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NaszepHble pedpopmorpadbl NPpUMEHSAIOT ANs
BbICOKOTOYHOW peructpaumm reopmsnyeckmx
AedopMaLUOHHbBIX NpoueccoB. C Lenblo
o6ecne4yeHns NpOCTOTbl TPAHCMOPTUPOBKM
o6opyaoBaHUsA B UccriefyeMbli pavioH

M ero yCTaHOBKU paspaboTaHa Mo6uabHas
moaundukauusa npubopa. NMpepcraBaeHHbie

B CTaTbe pe3y/ibTaTbl CEACMUYECKUX
nccnenoBaHUM NO3BOJISIKOT FOBOPUTb O BbICOKOM
NPpoOn3BOAUTENIBHOCTU MOANPULMPOBAHHOTIO
Mo6unbHoro nasepHoro gedpopmorpada.

BBEAEHUE

B HacTosimee BpeMsI B THXOOKEaHCKOM OKeaHO-
JIOTUYeCKOM HHCTHUTYyTe MMeHH B.HM.HMinpuyeBa
IBO PAH (TOU OBO PAH) nmisa HcClIemgOBaHUH
HCIIONIb3YIOT Pa3jindHble HHTepbepoMeTpHI,
[103BOJISIONIHMe IIPOBOAUTH H3MepeHHSI HH3KO-
YAaCTOTHBIX M CBEpXHH3KOYACTOTHBIX BapHa-
LUH MHKpoOCcMelleHUH (oHOBOro ypoBHs [1,2].
OnHako OONBIIMHCTBO M3 3THX NPHOGOPOB rpo-
MO3JKH, CJIOKHBI B YCTAHOBKe U TpebyOT Ipu
3KCILJIyaTallMH IIOCTOSIHHOIO KOHTPOJSl oIlepa-
Topa [3]. [ns ycTpaHeHHS 3TuUX IpobieM 6bLa1
CKOHCTPYHPOBaH MOOUJIBHBIN J1a3epHBIHN Aedop-
morpad Ha OCHOBe HepaBHOIIIedero HHTep-
dbepoMmeTpa MaHKe/JbCOHA C IIPHMeHeHHEM
COBPeMEHHBIX Ja3epHO-MHTeppepeHIHMOHHBIX
MmeTozoB [4]. [Ipubop BKIOYAET B cebsl 3TeKTPOH-
HyI0 CHCTeMy perucTpallM, KoTopas PHUKCHU-
pyeT H3MeHeHHe Pa3sHOCTH AJIHH I7led UHTepde-
poMeTpa. 3azmauda gAedpopmorpada - obecrneuuTs
MOOHM/IBHOCTE PaboThl MPH COXPaHEHHH BBICO-
KOM TOYHOCTH H3MepeHHS HH3KOYaCTOTHBIX
M CBEePXHU3KOYACTOTHBIX BapHalMK MHKpPO-
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Laser deformographs are used for high-precision
recording of geophysical deformation processes. In
order to provide easy equipment transportation
and installation in the studied area, the mobile
modification of device is developed. The results

of seismic studies, which allow speaking of high
productivity of mobile laser deformograph, are
given below.

INTRODUCTION

Currently, different interferometers are used at
V.L.II'ichev Pacific Oceanological Institute of Far
Eastern Branch of the Russian Academy of Sciences
(POI FEB RAS) for studies in order to measure
low-frequency and super low-frequency variations

of microdisplacements of background level [1, 2].

