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Beenenue

Ha rpanuue conprkocHoBeHUs JUTOCHEPHl U aTMOC(hepBl MPOUCXOASAT B3aUMOEHCTBHE
U npeoOpa3oBaHHe Pa3NU4yHBIX Treoudnueckux mnoJseid. Hanbosee MHTEHCUBHO 3TO Mpo-
SBJISIETCS B CEHCMOAKTUBHBIX peruoHax, riae MoCTOSSHHO MPOTEeKaUMH ceHCMOTEeKTOHHYE-
CKHH Tpolecc CONpoBOXKAaeTcss OoJiee CHABHBIM Ae(opMHUpOBaHHEM nopof. HenpepbiBHO
NPOUCXOASLINe pa3HOMACIITa0HblE BAPUALIUM STUX MOJIEH OTPAXKAIOT CJI0XKHBIE CBSI3H MeX-
Iy X UCTOYHHKAMH, a TaKxkKe CBOUCTBAMHU TBepHOH W razoobpasHoit cpen [1].

HccnenoBanus reoakyCTUUECKUX U 9J1eKTPOMATHUTHBIX M0JIeH B IIePUOABI TOBBILIEHHON
CeHCMHUYECKOH aKTHUBHOCTH MPOBOIHUJNCH B Pa3/JUYHBIX perdoHax [2, 3]. B maboparopHbix
MCC/IeI0BaHUsAX [4] 3aperHCTPUpOBaHO, YTO TpU He(OPMALMOHHBIX HArpy3Kax TOPHBIX
MOPOJL BO3HUKAIOT aKyCTHYECKHe W 3JeKTpOMarHuTHble u3aydenus. C uesbio oOHapyxe-
HUSl TPUPOJAHBIX CHUTHAJOB Ie0aKyCTHUYECKOH M 3JIEKTPOMArHUTHOH 3MHCCHH, MMEIOILHUX
001y 1e(hOpMalMOHHY0 NIPUPOLY BO3HUKHOBEHMS, B CEHCMOAKTHBHOM pervoHe Ha Kawm-
yaTKe MPOBOASTCS ONHOBpPEMEHHble KOMIJeKCHble HaOmoneHus. CUrHajbl MOCTYNaloT OT
ynanennbix ctanuuii MKUP JIBO PAH, o6bennHeHHBIX B CETh.

Pesynbratom uccnenoBaHuil, npoBoguMbix Ha Kamuatke [5], sBAsiIOTCS XapakTepHble
NPU3HAKH, BbISIBJIEHHBIE B X0fle 00pab0TKH M aHaJ/lM3a re0aKyCTUYeCKUX CHUIHAJOB U CHI-
HaJoB 3jeKTpoMarHuTHOH smuccun OHY nuanasona, KoTopele 00HapYKHUBAIOTCS Mepes
celicMHUYeCKUM COOBITHEM B MEPHUOJ OT HECKOJbKHX 4acoB 10 HECKOJNbKHX CYTOK. Haubo-
Jiee BepOSITHOH MPUUHMHOW BO3HWKHOBEHHS TaKHMX aHOMaJ/bHBIX HW3JYyUeHHUH B pa3/JUUHbIX
10 CBOEH Mpupoje MOJSAX SABJSETCS aKTUBU3aUMs Ne(OPMaLMOHHBIX MPOLECCOB MPH MOMI-
TOTOBKE 3eMJIeTPSICEeHHUS.

[eoakycTHueckue HabnoaeHus

AxycTuueckast SMHUCCHsS B TBEPABIX TeJiaX MpeNCTaBJseT co00H ymnpyrue KojebaHHUs,
BO3HHMKAIOIIMEe B OTBET HA AMHAMHYECKYIO TIEPECTPOUKY HX CTPYKTYPBl. XapaKTepPUCTHKH
B030y2K1aeMOro Mpu 3TOM HMIYJIbCHOI'O U3JyUyeHUs] HEMOCPeACTBEHHO CBs3aHbl C 0COOEeH-
HOCTSIMM IJIACTHYECKHX TIPOLIECCOB.

