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AHHOTALUMA

BBeneHune. PaccmoTpeH BOoNpoc CBA3N MHOPMAaLMOHHOM MOAENMN COOPYXKEHUS C pealbHblM 3aaHneM. OTa Tema BKnovaeT
B ce0si cpeAcTBa M METOAbI OTCMEXMBAHUSA MOBPEXAEHNIA N Pa3NNYHbIX BO3OENCTBUM KaK BHYTPU, Tak U CHapyXu 3AaHus.
C nomoLLbio BHeAPEHNS TEXHOMOMMIN MHAOPMALIMOHHOTO MOAENMPOBaHNSA B POCCUACKOE CTPOUTENLCTBO, 06CnyXunBaHne
N PEKOHCTPYKLIMSI COOPYXXEHWI BbINAET HA HOBbIV YPOBEHb. [N 3TOro HeO6Xx0AMMO pasobpaTbCs B TEXHOMNOMMN CBS3N UH-
hopMaLIMOHHOW MOAENN C pealnbHbIM 34aHNeM, KOTopas OCYLLECTBSETCA NOCPEACTBOM HAHOAATHYMKOB, YCTAHOBMEHHbIX
no BCEW KOHCTPYKLMW.

MaTepuanbl n metoAbl. [lpoaHann3npoBaHbl MMetLLMecs Hay4Hble paboTbl 06 nHTerpaumn BIM B npouecc peansHoro
CTPOVTENbCTBA 1 060CHOBaHA akTyarnbHOCTb U HEOBXOANMOCTL Pa3BUTUSA AaHHOW 06nacT B COBPEMEHHOM MVpE.
Pe3ynbrathl. ViccnegosaHo npyMeHeHne MHGOPMaLMOHHOW MOAENN B PEKOHCTPYKLMM OBBEKTOB apXMTEKTYPHOro CTpo-
ntenbcTea. [peacraBneH cnocob ckaHMPOBaHWUS peanbHON MoAeNnu 34aHns ANS CO3AaHWa MHOPMAaLMOHHON MoAenu.
MpvBeaeHs NpYMepb! MCMOMNb30BaHNA HAHOAATHMKOB AN CUHXPOHU3ALMUW peanbHOro o6bekTa CTPoUTeNbLCTBa € ero MHAop-
MaLMOHHON MoZerbto. YCTaHOBMEHa BaXHOCTb OPUEHTUPOBAHUS B 30aHUM C NoMoLLbto cBsidun GIS u BIM. B aToit 0630pHoiW
cTaTbe XOTenock Obl NOKa3aTk BaXKHOCTb MHOPMALIMOHHOTO MoAenupoBaHus aAns Poccuu.

BbiBopbl. NpeactaBneHa BO3MOXHOCTb 06beANHEHNS TakuxX TEXHOMNOIMIA Kak dpoTorpaMmmeTpusi, NasepHoe CKaHMpOBaHWe
1 BO3MOXHOCTV nporpammHoro obecnevernns ReCap ¢ aBToMatnampoBaHHbIM MOHUTOPUHIOM MO M306paxeHnsaM, caenan-
HbIM C pasnnyHbIX YCTPOWUCTB. CAenaH BbiBO4 O BO3MOXHOCTW UHTErpaummn eanHoro MHopMaLMoHHOro nons B obnacte
NasepHOro CKaHMPOBaHWA 1 0BNacTb CoYeTaHNst TEXHOMOrM 0OHapPYXXeHWs 1 onpeadeneHns AanbHOCTV CBETa 1 NOCTPOEHUA
BIM. MNMpeanoxeHo obbeanHeHne TeXHONOrMin obHapyxeHus 1 obnayHoro ocTyna K MHopMaLMOHHLIM MOAENSAM C paano-
YaCTOTHbIMU MAeHTUdUKaTopamun. BbisBneHa BO3MOXHOCTb MHTerpaumm Tpex TexHonorun: BLE-gatumkm, RFID-ckaHepbl
1 aBTOMaTU3NPOBAHHbIA MOHUTOPWHT MO M306paxeHnsiM B 0bnacTb oueHkn nospexaeHunint BIM nocne 3emneTtpsiceHuit.

