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> Tomoepadgus - schcpekmusHbIU criocob nosayyeHus
OGHHbIX 0 BHYMpPEeHHeU CmpyKkmype nymem aHaau3a
CU2HA/108, MPOX0OAWUX Yepe3 obbekm. B memoodax
MPAHCMUCCUOHHOU momo2paguu UCMOYHUKU
CU2HQA/108 PAC0/a1a200MCA BHE Uccaedyemoz0 ob6vema,
8 Memooax AmMuccuoHHouU momozpaguu
aHOAU3UPYHOMCA CU2HAAbI OM 3SMMUMepos uau
frepeusayyamersieul 8 cpeoe.

> Memoobl aMmuccuUoHHOU momMozpaguu 1038070 M
U38se4Yb UHGPOPMAUU 0. CMpPOEeHUU U COCMOAHUU
Cpeobl HO OCHOBE peaucmpauuu MUKPOCEUCM.
Pazsumuro memo0oos ripeouecmeosasu Uccieo008aHUA
celicMUYecKux WyMoB Ha osepxHocmu 3emsu, 8
WMOsIbHAX U CKBAXCUHAX, ) UCMOKOB KOMOPbIX CMOA
E.V. [anbriepuH.

> lpucymcmeue 6 cpede SMUCCUOHHbIX UCMOYHUKOB
[pUBOOUM. K [0AB8/AEHU KO2epeHmHbIX KOMIOHeHm 8
CAYYaUHOM B0IHOBOM [10/1€ HA [108EepXHOCMU.



> Wcnonb3ya AaHHbIE NAOLWAAHOM rpynnbl
(cercmmnyeckom aHTeHHbI) 1 OLEeHMBAaA MO HUM
SHEPIrUI0 KOFEPEHTHOTO M3AYYEHMA N3 BHYTPEHHMUX
TOYEK CPeabl, MOX¥HO PaCCYNTATb TPEXMEPHbIE KapTbl
pacnpeaeeHna MMKPOCENCMUYECKON aKTUBHOCTM
nan 3-D "n3obparkeHne" ceMCMUYECKN LIYMSALLLNX
O0OBEKTOB U KOHTPACTHbIX HEOAHOPOAHOCTEWN.

> 19 oUueHKN saHeprun KorepeHTHoro naay4yeHmnsa
MCMOJ1b3YETCA NpeaoXKeHHad npod. A.B.
HWKO/1IaeBbIM NAEA CKaHUPOBaHMA cpeabl Iy4Yom
CEVNCMUNYECKOWN aHTEHHD!.



B coobLieHnn KpaTKo OCBELLAlOTCA TPU TEMDI,
TECHO CBA3aHHble MmeXXAay cobon eanHbIM
noaxoAom:

> AHOAU3 MUKpocelUcm

> AemomMmamuyecKasa cucmema celicmuYyecKoz20
MOHUMOPUH2d peasibHo20 epemMeHU

> TpexmepHas celcmopasseodka (3D
OUPPOAKYUOHHAA momozpaghus c
HanpassaeHHbIM 067ay4YeHuem)



AHaNN3 MUKPOCEUCM

> Mo nHnumatuse N®3 PAH B Hayane 90x
Hamu 6b1/1M NpoBeAEeHbl MepPBble yChnelluHble
uccneaoBaHMA NO TPEXMEPHOMY
KapTUMpoOBaHUIO TIMAPOTEPMA/IbHbIX 30H B
ceBepHou UcnaHann Ha OCHOBAaHUU aHa/IU3a
MUKpPOCENCM.



AHanu3 mukpocetcm. lNMpuHyunsl SMuccUoHHoOU
momoezpaguu

> P,P,..P.,.,Py-
geophones of seismic
array

> The medium is scanned
by the beam of seismic
array P; - P,, in the units
of cubic grid Xi, Yj, Zk

> Data processing is
confined to estimation
of relative energy of
coherent signals
irradiated by the grid
nodes within the
medium (SNR |, j, k).




