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Anomauin. Hayxose 0ocniodxcenns nonseac 6 nioSUUWEeHHI epeKmusHOCmi MOHIMOPUHZY mMa aHanisy ceucmiunol
akmugnocmi  bazamonogepxogux OyounKie, 3aeosxu asmomamusayii oamoeo npoyecy. Cucmema, KA NPOEKMYEMbCS
ckaadaemuvest 3 6azu 0aHux ma 6e6-000amKy, wo 8 CYKYNHOCMI 00360/510Mb 00csieHymu nocmaegienoi memu. Ompumani
pe3yibmamu  MOXCyms  Oymu  GUKOPUCMAHHI  THOICEHepamu-celiicMonozamy nio yac OyOignuymea ma excniyamayii
bazamonogepxosux Oyounxig. [anna poboma € nepuloio YACMUHOIO pe3yTbmami@ OOCHONCEHHs, d came MeopemuyHUM
niorpyumsam. Y pobomi posensmuymo, He auuie Memooonoziio po3pooKu ceoepagiunoi ingopmayitinoi cucmemu MOHImMOpUnzy
celicMoakmueHocmi OydiseibHuxX cnopyo, a Ui 3aKYEeHMOBHO y6azy Ha icmOopuyHUX pationax. lemopuuni paiionu doysice epaznuei
00 NpuUpoOHUX Hebe3NneK, GKIOYAIOYU 3eMACMPYCU, SKi MONCYMb 3A60AMU CEPUO3HOL WKOOU, AKU0 He NOBHO20 PYUHYGaHHs. V
Ppobomi NPONOHYIOMbCSE Memoou, sIKi MOJCymsv Oymu peanizogami yepes ceozpaghiuny iH@opmayiiny cucmemy Ons OYiHKU
DI3UUHUX ROWKOOMHCEHD, CRPUYUHEHUX 3eMaempycom, ma pe3yibmamie enaugy Ha QyHKyii ma MOHimopuHey ix cmitixocmi.
Hepexodﬂqu 00 nocmilino20 MOHlmopquy CWZluKOCWZl NPONOHRYEMbCH Memoo OL;IHKM 3ACHOBAHUL HA mdekcax LL{06 KINbKICHO
suznauumu, sik ynxyii HA 6ionosmoiomscs 3 uacom. 3 Memor npuckopenms UKOPUCAants 2eocpa@iunoi inghopmayiinoi
cucmemu (T'IC) y eany3i Oocniodcenv indicenepuux 3zemaempycie egpexmuenicmo I'IC demoncmpyembes 3a 00nOMO2OI0
Opu2inaibHo po3pobnenux cucmem i dooamkis. Taxy cxkiaduwy npobuemy, siK 3an00icanus 3eMAEmMpPYCy, MONCHA SUPTUUMU
WAXOM HAKONUYEeHHA Ma CuMmesy 3HaMb i Oauux y 6izyanizogaromy inmepaxkmugnomy cepeoosuwi I'IC. Cnouamky
nPo6eOeHo 00'€KMHO-0PIEHMOBAHUIL AHAT3 MEXHIYHOL 3a0ayl 3eMAempPYCy Ma BUKPECTIEHO CYMHICTb NPoOIemMU 3a 00NOMOZ0I0
MemoOuKy 00'ekmuo-opicnmosano2o mooentodannsa. Ha ocrnosi yboco ananizy KonyenmyanoHull npoeKkm 3a2aibHoi cucmemu
0Y6 YHIhiKo8aHULl MAKUM YUHOM, WO 8 KOJICHY cucmemy 60y006ana CilbHa CIMPYKmMypa Memooy ma OaHuXx.

