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W3BecTHO, 4YTO B JIOO0OM HMHXCHEPHOM COOPYXKEHHHM WIM 3JaHHHM PaclpOCTpaHCHHE
ceficMuueckux KojeOaHuW NPUBOAUT K (OPMHPOBAHUIO CTOSYUX BOJIH, YacCTOThl KOTOPBIX
SBJISIFOTCS] COOCTBEHHBIMU ISl JAHHOTO COOPYKECHUSI.

[Ipy BO3HHMKHOBEHHU JAe(PEKTOB B COOPYKEHHMM WIM B OCHOBAHWUU, NPU HU3MEHEHUU
HaNPsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUA (OPMBI COOCTBEHHBIX KOJ€OaHM W COOCTBEHHBIE
4acTOThI MeHsitoTes [1].

Jns  xinaccupukanuy M JIOKaJW3alldl  aHOMAJIBHBIX 30H B KOHCTPYKIUH TpedyeTcs
MPUMEHEHHE CHCTEM MOJACPKKU MPUHATHS PELIeHUN, OMUPAIOUINXCA Ha JIOTMKO-CEMaHTHYECKHMA
noaxon [2, 3].

Cuctema nogyiepxku npuHsatus pemenuid (CIIIIP) mns ompeneneHust coctosHus 00BEKTa
OyleT OpHEHTHPOBaHA HAa COMNPOBOXKJICHHE ¢ TOJNICPXKKY TPHUHIATHS PEUICHUH TpH
ABTOMATHU3MPOBAHHOM PEIICHUHU 33/1a4l MUKPOCEHCMUYECKON TMarHOCTUKHU 3/IaHUN U COOPY>KEHUMN
C HCIIOJIb30BaHWEM IHH(PPOBOTO BOJHOBOTO nBovHHMKA oOwvekra (L[BJIO), OGasupyromero Ha
MMPUMEHEHUH TEXHOJIOTMM WCKYCCTBEHHBIX HEHpOHHBIX ceTtei. J[ns dopmupoBanus 1[BJIO
MIPUMEHSIFOTCS MOAU(PHUKATOPHI (e(EKTHI), SBISIONINECS MPUYUHOW BO3HUKHOBEHUS aHOMAIbHBIX
30H B KOHCTPYKIIUH.

Cpazy xe oTMeTuM, 4to peub mnoka Oyaer uaru o CIIIP, opueHTHpOBaHHOW Ha aHAIHM3 U
MIPUHSTHE PEIlIeHUH, KaCaloIINXCsl UCKIIOYUTEIHHO CTAaHAAPTHBIX MAHENbHBIX 3aHH.

CrneunanusupoBanHass MHCTpyMeHTanbHas 4acTtb CIIIIP, oTBeTcTBEHHas 3a TeHepaluio U
xpanenue oodydaromiero DataSet ([{atacet) s [IBJIO kak coBOKyImMHOCTH Mojielieli 00bEKTOB ¢ TEM
WIH WHBIM MOJIM(PUKATOPOM, TMPEACTaBIeHAa B BHJIE IOCIEAOBATEILHOCTH  CIEIYIOLINX
npeoOpa3oBaHU:

Mogens o0bexTa + Momupukarop — pacuerHsii Monayias (PACYUET) — mapa < kapta
oxkunaeMbix ceiicmuueckux BoJiH (KOCM), momudukarop (M)> DataSet.

B nannom ciyuae CIIIIP orBercTBeHHa 3a nepenauy LIBJIO peanbHbIX M3MEPEHHBIX TaHHBIX
00 00bekTe B BUAC KapThl pealibHbIX cTossuuX BoiH (KPCB). 3meck oHON M3 IIEHTpaIbHBIX 3a7a4
ABIISICTCS  3a/lada  KOPPEKTHOCTHM U3MepeHuil. B olmeMm ciydyae anroputMm omnpeeseHHs
KOPPEKTHOCTH M3MEpPEHUI aHATH3UPYEeMOro 00bEKTa BRIMJISIAUT CIEAYIOMUM 00pa3oM. BxogHsiMu
JAaHHBIMU JJIs1 aIrOpUTMa OYAYT:

1) xapThl MEpBBIX MOJA MO TPEM B3aUMHO OPTOTOHAIBHBIM KoMmmoHeHTaM (X, Y, Z),
MOCTPOEHHBIE HAa OCHOBE MOJIEBBIX HAOMIOACHNN Ha 00BEKTE NCCIICIOBAHUIA;

2) KOOpAMHATHI TOUYEK HAOIIOACHUS U JaHHbIE aMIUIUTYJ [0 TPEM B3aUMHO OPTOTOHAIBHBIM
kommoHeHTaM (X, Y, Z) IJis KaX10i TOUKH HAOIIOICHMUS;
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3) KapThl TEPBBIX MOJ IO TPEM B3aWMMHO OPTOTOHAIBHBIM KommoHeHTaMm (X, Y, Z),
MMOCTPOCHHBIE Ha OCHOBE MAaTEMAaTUYECKOTO MOJCIUPOBAaHUS COOCTBEHHBIX KOJIeOaHWM OOBEKTa
uccaenoBaHus (MOJICTbHBIC TaHHBIE).

