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IlIkona ecmecmaeHHblx Hayk PedepaabHozo 20cydap-
CIMBeHH020 ABMOHOMHO020 00pA308aMeAbHO20 YUpesK-
deHus gbiciue20 npodeccuonanbiozo 06pa3osanus
«JlaAbHesocmouHblil pedepabHblil yHUBepcUmem».

OnuncaH aBTOHOMHbI J1a3epHbiA U3MepUuTesb
Kone6aHwui AaBneHUs A1 UCNOJIb30BaHWS NOJ, BOAOW.
Mpun6op MoxeT 6bIThb NCNOJIb30BaH BAAN OT 6eperosoim
4yepTbl, MNOCKO/bKY NpeayCcMOTpeHa BO3MOXHOCTb

ero aBTOHOMHOW pa6oThbl, 415 Yero 6611 paspaboTaH
noAK/o4YaemMbivi K Npubopy KOHTeMHep, CHa6)XeHHbIN
3n1eMeHTaMM NUTaHus, cucTteMon c6opa U HaKomJ1IeHUs
MHpopMauumn. Hannyme paTYNKOB CHAPYXXU U BHYTPU
M3MepuTesis NO3BOJISIET MPOBOAUTL KOPPEKLUIO 3anncu
Bapuauui AaB/ieHUs B 3aBUCMMOCTM OT U3MEHEHUS
TemMrnepaTypbl MHTeppepomMeTpa U 3a60pTHOM BOAbI,

a A0NOJIHUTENbHbIA UHTEep¢EenC 31eKTPUYecKoro
NUTaHWSA U NOPT AaHHbIX NO3BOJISET NOAKIOYATb
BHeLUHWe yCTPOMCTBA A1 paclumpeHus GyHKLMOoHana
npubopa.

CTaTbs noctynuna 8 pegakumio 28.03.2019
CTaTbq NpuHATa K nybamkaumm 15.04.2019

Py H3y4eHHH Pa3IUYHBIX THIpodH3HUe-

CKHUX IIPOLIeCcCOB, IIPHUPOABl UX BO3HHUKHOBE-

HUSI W Pa3sBUTUS CYylleCTBeHHOe 3HaueHHe
MMeI0T TeXHHYeCKHhe XapaKTePUCTHUKHU YCTAHOBOK.
CTpeM/leHHe YBeIHYMUTb YYBCTBUTEIBHOCTb, pac-
IIMPUTh Paboumil YacCTOTHBIM [AHaIa30H IPHBeIO
K TOMY, YTO MHTepdepoMeTphl, paHee He HCIIO0/Nb30-
BaBIIMeCs B ITOABOAHBIX ITPUOOpax M3-3a TPOMO3[-
KOCTH U CJIOXKHOM 3KCIUIyaTallMH, ITOSIBU/IKCH B 3TOH
067acTH H3MepHUTeNbHOM TeXHUKHU. COoBpeMeHHBbIe
OOCTIDKEHMSI IO CO3MAaHMI0 KOMIIAKTHBIX MoOesek
YaCTOTHO-CTabM/IM3UPOBAHHBIX J1a3epoB, 3JeKTPO-
HUKH, TPeXMEPHOI0 MOZeJIMPOBAHMUS [TO3BOJIKIIH CO3-
IATh IIPUOOPEI 3TOTO THIIA, HE BBIXOAS 32 PAMKH JOITy-
CTUMBIX 3KCIUIyaTallUOHHBIX XapaKTePUCTUK IIO Becy,
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An autonomous laser pressure meter for underwater
use has been described. The use of optical
measurement methods based on interference
methods, optimization of the device design based

on existing design experience, allowed us to develop
and create a compact device that has a high accuracy
of measuring pressure fluctuations in a wide
frequency range. The device can be used away from
the coastline, since it provides for the possibility of
its autonomous operation, for which a container
connected to the device, equipped with batteries, a
system for collecting and storing information, was
developed. The sensors outside and inside the meter
allow for correction of the recording of pressure
variations depending on changes in the temperature
of the interferometer and seawater, and an additional
electrical power interface and data port allow you to
connect external devices to expand the functionality
of the instrument.

Article received for editing 28.03.2019
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hen studying various hydrophysical pro-