B wuccnenoBanusax na Kamuatke [6, 7, 8] Oblio MoKasaHo, YTO THUIIMYHBIA CHTHAJ
re0aKyCTHYeCKOH 3MMCCHH CKJIA[bIBAETCS U3 T10CJEN0BATENbHOCTH pesaKCalMOHHbIX HM-
My/NbCOB PA3/JUUHOH aMIJIUTYAbl U IJIUTENbHOCTH C yIapHBIM BO30YyXKAEHHEM W 4acTOTOH
3aMoJIHEeHHUs] OT eIMHHUI[ 0 NEeCSITKOB Kuijorepi. YacToTa MX CJeIOBaHHS B CIIOKOHHBIE
TepUOIBl COCTABJSIET €AMHHUIBI B CEKYHIY, & BO BPeMs BO3MYILIEHHH, MPENIIECTBYIOMINX
CeHCMHUYECKUM COOBITHSIM, NOCTHUTraeT AECSITKOB U Ja)ke COTeH B ceKyHay [9].

B ¢oHoBEII nepuon HabOAIOTCS HE3HAUWTEJbHBIE M0 AMIIMTYAE Te0aKyCTHUeCKHe
MMITYJIbCBl C YACTOTON cjenoBaHus B npepenax 0.1-0.5 umnynabcoB B cexkyHny. Has npu-
Mepa Ha puc. | mokaszaH 10-MHHYTHBIH (parMeHT 3aNuCH Te0aKyCTHYECKOrO CHUrHaJja B
CMIOKOUHBIH ((DOHOBBIN) Mepuon. 31eCh U HHXKe Ha PUCYHKAxX — aKyCTHUeCKoe JaBJieHHe.

Bo BpeMs pocrta HampsiKeHHH W CKOPOCTH Ae(pOPMHUPOBAHUS MOPOA HabJI0gaeTCs yBe-
JUUeHHe KaK aMIJIMTYAbl HMITYJbCOB, TaK U MX KOJHUECTBA B eUHUILY BpeMeHH. B Kaue-
CTBE MPHUMepa PaCCMOTPUM Ie0aKyCTHUeCKHe CUTHaJbl, 3apeructpupoBanHeie 16.11.2007 r.
Ha puc. 2 npencrasnen 10-MUHYTHBIH (parMeHT 3anucd curianga. Curnasnel (puc. 2) Ha-
omopanuch 16 Hosiopst ¢ 02:30 UT B rteuenuwe 11.5 u. Yepes 1.5 cyr 17.11.2007 r. B
17:16 UT Ha snuueHTpanbHoM paccTossHUM 104 KM MpoM30LIO 3eMJeTpsiCeHHe C IHep-
retndyeckuM Ksaccom Ky = 12.8. Koopaunartel runounentpa: 52.8° N, 159.63° E, ranybuna
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Puc. 1. [Iprumep 3anucu reoakycTHUyecKoro curHaja B (hoHoBbIH nepuon. Ha BeiHOCKe mpen-
CTaBJleH OfIMHOYHBIA UMIYJIbC.

17 kM (omepaTHBHbIe NaHHbIE MO 3eMJETPSICEHHIO MpPeACTaB/eHbl KaMuaTcKuM (uanasom
UL EI'C PAH).

Puc. 2. ®parmeHT reoakyctuueckoro curuana 16.11.2007 r. (a) v ero oMHHOYHbBIH UMITYJbC

(6).

Cornacto [10], HabmonaemMble B 9KCIIEpUMEHTAX re0aKyCTHYeCKHe CHTHAJbI CO3al0TCs
CIBUTOBBIMH HCTOUHHKAMH JJIMHOH €IUHHIIbI—IEeCATKH CAHTHMETPOB, PACIOJIOXKEHHBIMH
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Ha PacCTOSIHUM N0 NepBbIX AECATKOB MeTPOB OT NpUeMHHMKA. TakuM o6pas3oM, B ciayyae
CHJIBHOTO 3aTyXaHHsl, KOTOpOe MMeeT MeCTO B O0CaJOuHBIX [10pPOJaxX, MO AJHUTEeNbHOCTH
CHTHaJa MOXKHO ONpele/IUTh PACCTOSIHME 0 ero HCTOUHHKA.