PesynbraToMm jxe paboThl airopuT™Ma OyayT:

1) xapThl pealbHBIX CEHCMUYECKMX JAHHBIX, CKOPPEKTUPOBAHHBIC IMyTEM HWCKIIOYCHHS
JAaHHBIX HEKOPPEKTHBIX U3MEPEHUN B TOUKAX HAOIIOICHHUS,

2) BbIJAYa PEKOMEHIAIMH 110 IPOBEJICHHUIO ITOBTOPHBIX HM3MEPECHHUH B OTOpaKOBaHHBIX
TOYKaX.
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It 1s known that in any engineering structure or building the propagation of seismic vibrations
leads to the formation of standing waves, the frequencies of which are natural for the structure.

With the appearance of defects in the structure or in the base, with a change in the stress-
strain state, the forms of natural vibrations and natural frequencies change [1].

The classification and localization of anomalous zones in the structure requires the use of
decision support systems, based on the logical-semantic approach [2, 3].

Decision Support System (DSS), to determine the state of the object will be focused on
support and decision-making support for automated solution of the problem of microseismic
diagnostics of buildings and structures using digital wave twin object, based on the use of artificial
neural network technology. The modifiers (defects), which are the cause of the anomalous zones in
the structure, are used to form the digital wave twin object.

Immediately note that for the time being, we will be talking about the DSS, oriented to the
analysis and decision making, concerning exclusively standard panel buildings.

The specialized instrumental part of the DSS, responsible for generation and storage of the
training DataSet for the DSS as a set of object models with a particular modifier, is represented as a
sequence of the following transformations:

Object model+modifier — calculation module — pair <map of expected seismic waves,
modifier (M)> DataSet.

In this case, the DSS is responsible for transmitting the real digital wave twin object measured
data about the object in the form of a real standing wave map. Here, one of the central tasks is the
problem of measurement correctness. In the general case, the algorithm for determining the
correctness of measurements of the analyzed object looks as follows. The input data for the
algorithm will be:

(1) Maps of the first modes for the three mutually orthogonal components (X, Y, Z),
constructed on the basis of field observations at the research object;

(2) Coordinates of observation points and amplitude data by three mutually orthogonal
components (X, Y, Z) for each observation point;
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(3) Maps of first modes on three mutually orthogonal components (X, Y, Z), constructed on
the basis of mathematical modeling of natural vibrations of the research object (model data).

The result of the algorithm will be:

(1) Corrected maps of real seismic data, by excluding data of incorrect measurements at the
observation points.

(2) Recommendation to repeat measurements at discarded points.
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3aoaunslit OOX00 K UCKYCCMEEHHOMY UHMEIEKNLY
U meopus YYHKUUOHAIbHBIX CUCIEM PAdOmbl M032a
Butses E.E.
Nucturyt matematuku um. C.JI. Co6oneBa CO PAH, HoBocubupck, Poccus
vityaev(@math.nsc.ru

[Terp Ky3pMuu AHOXHMH XOTeJ pacpoCTpaHUTh TeopHio GpyHKIuoHANbHBIX cucteM (TPC) Ha
pasnuuHble TMpeaMeTHbie oOsactu, cumtas npuHmunbel TAC pocrarouno obmumu. OH OBLT
COBEpILEHHO IpPaB, MOCKOJIbKY TOYHO C(HOPMYJIUPOBAHHBIE MPUHIMIIEI paObOThl (PYHKIHMOHAIBHBIX
CUCTEM IMOANAJAIOT MOJ MOHATHE «3anada», u Torga TAOC sBiseTcss Teopuel peleHusi, MO3roM
3aJad 1O YAOBJIETBOPEHHUIO MOTpPeOHOCTEH B IIEJICHANPABIEHHOM IOBEJICHUH. BakHeHmum
noustueM TOC sBiseTcs MNOHATHE aKLENTOpa pPe3yJbTaTOB JEHCTBUS, KOTOPOE B 3aJJaYHOM
nojaxone (hopMynupyercs Kak KpUTepUil pEeIIeHHOCTH 3ajad. 3aJauHblii MOJIXOJA CYHMTAET, YTO
3a/1a4a OCMBICIIEHHA TOT'/1a U TOJIBKO TOT/A, KOTJa €CTh KPUTEPUI PEIICHHOCTH 33]1a4M, C IOMOLIBIO
KOTOPOI'0 JJIs Ka)AO0ro IPEIbsABIIIEMOr0 PELICHUs 3aJa4d MOXKHO OIpPEACIINUTD, SBISAETCS JIU OHO
peuIeHueM 3a/1a4u WIH HET.