cesses, the nature of their occurrence and

development, technical characteristics of
installations are essential. The strive to increase
the sensitivity, to expand the working frequency
range led to the emergence of interferometers in
this area of measurement technology, which have
not been previously used in underwater instruments
because of their bulkiness and difficult operation.
Modern advances in the creation of compact mod-
els of frequency-stabilized lasers, electronics, and
three-dimensional modelling have made it possible
to create instruments of this type without going
beyond the permissible operating characteristics in
terms of weight, dimensions, and rational use pos-
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rabapuTamM M pa3yMHBIM BO3MOSKHOCTSIM HCIIOJIb30-
BaHHS. B pe3ynbTaTe ja3epHO-UHTeppepeHLIMOHHBIN
npubop A1 M3MepeHUs! BapHallui AaBJIeHUs II0Ny-
YaeT IIHMPOKHEe BO3MOXKHOCTH II0 YyBCTBUTEIBHOCTH,
OOTBIIOMY YAaCTOTHOMY ZIHAIA30HY, MPUCYLIeMY
HHTepbepoMeTpy, BKIKUYEHHOMY B €ro KOHCTPYK-
1uio. OIBIT cO3aHUs IPUOOPOB HA OCHOBE JIa3epHO-
HUHTeppepeHIIMOHHBIX MeTOL0B I10J1y4YeH HaMHU paHee
Ipu paboTe Haj, pasIMYHBIMU H3MEPUTeNsIMHU QU3H-
YecKMX IapaMmeTpos reocdep [1-3]. ITu ycTporicTBa
M3MepsIoT B UHQPA3BYKOBOM U 3BYKOBOM [Halla-
30HaX C BBICOKOM TOYHOCTBIO Ha ypOBHE (POHOBBIX
IIyMOB. ITO TaKHe YCTPOMCTBa, KaK Ja3epHeble Aedop-
Morpadsl, 1a3epHble HaHobaporpadsl, JasepHble
HM3MepHUTelIH BapHallMi JaBlIeHUsI THAPOCPepHl, pas-
paboTaHHEIe COOTBETCTBEHHO [I/Is1 K3MePeHHsI MHUKPO-
CMellleHHUH BepXHEro C/I0s 3eMHOH KOpBI, BapHaLUM
aTMOCHEpHOTo U IIOABOJHOIO AaBJIeHUs. [Ipy HUCII0/Ib-
30BaHUHU 3TUX IIPUOOPOB OBUIH I10/TyUeHbl HOBbIE JaH-
Hble O B3aMMOJEHNCTBUU Teocdep. Hampumep, 6bL10
YCTaHOBJ/IEHO, YTO LyTM BOJH J[aBJIeHHS B BOJHOHU
cpefie C IepUOAAMM, JIeKALUMH
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sibilities. As a result, a laser-interference device for
measuring pressure variations has wide possibilities
in sensitivity, a large frequency range inherent in
the interferometer incorporated in its construction.
The experience of creating devices based on laser-
interference methods was obtained by us earlier
when working on various measures of the physical
parameters of the geospheres [1-3]. These devices
measure in the infrasound and sound ranges with
high accuracy at the level of background noise. These
are devices such as laser strainmeters, laser nano-
barographs, laser meters of pressure variations in
the hydrosphere, developed accordingly to measure
micro-displacements of the upper crustal layer, varia-
tions in atmospheric and underwater pressure. When
using these devices, new data on the interaction of
geospheres was obtained. For example, it was found
that pressure wave trains in an aqueous medium
with periods lying in the range of 7-13 min are
caused by similar wave trains at atmospheric pres-
sure, rather than short-period internal sea waves [4].

B OuarasoHe 7-13 MHH, BBI3BAHBI
OJOOHBIMK ke LyraMH BOJIH
B aTMOCchEepHOM [aBIeHWH, a He
KOPOTKOIIEPHOAHBIMU BHYTPEH-
HHUMH MOPCKMMH BOJHaMHu [4].
KOMIIJIeKCHOe  HCIIO0JIb30BaHUeE
3TUX YCTPOMCTB II03BOJISIET OXBa-
TUTb OOJIBIION CIIEKTP HAy4YHBIX
3afja4, CBSI3aHHBIX C H3y4eHHeM
IIPOLIECCOB B3aMMOJEHNCTBUS Teo-
cdep. [ns sToro nprbopsl obvenu-
HSIOTCSL B M3MepHUTeIbHbIe IIOJIH-
roHsl [5], ¢ TeM YTOOBI IPOBOAUTH
COBMECTHBIM MOHHTOPHHI Iapa-
MeTpOB reocdep.

[IpuMeHeHHE Ja3epHO-
HHTep)epeHLIMOHHBIX H3MepH-
Tejlel BapHalLUM fAaBieHHd [6]
B HAYYHBIX MCCIEIOBAHUSIX I103BO-
JIUJI0O HaKOIHTEL OOJBIIOHM OIIBIT
paboThl C TAKKMH YCTPOMCTBAMH.
BBIIM Jaske CO3MaHBI MomuHKa-
LUK C HUCIIOTb30BAHHEM Pa3HBIX
HCTOYHHUKOB U3TYIEHHUSI U KOMIIO-
HOBKU Ipubopa [7]. Ho Takke 6b11
BBISIBJIEH PSIT HETAaTHUBHBIX 0CObeH-
HOCTEH B 9KCIUTyaTalluK 3THUX IIPH-
6opoB. Cpenu HHUX ClefyeT OTMe-
TUTH: 1) 6oJblIHe reoMeTpHUYecKIe
pasmMepel M MacCy, 4YTO IPHBO-
IOUT K HeymobCTBY 3KCIITyaTal[UH

Puc. 1. A/IVIK/] 8 c6ope (cnesa) u 6e3 2epmemuyH020 Kopnyca (cnpasa)
Fig. 1. Assembled ALPFM (left) and without an air-tight enclosure (right)
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M HeyCTOMYHBOCTH HHTepdepeHILIMOHHON KapTHHBI,
2) BAMSIHMe H3MeHeHHS 3a00pTHOM TeMIIepaTyphl
Ha II0Ka3aHUS HHTepdepoMeTpa, 3) HEBO3MOKHOCTb
aBTOHOMHOM PaboThl, 5) HEBO3MOXKHOCTb IOAKIIOYe-
HUSI BHEIITHET0 000PyLOBaHHUSL.

B cBSI3M ¢ yKa3aHHBIMM HeIOCTATKaMHU Ha OCHOBe
KOHCTPYKIIUHU JIa3€PHOT0 H3MepHUTesss BapHallUi
IaB/leHUs: ruapocdepsl ObUT CO3aH HOBBIM IIPUOOP -
ABTOHOMHBIH JIa3epHBbIN M3MepPUTelb KojlebaHUH AaB-
nenus (AJIMK]), puc. 1.

[IpoBepeHHBIN BO MHOTHX ITpUOOpax KOJJIEKTHBA
IIPUHLMII AeMCTBHS, OCHOBAaHHBIM Ha HHTepdepo-
MeTpe MariKkelbCOHA, IIOCTPOEHHOM II0 MOTUGHUIIU-
POBaHHOM CXeMe HepaBHOIlJIeuero THIIA, HCII0/Nb30-
BaH U 37lecb. ONTHKO-MeXaHH4YecKasi cxeMa Ipubopa
Y NPUHLMUII ero AeHCTBUS CXeMaTH4eCKH I0Ka3aHBbI
Ha pHuc. 2.

