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Pestome: AKTyanbHOCTb paboTbl. CeBepHblil KaBkas xapakTepu3yeTcs CHOXHbIM reofiorniyeckum cTpoe-
HEM, HEOJJHOPOAHBIM CECMUYECKUM (DOHOM W BAUSIHUEM MPUPOAHBIX U TEXHOTEHHBIX MOMEX, YTO 3aTpyaHsAeT
aBTOMATN4eCKOe BblfeNieHNe CrabbiX MUKPOCENCMUYECKMX COObITWIA. TpaauLUMOHHbIE MOPOroBbIE ANrOPUTMbI He
BCErfa HafieXXHO 06HAPY)XMBAKT HU3KOAMMNUTYAHbIE CUTHAMbI, 0COGEHHO NMPW ManoM OTHOLLEHWW CUTHAM/LLYM.
Llenb uccneposanus. OLeHNTb BO3MOXHOCTb NPUMEHEHIS CBEPTO4HBIX HEMPOHHBIX CETell /1 aBTOMATUYeCKOro
06HapyXeHUst MUKPOCEACMUYECKNX COBLITII B TPEXKOMMOHEHTHBIX 3aMNUCsX JI0KalIbHOr0 MOHUTOPUHra CeBepHO-
ro KaBkasa n conocTaBuTb X apdekTBHOCTb ¢ anroputMom STA/LTA. MeTofbl uccnefoBanus. /crnonb3oBaHb!
UM pOBbIE TPEXKOMMOHEHTHbIE CEACMOrpaMMmbl JIOKanbHbIX CTAHLWIA, NPOLUeALLNe NPUBEAEHIE K EAMHON YacToTe
ANCKPeTn3auum, nosiocoByo uUbLTPaLMio, HOPManU3auuio 1 pasfenieHne Ha BpeMeHHble OKHa. [ns knaccudu-
KaLum coObITUIA 1 LYMOBbLIX (hparMeHTOB npumeHsnach ogHoMmepHas CNN, aHanuanpytoLias BpemMeHHble psfbl No
TPem KOMMOHeHTaM. APDEKTUBHOCTL OLEHMBANACh MO accuracy, recall, F1-mepe 1 Yncny NoXHbIX cpabaTbiBaHui
B cpaBHeHnu ¢ STA/LTA. PesynbTatbl. Hanbomnee yCTONYMBbIE pe3ynbTaThl NOMY4YeHbl 415 TDEXKOMITOHEHTHbIX 3a-
nuceit, okHa 20 ¢, 4acToTbl 100 'y u dounbTpaumn 1-20 'y, CNN o6ecnednna accuracy 0,93-0,95, recall 0,91-0,92
n F1-mepy 0,92-0,93. Mo cpasHeHuto ¢ STA/LTA mofenb nyylle coxpaHsana 6anaHc nofHOTbl 0OHAPYXEeHNS Y
NOXHbIX TPEBOT, 0COBEHHO NMPU OTHOLLEHNN CUrHAN/WYM HuxKe 2,0. Peaynbratbl NOATBEPXAAKT NEPCNEKTUBHOCTb
CNN kak Moayns nepBu4HOr0 06HapPYXXeHUs B CUCTEMAX CEACMIUYECKOr0 MOHUTOPUHTA.

KnioueBbie ¢noBa: MUKPOCEICMUYECKUE COObLITIS, CBEPTOYHbLIE HEAPOHHbIE CETU, CEMCMUYECKNA MOHU-
TopuHr, CeBepHbiit KaBkas, STA/LTA, MalunHHoe 06y4eHue, CeiiCMUYECKIe CUTHASTbI, FTe0AUHAMUYECKUA PUCK.
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Abstract: Relevance. The North Caucasus is characterized by a complex geological structure, a
heterogeneous seismic background, and natural and anthropogenic noise, which complicate automatic detection
of weak microseismic events. Traditional threshold-based algorithms do not always reliably detect low-amplitude
signals, especially under low signal-to-noise conditions. Aim of the study. The study aims to evaluate the use
of convolutional neural networks for automatic detection of microseismic events in three-component local
monitoring records from the North Caucasus and to compare their performance with the STA/LTA algorithm.
Research methods. Digital three-component seismograms from local stations were resampled to a common
sampling rate, bandpass filtered, normalized, and divided into time windows. A one-dimensional CNN was used
to classify events and noise fragments by analyzing three-component time series. Performance was evaluated
using accuracy, recall, F1-score, and the number of false alarms in comparison with STA/LTA. Results. The most
stable results were obtained for three-component records, a 20 s window, a 100 Hz sampling rate, and 1-20 Hz
filtering. The CNN achieved an accuracy of 0.93-0.95, recall of 0.91-0.92, and F1-score of 0.92-0.93. Compared
with STA/LTA, the model provided a better balance between detection completeness and false alarms, especially
at signal-to-noise ratios below 2.0. The results confirm the promise of CNN as a primary detection module in
seismic monitoring systems.

Keywords: microseismic events, convolutional neural networks, seismic monitoring, North Caucasus, STA/
LTA, machine learning, seismic signals, geodynamic risk.
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BeepeHme

Cnabsie 3emiierpscenust Ha CeBepHoM KaBkaze TpynHO 0OHapykMBaTh aBTOMAaTHUECKU
13-3a COYETaHUsI CJI0AKHOIO I€0JI0rMYECKOr0 CTPOSHHUS, IUIOTHOM 3aCeICHHOCTH NPEeropuil,
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TPAHCTIOPTHOW HH(PPACTPYKTYPHI, AaHTPOTIOTCHHBIX ITOMEX U 30H TOBBIIIIEHHOTO T€OIMHAMMU-
yeckoro HampspkeHus [Ghimire et al., 2024]. PernonanbHbie ceTH (HUKCHPYIOT MHOTO CO-
ObITHIl ¢ MaruuTynamMu Hiwke ML=2,0, a uX aMImIuTya UHOTA MPEBBIIACT (POHOBBIN IIyM
Bcero Ha 5-20% [Fomina et al., 2016], mosToMy 4acTh CUTHAJIOB TEPSETCA MPH BU3yaJIbHOM
aHaJM3e 1 MOPOroBOH 00paboTKe.

