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MpuBeaeHo onucaHue POTOHHOM aHTEeHHbI "Poccus-
TamBaHb", CO34aHHOI HAa OCHOBE J1a3epHbIX
AedopmorpadoBs K1acCUYeCcKoro TUnNa, yCTaHOB/IEHHbIX
Ha AByX noauroHax Poccum n B TariBaHe.
OuLeHUBAIOTCS UX TEXHUYECKNEe BO3MOXXHOCTU

no perucrpawmm pasanyHbiX UHGpPa3BYKOBbIX
BO3MyLLeHU 3emnn. NMpuBegeHbl HeKOTOpble
pesynbTaTbl 06paboTKM 3KCNEPUMEHTA/IbHbIX

AAHHbIX, NOJIYYEHHbIX MPU NPOBEAEHNN KOMITIEKCHbIX
MCNbITaHMW NasepHbix gedpopmorpados.

BBEAEHWUE

C MOMeHTa CO3[JaHHS IIepBOro ja3epHoro Aedopmo-
rpada B TOM JBO PAH [1] 66111 IIpoBeZieHbI KOJIOCCAJIb-
Hble PabOoTHI 10 COBEPIIEHCTBOBAHHIO UX OITHYECKUX
CXeM U IOBBbIIIEHHUIO YYBCTBUTEIBHOCTH, B Pe3y/IbTaTe
yero 6GbIIM CO3AHBI Pas/IMYHBle Ja3epHble AedopMo-
rpadbl: ABYXKOOPDAHHATHEIE (2], BepTUKA/IbHOM K TOPH-
30HTA/IBHOM HAIIPaBIeHHOCTH (3], IPOCTPaHCTBEHHO
pasHeceHHEIe [4] 1 MobuIBHBIE [5]. [IprMeHeHHe 1a3ep-
HbIX JedopmorpadoB pasIHUHBIX BapHAHTOB I103BO-
JIUJIO KCC/Ie[IOBATh IIPUPOAY PA3HOMACIITAOHBIX Ieo-
chepHBIX IIPOLIECcCOB, MCTOUHUK IeHepalluKl KOTOPBIX
HaXOOUJICS B aTMocdepe, rufpochepe UIH THUTOChepe.
JIJ1s1 TOYHOM "TIPUBS3KHU HCTOYHHMKOB FeHepalluH JaH-
HBIX IIPOLIeCCOB K OFHOM M3 reocdep C ompefe/eHHeM
®U3UKU X BOSHUKHOBEHMS CO3[JAHBI JIa3epHO-UHTEP-
depeHIIMOHHBIE KOMIITIEKCHI, COCTOSIIKE 13 Ta3ePHBIX
nedopmorpados, nasepHbIx HaHObaporpados U 1asep-
HBIX U3MepUTeslel BapHUalluK AaBleHUs TUAPOCepBI.
B HacTosIlee BpeMs Ha MOPCKOH 3KCIIepHMeHTalbHON
cranumru TOW JIBO PAH "Mm. Illynsua” pyHKIIUOHHPYET
TaKOM KOMIIJIEeKC, IIpefHa3HAaYeHHBbIN /151 HU3y4YeHHUSs
IIpHUPOAbl BOSHHMKHOBEHUS M Pa3sBUTHUSI HHPPa3ByKO-
BBIX M HHM3KOUACTOTHBIX 3BYKOBBIX KOJIeOAHUI U BOTH
30HBI Ilepexofia reocdep. Ha mepBoM Ilare U3ydeHHS
3aKOHOMEPHOCTeH TPaHCPOPMAaLlMK PA3NTHYHBIX BOJI-
HOBBIX M He BOJHOBBIX IIPOLIECCOB HA TPaHHIIe Teo-
chep HcCIefoBaHUS MPOBOJATCS C MCKYCCTBEHHBIMU
HCTOUHHUKAMHU (HH3KOYACTOTHBIE TUAPOAKYCTHYECKHE
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PHOTON ANTENNA
"RUSSIA-TAIWAN"

C.L Dolgikh', Academician of the Russian Academy

of Sciences, Doctor of Physical and Mathematical
Sciences, A.V. Chupin', Candidate of Physical and
Mathematical Sciences, Yu-Hung Xiao?

1V.1.Ilyichev Pacific Oceanological Institute of the
Far-Eastern Branch of the Russian Academy of Sciences,
Vladivostok

Taiwan Ocean Research Institute, Kaohsiung, Taiwan

The description of the photon antenna "Russia-
Taiwan", created on the basis of classical-type laser
deformographs, installed at two polygons in Russia
and in Taiwan, is given. Their technical capabilities
for recording various infrasonic perturbations of the
Earth are assessed. Some results of processing of
experimental data obtained during complex tests of
laser deformographs are given.