However, most of them are bulky, complex in
installation and they require constant control
during operation [3]. In order to eliminate these
problems, the mobile laser deformograph based
on unequal-arm Michelson interferometer was
designed using up-to-date laser-interferometer
methods [4]. The device includes electronic
recording system, which records the variation of
difference of interferometer arm lengths. The task
of deformograph consists in the operation mobility
with retaining of high measurement precision of
low-frequency and super low-frequency variations
of microdisplacements of background level. The
device is distinguished by its compactness, easy
adjustment, reliability, capability of autonomous
operation during long periods of time with low
energy consumption and low cost.
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cMmemeHUH GoHOBOro ypoBHs. IIpubop oTamya-
eTCsT KOMIIAaKTHOCTBIO, JIETKOCThIO HAaCTPOMKH,
HaJE&XKHOCTHIO, BO3MOXHOCTBIO paboTaTh aBTO-
HOMHO IIPOAOJIKHTE/JIbHOE BpeMs IIPH MaJsbIX
3aTparax MoTpebisieMoyl HEPTUU, U IIPU 3TOM
HebO0JIbIION CTOMMOCTBIO.

YCTPOMCTBO MOBUJIbHOIO
JNNA3EPHOIo AE®OPMOIPADA
Onrtuyeckass dYacTb MOOHUIBHOIO Ja3epHOro
mebopmorpada paspaboTraHa Ha OCHOBE HepaB-
HollJledero HHTepdepomMeTpa MarMKenbCcoHA
M II0XO’Ka Ha COOTBETCTBYIOMIMHU y3enl medop-
morpadoB, co3maHHBIX paHee [5, 6]. B KauecTBe
HCTOYHHKA CBeTa HCIIO0Nb3yeTCSd YaCTOTHO-CTa-
6UIHM3UPOBAHHBIN a3ep mpousBoncTBa Melles
Griot, monroppeMeHHas CTabHJIBPHOCTh KOTOPOTO
coctaBasier 1079-1071%. Bech myTh nAyua jasepa
MesXIy oTpaskaTeseM U HHTepdepeHIHMOHHBIM
y3/I0M pacIloloXkKeH B CBeTOBOAE M3 IIOJIHIIPO-
MUJIeHOBBIX TPyb. OTpaskaTesb CMOHTHPOBAH
Ha yIIpyroM OCHOBAaHHUHU. [l IPOBeJeHHU s U3Me-
PeHUI HCIOAB3yIOT IIOASPHU30BAHHBIN Ja3ep-
HBIH IIY4YOK, KOTOPBIK 3aTeM [JeIHTCsI Ha ABa
nydyka. OAMH M3 HHX [POXOLHUT II0 H3Mepse-
MOMY IlJIedy, APyroH — 1o 3TaJIOHHOMY. M3Mepu-
Te/lbHAs 4YacTh Jyda HAeT II0 CBeTOBOAY, IIOMa-
JaeT Ha OTpaskaTe/lb U BO3BpallaeTcs obpaTHO
Ha IMOJyIpO3pauHylo IIJIACTUHY. ODTaJoHHAas
4acTh Jyda HNPOXOAHUT Uepe3 IOCTHPOBOYHBIHN
y3e/ 4 Bo3BpalllaeTcsl Ha IIOJAYIIPO3PadyHY0 IIja-
CTUHY. IOCTHUPOBOUYHBIHN y3eJ COCTOHUT U3 3ep-
KaJ, 3aKpeIlJIeHHBIX Ha Ibe30KepaMHUYEeCKHX
OCHOBaHHUSX. 3aTeM 3TH [Ba Jiydya COBMeIAIOT
U II07y4aloT HHTeppepeHLMOHHYIO KapTHHY,
HM3MeHeHMHs KOTOPOM OlLleHHBAIOT IocCpen-
CTBOM QOTO3JIeKTPOHHOM ammnapaTypsl. IISITHO
¢ UHTepbepeHILIMOHHON KapTHHOM aHAaJIH3HUPY-
eTcd C IoMombpl0 GOTOAHONA CHCTEeMBl peru-
CTpauMHU. 3amaver JaHHOTO Ipubopa sBIseTCS
perucTpanus BapHallMKM MHKpoAedopMal UM
3eMHOM KOPBl B YaCTOTHOM Juala3oHe oT 0
(ycnoBHO) nmo 10000 I c ToyHOCThO 0,3 HM
B NpaKTHYeCKH HeOrpPaHHYEeHHOM AHHaMHUe-
CKOM JHalla3oHe.

