK), CUTHAJIBL
puc. 3e u puc. 3d mONydeHBI IPU IPOBEAEHHUH 3KC-
nepuMeHTa B 6yxTe BuTs3p (3anuB IlockeT). CHHMI
LIBET COOTBETCTBYeT 3KCIIePMMEHTAIbHBIM [JaHHBIM
JaT4YUKa JaBAeHHs U3MepUTesIs CKOPOCTH 3BykKa Mini
SVP, a KpacHBIM LiBeT — JAHHBIM JIa3e€pHOIO M3MepH-
TeJIsl BapUaLlMH JaBleHHs Tuapochepsl.

[Ipy aHanM3e CIEKTPOB 3allKcer IpUOOPOB ISt
pacdyeTra Ko3pdHUIMeHTa Mpeobpa3oBaHUSI MOPCKOe
BO/IHeHHe OpUIO pasmeneHo o rpymmam. Ha puc. 4
IIPe/ICTAB/IeHbI CIIEKTPHI 3allHCel IPHOOPOB MOPCKOTO
BOJIHEHUS C ITeprofaMu ot 5,5 110 30 ¢ (eBeIkt) U oT 100
oo 350 c (npaBLIfI). PasmenvM II0 TpyIiaM BOJIHBI
clenyromuM obpa3oM: IepBasi TpyIIa C MepHoJaMHU
BOJIHEHHMsI B AMaIlia3oHe oT 5 mo 10 ¢, BTOpas rpymmna
¢ meprogaMu oT 10 mo 30 ¢ ¥ TpeThsl I'PYyIIIA C IIePHO-
JaMHU MOPCKOro BojHeHHs oT 100 o 400 c. Bapuanuu
MOPCKOTO BOJIHEHHS C AAHHBIMH IIepHOAAMHU ObLIH
3aperMCTPHUPOBAHEl B KLKAOM 3KcIepuMeHTe. K ver-
BepTOMH IpyILIle OTHeceM CObCTBeHHBIe KoebaHus 6yxT,
rie ObUIM YCTaHOB/IEHBI ITPUOOPEL. [JaHHBIe KonebaHus
OJIS1 Pa3TUYIHBIX MeCT YCTAaHOBKU ITPUO6OPOB BapbHpO-
BaJIHMCh OT 600 70 1100 c.

BeibepeM HECKOIBKO I[YIOB BOJH IS KaKAOH
TPYNIIbl Ha 3aMHCSAX J1a3epHO-UHTepdepeHLIMOHHOTO
mpubopa U AAaT4UMKa AABIeHUs] U3MepUTessi CKOPOCTH
3ByKa C MaKCMMaJIbHOH Koppe/silnen. Ha puc. 5 npen-
CTaB/IeHbl CHHXPOHHBIE yYacTKH 3aIlMcel IpH6opoB
IIPU KX yCTaHOBKe B byxTe Anekceesa (0. IToroBa). Ha
BepXHeH 3aIlMCH PHUCYHKa BbIE/IeHO BEeTPOBOe BOJIHE-
HHUe C [IepHOoJ0M OKOJIO 6 C, a Ha HWDKHeH 3aIlCH Bblle-
NeHbl coOCTBeHHBle KonebaHHUs OYyXThl C IepHOJaMHU
okoo 600 c [12].

Jl/1s5 MOPCKOTO BOJIHEHHSI C IIepUOfoM KoynebaHHUH
oT 5 10 10 ¢ 6pUT0 BEIOPaHO 20 TAaKMX YYaCTKOB IS
KOKIOM M3 Tpex OyxT, rzae O6bUIM YCTAaHOBJIEHBI IIPHU-
Oopel. B pe3y/nbTaTe COIOCTaBIEHHUS 3KCIIEPUMEHTAIIb-
HBIX JAHHBIX JBYX IIPUOOPOB /151 JAHHOTO AHAlla30Ha
[IepHOJOB IpH IIOTPy’KeHUU IIpubopa Ha 5 MeTpoB
cpenHUM K03QOHUIMEHT cocTaBUI okoso 10 I1a/B, mpu
IOTpy>kKeHUHU ITPU60POB Ha ITybHHY 7 METPOB OH COCTa~

from the tank begins to flow into the balance chamber,
while equalizing the pressure in the chamber with the
pressure acting on the membrane from the other side.
After reaching the working depth, the valve is closed,
and the device begins to register the hydrosphere
pressure variation on the membrane. Under the water
pressure, the membrane is bent while changing the
optical length of the active arm. The registration sys-
tem installed in the measuring module compensates
for any length changes of the active arm by chang-
ing the length of the reference arm. For this purpose,
a piezoceramic cylinder is used, to which voltage is
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Fig. 4. Spectra of the pressure sensor recordings of the sound
velocimeter Mini SVVP (harmonic periods are given in seconds)