INTRODUCTION

Since the creation of the first laser deformograph
in the Pacific Oceanological Institute of the Far-
Eastern Branch of the Russian Academy of Sciences [1],
tremendous work has been carried out to improve their
optical schemes and increase sensitivity, resulting
in the creation of various laser deformographs: two-
coordinate [2], vertical and horizontal directions
(3], spatially separated [4] and portable [5]. The use
of laser deformographs of various variants allowed
to study the nature of different-scale geospheric
processes, the source of generation of which was
in the atmosphere, hydrosphere or lithosphere. To
accurately "bind" the sources of these processes to
one of the geospheres with the definition of the
physics of their occurrence, laser-interference
complexes consisting of laser deformographs, laser
nanobarographs and laser measuring instruments
for variations in the pressure of the hydrosphere have
been created. Currently, at the Marine Experimental
Station of the Pacific Oceanological Institute of
the Far-Eastern Branch of the Russian Academy of
Sciences "Schultz Cape" the complex is used to study
the origin and development of infrasonic and low-
frequency sound waves and waves of the geosphere
transition zone. At the first stage of studying the
patterns of transformation of different wave and non-
wave processes at the geosphere boundary, research
is conducted with artificial sources (low-frequency
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M CelCMOAKyCTHYecKHe H3/ydaTelH, Cyda, B3PBIBBL
U T.I.), HanpuMep [6], 4To mo3BonseT 6oyee TIiIa-
TeJIbHO M3y4aTh JaHHBbIE 3aKOHOMEDHOCTH, TaK KaK
3TH 3KCIIePUMEHTBI MOKHO IIPOBOJUTH HEONHOKPATHO
[IPH Pa3/IMYHBIX THAPOJIOTHYECKHUX U MEeTEeOPOJIOTH-
YecKMX YCIOBUSIX. Ha BTOpoM, Ba’kHellleM, IIare
HCC/IeIOBAHUS IIPOBOASITCS Ha IIPUPOAHBIX 06beKTax
C pelleHHeM BhILIENIEPEYMCIeHHBIX 3aJa4, HO C OIO-
POH Ha pesy/bIaThl, OMy4YeHHbIe C HCKYCCTBeHHBIMH
KMCTOYHHUKAMHM, YTO II03BOJIMJIO OIPeleUTh [IepPBOKC-
TOYHHMK MHOTHX KOJIe6aHUM KU BOMTH C TOYHOM "HIPH-
BSI3KOM' K OfHOM U3 reocdep. Tak, HaIlpUMep, eCIU
paHee CUHTANIOCh, YTO KBa3UTapMOHHYeCKHe Koseba-
HH C IIePHOIOM IIopsiaKa 10-15 MUH, perucTpUpyeMble
Ha wmenbdpe rUuAPoOPH3UYECKMMU IPHeMHBIMH CHUCTe-
MaMH, OTHOCSTCSI K KOPOTKOIIEPUOAHBIM BHYyTPEHHUM
BOJIHAM M TeHepUPYIOTCS Ha Llejbde MOPCKHUM IIpH-
JTHUBOM, TO 06paboTka CHHXPOHHBIX 3KCIIEPHMEHTAJIb
HBIX JAHHBIX YCTAHOBOK BBIIIeyKa3aHHOIO0 KOMILIEKCA
I103BOJIMJIa 0OHAPY>KUTh, YTO IIEPBOMCTOYHUK JAHHBIX
BO3MYILleHHUH HaxOAHUTCS B aTMocdepe. Ho MpoHcxoxk-
leHHe MHOTMX PerHCTPHPyeMBIX KolebaHHH U BOTH
HEBO3MOYKHO OIIpeJe/IMTh TOJIBKO II0 JAHHBIM TaKOIr0
Na3epHO-UHTeppepeHIIMOHHOIO KOMILIeKca. Heob-
XOAMMO PACIIHUPSTh reorpaduio pasmelleHHs I10H06-
HBIX KOMIIJIEKCOB I10 3emMie. [JIaBHBIMHU YCTaHOBKAMU
B NTAHHBIX KOMIIJIEKCaX SIBJIAIOTCA Jia3epHble gedop-
Morpadsl, obramaromue YHUKATbHBIMH XapaKTepH-
CTHUKaMH: pabouuy AmarasoH 4actoT oT 0 (yCIO0BHO)
Jo 1000 ', TOYHOCTh M3MEPEHHSI MHUKPOCMEIeHUN
0.01 aM. C LIeJIBIO pellleHHs 3aJa4yH I10 CO3JAHUIO JaH-
HBIX KOMIUIEKCOB B Pa3/IMYHBIX TOYKaX 3eMJIH IIep-
BOHA4a/bHO OBUIM pa3MelleHbl jJa3epHble TedpopMo-
rpagel B Tpex TOYKaX, OBE M3 KOTOPHIX HAXOOATCS
B Poccum (M. Ilymsua ITppMopckoro kpas: 3abarika-
nbe, BOMHM3M I. KpacHOKaMeHCKa, W Ha Iore OCTPOBA
TariBaHb. PaboThl BBIMONHSIIMCh B PaMKax IIPOeKTa
IOBO PAH mporpamMmsl '"[anpHHUE BoCTOK' KOHKypca
COBMECTHBIX HCCJIeIOBATe/IbCKUX IIPOEKTOB J[lasibHe-
BOCTOYHOIO oTAeneHus1 PAH 1 MHUHMCTepPCTBA HayKU
u TexHonoruu TariBansg. Ha m. Ilynena QyHKIIMOHU-
poBaJio IBa /a3epHHIX JepopMorpada, OpHeHTHPOBAH-
HBIX IIPHMEpHO II0 JTHHUSIM 'ceBep-lor’ U "3aIma-Boc-
TOK', Ha TaliBaHe U B 3abarikanibe GPyHKIIMOHHPOBAIO
II0 OOHOMY Jia3epHoOMYy IOedopmorpady. Bce monmydeH-
HbIe 3KCIIepMMEeHTAa/IbHbIe JaHHbIe 3aHOCHU/IKCh B eIH-
HyI0 6a3y 3KCIIepHMEHTAJIBHBIX JAHHBIX C IIOCIemyIo-
1mert 06paboTKOM U HHTEepIIpeTallHer.

JNTA3EPHbIE AE®POPMOTIPADDI

Ha MopcKoH 3KCIIepuMeHTaabHOM cTaHUuKd TOH JBO
PAH B MmecTe ¢ KoopauHatamu 42,58 °CII u 131,157 °BJ]
yKe IJIMTe/IbHOe BpeMs (PYHKIMOHHPYIOT [Ba Jia3ep-
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hydroacoustic and seismoacoustic emitters, ships,
explosions, etc.), for example [6], which allows us
to study these regularities more thoroughly, since
these experiments can be carried out repeatedly under
various hydrological and meteorological conditions.
At the second stage, the most important one, the
research is conducted on natural objects with the
solution of the above problems, but with the support
of the results obtained with artificial sources, which
made it possible to determine the source of many
oscillations and waves with an exact "binding" to one
of the geospheres. For example, if it was previously
thought that quasi-harmonic oscillations with a
period of the order of 10-15 min recorded on the shelf by
hydrophysical receiving systems belong to short-period
internal waves and are generated on the shelf by the
sea tide, then processing of synchronous experimental
data of the facilities of the above complex allowed as
to conclude, that the source of these perturbations is
in the atmosphere. But the origin of many recorded
oscillations and waves cannot be determined only
from the data of such a laser-interference complex. It
is necessary to expand the geographical distribution of
such complexes over the Earth. The main installations
in these complexes are laser deformographs with their
unique characteristics: the operating frequency range
is from 0 (conditionally) to 1000 Hz, the accuracy
of measuring the microdisplacements is 0.01 nm.
To solve the problem of creating these complexes in
different points of the Earth, the laser deformographs
were initially located at three points, two of which
are in Russia (Schultz Cape, Primorskii Krai,
Transbaikalia (near Krasnokamensk)) and in the south
of the Taiwan. The works were carried out within the
framework of the FEB of the RAS’s "Far East" program
of a joint research projects competition between the
Far East Branch of the RAS and the Ministry of Science
and Technology of Taiwan. Two laser deformographs,
oriented approximately along the "north-south" and
"west-east" lines, operated on the Shultz Cape, one
laser deformograph operated each in Taiwan and in
Transbaikalia. All the experimental data obtained
were recorded in a single database of experimental data
with subsequent processing and interpretation.

LASER DEFORMOGRAPHS

At the Marine Experimental Station of the Pacific
Oceanological Institute of the Far-Eastern Branch
of the Russian Academy of Sciences in the location
with the coordinates 42.58°N and 131.157°E, two laser
classical-type deformographs with arm lengths of 52.5
and 17.5 m, the measuring arms of which are oriented
with respect to the north-south line at an angle
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HBIX AedopMorpada KIacCH4eCcKOro THUIIA C JIHMHAMH
mwied 52,5 u 17,5 M, U3MepUTe/IbHbIe IIJIeYH KOTOPBIX
OPHEHTHPOBAHBl OTHOCHUTE/NBHO JIUHUU 'CeBep-Ior'’
ozt yriom 18° (198°) u 110° (290°), cOOTBETCTBEHHO, CM.
puc. 1. OrInTu4yecKkye CXeMbl J1a3epHbIX gedopmorpadon
CO37aHBI Ha OCHOBE MOIUQPUIIMPOBAHHOIO HUHTEPdEpo-
MeTpa MarKe/lbCOHa C IIPHMeHeHHeM YacTOTHO-CTa-
6MIH3MPOBAHHBIX T'e/IMM-HEOHOBBHIX JIa3epoB. I1epBbIi
na3epHBIN gedpopMorpad HAXOAUTCS Ha IIybuHe 3-5 M
OT IIOBEPXHOCTH 3eMJIU B TMAPOTEPMOK30IMPOBAHHOM
IIOMeIlleHUH Ha BbICOTe 67 M HaJl YPOBHEM MOPs, & BTO-
poIl s1asepHBIN Jedopmorpad HaXOAMTCS Ha yraaje-
HHUM 70 M OT IIepBOrO Ha IybHHe 3-4 M OT II0BepXHO-
CTH 3eMJIM B IOAOOHOM THIPOTEPMOK30THPOBAHHOM
[IOMeIeHHUH. YT/l MeKAy U3MepHUTe/IbHBIMH IIedaMH
nasepHbIX gedopmorpados cocTaBisgeT 92°. IIpuMmeHs-
eMble MeTO[bl HMHTeppepoMeTpPUU II03BOJISIOT peru-
CTpHpOBaTh HM3MeHeHHe JJIMH H3MepHUTe/lIbHBbIX IlIed
Ka’kJIoro jasepHoro medopmorpada ¢ ToyHOCTHIO 0,01
HM. [IpH 3TOM 4yBCTBHUTE/IBHOCTD J1a3€PHOrO JepopMo-
rpada c ayIMHOM Iteya 52,5 M paBHa Al/l=0,01 HM/52,5 M
~0,2-102, a nazepHoro gedopmorpada ¢ JIHHOM IIeda
175 m - 0,6:1072. IlonyueHHBIe JAaHHBIE C JIA3€PHBIX
nedopMorpadoB 1o KabeabHBIM JIMHHSIM IOCTYIIAIOT
B 1abopaToOpHoOe IoMellleHHe, I7ie I10C/Ie ITpeBapHTe/lb-
HOM 06paboTKu (QMIBTpALMS M AeLIUMAIIHS]) 3AIIUCHI-
BAIOTCS Ha TBepJble HOCUTE/IX MPOrpaMMHO-BEIYHCIIH-
TeJIPHOTO KOMIUIEKCA C IIOC/IeAyIollel opraHu3alyer
6a3bl 3KCIIEPHMEHTAIPHBIX JAHHBIX.

