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MukpocencMuueckue KoreOaHuss BepXHEU 4aCTU I'PYHTOBOM TOAIIY IIPOUCXOAAT
HeINPePBLIBHO IOA BO3AENCTBUEM SHAOT€HHBIX M 9K30T'eHHBIX IIPOIeCCOB KaK eCTeCTBEH-
HOI'O, TaK XU UCKYCCTBEHHOTO IIPOUCXOXAEeHUA. MUKpPOKOAeOaHUSI TeXHOTeHHOU IIPU-
POABL B OCOOEHHOCTHU XapaKTEPHBI AAST TOPOACKUX ITAOTHO 3aCTPOEHHBIX TEPPUTOPUH.
ITpakTKa MOHUTOPUHIOBBIX CEMCMOAOTMYECKUX HAOAIOACHUM IOKA3BIBAET, UTO B TAKUX
YCAOBUSX MOKHO HAOAIOAQTH PA3AUUYHBIE TUIIBI MUKPOCEUCMUYECKUX KOAeOAaHUM, B TOM
YUCAe YIPyTIue BUOPOCUTHAABI B YaCTOTHOM AnanazoHe 1—100 Ity , reHepupyeMble Ipo-
XOAALIMME METPOIIOe3AaMU. B pacueTax CeiCMUYeCKOU YCTOUYNBOCTU IIPOEKTUPYEMBIX
COOPY’KEHUN YAeAsdeTCsT 0cOO00e BHMMaHNUe Pe30HAHCHBIM XapaKTepPUCTHKAM BepXHeU
YaCTU I'PYHTOBOY TOAIIM, KOTOPasl Ha ONPEAEAEHHBIX YaCTOTaX MOJKET CYIeCTBEHHO
YCUAUBATBL CEUCMUYECKUE KOAeDaHUs, HAalIpUMeD, OT BHEIITHUX BUOPOBO3AEUCTBUM. Tpa-
AUITMOHHBIMU METOAAMU ITIOAYUEeHMe XapaKTePUCTUK Pe30HAHCHBIX KOAeOaHUN U UX y4eT
OCYIIEeCTBASIIOTCS, KaK IIPAaBUAO, C HEAOCTATOYHOM CTEIIeHbIO AOCTOBEPHOCTHU U IIOAHOTHI,
B pe3yAbTaTe 4ero OHU UCIIOAb3YIOTCSI OOBIYHO KaK BCIIOMOTaTeAbHEIE.

B mHacrosmet paboTe paccMaTpuBaeTCss METOANUYECKUU KOMIIAEKC C IIpUMEHEeHUEM CO-
BPEMEHHBIX CIIOCOO0B U3MepPeHUs 1 00pabOTKM MUKPOCENCMUUYECKUX CUTHAAOB C I[eABIO
BBIAEAEHUS Ha HCCAEAYEMOM TEPPUTOPUHU II0A CTPOUTEABCTBO YUaCTKOB C MaKCUMAaABHBIMU
AMIIAMTYAAMU OTKAUKA Ha BHEIITHUE YIIPYTHe BO3AEHCTBUS U yueTa UX B AAAbHeNIIIeM IIpu
IIPOEKTUPOBAHUYU U CTPOUTEABCTBE. M3ydeHne BUOpOCEeNCMUYEeCKUX LITyMOB, (DOpMUPYe-
MBIX Ha IIOBEPXHOCTU I'PYHTOBOM TOAIIIH, HAIIPUMeED, IPOXOAIIIUMHU II0€3AaMU METPOIIO-
AUTEHA, IIO3BOASIET OIeHUTh aMIIAUTYAHO-4YaCTOTHBIE CBOMCTBA 3THUX T'PYHTOB, IIpUYEM
CIIEKTParbHOE OTHOIIIEHHE TOPU30HTAABHEIX CMEI[eHUY IPYHTOB K BEPTUKAABHEIM H /V 1
IIPOU3BOAHAS 3TUX OTHOIIEHUU — KO PULUEHT YI3BUMOCTHA Ky — obecreunBaroT yBe-
peHHOe BBIAeAeHHEe OCAAOAEHHBIX 30H, IIOABEP’KEHHBIX HaHOOABIIIEMY BO3AENCTBUIO
BHEIIIHUX YIIPYTUX KOA€OAHUM.