B KadyecTBe MCTOYHHMKA M3/Iy4eHHUs] MCIONb"
3yeTcsi Tas30BbIM Te/lHMH-HEOHOBBI  4YaCTOTHO-
cTabunnu3upoBaHHBIN sazep MellesGriot, KOMIaKT-
Has MoJeslb.

OpHO medyo HMHTepdepomeTpa SB/SETCS 3TaJOH-
HBIM. JIy4, KOTOPBIF PacCIIPOCTPaHSIeTCS II0 JPyromy
Ijiedy, IIPOXOAUT Uepe3 3epKaso, YCTaHOBAEHHOe Ha
MeMOpaHe B KpbIIIKe IIpubOpa. BHeIIHssS CTOpoHa
MeMOpaHBl 3 COIPUKACAETCS C BOAOM, U 3TOT JIy4
SBJISeTCsl, TaKUM 00pa3oM, HM3MepHUTeIbHBIM. IIpo-
CTPaHCTBEHHOE CBefleHHe IIONaJaloIUX Ha JeH-
TeJBPHYIO IUIACTHHY 6 06oMX sydei (Ilocie KX ITPo-
XOKAEHUS 10 CBOKMM OITHUYeCKHUM IIYTSM) I103BOJISIET
[IOIyYUTh UHTePOepeHLMOHHYI0 KapTHHY IepeMeH-
HON SIPKOCTH, OOYC/IOBJIIEHHYIO H3MeHeHHeM pa3Ho-
CTH XOfia Nyueil. HM3MeHeHHe SPKOCTH PeruCTpHpY-
eTcsi GOTOIPHUEMHHUKOM 2 CHUCTeMBl PerucTpalyu 7,
KoTopass GopMHUpPYeT YIIPaB/ISIOIMUNA CUTHAI Ha KOM-
IIeHCAllMI0 Pa3sHOCTH XOAA Jiydel. DTOT >Ke CHIHal
SIBJISI€TCS. BBIXOAHBIM, M OH >Ke IIOfAeTCs Ha OAUH
13 Ibe30KepaMHUYecKUX 3IeMEeHTOB 5 AJIs BO3BpaTa
HMHTepdepeHLIMH Ha 3KCTpeMyM. Ha BTOpOI1 3/leMeHT
II0f1aeTCsl TPOOHBIM (M/TH ITOMCKOBBIH) CHUTHAJ, KOTO-
PBIN IIpe/ICTaBIIsIeT COOO0k rapMOHHYeCKHe KoebaHus,
obecrieyrBaroIye MPaBUIBHYIO CHCTEMY 3KCTPeMasIb
HOTO peryIHpOBaHMUS.

B mpubope nprMeHseTCs CUCTeMa KOMIIEHCALlUH
TU/IPOCTATHYeCKOro JaBaeHus. OHa HeobxonrMa A1
BbIDaBHUBAHUS [aBleHHUs 110 obe CTOPOHBI OT MeM-
OpaHbl, 4TOOBI IIPUBECTH ee Ilepefi M3MepeHHUSIMU
B HeHTpa/JbHOe IOoJoKeHHe. [Ipu IOrpy>keHHUU IIPU-
bopa o KOMaHfle OTKPBIBAETCSI JIeKTPOMArHUTHBII
K/IallaH, KOTOPBIM ITPOIIyCKAaeT BO3AyX M3 CIIelHalb-
HOM Pe3HHOBOK eMKOCTH B KaMepy Hebo1bLIoro o6s-
eMa Mexky MeM6paHOM U OCHOBHBIM IIPOCTPAaHCTBOM
KOpITyCa, OTJeJIeHHYIO OT Hero Ipo3payHbIM IepMOOK-
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Puc. 2. Onmuko-mexaHu4eckasi cxema npubopa: 1— UCMOYHUK
U3Ay4eHus; 2 = GomonpuemHUK, 3 — MembpaHa ¢ 3akpenneH-
HbIM Ha Hell 3epkanom; 4 — 0enumenbHsbil Kybuk; 5 — nbesoke-
pamuyeckue YuauHOpbl KoMneHcauuu u npobHo20 CuzHana;

6 — Kamepa KomMneHcauuu 2udpocmamu4eckozo 0aeneHusl;

7 - cucmema pezucmpauuu; 8 - cobuparowas AuH3a; 9 - zep-
MOOKHO; 10 — 2epmemu4Hblll Kopnyc

Fig. 2. Optical-mechanical device circuit: 1- radiation source;
2 - photodetector; 3 - membrane with a fixed mirror; 4 - divid-
ing cube; 5 - piezoceramic compensation and test cylinders; 6 -
hydrostatic pressure compensation chamber; 7 - registration
system; 8 - collecting lens; 9 - thermo-window; 10 - air-tight
enclosure

The integrated use of these devices allows you to cover
a wide range of scientific problems related to the
study of the processes of interaction of geospheres.
To this end, the devices are combined into measuring
polygons [5], in order to conduct joint monitoring of
the parameters of geospheres.

The use of laser-interference measuring devices
for pressure variations [6] in scientific research has
made it possible to accumulate much experience
with such devices. Modifications were even made
using different sources of radiation and device lay-
out [7]. But a number of negative features in the oper-
ation of these devices was also revealed. Among them
are as follows: 1) large geometrical dimensions and
mass, which leads to inconvenience of operation and
instability of the interference pattern, 2) the effect of
changes in the outside temperature on the interfer-
ometer readings, 3) inability to work autonomously,
5) inability to connect external equipment.

In connection with these drawbacks, based on
the design of the laser meter of hydrosphere pressure
variations, a new device was created: an autonomous
laser pressure fluctuation meter (ALPFM), Fig. 1.