MukpoceiicMuieckre COOBITHS BaXKHBI Il YTOUHEHHSI aKTUBHOCTH Pa3JIOMOB, OLIEHKU
nepepactpeaesieHus HalpspKeHUH Ha TiryOnHax 3—25 KM, OTCIIeKUBAHHS JJOKAITBHBIX Nedop-
Malui 1 BpPEMEHHbIX U3MEHEHUN CeMCMUYHOCTU [3aanuuBuin u ap., 2024; Azapos u ap.,
2024]. 910 0COOEHHO 3HAYMMO TaM, IJie KPyIHbIC 3eMJICTPSACEHUS PEAKH, a TeoInHAMUYe-
CKHE TIPOIECCHI TPOSBISIOTCS CEPUSMU Malbix TomukoB [Demoposa u ap., 2025]. Oxnako
HETpepbIBHAS TPEXKOMIIOHEHTHasI peructpanus ¢ yacroroir 50200 'y popmupyeT apXuBbI
1o 10’-10° orcyeToB, uTo TpeOyeT HAIS)KHOTO AaBTOMAaTHYECKOTO BBIICTICHHS COOBITHIT [ A3a-
poB u ap., 2026]. Jlist aTOM 3ama4uM NepcreKTUBHBI cBepTouHble HeliponHble cetn (CNN). B
ominune oT STA/LTA, oHU y4UTBIBaIOT HE TOJIBKO aMILIUTYLY, HO U (hopMy BCTyIUICHHS, Ya-
CTOTHBIN AMAINA30H, [UIUTEIBHOCTh, COOTHOIICHHUE TPEX KOMIIOHEHT M YaCTOTHO-BPEMEHHYIO
ctpyktypy curHana [Khoshouei et al., 2025; Martyushev et al., 2025; ToneybekoBa u ap.,
2025; Koncrantunos, Pacckazon, 2024]. 3to BaxHO aiis KOpoTkux coObrtuii 0,5-8,0 ¢ mpu
OTHOIICHUH CUTHAJ/IIYM OKoJIo 1,5, KOT/a OTJeNbHBIN MapaMeTp He MPEBBIIIAET MOPOT, HO
COBOKYITHOCTB IMPU3HAKOB COXpaHIET ceiicMIuecKyto nmpupony. OCHOBHBIE (aKTOPBI 0OHAPY-
KEeHHs cI1a0bIX coObITUI 00001IeHBI B Tabmuie 1.

Tabnuya 1/ Table 1

DakTOopbl, 3aTPYIHAOIIHE ABTOMATHYeCKOe O0HAPY:KeHHUe ¢JIA0bIX 3eMJIeTPICeHn
Ha CeBepHoMm KaBka3se, u BO3MOKHBIe perieHus Ha ocHoBe CNN /
Factors hindering automatic detection of weak earthquakes in the North Caucasus
and possible CNN-based solutions

Hamnpasjie- | OcHoBHasi npodJema / TunuyHbie Bo3moxnoctu CNN / | IIpakTuueckoe
HUe aHaJu3a / Main problem 3HaYeHus / CNN capabilities 3HaueHue /
Analysis area Typical values Practical

significance

Cnabble  mu- | Manas sHeprus u Huzkoe | ML < 2,0; S/N 1,5-3; | YuurtsiBaer coBokymn- | CHIKaeTCs 4HUCIIO
KpOCelCMHU- | OTHOIICHUE CUTHAJ/IIYM | TIpEBbIIICHUE ()OHA | HOCTh CITa0bIX MPHU- MIPOITYIICHHBIX
YecKHe CO- | 3aTpyAHSIOT BACeHHE | 5-20% / 3HAKOB: (hOpMyY BOJHBL, | coObITHI / The
obrTust / Weak | coObITHii / ML <2.0; S/N CHEKTP U JJTUTEIb- number of missed
microseismic | Low energy and a low 1.5-3; 5-20% above |HOCTB / Accounts for a | events is reduced
events signal-to-noise ratio background level combination of weak

make event detection features: waveform,

difficult spectrum, and duration
IIpuponusie u | TpancmopT, MPOMBIII- Nmmynsest 0,1-2,0 | OTmnyaeT onnHOYHBIN | YMEHBIIAeTCs
AHTPONOI'CH- | ICHHLIC UMITYJIbCHI, C, HpHpOﬂHbIﬁ mym HUMITYJIBC OT pa3BU- YHCJIO JTOXKHBIX

HBIE TIOMEXH | BeTep M HU3KOYaCTOTHBIC |uacTo Hibke 12 I'r/ | Barormeiicst BOHOBOH | cpabaThIBaHU /

/ Natural and | kone6anust umutupytot | Impulses of 0.1-2.0 | bopmsi / Distinguishes | The number of
anthropogenic | celicMuueckue CUrHa- s; natural noise is a single impulse from | false detections is
noise ne1 / Traffic, industrial often below 1-2 Hz | an evolving waveform |reduced
impulses, wind, and low-
frequency oscillations
mimic seismic signals

Peruonans-| YpoBeHs myma u Gpop- Tunonenrpaneabie | TpeOyet nokaneHoro | [ToBbimaercs
HBbIE U CTAHIU- | Ma 3alMCel 3aBUCST OT | paccTostHus 5—150 00y4eHus u mpo- [IEPEHOCUMOCTh
OHHEIE pa3nu- | penbeda, TpyHTOB, anma- | kM / Hypocentral BEpKH 110 CTAaHIUSIM / | MOJIENH B YCIIO-
yust / Regional | paryps! u reomerpun Ha- | distances of 5—150 | Requires local training | Busix CeBepHOTO
and station | Oironenuii / Noise level | km and station-specific Kaskasa / Model
differences and waveform depend validation transferability

on topography, ground under North

conditions, equipment, Caucasus

and observation geometry conditions is

improved
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Hamnpasjie- | OcHoBHasi npodJema / TunuyHbie Bo3moxnoctu CNN / | IlpakTuyeckoe
HUe aHaJu3a / Main problem 3HaYeHus / CNN capabilities 3HaueHue /
Analysis area Typical values Practical
significance
Crpykrypa OnHOKaHANBHBIH U 10- 3 KOMIIOHEHTHI; Amnanuzupyer IloBblaercs
BXOJIHBIX J]aH- | POTOBBIH aHAIN3 TepsoT |okHa 0,5-30 c; BEPTUKATBHYIO U HaJeKHOCTh
HbIX / Input yacTh HH(OpManuu o co- | auana3on 1-40 'y | ropu3oHTalbHBIC KiaccuuKanuu
data structure | ObiTiH / Single-channel |/ 3 components; KOMIIOHEHTBI OJIHO- CI1a0bIX COOBITHI
and threshold-based windows of 0.5-30 s; | BpemenHo / Analyzes |/ The reliability

analyses lose some event
information

range of 1-40 Hz

the vertical and
horizontal components
simultaneously

of weak-event
classification is
improved

Dopmu-
poBaHHE 1
IPOBEPKA MO-
nemn / Model
development

«UYwucras» BIOOpKA U
cily4aifHoe JeJeHre Mo-
TYT 3aBBIIIATH KAY€CTBO
/ A “clean’ dataset and
random splitting may

4000-10000 oxon
COOBITHIA; eNIeHne
70:15:15; F1 > 0,90
/4,000-10,000 event
windows; 70:15:15

OOyuaercst Ha CIIOXK-
HBIX IIpUMepax, Mpo-
BepsieTcs 110 precision,
recall u F1/Is trained
on difficult examples