MPUMEHEHWE MOBWJIbHOIO

NA3EPHOIO AE®OPMOIPADA

Onsi u3MepeHHs QGOHOBOTO YPOBHSI Treodu-
3MYeCcKHX IIYMOB K OIpeJe/leHHUs] OCHOBHBIX
IIapaMeTpPOB Pe30HAHCHBIX O06BEKTOB B 3BYKO-
BOM M HMHO)Pa3ByKOBOM [JHalla30Hax HeJaJieKo
oT r. Haxomka Obl ycTaHOB/JIEeH MOOGHIBHBIM
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ARRANGEMENT OF MOBILE LASER
DEFORMOGRAPH

Optical part of mobile laser deformograph is
developed on the basis of unequal-arm Michelson
interferometer, and it is similar to the relevant unit
of deformograph designed earlier [5, 6]. Frequency-
stabilized laser produced by Melles Griot is used in
the capacity of light source; its long-term stability
is equal to 107°-1071°. The whole travel path of laser
beam between the reflector and interference unit
is located in light guide of polypropylene pipes. The
reflector is mounted on elastic foundation. Polarized
laser beam, which is later divided into two beams,
is used for the measurements. One of the divided
beams propagates along the measured arm, and
the second beam propagates along the reference
arm. The measuring part of beam propagates in
light guide, gets on reflector and returns back to
semitransparent plate. The reference part of beam
propagates through the adjustment unit and
returns back to semitransparent plate. Adjustment
unit consists of the mirrors fixed on piezoceramic
bedding. Then, these two beams are combined and
the interference pattern is obtained; its variations
are estimated using the photoelectronic equipment.
The spot with interference pattern is analyzed
using photodiode of recording system. The task
of this device consists in recording of variations
of microdeformations of earth crust within the
frequency range from 0 (provisionally) to 10000 Hz
with the precision of 0.3 nm within practically
unlimited range.

USE OF MOBILE LASER DEFORMOGRAPH
In order to measure the background level of
geophysical noises and determine the main

Puc.1. Kapma cepsuca "laaHema 3emas" ¢ mo4kol ycmaHosKku
nasepHozo depopmozpapa

Fig. 1. Service map "Planet Earth" with the point of laser
deformograph installation

PHOTONICS N2G/60/2016 83



i g

nasepHblll gedopmorpad. Ha puc.l npuse-
IeHa KapTa cepBuca "IlinaHeTa 3eMs” ¢ TOUKOHN
yCTaHOBKHM Ipubopa. KoOpAHHATBl yCTaHOBKHU
HU3MepHUTEJbHON CKaMbu Jedopmorpada -
42°52,560'N, 132°48,643'E. KoopAHHATHL OTpasKa-
Tens - 42°52,562'N, 132°48,639'E.