B cBs3u ¢ oTcyTcTBHEM re0(DOHOB, CHOCOOHBIX PErHCTPUPOBATb €OCHUTHA/ BO BCEM
JManasoHe 3BYKOBBIX UaCTOT, C YUETOM pe3y/bTaTOB, MOJYUYEeHHbIX TPU PerucTpaLuu cel-
CMOAKYCTHUYECKHX CHTHAJIOB I'MAPOaKyCTHUECKHMH CTAHLHUSIMH, YCTAHOBJEHHBIMH Ha MOp-
ckoM Wesbde [12, 13], B KauecTBe TATUMKOB Ie0aKyCTHYECKOH IMUCCHH ObLIM HCIOJb30-
BaHbl 1be30KepaMHyecKre rHApOo(OHbl, pa3MelleHHble y JHA IPUPOAHBIX U HCKYCCTBEHHBIX
BOl0eMOB. Pesy/ibTaTbl 9KCIepHMeHTa/bHBIX HCCJAe0BAHUH PaCpOCTPaHEHHsl CUTHAJOB B
3aKpPBITBIX BHYTPEHHUX Bomoemax [6, 7, 8] u Ha mMopckom wenbde [14, 15] mokaswiBa-
I0T, UTO Ha HeOOMBILIUX PACCTOSHUAX HMCKaXKeHHe (OpMbI UMIYJbCOB MPHU paclpocTpa-
HEHUM B BOJIHOBOIE, COCTOSILIEM K3 BOJHOIO CJIOSI M NPUIIOBEPXHOCTHOIO CJIOSI TPYHTA,
HeCylecTBeHHO. TakuM o0pa3oM, H3yueHHEe re0aKyCTHUECKHX CHTHAJOB THAPO(OHAMH,
YCTaHOBJIEHHBIMH B BOJe y [Ha BOJOEMOB, BIIOJIHE AOMYCTHMO.

Ha puc. 3 nokasaHa cxema npoBelileHHs] SKCIIePUMEHTa 110 PerucTpallly re0aKycTHye-
CKOH aMHccHU. [eHepalusi re0aKkyCTHUECKOr0 CHTHaja NMPOUCXOAUT B MPUIIOBEPXHOCTHBIX
0CaloYHbIX MOPOAAX, a ero perucTpalus — B BOLHOU cpefie y IHa BojoeMa. Ha rpanuue
paszmesna ABYX cpel Bo3HHKaeT pedpakuus. KospduuueHT mnpesom/eHHs NpU Mepexo-
[ie TIPOLOJIBHBIX KOJIe0aHUH M3 0CaJOuHBbIX MOPOA B BOAY COCTaBJjseT npumepHo 1.2-1.7.
C yderoMm HeGOJBIINX PACCTOSSHHH pAClpOCTPaHEHHS CUTHAJMOB d(pdeKTaMu pedpaKLHu
MOXXHO NpeHeOpeyb.

Puc. 3. Cxema HabJ/I0eHHUS re0aKyCTHYeCKOH aMucchu. [IpuBeneHo BepTHKa/nbHOEe ceye-
HUe yepe3 TOUYKY yCTaHOBKH NpuémHuKa. [IITprxoBKoi oTMeueHa 06JacThb, U3 KO-
TOPOU MOXKET OCYIIECTBJSATLCS MPUéM curHana [11]

Jlns mpueMa reoakyCTHUeCKOro CHUTHaja MCHOJb3YHTCS Ibe30KepaMUuecKHe LUJIMH-
npudeckre ruapodonsl [6, 16] membpaHHoro Tuna guametTpoM =65 MM. [uapodoHsl npex-
Ha3HayeHb! 17151 paboTbl B 3BYKOBOM [IHala30He YacCTOT C YYBCTBUTEJNBHOCTbIO (BKJIOuas
MpeaBapUTe/bHOE YCHJeHHe) mopsiaka aecsiTkoB — coteH MB/Ila. KoHcTpyKkTHBHO Kax-
LBl NMPUEMHHUK BBITIOJIHEH B MeTasJIMdecKoM Kopryce (puc. 4a). B kauecTBe mpuemHOro
3J7IeMeHTa HCIMOJIb3yIOTCS Ha0op M3 MOMEILEHHbIX Ha cTepxKeHb 8 KoJjel ¢ raGapUTHBI-
mMu pasMepamu 22x10x4.8 MM, usrorosseHHslx u3 noe3okepaMuku LITBC-3. C ThibHOH
CTOPOHBI CTepKeHb XKEeCTKO COeJHMHEH C KOPIYCOoM, a ¢ APYrod — ycTaHOBJIeHa MeMOpaHa,
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KOTOpasi BOCIIPUHUMAaET aKyCTHUeCKoe [aBJleHHe W MepeflaeT ero Ha nbe3osseMeHTH. Ha
puc. 46 npuBeneH rpauk CrnekTpaJbHOH UYBCTBUTEJNbHOCTH THAPO(OHA BMeCTe C Mpeny-
cunutesneM [8]. KanubpoBka aKyCcTHUECKHX MPUEMHHKOB OCYLIECTBJSIETCS MPH MOMOLIH
TECTOBOI0 CHUrHaJja C aKyCTHYeCKOro M3JyyaTesis MPH €ro MoCTaHOBKE U MPHU €XKerofiHOM
TEeXHUUECKOM 00C/yKUBAHHUH.