KNKOYEBbBLIE CITOBA: mogenu BIM, BIM-MoHUTOPWHT, cBsA3b BIM ¢ MOHUTOPUHIOM, OGHapy>XeHne NoBpeXaeHUI, aBTo-
MaTU3MpOBaHHas CMCTEMa MOHUTOPUHIA, MHTENNEKTyanbHble 4aT4YMK/U, aBTOMaTU3NPOBAHHbBIN MOHUTOPUHT, aBTOMaTU4eckoe
oBHapyxeHue noBpexaeHui
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Integration of tracking sensor technology into the information
modeling of buildings and structures

Tatyana A. Sivak, Pauline Yu. Kvasha
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Introduction. The issue of communication of information model of structure with real building is under consideration. This
matter includes damage and various impacts both inside and outside the building tracking tools and techniques. With the help
of the adoption of information modeling technologies in the Russian construction industry, maintenance and reconstruction
of structures will reach a new level. For this purpose, it is necessary to understand the technology of communication of the
information model with the real building, which is carried out by means of nanosensors installed throughout the structure.
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Materials and Methods. Available research papers about integration of BIM into the process of real construction are
analyzed and the urgency and necessity of development of the given industry in the modern world are proved.

Results. Application of information model in reconstruction of architectural engineering sites is investigated. The technique
of real model scanning of a building for the creation of information model is presented. The examples of nanosensors use for
synchronization of the real construction site with its information model are given. The importance of orientation in the building
using GIS and BIM communication has been established. In this review, | would like to show the importance of information
modeling for Russia.

Conclusions. The opportunity to combine such technologies as photogrammetry, laser scanning and ReCap software
features with automated monitoring of images taken from various devices is presented. It was concluded that it is possible
to integrate a single information field into the area of laser scanning and the area of combination of technologies of detection
and determination of light range and BIM construction. It is proposed to combine technologies of detection and cloud
access to information models with radio-frequency identifiers. Possibility of integration of three technologies is revealed:
BLE-sensors, RFID-scanners and automated image monitoring in the area of BIM damage assessment after earthquakes.

KEYWORDS: BIM models, BIM-monitoring, connection BIM with monitoring, damage detection, automated monitoring
system, smart sensors, automated monitoring, automated damage detection
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BBEJIEHUE

B Hacrosi1ee BpeMsi AJIs Halllel CTPaHbl BCE aKTy-
aJlbHEe CTAHOBUTCS NIpodiieMa HH(POPMALIMOHHOTO MO-
nenupoBaHusl. CyIIecTBYeT MHOXECTBO TEXHOJIOTHH,
C TOMOIIBI0O KOTOPBIX MOXKHO OTCIIEXKHUBATh pa3ind-
Hble (aKTOPBI, TPOUCXO/SIINE CHAPY)KU WM BHYTPHU
KOHCTPYKIIMHU, TaKH€ KaK OCBEIEHHOCTb, BIAXHOCTB,
TeMIeparypHbli (akTop, CTENEeHb HArpy3KH Ha KOH-
CTPYKIUIO, CTETIEHb MOBPEXKICHHS Pa3IMUHbIX YacTel
31aHus. brarogapst TaHHBIM TEXHOJIOTHSAM MOHUTOPUH-
ra MOSBIISAETCS BOZMOXHOCTh 00E€CIEYUTh HaMIyuIlIee
o0CITy’)KHBaHUE COOPYKEHHUH, a TaKKe OTCIIeKHBAThH
U PEryJIMPOBaTh YPOBCHb KOM(OPTa MPEObIBAHUS B HEM
moneit. Onnako B Poccun nH(GOpMAIMOHHOE MOJICITH-
pOBaHHUE HE UCIOIb3YETCsI AKTUBHO, U3-32 YeTO BO3HU-
KaeT psiJ NIpoOIeM: OTCYTCTBUE JIaTYUKOB Pa3pylICHHUs
KOHCTPYKIHMH — BO3HUKHOBEHHE OOJIBIIOrO KOJIHUYe-
CTBA aBapUIHBIX 3/1aHUM, & TAKKE HE CBOEBPEMEHHAas
PEKOHCTPYKLMS, UTO TIOJ[pa3yMeBaeT ropasio 0oJIbIue
3aTparhl Ha ATO; OTCYTCTBHE IUIAHOB ATakel KOMMep-
YEeCKHX COOPYKEHHUH JUIsl TOCETUTENIeH B CBOOOIHOM
JOCTyIe — NpOoOJIEMbl CCOPUEHTHPOBAHHEM TTOCETH-
Tenelt BHYTpH 31aHus. C OMOIIBIO BHEPEHHUS TEXHO-
JIoruii MH(OPMALIMOHHOTO MOJIEIMPOBAHUS B POCCU-
CKOE CTPOUTEIBCTBO, 00CITYy)KMBaHHE U PEKOHCTPYKIIMS
COOPYKEHMI BBIWJIET HA HOBBIM ypoBeHb. Jljist aTOTO
HEoOX0IMMO pa300parhbCsi B TEXHOJIOTUH CBS3U HHPOP-
MaIMOHHON MOJAENN C pealbHbIM 3JaHHEM, KOTopas
OCYIIECTBIISIETCSI TOCPEACTBOM HAaHOJATUMKOB, yCTa-
HOBJICHHBIX 110 BCeH KOHCTPYKIIHH.