B 20122013 rr. B momseMHOM pyaHHKe ITAO "TIpu-
apryHCKOe IIPOM3BOJCTBEHHOe TOPHO-XHMHYeCKoe
obbpenuHeHMe" B MecTe ¢ KOOpAHUHAaTaMHu 50° 4,726" CIII
u 118 °5,726’ BJl, cM. puc. 1, Ha r1ybune okoso 300 M
YCTAHOBJIEH JIa3epHBIN Aedopmorpad ¢ AJTHUHOK HU3Me-
PUTeIBHOrO Ileda 50 M, ONTHYecKasi YacTb KOTOPOro
cobpaHa 10 cxeMe MOZUPUIIMPOBAHHOIO HMHTepdepo-
MeTpa MarKe/lbCOHA M YacTOTHO-CTAOM/IHM3HPOBaH-
HOIO TeJIMH-HeOHOBOIO Jla3epa M CMOHTHPOBaHa Ha
IByX 6eTOHHBIX 6/I0KaX, JKeCTKO COeIMHEHHBIX C OCHOB-
HBIM IIaCTOM IIaxThl. Ha ogHOM M3 6eTOHHBIX 6110-
KOB YCTAHOBJIEH yTOJIKOBBIK OTpa’kaTeslb, a Ha APYroM
LIeHTpaJIbHBIN y3el HHTepdepomeTpa Malike/bCOHA,
COCTOSIIUI M3 YaCTOTHO-CTaOM/IM3HPOBAHHOIO TeJIHH-
HeoHOBoro j1a3epa ¢upmsl MellesGriot, obecrieurBato-
I[ero CTabHIBHOCTD YaCTOTBI B IECSITOM 3HAKe, CHCTEMBI
3KCTPEeMAasIbHOIO PeryJMpOBaHHUS (CHCTeMa perrucrpa-
LMK U pe30HAHCHBIM YCHU/IHUTENb) U JPYTHX KOHCTPYK-
THUBHBIX U ONTHYEeCKUX 3/IeMeHTOB Jla3epHoro Aedop-
morpada. Mesxkny IByMsi OeTOHHBIMH 6l0KaMH J1yd
7a3epa pacnpoCTPaHSICS [0 FepMETHYHOMY Ty4eBOfY,
COCTOSIIIEMY M3 COCTBIKOBAHHBIX TPY0 BHYTPeHHHUM
nuameTpoMm 9 cM. Iloce ycTaHOBKM IIphbopa B Tede-
HHUe HeCKOJIbKHUX CYTOK IPOBOAM/IHCH TEeCTOBBIE H3Me-
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18° (198°) and 110° (290°), respectively, are operated
for a long time, see Fig. 1. Optical schemes of laser
deformographs are created on the basis of a modified
Michelson interferometer using frequency-stabilized
helium-neon lasers. The first laser deformograph is
located at a depth of 3-5 m from the surface of the earth
in a hydrothermally insulated room at a height of 67 m
above sea level, and the second laser deformograph
is located at a distance of 70 m from the first one at
a depth of 3-4 m from the surface of the earth in a
similar hydrothermally insulated room. The angle
between the measuring arms of laser deformographs
is 92°. The interferometry methods used allow one to
record the change in the lengths of the measuring
arms of each laser deformograph with an accuracy
of 0.01 nm. In this case, the sensitivity of the laser
deformograph with an arm length of 52.5 m is equal
to Al/1=0.01 nm/52.5 m~0.2-10"2, and that of the
laser deformograph with an arm length of 17.5 m is
~0.6-1072. The obtained data from laser deformographs
through cable lines enter the laboratory room
where, after preliminary processing (filtration and
decimation), they are recorded on solid carriers of
the computer-aided complex with the subsequent
organization of a database of experimental data.

In 2012-2013, in the underground mine of PJSC
"Priargunskoe Production Mining and Chemical

Puc. 1. Cxema pacnonoxxeHus AasepHbix depopmozpagos

8 Poccuu U Ha TaiieaHe (K — KpacHokameHck, LLI - m. LLyabua,
T-TalisaHb)

Fig. 1. Location map of laser strainmeters in Russia and in
Taiwan (K - Krasnokamensk, LU - cape Shultz, T - Taiwan)
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PeHUs BapHallkil ypoBHS AedopMallkil 3eMHOM KOpBI.
[TonydeHHBIe 3KCIIePHMEeHTA/IbHbIe JAaHHbIe HaKaIlIu-
BaJIUChb Ha TBEPAOM HOCHTe/Ie C YaCTOTOM JHCKpPeTH-
3aIlMM, BapPbHPYIOIIELCS B 3aBUCHMOCTH OT 3334 3KC-
NepHMeHTa B Auamna3oHe 1-2500 T'L, ¥ B JaJbHeHIIEM
06pabaThIBAIHCh C LIe/IbI0 OIlpee/ieHUs] TeXHUYeCKUX
XapaKTepUCTHUK Jja3epHoro gedopmorpada, KOTOpEIe
CBEJIMCh K C/IeiyIoleMy: TOYHOCTh U3MepeHH s CMellle-
HHS HaXOAWTCS Ha YpPOoBHEe QOHA U COCTaB/IseT BeJIH-
4yuHy mopsigka 0.01-0.1 HM, a Ipefe/lbHBIH IOPOr
YYBCTBUTENBHOCTH — ~1,2:1072. TIo OKOHYaHHUIO TeCTO-
BBIX MCIIBITAHUI JIa3epHBIN Jedpopmorpad 6bL1 moA-
BeprHyT NpoQHIAKTHKE, a 3aTeM 3allyllleH B Pe>KUM
[IpoBeJileHUs] HeIlpepBIBHBIX HM3MepeHHH BapHalluH
JepopMallMil 3eMHOM KOPBI C TeXHHYeCKHMMH Ilepe-
PBIBAMH, CBSI3AaHHBIMHU C IIPOQUIAKTHUYECKHMU
M PeMOHTHBIMHU PaboTaMU OTAENBHBIX Y37I0B IIpHbOpa.
B pesxriMe peaJIbHOIO BPeMeHH II0/Iy4YeHHbIe 3KCIIepH-
MeHTaJIbHble JAHHbIe HelIpephIBHO [IOCTYIIA/IN B LIEHTP
cbopa MHOOPMALIMH, HAXOASIIMICS Ha [OBEPXHOCTU
3eMJIM, U 3aIIMCBIBA/IMCh Ha BUHYECTED KOMIIbIOTEpa
B IIOC/IefloBaTe/IbHble GalIbl JaHHBIX AJTUTEIbHOCTBIO
o 1 4 ¢ yacTtoTon AucKperusanuu 1000 I ¢ mpUBs3-
KO K TOUHOMY BpeMeHH C TOUHOCThIO 1 Mc. Iocse Toro
KaK Garl cOXpaHSICS Ha KOMIIBIOTepe, OH CTAHOBHIICS
JOCTYIHBIM II0 Te/JIeKOMMYHHKALIMOHHBIM JIMHHAM
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Association"” in the location with the coordinates 50°
4.726' N and 118° 5.726’ E, see Fig. 1, at a depth of about
300 m a laser deformograph with a measuring arm
length of 50 m, optical part of which is assembled
according to the scheme of a modified Michelson
interferometer and a frequency-stabilized helium-
neon laser was installed and mounted on two concrete
blocks rigidly connected to the main reservoir of
the mine. A corner reflector is mounted on one of
the concrete blocks, and a central assembly of the
Michelson interferometer consisting of a frequency-
stabilized helium-neon laser (MellesGriot), which
provides frequency stability in the tenth digit, an
extreme control system (recording system and resonant
amplifier), and other structural and optical elements
of a laser deformograph were mounted on the other
block. Between the two concrete blocks, the laser
beam was propagated along the sealed beamguide
consisting of docked pipes with an internal diameter
of 9 cm. After the instrument was installed for several
days, test measurements of variations in the level
of deformation of the earth’s crust were made. The
obtained experimental data were accumulated on a
solid carrier with a sampling rate varying depending
on the experimental tasks in the range of 1-2500 Hz,
and further processed to determine the technical
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COTPYIHHKAM HHCTUTYTOB, HaXONSIIMMCS B Xabapos-
CKe 1 BO BiaiiBoCTOKe.