PHOTONICS vOL. 17 N2G 2023 467



=

BuI 26 [1a/B, a pu ycTaHOBKe IIPHOOPOB Ha ITy6uHY 8
MEeTPOB 3Ha4yeHHe cpefHero KoagppuimeHTa COCTaBUIO0
npubnusuTenbHo 39 I1a/B. I1o monyuyeHHBIM JaHHBIM
6pl71a TIOCTPOEHA 3aBHMCHUMOCTb KOIQOHUIIMEHTa IIpe-
06pa3oBaHUs OT ITTyOHHBI IIOTPYsKEHUS JIsI MOPCKOTO
BOJIHEHUS C ITeprofaMu ot 5 110 10 ¢ (puc. 6a).
[TpoaHanu3upyeM Bapuhalliy JaB/leHHs C IIepHo-
Jamu ot 10 mo 30 c. it JaHHOIO JHralia3oHa [IepHoL0B
OBL/10 TakoKe BbIOpaHO 20 y4aCcTKOB [JIs1 K&KIOM M3 OyXT.
IIpu comocTaBIeHUH 3SKCIIEPHMMEHTAIbHBIX HaHHBIX
JIUBL'[ u 30H], B 6yxTe Buts3p (3amuB IlocseT) cpen-
Hee 3HaueHHe Ko3dpdullMeHTa cocTaBuio 11,6 Ila/B.
[Ipu ycraHoBKe IpubopoB B byxTe Ynucc (r. Braguso-
CTOK) CpenHMI Ko3bduireHT paBeH 29 Ila/B, a mpu
COTIOCTABIeHUH JaHHBIX BapHallUM JaBaeHUs B byxTe
Anexceesa (0. IToroB) oH cocTaBui 39 I1a/B. B pe3yns-
TaTe I10 IOJIy4eHHBIM 3KCIIePUMEeHTAIbHBIM JaHHBIM
BapHallMH JaB/IeHHS THAPOCPepHl C IephuoJaMHU oT 10
1o 30 c 6pl1a IOCTpoeHa 3aBUCHMOCTh JAHHOIO KO3d-
duimeHTa oT I/y6HHBL IOTpyskeHUS (pHC. 6b).
PaccMOTpUM MOPCKOe BOJIHEHHE C IIepHoJaMU
oT 180 mo 360 c. Iy 3TOr0 MOPCKOIO BOJIHEHMS I

0,003B

0,85B

| |
14:44:51 14:46:02
a)

0,005B

2B

1
04:08:10
b)

04:38:29

Puc. 5. 3anucu nasepHozo usmepumens eapuauuli 0aseneHus
2udpocoepsl (KpacHbili) u damyuka ddeaeHus umepumens
ckopocmu 38yka Mini SVP (cuHull): a) 8empogoe 80nHeHue;
b) co6cmeeHHble KonebaHus 6yxmbl Anekceesa

Fig. 5. Recordings of the laser meter for hydrosphere pressure
variations (red) and the pressure sensor of the Mini SVP
sound velocimeter (blue): a) wind-induced waves; b) natural
oscillations of the Alekseev Bay
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applied. The change in the voltage values is recorded
by a digital registration system and transmitted to
a recording computer installed in the autonomiza-
tion module. The experimental data are received from
the registration system through an automatic digital
converter and are generated in the form of data files
with a duration of 1 hour and a sampling frequency of
800 Hz.