MeTtpuku ctaHo-
BATCS OIMKE K
peabHOM DKCILTY-
ararun / Metrics
become more

archives is excessively
labor-intensive

samples

events in a continuous
data stream

and validation | overestimate performance |split; F1 > 0.90 and evaluated using representative
precision, recall, and | of real-world
F1 operation
ITpaxtuueckoe | Pyunas o6padorka 6osb- | 50200 I'n; apxusl | [IpenBaputensHo Bbl- | Cokpalaer pyd-
MPUMEHEHUE | IUX apXuBOB caumkoMm | 10’—10° orcueTroB / | AensieT KaHIUAATOB B | HOW aHAJIM3 U CO-
/ Practical TpynoeMka / Manual 50-200 Hz; archives |HenpepbIBHOM IHOTOKE | XpaHSAET HKCIIePT-
application processing of large containing 107-10° |/ Preselects candidate | HbIi KOHTpOIH /

Reduces manual

analysis while
retaining expert
oversight

[IpencraBineHHbIe TaHHBIC IOKA3BIBAIOT, UTO clladble 3emieTpsicenns Ha CeBepHoM Kag-
Ka3e TPYAHO OOHApYy>KUBATh N3-32 OJJHOBPEMEHHOTO JIEHCTBUS T€OTOTHUECKHIX, TEXHUYECKUX
U IIyMOBBIX (pakTopoB. [IpocTbie MOPOroBbIe METO/BI MOJIE3HBI TPU YETKUX OJAMHOYHBIX CO-
OBITUSX, HO TEPSIIOT YCTOWYMBOCTD MPH HU3KOM OTHOILLIEHUM CUTHAJ/IIYM, HECTAI[MOHAPHOM
(oHe 1 OONBIIOM YHCIIe aHTPOTIOTEeHHBIX ToMeX. B atux ycnoBusx CNN naet 6osee ruOkuii
TIOJIXO/I: CETh aHAJTM3UPYET HE OJIMH ITOKa3aTelb, a COBOKYITHOCTh PU3HAKOB, BKIIIOUas Gop-
MY BOJIHBI, YACTOTHBIN COCTAaB M COIVIACOBAHHOCTH TPEX KOMITOHEHT.

[Tpu 3ToMm CNN Henb3st paccMaTpUBaTh Kak MOJIHOCTHIO aBTOHOMHYIO 3aMEHY CIel[UaIu-
cta. bonee o0ocHOBaHHas cXxema MpearoaraeT NpeaBapUTENIbHOE BIICICHNE KaHAUIaTOB
HEWPOHHOW CEThIO U IMOCIEAYIOIIYIO SKCIIEPTHYIO MPOBEPKY HEOJHO3HAYHBIX ciydaeB. Ta-
KOW TMOJXOJ COXpaHseT KOHTPOJIb KauyecTBa KaTajora U OJHOBPEMEHHO COKpAIlaeT 00beM
pyuHOii paboTel. Hanbompmryto mpakTHYeCKyr0 IEHHOCTh OH MOXKET JIaTh B paloHax, Tje
ciabast CeiCMUYHOCTD B TE€UCHUE JTHEH, HEJIeNb T MECSIIEB OTpakaeT IepepacipeeseHue
HaNpsHKEHUN U 1eopManiy 3eMHOM KOPBI.

MeTtoAbl U MOTEPUAADI

[Toyemy ceTh HOKHA YIUTHCS HMEHHO Ha CEHCMUYECKUX COOBITHSAX, a HE Ha CITyJailHbIX
0COOEHHOCTSIX OT/ENbHBIX cTaHIMNA? {1 3TOro McxoaHbIit MaccuB (HOpMHUPOBAIH U3 U (D-
POBBIX 3allMCel JIOKaNIbHBIX cTaHUMi MoHuTOpHHra CeepHoro KaBkasza u mpuierarouiux
IPEArOpHbIX TeppUTOpUil. OCHOBHOM aKLIEHT CAEJIANIN Ha CJIA0bIX COOBITUAX, TOCKOIBbKY UX
aMIUIMTY/Ia 9acTo MpeBblaia GoH Bcero B 1,2-2,5 pasa. B Takux ycinoBusSX TpaJuLMOHHbIE
aJITOPUTMBI OOHApYKE€HHUS MOTYT IPOIyCKaTh YacTb MUKPOCEHCMHMYECKMX CHTHAJOB WIIH,
HA000POT, pearupoBaTh Ha KOPOTKHE MPOMBIIUIEHHBIE UMITYNIbCHI [ Yelemessov et al., 2026].

ITonroroBka JaHHBIX BKJIIOYAJIa HECKOJIBKO ITOCIE0BATENBHBIX 3TAlOB: IPUBEICHHE 3a-
IUCEH K €IMHOM 4acTOTe IUCKPETU3ALUH, PA3JCIICHUE HEITPEPBIBHOIO TIOTOKA HA BPEMEHHbBIE
OKHa, (PUIBTPALINIO, HOPMAIIU3ALHMIO, PA3METKY KJ1acCOB, (POPMUPOBAHUE O0yUarolIei, Balu-
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JAIMOHHON U TecToBOM BBIOOpOK [Kapanski et al., 2025]. Ocoboe BHUMaHHE YACISIN TOMY,
yro0bl CNN He 3armoMuHasia NIPU3HAKU OTJENbHON CTaHLUU WJIN KOHKPETHOTO LIYMOBOTO
uHTepBaia. [lostomy gpparMeHTb 0THOrO COOBITHS TMOO0 OHOTO HEMPEPBIBHOTO yYacTKa Ha-
MIPABJISUTU TOJBKO B OJTHY MOATPYIITY JTaHHBIX.
st oOyueHHs MCIOJIb30BaJId OJHOMEpPHYIO TpexkomrnoHeHTHyto CNN, koropas Ha-
npsMyro oOpabaTpiBasia BpeMEHHbIE psiAbl. Takoi MOJX0/A MO3BOJSII YYUTHIBATh HE TOJIBKO
BEPTUKAIbHBIA KaHaJl, HO U JIB€ TOPU30HTAIbHBIE KOMIIOHEHTHI, T7ie cllaboe coObITHE HHO-
72 IPOSIBIISIOCH 3aMeTHee. MeToMKa OATOTOBKY IaHHBIX, ITapaMeTpbl MOJIENIH U YCIIOBUS
cpaBHenust ¢ STA/LTA npuBesieHb! B TabauIe 2.
Tabnuya 2 / Table 2

IoaroroBka celicMu4ecKkux JaHHbIX, cTpyKTYpa CNN H mapaMmerpsl
BBIYMCJIMTEIbHOI0 3KCIIEPUMEHTA /

Seismic data preparation, CNN structure and computational experiment parameters

Jrtan / Stage

OcHoBHbIe napameTpbl / Main parameters

Hasznauenue / Purpose

Wcxonubie naH-
Hele / Source
data

3anucu JokanbHbIX cTanimii CeBepHoro Kas-
Ka3a; crabblie coobITHs U Gon/mym / Local
station records from the North Caucasus;
weak events and background/noise

OOy4eHre MOJIeTIH Ha PErMOHAIIBHBIX yCIIO-
Busix peructpanuu / Training under regional
recording conditions

IToxroroBka
CHUTHAJIOB

/ Signal
preparation

3 xomnoneHTsl; 100 I'm; oxna 5, 10, 20 u 30
¢; Hopmanmzanust [—1; 1]/ Three components;
100 Hz; 5, 10, 20, and 30 s windows; normal-
ization [—1; 1]