WudopmanoHHoe MOAEINPOBAHKE ITO3BOJISIET CO-
KpaTUTh BPEeMs U YIyUIIUTh KaueCTBO MPOEKTUPOBAHUS
Pa3IMuHBIX COOPYKEHUH. A TakxKe IoMoraer oosee Ka-

YECTBEHHO MOJAEPKUBATh KOHCTPYKIIHIO B XOPOILIEM
COCTOSTHMM Ha MPOTSHKEHUU BCETO CPOKa IKCILTyaTaluH.
C pa3paboTKoit cucTeM HHPOPMAITUOHHOTO MOACIHPO-
BaHUS 34AHUN U COOPYKECHUI IIPOCKTUPOBAHUE CMOKET
OBITh peaIM30BaHO C HAUMEHBIIMMH 3aTpaTaMy BpeMe-
HU U 4eJI0OBEYECKHUX PECYPCOB.

Hecmorps Ha TO, uro B Poccuu nHpopmannon-
HOE MOJICJIMPOBaHNE CUUTAETCSA, B MEPBYIO OYEpeb,
HHCTPYMEHTOM JJIsl COKPAILLIEHUSI BPEMEHHU MPOEKTH-
pOBaHUS, a COKpaIlleHHE YEeJIOBEUECKUX PECypCoB, yua-
CTBYIOIIMX B MPOEKTUPOBAHUHU, — 3TO COMHUTENIBHBIN
mar. DTo J1ajeKko He Tak. TeXHOJIOruu MH(GOpPMaIOH-
HOTO MOJEJIMPOBAHUS TTO3BOJISIIOT CBOEBPEMEHHO 00-
Hapy’>KUBaTh HapyLICHHUS B 3KCIUTyaTal[id U YCTPAHSTh
BpEJHBIE AN KOHCTPYKIUU BO3ACHCTBUSA, KOTOPHIE
BUJIHBI B PEeXKHUME peanbHOro BpemeHu. HecoMHeHHO,
JUISL KOHTPOJIA 3TOTO Mpolecca HeoOXOIUMBbl YeoBe-
gyeckue pecypchl. OHAKO UX KOJIUYECTBO B COBOKYTI-
HOCTH C JJAHHOW TEXHOJIOTHel Oy/leT B HECKOJIBKO pa3
9KOHOMHYECKH BBITOJIHEE, YeM 00CIy)KMBAaHHE 3/aHUs
0e3 UCIIOJIb30BAHUS COBPEMEHHBIX METO/IOB.