The joint measurement results of a laser meter for
hydrosphere pressure variations and a Valeport Mini
SVP sound velocimeter attached to it were obtained
in three bays of the Primorsky Territory at various
depths. In the Alekseev Bay (Popov Island), the instru-
ments were installed on June 24, 2021 at a depth of 8 m
(Fig. 2a). In the Uliss Bay (Vladivostok), the experi-
ment was performed during the period from July 06,
2021 to July 13, 2021. The depth at the installation site
was 7 m (Fig. 2b). In the Vityaz Bay of the Posyet Bay,
the instruments were located at a depth of 5 m during
the period from June 30, 2022 to July 1, 2022 (Fig. 2c).

The Mini SVP installed on the measuring module
has a lower autonomy; at a recording frequency of
8 Hz, it is a little more than one day. The data of pres-
sure variations in the hydrosphere were recorded in
a continuous form on the internal bulk storage of the
device at a frequency of 8 Hz. To compare the experi-
mental data, the pressure sensor data only will be
used.

PROCESSING AND ANALYSIS OF THE
OBTAINED EXPERIMENTAL DATA

Prior to comparing the experimental data, the
records of hydrospheric pressure variations will be
reduced to the unified form. For this purpose, the
LMHPV data will be filtered by a low-pass filter
with a Hamming window with the length of 3000
to a frequency of 8 Hz and then prodecimated by
a factor of 100. The resulting one-hour files will be
combined into a continuous data series. As a result,
we obtain the LMHPV and Mini SVP experimental
data of the same duration with a sampling rate of 8
Hz. When analyzing the experimental data spectra,
the harmonics with periods from several seconds to
several minutes were identified. The periods with
the duration from 4 to 6 s correspond to the surface
wind-induced waves at the instrument installation
site, and the periods with the duration from 8
to 20 s correspond to the swell waves. Moreover,
the device records demonstrate oscillations with
the periods relevant to the natural disturbances
of the bays where they have been installed. The
synchronous sections of instrument records with
the maximum correlations for various periods of sea
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KOKIOM K3 TpexX O6yxT ObUIM BBIOpPAaHBI CHHXPOHHBIE
y4acTKY 3aIlKcerl ITPUOOPOB ¢ MaKCMMAIbHOM KOppe-
nsanver. IIpU COMOCTaBIeHUM 3HA4YeHHUM aMIUIHUTYL
KojebaHUM [IaBiIeHUs CpefHee 3HaueHHe Ko3oULIU-
eHTa IIpeoOpa3oBaHUS A/ ITTYOHMHBI 5 M COCTAaBHJIO
12,5 I1a/B. IIpu mocTaHoBKe IpH60poB Ha InybuHe 7 M
CpefiHee 3Ha4YeHMe KO3GPHIIMEeHTa cocTaBuIo 29 I1a/B.
IIpu morpy>keHUH NnpubopoB Ha IMyOHHY 8 M 3TO 3Ha-
YeHHe OKa3aJoch paBHBIM 36 Ila/B. Ilo monydeHHBIM
PacdyeTHBIM AAHHBIM ObITa IIOCTPOEHA 3aBHCHMOCTb
Ko3dPUIMeHTa ITpeobpa3oBaHUsl OT ITyOHHBI IIOTPY-
SKeHHS [J151 MOPCKOTO BOJIHeHH S C IleproAaMH oT 180 1o
360 c (puc. 60).

Ilpy aHanM3e 3KCIEePHMEHTAJIbHBIX JAaHHBIX IIPH-
60pOB IIpH PerucTpaliuy COBCTBEHHBIX KoaebaHHM
6yxT ¢ mepuomamu oT 600 mo 1200 c 6but0 BBIGpaHO
OK0JI0 10 CHHXPOHHBIX YYaCTKOB /ISl KK U3 OyXT.
JJ1f NAaHHOIO AMAaIlla30Ha IIePHOJOB IIPH YCTAaHOBKE
r3MepuTenen B byxTe Butsa3p (3anuB IlockeT) cpen-
Hee 3HadeHHUe Ko3dpduimeHTa cocTtaBmio 11,5 Ila/B.
Jlns rybuHBI 7 M CpefiHee 3HaUYeHHe KO3bdHUIIHeHTa
paBHoO 28 I1a/B, a mpu aHaIM3e 3KCIIePUMEHTalbHBIX
IDAHHBIX, [TOJTy4eHHBIX B OyxTe AnekceeBa (0. IToroBa),
Ko3dduIKeHT cocTaBuI 38 Ila/B. B pesynbrate aHa-
7H3a 9KCIIepHMEeHTA/IbHBIX JAaHHBIX BapHallUK [aB-
NeHus TUAPochephl MPU PerUcTpallMi COOCTBEHHBIX
KonebaHUM 6yXT 6bITa ITOCTPOEHA 3aBUCHMOCTD CPef-