[puBeneHue TaHHBIX K eAUHOMY (opmary
U y4eT IOJIHOW BOIHOBOM (popmbl / Data
standardization and use of the complete
waveform

OunpTpanus u
KOHTPOJIb Kaye-
crBa / Filtering
and quality
control

ITonocer 1-20 u 2—15 T'y; uckioyeHue npo-
6eoB, IpornyckoB U kiunmnuara / 1-20 and
2-15 Hz bands; removal of gaps, missing
data, and clipping

Tonapienue (hoHA U yIaIeHHE HEKOPPEKT-
HbIX pparmenTo / Background suppression
and removal of invalid fragments

Kraccer u pas-
metka / Classes

«MHuKpOCceHcMUUECKOe COOBITHE» U «(POH/
IIIyM»; TPAHCTIOPTHBIE, TPOMBIIIIIIEHHbIE U
HHU3KOYACTOTHBIE oMexH / “Microseismic

bunapHas kiaccu(UKanus 1 CHIKEHHE
JIO’KHBIX cpabarbiBanuii / Binary classifica-

Dataset splitting

event or noise interval — one subset

and labeling event” and “background/noise”; traffic, indus- | tion and reduction of false detections

trial, and low-frequency interference
Paznenenue 70:15:15; oqHO coObITHe MK HIyMOBOW UH- | OOyueHHe, HaCTpOiiKa, TECTUPOBAHUE U 3a-
MaccuBa / TepBai — oxHa noarpymmna / 70:15:15; one [IMTa OT YTEUKH JaHHbIX / Training, tuning,

testing, and leakage prevention

Apxutekrypa

u o0yueHHe
CNN/CNN
architecture and
training

1D CNN; sinpa 3, 5, 7; dunstpsl 32, 64, 128;
Adam; Dropout 0,25-0,35; 40—100 smox /
1D CNN; kernels 3, 5, 7; filters 32, 64, 128;
Adam; Dropout 0.25-0.35; 40—-100 epochs

BbineneHue Npu3HakoB Pa3HOM ATTHTEIb-
HOCTHU M ycToiumnBoe o0yuenue / Extraction
of features of different duration and stable
training

CpaBuenue
1 METPUKH /
Comparison
and metrics

STA/LTA: 0,5-1,0 ¢ u 10-20 ¢, mopor 2,5—
4,0; accuracy, precision, recall, specificity, F1
/ STA/LTA: 0.5-1.0 s and 10-20 s, threshold
2.5-4.0; accuracy, precision, recall, specific-
ity, F1

Ouenka npeumymectsa CNN u Harpy3ku
Ha aHanutuka / Evaluation of CNN advan-
tage and analyst workload

B urore paspaborannyro CNN paccMaTpuBalii He TOJIBKO KaK KiIacCU(UKATOp 3apaHee
TIOATOTOBJICHHBIX OKOH, & KaK MPaKTHYECKUI JETEKTOp CIa0bIX COOBITHIA. [TTaBHBIM KpuTe-
pHEM CITyXHJI OaJlaHC: MOZEIh JJOJDKHA COXPAHATh YyBCTBUTEIBHOCTh K HU3KOAMILIUTYIHBIM
MHKpOCCﬁCMquCKHM CurajaM M OJHOBPEMCHHO YACPIKUBATH YMUCJIO JIOKHBIX Cpa6aTBIBa—
HUH Ha YPOBHE, IPUEMIIEMOM JUJIS [TOCIIEAYOIIEH dKCIIEPTHOM IpoBepKu. Takoil moaxozn oco-
6enno BaxeH aist CeepHoro KaBkasa, rjie peajibHbIe 3aHCH COAEPKAT HEOIHOPOIHBIN (OH,
TPAHCIOPTHBIE U MPOMBIIICHHBIE IOMEXH, a TAKXKE COOBITHSI, MPOSBIIAIOLINECS HEPABHO-
MEPHO IO TPEM KOMITIOHEHTaM.
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Pe3yAbTaTbl 1 OBCYXKAEHNE

Ma, 31ech nydlie 0CTaBUTh TOJBKO JIOTHYECKYIO «PAMKY» TEKCTa, a Pe3yJIbTaThl, OLUUOKH
u cpaBHeHne CNN/STA-LTA nepenectu B Tabnuity. Tak pazaen OyneT BHIINIAACTH Ooiee uc-
CJIEZIOBATEIbCKUM: MEHBIIE Nepeckasa, 00JbIle H3MEPHMBbIX ITapaMeTPOB.

[Touemy cmaboe 3emieTpsiceHHe WHOTJA TOYTH CIMBaeTcs ¢ 00braHO# momexou? Ilo-
clie TIpeIBapUTEIbHON 00pabOTKH JIOKAJIBHBIX 3allUCedl CeCMMYECKOTO MOHUTOPUHTA OBLI
chopmupoBaH pabounii MacCUB, BKIIFOYAIONUNA MUKPOCEHCMUYECKUE COOBITUS U (hparMeH-
Thl €CTECTBEHHOro 00 aHTponorenHoro myma. [Ins CesepHoro KaBkasza Takasi HEOJHO-
POAHOCTH 3aKOHOMEpHA: YCIIOBHS PETHCTPAIlUH 3aBHCAT OT penbeda, anmaparypsl, IOTo/I-
HBIX (PaKTOPOB, TPAHCIIOPTHOM HATPY3KU U YNAJIEHHOCTH CTAHLIMU OT HACEJICHHBIX ITYHKTOB
[Ospanova et al., 2025].

AmruaTyna poHOBBIX KOJIEOaHMI MEXKTy CTAaHIIUSAMU pa3ndaiack MPUMEPHO B 2—6 pas,
a MHOTHE cla0ble COOBITHSI UMETU OTHOIIEHHEe curHaj/myM Beero 1,3-2,5 (tabn. 3). YacTs
W3 HUX YBEPEHHO MPOSBISUIACH TOJBKO HAa OJHOM MM JBYX U3 TpeX KOMIIOHEHT. [loatomy
3agada CNN He cBoAMIIACh K IPOCTOMY Pa3/IeleHUI0 «CUTHAI/ITYM»: CETh JOJDKHA ObLIa OT-
JIMYaTh YCTOMUUBYIO CEHCMHUUECKYIO ()OPMY OT IPOMBIIIUICHHBIX HMITYTbCOB, TPAHCIIOPTHBIX

BuOpanuit n HectabmipHOTO (poHa [Karshyga et al., 2022].