Abstract. Research is to improve the efficiency of monitoring and analysis of seismic activity of multi-storey buildings, by
automating this process. The system being designed consists of a database and a web application, which together allow you to
achieve this goal. The obtained results can be used by seismological engineers during the construction and operation of multi-
storey buildings. This work is the first part of the research results, namely the theoretical basis. The paper considers not only
the methodology of developing a geographic information system for monitoring the seismic activity of buildings, but also
focuses on historical areas. Historic areas are very vulnerable to natural hazards, including earthquakes, which can cause
serious damage if not complete destruction. The paper proposes methods that can be implemented through a geographic
information system to assess the physical damage caused by the earthquake and the results of the impact on the functions and
monitoring their stability. Turning to continuous sustainability monitoring, an index-based assessment method is proposed to
quantify how HA functions recover over time. In order to accelerate the use of Geographic Information System (GIS) in the
field of engineering earthquake research, the effectiveness of GIS is demonstrated through originally developed systems and
applications. Such a complex problem as earthquake prevention can be solved by accumulating and synthesizing knowledge
and data in a visualized interactive GIS environment. First, an object-oriented analysis of the technical problem of the
earthquake was carried out and the essence of the problem was erased using the method of object-oriented modeling. Based on
this analysis, the conceptual design of the overall system was unified in such a way that each system has a built-in common
structure of method and data.

KiarouoBi cjoBa: MOHITOPHHT, CEHCMONOTIA, 3€MIIETPYC, MAarHITyHa, CeWCMi4HAa aKTUBHICTh, CEHCMOIOTIUHI
CIIOCTEPE)KEHHS, JJOKAIbHA Mepeka, CeiiCMONIOTidHa amaparypa, 9aCTOTHAa XapaKTepUCTHKA CEHCMIYHOT0 KaHaly, TEKTOHIYHI
po3nomu, iHpOpMamiiiHi TeXHONOT1, 0a3K TaHUX, BEO-T0MATOK.

Key words: monitoring, seismology, earthquake, magnitude, seismic, seismological observation LAN, seismological
instrumentation, channel frequency, response of seismic, tectonic faults, information technology, database, web application.

IIpakTuuna yacTuHa. [HPopMmaniliHa Mozmens, MmO 300pakeHa Ha PUCYHKY |, JIEMOHCTpYe SIK CHCTEMa B3AEMOJIE 3
KOpHCTyBaueM Ta OoTpuMye naHi. KopuctyBau cucremMu — imkeHep-ceficMonor. Bin ugepes iHTepdeiic BeO-10m1aTKy BUKOHYE
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3aImuT 10 cUcTeMH. BeO-1o1aTok BUBOANTH 3 0a3W JaHMX HEOOXiJHI KOPHUCTYyBady JAaHi (3 MOXIIMBICTIO €KCIIOPTY Y dopmMat
Excel), mo mocrynaroTe KOKHOI XBHJIMHH 3 JATYHKIB, SIKi OYIJIM IOTIepeTHbO ITiJKITIOYEHI.

P
N 1

-

[ baza manmx

v

CepBepHa 4acTHHA

v

IaTepdetic kopuctyBaua ]

?

[ JlaHi JaTYHKIB J

OO0pobneHi gaHi y
tdopmari Excel

Puc. 1 - Indopmaniiina monenb cucreMu

baza nanmx 30epirae Bco HeoOXigHy iH(OpMAILiIO JUIs MOBHOIHHOTO (YHKIOHYBaHHS cuctemMu. Ckiamaetscst 3 6
Tabnuip, 4 3 SAKUX IOB’s3aHi M coboro. basza mpuBeneHa 1o TpeTboi HOpMalbHOI (OPMH, 3 YpaxyBaHHSM crerianizanii
MoTped CHCTEMHU IPO IO CBiT4aTh 3B SI3KH, SKi BKa3aHI HA PUCYHKY 2.

users buildings sensor_values
22 id int 22 id int & id int
name varchar(255) name varchar(255) sensor_id  int
avatar varchar(255) description varchar(255) f/ value double
email varchar(255) adress varchar(255) created_at timestamp
provider_user_id varchar(255) lat double(10,6) \ / updated_at timestamp
is_admin tinyint(1) Ing double{10,6) \ |
remember_token varchar(100) created_at timestamp
created_at timestamp updated_at timestamp
updated_at timestamp
sensors
o~ id int
notifications sensor_types building_id int
o~ id int o~ id int type_id int
text varchar(255) name varchar(255) description varchar(255)
is_viewed tinyint(1) label varchar(255) token varchar(32)
created_at timestamp created_at timestamp created_at timestamp
updated_at timestamp updated_at timestamp updated_at timestamp