The principle of action, tested in many instru-
ments of the facility, based on the Michelson interfer-
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HOM 9. Ilo OKOHYAHHHU IIOIPy’KeHHUsI KIallaH 3aKpblBa-
eTcs 0 Hayasa u3MepeHHH. [Ipu mogbeMe mpubopa
JaBleHHe M3 KOMIIeHCAIIMOHHOM KaMepbl CTPaB/IH-
BaloT 0bpaTHo.

OnTuyeckass CKaMbsi BBIIIOJTHEHA K3 HEPXKaBero-
IIeH CTalu, YTO B COBOKYIIHOCTU C PACIIOIOKEHHBIMU
mo oberM CTOpoHaM pebpaMu YCHJIEHHUS U CTalb-
HBIMHM PacTSDKKaMH C BepPXHeM CTOPOHBI I103BOJISIET
IIOJIyYUTh OOJIBIIYIO SKeCTKOCTh KOHCTPYKLUH. McToq-
HUK H3JIy4eHHs PaCIojaraeTcs II0J, OINTHYecKOH
CKaMbeH, OTKyZ[a Jiyd 4epe3 OTBePCTHE BBIBOJUTCS
C IIOMOUIBI0O IepPUCKOIHUYECKOM CHCTeMBl 3epKall.
Brioku NmUTaHUS IpUOOpA PacIoNaraloTcs B OTAENb-
HOM 06BeMe OT OIITHKO-MeXaHU4YeCKOH YacTH BHYTPHU
KopIyca mpubopa.

Cpenu MOIIOMHUTENBHOrO 0b6OpymOBaHHS aIlIapa-
TYPHOM YacTH ClefyeT YIOMSHYTb HaJlH4He H3Me-
puTener TemIepaTypel. Ha ONTHYeCKOHM CKaMbe
HHTepdepoMeTpa U CHapyku Ipubopa (B TOHKO-
CTeHHOM IMIyIle-CTep>KHe, PaCIIOIOKeHHOM B ParoHe
MeMOpaHbl) yCTAaHOBJIEHBl AATYHMKK TeMIIepaTyphl
Ha OCHOBe LudpoBoro tepmomerpa DSI8B20. M3me-
peHHe TeMIlepaTypsl BHYTpPH IIpubopa Heobxomumo,
IIOCKO/IbKY BapHalLlMK TeMIIepaTypbl MOLYT BHOCHUTb
CyIleCTBEHHYIO IIOIPelIHOCTh B IIOKAa3aHHSI Hepas-
HoIl/ledyero HHTepdepoMeTpa. Paspemaromasi CIo-

AdHHBIX, ABNAKOTCA KNIOYEBbIM KPHTEDHEM.
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ometer, constructed according to a modified scheme
of unequal-arm type, is applied here. The optical-
mechanical scheme of the device and the principle
of its operation are shown schematically in Fig. 2

A helium-neon frequency-stabilized laser Melles-
Griot, a compact model, is used as a radiation
source.

One “arm” of the interferometer is a reference. A
beam that propagates along the other “arm” passes
through a mirror mounted on a membrane in the lid
of the device. The outer side of the membrane 3 is in
contact with water and this beam is thus measuring.
The spatial convergence of both beams falling onto
the dividing plate 6 (after passing through their opti-
cal paths) makes it possible to obtain an interference
pattern of variable brightness caused by the change
in the path difference of the beams. The change in
brightness is recorded by the photodetector 2 of the
registration system 7, which generates a control sig-
nal to compensate for the difference in the path of
the beams. The same signal is output and it is also
fed to one of the piezoceramic elements 5 to return
the interference to the extremum. A “test” (or search)
signal is fed to the second element, which is a har-
monic oscillation, providing the correct system of
extreme regulation.

CoBpeMeHHbIM KOMMaHUAM —
MHHOBALMOHHbIE pelleHnn!

AByxny4yeBo#
cnekTpogoTomeTp DS5
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COOHOCTb JATYMKa IIPU KCIIONB30BAHHUMU 12-6UTHOMN
IIaThl aHajoro-xposoro mnpeobpasosartens (ALIII)
coctasasieT 0,0625 °C.

Jlna rpyboro n3mepeHHs 3a60pTHOro [aBaeHHS
(HampuMep, VISl OIIpefie/leHUs INTyOWHBI YCTAaHOBKHU
npubopa) IpefycMOTpeHa BO3MOXKHOCTb YCTaHOBKH
JaTYyMKa JaBjleHHs. [JIag 3TOro B KpbILIKe IIPH-
bopa HMeeTCsl TepMO-IUTYyLiep /sl YCTAaHOBKU TeH-
3ompeobpasoBaTens KU30pITOuHOro maBneHus DO0.4-T.
ITpemensHO HM3MepsieMoOe [aBjeHHe OATYHKa PaBHO
0,8 MIIa, YTO COOTBETCTBYeT INybHHe IIOTPy>KeHHUS
~80 M, paspermaromas criocobHocTh coctasnseT 90 I1a,
T.e. 0,01% oT muamasoHa HM3MepsSIeMOIo LaBJIeHHUS.
[Tpu HeobxonrMocTH paboTsl Ha IraybrHe 6oee 80 M
IIpeflycCMOTpeHa BO3MOYKHOCTb OBICTPOM 3aMeHBI AaT-
YMKa JaBieHus. [ COrnacoBaHUS AATYHMKA C U3Me-
PUTENTBHON M PErHCTPHUPYIOIIEN YacTIMU 000pymo-
BaHMS MCIIONb3yeTCd H3MepPHUTEe/NbHBIN YCHIMTE/b
C IepeMeHHBIM K03QPUIIMEeHTOM yCU/IeHHs B Auaria-
30He 5-4001.