Hedopmorpad 6bl1 yCTAaHOBJIEH Ha IIOBEpX-
HOCTH 3emau c 3araybieHuem QyHAaMeHTa
ONTHUYEeCKOH CKaMBH [0 CKaJbHOHM IIOPOJBI.
KoHcTpykuus npubopa Oblya H30THPOBaHA
OT BO3JEMCTBHS OKpy>KamplleH cpenbl. Ha puc.2
npuBefgeH obmuil pabouyHMK BHJA YCTAHOBKH.
B nmedopmorpad Omina BcTpoeHa 1udpoBas
CHCTeMa peTrHCTpalllH, SBASOIasics cobCTBeH-
HoM paspaborkorn TOM [BO PAH. [laHHBIHA
MOZY/Ib OTHOCHUTCS K CHCTeMaM 3KCTPeMaJIbHOTO
PeryJIupoBaHHS U yIpaBisieT paboTol HHTep-
depomeTpoB, mommepkMBas HHTepOepeHIHOH-
HYI0 KapTHHY Ha MaKCHMYyMe HHTeHCHUBHOCTH
C IOMOINBI0 IIbe30KepaMHYeCKHX 3J1eMeHTOB
B IleIIH 06PaTHOM CBSI3H. IIpU JOCTHKeHHUH Kpas
OMHAMHYeCKOTO JHalla3oHa, 0OyCIOBIEHHOIO
LHUKJIHNYHON CMeHOH 3KCTPeMYyMOB HHTepde-
PEeHILIMOHHOM KapTHHBI, CUCTeMa perucTpalllu
dbopMmupyeT uMIyasc cbpoca, obHYNAS MomaBa-
eMoe Ha Ibe30KepaMMHKY HaIlpsskeHHe. TaKUM
06pa3om JOCTHUTAaeTCsl pacHIMpeHHe JHUHAMHUe-
CKOro AuamnasoHa npubopa. BenmunHa momana-
eMOro HaIlpsI>KeHH s Ha Nbe30KepaMHKY U KOJIH-
YeCTBO HMIIYJIbCOB cbpoca B KOHKPETHBIH
MOMEHT BpeMeHH COOTBeTCTBYIT H3MeHeHHIO
OIITHYEeCKOH Pa3HOCTH XoJa B IlJledax HHTep-
depomerpos. IIpu 3TOM cama pa3sHOCTh XOHa
JTMHEHNHO CBSI3aHa CO CMelleHHeM 3eMHOM KOPHIL.
OTa uHPopMal Mg B LHPPOBOM BUIE II0 JIMHUHU
CBS3M IIOCTYIIaeT B KOMIIBIOTep, IJe 3alHChIBa-
eTcsl Ha >KeCTKHM OUCK C 3aJJaHHOM YacTOTOM
OUCKPeTH3aLHH.

[IpMHLIUI U3MepeHH s Pa3HOCTH XoJa Ha b6ase
na3epHBIX OedopMmorpadoB IOCTPOEH TaK Ke,
Kak u y gedopmorpadoB, obecrednBAIOMIUX
NoJoOHYI0 HJIK JYYIIYI0 YYyBCTBHUTEJIBHOCTD.
ITpu 3ToM XOpolllasi CTabUJIBHOCTb TeMIIEPATY PHI,
OaBleHHSs, BJIa’XHOCTH, y4deT HX BapHalUH
B M3MepeHHUsIX, He6o/lbIIOM AHalla30oH IofaBae-
MBIX HAaIIPSIKEHU M Ha IIbe30KepaMHUKY (0 198 B)
IIO3BOJISIIOT MCK/IIOYHUTHh OMMOKH H3MepeHHH,
BO3HHUKAWOIIHe H3-3a TaKHUX IIapPa3sUTHBIX SBJIe-
HUH, KaK KPUII U THCTepe3MC Nbe30KepaMHKHU
npu pabore medpopmorpadoB B AHamasoHe oT 0
(ycimoBHO) o 1000 I'1I.

B xozme paboThl 6ply1a cAenaHa 3alllMCh MHUKPO-
JebopMallMH 3eMHOM KOPBl OJIHUTENIbHOCTBHIO
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Puc.2. Jlazep-
Hbil depopmo-
2pa¢ 8 pabouem
NOAOXKEHUU

Fig. 2. Laser
deformograph
in operational
position

parameters of resonance objects within audible and
infra-audible ranges the mobile laser deformograph
was installed near Nakhodka. In Fig. 1 the service
map "Planet Earth" is given with the point of
device installation. Coordinates of the installation
of deformograph measuring bench - 42°52,560'N,
132°48,643'E. Coordinates of reflector - 42°52,562'N,
132°48,639'E.

Deformograph was installed on the surface of
Earth with the penetration of optical bench bedding
down to hard rock. Device construction is isolated
from the environmental impact. The general
operational view of device is given in Fig. 2. The
digital system of recording was built-in into the
deformograph; this system was developed by POI FEB
RAS. This module refers to the systems of optimizing
control and operates the interferometers supporting
the interference pattern in intensity maximum with
the help of piezoceramic elements in the feedback
circuit. When reaching the limit of dynamic
range, which is stipulated by the cyclic change
of extremums of interference pattern, recording
system generates the reset pulse reducing to zero the
voltage, which is supplied to piezoceramics. Thus,
the extension of device dynamic range is achieved.
The value of voltage supplied to piezoceramics
and number of reset pulses at certain moment of
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Fig. 3. Record fragment of mobile laser deformograph
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time correspond to the variation of optical path
difference in interferometer arms. At the same time,
the path difference has linear correlation with the
displacement of earth crust. This information is sent
to computer in digital form through communication
line and recorded to hard disk with the set sampling
frequency.