Puc. 2 — Cxema 6a3u JaHHX

Pe3yabTraTn

CucteMHi BUMOTHY JUlsl cepBepa 0a3u JaHHX: onepaTuBHA mam'sth - 1GB, BinbHe micue Ha mucky - 4.76 GB, oneparriitna
cucrema - Windows 7, Windows 8.1, Windows 10, Linux. Cucremni BHMOTH sl IPOrPAMHOIO MPOAYKTY: MOCPATHBHA
mam'ste (RAM) - 256 Mbytes, Bimpre Miciie Ha mmcky - 150 Mbytes, omepariiiina cucrema - Windows 7, Windows 8.1,
Windows 10, Linux.

st oTpuMaHHS JOCTYMY IO MOJANBINOI pOOOTH 3 CHCTEMOI0 HEOOXiTHO aBTOPM3yBATHCh Ta MAaTH IpaBa JIOCTYITY, IO
HAJIAIOTHCS MiJl Yac BIPOBADKEHHs cUcTeMH. [Ticist MpOXOMKEHHsT aBTOpH3allii 3’SBUTHCS MEHIO 3 HOBHMHU MOMITUBOCTSIMH
(pucyHok 3), a came:

— JIOaBaHHS HOBUX OY/IWHKIB B CHCTEMY;

— JTOJITaBaHHS HOBMX JAaTUYHUKIB;

— BIKHO ITOB1JOMJIEHD.
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Puc. 3 — CraproBe BikHO

106 mogatu OyIUHOK B cucTeMy HeoOXiHO HATUCHYTH «JlomaT 00’ekT». 3’ IBUTHCS BIKHO, B SIKOMY HEOOXIJJHO yKa3aTH
Ha3By, OMHUC Ta ajapecy OynuHKy (pucyHok 4). J{ns Toro mo6 ykazaTu ajpecy HeoOXiJJHO MEPETATHYTH MapKep Ha Micle Je
3HAXOOUTHCS OYJIMHOK Ha KapTi, a BeO-10AaTOK caM chopMye aapecy 3a T0moMoror koopaunat. ChopMoBaHy ampecy MOXKHA

Oyne Binpenarysatu. [Ticns HaTHcKaHHS KHONKU «JlomaTny OyauHOK Oyzie 10JJaHO B CHCTEMY.

HoBu# 06'ekT

Hassa

Onuc

LlenTp, Opeca, Onecbka o6nactb, Ykpaina

Kapra CynyTHuk

3
S
E
%
2
3
§

MOTHOMKIHCEKI cxo%

moneca Mapk im.

lWesyeHka

Eos |
MONJABAHKA

MPUMOPCbHKUN
PAWOH

§ [Hawixapr ©2017 Google | Ymosu BAKOPHCTEHHR

Puc. 4 — Bikno «HoBwuii 00’€xkT»

[I1o6 momaT HOBHMH NaTYMK HEOOXiTHO HATUCHYTH «JlomaTu matumk». 3’SBHThCS BIKHO (PHCYHOK 5), B SIKOMY HEOOXiIHO
BHOpaTH OYAMHOK Ha SIKOMY BiH BCTAHOBJICHHWH, THIT NAaTYMKA Ta MPU HEOOXITHOCTI BECTH ACAKWI ommc. TWI JaTduKa Ha
OyIMHOK BHOHMPAETHCS 3a JIOMOMOTOI0 CIHCKIB, IO Bif0OpakaloTh yci JOCTYITHI BapiaHTH B cuctemi. [licmsi HaTHCKaHHA

KHOTIKH «JlomaTm» naTtdauk Oyzie JOAaHO B CHCTEMY.
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Hoewi gatumk

BubepiTe 00'eKT

BuBepiTe TMN gaT4MKa

Bubepite Tn gartumka
[Hatuuk sonorocTi
Jatunk wemakocTi BITPY
JaTunk Temnepartypu
CefAcmomeTp