Puc. 4. [1be3okepamuueckuil runpodon. KoHeTpykTuBHasi cxema runpodoHa (a): 1 — kop-
nyc, 2 — KpbILIKa U3 3ByKONMPO3PAUHOTo MaTepHana, 3 — Nbe30KepaMHUecKHe KOJb-
ua, 4 — mem6pana, 5 — cTep:xeHb. Ero crnektpasnpHasi 4yBCTBUTEJNbHOCTD (6)

AneKTpoMarHuTtHble HabnoaeH s

Perynsipueiii mymoBoir gon (PIIP) B snekTpomarHuTHoM uanydenunu (QMU) cyue-
ctByeT noctosiiHo. Mctounnkom PLID sBasioTes: atMocdepa (rpo3oBbie o4aru), MarHH-
Toc(hepa, MOTOKH HHU3KO SHEPreTHUeCKUX YacCTHLl HEYCTOHUMBHIX K BO30YXKIEHHIO BOJIH
BOJIM3U HUXKHero rudpuaHoro pesonanca (HI'P) Ha BeicoTax Hukneit nonoctepsr (HIP-
KaHaJl, aBpopasibHasi 30Ha, THEBHOH moJssipHbli Kacm) [17]. McenenoBanusi mymoBo# co-
craBasoued MU B nuanasone oueHb HU3KKUX yacToT (OHY) Obliv HauaThl B Poccuu B
1962 r. [TonomapéBbimM E.A. u Bepmnnuneivm E.®. [18]. B HacTosilee BpemMsi Ha TeppUTO-
pun Kamuatku BenyTtes Habaronenns DMMU ¢ nomomibio mHorokanansHoro OHY perucrtpa-
TOpa, MO3BOJISIOIIEr0 IPUHUMATh cyadble myMoBele curHaasl. OHY perucrpatop cocrout
M3 JIBYX PaMOUHBIX W OQHOH BepPTHKAJbHOH IITBIPEBOH aHTEHH, MPEeABAPUTEJbHBIX YCH-
JIUTeJIeH, COTIaCOBAHHBIX 110 BXOAY C aHTeHHaMH, KaOeJIbHOU JIMHUU CBSI3H, YCTPOUCTBOM
¢duabTpauuu U aHajoro-urdposoro npeodpasobarens (ALLIT) [19]. Takxe Ha 6aze OHY
peructpaTopa peasju3oBaH MejeHratop uUMnyabcHoro MU rpo3oBoro npoucxoxaeHus.
Kanubpoka OHY-nesenratopa ocyliecTBiseTcss ABa pasa B rol OT reHepaTopa 6eJoro
IIyMa, CHUTHAJ ¢ KOTOPOTO MOJAETCsl uepe3 KOHAEHCATOP HAa BXOM YCHUJHTEJS LITBIPEBOH
AaHTEHHBI, a HA PaMOYHbIe - yepe3 KaJuOPOBOUHYIO aHTEHHY.

Ha pucynkax 5 u 6 npencrasyensl cyTounbslid xon PII® 9MU (a), asumyranbHoe pac-
npenesenre umnysabcoB MU (6) v cKOpoCcTb UX cuéTa Mo HarnpaBJeHHsM (B) B YCJIOBUSAX
XOpOLLEeH MOTOAbl B CEUCMHUYECKH CIIOKOMHBIM MEePUON U B MEPUOA MOATOTOBKHU U PA3BUTHUS
semsetpsicerusi, npousomeniiero 06.07.2018 r. 8 01:40 UT Ha snuueHTpasbHOM paccTo-
sauun 165 km. Koopmuuatsl rumoueHtpa 51.32° N u 158.12° E, rny6una 75 kM, 3Hep-
reTudyeckuil kmacc Ky = 14.9 (omepaTHBHBIE NaHHbIE M0 3eMJETPSICEHHIO TPEACTABJEHDI
Kamuarckum ¢puaunanom ®HL EI'C PAH). PUI® onenuBascs Ha OMMHHAALATH YaCTOTaX
(puc. 5a u 6a), a gacrora 1709 ['u — pe3oHaHCHas UacTOTa BOJIHOBOAA 3eMJsi-HOHOC(epa.