disturbances for each of the bays
45 45 will be selected (Fig. 3).
‘3“5’ i ‘3‘2 i Figure 3 presents the
@ 300 @ 30| obtained experimental data on
S a5t S 25| hydrospheric pressure variations
o 20 ~ 20 by two instruments for each of
15 15+ the bays: the signals in Fig. 3a
10 - 10 - ;
s . . . . s . . . and Fig. 3b correspond to the
4 s 6 7 8 9 4 s 6 7 &8 9 data obtained by the Mini SVP
a) Tny6una, M b) Tny6una, M and LMHPV in the Alekseev Bay
45 a5 (Popov Island), the signals in Fig.
Sl <l 3c and Fig. 3d were obtained dur-
35 35| . . . L
o 30l o 30l ing the installation of devices in
ERpy B a5l the Uliss Bay (Vladivostok), the
o 20 o 20 signals in Fig. 3e and Fig. 3d were
15 15 - obtained during the experiment
12‘ L 12‘ . o in the Vityaz Bay (Posyet Bay).
4 5 6 7 8 9 4 5 6 7 8 9 The blue color corresponds to the
0 Tny6usa, M ) Tny6una, M experimental data of the pres-
sure sensor of the Mini SVP sound
Puc. 6. Mpaguku 3agucumocmu Ko3gpuuueHma npeobpazosanus daHHbIX Ad3ep- velocimeter, and the red color cor-
HO20 U3Mepumens sapuauuii dasaeHus 2udpocdepbi 0m 2ny6UHbI NO2PYXKeHUSs] responds to the data of the laser
Fig. 6. Dependency diagrams of the data conversion coefficient of the laser meter meter for hydrosphere pressure
for hydrosphere pressure variations on the depth of immersion variations.
When analyzing the spectra of

instrument records for calculat-
ing the conversion coefficient, the sea disturbances
were divided into the groups. Figure 4 shows the
spectra of records of sea wave instruments with the
periods from 5.5 to 30 s (left) and from 100 to 350 s
(right). We divide the waves into the groups as fol-
lows: the first group with waves in the range from
5to 10 s, the second group with the periods from 10
to 30 s and the third group with the periods of sea
disturbances from 100 to 400 s. Variations in the sea
disturbances with these periods were recorded in
each experiment. The fourth group includes the nat-
ural disturbances of the bays where the devices have
been installed. These fluctuations for various device
installation points ranged from 600 to 1100 s.

We select several trains of waves for each group
on the records of the laser-interferential device and
the pressure sensor of the sound velocimeter with
the maximum correlation. Figure 5 shows the syn-
chronous segments of instrument records when they
were installed in the Alekseev Bay (Popov Island).
On the top record, the wind-induced waves with
a period of about 6 s are emphasized, and on the bot-
tom record, the natural disturbances of the bay with
the periods of about 600 s are indicated [12].

For the sea disturbances with an oscillation period
of 5t0 10 s, twenty such areas were selected for each of
the three bays where the instruments were installed.
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Hero 3Ha4eHHs KO3PUIIHeHTa Npeobpa3oBaHUS OT
ITy6HHBI IIOTPYysKeHUsI TPpHUO0POB (pHcC. 6d).