IMUCCUOHHO-MomMoepagpu4yecKue
uccneoosaHuUA Ha cesepe NcnaHouu

> Location of the

investigated area, 5 x 6
km within an active
hydrothermal zone of
the North Iceland

Mobile seismic arrays
were located over a
high temperature
geothermal field

Layout of 24- channel
seismic arrays of 600 x
1000 m equipped with
digital seismic station

T Figure 2: Location of the research site on the northernmost
portion of the Icelandic mid-Atlantic rift zone.




YucneHHoe
mooenuposaHue




lMpumep 3anucu mukpoceltcm

> 24-channel, 40 sec
seismogram of
microseisms
recorded in one of

the array positions.

> Distance between
geophones is 200
m
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Fig.9. The example of 40 seconds field seismogram. The picture was carried out on SPARC work st>* ...
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lMpocmpaHcmeeHHoe pacrnpeodesieHuUe sHep2uu
9HO02EeHHbIX MUKpoceucm cmabusbHO 80 epemeHU

> Processing
several ._
seismograms I
recorded at
different  times
on the same
array position
(SNR maps for
the following
depths: 200, 400,
600, 800, 1000
1)) |

Inc= X= ¥= H.

(R) Basil. Array’s image.USSR.1989,

W
| &
"'




BepmuKasnbHble ce4yeHUs paccHumaHHoU
Mampuybl OUEeHOK 3MUCCUOHHOU 3Hep2uu

> An example of
microseismic activity
presented as a vertical
cross-section of 3-D
SNR maps (from single
recording)

> Depths are from 200 y
to 1000 m H
N cross= X= =




3HaKosoe 2x-bumosoe KoouposaHue

amnaumyo
(R) Basil. Array’s image.USSR.1989.




Xapakmep pacrnpeoesnieHusa 3Hep2uu 3HO02eHHbIx mukpoceucm (SNR-
maps), 3ape2ucmpupoeaHHbIX 8 MUX0Oe 8peMSA U 8 YC/A0BUAX CUMbHbIX
MosepXHOCMHbIX MOMeX

Processing of
several
seismograms
registered by an

seismic array

under quiet and

noisy ambient

conditions (depths > 400
from 200 to 1000

m)

> 200

1st and 3rd columns > 600
- quiet conditions

(SNR-maps are
reestablished)

> 800

2nd column - noisy
conditions

i 0]0]0




(a) Mpumep ckomnuaMpoBaHHOM KapTbl CEMCMUYECKON IMUCCUN,
aCcCOLMNPOBAHHOMU C rMAPOTEPMA/IbBHOU AKTUBHOCTbIO, Ha rnybuHe 1800m. KapTta
paccuuTaHa No AaHHbIM 10 ceMCMUYECKMX aHTEHH.

(6) ConocraBneHne nosy4yeHHbIX pe3y/ibTaToB C AaHHbIMU 3/1IEKTPOPa3BeAKM
(Arnasson K. and Flovenz O.G.) Amason and Flovenz
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Vertical cross-sections of the entire volume of
Investigation

> \ertical cross-sections of
the entire volume of
Investigation (6 x 4.5 X
2 km.).

> [he distances between
vertical cross-sections are -
500 m. Dark areas 514000 -,

(8) 3500 —
correspond to higher il
levels of seismic emission el
(3)1000 —
(2) 500 —

m o




Vertical cross-sections of t
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Multi-window ASET SUN-UNIX based software
package

File ) color: No | Yes Normalize: | Mo ves | Aver
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0) Image editing
window

Picture

c) Main data
processing
window
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N

d) Site editing
window




Seismic Network Emission Tomography

> Data of the Cusiana Seismic Network in the oil bearing
province of Columbia within the seismic active zone. The
network consists of 10 seismic stations. (40 x 40 km)

> 10 horizontal sections at fixed depths beneath the array, spaced
2 km apart (from 2 to 20 km depth). 3 sections are shown here
(4, 10, 20 km)

®

i
i
{
i
}
|
-
{
L1
"“



Seismic Network Emission Tomography

> Horizontal section
at a depth of 20 km

> Duration of the
analyzed seismic
recording Is 1 hour

0,1146
0 ,1153

b 011203
T 0.1210

0,1217

0.1224 &
0,1232 @

0,1239 B
Horizontal cross section Depth= 20.00 km.