Tabnuya 3 / Table 3

Pesyabrarsl kaaccuuranum caadbIx celicCMUYeCKUX COOBITHI
M OCHOBHBIE HCTOYHHKH OIIHOOK /
Results of classification of weak seismic events and main sources of errors

IMoka3aresn /
Indicator

YuciieHHbIE 3HAYEHHS /
Numerical values

IoayuyeHnnsblii pe3yabTar
/ Obtained result

HUurepnperanus /
Interpretation

®doHoBbIE KOIEOA-
HUSI MEKTY CTaHIIH-

YpoBeHb LIyMa cylie-

Enunstit aMnuTyiHeli mopor
TIJIOXO TIEPEHOCHUTCS MEXKTY

2—6 pa3z/ CTBEHHO pa3iinyascs . .
SAMH /Background 26 times / Noise levels varied cranuusamu / A single amplitude
variation between considerabl threshold does not transfer well
stations Y between stations
YacTs coObITHII cl1abo Jnst obHApYKeHNA HYKEHEI
Citabeie coOnITHS / S/N 1,3-2,5/ BBUIEIAACH Ha (oHe / S:ﬁﬁiggg Izlc))lr’ncz:[czl;glgohgf;
Weak events S/N 1.3-2.5 Some events were barely Detection requires waveform,

distinguishable from the
background

spectrum, and interchannel con-
sistency

IIpensapurens-
Hast 0OpadoTka /
Preprocessing

100 T'; HOpMamu3aIus

[-1; 1]; duerp 120 I'ny

/ 100 Hz; normalization
[-1; 1]; 1-20 Hz filter

3anucy MpUBEICHBI K /-
HoMy (popmary / Records
were converted to a com-
mon format

CHIKEHO BIMSHUE PA3IAIHi
mexay craniusimu / The influ-
ence of interstation differences
was reduced

OObeM U JielieHHe
BbIOOpKH / Dataset
size and split

12 000 ¢parmenTos;
70:15:15 /12,000
segments; 70:15:15

8400 oOyuaromux, 1800
BaMAAIMOHHEIX, 1800
TecToBbIX / 8,400 train-
ing, 1,800 validation, and
1,800 test segments

Bri0opka focrarouna Juis nep-
BUYHOW OLIEHKU PErHOHAIIbHON
CNN / The dataset is sufficient
for an initial evaluation of the
regional CNN

OnTuMasbHast KOH-

3 KOMITOHEHTBI; OKHO

Haubonee ycroiiunpbie

Coxpansiercs 6amaHc MEKIy
BCTYIUICHHEM, KOJION 1 (o-

CNN performance

Accuracy 0.93-0.95; re-
call 0.91-0.92; precision
0.93-0.94; F1 0.92-0.93

gglt?gl) :{H(/I;I[\I%N(}jn/_ Zc()()r(i;pi?r?e(:l?:a;g }SH/‘I;IH/S METPHKH / The most robust HOBBIM LIIMOM / A balance is
fiouration dow- 6 00’0 values metrics maintained among the onset,

g > coda, and background noise
Accuracy 0,93-0,95; re- . .
call 0,91-0,92; precision | bonbIIMHCTBO COOBITHI g;:?:}lz6;5;:2;433“}?;‘?3:?:;1“

KauectBo CNN / 0,93-0,94; F1 0,92-0,93 /| oOHapy>xuBajioCh KOPpEK-

THO / Most events were
detected correctly

/ The CNN provided a robust
balance between recall and
precision




Geology and Geophysics of Russian South

16 (3) 2026

['eonorus u reoguanka fOra Poccim

97

IMoka3sares /
Indicator

YucjaeHHbIe 3HAYEHUA /
Numerical values

IlosryueHHblii pe3yabTar
/ Obtained result

HNurepnperanus /
Interpretation

BinsHane qianHbB
okna / Effect of
window length

5-10¢;20¢;30c/5-10
s;205s;30s

KopoTkue okHa gaie
OIMOATHNCh HA UMITYJTh-
Ccax, JJIMHHBIC BKJIFOYAJIU
nunHui ¢oH / Short win-
dows produced more er-
rors on impulses, whereas
long windows included
excessive background
noise

OxHo 20 ¢ okazanock HanOoee
c6anancupoBannbiM / The 20 s
window proved to be the most

balanced

STA/LTA nipu Hu3-
koM nopore / STA/
LTA at low thresh-
old

[opor 2,5-3,0; re-
call 0,85-0,90; 4-8
noxkHbIx/4 / Threshold
2.5-3.0; recall 0.85-0.90;
4-8 false detections/h

MeTo HaXOAMI MHOTO
COOBITHIA, HO J1aBaJl MHO-
ro 10xHbIX TpeBor / The
method detected many
events but generated nu-
merous false alarms

ANropuT™ 4yBCTBHTENICH K HM-
nynabcHbIM 1omexaM / The algo-
rithm is sensitive to impulsive

interference

STA/LTA npu
BBICOKOM Topore /
STA/LTA at high
threshold

ITopor 3,5-4,0; re-
call 0,72-0,80; 1-3
noxHbIx/4 / Threshold
3.5-4.0; recall 0.72-0.80;
1-3 false detections/h

JIOXHBIX TPEBOT MEHBIIIE,
HO TIPOITYCKOB OoJtbIIe /
There were fewer false
alarms but more missed
events

DUKCUPOBAHHBIN dHEpPreTHYe-
CKHI TTOPOT OTPAaHUYINBACT Me-
tox / A fixed energy threshold

limits the method

CNN B comnocra-
BUMBIX YCIOBHSX /
CNN under compa-
rable conditions

Recall > 0,90; 0,8-1,6
nokHBIX/4 / Recall
>0.90; 0.8—1.6 false
detections/h

Cerb Jryullie coxpassiia
6ananc omu6ok / The
network maintained a bet-
ter balance between error

types

CNN s(¢dexTrBHEE MpH Ci1a-
OBbIX COOBITHAX U HEOITHOPO/I-
HoM mryme / The CNN is more
effective for weak events and

heterogeneous noise

OCHOBHBIE OLINOKHU
CNN / Main CNN
errors

5-25¢;2-15T;
55-70% noxHBIX OOHA-
pyxenwuii / 5-25 s; 2—15
Hz; 55-70% of false
detections

I'maBHBIN HCTOYHUK OIITH-
0GOK — aHTPONOreHHbIE
BuOpauuu / The main
source of errors was an-
thropogenic vibration

Hy»xHo pactmmpuTs nrymMoBoii
KJIaCC TaKMMH ITpUMepamMu /
The noise class should be ex-

panded with such examples

WcTrHHBIE COOBITHS
/ True events

Berymenue 0,2—-1,0 c;
poct 1-5 c; 3aryxanue
3—15 ¢/ Onset 0of 0.2—-1.0
s; growth of 1-5 s; decay
of 3-15s

CNN pacnio3naBaia pas-
BHUTHE BOJHOBOTO TaKeTa
/ The CNN recognized
the evolution of the wave
packet