B KoHI1le 2013 T. B TaliBaHe B MeCTe C KOOpAHUHATaAMU
22°52.534° CIII u 120°12.603’ BJ], (cM. puc. 1) Ha ABYX OIIOp-
HBIX TymMb6ax 6bLI CMOHTHPOBAH JIA3epHBIM Jedopmo-
rpad KIacCHYeCKOro THUIIA C JAJIMHOM HU3MepHUTeIbHOIo
me4a 6 M, CO3TAHHBIH 110 cCXeMe MOAHUGHUITMPOBAHHOIO
HHTepdepoMeTpa MalKelqbCOHa M C IIPHUMeHEHHEM
YaCTOTHO-CTAOM/IM3HUPOBAHHOTO  TeTHH-HEOHOBOIO
nasepa. M3mepuTenbHoOe Iieyo mpubopa OpHEHTUPO-
BAHO C OTKJIOHeHHeM 1.5° oT ocu "BocToK-3amaf . ITpu-
MeHsleMasl 3/1eKTPOHHO-OIITHYecKasl CHUCTeMa peru-
CTPaLIUHU II03BOJISIET U3MepsITh U3MEHeHMe PACCTOSHUS
MesKy AByMs OIIOPHBIMH TyMOaMH C TOYHOCTHIO 0.1
HM, YTO ITPH JAJIMHEe H3MepPUTeIbHOTO ITeda 6 M obecrie-
YHBaeT YyBCTBUTE/IIBHOCTh JIa3epHOro gedpopmorpadpa
oKkoio 2-107, 3MepeHHs BapHalUH feGpopMaLUi 3eM-
HO KOPBI B MeCTe PACIIONIOKeHHs ITpubopa IIPoBOIH-
JINCh B Te4YeHHe [BYX Hefe/lb C 3aIIKCBhI0 IOTy4YeHHBIX
3KCIIePUMeHTAa/IbHBIX [JAHHBIX Ha TBepAble HOCHUTEIH
KOMITBIOTEpa, KOTOpBIe 3aTeM ITOMeIaTHch B 6a3y sKc-
IepMMeHTaIbHBIX JAHHBIX, Haxonsamyiocs B TOM IBO
PAH (r. B1agHBOCTOK).

Kaxk 6bUI0 CKa3aHO BBIIIE, CO BCEX U3MEpPHUTENbHBIX
YCTaHOBOK IIOJIy4YeHHBble 3KCIIepUMeHTa/IbHble JaHHEbIe
[IOMeNIaKNCch B 6a3y 3KCIIepHMeHTAIbHBIX AAHHBIX
TOU OBO PAH (r. B1aguBOCTOK), KOTOpbIe BIIOC/IE-
CTBUU TOABEPrajiuch 06paboTke C IOMOIIBIO CIIEIH-
QIPHO CO3JQHHOIO IIaKeTa IIPUK/IAJHBIX IIPOrPaMM
DEFORMOGRAF, cocTosiero 13 II0JIHOTO KOMILJIEKCA
[IPOrpaMM CIIeKTPAJIbHOIO M CTAaTHCTHUYEeCKOIo OLleHU-
BaHUs. [Ipu 06paboTke SKCIIepUMEHTAIBHBIX JAHHBIX,
[I0Jly4eHHBIX Ha OIIMCAHHBIX JIa3epHBIX dedopMorpa-
dax B mexabpe 2013T., IpoaHATHU3UPyeM IOTyUeHHBIE
Pe3yJIBTaThl C TOUKH 3peHHsl U3yueHHUs 0CobeHHOCTel
IIPOSIBJIEHUS] PerHOHAJIbHBIX MU IIJIAHETapHBIX IIpoLiec-
COB Ha ITOKA3aHMSX JAHHBIX IIPHOOPOB B MHPPa3BYKO-
BOM [MaIla30He, HAYMWHAS C IIPU/IMBHBIX KOMIIOHEHT
10 KorebaHUH ¢ rleprofoM 1 c.

AHANN3 NOJYYHEHHDIX
SKCMNMEPUMEHTAJIbHbIX AAHHbIX

YuuTBIBast TO, YTO Ha IOJNUIOHe TaHBaHsS Jasep-
HBIN fepopmorpad paboran okono ABYX Henenb (c 05
110 14 mexabps 2013 T.), Ja M TO C y4€TOM €0 HaCTPOMKH
U OT/IaJKH, MBI 06pabaThIBalu M aHA/TU3HPOBAIH JIaH-
Hble BCeX Jla3epHBIX OedopmorpadoB TOIBKO 3a 3TOT
IiepHrof, Hab/TIoeHU . B 9TOM YaCTH CTaTbU MBI OCHOBHOE
BHHMaHHMe yAeIUM pe3yIbTaTaM PerlioHa/IbHOIO XapaK-
Tepa, KOTopble ObUIH I0/TydeHbl IIPK 06paboTKe JaHHBIX
KOHKPETHBIX JIa3ePHBIX JedpopmMorpados, a TaKKe BbIIe-
UM 00IIHe 3aKOHOMEPHOCTH B IIOBeJIeHUM CHIHAJIOB
Pa3/IMYHBIX YaCTOTHBIX [JHAIa30HOB TeX IIPHUPOLHBIX
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characteristics of the laser deformograph, which
were reduced to the following: the accuracy of the
displacement measurement is at background level
and is the value of the order of 0.01-0.1 nm, and
the sensitivity threshold is ~ 1.2-107%2. At the end
of the experimental tests, the laser deformograph
was subjected to preventive maintenance and then
launched into a mode of continuous measurements
of variations in the deformations of the earth’s crust
with technical interruptions associated with the
preventive and repair work of individual units of the
instrument. In real time, the experimental data
were continuously fed to the data collection center
located on the surface of the Earth and recorded on
a hard drive of the computer into serial data files
lasting 1 hour with a sampling frequency of 1000 Hz
with reference to the exact time with an accuracy
of 1 ms. After the file was saved on the computer, it
became available via telecommunication lines to the
employees of institutes located in Khabarovsk and
Vladivostok.