KAaroueBsle cA0OBa: BUOPOCEUCMUYECKUN CUTHAA, CIIEKTPAABHBIY aHAANU3, PETUCTPATOP
CEeMCMUYECKUX CUTHAAOB, KO3(P(OUIIMEHT YI3BUMOCTH, CIIEKTPAABHBIE OTHOLIECHUS.
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BBeapeHmne. MukpocericMuyeckue Koreba-
HUS B BEpXHEM YaCTU TPYHTOBOU TOAIIIY IIPO-
HCXOAAT IIOCTOSHHO ITOA BO3AENCTBHEM 3K30-
TeHHBIX U 9HAOTE€HHBIX IIPOIEeCCOB KakK ecTe-
CTBEHHOTI'0, TaK ¥ UCKYCCTBEHHOTO IIPOUCXOK-
AeHus. TexHOreHHble MUKPOKOAEOAHUS 0CO-
OEeHHO XapaKTepHHBL A TOPOACKHUX ITAOTHO
3aCTPOEHHBIX TeppUTOpHUi. [ IpakTHKa MOHHU-
TOPUHT'OBBIX CEMCMOAOTHUUECKIX HAOAIOACHUN
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TIOKA3bIBAET, YTO B TAKUX YCAOBUAX MOKHO Ha-
OAIOAQTH PA3AUYHBIE TUITLI MUKPOCEUCMUYEeC-
KMX KOAeOaHUM: KBa3UTapMOHWYECKHe ITyAb-
CHUPYIOLIYie CUTHAABL B YaCTOTHOM AUAIla30He
0,1—20 I'y, uMIIyAbCHBIEe CUTHAABI (Kapbep-
HBIE B3PBIBBI, 3eMAETPSCEHUS) B TIOAOCE Yac-
ToT 0,01—20 I'ry cAyuyaliHbIe ITyMOBBIE CUTHA-
ABI 9acTOTOM A0 100 I'11, 11, HAaKOHeIl, TpeAMeT
HaIIUuX MCCAEAOBAHUMN , BUOPOCUTHAABI pa3-
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AWYHOM NIPUPOABI, B 4aCTHOCTH, (pOpMUpYye-
Mble B pe3yAbTaTe ABUYKEHHUS I0Ee3A0B METPO-
IIOANTEHA B YaCTOTHOM AnanasoHe 1—100 I't.
[Tpu cTpouTeAbCTBe 3AQHUN U COOPY KEHUU B
TOPOACKOM 4epTe BCerAa CAeAyeT YUUTHIBATh
OTMeUYeHHbIe PAKTOPLI, 0COOEHHO €CAU CTPO-
HUTEeABCTBO NIPEeAYCMAaTPHUBAETCs Hap TOHHe-
AsIMU MeTponioanTeHa. [Ipu 3ToM B pacueTax
CEeMCMUYECKOU YCTOMYUBOCTH IIPOEKTUPYe-
MOT'0 COOPY KEHUS CAEAYET YAEASITH BHUMaHNe
PE30HaHCHBIM XapaKTepUCTUKaM BepXHeH ua-
CTU I'PYHTOBOM TOAIIY , KOTOPAas Ha OIIpeAe-
AEHHBIX YaCTOTaX MOKET CYIIIECTBEHHO YCUAW-
BaTh ceicMmYecKue KoaebaHus, HallpuMep OT
BHEIITHUX BUOPOBO3AEUCTBUN. TPaAUITMOHHEI-
MM METOAAMU ITOAYYeHUE XapaKTEePUCTUK pPe-
30HAHCHBIX KOAeDAHMM 1 UX YUeT OCYIIeCTBAS-
FOTCS, KaK IIPaBUAO, C HEAOCTATOYHOU CTere-
HBIO AOCTOBEPHOCTH U IOAHOTHI, B p€3yAbTa-
Te Yero OHU UCITOAB3YIOTCS OOBIYHO KaK BCIIO-
MoraTeAbHBIe. B HacTosiel cTaTbe paccMaT-
PUBAETCSI METOAMUECKUM KOMIIAEKC C IIpUMe-
HEeHMeM COBPEeMEHHBIX CIIOCOO0B U3MepeHNUs
1 00pabOTKU MUKPOCENCMUUECKIX CUTHAAOB
C IIeABIO BEIAGAEHHUS HAa UICCAEAYEMOM TeppPU-
TOPUU TOA CTPOUTEABCTBO YUaCTKOB C MaKCH-
MaABHBIMU aMIIAUTYAQMU OTKAMKA Ha BHeII-
HUe yIpyTue Bo3aelicTBus. MiccaepoBanus Ho-
CAT TPUKAAAHOM XapakTep. MeToArKa OTAA-
SKMBAAACh Ha YUaCTKe, PACIIOAOKEHHOM B I1€HT-
paabHOM yacTu r. EkaTepunOypra, moa KOTo-
PBIM TPOAEraA TOHHEAb AWHUU METPOTIOAU-
TeHa.

Xapakrepucrtuka 00beKTa HCCAeAOBa-
HUHM. AN M3ydeHUs BUOPOCUTHAAOB OT IIO-
€3A0B MeTpO Ha ITOBEPXHOCTU OBIA BbIOpaH
Y4YaCTOK, IIOA KOTOPBIM IIPOAETAET BETKA MEeT-