Mogenb yuuThiBalla CTPYKTY-
Py COOBITHS, & HE OTUHOUHBIN
muk / The model accounted for
event structure rather than a

single peak

Comnocrasnenne ¢ STA/LTA nokazaino, 9to npeumyniectBo CNN 0coOeHHO 3aMETHO TIPpH
cJ1abbIX COOBITHSIX W HECTallMOHAapHOM (hoHe. B omnmume or moporoBoro anaropurma, 4yB-
CTBUTEJIBHOTO K IPOMBIIUIEHHBIM MMITYIbCaM M pe3KuM u3MeHeHusM mryma, CNN ananu-
3upyeT (opMy BOJIHBI, JUIUTEIBHOCTh, CIIEKTPAIbHYIO CTPYKTYPY M COITIACOBAHHOCTb TPEX
KOMITOHEHT. [103TOMy ceTb Jiydlle pacrno3HaeT HU3KOAMILIUTYIHbIE COOBITHS, KOTOpbIE HE
JIAI0T JOCTATOYHOTO PHEPreTUYECKOTO OTHOLICHHS, HO COXPAHSIOT CEHCMHUYECKYI0 (GopMmy.
BusyanbHast mpoBepka MOATBEpAMIIA pacdeTHbIE TOKA3aTeIN: OOJIBIINHCTBO HCTHHHBIX CO-
obITHil BKITtouano Beryruienue 0,2—1,0 ¢, poct ammutynsl 1-5 ¢ u 3atyxanue 3—15 c. U3o-
JUpOBaHHbIE TMKK O0e3 nocneayromeil koabl CNN 00bIYHO OTHOCHIIA K IIYMY, YTO CHHYKAJIO
yucno ommbok STA/LTA.

OCHOBHBIE JIOKHOTIOJIOXKUTEIILHBIE PELICHUsI OBUIH CBS3aHBI C aHTPOIIOT€HHBIMH BHOpa-
OUSAMHU JUTATENBHOCTRIO 5—25 ¢ B monoce 2—15 I'm. [IpomynieHHbIe COOBITHS Yale UMeNn
ciabble BCTYIUICHHUS C OTHOIIeHWeM curHan/mym 1,1-1,5 u tpeGoBanu mpoBepku mo 3—5
CTaHLUSAM WM PErHOoHaJbHOMY Karajory. IIpu HamoXeHuM coObITHS Ha HECTAlMOHAPHBIN
myMm CNN uHorga oTHocuiia (parMeHT K IIymMy; Takhe cllydad coCTaBisuin okosno 60—70%
JIOKHBIX OTPHIATENbHBIX pe3yabraroB (Tabm. 4). [losromy nanbHeliinee pa3BUTHE METOnA
CIIE/IyeT CBS3aTh C MHOTOCTAaHIIMOHHOW 00pa0OTKOM M MOATBEP)KICHHEM KaH/IUAaTOB MUHH-
MyM Ha Tpex cTaHIusx B TeueHue 5—20 c.
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Tabnuya 4 / Table 4
CpaBHﬂTeJ’leaﬂ OIlCHKA KaveCTBa BbIJACJICHUA MﬂKpOCCﬁCMﬂ‘leCKﬂX
coobITuii Mmeromamu STA/LTA u CNN /
Comparative assessment of the quality of identifying microseismic
events using the STA/LTA and CNN methods
Mertox 06- OcHoBHBIC Tou- Moa- | F1- Jlo:kHbIE Ocobennoctu pesyasrara /
padoTku / napame- HOCTH / | HOTa/ | Mepa | cpadaTbI- Result characteristics
Processing Tpbl / Main | Accuracy | Recall | / F1- | Banus, ex./
method parameters score | yac/ False
detections,
events/h
Xoporo ¢puxcupyet ciadble
. COOBITHSI, HO Ta€T MHOTO
STA/LTA, ?glz%g C(’)rLg ? JIOKHBIX cpabaThIBaHUI Ha
HU3KHI nopor / /ST, A 0 5p s LTA 078 088 | 0.82 812 UMITYJIbCHBIX IToMexax / Detects
STA/LTA, low 10 s: tlires’llol d ) ) ’ weak events well but produces
threshold ’ 25 numerous false detections
’ in response to impulsive
interference
STA/LTA, | STA1,0¢;LTA boxee ycrofiums K mymy, Ko
. . 4acThb cJa0bIX MUKpOCEHCMU-
cpenmmii o- | 15 ¢; mopor 3,0 YECKUX COOBITHH MpOIyCcKa-
por /STA/ |/STA1.0s;LTA| 0.82 0.79 1/0.80 5-7 ;
. _ ercs / More robust to noise,
LTA, medium | 15 s; threshold b K mi oY
threshold 30 ut some weak microseismic
events are missed
. CHIKaeT YHCIIO JOKHBIX JIe-
STA/LTA, BbI- ;g‘g 11_}(3;(;15{‘8 TEKIWH, OJHAKO 3aMETHO Tepsi-
COKwHii opor / X T eT Mausle coOsITHs / Reduces
STA/LTA, high /ZSOT ? ‘[lﬁ(r)essh]c;ITclA 0.87 0.66 1 0.75 24 the number of false detections
threshold ’ 4.0 but misses a considerable num-
’ ber of small events
Bepruxanbnas YBEpEeHHO BBIICISIET COOBITHS
KOMIIOHCHTA, C BBIPpAXKCHHBIM BEPTUKAJIb-
CNN. 1 xom- okHO 20 ¢; HBIM BCTYIIJIEHUEM, HO XYK€
> ¢uneTp 1-20 N paboTaeT Ha CIIOXKHBIX 3aMUCIX
(r)[r(;gi}(l):n/ ?;ICNH; I' / Vertical 0.89 0.84 1 0.86 23 / Reliably detects events with
p component; 20 a distinct vertical arrival but
s window; 1-20 performs worse on complex
Hz filter recordings
Haubounee ycToifuuBblii Ba-
. PHaHT, XOPOLIO YYUTHIBAET
CNN, 3 xoMm- %bl\cl’ gﬁgg (hopMy BOJIHOBOTO IaKeTa u
TIOHEHTHI / ’ COMIACOBAHHOCTH KOMITOHEHT /
CNN, three égg gl\:v{nzd’ol\\jv,' 0.54 051 1093 1-2 The most robust configuration,
components ifZO Hz filter ’ effectively accounting for
wave-packet shape and
component consistency
I_IC(EE{’TSI;IK(;Z;_ Z, N, E; okHO TMoaxomut st 0TGOpa Hau-
COKM Hé or 20 ¢; puneTp GoJiee HACKHBIX COOBITHH,
Be OSITHOETI/I 1-20 I'm; mopor Menee 1/ | HO 1acTh CITa0bIX KaH/INUIAaTOB
/ CpNN three 0,8/7Z,N, E; 20 0.96 0.86 | 0.91 Less than 1 | 0Tcexaercs / Suitable for se-
com o’nents s window; 1-20 lecting the most reliable events,
hich p .» | Hz filter; thresh- but some weak candidates are
igh probabil- old 0.8 rejected
ity threshold ’