At the end of 2013, a laser deformograph of the
classical type with a measuring arm length of 6 m
was constructed in accordance with the scheme of
the modified Michelson interferometer in Taiwan
in the location with coordinates 22° 52.534’ N and
120° 12.603’ E (see Fig. 1) and using a frequency-
stabilized helium-neon laser. The measuring arm of
the instrument is oriented with a deviation of 1.50
from the east-west axis. The applied electron-optical
recording system makes it possible to measure the
change in the distance between two support cabinets
with an accuracy of 0.1 nm, which, with a measuring
arm length of 6 m, provides the sensitivity of the
laser deformograph about 2-107!!. Measurements of
variations in the deformations of the earth’s crust
at the location of the instrument were carried out
for two weeks, with the experimental data recorded
on hard computer carriers, which were then placed
in a database of experimental data at the Pacific
Oceanological Institute of the Far-Eastern Branch of
the Russian Academy of Sciences (Vladivostok).

As it was mentioned above, the experimental data
from all measuring instruments were placed in the
experimental data base of the Pacific Oceanological
Institute of the Far-Eastern Branch of the Russian
Academy of Sciences (Vladivostok), which were
later processed using a specially created package of
DEFORMOCRAF application software consisting of
a full range of spectral and statistical estimation
programs. When processing the experimental data
obtained on the described laser deformographs in
December 2013, we are going to analyze the results
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Ha3BaHue Tabnunubl
Table Name
CnexkTp CnexkTp CnekTp CnexkTp CnexkTp
Spectrum Spectrum Spectrum Spectrum Spectrum
MPUAVBHbIE FAPMOHUKM a, (1/f) a,(1/f2) a, (1/f3) a, (1/f2)
Tidal harmonics (24-1v) 1 uy-1mMuH) (10-0,5 MuH) (0,01-2 )
(24-1h) 1 h-1min) (10-0.5 min) (0.01-2Tw)
TamBaHb 24416 MuH 21,3 c(A=2,8 MKM, £=0,47-107°) a=2,51 a=2,49 a=1,53 a=1,33
Taiwan 12408 MnH 10,7 c(A=1,2 MKM, €=0,20-107°)
24h16min21.3s(A=2.8 um, €=0,47-107°),
12h08 min10.7s(A=1.2 um, €=0,20-107°)
M. Lynbua 24416 MuH 21,3 c(A=11,9 MKM, €= 0,68-107°) a=1,82 a=1,72 a=1,31 a=1,79
17,5m) 12408 MuH 10,7 c (A=6,8 MKM, £=0,39-107°)
SchultzCape | 24h16min21.3s(A=11.9 um, €=0,68:107°),
(17.5m) 12h08 min 10.7 s (A=6.8 pm, €=0,39-107°)
3abankanbe 24416 MuH 21,3 c(A=4,8 MKM, £=0,09-107°) a=1,85 a=2,79 a=2,09 a=2,06
Transbaikalia | 12408 MuH 10,7 ¢ (A=2,6 MKM, €= 0,05-107°)
24h 16 min21.3s(A=4.8 um, €=0,09-107°),
12h08 min 10.7 s (A=2.6 um, €=0,05-107°)

IIPOLIECCOB, KOTOPhIE XaPaKTEPHBI [1/151 [I/IAHETHI B LIeJIOM.
B Tabnuie 1 mpHBefeHBl HEKOTOPbIE Pe3y/IbIaThl obpa-
60TKH, B YaCTHOCTH: pe3y/bTaTbl 06pabOTKM IO IpH-
JTMBHOMY OHamasoHy (24-1 u), pe3ynsTaTbl 06paboTKU
II0 IMaTia30Hy COOCTBEHHBIX KoebaHUi 3eM/IH (MOKHO
TaK>Ke TOBOPUTDH O MOPCKHX IIPOLIECCAX CeHINEeBOro JHa-
Ia30Ha U T.I., 1 4 - 1 MUH), pe3ynsTaTsl 06paboTKU
0 Auana3oHy "MHOparpaBUTAIIMOHHBIM LIyM 3eM/IH’
(10-0,5 MUH), pe3yabTaThl 06paboTKU 10 MUKPOCEHCMU-
YyecKOMY [HarasoHy (302 c). IIpu cpaBHEHHH aMIUIM-
TyZ, CyTOYHOM U IOTyCyTOYHOK FapMOHHUK Ha BCeX Tpex
IIOJIMTOHAX MOYKHO YTBEPKAATh Clleyolee:

1) mnas nasepHbix JedopmorpadoB, HAXOASIIMXCS
BOnu3u mops (M. Ilynsua u TariBaHBb), OTHO-
CUTeJIbHBle aMIUIMTYABI, T.e. OebopMalMd €,
IUISL CYTOUHBIX TAPMOHHUK CPaBHHUMEI - 0,68-1076
u 0,47-107°, Tak>Ke KaK M JIs IIOyCyTOYHBIX Tap-
MOHHUK - 0,39-10° 1 0,20-107;

obtained trom the point of view ot studying the
features of the manifestation of regional and planetary
processes on the readings of these instruments in the
infrasonic range, beginning with tidal components
up to oscillations with a period of 1s.

ANALYSIS OF THE RECEIVED EXPERIMENTAL
DATA

Given that the laser deformograph operated at
Taiwan’s testing site for about two weeks (from
December 05 to December 14, 2013), and even with
its adjustment and debugging, we processed and
analyzed the data of all laser deformographs only
during this period of observation. In this part
of the article, we will focus on the results of a
regional nature that were obtained by processing
the data of specific laser deformographs, and also
outline general patterns in the behavior of signals
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2) pns nasepHoro nedopmorpada, HaAXOSIIETOCs

B 3abaiKaabe, 3TH OTHOCHUTeNbHBIE Jedopma-

LI [IOYTH Ha IOPSIOK MeHbllle. I1epBhle 1a3ep-

Hble edopMorpadbl HAXOLUIHCh BOIH3K MOpS,

a TpeTUH JasepHbIU Aedopmorpad - Ha KOH-

THHeHTe. Bonbline aMIUIUTYAbl AedopMaliui

yKa3bIBaIOT Ha HaIpy>Kalolllee BO3/IeLCTBHe MOpP-

CKOro IIPUINBA Ha YpoBeHb MUKpoAedopMaIil
3eMHOH KOpBI B JAHHOM YaCTOTHOM AHaIla3oHe.