Ha Kpbllike nprbopa yCTaHOB/IEH I'epMeTHYHBIN
pasmeM, IIpefHa3Ha4yeHHBIH ISl JTOIIOJHUTETLHOTO
0b0pyoBaHMSI. DTO YHHBEPCATBHBIN HHTepderic, Ha
KOTOPHIM BBIFE/IEHO OTHe/bHOe IMHTAHHe K JHHHUSI
repegayy JaHHBIX. B 4aCTHOCTH, U3MePHUTe/b MOXKET
pabotath coBMecTHO ¢ pryopumerpom ECO FL, mpen-
HasHAauYeHHBIM ISl OIlpellelleHUs] OHOJOTHYeCKHUX
XapaKTePHUCTHUK BOAbLI, B YaCTHOCTH COJep>KaHUA
XJIopodria-a. ITOT HATYHMK II03BOJISET IIPOBOAHTH
HM3MepeHHs B AuarasoHe 0-125 MKr /1 ¢ pa3pelieHHeM
0,02 MKr/s. MoryT Takke OBITh IIOAK/IIOYEHBI AAT-
YKKU ITy6UHBL, THAPOQOHBI, MOAYJIb PALHOCBSI3U /IS
TeJIleMeTPHUH U OTIIPABKHU IIpeABapUTEIbHBIX JaHHBIX
U [IpOYHe YCTPOLCTBA.

B pabote nHTepdepoMeTpa MCIIOAB3YeTCsl CHCTeMa
perucTpaliii HHTepPepeHLIMOHHOIO0 H3MepHUTells
BapHaluN AaBiaeHUs [8] ¢ HEKOTOPBIMU MoANHKA-
UHAMHU. M3MeHeHUs KOCHY/IKCh yIy4dlleH s XapaKTe-
PUCTHK LIUPpo-aHanorosoro rnpeobpasosaresns (LIAII):
Tellepb yCTaHOBJIEeHa Mojenb 14 6UT. B crcTeMe pery-
CTPALIMM KCIIO/Ib3YeTCA IIPUHILINII YAePKaHUS HHTep-
depeHLIMH Ha YpOBHe MaKCHMAaJIBHOH SPKOCTH. ITO
obecrieurBaeTcss pabodMM OPraHOM CHCTEMBI Peru-
CTPallUd - KOMIIEHCHPYIOLleH IIbe30KepaMHKOH,
KOTOpas IlepeMelllaeT CBOK He3aKpeIUIeHHBIN KOHel]
C yCTaHOBJIEHHEIM Ha HeM 3epKaJIoM, C IIOCTOSHHOM
CKOPOCTBIO, YAEPKHMBasi UHTepOEpeHLMI0 Ha 3KCTpe-
Mmyme. I ompene/ieHUs HaIlpaB/IeHUs CMelleHHs
OT IIOJIOKeHMS 3KCTpeMyMa BTOpas IIbe30KepaMHKa
BBOJMT B OITHUYECKHUH CHTHAJ UCKYCCTBEHHOE FapMo-
HHYeCcKoe BO3MYIIeHHe ¢ 4acToTod 100 KI'1] - CUrHan
PaCKauKH, SBJISIOMIMICS IIPOOHBIM MM IIOKMCKOBBIM.
JJIs paccMaTpHBaeMOMN CHCTeMBl C IIOCTOSIHHOM CKO-
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The instrument uses a hydrostatic pressure com-
pensation system. It is necessary to equalize the
pressure on both sides of the membrane in order
to bring it to the neutral position before measure-
ments., When the device is immersed, a solenoid
valve is opened upon command, which passes air
from a special rubber container into a small volume
chamber between the membrane and the main body
space, separated by a transparent pressure window 9.
When the diving is finished, the valve closes before
the measurements start. When the device is lifted,
the pressure from the compensation chamber is
relieved.

The optical bench is made of stainless steel, which,
together with the reinforcement ribs located on both
sides and steel stretch marks on the upper side,
allows for greater rigidity of the structure. The radia-
tion source is located under the optical bench, from
where the beam through the hole is output using a
periscopic system of mirrors. The power supply units
of the device are located in a separate volume from
the optical-mechanical part inside the device case.

It is necessary to mention the temperature meters
among the additional equipment of the hardware
part. Temperature sensors based on a DS18B20 digital
thermometer are installed on the optical bench of the
interferometer and on the outside of the instrument
(in a thin-walled probe rod located in the area of the
membrane). Measuring the temperature inside the
instrument is necessary, since temperature varia-
tions can introduce a significant error in the readings
of the non-equal interferometer. The resolution of
the sensor when using a 12-bit analogue-to-digital
converter (ADC) board is 0.0625 °C.

For a rough measurement of outboard pressure
(e.g., to determine the depth of installation of the
device), it is possible to install a pressure sensor. For
this purpose, there is a pressure-tight fitting in the
cover of the device for installing an overpressure
strain meter D0.4-T. The maximum measured pres-
sure of the sensor is 0.8 MPa, which corresponds to
an immersion depth of ~ 80 m, the resolution is 90
Pa, i.e. 0.01% of measured pressure range. If it is
necessary to work at a depth of more than 80 m, it
is possible to quickly replace the pressure sensor. For
matching the sensor with the measuring and record-
ing parts of the equipment, a measuring ampli-
fier with a variable gain in the range of 5 + 4001 is
used.