[Mocie nmpenBapuTeIbHON 00pAOOTKU JIOKAIBHBIX 3amuceil ObUT C(OPMUPOBAH MACCHB,
BKJTFOYAIOIINNA MUKPOCEHCMHUYECKHE COOBITHA W (parMeHThl MPUPOAHOTO JIMOO aHTPOIIO-
reHHoro mryma. s crannuii CeBepHoro KaBka3a HeogHOpPOIHOCTH (pOHA 3aKOHOMEpHA: yC-
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JIOBUSI PETUCTPAIMU 3aBHCAT OT penbeda, amnmaparypbl, MOro/bl, TPAHCIIOPTHON HArpy3KH
U yJaJIeHHOCTH OT HaceJIeHHBIX IMyHKTOB [Tarapunues u np., 2026]. Ammautyna GOoHOBBIX
KoJIeOaHUI MEXKIY CTaHLMSMU pa3inyaiach IPUMEPHO B 2—6 pa3, a OTHOIIEHUE CUTHAJ/IITYM
y MHOTHX cJa0bIX coObITHIt cocTaBisuio Bcero 1,3-2,5. Ilpu 3ToM yacTh cOOBITHI MPOSIBIIS-
JIaCh TOJIBKO Ha OJHOM MM JIBYX M3 TpeX KoMmnoHeHT. [lostomy 3amaua CNN 3akirouanach
HE B IPOCTOM pa3/IeICHUU «CUTHAJI/IIIyM», a B PaClO3HaBaHWN YCTOWYMBON CEHCMUYECKON
¢dopmbI Ha (hOHE MPOMBIIIICHHBIX UMITYJIBCOB, TPAHCIIOPTHBIX BUOpAINil M HECTAOMIBHOTO
¢dona (puc. 1).

[ToaroroBnenuesie (hparMeHThl UCMHONB30BAIU JJIs1 OOy4eHHUs CBEPTOYHOM HEMPOHHOM
cetu (CNN). McxonHslii MaccuB Aeauian Ha OOy4darollyl0, BaJIUAALUMOHHYIO U TECTOBYIO
gactu B cooTHomenun 70:15:15; nanpumep, Habop u3 12 000 pparmenToB Britogan 8400
oOygarommx, 1800 Bamumanmonnbix u 1800 TecToBbIX 3amucell. BpemeHHO cMexHbIe (par-
MEHTHI HapPaBIISIM TOJIBKO B OAHY moAarpymmy, ytoosr CNN He 3armoMuHaia 0COOCHHOCTH
KOHKPETHOTO IIIyMOBOTI'O MHTEpPBaIa.

a) MukpoceiicMuueckoe cobbiTue / a) Microseismic event 6) AHTponoreHHas nomexa / b) Anthropogenic interference
1.0 1 BCTynnenve / arrival 1.0 uMnynbe / impulse
. 0,2-1,0¢/0.2-1.0s <« 0,1-2,0¢/0.1-2.05
2x05 0.5
vg
5
ggo.0 0.0
28
NN-0.5 0.5 1
1.0 - - - - - r -1.0 4
1.0 1 pocT amnauTyasl / amplitude increase 1.0
S 1-5¢/1-5s
Bz05 e 0.5 1
g
s
£0.0 0.0
S
22-0.5 1 -0.5 1
101 , : - : : : -1.0 -
1.01 3atyxaHue / decay 1.04 Bubpaums / vibration
~ 3-15¢/3-15s 5-25¢,2-15u/ 5-255, 2-15 Hz
2205 e 051 /
2
g ’
£0.0 0.0 1
g e “.wm““ml“m WA N Ly I"”“" “"'WWW“ NW . ““W y "'i y
LY-0.5 0.5
1.04— . - - : - . 104 ; ; : ; . :
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Bpems, ¢ / Time, s Bpems, ¢/ Time, s

Puc. 1. Omaunus cnabozco MuKpoceiucmuieckoco coovbimus om aHmponoceHHol nomexu
8 MPEeXKOMNOHEHMHOU 3aNUCU: a — cOOblmue ¢ 8CMynieHuem, poCmom aMnIumyobsl U KoOOou,
6 — NPOMbBLULEHHBILL UYL MPAHCIOPMHBIN UMIYILC ¢ HEYCMOUYUBLIM PA3GUMUEM 8OTHOB0U (hopmbl/

Fig. 1. Differences between a weak microseismic event and anthropogenic interference in
a three-component recording: a — event with an arrival, increase in amplitude, and coda;
b — industrial or transport impulse with unstable development of the waveform

a) MonHoTa n Fl-mepa / a) Recall and F1-score 6) YacToTa noxHbIx cpabaTbiBanuit / b) False alarm rate

1.0 4
BN ronHota / Recall 8

0.93
0.92 % Fl-mepa /Fl-score

0.88 -
0.84

0.78

o
®

0.76
6.0

o
o

o
S

20

3HaveHue meTpukm / Metric value

°
o
NoxHbie cpabaTtbiBaHus, 1/4 / False alarms, h—!
IS

0.0~ . - o
CNN STA/LTA STA/LTA CNN STA/LTA STA/LTA

nopor 2,5-3,0 / nopor 2,5-4,0 / nopor 2,5-3,0 / nopor 3,5-4,0 /

threshold 2.5-3.0 threshold 3.5-4.0 threshold 2.5-3.0 threshold 3.5-4.0

Puc. 2. Cpasnenue kauecmea CNN u STA/LTA npu obnapyscenuu ciabvix cobvimuii /
Fig. 2. Comparison of the quality of CNN and STA/LTA in weak event detection
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TpexxommonenTHast oqHoMepHass CNN pabotana ctabunpHee Moiesu, 00ydeHHON TOb-
KO Ha BEpTHKAJIbHOM KaHaile (puc. 2). JlobaBieHue 1ByX ropu30HTaIbHBIX KOMIIOHEHT MOBbI-
CHJIO TOYHOCTh Ha 2—4 MpOLEHTHBIX MyHKTa. Ha TectoBoM MaccuBe CNN focturiia accuracy
0,93-0,95, recall 0,91-0,92, precision 0,93-0,94 u Fl-mepsr 0,92-0,93. Haubonee ycroii-
YUBBIMU OKa3aiuck okHa 20 ¢, cogepxarue rnpu yacrore 100 'y 6000 3HaueHuit ans Tpex
komrioHeHT. CpaBHenne ¢ STA/LTA noka3zano npeumyniectBo CNN 1mpu ci1aObIx COOBITHSAX U
HecranmonapHoM ¢one. [Tpu mopore STA/LTA 2,5-3,0 recall coctasmsn 0,85-0,90, HO umc-
JI0 JIOKHBIX cpabaTbIBaHUI Bo3pacTaiio 10 4—8 B uac; npu nopore 3,5-4,0 10XHbIe TPEBOTH
cHmxkamuck 1o 1-3 B vac, Ho recall maman o 0,72-0,80. CNN coxpansina recall Boime 0,90
npu 0,8—1,6 noxHbIX cpabarbiBanusx B yac. [IpeumymectBo CNN cBsi3aHO ¢ yueTom ¢op-
MBI BOJIHBI, IJTUTEIBHOCTH, CIIEKTPAILHON CTPYKTYPBI U COITACOBAHHOCTHU TPEX KOMIIOHEHT.
OcHoBHBIC OMHMOKK OBUIM BBI3BaHBI AHTPONOTEHHBIMU BHOpALMSMHU JIUTEIBHOCTBIO 5—25
¢ B monoce 2—15 ', moxokuMu Ha JIOKaIbHBIE ceiicMuaeckue coowsrtus (puc. 3). [Toaromy
00y4aro1ii MacCUB ClleyeT PaCIIUPUTh IPOMBIIIIEHHBIMHU CUTHAIAMHU.