PONOAUTEHA. YYAaCTOK PacIOAOKEH Ha Oepe-
I'y TOpPOACKOro npyaa B Bepx-lMcerckoMm pa-
MoHe I. EkaTeprHOypra B rpaHuiiax yaur, bo-
eBbIX Apy>KuH — HabGepeskHot Paboueit Mo-
ropexrr — OKTAOPbCKOU mAoIiaau. Peabed
TIAOIITAAKN MCCAEAOBAHUM CIIAAHUPOBAH Ha-
CBIIIHBIMU I'PYHTaMU , a0COAIOTHBIE OTMETKHU
IIOBEPXHOCTH U3MEHSIIOTCS B IIPEAeAax 245—
248 M c 00IIIUM YKAOHOM Ha CeBEPO-BOCTOK.
['eororusa yuacTKa — CUABHO BEIBETPEABLE,
TPenuHOBaTHIe MTOPMPUPHUTHL U CAAHIIHL. Ko-
PeHHEBIe IOPOABI Pa3pyllIeHkbl B BepXHel Jac-
TH AO COCTOSTHUS KPYITHOOOAOMOYHOTO U TAU-
HUCTOI'O 3AIOBHUS, @ CBEPXY, KaK OTMEeYaAoCh,
IIepeKPHITHL HACHIITHLIMU I'PYHTaMU.

[TOoCKOABKY y4aCTOK MCCAEAOBAHUU pac-
IIOAOKEH Ha TeppuTopuu r. EkaTepunOypra,
NCXOAHAsA CEMCMUYHOCTHb €ro OIIpeAeAeHa
KapTaMH OOIIero CeNCMUYeCKOro palioHupPoO-
Bauwus (OCP) Poccuiickott @epepariuu [Kom-
TAEKT ..., 2015] 1 He npeBBIlIaeT 6 6AANOB
o mkanre MCK-64. BHemtHUY BUA yYaCTKa
nmokKasaH Ha puc. 1.

KoHTYpEL IAOLIIAAKY BEIHECEHHBI Ha dpar-
MEeHT CIIyTHHUKOBOM KapTel GoogleEarth, a
KOOPAMHATEI YTAOBEIX TOUEK IIPEACTABAEHEI
B TabA. 1. Bce Touku HaOAIOAEHUS UMEIOT
GPS npuBg3Ky m 0003HAueHBl Ha PUCYHKE
ABY3HAUHBIM UMCAOM, IIePBO€ U3 KOTOPHIX —
HOMep IPOUAT, BTOPOEe — HOMEDP ITHUKeTa.
Kpachas cTpeaka 0003HavaeT IOAOKEHUE U
HaIIpaBAE€HHE TOHHEASI MeTPO II0A IIAOIITAAKOMN
NCCAEAOBAHUM.

ArnapaTHO-IIPOrpaMMHBIN KOMIIAEKC U
MeTOAMKAa IIOAEBbIX n3MepeHn. OCHOBHBIM
U3MepUTEABHBIM IIPHOOPOM IIPU IIPOBEAEHNU
HACTOAINX NCCAEAOBAHUU OBIA PETUCTPATOP

Taoauma 1. KoopAuHATHI yTAOBBIX TOUEK KOHTYpPa MAOIIAAKH

HCCAEAOBAHUN
Homep Touku Mupora Aoarora
A N56° 50' 31,9” E60° 35' 50,9”
B N56° 50' 30, 7" E60° 35' 53,7"
C N56° 50' 29,5" E60° 35' 52,1"
D N56° 50' 31,1" E60° 35' 48,9"
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Puc. 1. KOHTYpHI INOIIaAKM UCCAEAOBAHUM C BEBIHECEHHBIMU Ha Hee TOUKaMU HaOAIOAEHUS B KOOPAMHATaxX
cucrembl Google.

Fig. 1. The contours of the research site with the observation points placed on it in the coordinates of the
Google system.

cericMuueckux curianroB (PCC) «Peructp»
[Cenun, CennHa, 2005], KOTOPBIM IIPEACTABAS-
er coOOM anmapaTHyI0 COCTABASIIOIITYTO OAHO-
MMEeHHOI'0 allllapaTHO-IIPOrPaMMHOI'0 KOMII-
Aekca [Cenus u Ap., 2017]. [Tpubop sBASET-
Cs1 @BTOHOMHBIM CeMCMOPEerucTpUpyOLiuM
YCTPOMCTBOM U MMeeT TeXHUYEeCKHUe XapakK-
TEPUCTUKH, IPEACTABAECHHEIE B TaOA. 2.

Ha puc. 2 noxa3zaH BHENIIHUI BUA YCTaHOB-
AE€HHOT'O B TOUKe HaOAIOAEHUSI perucrparo-
pa «Peructp» B pazBepHyTOoM Buae. [Ipudop
YKOMIIAEKTOBAH I'eA€BbIM aKKYMYASITOPOM C
HanpskeHreM 12 B 1 eMKoCTBIO 7 A 4 1 3-KOM-
TTOHEHTHBIM BEAOCHMETPOM Ha Oa3e d3AEKTpo-
AMHaMHuueckux AaTunkoB GS-One (Vertical),
GS-One (Horizontal) [Geospace ..., 2021].
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[TporpamMmHas 4acTb KOMIIAEKCa «Peructp»
BKAIOYAET B ce0s1 OAOKM: 3arpy3KU UCXOAHBIX
AQHHBIX B CUCTeMHYI0 IIaMaTb PCC; cuuTeIBa-
HUSI UHPOPMAIUU C PAIIII-AMCKA PErucTpa-
TOPQ; IPEABAPUTEABHOU 00PabOTKU CEeUCMO-
rpamMm [CennHa, Bockpecenckuii, 2016]; pac-
YyeTa aMIIAMTYAHO-YaCTOTHBIX CIIEKTPOB M
CIIEKTPOB OTHOIIIEHUU Pe3YABTUPYIOIIEN To-
PU3OHTAABHOM KOMIIOHEHTHI CeICMUYECKOTO
cUrHaAa K BepTuKaAbHOM HA; pacueta Koad-
dunyeHTa yaI3BUMOCTHA Ky AAST KaSKAOM TOUKU
HaOAIOAEHUS UCCAEAYEMOU AOIIaAKY [CeHn-
Ha u Ap., 2017].