B pesynbTaTe IpoBeleHHBIX BBIYMC/IEHHM Oblna
BBISIBJIEHA 3aBHCHMOCTb KO3ddHUIIHEeHTa ImpeobpasoBa-
HHS JaHHBIX JIa3€PHOI0 M3MepHUTeNsl BapHallUi JaB-
JeHUs TUAPOCcPepbl OT ITYOMHBI MOTPysKeHHs. LIS
BCeX MCCIellyeMbIX NHUAIla30HOB II€PHOJOB MOPCKOIO
BOJIHEHUS PpacCUYHUTaHHBIe KO3PUIIHEeHTHl Ipeod-
PasoBaHMUS A/ KaKAOTO MecTa IIOCTAaHOBKHM IpH60-
POB IPOSIBHIX IIPUMEPHO ONHHAKOBble 3HAYeHHS.
HabnromaeTcss CHIbHASI 3aBUCHMOCTh KO3QOHUILIMEHTA
IepecyeTa pa3sMepHOCTeH OT ITTyOMHBI IIOTPY>KEHHUS.
B pesynbTaTe cpegHee sHauUeHHe KO3dPHUIMeHTa Mpe-
obpasoBaHUs 111 OyXThl BUTSI3b IPU ITOCTAHOBKE IIPH-
6opoB Ha rybrHe 5 M coctaBrio 11,6 IT1a /B, mys 6yxTs
Ynucc npu rnybuHe 7 M cpefiHee 3HaueHHe KO3PPH-
LIMeHTa npeo6pa30BaHHﬂ coctaBuio 28,1 11a/B, a g
OyxThl AleKkceeBa IPH ITOCTAaHOBKe IIPUOOPOB Ha IJIy-
6rHe 8 M cocTaBuo 38 [1a/B.

3AK/TIOYEHUE

B pesynkTaTe aHajaM3a SKCIEPUMMEHTAJbHBIX [aH-
HBIX JIa3epHOrO H3MepHUTeNsl BapHallMH [JaBlIeHHS
rugpochepsl M JATYMKA JaBJI€HUS H3MEPUTeNIs CKO-
poctu 3ByKa Mini SVP ¢upmsl Valeport 6bu1 BBIUHC
NeH K03$PUITHEeHT ITpeobpa3oBaHUs JaHHBIX JIa3ePHO-
MHTepdepeHIIMOHHOro nprbopa B 3aBUCHMMOCTH OT
I7yOUHBl IIOTPY>KeHHUsI. MccneqoBaHUS ITPOBOLU/IKCH
B Tpex 6yxTax [IpMOpPCKOro Kpasi Ha pa3HbIX IybHHAaX.
B 6yxTe BuTs3b (3a1uB [lockeT) Ha I1ybHHe 5 M, B 6yxTe
Ynucc (r. BranuBocTok) Ha IybrHe 7 M U Ha I1ybuHe
8 M B 6yXTe Anexceesa (o. IlomoBa). i Kaskoou M3
6yXT 6bUTH BBIOPAaHBI CHHXPOHHBIE YYACTKH 3aITHCeH
ITpr6OPOB ¢ MaKCHMAJIBHOM KOPPeSILIHer sl pa3HbIX
JHaIla30HOB IIePHOJOB MOPCKOTO BOJIHEeHHs. Bcero
6b1710 BEIOPAHO UeThIpe JHaIla30Ha IIePHOOB OT BeTPO-
BOT'O BOJIHEHHUSI [I0 COOCTBeHHBIX KojebaHuil 6yxT, e
OBUIM yCTaHOBJIEHBI MPUOOPEI. M3 IMOTy4YeHHBIX JaH-
HBIX OB oIlpesienieH KO3PUIIHEHT IlepecyeTa JaHHBIX
¢ JIMB/I' 13 pa3sMepHOCTH HaIlPS>KeHHUs, BEIPAKEHHYIO
B BOJIbTaX, B Pa3sMEPHOCTb [JAaBJIE€HMS, BBIPa’KeHHYIO
B ITacKaiix. Tak, Npu I1ybrHe 5 M OH COCTAaBUII IIPHU-
MepHo 11,6 I1a/B, mpu raybuHe 7 M CpefHUI K03bdH-
LIMeHT IIpeobpa3oBaHus 6bU1 paBeH 28,1 I[1a/B, a mpu
IIOCTAaHOBKe ITPHUOOPOB Ha INYOHHY 8 M ero 3HaueHHe
coctaBuo 38 ITa/B.