CoBmecTHOE (hopMYITHUpPOBaHKE 3aIpoca K 3aaue (BOIpoca, Ha KOTOPBIH TpeOyeTcs NOTyIUTh
OTBET) K MOJEIN NpPEeIMETHOW 00JIacTH, K KOTOPOH OTHOCUTCSI BOIPOC; KPUTEPHsI PELICHHOCTH
3aaun — JIEHCTBUTENBHO JIM MOJYYEHHBIH OTBET Ha BOIPOC/3alpOC SIBISETCS pPEILICHUEM 3aJauu
WIM HET, a TakXXe METOJa BBIUMCIEHHUS OTBETa Ha 3alpoc/BOINPOC, ONPEACNSAIOT CMBICT H
COZIepKaHUE 3a/1a4uu.

Omnpenenenue neneHanpasieHHoro nosefaeHuss B TOC ¢ MHPOpMAIIMOHHOM TOYKH 3pEHUS
MOXXHO pacCMaTpuBaTh KakK peELIEHHEe MO3IOM 3aJadyd [0 YIOBJIETBOPEHHUIO HEKOTOPOH
MOTPEOHOCTH B JIaHHOM OKpPY)XEHUU. AHAJIOrOM TMOHATUS 3aJadydl s 1eJIeHAIpaBlIeHHOTO
IIOBEJICHUs SIBJIACTCS MOHATHE Lenu. Llenb Hemb3s NOCTUYB, HE MUMEsl KPUTEPUs €€ TOCTHKCHMUS,
VMHa4ye BCErJla MOYKHO CUMTaTh, YTO LEIb yXKe JOCTUrHyTa. [Ipu MocTaHOBKE LENN KPUTEPUEM €€
JOCTIDKEHUs siBisiercs omnpenensemblid B TOC akuenTtop pesynbratoB aedcTBus. Llens 0e3
aKIEeNnTopa pe3yIbTaToB JACHCTBUS OECCMBICIICHHA.

[TonsiTve nenn mapagoOKCaIbHO — LENb HUYETO HE TOBOPUT O TOM, KaK €€ HOCTHYb. [[1s1 Toro
YTOOBI 3HATh, KAK MOYKHO €€ MO>KHO JIOCTHYb, HY’KEH OMbIT. ECIIM HET HUKAKUX 3HAHUM U OMbITA, TO
MOBEJICHHE OpPraHu3yeTcsi METOAOM Hpod M OMMOOK, KOTOPBIH B JIaHHOM Cllydae sBISeTCs
€AMHCTBEHHO BO3MOKHBIM. OIBIT CKJIaJbIBAETCSI M3 IOJYYEHHBIX METOJIOM Mpod U OMHOOK
CllyyaeB JOCTHKEHUs 1enu. Ha ocHOBaHMM MOJIy4E€HHOT'O OMbITa BBIOMPAETCS OJUH M3 CIOCOOOB
JOCTW)KCHMSI LI€NIM, KOTOPBIM IIPEABOCXHUINACT JOCTHMIKEHUE LEIH U YIOBJIETBOPUT AaKLENTOP
pe3yJIbTaTOB ACUCTBUS. DTH NMPEABOCXUILIECHUS ONPENEISIIOT TaKKe CIOCOOB! (IT0CIe10BaTEIbHOCTH
NEHCTBUI), KOTOPBIMH MOXKHO JOCTHYb Lenu. OneHuBas HMOLUSMU pa3IMyHbIE CIOCOOBI
JOCTHKEHUS], IPUHUMAETCS PellICHHEe M BBIOUpPAETCsl OJUH U3 HUX, KOTOPbIM Hanbojiee BEPOSTHO U
C HAUMEHBIIMMHU 3aTpaTaMHM MPUBEAET K ILEJIU. DTO OCYIECTBISETCS SMOLUSAMU Ha CTaauu
NPUHATUS pElIeHUH. OMOLMH, B COOTBETCTBMM € MH(pOpManMoHHON Teopuei smouuii [1.B.
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