Yacto ymyckaercs M3 BHJA SKOHOMHYECKas CO-
CTaBISIONIAs IIpollecca CTPOUTENLCTBA M OOCIIYHKH-
BaHMs 3aHUN U cOOpyxkeHMM. Tak Kak [uisl BBEICHUS
COBPEMEHHBIX METOJIOB 1 HOBOTO 000PY/I0BaHUsI HEO0-
XOJMMO Oy/IeT COBEPIUUTD JIOMOJHUTENILHBIE 3aTPaThl,
TO BO3HHUKAET MHEHHUE O TOM, YTO 3TOT ITyTh CTAHET IKO-
HOMHUYECKH HEBBITOAHBIM JIJIsl C(hepbl CTPOUTENIBCTRA.
OpHako He BCe 3ayMBIBAIOTCS O TOM, YTO B OY€Hb
CKOPOM BPEMEHHU 3TH 3aTPAThl OKYISATCS U MO3BOJAT
MOJACPKUBATE 3/1aHUS B HAWTy4dIlIeM BO3MOXHOM CO-
CTOSIHMU.

OCHOBHOM II€NIBI0 3TOTO HCCIEI0BaHUS SBIACT-
Csl aHAJIN3 YK€ MMEIOIIMXCsl HAy4YHbIX paboT 00 HH-
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WHTerpayms TEXHO0rMKU aTinKoB OTC/IEXXUBAHMS B MHOPMaLMOHHOE MOAEIMPOBaHUE 3aHni

M COOPYIKEHMH C. 142

terpauuu BIM B npouecc peajbHOro CTpOUTENbCTBA
U 000CHOBaHME aKTYaJIbHOCTH U HEOOXOAMMOCTHU pa3-
BUTHS JTAaHHOM 0o0JjacTh B coBpeMeHHOM mupe. s
9TOr0 OBUIM BBINOJHEHBI CIEAYIOUINE 331a4n: U3yde-
HHE HCCIIEA0BATEIbCKUX CTATe O pa3jiMyYHBIX BHJaX
JIaTYUKOB, IPUMEHSIFOIMXCS B CTPOUTENILCTBE 31aHUN
U COOPY)KEHHH, BOIIPOCOB, KOTOPbIE YK€ ObUIN UCCIie-
JIOBaHbI M PELICHbI B ATOW 00JIaCTH; MCCIIeIOBaHHE Ha-
YUHBIX paboOT O Pa3IMYHBIX HECTAHAAPTHBIX CIIOCO0axX
npuMmeHenus BIM-Moneneil, Kak B CTPOUTENBCTBE, TaK
U B IIOBCEJHEBHOI KU3HHU, NMPOOJIEeM, KOTOPHIE YXKe
OBUIN MCCJIEZIOBAHbI M PELICHBI B 3TOW 00JIaCTH; aHAIIN3
BO3MOYKHBIX COUETAHUI1 BBIIIE YIIOMSIHYTON TEMbI U UC-
NOJIb30BAaHKE €€ CBS3U MPU CTPOUTENIBCTBE U JAajIbHEH-
HIel SKCIUTyaTaluy 31aHuM.

Hccnenoanust B 00nact MHGOPMAILIMOHHOTO MO-
JICTTMPOBAHUS BEJIYTCSl y’KE HECKOIIBKO JAECATHICTHI. 3a
9TOT HEMAJIbIH CPOK OBUIO BBE/ICHO JI0CTaTOYHO HOBBIX
TEXHOJIOTHH, YTOOBI, 00bEINHUB UX, MOKHO OBIIO CO3-
JIaTh 4TO-TO COBEPILEHHO HOBOE ¥ HEOOXOIUMOE B 00-
JIACTH CTPOUTEIILCTBA. 3a7ia4a COCTOUT B TOM, YTOOBI
00BEIMHUTH Pa3paboTKU B 001aCTH HHPOPMALIMOHHOTO
MOZICJIUPOBaHUS U B O0JIACTH TPOTrPaMMHUPYEMbIX CH-
CTEM, TAKUX KaK JIaTYMKU OTCIICKUBAHUSI TIOBPEKACHUN
U PYTHX Pa3IMYHbIX (aKTOPOB.