The principle of measurement of path difference
on the basis of laser deformographs is the same as
in deformographs, which provide similar or better
sensitivity. Good stability of temperature, pressure,
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bosee Tpex cyToK. Ha puc.3 npencrasieH ¢par-
MEHT 3allMCH Jla3epHoro gedopmorpada OIH-
TeJIbHOCTBIO 0K0JIO 14 4yacos.

W3 3anucu (puc.4) BbIgeJIeHBl MHKPOCEMC-
MHYecKHe KojJebaHHUS C mepUoOgaMH OKOJO 8,
10 u 12 ¢, XKOoTOphIie COOTBETCTBYIOT BETPOBOMY
BOJIHEHHIO SIITOHCKOro MoOps B b6yxTe BocToKk.
3a BpeMs cbopa JaHHBIX HaJ MeCTOM YCTaHOBKH
nasepHoro gedpopmorpada ImpoXOoAMJ IIMKIIOH,
COIIPOBOKAAOMUHCS CHUJIbHBIM BeTpPOM
U OoKkAeM. B 5To BpeMsl Ha 3aIllMCH Ja3epHOIO
nepopmorpada IMOSIBHUIUCH KolebaHUS C Iepu-
onom 22,5 ¢, KoTophle 6bIJIM BBI3BAHBI CUJIbHBIM
BeTPOBBIM JaBjIeHHEM.

[Ipy mmpoBemeHHHM SKCIIepHMeHTa C JHHaMHU-
YeCKHMH BO3JENCTBHUAMH THIIA yAap Ha TPYyHT
B palioHe IPOBeJeHMS HU3MepPeHUH ObIIH IOJy-
YeHBbl 3allHMCH COOTBETCTBYIOHMHMX KoJiebaTesb-
HBIX IIPOILIeCCOB. DKCIIEPUMEHT OBl IIpoBelneH
C YyOAapHBIMH Harpy3KaMH [OBYX THIIOB: MHOIO-
KpaTHBle CTYKH (5 ymapoB ¢ Ilay3om oKoJo 1
C Ha AUCTaHUHKIX 30-100 M) ¥ MOIIHbBIEe Pa30BbIe
yOoapel 10 TPYHTY B MeCTaX BbIXOJa Ha IIOBepX-
HOCTh CKaJIbHOU MOpPOABI. sl TOro dYTOG6EI
HCKJIIOYUTh KojebaTenbHYI peaKIHI0 KOMIIO-
HeHTOB HM3MEpPUTEeJBHOrO0 KOMIIJIeKCa Ha BO3-
MYIIeHU s, IIOC/IeAHMe IPOBOAH/IMCH Ha yhale-
HUU 6onee 100 M oT obopynmoBaHmsi. Ha puc.5
NpUBeleH IPUMep y4YyacTKa 3allMCH, IJe oTpa-
SKeHBI pe3y/IbTaThl 3KCIIePHMEeHTa C MSATHKPAT-
HBIM IIOBTOpeHHeM. Kaskjoe M3 BO3/JeHCTBUH
IpencTaBisieT co60M 3aTyxXaOIIUI BO BpeMeHHU
mporecc.

PacyeTsl JOOGPOTHOCTH /51 MHOTOKPATHBIX
yIapHBIX BO3JEeHCTBHM IPHBefeHBl B Tabiule.
AHa/lMW3 LeHTPaJbHOM YaCTOTBl 3aTyXalOIIHX
KoysebaHUU Ipoliecca IMOKa3aj, YTO OHA COBIA-
IaeT C 4aCTOTOM KonebaHuI, Bo3byskAgaeMon
IIpH eCTeCTBeHHBIX IIpoleccax, T.e. 29,3 ', 4To
TOBOPHUT O BO3OY>KAE€HHUH TOTO Ke pe30HaTopa.