CoOCTBEHHO ITOAEBBIE HAOAIOAEHUS OCYIIle-
CTBASIAUCH IO CAEAYIOIel MeToAuKe. B Tou-
K1, OTMeUYeHHEBIe Ha IIAOIIaAKe NCCACAOBAHNM
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Puc. 2. BHemHuM BUA CeCMOPEruCTPUPYIOLIETO
KOMIIAeKca «PerucTp», yCTaHOBAEHHOTO B TOUKE Ha-
OAIOAEHUSI.

Fig. 2. External view of the seismic recording complex
«Register», installed at the observation point.

(cMm. puc. 1), pacCcTaBAsIAM CeliCMUUYECKUe AAT-
YUKW U PETUCTPATOPEL. [IprnOOpPHI BKAIOYAAYT
Ha 20—30 MUH 3a0UCH, TTOCAe Yero patia Cun-

TBIBAACS Ha KOMIBIOTED AAS AAABHEUIIel 00-
paboTku. B paboTe ncroAb30BaANCh TPU KOM-
IAEKTa perucTpaTopoB « Peructp». HacToT-
HBIN AUAIla30H, B KOTOPOM OCYIIIeCTBASIAACh
3aMKUCh MUKPOCEUCMUYECKUX CUTHAAOB, OBIA
orpanmuueH 64 I'ny. YcuareHue AASL BCeX TOUEK
HaOAIOASHUS UMeAO 3HaueHue 16.
OOpaboTKa u MHTepIIpeTalus BUOPO-
CerCMUYeCKUX CUTHAAOB. [ Ipeskae ocTaHo-
BUMCS Ha IIOHATUU «KOIPOUITUEHT YI3BUMO-
CTU» (Ky). OTO MOHSATHE OBLIAO BBEACHO HN3Be-
CTHBIM SIIIOHCKUM HccAepoBaTereM V. Haka-
Mmypol B 1997 r. [Nakamura, 1997]. B 1989.
UM OBbIAG TPEANOIKEHA METOANKAE, B OCHOBE KO-
TOPOM Ae’KaT IMTPEACTABAEHUS O TOM, UTO BAWS-
HHE «TOHKOTO CAOSI», PACTIOAOKEHHOT'O HETIO-
CPEeACTBEHHO TIOA CEMCMUYECKUM AQTYUKOM
Ha u3y4aeMoM OO'beKTe, B OOABIIIEN CTelleHn
CIIOCOOCTBYET YCUAEHUIO TOTIePEeYHON BOAHBI
(S) u IpaKTUYeCKH He U3MeHseT IPOAOABHYIO
BOAHY (P) [Nakamura, 1989]. Micxoas 13 aTOrO
TTOAOJKEHUST, OTHOIIIEHNE CITIeKTPAABHBIX Xa-
PaKTEepPUCTUK TOPU30HTAABHBIX KOMITOHEHT X
7 Y K CIIeKTPY BEePTUKAAbHOU KOMTIOHEHTHI Z
OyaeT XapaKTepu30BaTh TaK Ha3bIBAEMYIO Iie-
pPeA_TOUHYIO (DYHKIIWIO, 3aBUCSIIYIO OT «TOH-

Taoauma 2. Texunueckue xapakrepuctuku PCC «Peructp»