On the cover of the device there is an air-tight
connector for additional equipment. This is a uni-
versal interface with a separate power supply and
data line. In particular, the meter can work in con-
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POCTbIO IlepeMellleHUsI pabouero opraHa obpaTHOL
cBsI3M (KOMITEHCHUPYIOIIeH I1be30KepaMHUKH) CBS3b
MeXy MaKCHMaJbHOH CKOPOCTBIO V IepeMelleHHUs
pabodero opraHa CHCTeMBl PeTHCTPAIlUU, YaCTOTOU
f mpobHOrO (ITOMCKOBOrO) CUTHAJA, AJIMHOM BOJHBI A
M3IydeHUsd jasepa U paspsagHocTeio N IJAIL, MOXKHO
OIIMCATh BhIPAKeHHUEM:

v=;—£. 1

U3 (1) cenyeT, YTO C IOBBIIIEHHEM Pa3psiLHOCTU
HeoOXOIMMO IIOBBIIIATH X YAaCTOTY IIOKMCKOBOTO CHI-
Hasa. B paspaboranHOM IIpubope 4acToTa IIOMCKOBOTO
CUTHaJa cocTaBsgeT 100 KI'11, UTO B YeThIpe pas3a BhILIE,
4eM B paHee CO3LaHHBIX CHCTeMax. IIpH yC/I0BHUH, YTO
OUHAaMHYeCKUH AHAIla30oH YCHIMNTeNs, YIPaBIsio-
mero paboyrM OPraHOM CHCTeMBl PEerHCTPALiuU, He
yke, uyeMm y LIAII, MaKCHMMa/ibHas TOYHOCTb H3Mepe-
HHUS [epeMelleHU MeMOpaHbl U3MepUTeel [aBie-
Hus coctasisgeT 0,75A/ (N1 uau 0,06 HM.

JaBeHHe, KOTOpPOe PerucTpHpyeT H3MepHUTellb
BapHalLlMM AaBJIE€HUSI THAPOChepsl, 000PymOBaHHBIL
OIHMCAaHHOH PerucTpUpymollell CUCTeMOL, MOKHO
paccuuTaTh o Gopmyse, ONMMCHIBAIOIIEN IIOBeleHHe
3aKpeIUIeHHOM I10 KpPasiM IJIOCKOK MeM6paHsI [9]:

P Al-16h°E . @)
3(1-¢*)R*

3mecy Al - cmemeHue MeMmbpaHbl; h - TonIMHA
MmeMbpansl; E - momynp IOHTa; ¢ - Ko3bdPuLIHEeHT
IlyaccoHa; R - paguyc MmemOpaHbl. B H3MepuTene
MOT'YT OBITH KCIIOJIB30BAaHBI MeMOpaHbI, H3IOTOB/IEH-
Hble M3 JIMCTa HepsKaBelolllel CTalIX TOAIMUHOU 0,1;
0,5; 1; 2 MmM. B HCOBITAHUSX HCIIOJB30BAHA MEM-
6paHa TonmuHoM 1 mMM. IloacTaBnsis B (2) ciemyro-
e 3HaveHus: R=5 cMm, h=1 mm, E=2,1-10% H/m?,
0=0,25 u Al=0,06 HM, IIOJIyYKMM, YTO paspelleHHe
M3MepUTe/sa 0 AaBlIeHUIo cocTtaBiaser P=11,5 mlla.
IIpu 3TOM, C TOYKH 3pEHMS YaCTOTHBIX XapaKTepH-
CTHK, CHUCTeMa CII0COOHA pPeruCTpUpPOBATh BapHUALIUU
JaBJIeHHs B JHalla30He YacTOT OT CaMBIX HH3KHX
(b1m3KUX K HYJIeBBIM) 10 1000 I'11.

[lepemava Moka3aHUN IIpubopa Ha Oeperopyio
CTAQHIIHIO IT0 KabeqbHOM JTHUHHUU yA0OHA JHUIIb IIPU
HebONBIINX OUCTAHLMAX OT bepera, IOATOTOBJIEH-
HOUM HMHOPaCTpPyKType, OeperoBor 4epre 6e3 KPyTHIX
CKJIOHOB CO CBOOOIHBIM JOCTYIIOM K 3TOM 4depTe. Bce
3TO CHJIBHO YCJIOKHSIET YCTaHOBKY M 3KCILTyaTallHIo
CHUCTEMBI, a IIpOBefieHHe U3MePeHHUH Ha JUCTAaHIIHIX
bonee 500 M oT bepera Tak M BOBCe CTAHOBHUTCS Ha
IIPaKTHKe TSDKeNIO BBIIIOTHMMOM 3afadei. ITosTomy
obecrieueHre BO3MOXKHOCTH aBTOHOMHON PaboThI

=

junction with the ECO FL fluorometer, designed to
determine the biological characteristics of water, in
particular, the content of chlorophyll-a. This sen-
sor allows for measurements in the range of 0 + 125
pg/l with a resolution of 0.02 pg/l. Depth sensors,
hydrophones, a radio module for telemetry and send-
ing preliminary data, and other devices can also be
connected.

In the work of the interferometer, a system is
used to record the interference meter of pressure
variations [8] with some modifications. The changes
affected the improvement of the characteristics of
the digital-to-analogue converter (DAC), the 14-bit
model is now installed. The registration system uses
the principle of retaining interference at the maxi-
mum brightness level. This is provided by the work-
ing body of the registration system - compensating
piezoceramics, which moves its unfixed end with a
fixed mirror, at a constant speed, keeping the inter-
ference at the extremum. To determine the direction
of displacement from the extremum position, the
second piezoelectric ceramics introduces an artificial
harmonic perturbation into the optical signal, with a
frequency of 100 kHz - a “buildup” signal, which is a
test or a search signal. For the considered system with
the constant speed of movement of the feedback body
(compensating piezoceramics) between the maximum
speed v of movement of the recording system, the fre-
quency f of the test (search) signal, the wavelength A
of laser radiation and the digit capacity N DAC can be
described as follows:

v=;—f,. (1)

From (1) it follows that with increasing digit capac-
ity, it is necessary to increase the frequency of the
search signal. In the developed device, the frequency
of the search signal is 100 kHz, which is four times
higher than in previously created systems. Provided
that the dynamic range of the amplifier controlling
the working body of the recording system is not nar-
rower than that of the DAC, the maximum measure-
ment accuracy of the displacements of the diaphragm
of the pressure meters is 0.75A/(2N1) or 0.06 nm.