1

STA/LTA, nopor 2,5 / STA/LTA, nopor 3,0/ STA/LTA, nopor 4,0 / CNN, 1 koMnoHeHTa / CNN, 3 KOMMOHeHTbI /
STA/LTA, threshold 2.5 STA/LTA, threshold 3.0 STA/LTA, threshold 4.0 CNN, 1 component CNN, 3 components

0,

~
w

(=}
w

0,

]
v

® TouHocts / Accuracy ® MonwHora / Recall ® F1-mepa / F1-score

Puc. 3. Cpasnenue kauecmea evioenenusn mukpoceucmudeckux coovimuil memooamu STA/LTA u CNN /
Fig. 3. Comparison of the quality of identifying microseismic events using the STA/LTA and CNN methods

Taxoi#t ananu3 HeoOxomuM miepen BHenpenneM CNN B peryiaspHBIA MOHUTOPHHT, IO-
CKOJIbKY BBICOKas TE€CTOBAs TOYHOCTb MOXCT CHMIKXATBHCA IIPU NEPCHOCEC MOACIIN HA APYyrue
CTaHIMM U3-3a paznuuuil cranunoHHoro myma. [Toatomy CNN cnenyer paccmarpuBarh He
KaK 3aMEHY CYLIECTBYIOIIUM METOJaM, a KaK MOIYJIb IPEIBAPUTEILHOTO 0TOOpa COOBITHIA.
Mopenb ciocoOHa 00pabaTeIBaTh CyTOUHBIE 3aITUCH, PAHKUPOBATh (PparMeHThl M COKpAIaTh
pyuHoii mpocmoTp Ha 60—85%; STA/LTA npu 5TOM MOXHO COXPaHHUTh KaK HE3aBUCHMBI Jie-
TekTop. MeTtox noctyneH s 00braHo# padoueit crannmu ¢ 32—-64 I'b O3Y u GPU NVIDIA
812 I'b: oOyuyenne 3anmmaer 0,5-2 4, o6pabdorka 20-cekynanoro okua — 5-30 mc. Hau-
Oonee crabuibHast KOH(UTYpalys BKII0Yaia TPEXKOMIIOHEHTHbIe 3anucH, yactoty 100 I'm,
okHO 20 ¢ u ¢mibrpanuto 1-20 I'ii; oHa obecneunna accuracy 0,93-0,95, recall 0,91-0,92
u Fl-mepy 0,92-0,93. [lepen BHeapeHHEM HEOOXOIUMO PACHIUPUTH 00YYAIONINI MACCHB JI0
10 000-20 000 ¢parmeHTOB, MPOBEPUTH MOETL Ha 5—10 cTaHIUAX U CBSA3ATh JACTEKTOP C
onpenenenneM P- u S-pa3 u nokanuzanueit MUHIMYM T10 YETBIPEM CTAHIIHSM.

BbiBOADI

[TpoBenennoe uccienoBanme mokasano, 9YTo cBeprounsie HelpoHusie cetu (CNN) cro-
COOHBI HA/I)KHO OOHAPYKHUBATH CIIA0BIE MHUKPOCEUCMUYECKHE COOBITUS B TAHHBIX JIOKAITb-
Horo moHnuTopuHra CeBepHoro KaBkasza nmpu HEOJHOPOAHOM MPUPOTHOM U aHTPOIIOTEHHOM
myme. Hanbosee c10)KHBIMU OBLTH CUTHAJIBI C OTHOILIEHUEM cUTHAN/yM 1,2-2.5: Tpagunu-
OHHBIE aJTOPUTMbI YACTO MPOITYCKaIH UX, Toraa kak CNN y4yuThIBaia He TOIBKO aMILTUTY/LY,
HO U OpPMY BOJIHBI, BKITIOYAst BCTYIUIEHHE, POCT U 3aTyXaHHE CHTHAJIA.
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HaunOonee ycroitunBbie pe3ynbTaThl Jlana KOHQHUTypamus ¢ TPEXKOMIIOHEHTHBIMH 3aITH-
csimu, okaamu 20 ¢, gacroroit 100 ' u punerpanumeit 1-20 ['u. B atux ycnoBusx CNN mo-
cturna accuracy 0,93-0,95, recall 0,91-0,92 u F1-mepst 0,92-0,93. Mcnonb30BaHre TOJIBKO
BEPTUKAJIBHOIO KaHaJla CHUKAJIO MOKa3aTeau Ha 2—4 MPOLEHTHBIX IyHKTa, OCOOEHHO JUIs
CJ1a0bIX COOBITHIA.

Cpasuenne ¢ STA/LTA moaTBepawio OrpaHUYCHHOCTh (DUKCHPOBAHHOTO YHEpPreTHYC-
ckoro nopora. [Ipu nopore 2,5-3,0 anroputm o6HapyxuBan 85-90% coObITHIA, HO TaBa
4-8 50oxkHBIX cpabaTbiBaHUN B yac; mpu nopore 3,5-4,0 JI0KHBIE TPEBOTU CHIKAIHUCH 10
1-3 B uac, Ho recall magan o 0,72-0,80. CNN coxpansina recall Beime 0,90 npu 0,8—1,6
JIOKHBIX TPEBOrax B yac.

Certb BblAesAIa 4—15 HOBBIX KaHAMJATOB HA OJHY CTAHLUIO B CYTKH, OTCYTCTBOBABILIUX
B MCXOAHOM Katasiore. VX Henmb3s BKIIOUATh aBTOMATHYECKU: TpeOyeTcs SKCIepTHas Mpo-
Bepka, BbAeneHne (a3 P u S u pacueT runmoneHTpa MUHUMYM IO 4eThipeM cTaHiusM. Of-
HAKO MOJATBEPKJICHUE YaCTH TAaKUX COOBITHI MOXeT pacmuputh Karajor Ha 10-30%. s
BHeapenuss CNN HyxHa pernoHanbHas 6a3za 10 000-20 000 pazmeueHHBIX (parMeHTOB C
5-10 cranuuii, Bkitouas paszHble ce30Hb! ¥ THIBI IymMa. CNN nenecoo0pa3HO UCIIONIB30BaTh
KaK MOAYJb IEPBHYHOTO OOHApYKEHHS, OObEIMHEHHBINH C BBIACTICHUEM (a3, pacueToM ru-
MOLEHTPA, OIEHKOW MAarHUTY/IBl 1 MHOTOCTaHIIMOHHOM acconnanuei. Takas cucrema MOKeT
COKpaTUTh Py4HOU KOHTPOJIb Ha 60—-85% 1 00pabaTsiBaTh CyTOYHBIE 3aITUCH ObICTpEE peab-
HOT'O BPEMEHH.
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