Kak BUIHO M3 PUCYHKOB, B yCJOBHSX XOpoluel moroasl peructpupyembisi PLIID MU
B ob6sactn OHY obnanaer 4€TKUM CyTOYHBIM XOIOM C MUHHMYMOM B JIHEBHOE U MaKCH-
MyMOM B HOUHOE BpeMsl U MaJsiod JUCIepCHel OTHOCHTEebHO orubaroiieil (puc. Ha). Asu-
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MyTaJsibHOE pacrpenieseHre UMIyabcoB IMMU Takxke MMeeT UeTKO BbIpaKeHHBIH CyTOUHBIH
X0l ¢ MAaKCHMaJIbHOH CKOPOCTBIO CueTa B BeuepHee-HOYHOe BpeMsi (PHC. DB) U a3UMyTOM
170°-240° (puc. 56). Anomasnueii PILI®D moxkHO Ha3BaTb HapylleHHe CYTOUHOTO XOHa,
BBIP2>KEHHOT'O B BHJI€ CMelleHUs] MUHHMYMOB U MAaKCHMYMOB Ha HeXapaKTepHble BpeMeH-
Hble MHTEPBAJIbl, a TaKXKe YBeJUYeHHs AUCIEPCHH aMILIUTYI OTHOCHTENbHO Orubarollei
(puc. 6a). AHOManuMU a3UMyTasNbHOTO pachpeseseHdss UMny/nabcHoro DMU Bripaxarorcs
B BHIE OTKJIOHEHHS CKOPOCTeH CuéTa Mo HampaB/eHHsIM (puc. 6B) OT HUX 3HAueHWH B
(pOHOBBIH MepHoN, a TaKKe MOsIBJEHHs] HeXapaKTepHbIX HarpaBjeHUH (puc. 66).

OCHOBHBIMM M3BECTHBIMH MPUUYMHAMH MOSIBJEHHS aHOMaJbHOTO cyTouHoro xoxa PII®
B OHY-nuanasoHe v asuMyTanbHOTrO pacnpeneneHuss umnyiabcHoro IMU spasitores:

1) akTMBHM3aLUKs MOUIHBIX NAJEKWX HCTOUHHKOB aTMOC(EpPHOH HJH MarHUTOC(HEpHOH
NpUpoabl (TponuyecKHe yparaHbl, reoMarHuTHele Bosmyienus) [20, 21];

2) akTUBHM3aLUSA CJa0bIX, 6JIU3KHX UCTOYHUKOB aTMOC(EpHON NMPUPOAbl (HamprUMep KO-
POHHBIH paspsiji) COMPOBOXKIAMIINX 0OUIbHBIE aTMOC(epHbIE 0CAKH, TIblJeBble OypPH, BYJI-
KaHWYeCcKHe MernJoBble o6aaka u T.1. [22];

3) JloKa/bHble U3MeHeHHUsl TapaMeTPOB MPOBOAUMOCTH 3eMJIU U HOHOChepHl ((popMUpo-

BaHHE HEOMHOPOAHOCTEH B BOJHOBOMIE 3eMJisi-HOHOC(EPA U BHYTPHHOHOC(HEPHOM BOJHOBO-
ne) [23, 24].

Puc. 5. Cyrounniii xon PIII® DMU (a), asumyTanbHoe pacrpeneseHue ummnyabcos dMU
(6) u ckopocTh MX CuéTa 1O HampaBJeHHUsM (B) B YCJOBHSX XOpOLIEH MOroisl B
(hOHOBBIN TEPHOL.
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Puc. 6. Cytounniii xon PII® IMHM (a), asumyrasbHOe pacrpelesieHHe HMMIYIbCOB
OMMU (6) v CKOpPOCTb UX CUETA O HATPaBJIEHHUSM (B) B YCJIOBHSIX XOPOLIEH MOTO/IbI
B MEPUOM MOATOTOBKH W Pa3BUTHS 3eMuieTpsiceHusi. CTpesKaMU OTMeueH MOMEHT
peructpauuu 3emsetpsiceHust 06.07.2018 r. 01:40 UT. Ddnauncamu oTMeueHbl aHO-
MaJibHble YYACTKH CHUTHAJA.