BricTpoe pa3BuTHE TEXHOIOTUN CTUMYIUPYET U3-
MEHEHHUs B CTPOUTENIbHOUN oTpaciu. [Ipoucxonut He-
npepbiBHAas oldpoBKa Bcex 00bEKTOB B 3TOU cdepe,
YTO JIaeT BOZMOXKHOCTH IEPECMOTPETH CYIIECTBY FOLIHIA
JMU3aiiH KOHCTPYKIUI 1is Oymyiiero pa3sutus. He-
CMOTpS Ha 3HAYUTENILHBIE JOCTHKEHUS B 00JIACTU WH-
(hopMaIIOHHOTO MOJEITUPOBAHUSL, IO CUX OP HE BE3-
JIe aKTUBHO MCIIOJIBb3YIOTCS JJAaHHBIE TEXHOJIOTHU. DTOT
Bompoc ocseiaercs B crarbe «Building Information
Modelling (BIM) uptake: Clear benefits, understanding
its implementation, risks and challenges» [1].

JUist JOCTHIKEHHST HAaMJTy4LIMX Pe3yJIbTaroB B pa3-
JIMYHBIX cepax AesTeIbHOCTH 00beANHEHHE YCHIIUMA
SIBJISICTCS OTIIMYHBIM perieHneM. Tak, HeKoTopble cTpa-
Hbl, Hanpumep, CUIA, Benukoopuranus u lOxnas
Kopest 00benuHUIUCH B LEsIX pa3pabOTOK B cdepe
UHPOPMAIIMOHHOTO MOJICITUPOBAHUS. DTH pa3padOTKH
nojpaszyMeBaiy 0osee TOYHYI0 BH3YaJIU3aLHUI0 TPeX-
MEpPHOTO JAM3aifHa, KOOPAMHALUIO U IIJIAaHHUPOBAHHE
CTPOMTEIBHBIX paboT, pacmupeHne ooMeHa HH)Op-
MaIel u ynpasienus 3nanusimu. B craree «Critical
success factors for implementing building information
modelling (BIM): A longitudinal review» [2] paccma-
TpHUBaIOTCSl (PAKTOPHI, 00ECIEUNBAIOIINE OCHOBY IS
CO3JlaHUsl CTaHJAPTHOW MOJENH OLICHKH, WMEIoIIen
yCreX BHEAPSHUs HHPOPMAIIMOHHOW Moneiu. Takxke
9TO CIIY)KUT OCHOBOW JUIS JAJIbHEHIIEro YIy4qIlIeHHUs
OTpaciy.

WHpopmManlmoOHHOE MOJEIUPOBAHHUE SIBIISIETCS
HEOOXOAMMBIM HE TOJIBKO Ul Tpoliecca MPOeKTH-
pOBaHMS M CTPOMTEILCTBA COOPYKEHHWIl, HO U JUIs
o0ciy)kxnBaHUsl OOBEKTOB CTpOUTENbCTBA. B pabore
«Integration of BIM and GIS in sustainable built en-

vironment: A review and bibliometric analysis» [3]
MpEICTaBICHBI UCCIICIOBaHU B o0macT cBsizu BIM
u GIS Texnomoruii. [laetcsi BceoObeMITIOIIUNA 0030p
BHEJIPEHUSI CBSI3M MH(POPMAIIMOHHOTO MOJICIIMPOBAHUS
U reorpaduueckod UHPOPMAIUOHHON CHCTEMBI
B YCTOMYMBBIE CPEbl C LEIbI0 aHAIM3a C YeThIpex
TOYEK 3PEHUS: TEXHOJOIHHU Ul MHTETPAalluy JaHHBIX,
MPUMEHEHNE B TEYEHHE BCEro XKM3HEHHOro IUKIIa,
yIpaBJIeHUuEe YHEPronoTpedIeHHEM 3/1aHUI U yIpaB-
JICHUE TOpOJCKUM X03sicTBOM. lIpeacraBieHsl Tpu
TUNHUYHBIX peknMa BHeapenus BIM-GIS: ochoBa
BIM — nonnepxka GIS, ocnoBa GIS — noaaepkka
BIM, BIM u GIS yuacTByIOT B paBHOI cTeneHu. JTa
KjaccuuKanys Mpou3BeieHa Ha OCHOBE Pa3IMYHbIX
JOMUHHUPYIOIUX MO3ULIUNA IBYX TexHosoruil. Kpome
TOTO, 00CYX/IAIOTCSI pa3InYHbIC HAlpaBJICHHUs HCCIIe-
JOBaHUH W mpumeneHus uurerparun BIM-GIS B Oyny-
meM. J[aHHbIi 0030p MOXKET CIYKHUTh KapTOH ISl UC-
ciesoBaresield, COCpPe0TOUCHHBIX Ha MCCIIEI0BAHHSIX
BHenpenus BIM-GIS.