B 6osiee BBICOKOYACTOTHOM auaria3oHe (1 4 - 1 MuH)

MOKHO OTMeTHUTh Cjlefylomee.B nuamna3oHe IIepPHOIOB

OT 3Ha4YeHHM, COOTBETCTBYIOIIMX OAHOH cheporiasb-

HOM MOJIe ,S,, 0 3HaueHUH, COOTBETCTBYIOUIHUH JPyrok
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of different frequency ranges of those natural
processes that characterize the planet as a whole.
Table 1 shows some processing results, namely: the
results of processing over the tidal range (24-1 h),
the results of processing on the range of natural
oscillations of the Earth (it can also be said about
the sea processes of the seismic range, etc., 1h -1
min), the processing results for the range of "Infra-
gravitational noise of the Earth" (10-0.5 min), the
results of processing on the microseismic range
(30-2 5). When comparing the amplitudes of diurnal
and semidiurnal harmonics on all three polygons,
we can state as follows:

0,46
2
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=
<
0 .
488,3 MKI'1L 16,1 mI'1g 31,2 MI'g
0,46
2
N
=
<
0 il b b (LA 17 Pt el TheresterTTnTha
488,3 MKI'1] 16,1 MI'1Ly 31,2 MI'y
0,46
=
I~
=
<
0 m et T T T TPttt T oL
488,3 MKI'1] 16,1 MmI'Ly 31,2 MI'Lg

Puc. 2. Cnekmpbi 3anucet na3epHbix depopmozpacos KpacHoka-
MeHCK - Mbic LLIyAbUa-TalieaHb (BuanazoH 488,3 mkIy - 31,7 mru)
Fig. 2. Spectrums of the laser strainmeters records of Krasno-
kamensk- Cape Schults- Taiwan (range 488,3 1Gz - 31,7 mGz)
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Puc. 3. Cnekmpobi 3anuceli Ad3epHbix de¢popmozpados Kpac-
HOKAaMeHCK - mbic LLyabua-TaligaHb (duanazoH O - 625 mru)
Fig. 3. Spectrums of the laser strainmeters records of

Krasnokamensk- Cape Schults- Taiwan (range 0 - 625 mGz)
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cbeporaIbHON MOJE (S, HUKAKHUX 00X 3aKOHOMEP-
HOCTeH HeT, T.e. B 3TOM JHalla30He IIepHOMIOB He 3ape-
TUCTPUPOBaHEl CheporJasbHble M KPYTHJIBHBIE TOHA
1 06epToHa cO6CTBeHHBIX KOoNebaHHU I 3eM/TH BBHLY TOTO,
YTO B 3TOT IIepHOJ HabIIONeHUN Ha 3eMiie He IIPOUCXO-
IUJIO 3eMJIeTPSICEHUI JOCTATOYHOM MOIIHOCTH, KOTO-
pble MoK 6bI BO3OYIHUTH MOIBL JOCTATOYHO BBICOKOH
AMIUIATYABI, HEOOXOOWMOH [JIS PEeruCTPali BCeMU
yKa3aHHBIMH BBIIIIE JTa3epHBIMHU JedopmorpadpaMu.

B samucax Bcex JasepHBIX AedopMorpadoB BblIe-
JIeHBl YYaCTKH C MOLIHBIMH KBa3HUTapMOHUYECKHMHU
KomebaHUSIMU C IepUOJAMH, COOTBETCTBYIOIIMMHU
npubnu3uTensHO 11 MUH 22,7 ¢ (CM. puc. 2). MOXHO
TaKk>Ke BBIJIEIUTh HEKOTOPble MOLIHBIe obmive Koeba-
HUS B JHUalla30He IIepuofos oT 1,5 no 4,5 muH. Tak Ha
PHC. 3 IpHBeJeHbl CIIeKTPhl YYaCTKOB 3aIIHCeH JIa3ep-
HBIX gedopmorpadoB KpacHokameHcka, m. Illynsna,
TariBaHs. MX aHa/IM3 [O3BOJISET BHIAEIUTh IMHUKU Ha
nepuogax: 4 MUH 16 ¢ (KpaCHOKaMEHCK), 2 MHH 50,7
¢ (KpacHokameHck), 1 MuH 53,8 ¢ (KpacHOKaMeHCK),
2 muH 50,7 ¢ (M. Ilyneua), 2 muH 16,5 ¢ (TakBaHb).
Kpome Toro, misi mapel mepopmorpados KpacHoka-
MeHCK-TaFiBaHb MOKHO HaNTHU OOII[Ke MOIIHBIE TUKH
Ha mmepuojax 8 MHUH 32 ¢, 3 MUH 24,8 ¢, 3 MUH 47,6 C.
I[Ipu 6osee TIIATeNIbHOM aHaJIK3e MOXKHO YTBEPXKIATh,
YTO II€PHOIBI BBIIETIEHHBIX KOJMIeDAHUN H3MeHSIOTCS

i1

1) for laser deformographs located near the sea
(Schultz Cape and Taiwan), relative amplitudes,
i.e., deformation ¢, for diurnal harmonics
are comparable 0.68-107° and 0.47-107, as well
as for semidiurnal harmonics - 0.39-:10° and
0.20-10°6;

2) for a laser deformograph located in
Transbaikalia, these relative deformations are
almost an order of magnitude smaller. The first
laser deformographs were near the sea, and the
third laser deformograph was on the continent.
Large deformation amplitudes indicate the
loading effect of the sea tide on the level of
microdeformations of the earth’s crust in this
frequency range.

In the higher frequency range (1 hour - 1 minute)
the following can be noted. In the range of periods
from the values corresponding to one spheroidal
mode ,S,, up to the values corresponding to the other
spheroidal mode S, there are no general regularities,
i.e. in this range of periods there are no spheroidal
and torsional tones recorded and the overtone of
the Earth’s natural oscillations due to the fact that
during this period of observations on the Earth there
were no earthquakes of sufficient power that could
excite the modes of a sufficiently high amplitude
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B HEKOTOPOM HHTepBaJie. [lJI pacCMaTpUBaeMoOro gua-
na3oHa rnepuogos (1,5-4,5 MuH):

1) KpacHOKaMeHCK - 0T 3 MUH 24,8 ¢ 1o 4 MuH 16,0 ¢,

oT 2 MuH 50,7 ¢ mo 3 muH 06,2 ¢,
ot 1 muH 37,5 cmo 2 MmuH 16,5 c;

2) M. llynblia IKMKY € IIepHOAAMH 0KOJIO 2 MKH 50,7

culmuH 25,3 ¢;

3) TamBaHbOT 3 MUH 24,8 c mo 4 MuH 16,0 c,

ot 1MuH 50,7 c mo 2 MuH 16,5 C.

Ha ocHOBaHMWU TIIOCJIegHEro MOKHO BBIJE/TUTH
obImre TPyIIIBl BO3SMYIIEHHH B AHAIIa30He IIePHOJIOB 3
MUH 24,8 ¢ - 4 muH 16,0 c (KpacHOKaMeHCK, TaliBaHb), 2
MHUH 50,7 ¢ - 3 MuH 06,2 c (KpacHOKaMeHCK, M. lllynbLa),
1MuH 25,3 ¢ -2 MuH 16,5 ¢ (KpacHOKaMeHCK, M. Iynblia,
TariBaHp). OUeHb CJIOKHO HANUTH OOBSICHEHHE CyILIecT-
BOBAHHIO TaKHMX MOIIHBIX BO3MYIIEHHM, [a ele
C IePHUOJAMH, U3MEHSIOMUMHUCS B JOCTATOYHO HIHPO-
KHUX IIpefenax. ENMHCTBeHHBIM Pa3yMHBIM HMCTOYHHK
BO3MYIIEHUI MOXKeT ObITb CBSI3aH C aTMOCHEPHBIMU
IIpoLieccaMM, BO3MOKHO, C KpaeBBIMHU aTMOCPepHBIMHU
BOJIHAMH, BO3HHMKAIOIMMHU B IIPU3EMHBIX CJI0SIX
aTMocdepsl. [JaHHOe IIpe/IIoNosKeHHe MOKeT OBITh IOA-
TBeP>KAeHO pe3y/IbTaTaMHM, IIPUBeJeHHbBIMU Ha PHUC. 4,
[IO/Iy4YeHHBIMHU ITPH 06paboTKe JAHHBIX TAMBAHBCKOIO
nasepHoro gepopmorpada. Kax BUAHO U3 PHUCYHKA,
MOIIIHOe BO3MYILEHME IIOUTH II0 Jyre H3MeHHJIOCh
0T IIepHona, IIPUMEPHO PaBHOIO 9 MHH, [0 MOIIHOIO
BO3MYILIEHH S C IIEPHUOLOM OKOJI0 3 MHH 40 C B TeueHHe 6
4, a 3aTeM II0YTH CUMMEeTPHUYHO B TedeHHe 6 4 U3MeHHU-
JIOCh IO yre OT IIeprona, paBHoro 3 MuH 40 ¢ 10 MOIII-
HOT'O BO3MYIIEHHS C II€PHOOOM OKOI0 9 MHH. SICHO,
YTO JAHHOE BO3MYIIEHHE MOXKET OBITh CBSI32HO TOJIBKO,
Ha MepBBIM B3I/M, C aTMoCPepHBIMHU IIpolieccaMHu,
BO3MOSKHO C OoporpaduveckKMMHU BoTHaMH. [Ipu bornee
IIOJIHOM aHajH3e JAHHBIX TaHBaHBCKOIO JIa3€pHOIO
nedopmorpada 6bITIO YCTAHOBIEHO, YTO TAKOTO POAA
M3MeHeHUsl I1epHOJOB OT MEHBIIHUX K OOJIBIIHM
K o6paTHO HabMIOmANKUCh HeogHOKpaTHo. Eme 6Goree
HeIIOHSITHOe BO3MYIleHHe BBbIZIeIeHO K3 3aIlHced
KPaCHOKaMEHCKOTO  JIa3epHOro
nepopmorpada. Ha puc. 5 mpuse-
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necessary for recording by all the laser deformographs
indicated above.