MakeT annapaTHO-NPOrpaMMHOro Kommnekca

Jlnst perucTpauny LIKMPOKONOJOCHOTO CUTHAJA C Pa3/IMYHBIX CHCTeM HalJl0leHUH B pe-
»KHMe peaJibHOTO BpeMeHH pa3paboTaH MakeT anmnapatHo-nporpamMmmuoro kommiaekca (ATTK),
COCTOSILIIUE M3 ABYX MPOCTPAHCTBEHHO pa3HECEHHBIX yacTell (aBTOHOMHOH W CTallMOHap-
Hoil). CTalMOHapHast 4acTh KOMILJIEKca HaXxoauTcs B JabopatopHoMm kopnyce MKHUP JIBO
PAH. ABToHOMHAasl 4YacTb pacrnoJioKeHa B MyHKTe HabJ/ofeHu# «KapeiminHay, ynanéHHoOM
Ha 18 kM toro-toro-3ananHee Mucrturyra. Mexny udactsamu AIIK opranuszoBaHa BbiCOKO-
ckopocTHasi wi-fi JIMHMUSA CcBSI3W [/ 0OOMeHa NaHHBIMM M KOHTPOJIs paboThl YAaJeHHOTo
o6opynoBaHusi. CTPyKTypa KOMILJIeKca MpeacTaBjgeHa Ha pucC. 7.

B aBroHomHo# uyactu AIIK aHa/oroBblii CHTHaJ, MOJYYeHHBIH C MOMOIIBIO TepPBUY-
HBIX NpeoOpasoBaTesiell UCCaefyeMblX reo(pU3nYecKUX MoJeld, 06003HaYeHHbIX Ha PUCYH-
ke «Jlatuuk l»... «Jlatunk N», IpoXomuT npenBapUTesNbHOE YCUJEHHe W IMOCTyMaeT Ha
aHaJjioro-uugpoBoi npeobpasoatesnb (ALIIT). [danee nepconanbhbiéi KomnbeioTep (I1K),
MCIOJIb3Ysl MPOrpaMMbl perucTpanuu [25, 27], mpouU3BOAMT 3aNucCh LU(POBOrO CHUTHAJA
Ha BHyTpeHHHUU Hakonutesb B (popmate RIFF (WAVE) 6e3 ucnonb3oBanusi cxkarus. Hc-
KJII0YaeTCsl CUTYalHUsl MepernojHeH|s] HocuTe el HH(OpPMaLKH, YTO o0ecrneurnBaeT Hempe-
PBIBHOCTb 3aMMCH AaHHBIX. UHCJI0O OIHOBPEMEHHO XPAaHUMbIX CYTOUHBIX NAHHBIX 3a1aETCs
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N0/b30BaTesNeM CUCTEMBl, UCXOAS M3 00bEMa CBOOOJHOrO MPOCTPAHCTBA HAa HCIOJb3Yye-
MOM HocuTeje. Il XpaHeHHS MOJYUYeHHBIX AAHHBIX HCMOJb3yeTcsl Oy(epHBId HaKOMu-
Teb OOJIBIION €MKOCTH, HAa KOTOPBIH OHUM KOMUPYIOTCS C MPeNBaPUTENbHBIM T€PEBOIOM B
dopmat FLAC (Free Lossless Audio Codec). dtoT dopMaT no3BosisieT MPOU3BOAUTE CXKa-
THe ayIMOJdaHHbIX 6e3 MoTepb. 3amoJHEHHbIH HAKOMHUTE/b CBOEBPEMEHHO MeHsieTCs Ha
HOBBIH M ToMellaeTcss B 6aHK HaHHBIX jgabopatopud. CrefyeT OTMETHTh, YTO B apXHUTeK-
TYpPYy pa3paboTaHHOTO MPOrpaMMHOTO MPOAYKTA 3a/10:KeHa BO3MOMKHOCTb OJHOBpPEMEHHOH
¥ He3aBUCUMOH paboThl ¢ HeckoabKuMu ALLIT.

OTmeTHM, UTO Ha yHnajeHHOU cTaHUMU HabuoneHud B KadecTBe [1K moryT ucnosb3o-
BaThCsl 9HEPro3(PPeKTUBHBIE HU3KOTPOHU3BOAUTE IbHbIE HOYTOYKH WM MHHHUKOMITBIOTEPHI,
T.K. OCHOBHYI0 Harpysky 1o o6paboTKe NaHHBIX OHU He HeCYyT.