OJ1HaKo TEXHOJIOTUH MH(POPMALMOHHOTO MOJIEIIH-
pOBaHUsI HEJlb3s Ha3BaTh CAMOAOCTATOYHBIMHU, B DTOM
cdepe, KaKk ¥ B IPYTUX CYLIECTBYET psiJ| IPoOIeM, KO-
TOpBIC TPENICTaBICHBI B 0030pe [4]. B aToM moKymMeHTe
paccmarpuBaroTcst NpoOJieMbl M HEIOCTAaTKH, BO3HUKA-
IOLIME B POLIECCE B3aUMOJICHCTBHS MH(OPMAIIMOHHON
Y MH)KEHEPHO# Mojenu, npejiarast mojpo0HyI0 Kiiac-
cu(uKaIMIo ATUX TPOOJIEM U MX JJOCTYIIHBIE PEIICHHSI.
Kpome Toro, paccMarpuBarOTCsi HEKOTOPBIC TTPOOIIEMBI
B IIPUMEHEHUU WH(POPMALMOHHOW MOJEIH ISl PO-
EKTHPOBAHMSI CXEMbI dHEpronorpedieHus. OTa crarbs
JJaeT BO3MOXKHOCTbH HCCIIEZIOBaTh NPHUMEHEHHE KOp-
PEKTHPYIOIINX CPEJICTB MPOrpaMMHOro o0ecrieueHusl,
AHAJIOTMYHBIE TEM, KOTOPBIE MPECTABICHbI B JaHHOU
pabore.

B pabore «A combined scientometric and con-
ventional literature review to grasp the entire BIM
knowledge and its integration with energy simulation»
[5] paccmarpuBaroTCs OCHOBHBIE TEMbI UCCIIEIOBAaHUI
U TeHICHIMN B 007acTH MH()OPMAIITMOHHBIX MOJIEIICH.
Taxoke npejuiaraercst MoApoOHBIH 0030p MHTErpaluu
MH()OPMALMOHHOTO MOJIEITUPOBAHUS U MOJICITUPOBAHMS
9Hepro3(hpHeKTUBHOCTH 31aHUIA.

Bo-nepBbIX, BBIIOIHAETCS HAyKOMETPUUYECKUU
aHaJIN3, KOTOPBIA MO3BOJISIET UACHTU(HUIIMPOBATH 00-
paslbl UCCIEOBAHUNH M BO3HHMKAIOIIME TEHICHIMH
B KOHKPETHOW 00JacTH MCCIIEOBaHUH, YTOOBI pasje-
JIUTH OOJIBIIOE KOJIMUECTBO CTATEH, COCTABIISIONINX JIU-
tepatypy o BIM, Ha HeckosIbKO YacTel, Kax/Iblil U3 KO-
TOPBIX MPEACTABIISIET ONPE/ICIICHHYIO TEMY.

Bo-BTOpBIX, NMPOBOAUTCS aHalU3 pa3IMYHBIX
ACIIEKTOB, OTHOCSIIMXCS K MHTErpallui HH)OPMaIOH-
HOTO MOJEJIMPOBAHUS C MOJICIUPOBAHNUEM SHEProdd-
(heKTUBHOCTH 3[IaHHI, 4TOOBI MTOTYCPKHYThH IBOJIFOLIUIO
B3aumoznelicreus mexay BIM u uncrpymenramu Mo-
JIeITMPOBaHMsI SHEPTHU. 3aTeM OCYILECTBIsIETCs: 0030p
pa3IMYHbIX PUMEHEHHUI TaKoi MHTErpaluu JJjis Bbl-
SIBJICHUSI IOTEHIMAJIbHBIX TIPOOEJIOB B 3HAHUSIX. B aTOM
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