In the records of all laser deformographs, the
areas with powerful quasi-harmonic oscillations
corresponding to periods of about 11 min of 22.7 s are
identified (see Fig. 2). One can also identify some
powerful general oscillations in the range of periods
from 1.5 to 4.5 min. Thus, Fig. 3 shows the spectra of
the sections of the records of the laser deformographs
of Krasnokamensk, Schultz Cape, Taiwan, from which
peaks can be distinguished in the periods of 4 min 16
s (Krasnokamensk), 2 min 50.7 s (Krasnokamensk), 1
min 53.8 min (Krasnokamensk), 2 min 50.7 s (Schulz
Cape), 2 min 16.5 s (Taiwan). Furthermore, for the
pair of deformographs of Krasnokamensk-Taiwan, a
common powerful peaks in periods of 8 min 32 s,
3 min 24.8 s, 3 min 47.6 s can be found. With more
careful analysis, it can be asserted that the periods
of the allocated oscillations vary in a certain interval.
For the considered range of periods (1.5-4.5 min):

1) Krasnokamensk - from 3 min 24.8 s to 4 min
16.0 s, from 2 min 50.7 s to 3 min 06.2 s, from
1min 37.5s to2min 16.5s;

2) Schultz Cape - peaks with periods of about
2min 50.7 s and 1 min 25.3 s;

3) Taiwan - from 3 min 24.8 s to 4 min 16.0 s, from
1min 50.7 s to 2min 16.5s.

On the basis of the latter, it is possible to single
out general perturbation groups in the period range of
3 min 24.8 s - 4 min 16.0 s (Krasnokamensk, Taiwan),
2 min 50.7 s - 3 min 06.2 s (Krasnokamensk, Schultz
Cape), 1 min 25. 3 s - 2 min 16.5 s (Krasnokamensk,
Schultz Cape, Taiwan).

It is very difficult to explain the existence of such
powerful perturbations, and even with periods that
vary within fairly wide limits. The only reasonable
source of perturbations can be associated with
atmospheric processes, possibly with edge atmospheric
waves, the surface layers of the atmosphere that arise.

JIleH IpHMep ONHOIO M3 BhIIEJIeH-
HBIX BO3MYILIEHHUH. [JIMTeIbHOCTD
JAHHBIX BO3MYIIEHHM COCTaBJISIeT
OKO0JIO 22 MUH, 34, 84 U 24 4, 4YToO,
[IO-BUAUMOMY, CBSI3aHO C TeXHO-
FeHHBIMH JepOopMaIIMOHHBIMHU BO3-
MYIIeHUSMH, BBI3BAHHBIMH IIPO-
M3BOJCTBEHHOM [esATeIbHOCThIO
4ye/ioBeKa B ILIaxTe. AMIUIMTYZA
JAHHBIX BO3MYIIEHHM CpaBHHMa
WIH Jake Oosbllle aMIUIHTY[IBL

2013 mex 12 04:14:20,000

Puc. 4. JuHamuueckas cnekmpozpamma y4acmka 3anucu malieaHbCKoz0 Aazep-
Ho20 degopmozpaca
Fig. 4. Dynamic spectrogram of a recording of a Taiwanese laser strainmeter

2013 7ex 1221:35:48.0000 0,035 -

IIPpHU/IMBHBIX KOMIIOHEHT.
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Jlanee 0CTAHOBUMCS Ha MHUKPOCEHCMHYECKOM [IHa-
r1a3zoHe (2-30 ¢). OCHOBHOM HCTOYHUK Bo31vlyLueHm71 CBSI-
3aH C MOPCKHMMH IIOBEPXHOCTHBIMU BOJTHAMH (BeTpo-
Bble BOJIHBI MUIM 3bI6b). M. Illy/blla OMBIBAIOT BOZBI
SlmoHckoro mMops. IIo3ToMy B 3TOM AualiasoHe IepH-
OfIOB OCHOBHBIM HCTOYHHKOM BO30OY>KIEHUS MHUKPO-
CeNCM SIBIISIIOTCS. MOPCKHE BETPOBbIE BOTHBI HJIH 3bI0b.
IIpy OTHOCHUTENBHO CIIOKOMHOM MOpe XapaKTepHble
MOPCKHe II0BepXHOCTHBIe BOJIHBI JIsi TOYKH HabIio-
[eHHsI UMeIOT IIepHOoAbl 5-6 C, KOTOpble TPaHCHOPMHU-
PYIOTCS B yIpyrue KonebaHHS [HA Ha COOTBETCTBYIO-
IIUX [IEPHOAX B MEIKOBOLHOM U ITPUOOMHON 30HAaX.
B mITOPMOBBIX YC/IOBUSX II€PHOA, JAHHBIX BOIH MOXET
mocTurath 12-13 c. Ha puc. 6 mpHBeIeH IIpUMep CIIeK-
Tpa 3aIlMCHU JIa3epHoro gedopmorpada, yCTaHOBIIEH-
Horo Ha M. Illy/iplia, Ha KOTOPOM BBIJIEISIETCSI MOLTHOE
BO3MYIIeHHE C IIepHoJoM OKojo 10-11 ¢, oTHocsIe-
ecsi K MHKPOCEMCMHYECKOMY [HAIa30Hy, H BBI3BaH-
HOe BOJIHAMM 3bI6W. IIpU CIIeKTpasbHOM 06paboTke
3amucell KpaCHOKaMeHCKOTO JIazepHoro fJedpopmorpada
B MHKPOCEHCMHUYECKOM [Halla30He BBIAEISIOTCS MaK-
CHMYMBI B Halla3oHe IIepuomos 6-6,5 ¢, 3-3,2 ¢, 4-4,2
c (cM. pHC. 7), KOTOpble MOTYT OBITH BBI3BAHBI Pa3IHY-
HBIMH BOJIHOBBIMH HCTOYHHMKAMH, B IIePBYIO o4depelb
CBSI3AHHBIMM C BeTPOBBIMM BOJIHAMH o3epa baiikai,
a TaksKe OrH31eskalnero o3epa YMblkai. [lo-BUAMMOMY,