The pressure recorded by the pressure varia-
tion meter of the hydrosphere, equipped with the
described recording system, can be calculated using
the formula describing the behaviour of the flat
membrane fixed along the edges [9]:

Al-16H°E
P_su—oﬁR4‘ @
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7ma3epHO-UHTepPepeHIIMOHHOTO
KOMIIJIeKCa — HeobX0omHMOCTb.
OpgHako, KaK IIOKa3aJd IpaKTHYe-
CKHUM OIBIT, Ilepexo], Ha IIOJIHO-
CTBIO AaBTOHOMHYIO paboTy c pas-
MellleHHMeM B KopIyce mpubopa
CPefCTB PerucTpalid U UCTOYHU-
KOB ITMTAHHUS OKa3aJICs Helle/Iecoo-
6pasHbIM. YXYOIIATh JOCTUTHYTHIE
XapaKTePHUCTUKU Beca U pa3mMepa
npubopa o3HaudaeT YCIOKHEHHE
3KCIUIyaTallu¥, HeoOX0JHMOCThb
B MCIIONBb30BaHHUU Oosee KpyIi-

HBIX IIVIaBCpeACTB K IIOABEMHBIX

CTabMIN3aTOPBL AJIKY,
MeXaHH3MOB. Kpome TOro, mpu - Hanpmewi [Muxpoxommmeﬂ A
. M
IIPOBeIeHUY H3MepeHUH BOIU3U < A AamHble
6 P . P B < | Ilpeo6pasoBaTenn IlnaTa BBOAA
eperoBou tI(E}.?TBI, HCIIO/ZIb30Ba AKB E HaTpSKeHHS JAaHHBIX
HUe KabeJbHOH JIMHUH BIIOJIHE 5 | |
on

OIlIPpaBAAaHHO OTCYyTCTBHEM OI'DPa-

HHBepTep 12-220 B

o
-

HHUYeHUI 110 3HepromnoTpebieHuIo,

J ITuTaHue I

IIPOJO/IKUTENIBHOCTBIO BpeMeHHU
paboTsl, BO3MOXKHOCTBIO MI'HOBEH-
HOTO IIONy4eHMs j0boro obrema
HUHPOpMaLIUK, PerucTpUpyeMou
JAaTYMKAMH, YIIPOILIeHHeM Teje-

b)

Puc. 3. KoHmeliHep asmoHomu3ayuu: a) ¢omo; b) npUHULUNUAAbHAS CXema
Fig. 3. Autonomation container: a) photo; b) schematic

MeTpuu. YTOOBI OZHOBpEMEHHO

COXPAaHHUTDH YKa3aHHBIe IIPEHUMYINeCTBA U 0DeClIeunTh
BO3MOKHOCTB PaboThI KaK C UCIIOTb30BAaHHUEM Kabems-
HOU JIMHHUH, TakK U 6e3 Hee 6blT pa3paboTaH KOHTEH-
Hep aBTOHOMM3aLuU (pHuC. 3).

B cocTaB KOHTeHHepa BXOAST OaTaped MHUTaHUS
(muTui-uoHHAs 6aTapesi 3JMEKTPUYECKOrO IIHTa-
HUSA 4S MoIHOCTBIO 7965 BT'4), BIOKM CoIjlacoBa-
HUSI U CTaOMIM3AIMK I[1apaMeTPOB 3JIeKTPHUYECKHUX
Lerner, a Takke MHKPOKOMIIbIO-

Here, Al is the membrane displacement; h is the
membrane thickness; E is Young's modulus; ¢ is
the Poisson's ratio; R is the radius of the membrane.
Membranes made of stainless-steel sheet with a
thickness of 0.1; 0.5; 1; 2 mm. The membrane with
a thickness of 1 mm was used in the tests. Substitut-
ing the following values into (2): R=5 cm, h=1 mm,
E=2.11011N/m?, 0=0.25and Al=0.06 nm, we get that

Tep C TBEpPAOTE/JIbHBIM HAKOIIHUTE-
JeM [Jid 3aIllhCH PIH(I)OPM&L[I/II/I,

noctynamomen u3 mnpubopa. Kox-
TeHHep IIOAK/IIOYAeTCS K rep-
MopaszbeMy Ipubopa, KOTOPHIR
0OBIYHO HCIIONB3yeTCs AJs bepero-
BOro Kabens. BpeMsi aBTOHOMHOM
paboter mpubopa coctaBiset bonee m
6 CyTOK, YTO C yYeTOM 3HAUUTeNb-
HOCTH IOTpebleHUs] SHepPruu
ra3oBBIM J1a3epOM, CHCTeMBI Peru-
CTpallMM, H3MEpHUTEeISIMH [aBje-

18,7852

i

. Ll
I V J 4 wN\J‘.l'f i\ /ﬂ“ NV\'JHW |

IJll

F
| |'

i

HUS ¥ TeMIIepaTyphl K CCTeMaMK 0
CBSI3U, PabOTAIOIMMH Ha BHICOKHX
YacToTax, SIBASeTCS O4YeHb XOpo-
IIMM II0Ka3aTeleM. BbUuiM IIpo-
BeZleHbl YCIIeIIHble HKCIBITaHHS
ABTOHOMHON PaboThl B TeueHHe

02:27,312

Puc. 4. lNMpumep 3anucu AJINK
Fig. 4. Example of the ALPFM recording

06:59,786

Bpems, MHH:C
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145 4. Ha puc. 4 npuBefeH y4acTOK 3allKMCH, LEMOH-
CTpPUPYOIIUN KonebaHUS [AaBleHUS IIPU BETPO-
BOM BOJIHeHHH. Ilo ocu opAMHAT - HaIpssKeHHe Ha
BBIXO/le CHCTEMBI PerMCTPALMHM, IIPOIIOPLIKOHAIBHOE
H3MepsieMoMy JaBjieHHI0. KoaddouireHT mmepecyera
0,25 B/Ila. ITo ocu abcrucc - BpeMs. [nybuHa ycra-
HOBKU ITpubopa 12 M.