YHucao ceicMUYeCKUX KaHAAOB 3
Pa3psipHOCTE aHaAOTO-1IM(PPOBOTO 16
peoOpa3oBaTeAs
Anana3oHbl perUCTPUPYEMBIX YaCTOT, '] 0—2; 0—4; 0—8; 0—16; 0—32; 0—64; 0—128
KosdhdunmeHTs ycureHUS 1; 2; 4; 8; 16; 32; 64; 128
YpoBeHB ITYMOB, IPUBEAECHHBIN KO BXOAY
0,28
pu ycuaeHuu 1, MkB (He Goaee)
O0OBeM pAdII-ANCKa, MOaUT (He MeHee) 32
[MorpenrHoCcTh U3MEpPEHUs BpEMEHU 9
BCTPOEHHBIM KaAeHAapeM-dacamu (+ ¢/Mecsir)
CKOpoCTb 06MeHa AQHHBIMU C KOMITBIOTEPOM 256
yepes nopt USB, K6oa, (e MeHee)
Hanps>xenue nutanusg, B 10—20
MoiHOCTE TIOTPeOAeHUs, BT (He Oonee) 0,36
Macca npubopa, Kr 0,5
Amarazon pabounx temmneparyp, *C -30...+45
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KOTO CAOS» M3y4aeMoro oO0beKTa. 'opru30H-
TaAbHAs KOMIIOHEHTa [{ IIpU 3TOM OIpejpe-
ASIETCSI KaK CpeAHee KBappaTUYHOe CIIEKTPOB
KOMIIOHEeHT X 1 Y, a BepTuKaAbHas V COOTBET-
CTBYeT CIIEKTPY KOMIIOHEHTHI Z.
BoazBpaiiasach K TOHATHIO «KOA(PPUuIiiueH-
Ta Ys13BUMOCTH», 3aMeTUM, UTO 3TOT IIapaMeTp
YCIIEITHO ONUCHIBAET AMHAMUYECKUE XapaKTe-
PUCTUKU BepXHEHN YaCTU NCCAEAYEMBIX TPYH-
TOB, OTMeYas IIPU ITOM caMble CAaOble y4acT-
KM, KOTOpBIE B HAaUOOABIIIEN CTETIeHN [TIOABED-
>KeHBbI BO3AENCTBUIO YIIPYTUX KoreOaHul. Mc-
MIOAB3YS METOAMKY HakamMyphl, MOJKHO IIOAY-
YUTH CIIeKTPaAbHEBIE I'PA(PUKU IepepaTOYHON
dyaknuu H/V, T. e. rpaduky yCUAeHUs CO-
TPACEHUN Ha AOMUHUPYIOIINX 4YaCTOTaX, 4To
[I03BOASIET BLIYMCAUTE 3HaUeHUA KO3 hunu-
€HTOB YSI3BUMOCTHU AAST Ka’KAOU TOYKM U3Me-
penus no popmyae [Nakamura, 1997]:

(D

TAe 0. — MaKCUMaAbHOe 3HaueHue KO3 uIim-
€HTa YCUAEHUS B COOTBETCTBUU CO CIIEKTPAAD-
HOM XapakTepuctukou H/V, f— coorBeTtct-
BYIOIIIasi 9TOMY 3HAUeHHIO 9aCTOTa.
CobcTBeHHO 00paboTKa U MHTEepPIIpeTarus
IIOAYYEHHOTO B pe3yAbTaTe IIOAEBBIX HaOAIO-
AEHUM CEeMCMUYECKOI'0 MaTepHraAa OCyIlecT-
BASIAACH B HECKOABKO 3TanoB. Ha mepBom orie-
HUBAAOCH KaueCTBO CEMCMOTPaMM, BBIAEAS -
AMCH HamOOoAee XapaKTepHbIe (PParMeHTHl, He-
00X0AUMBIE AAST AaAbHEeNIIIe oOpaboTku. Ha
puc. 3 mokKasaH nmpuMep o030pHOM cericMo-

IPaMMBI AAUTEABHOCTBIO 22 MUHYTEI, 3aperu-
CTpUpPOBaHHOMU B TouKe HaOAtopeHus [Tp1lTk1
(cMm. puc. 1). KpacHBIME CTpeAKaMU TTOKa3aHbI
ITPOXO’KAEHUS ITOE3A0B METPO HEIIOCPEACT-
BEHHO IIOA IAOIIAAKOM McCcAeAOBaHUM. Ha
BCeX KOMIIOHEHTaX CeMCMOIpaMMBI YBEPEHHO
oToOpa’karoTcs BCIAECKU BUOpocericMuyec-
KOTO cuTHaAa. B cpepHeM 3a BpeMs perucrpa-
ITUU OAHOM ceicMOTpaMMbl (PUKCUPOBAANCH
7—8 npoxoxkpaeHuu moe3poB. [Ipu aTom 60-
Aee KOPOTKHE BpeMeHHbIe MHTEPBAABI MEJKAY
BCIIAECKaMU, O4YeBUAHO, XapaKTepU3yIOT ABU-
JKeHUe IPSIMOTr0 U BCTPEYHOT'O IT0E3A0B.

B Ka>kp01 TouKe HaOAIOAEeHUS (PUKCHUPOBa-
AACh @aHAAOTMUYHAA cericMorpamma. Boanosoe
TIOA€ Ka’KAOT'O IIPOXOKAEHUS SAEKTPOIIOe3Aa
00pabaThIBAaAOCh C MPUMeHEeHUeM METOAUKU
cleKTpaAbHBIX oTHOITeHut H/V. TTo BceM
IIPOXOAAM ITOE3AA OTIPEAEATIAOCEH CPeAHee 3Ha-
YeHUe XapaKTepPHOW 4aCTOTHL B Ka&JKAOM TOUKEe
HaOAIOAEHMA U B 3aBeplieHue o gopmyae (1)
pPacCUMThIBaAUCH 3HaUeHUsA KO3 puiiueHTa
Y3BUMOCTH. Pe3yABTaTHI paCueTOB IPEACTAB-
A€HHI B TabA. 3.