Puc. 7. CtpykrypHas cxema AIIK nss perucTpauuu LIMPOKOMOJOCHBIX CHTHAJIOB C pas-
JUYHBIX CHCTeM HalJlofeHHnH

B crauuonapuoit yactu AIIK nns onTumusauuMu (QyHKUME 00paGOTKH U XpaHEHHS
IaHHBIX, UCMOJb3yIOTCA ABa cepBepa. ONMH M3 HUX OCHAILAETCs MOLIHBIMH MPOLECCO-
paMH U pacliMpsieMblM OUCKOBBIM MPOCTPAHCTBOM M IMpefHa3HaueH [Js c6opa AaHHBIX C
AaBTOHOMHOM 4acTH KOMILJIEKCa, UX MpeaBapuTeJbHON 00pab0TKH, XpaHeHUs U 00pabOoTKH
3anpocoB mnoJb3oBateseil. B peannsoanHoMm makere AIIK naHHEBIH cepBep BK/OUaeT:

e 16-simepHyt0 AByXIpoleccopHylo cucteMy Ha 6ase Intel Xeon c¢ TakToBOi uacToTON
2.4 I'Tu;

e OrepaTHBHYIO NaMsATh 06béMoM 64 ['6;
e 12 T6 nUCKOBOTO MPOCTPAHCTBA.

Ocobennoctoio Broporo cepsepa B MakeTe AIIK siBisieTcs Hanuune MaTepuHCKOH Mia-
Tbl C BO3MOXHOCTbIO OJHOBPEMEHHOI'0 MOAKJIOUEHUS YeThIpEX COBPEMEHHBIX BUAEOKapT
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C TIOANEP:KKOU TexHosoruu mnapasienbHbix Beryuciaennii NVIDIA CUDA. O npousBo-
IUT OCHOBHYIO 00paboTKy AaHHBIX, UCIOJb3Ysl BBICOKOMPOHU3BOANUTE/bHbIE BUIEOKAPTHI, a
TaK>kKe MPOTPaMMHBIA KOMILJIEKC, cOCTOsIIIMM U3 nporpammbl «IAC» ns nudpoBoi ¢usb-
Tpauuu [28] W mporpaMMbl A Pa3pexKeHHOH AaMMpPOKCUMALHUK HMIYJIbCHBIX CHTHAJIOB
C MpUMeHeHHeM mapaJjyie/bHbix BbluucaeHud [29]. [Iporpamma «IAC» cocTouT u3 ABYX
He3aBUCUMBIX MonyJiei: o6pa6oTyuka U MoHUTOpa. O6paboTUMK — KOHCOJbHAs MpPOrpam-
Ma, HanucaHHas Ha si3bike C+4—, BBIMOJIHSAIOLLAS OCHOBHbIE pacueThl Ha rpaUuecKux Mpo-
neccopax BuaeokapT. s peannsauuu AaHHOH (PYHKIIMOHANBbHOCTH HCIIOJNB3YeTCS OT-
KPBITBIH CTaHAApT reTeporeHHBIX BeiyucaeHnin OpenCL u ero peanusauus n/s BUIEOKAPT
NVIDIA, ocnoBannas Ha TexHosorun CUDA. [IporpamMmbl, HamucaHHbIE TOJ 3TOT CTaH-
1apT, MOT'YT BBIMOJHATBCSA Ha JIIOOBIX COBPEMEHHBIX BUEOKApTaX, a MPU UX OTCYTCTBUU —
Ha LeHTpaJ/JbHOM Inpoueccope. O6paboTUHK B KauecTBe BXOAHBIX AaHHBIX MOJYy4aeT LIHPO-
KOMOJIOCHBIH curHas B popmate WAVE, npor3BoiUT ero 4acTOTHO-BPeMeHHY0 00paboTKYy,
oToOpakaeT pe3y/bTaThbl U COXPAaHSET UX B COOTBETCTBYIOILHE KATaJOI'H HA CepBep XpaHe-
HUS faHHbIX. L{udpoBas ¢puabTpaLus ocyllecTBAsETCS B CEMH YaCTOTHBIX MOAIMANa30HaX
(F1 - F7 na puc. 6): ot 0.1 no 10, ot 30 no 60, ot 70 no 200, ot 200 no 600, ot 600 no
2000, ot 2000 mo 6500 u 6osee 6500 [ ¢ mocaenyOUIUM TeTEKTHPOBAaHUEM, HHTETPU-
pOBaHUEM U CHHXPOHHOH 3aMUCblo 0TcUeToB ¢ yacToToi 1 ['n. MoHuTOp — mpusoxeHue ¢
rpauyecKUM MOJIb30BATENbCKUM HUHTep(EHCcOM, HalMCAHHOE ¢ UCIO0Jb30BaHUEM (PperMm-
Bopka Qt. Ero 3apmaueil siBnsieTcss BU3yasnu3anusi 00paOOTAaHHBIX NAHHBIX 32 MOCJEIHHE
CYTKH B yno6HoMm Buje. MHTepdeiic rinaBHoro okHa monynasi « MoHUTOp» MpeacTaBJeH Ha
puc. 8.