> Brniepsobie b6b1710 NOKA3AHO, YMO
rnpocmpaHcmMeeHHoe pacripedesieHue 3Hepa2uu
39HO02EeHHbIX MUKpoceucm cmabusibHO 80 epemeHU.
PaccyumaHHasa mpexmepHasa Mmooesb
coomeemcmeyem aKmusHoU 2uopomepmasnibHoOU
30He. Memoo moxtem Ucrnosib308ambcA 011
peweHus pa3eedoYyHbix 30004

> [aHHoe uccsaedosaHue 00710 MOAYOK
UHMEeHCUBHOMY pa38Uumuro pa3Hoobpa3HbIX
MACcCUBHbLIX celicMUYecKkux memooos, WUpPOKO
rpuUMeHArWUXca 8 HacmosAuwee epems



Aemomamuyeckasa cucmema obHapy»3ceHus u
/I0KaUuu ceucmuYyecKux cobbimuli pa3Ho20
macwmaba

> TpaguuUOHHbIE MeToAabl 10Kauun 6a3npyroTca Ha A0CTaTOYHO C/10XKHOMU
npoueaype BbiaeieHUs N TOYHOMN OLEeHKM NnapameTpoB ¢as3

> Ecan cobbiTne permctpupyerca rpynnom uam cetbio CTaHUUM,
COBOKYMHOCTb 3anMcen MOXXHO aHa/IM3UPOBaTb KAaK MHOFOKaHa/IbHYIHO
cercmorpammy

> Ha 6a3e npMHUUNOB SMNCCUOHHOU TOMOrpadum bbia paspaboTaH
Po6acTHbIN M BbICTPbIV MeToa 06HaAPYKEHUA N IOKAAN3aLUKN peasibHbIX
CeNCMMNYECKUX UCTOYHMKOB Pa3HOro maclutaba n co3gaHa
ABTOMATMUYECKAA CUCTEMA CEMCMUYECKONO MOHUTOPUHTA.



Asmomamu4ecKasa cucmema obHapyX<eHus u
/I0KAUUU celcmuyecKux cobbimuli pa3sHo20
macwmaba

> Local earthquake
recorded by the
Israeli Seismic
Network

> Area of scanning is
255 x 255 km,
scanning grid
spacing 5 km

> Number of seismic
stations is 8




rael seismic local network

X, km

> Local earthquake
recorded by the
Israeli Seismic
Network

> Area of scanning

is 255 x 255 km,
scanning grid
spacing 5 km

Number of
seismic stations
is 24

]
in: .I I Base time: 15.04.91 01.21.30. 50
Seconds from start: 0.000

un 29 20:54:41 1996  SVYNAPSE Science Center




OueHKa 2aybuHsl

> SNR maps
calculated for the
depths: 0, 5, 10,
15, 20, 25, 30, 40
and 50 km

5 km 0.651

> Values of SNR-
map maxima are

shown below each
SNR-map

> Absolute
maximum of SNR-
map corresponds
to the depth of

hypocenter (25
km)

30km 0.781 40 km 0.781 50km0.374



Detection and location of quarry blast recorded
by Finland Seismic Network
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Aemomamuyeckasa cucmema obHapydceHus u
/I0OKayuu cobbimuu pa3Ho20 macuwmaba

> MoryT ncrnosib30BaTbCs BCE AOCTYMHbIE TUMbI
BOJTH (B PEXUME KOFEPEHTHOIO U
HEKOrepeHTHOro aHanmnaa)

> MeTtoa obecrnevymBaeT BO3MOXXHOCTb
OMNEpPaTBHOIo aHannsa n MoOHUTOPUHIAa
CENCMNYHOCTIN, CBA3AaHHOM C Makpo 1 MUKPO
NCTOYHMKaMW, B TOM Ynchie KoHTpomd [Pl



3D oughpaKyUOHHAasA momoz2pagusa ¢ HanpPaeseHHbIM
obsyyeHuem. Om aHaAnAU3a MUKpocelcm K
mpexmepHoU celicmopa3eeoKe

> Metopg OIT octaeTcsa 0OCHOBHbIM U Hanbonee 3¢pdeKTUBHbIM
cnocobom NOUCKa 1 pa3BeaKn CTPYKTYP, K KOTOPbIM NMPUYpPOYEHbI
MeCTOpPOKAEeHWUA YI/1eBOA0POAOB.