i1

This assumption can be confirmed by the results
shown in Fig. 4, obtained by processing the data of
the Taiwan laser deformograph. As can be seen from
the figure, the powerful perturbation almost along
the arc has changed from a period approximately
equal to 9 minutes to a powerful perturbation with
a period of about 3 minutes 40 seconds for 6 hours,
and then almost symmetrically within 6 hours has
changed along an arc from a period equal to 3 min
40 s up to a powerful perturbation with a period of
about 9 minutes. It is clear that this perturbation can
only be connected, at first glance, with atmospheric
processes, possibly with orographic waves. With a
more complete analysis of the data of the Taiwan laser
deformograph, it was found that such changes in the
periods from smaller to larger and backward were
observed repeatedly. Even more incomprehensible
perturbation is isolated from the records of the
Krasnokamensk laser deformograph. Fig. 5 gives an
example of one of the selected perturbations. The
duration of these perturbations is about 22 minutes, 3
hours, 8 hours and 24 hours, which, apparently, is due
to technogenic deformation perturbations caused by
human production activity in the mine. The amplitude
of these perturbations is comparable or even greater
than the amplitude of the tidal components.
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KoslebaHHUSI C IePUOAAMHU OKOJIO 6 1 3 € CBSI3aHBI C BETPO-
BBIMH BOJTHaMH o3epa BarKas, a okono 4 ¢ - ¢ BeTpo-
BBIMH BOJIHAMH o3epa YMBIKaK. Ha TariBaHe IPOBOLM-
JIMCh M3MEPEeHUS B IIePUO ITIOUTH IT0JIHOIO OTCYTCTBHUSA
BeTPOBOIO BOJHEHHSI, II0O3TOMY IPH CIEKTPaJIbHOM
06paboTke BbIAENTEHBl MAaKCHMyMBbl MHUKPOCEHCMHUYEC-
KO0 AMamasoHa C IIepUoJoM OKojIo 3,5 ¢, KOTOphIe
BbI3BAHBI MECTHBIM BeTPOBBIM BOJIHeHHeM. [louTu
B 3TOM [ HaIla30He [IePHOI0B MOXKHO BBIEIHUTH MOIIHOE
BO3MYIIleHHe, HMelollee T06pPOTHOCTh IopsiaKa 350, Ha
YacTOTaX, COOTBETCTBYIOIMX mmeprogam 21,18 u 10,6 c,
KOTOPBIe SIBHO He CBSI3aHBI C BETPOBLIM BOJTHEHHEM.

3AK/TIFOYEHUE

Ha 6ase nasepHbIX JedopmorpadoB KIaCCHUECKOIO
THIIA COo3JaHa (OTOHHAs aHTeHHa 'Poccus-Tam-
BaHb', IIpeJlHA3HAYEHHAs [/ HU3y4eHHUs ITPUPOIBI
nedOpMaLIMOHHBIX IIPOLIECCOB B YaCTOTHOM [Halla-
30He oT 0 (yCHOBHo) o 1000 I'1r ¢ TouHocThiO 10711-10712,
[IpoBe/leHHBle KpaTKOBpeMeHHble H3MepeHMsl Bapu-
allMK ypoBHA AedopMalidil 3eMHOM KOPBI IIOATBep-
OUIU ee GOJBIIME IIePCIIEKTUBBI IIPH HM3yYeHUH IIPH-
ponbl medOpMALIMOHHBIX ITPOLIECCOB B IIPHUIKMBHOM
OuarasoHe, B AHaIla3oHe COOCTBEHHBIX KolebaHUI
3eM/IHM U B MHKPOCEHMCMHYECKOM JAHarasoHe. OfHO
13 BaKHEMIIMX HaIlpaB/leHUH HCIO0/Nb30BAaHUS [aH-
HOIM OTOHHOM aHTeHHBI CBSI3aHO C 3aflayaMU pasfe-
JIeHU S PeTUCTPUPYEMBIX ITPOLIECCOB Ha pertOHaIbHBIE
Y IUTaHeTapHBbIe, a TAK>Ke ITPOLeCcCOB, CBSI3AHHBIX C B3a-
MMOJIEHCTBHEM Treochep B 30He IIlepexola CHCTeMBI
"aTmMocdepa-Tunpocdepa-tutochepa’.

Paboma 8binoAHeHa npu yacmu4Holl GuHaxcosoil noddepskke JIBO
PAH, npozpamma "J[iaasHuii Bocmok', KOHKRYpC cosmecmHblx uccnedo-
8ameAbCKUX npoekmos JaabHesocmourozo omdeaenus PAH u MuHu-
cmepcmea HayKu U mexHoAoeuil TatisaHs.

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
NA3EPbI N IA3BEPHbBIE CUCTEMbI I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
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Puc. 5. MNpumep 803myuieHusl, 8bi0eAeHHbIU U3 3anucu
KpAdCHOKAMEHCK020 Aa3epH020 depopmozpada

Fig. 5. An example of disturbance, selected from the records of
the laser strainmeter Krasnokamensk

Next, we will concentrate on the microseismic
range (2-30 s). The main source of perturbations is
associated with sea surface waves (wind waves or
swell). The Schulz Cape is washed by the waters of
the Sea of Japan. Therefore, in this range of periods,
the main source of perturbation of microseisms
is the sea wind waves or swell. With a relatively
calm sea, characteristic sea surface waves for the
observation point have periods of 5-6 s, which are
transformed into elastic oscillations of the bottom at
the appropriate periods in the shallow and swampy
zones. In the storm conditions, the period of these
waves can reach 12-13 s. Fig. 6 shows an example of the
recording spectrum of a laser deformograph installed
at the Schultz Cape, where a strong perturbation with
a period of about 10-11 s, related to the microseismic
range, is evolved and caused by swell waves. Spectral
processing of records of the Krasnokamensk
laser deformograph in the microseismic range
distinguishes peaks in the range of periods of 6-6.5
S, 3-3.2's, 4-4.2 s (see Fig. 7), which can be caused
by various wave sources, primarily associated with
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Puc. 6. Cnexmp y4acmka 3anucu Aa3epHo20 degpopmozpapa
Ha mbice LLyabua
Fig. 6. Range of recording laser strainmeter cape Schults
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8 KpacHokameHcke

Fig. 7. Range of recording laser strainmeter in
Krasnokamensk
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wind waves of the Baikal Lake, as well as the nearby
Umykai Lake. Apparently, oscillations with periods of
about 6 and 3 s are associated with the wind waves of
the Baikal Lake, and about 4 s - with the wind waves
of the Umykai Lake. In Taiwan, the measurements
were made in the period of almost complete absence
of wind waves, so the spectral processing revealed
maxima of the microseismic range with a period of
about 3.5 seconds, which are caused by local wind
waves. Almost in this range of periods, one can single
out a powerful perturbation having a quality factor of
the order of 350 at frequencies corresponding to the
periods 21.18 and 10.6 s, which are clearly not related
to wind waves.

CONCLUSION

On the basis of classical-type laser deformographs,
a photonic antenna "Russia-Taiwan" was created,
designed to study the nature of deformation processes
in the frequency range from 0 (conditionally) to
1000 Hz with accuracy of 107! to 1072, The short-
term measurements of variations in the level of
deformation of the earth’s crust confirmed its great
prospects in studying the nature of deformation
processes in the tidal range, in the range of natural
oscillations of the Earth and in the microseismic
range. One of the most important directions of
the use of this photonic antenna is connected
with the tasks of dividing the registered processes
into regional and planetary ones, as well as the
processes related to the interaction of geospheres in
the transition zone of the atmosphere-hydrosphere-
lithosphere system.
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