[TpuBepeM ipuMep 0OpabOTKM U PaCueTOB
dparMeHTa BOAHOBOTO ITOAS, BBIAEAEHHOT'O
KPACHBIM IIPSIMOYTOABHBIM OKHOM Ha pPHUC. 3.
Cyad 1o cericMorpaMmme, 3To OBIA IIIeCTOU IIPO-
XOA, AEKTPOIIOe3Aa MI0A YIaCTKOM UCCAEAO-
BaHuU. KoMmbioTepHas 06paboTKa IIPOBOAY-
AQCh C TIOMOIIBIO MPOTPAMMHOTO obecrieye-
HUSA, pa3pabOTaHHOTO B AaOOPATOPUH CeNC-
momeTpuu UUI'® YpO PAH [Cenuna, Bockpe-
cernckutt, 2016]. Ha puc. 4 mokasaHa 5-ce-

Ta6auma 3. PesyapTaTsl pacyera Kodgduiuenra ysssumoctu Ky

Touka HaOAIOAEHUS O quxs YCA. €A, f o, T1I Ky yca. ea.
[Mp1ITk1 7,751 15,3 3,927
[Mp1ITx3 8,78 17,2 4,482
[Mp2Ilk1 7,326 14,7 3,651
[Mp2ITk3 3,921 12,3 1,25
[Mp3Iik1 5,49 9,0 3,345
[Mp3l1k3 3,984 13,8 1,15
[Mp4Ilk1 2,83 159 0,503
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Puc. 3. O630pHas cericMorpaMMa, 3aperuCTpupoBaHHas B Touke HaOAtopeHus [Tp 1Tk,
Fig. 3. Survey seismogram recorded at observation point ITp1ITk1.
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Puc. 4. 5-cexynpHasA pasBepTKa (pparMeHTa CelCMorpam-
MBI U3 IPSIMOYTOABLHOI'O OKHA, BEIAAEHHOTO Ha PUC. 3.

Fig. 4. 5-second sweep of a seismogram fragment from
the rectangular window highlighted in Fig. 3.

KYHAHAas pa3BepTrka (hparMeHTa cericMorpam-
MBI U3 IPSIMOYTOABHOTO OKH@, BEIAEAEHHOTO
Ha puc. 3. BUpAMMBEIN IIepuoA yAbCAUM 3a-
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PEerucTpupPOBaHHOIO BUOPOCUTHAAA U3MEHSI-
etcsa ot 0,1 po 0,5 c. HacToTa 3aIlOAHEeHUSI
IIyABCAIIUM AEKUT B AariazoHe 35—42 [,
PacyeT aMIAUTYAHO-4aCTOTHBIX CIIEKTPOB
Ka’KAOM KOMIIOHEHTHI OCYIIIECTBASIACS B IIPO-
rpamMme [Cenuna, Bockpecenckuii, 2016] c nc-
IIOAB30BaHMEM HEPeKypPCUBHOMN IM(PPOBOU
dunrprpanum [Xammunr, 1980]. [Tpu aTom na-
paMeTphl pacueTa CIIeKTPOB 3aAaBaAUCh B
caepyrolleM Buae: mar puabrpa — 0,1 I';
IIOAOCOBOM (PpUABTP — 1—32I'1y; yncAo Touek
durbTpa — 448. [ToryueHHBIe ClIeKTPaAbHEIE
XapaKTepUCTUKM, TpUMep KOTOPHIX ITOKa3aH
Ha pHUC. 5, @, CAY’)KUAM OCHOBOM AAS pacueTa
nepepatouHoy pyukiuu H/V (puc. 5, 6).
HecMmoTps Ha TO, 4TO B cieKTpax Ha pHUC.
5, a TAaBHBIM 00pa3oM HaOAIOAQIOTCS TapMO-
HUKM CUTHAAA B BBICOKOYACTOTHOU OOAACTH ,
Ha rpaduKe CIeKTPAAbHBIX OTHOUIEHUY (CM.
puc. 5, 6) MaKCUMyM (DYHKIIUYM IPOSIBASETCS
Ha yactoTe 10,3 I'11, 94TO MOATBEP>KAQET 3HA-
YnTeAbHOE YCUAEHHEe TOPU30HTAABHBIX CMe-
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30. Tspe 13:33:59.836. (1100 w6):: Cn_Ws £7Co. | 1,000 32000 4. [C]f Puc. 5. AMHAI/ITYAHO-‘-IQCTOTHBIG CIIEKTPBI KOMIIO-
[ HEeHT BUOPOCENCMUYECKOro CUrHara (pparMeHTa
0 ] 72 103 E] §5___ 136 21 =8 a9 20 )f, Tig CefICMOl"paMMBI, 3apeI'I/ICTpI/IpOBaHHOﬁ B TOYKEe Ha-
onrtopenus Iplllikl (a). [TepepaTounas pyHKIMS
JU H/V, paccunTaHHasi C UCIOAB30BaHUEM 3TUX CIIEKT-

pos (6).

L Fig. 5. Amplitude-frequency spectra of the vibroseis-
Z mic signal components of a seismogram fragment
recorded at the observation point [Tp1ITk1 (a). Trans-
fer function H/V calculated using these spectra (6).
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10 TIAOIIAAY MCCAEAOBAHUS.