> [o cytn pena, OI'T npeacraBaser cobou YacTHbIU Cayyam
NPOCTPaHCTBEHHOM CUCTEMbDI BO3bYXKAEeHUA U Nnpuema
CercCMUNYECcKUX CUrHANI0B, KOTOpas obecneunBaeT BOSMOXKHOCTb
DOKYCUMPOBKM CEMCMUNYECKMNX BOJTHOBbIX MNOJIEU HA BHYTPEHHMUX
TOYKaX cpeapbl.

> lMpuHUMnmManbHaa ocobeHHocTb TexHoAoruu OFT cocTonT B TOM,
YTO MeToa OPpUeHTUPOBaH B OCHOBHOM Ha Bblae/ieHNe U
npocaeKnBaHMe rpaHnL U XyXKe paboTaert B C0XKHbIX cpeaax c
HeBblaep*XaHHbIMU FPaHULLIAMMU, YAaCTO NPEeAcTaB/IAILAMMN
pa3BeaoyYHbIV UHTEpPEC.



3D ouhpaKyuoHHas momozpaghus c
HanpaesneHHbIM 0bayyeHuem

> [laccuBHble meToabl 0becne4ymnBaoT BO3SMOMKHOCTb
06bEMHOMN reo/IoKaLMM AOCTAaTOYHO C/I0XKHbIX OO BHEKTOB.

> OCHOBHbIE OFrPaHNYEHNA CBA3aHbl C HN3KOWU
Pa3pEeLLAOLLEN CHOCOOHOCTLIO M HaAEKHOCTbHO
OOHapPYKEHNA CTPYKTYP, OT/INYAOLLLMXCA C/Iabow
3SMMNCCMOHHON CNOCOOHOCTbIO, T.€. OHM M/I0X0 PA3ANYAIOT
B ICCAEAYEMOW TOJILLE «MOAYALLMEY, HEAKTUBHbIE
0OBEKTHI.

> OAHaKo, Mbl MOYXeM UCMO0J/Ib30BaTb C(I)OpMy!'IVIpOBaHHbIe
MnoAxobl, ECJIN OPraHN3IYEM HaAllPaBJIEHHYHO NOACBETRKY
CpEeAbl BHELWLHNMWN UCTOYHWNKaMMW.



> B ocHOBe MHOro noaxoaa NeXnT naea nepexona or
Koppenaunm oTparKeHuin U TpacCUMPOBaHMA OTPaXKatOLLMX
rPaHUL, K CKAHMPOBAHWUIO Cpedbl C MCMOJIb30BaHNEM
HamnpaB/ieHHbIX CBOMCTB NPOCTPaHCTBEHHbIX CUCTEM
N3/Iy4YeHUa U NPUEMa.

> CyTb pa3sBmBaemoro metroaa 3D AndpaKkLUMOHHOW TOMOrpadum
C HanpaB/IEHHbIM 06/1y4eHNEM CBOAUTCA K UCMOJIb30BAHMUIO
VAPaBAAEMbIX N3AYYaOLWEN N NIPUEMHOWN NPOCTPAHCTBEHHbIX
cucTem Ana POpMUPOBAHMA HanpPaB/IEHHOIO U3/IY4YEHUSA U
npuema CeEUMCMUYECKON SHEPTNN N CUHXPOHHOMY.
CKaHMPOBAHWUIO CPEADLI STUMW ABYMA Jiy4aMU, B MPOLLECCE
KOTOPOro NOAB/AAETCA BO3MOMXHOCTb MOCTPOEHNS
TPEXMEPHONO N3006ParKEHNA BHYTPEHHEW CTPYKTYPbI CPEADI.



3D Diffraction Tomography
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>06paboTKa gaHHbIX,
3aperMcTpupoBaHHbIX 48 KaHA/IbHOM
pacctaHoBKoM (4 x 12) c
NCNO/Ib30BaHNEM YAaPHbIX
ussiyyatesen B 30He npuema.

>Pe3ynbratom 06paboTkm ABAAOTCA
He BpeMeHHble pa3pesbl, a
TpexmepHoe nsobpaxeHue
meniko3arnybaeHHoro o6beKTa
(vH)KeHepHOrO TYHHENA).