PacCYUTAaHHBIA KOIQPUIIMEHT Ipeobpa3oBaHUS
[I03BOJIMT PACUIMPUTL IPAHULBI [IPUMEHEHHUs Jiasep-
HBIX M3MepHTe/lel BapHalllH [JaBAeHUs THIpochephl
Pa3nUYHBIX MOAMUKALMHE. g 60ee TOYHOrO orpe-
neneHUs: Ko3dPUIlMeHTa INpeobpa3oBaHHUs IKCIIEpPH-
MEHTA/IBHBIX JaHHBIX JIa3e€pHO-MHTePEPEeHLIMOHHOr0
npubopa B gaJbHeHIIeM HeobX0UMO ITPOBECTH HCCTIe-
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As a result of comparing the experimental data of two
devices for a given range of periods, when the device
was immersed to 5 meters, the average coefficient
was about 10 Pa / V, when the devices were immersed
to a depth of 7 meters, it was 26 Pa/V, and when the
devices were installed to a depth of 8 meters, the aver-
age coefficient value was approximately 39 Pa/V. Based
on the data obtained, the dependence of the conver-
sion coefficient on the depth of immersion for the sea
disturbances with the periods from 5 to 10 s was plot-
ted (Fig. 6a).

Let us analyze the pressure variations with the peri-
ods from 10 to 30 s. For this range of periods, twenty
sites were selected for each of the bays. When compar-
ing the experimental data of LMHPV and Mini SVP in
the Vityaz Bay (Posyet Bay), the average coefficient
value was 11.6 Pa/V. When installing the devices in
the Uliss Bay (Vladivostok), the average coefficient
was 29 Pa/V, and when comparing the data of pressure
variations in the Alekseev Bay (Popov Island), it was
39 Pa/V. As a result, according to the experimental
data obtained related to the hydrosphere pressure vari-
ations with the periods from 10 to 30 s, the depend-
ence of this coefficient on the immersion depth was
indicated (Fig. 6b).

We will consider the sea disturbances with the
periods from 180 to 360 s. For such sea disturbances,
the synchronous sections of instrument records with
the maximum correlation were selected for each
of the three bays. When comparing the amplitude
values of pressure fluctuations, the average conver-
sion coefficient value for a depth of 5 m was 12.5
Pa/V. When setting up the instruments at a depth of
7 m, the average coefficient value was 29 Pa/V. When
the instruments were immersed to a depth of 8 m,
this value turned out to be 36 Pa/V. According to the
obtained calculated data, the dependence of the con-
version coefficient on the depth of immersion for the
sea disturbances with the periods from 180 to 360 s
was plotted (Fig. 6¢).

When analyzing the experimental data of devices
during registration of natural oscillations in the bays
with the periods from 600 to 1200 s, about 10 synchro-
nous sites were selected for each of the bays. For this
range of periods, when the meters were installed in
the Vityaz Bay (Posyet Bay), the average coefficient
value was 11.5 Pa/V. For a depth of 7 m, the average
coefficient value was 28 Pa/V, and when analyzing the
experimental data obtained in the Alekseev Bay (Popov
Island), the coefficient was equal to 38 Pa/V. As a result
of the experimental data analysis on the hydrosphere
pressure variations during the registration of natural
oscillations in the bays, the dependence of the average



I
S LASERS & LASER SYSTEMS [ERUMA
I
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IIJITAHUPYeTCs IPoBecTH B 6yxTe BuTsi3b (3a1uB IlockeT)
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conversion coefficient value on the immersion depth
of the devices was noted (Fig. 6d).

As a result of calculations, the dependence of
the data conversion coefficient of the laser meter
for hydrosphere pressure variations on the depth of
immersion was found. For all ranges of sea distur-
bance periods under study, the calculated conver-
sion coefficients for each device installation site
demonstrated approximately equal values. There is
a strong dependence of the dimension conversion
coefficient on the depth of immersion. As a result,
the average value of the conversion coefficient for
the Vityaz Bay when the devices were installed at
a depth of 5 m was 11.6 Pa/V, for the Uliss Bay at
a depth of 7 m the average conversion coefficient
value was 28.1 Pa/V, and for the Alekseev Bay when
the instruments were installed at a depth of 8 m it
was equal to 38 Pa/V.