Fig. 6. Schematic map of the distribution of the coefficient of vulnerability of K.
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30He 49acTOT. VICIIOAB3y$ pacueTHbIe 3HAUEHUS
Koo duruenta ysszsumoctu Ky, yaarocs mo-
CTPOUTH CXEeMATHUYECKYIO KapTy paclpeaene-
HUS 3TOTO KO PUIIMEHTA O IIAOIIAAU UCCAE-
AOBAHUM, KOTOpas IIpeACTaBAeHa Ha PUC. 6.
3akarodeHue. l3yyas BuOpocercMudec-
KUe IIyMbl, (pOpMUpyeMBble Ha IIOBEPXHOCTHU
I'PYHTOB IIPOXOAAIIUMU [10€3AaMU METPOIIO-
AUTEHaQ, MO>KHO OIJ€HUTh X aMIIAUTYAHO-4a-
CTOTHBIE CBOMCTBA, @ UCIIOAB3YS IIePeAaTOu -
Hyto pyHKIIMIO H /V 11 ee Ipon3BOAHYIO — KO-
sdduruent ysassumoctu Ky, IPEACTaBUTH
Hanbonee OCcrabAeHHBIE YYACTKM, IOABEP-
>KeHHble HauOOABIIIEMY BO3AEMCTBHUIO BHEIIl-
HUX YIPYTUX KOAeOaHUU. B wacTHOCTH, puUC.
6 HaraAsiAHO AEMOHCTPHUPYET TaKO€e paclpeae-
A€HHe [IAOIIAAKU UCCAeAOBaHUM. Ero ceBep-
Has U CeBepOo-BOCTOYHAs 4aCTU UMeIOT MaK-
CUMaAbHBIE 3HaUeHNsI Ky, TOTAQ KaK 0T U FOro-
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3arap — HanboAee CTaOMABHBIE YYACTKH, YC-
TONUYMUBLIE K TOPU3OHTAABHBEIM CMeIleHUSIM
YIPYTUX KOA€OQHUY, YTO MOFKET CAY KUTH pe-
KOMeHAQIeN K BEIOOPY YYacTKa Ha TEPPUTO-
PHY UCCAEAOBAHUMU II0OA 3aCTPOUKY.

Takum 00pa3oM, MOKHO CAEAAQThb BBIBOA, O
TOM, 4YTO PACCMOTPEHHBIE B pabOTe UCCAEAO0-
BaHUS MOJKHO OXapaKTepU30BaTh KaK HEKOe
NPUOAVKEHME K U3YUYEHUIO I'PYHTOB ITPU CEUC-
MHYEeCKOM MUKPOpPaioHNpoBaHNM. KOHEeUHO,
METOAUKY CAeAyeT MHOTOKPATHO OIIpoO0OBaTh
B PA3AMYHBIX YCAOBUSX, AOIIOAHUTH, HAIIpU-
Mep, YBeAUYEeHHEeM UM CAA TOUeK HAaOAIOAEHUS
AMSLIIOBBIIIEHUS pa3pelleHns], COIIOCTaBUTh C
Pa3sAUYHBIMU METOAAMU CEMCMUYECKOI'O MUK-
poparioHupoBanud. Ho B 1ieaoM, 1o Haliemy
MHEHUIO, TAKOT'O POAA UCCAEAOBAHUS [TEePCIIeK-
TUBHBI, 0COOEHHO AAS IIAOTHO 3aCTPOEHHBIX I'O-
POACKHMX arAOMepaInii.
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The use of the vulnerability factor in the study
of vibration signals on the soil surface
from the movement of subway electric trains

L.N. Senin, T.Ye. Senina, 2021

Yu.P. Bulashevich Institute of Geophysics, Ural Branch of Russian Academy
of Sciences, Ekaterinburg, Russia

Microseismic vibrations of the upper part of the soil strata occur continuously under
the influence of endogenous and exogenous processes of both natural and artificial origin.
Micro-oscillations of technogenic nature are especially characteristic of densely built-up
urban areas. The practice of monitoring seismological monitoring observations shows that
under such conditions it is possible to observe various types of microseismic vibrations,
including elastic vibration signals in the frequency range of 1—100 Hz, generated by pass-
ing subway trains. In the calculations of the seismic stability of the designed structures,
special attention is paid to the resonance characteristics of the upper part of the soil strata,
which at certain frequencies can significantly enhance seismic vibrations, for example,
from external vibrations sources. By traditional methods, the characteristics of resonant
oscillations and their accounting are carried out, as a rule, with an insufficient degree of
reliability and completeness, as a result of whichand so they are usually used as auxiliary
ones. In this paper, a methodological complex is considered using modern methods for
measuring and processing microseismic signals in order to identify areas with maximum
amplitudes of response to external elastic influences in the study area for construction and
take them into account in the future in design and construction. The study of vibroseismic
noises formed on the surface of the soil layer, for example, by passing subway trains, allows
one to estimate the amplitude-frequency properties of these soils, and the spectral ratio of
horizontal displacements of soils to vertical H/V and the derivative of these ratios — the
coefficient of vulnerability of the Ky — provide a confident selection of weakened zones
that are subject to the greatest impact of external elastic vibrations.