3aKpUTH

Puc. 5 — Cniucok 3 10CTYMHHMH THIIAMY JATYHKIB

KorkeH OyTMHOK Ma€e CBOIO CTOPIHKY, Jie BiJOOpaXkaeThCs ycsi 1MOB’si3aHa 3 HUM 1H(opMallist (PUCYHOK 6)

— HasBa,
— MICHC3HaAXOXKCHHA,
— OIIUC,
— JaT4YUKH, 110 BCTAHOBJIEHI Yy ubOMYy 6y,lII/IHKy.
FonoBHa Nopatu of'ekT Nopaty paTuMK Buxig Q
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Onume: 114 nosepx
Knwou: 8LcfzMctofilETg3ILmTQwSiMWQOQSYYe
 m— Tt
30
29
28
27
26
25
24
23
22
21
20
15:40 15:41 15:42 15:43 15:44 15:45 15:46 15:47 15:48 15:49

Puc. 6 — Cropinka odpaHoro 0yamHky
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Ha cropinmi HeoOXxigHOro OyauHKY MOXKHa BiApenaryBaTd iH(OpMAIilo PO HHOTO YW 30BCIM BHIANHUTH. PemaryBaHHS
BiIOYBAETHCSI AHAJIOTIYHO JI0JIaBaHHIO HOBOTO OyJMHKY B CHUCTEMY, ajie y ITOJsl aBTOMATHYHO ITiICTABIISIOTHECS BXKE iCHYIOUI
JlaHi, a JyIs TOTepe/PKEHHST BHIAJIKOBOTO BHIAJICHHS NMPW HATHCKaHHI KHOIIKM «BHIAJHUTH» 3 SBISETHCS BIKHO, B SIKOMY
HEeOoOX1THO MiATBEPIUTH JIiIO0.

Jl71s1 meperssiy po3ropHyTOro TEKCTY IMOBIIOMIICHHS HEOO0X1THO BIIKPUTH BiKHO ITOBIJOMJICHB

Jlist Toro mo0 meperysiHyTH yci TOBiIOMIIEHHS, 1110 CTBOPHJIA CHCTeMa HEeOoOXiJHO HaTUCHYTH KHONKY «llokazatu yci» y
BiKHI TOBiZlOMJIeHb. [lic/isi HAaTHUCKAaHHS CUCTEMa BIJKpUE CTOPIHKY 3 yciMa ITOBIJIOMJIEHHSMH Ta JaTOI KOJNW BOHH OyiH
CTBOpEHi (pUCYHOK 7).

FonoBHa Dopatu o6'exT Jopatu natumk Buxig a

[2017-06-08 15:49:00] Ha o6'exTi ByawHok 2 nokasHuku [latynk Temnepatypu nepesnimnn 40°C

Puc. 7 — Cropinka noBigomjieHn

OnHi€0 3 BOXIUBUX MOXJIMBOCTEH BeO-IOAATKY € MOXKIIMBICTh TOPIBHAHHS OJHAKOBHX JATYHMKIB, [II0 BCTAHOBJICHHI Ha
pi3Hux OyauHKax. Jly)ke 4acTo Iie J0moMarae CKIIacTH MOBHY KAPTHHHY CEHCMIYHOCTI YChOTO PETiOHY, HAa SKOMY TPOBOIUTHCS
MOHITOpHHT. JIJ1sl MOPiBHSIHHS HEOOXiTHO BUOPATH MEPIIMi JATYMK Ta HATUCHYTH TOPSIT 3 HOTO HAa3BOK KHOIKY «ITOPiBHATHY.
3’SIBUTHCS BIKHO, Jieé HEOOX1IHO BUOpATH OYAMHOK Ta HOro AaT4HK (PUCYHOK 8), 3 IKUM HEOOX1IHO MOPIBHSTHU JIaHi.