CONCLUSION

As a result of the experimental data analysis of the
laser meter for hydrosphere pressure variations and
the pressure sensor of the Valeport Mini SVP sound
velocimeter, the data conversion coefficient of the
laser-interferential device was calculated depending
on the immersion depth. The studies were performed
in three bays of the Primorsky Territory at various
depths, namely in the Vityaz Bay (Posyet Bay) at
a depth of 5m, in the Uliss Bay (Vladivostok) at a depth
of 7m and in the Alekseev Bay (Popov Island) at a depth
of 8 m. For each of the bays, the synchronous sections
of device records with the maximum correlation for
various ranges of sea disturbances were selected. In
total, four ranges of periods were selected from the
wind-induced waves to the natural oscillations of the
bays where the instruments were installed. Based
on the data obtained, the LMHPV data conversion
coefficient from the dimension of voltage, expressed
in volts, to the dimension of pressure, expressed in
pascals, was determined. Thus, at a depth of 5 m, it
was approximately 11.6 Pa/V, at a depth of 7 m, the
average conversion coefficient was 28.1 Pa/V, and
when the instruments were located at a depth of 8 m,
its value was 38 Pa/V.

The calculated conversion coefficient will expand
the scope of application of laser meter for hydrosphere
pressure variations with various modifications. For
a more precise determination of the conversion coeffi-
cient of experimental data from the laser-interferential
device, it is necessary to perform further studies at
great depths. Such research is scheduled to be carried
out in the Vityaz Bay (Posyet Bay) at the depths of 10 to
20 m in summer-autumn 2023.
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B KHUre npeAcTaBseHbl OCHOBHLIE 3ASMEHTH TEXHOAOTMKM MUKPOOBPABOTKK
(Microproduction) aetasgeil mMALUMHOCTPOMTEABHOIO MNPOM3BOACTEA, MEAMLIMHCKOM
TEXHMKM U MHCTRYMEHTARMA, PAAMOTEXHMKM, IASKTPOHMKM M ONTHYECKMX CUCTEM.

AGHD ornMcCanie oCHOBHBIX BUACE DE:DD'}’.&DBGHHR C MCMNOoABIOBAHWMEM MHOIoUEASBBIX
CTaHkoB c HMY aad oBpaboTkK pe3aHuem 3aroTOBOK MMKDOAETOAEH M3 OCHOBHBIX
NPUMEHSEMBIX KOHCTRYKLMOHHBIX MATERMAAOB. ACHBI CBEAEHMA O NOAYYEHWUW MUKPO-
HM3AEAMM U MOAOPAIMERHBIX ASTAASH AMTBEM KM METOAQMM QAAMTUBHBIX TEXHOAOTUN.

MNpueeAEeHb CBEAEHMA OB MHCTRYMEHTAPMM M METOACX AMATHOCTUPOBAHMA COCTO-
AHKMA TEXHOAOTHMHECKHMX MNMpoUuseCCOoB MHKDGDEDGE‘JDTKM. ,ﬂ,CIHD neeactagacHHe o CO-
BPEMEHHDBIX CNOCOBaX MOBBILEHMA HAAEKHOCTHM TEXHOAOTMMECKMX CUCTEM NyTEM
HOHECEHMI M3HOCOCTOMKMY M GHTMCDDMKLLHDHHI:IK I'IDKDI::ITMI:] METOAQMKM BAKYYMHO-
NAC3MEHHbIX TEXHOAOTUI.

MNMpuBeAEHEl CBEASHMA OB MHCTRYMEHTAABHBIX CHMCTEMOX M CPEACTBAX MHCTRYMEH-
TaAbHOrO obecneyeH1s, NoBBILUAIOLLMY SC0CDeKTMBHOCTE MUKpoobpabotkm. AaH ob3op
CPEACTB MIMEPEHWMA MMKPDOAEBTAASM M CNOCOBOB MCCASACBOHMA MOBEPXHOCTHLIX
CTRYKTYP B HOHOPQ3MEPHOM AMAMNA30OHE.

Nocobue NpesHAIHOYEHD AAT BYAYLLMX MHXEHEePOB, OBYYAIOLMXCH NO HANPABAE-
HHIC NoarotToskk 15.05.01 {IHDDEKTMDDBGHME TEXHOACTMHECKHX MALUHMH M KOMINAEKCOBY
K BYAYLLIMX MOTUCTPOB HAYKK M TEXHOAOMMI, OBYYAIOLLMXCA NO HANPABASHMIO NOATO-
ToBKM 15.04.02 «TexHorOrMH4eCKMe MmalliviHbl M 0BopyACOBaHMEN.
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