Puc. 8. MHTepdeiic rmaBHOro okHa Mony/si « MoHUTOD»

Jls pacKpbITUSl BHYTPEHHeH CTPYKTYpBl CHrHaJa, UCTOJb3yeTCsl MeTOJ COTJIaCOBAHHO-
ro NpecJsefoBaHUs AJ5 YaCTOTHO-BPEMEHHOr0 aHaJ/M3a CUrHa/oB. J[aHHBIH MOAXOL OCHO-

221



ISSN 2079-6641 Jlapuonos U. A. u np.

BaH Ha PasJ/IoKeHWHM UMIY/IbCOB B CHUTHaJie 110 HEKOTOpPOMY Habopy 0a3HCHBIX (PYHKLHH.
[Iporpamma n/151 paspekeHHOH annpoKCHMalM{ CHUICHAJOB, BBHINOJNHAKLIAS 3Ty 3anavy,
TaK>Ke HCIOJIb3YeT OTKPBITHIH CTaHAApT reteporeHHbix BbluucaeHud OpenCL u ero pea-
nusauuio aasi Buneokapt NVIDIA no texuomorun CUDA [30].

Taxkum o6pa3om, OCHOBHOE MPEUMYLIECTBO cepBepa 00pabOTKM NAaHHBIX 3aKJOUaeTcs B
UCIMOJIb30BAHUN JIECSATKA ThICSY MPOLIECCOPOB HA HECKOJNbKHX BHAEOKAPTAX M TEXHOJOTHH
CUDA nnsi obecrieueHusi mapaJijieibHbIX BBIYMCJAEHUH. DTO NaeT BO3MOXKHOCTb TPOHU3BO-
IUTb 00pab0TKY U MOHUTOPHHI CUTHAJIOB HaOJIONEHUH C pa3/IUUHbIX CUCTEM perucTpalunn
B MacluTabe peajbHOro BpeMeHU. MakcuMasbHasi PONyCcKHasi CIOCOOHOCTb AJS pelliae-
MBIX 3a1au coctasiseT ~ 10 ['6/MuH.

Bce onucaHHble cHCTeMbl perdCTpaldy U KOMILJIEKChl 06paboTKK paboTaloT B aBTOMa-
THYEeCKOM pexxuMe. BakKHble MOAY/JIU MM HUCHOJHSAWIIHE 00pab0TKYy NPOrpaMMbl UMeIOT
BO3MOXKHOCTb COO0LIATh O CTAaTyce CBOed paboThl B rpadpuueckoM pexume. Takke, cepBep
XpaHeHHUsl JaHHBIX T03BOJISIET KOHTPOJHPOBaTh cocTosiHue paboThl AIIK uepes nnrtepdeiic,
noctynubid B cet INTERNET.

3akno4yeHue

PeanusoBan Maker aBToMatusupoBaHHoro AITK, KoTopbl#i MOKeT ObITH HCIOJb30BaH
IJ151 OTlepaTUBHOTO MOHHUTOPHUHTA, UAEHTHU(UKALUKUU W BblAejeHUs 3(P(PeKTOB, BO3HUKAIO-
ILIMX B ME€PHUOJbl POTHO3UPYEMBIX CeiCMHUYeCKHX COObITHH B MacluTabe peabHOro BpeMe-
HU, UX aHaJ/IM3a W 3alUCH Ha LHU(POBble HOCUTEJIH.

[TpoBenena anpobanus makera AIIK Ha peasibHBIX CUr'HajlaX re0akyCTHUECKOH U 3JeK-
TPOMAarHUTHOU 3SMHUCCHH.
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Methods and technical tools for complex analysis of geoacoustic and electromagnetic
emissions signals have been developed to estimate automatically the state of the system
«Earth surface layer — atmosphere lower layers» during the periods preceding hazardous
seismic events. The investigation is a topical and one of the most important scientific
directions, that is development of the theory of natural disaster mechanism modeling
based on the consideration of the effects of a specified set of different physical factors.
Technological processes which provide the detection, processing and analysis of geophysical
signals from the near-surface lithosphere-atmosphere system of the Earth are described for
the periods of background and anomalous activity in Kamchatka.
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