>IoKa3aHbl FOPU30HTA/IbHbIE
ceyeHus paccumntaHHou 3D maTpuubi
OLLeHOK 3Heprn gudparupoBaHHbIX
BOJIH (ry6uHbl oT 4 Ao 20 m (cnesa)
v ot 24 po 40 m (cnpasa) c warom 4
Mm).




> MeTtoa no3Bo/ISET NOBbLICUTb Pa3peLlatoLLyo CNOCOOHOCTb U
HaAeXHOCTb OOHapy*eHUs B nccaneayemou cpeae
HEOAHOPOAHOCTEN 33 CYET ABOMNHOU HOKYCUPOBKMU
N3ny4Yyatolen U NPMEMHON CEUCMUYECKUX aHTEHH Ha
BHYTPEHHMX TOYKax cpebl, HAKOM/JIEHNA U ONTUMAIbHOW
COr/1IaCOBaHHOM aAanTUBHON PUAbTPALUN NPUHUMAEMbIX
CUIFHA/I0B.

> Metoa MmoXKeT 6bITb NCMOAb30BaH A4 AONOJHNTE/IbHOM
06paboTKN CAOKHbIX PPATMEHTOB YKe UMELLMXCA
cencmopasBeaoYHbIX AaHHbIX Ol T ¢ Lenbo KapTUPOBaHUA
JIOKa/IbHbIX HEOAHOPOAHOCTEN B 30HAX HapyLleHns
NPOC/AEKMBAEMOCTU FPaHMLL. 114 3TOr0 KOMMAAEKC MOXKET bbITb
BCTPOEH B COBPEMEHHbIE CMCTEMbI 06PaBOTKM
CEMCMOPa3BeAdoYHbIX AaHHbIX.

> [lePEeKTOCKOmMbI C Pa3snPOBaAHHbIMM PELLETKAaMM



bi/1 MOJIY4YEH pPAA NAaTEHTOB HAa AaHHbIW
cnocob 3D cecmopasBegKu
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Ynbompa3eykoeou degpekmockorn momozpach A1550 IntroVisor c
ussiydamersisiMu-ripueMHUKamu 8 auoe rnyoujadHbIX aHMEeHH -
ga3upoeaHHbIX peuwemokx.

> [edbekTockon, ckaHep
APOTSHKEHHBIX OOBLEKTOB, NN
ToMorpad Ans nosyyeHus Habopa
CPE30B UM TPEXMEPHBLIX
N300paKeHN BHYTPEHHNX
HeodHopoAdHocTeN. [[lokasaHb! ABa
B/Aa MHOFO3JIEMEHTHbIX aHTEHH -
drasnpoBaHHbIX PELLIETOK ASd
N3MyYEHNS U NPUEMA CUFHAaMOB.

> DasypoBaHHbLIE PELLETKN
NO3BOJIFAIOT DOKYCHPOBATH
N3ryyeHve N NPYEM Ha BHYTPEHHMX
TOYKaX.




A Xxouy Bbipa3uTb 61aroaapHOCTL:

[Mpod. A.B. HUKO1aeBy 3a ero naero CKaHMPOBaHUA CPeabl U
NA0A40TBOPHbIE OOCYXAEHUS

CotpyaHury U®3 PAH B.J1. Kucesnesnuy 3a nporpammHoe
obecneyeHne perncrTpaLmm, BBoAa U BU3yaansaumm AaHHbIX,
YYaCTME B Pa3paboTKe nporpammHoro naketra ASET m
0bpaboTKe AaHHbIX

CotpyaHnkam NP3 PAH A.B. CesanbHeBy, B.C./lasposy, B.JI.
Rucenesnyy, B.6. CMMpHOBY 33 y4yacTme B NOArOTOBKE U
NPOBEAEHNN NOJIEBbLIX PabOT

[Mpod. M.JI. BaaaoBy, KOMH A.H. OLLKMHY U COTPYAHWUKaM
Kad. CemcmomeTpum reon @-ta MIY 3a nomolllb B
NPOBEAEHNN SKCHEPUMEHTAAbHbIX PpaboT no 3D
CEVICMOPa3BEAKE



bnraropapto 3a BHUMaHUe
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