YcTaHOBlIeHHble B Ipubope IMdpOBble AATUKKH
TeMIIEPATYPhl MO3BOJISAIOT IIPOBOIUTE KOPPEKTHPOBKY
[IOKa3aHUU HHTeppepoMeTpa C y4eTOM BapHaLlUH
TeMIIEpPaTyphl. DTO Ba’KHO, IIOCKOJIBKY HM3MeHeHHe
TeMIIepaTypsl BHYTPH IIpHUbopa IIPUBOAUT K HU3MeHe-
HUIO JJIMHBL 3TaJIOHHOTO IjleYa BCIeACTBHE TeIlio-
BOI'0 PacCIIMpeHUs JeTaled HHTepbepomeTpa. BHem-
HMU JaTYHK AaeT HHPOPMALIMIO O I107Ie TeMIIepaTyphl
CHapyxu mpubopa. B maHHOW momenu mpubopa Tpe-
byeTcst KOpPpeKTHPOBKA BBIXOJHOTO CUI'HAIA CHCTEMBI
peructpanuu uHHTepdepomerpa Ha -3,305 B Ha
KOKOBIM IIar HM3MepeHHsl TepMoAaT4dHKa, T.e. Ha
0,0625 °C. 3HaueHHe HAIpsDKeHHUs ObLIO IOomob6paHo
SMIIMPHYECKHM IyTeM I[pU IIPOBEeJeHHH TeCTOB.
OyHKLIMA KOPpPeKLIMH II0Ka3aHUH HHTepdepomeTpa
6bLTa BK/IIOUEHA B IPOrpaMMHOe obecrieyeHue obpa-
60TKM U3MepeHHH.

HcnblTaHuss paspaboranHoro AJIMK] mnpouuiu
yCIIelTHO, W IpPUOOp MOsKeT OBITh HCIIONB30BAH IS

i g

the pressure meter resolution is P =11.5 MPa. At the
same time, in terms of frequency characteristics, the
system is able to record pressure variations in the fre-
quency range from the lowest (close to zero) to 1000
Hz.

The transfer of the instrument readings to the
coast station via a cable line is convenient only
for small distances from the coast, with an avail-
able infrastructure, a coastline without steep slopes
with free access to the coastline. All this greatly
complicates the installation and operation of the
system, and taking measurements at distances of
more than 500 m from the coast becomes a difficult
task in practice. Therefore, the possibility of autono-
mous operation of the laser-interference complex
is a necessity. However, as practical experience has
shown, the transition to a completely autonomous
operation with the placement of registration means
and power sources in the instrument case was not
advisable. Worsening the achieved characteristics
of the weight and size of the device means the com-
plexity of operation, the need to use larger boats and
lifting mechanisms. Furthermore, when carrying
out measurements near the coastline, the use of a
cable line is justified by the absence of restrictions
on energy consumption, the duration of operation
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Hay4HBIX MCCIeNOBaHUM. McIonb30BaHUe [aH-
HOro o06OpymoOBaHHUS II03BOJISleT pelaTh 3afadu
[0 H3y4YeHHI0 aMIUIMTYAHO-a30BbIX BapHalluH
KojnebaHUM [aBJIeHHUs, TeMIIepaTypbl KU IPYTHUX
IIapaMeTpoB B THapocdepe B IIMPOKOM YaCTOTHOM
JualasoHe.

OPNHAHCNPOBAHUE

PaboTa BBHIIIOTHEHA IPHU YaCTHYHOM (QHHAHCOBOM
noggepskke rpaHt POOM Ne 18-05-80011_OmacHble
SBJIEHHS .
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time, the ability to instantly receive any amount of
information recorded by the sensors, and the sim-
plification of telemetry. In order to simultaneously
preserve these advantages and ensure the possibility
of working both with and without a cable line, an
autonomation container was developed (Fig. 3).

The container has batteries (lithium-ion 4S elec-
tric power battery with a capacity of 7965 Wh), blocks
for matching and stabilizing electrical circuit param-
eters, as well as a microcomputer with a solid-state
drive for recording information from the device. The
container is connected to the pressure connector of
the device, which is usually used for the shore cable.
The autonomous operation time of the device is more
than 6 days, which, taking into account the sig-
nificance of energy consumption by the gas laser, the
recording system, pressure and temperature meters,
and communication systems operating at high fre-
quencies, is a very good indicator. Successful battery
life tests were conducted for 145 hours. Fig. 4 shows a
plot of the recording, demonstrating pressure fluctu-
ations during wind disturbances. The ordinate is the
voltage at the output of the recording system, which
is proportional to the measured pressure. Conversion
factor 0,25 V/Pa. The abscissa is time. Installation
depth of the device is 12 m.

The digital temperature sensors installed in the
device allow the adjustment of the interferometer
readings taking into account temperature variations.
This is important because a change in the tempera-
ture inside the instrument leads to a change in the
length of the reference “arm” due to thermal expan-
sion of the interferometer parts. An external sen-
sor provides information on the temperature field
outside the instrument. In this model of the device,
it is necessary to adjust the output signal of the inter-
ferometer detection system by -3.305 V for each step
of measuring the thermal sensor, i.e. by 0.0625 °C.
The voltage value was chosen empirically during the
tests. The function of correcting the interferometer
reading was included in the measurement processing
software.

The tests of the developed ALPFM were successful
and the device can be used for scientific research.
The use of this equipment allows to solve the prob-
lems for the study of amplitude-phase variations of
pressure fluctuations, temperature tours and other
parameters in the hydrosphere in a wide frequency
range.
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