Key words: vibroseismic signal, spectral analysis, seismic signal recorder, vulnerability
ratio, spectral relationships.
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BukopucraHHs KoeiljieHTa ypa3AnBOCTi
IIpU BUBYEHHi BIOpOCUTrHaAiB Ha IOBEPXHI I'PYHTIB
BiA PYXY €AEKTPOMOI3AIB METPOIIOAITEHY

A.M. Cenin, T.€. Cenina, 2021

IncTuTyT reodizuku iMm. IO.IT. Byaarniesiua YpaabCbKoOro BippaireHHs Pociticbkol
akapeMil Hayk, €EkaTepuHOypr, Pocia

MikpocelcMiuHI KOAMBAHHSA BEPXHBOI YaCTUHM I'PYHTOBOI TOBIII BiaAOyBalOThCI 0€3-
IIepPEPBHO IIiA BIIAMBOM €HAOTEHHUX I eK30IeHHUX MIPOLLECIB IK IIPUPOAHOTO, TaK 1 IITy4-
HOTO NMOXOAKeHHsI. MiKpOKOAUBAHHS TeXHOTE€HHOI IPUPOAU OCOOAUBO XapaKTePHI AAS
MiCBKHUX HIIIABHO 3a0yAOBaHUX TepUTOpPil. [IpakTHKa MOHITOPHUHTOBUX CEMCMOAOTIU-
HUX CIIOCTepe’XKeHb II0Ka3ye, 0 B TAKUX YMOBAX MOJKHA CIIOCTepIiraTy pPi3Hi TUIIA MiK-
POCENCMIYHUX KOAMBAHb, 30KpeMa IIPY>KHi BIODOCUTHAAM B YaCTOTHOMY Alana3oHi 1—
100 I'y, mo reHepyOTHCS MUHAIOUMMM IIOI3AAMHU METPO. Y PO3paxyHKaxX CEMCMIYHOI
CTIMKOCTI IIPOEKTOBAHUX CIIOPYA IIPUAIAIETHCA OCOOAMBA yBara pe30HaHCHUM XapaKTe-
PUCTHKAM BEePXHBOI YaCTUHU I'PYHTOBOI TOBIII], IKa HA II€BHUX YaCTOTaX MOYKe iICTOTHO MO-
CHUAIOBATH CEeMCMiUHI KOAMBAHHS, HATIPUKAAA, Bia 30BHIITHIX Aith BiOpaliii. TpapuiitHuMu
MeTOAAMM OTPUMaHHS XapaKTEePUCTUK Pe30HAHCHUX KOAUBAHB 1 1X OOAIK 3AIMCHIOIOTHCS
HaMyacTille 3 HeAOCTATHBOIO AOCTOBIPHICIO i TOBHOTOIO, YHACAIAOK YOTO BOHU BUKOPUC-
TOBYIOTHCSI 3@3BUYAM IK AOTIOMIi’KHI.

Po3rasiHyTO METOAMYHMNI KOMIIAEKC 13 3aCTOCYBAHHAM Cy4aCHHUX CIIOCOOIB BUMIPIO-
BaHHS Ta OOPOOKM MiKPOCEWCMIUHUX CUTHAAIB 3 METOIO BUAIAEHHS Ha AOCAIAKYBaHIN
TePUTOPII Iip OYAIBHUIITBO AIASHOK 3 MAKCUMAaAbHUMU aMIIAITyAaMU BIATYKY Ha 30BHIIIIHI
NIPY’KHi BIIAMBU Ta 1X 0OAIKY B IIOAQABIIIOMY IIPU IPOEKTYBaHHI i OyAIBHUIITBI. BuBueHHA
BiOpocelCcMiYHUX HIYMiB, 10 (POPMYIOTHCS Ha MOBEPXHI I'PYHTOBOI TOBII, HAIIPUKAQA,
IIOI3AAMU METPOIIOAITEHY, AQ€ 3MOTY OIIHUTU aMIAITYAHO-4YaCTOTHI XapaKTepPUCTUKU
OUX I'PYHTIB, IPUUOMY CII€KTPAAbHE BIAHOIIEHHS I'OPU3OHTAABHUX 3CYBIB I'DYHTIB AO
BepTuKarbHUX H/V i moxiaHa nporo BipHOIIEHHS (KOe(ilieHT Ypa3sAuBOCTi Ky) BIIeBHe-
HO BUAIASIOTE OCAQOA€HI 30HH, 1110 3a3HAIOTh HaMOiABIIOr0 BIIAUBY 30BHIIIHIX NIPY>KHUX
KOAUBAaHb.

KnarouoBi caroBa: BibpocelicMiuyHUM CUTHAA, CIIEKTPAALHUM aHaAi3, peecTpaTop cerc-
MiUHHMX CUTHAAIB, Koe@illieHT ypa3AWBOCTI, CIeKTPaAbHI BiAHOIIEHHS.
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