3AKNIOYEHUE
Ha ocHoOBe coBpeMeHHBIX Jla3epHO-UHTepdepeH-
LIMOHHBIX MEeTOLO0B CKOHCTPyHMPOBaH MOOMIJIB-
HBIH J1a3epHBIH febopMorpad, KOTOPBIH XOPOIIO
NposiBUI cebs MOpHU CeHMCMHYeCKHX HCCIe-
JOBaHHSX. B xome HcClelOoBaHUM HeLaJleKo
oT ropoga Haxomka ymanoch 3aperucTpUpoOBaTh
ecTeCTBeHHBbIe U MCKYCCTBEHHBIE IIPOLIECCHl 3BY-
KOBOTO K MHPPa3ByKOBOIO AHAMa30HOB Ha POHO-
BOM ypOBHe.

PaboTa BBIIIOTHEHA IIPU YaCTHUYHOM IIOA-
oepxkke PH® (cornameHnue 14-17-00041).
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humidity, taking into account their variations in
measurements, short range of voltages supplied
to piezoceramics (up to 198 V) allow eliminating
the measurement errors, which occur due to such
parasitics as piezoceramics creep and hysteresis
during the deformograph operation within the
range from 0 (provisionally) to 1000 hz.

In the course of works, the record of earth crust
microdeformations with the duration of more
than 3 days was made. The record fragment of laser
deformograph with the duration of about 14 h is
given in Fig. 3.

The microseismic vibrations with the periods
of about 8, 10 and 12 sec. were allocated from the
record (Fig. 4); they correspond to the wind-driven
waves of the Sea of Japan in Vostok Bay. During the
data accumulation there was a cyclone accompanied
by strong wind and rain above the place of laser
deformograph installation. During this time the
vibrations with the period of 22.5 sec. were recorded
by laser deformograph; these vibrations were caused
by heavy wind pressure.

When carrying out the experiment with dynamic
impacts of "stroke on ground" type in the area of
measurements, the records of the relevant vibration
processes were obtained. The experiment was carried
out with the impact loads of two types: repeated
strokes (5 strokes with the pause of about 1 sec. at the
distances of 30-100 m) and hard single strokes on the
ground in the places of hard rock exposure. In order

PacyeTbl 4LO6POTHOCTM
Calculations of quality factor Q Serial number

0,274 | 0,044 0,021 @ 29,3 2,82 32,64

1 0,307 0,062 0,018 29,3 4,00 23,02

0,378 | 0,047 | 0,015 @ 29,3 3,01 30,54

0,274 0,035 0,014 29,3 3,34 27,53

2
0,342 0,049 0,010 29,3 4,59 20,04
0,343 0,060 0,010 293 5,22 17,62
3 0,451 0,036 0,011 | 29,3 2,68 34,31

0,382 0,040 0,014 293 2,75 33,42
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to eliminate the vibration reaction of components of
measuring device to the impacts, the single strokes
were performed at the distance of more than 100 m
from equipment. The example of record area where
the results of experiment with five-time repetition
arereflected is given in Fig. 5. Each impact represents
the process which damps in time.

Calculations of quality factor for repeated
impacts are given in the table. Analysis of the central
frequency of damped process vibrations showed
that it coincides with the vibrations frequency
stimulated during natural processes, on other words
at 29.3 Hz, and it indicates the excitation of the same
resonator.

CONCLUSION
Mobile laser deformograph is designed on the basis of
modern laser-interference methods; it operated well
during seismic studies. During the studies, which
were performed near Nakhodka, the natural and
stimulated processes of audible and infra-audible
ranges at background level were recorded.

The works were performed with partial support
of the Russian Science Foundation (agreement
14-17-00041).
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