MopiBHATH NOKa3HWKK

BuBepiTe gaTumk

Bubepith gaTumk
CeiicmomeTp (1# noBepx)

3aKPUTH

Puc. 8 — Bubip gaTuuka 1,151 nopiBHsIHHS

[Micnst BMOOpY HEOOXiTHHUX MapaMeTpiB sl MOPIBHAHHS 3’SIBUThCS BIKHO 3 Trpadikom, jae OyayTh MOKa3HHKH OOpaHUX
JIATYHKIB (PUCYHOK 9):

MNopiBHATH NOKa3HUKK

1 5ynuHok 1 (ceiicmomeTp) EynuHok 2 (ceiicMoMeTp)

15:40 1541 1542 1543 1544 1545 1546 1547 1548 1549

3aKpuTK

Puc. 9 — INopiBHsiHHS MOKA3HUKIB IBOX AaTYUKIB
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OtpumaHy iH(pOpMAIllifo 3 JaT4YMKa 32 HEOOXiJHHUII Mepiof MOXKHA €KCIOPTYBaTH y AOKYMEHT (opmary excel, HatucHyB
KHOTIKY «EKCITOPT», III0 3HaXOAUThCS Oija Ha3BU AaT4ynka (pucyHok 10).

Al e b2
A B C D E F G H 1 1 K L
1. l 1 2 3 4 5 6 7 8 9 10
2_‘-Iac 15:40 1541 15:42 1543 1544 1545 1546 1547 1548 15:49
3 _HGHESHHHH 2 2,1 2 2 2,3 2,1 3 2.5 2 2,1
4.
5.
5.
.

Puc. 10 — ExcnioproBaHi xaui y Excel mokyment

[To manMM XBWJIb MOXKHA MOCTPOITH rpadik B SKOMY Bi0OpaXkatoThcsi BUOpaHi Hamu naHHi. Ha JniBiii maneni Mu MoxeMo
BUOpATH JIaTYUK, Ta JaHHI SKi MOTPiOHO moka3yBatu Ha rpadiky (Pucynok 11). Takox € MOXIMBICTH €KCHOpPTY rpadika B
kapTuHKy popmary PNG 3 BuGopom iioro miciie po3ramryBaHHs.

Tpadic X

100
75
| h '
50
gl

laill | *l i ! ,w ||‘ _' AL A
i ‘V W l' | W Wl

Puc. 11 — «I'padik XBWIBb 3 AeKiIbKOMA JiarpamamMm»

BucHoBku

CucremMa 03BOJIE:

* KOHTPOJIIOBATHU Ta a/IalITyBaTH MICLIEBY CEHCMIYHY CHTYaIIiI0 OH-JIaliH;

* OIIHIOBATH TIOTEHIIIHO MOYKJIMBHH BIUTUB CEUCMIYHMX KOJIMBaHB Ha CTA0UTBHICTH pOOOTH KOHTPOIHOBAHUX 00’ €KTIB;

* CBOEYACHO PO3POOIIATH 3aXOAM JUIA 3HIDKCHHS CEHCMIYHMX PHU3UKiB, IOKPAIIEHHS 3aXHIIEHOCTI 1H)KEHEPHUX 00’ €EKTiB,
T IBUIIEHHS 0€31IeKH POOOTH KOHTPOIHOBAHUX 00’ €KTIB;

* OyayBaTH HOBI CIIOPY/IH IIiIBUIICHOI HEOE3MEeKH 3 ypaxyBaHHAM HE0OXiIHOTO 3armacy MiIlHOCTi;

* PO3TIOBCIO/KYBATH JIOCBIJ i3 TIONEPEIKEHHAS TEXHOTCHHNX HACIIKIB HA iHIII CTAHIIIi.

ABTOMAaTHYHA CHCTEMa CEHCMIYHOTO MOHITOPHHTY 3a0e3medye:

* ABTOMATUYHE BUMIPIOBAHHS Ta PEECTPAIIIIO TAPaMeTPiB KOJTMBAHD IPYHTY;

* aBpTOMaTH4Ha 00poOKa Ta OI[iHKA CHTHAMIB PO CEHCMIYHI TOMIT;

* CTBOPEHHS KapT EMIIEeHTPiB 3eMJIETPYCiB;

* aBTOMaTH4HE (DOPMYBAHHS MUTTEBHX CIIOBIIICHb.
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