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KueBckuii HallMoHaNBHBIN YHUBEPCUTET CTPOUTEIBCTBA M ApXUTEKTYPhI

KOMILIEKCHBIH MOHUTOPUHI' THXKEHEPHBIX COOPYXEHUM

Pexomenoyemesa npasunvhoe Hanucanue HA36aHUL cucmem MOHUMOPUHEA HA
OCHOBE CMbICI0B020 COOEPHCAHUSL U JIO2UHECKU CO2NACOBAHHO20 NOPAOKA CJIO8.
Paccmompenvr  mpu  cocmaenaowue cucmemobl  KOMNIEKCHO20 MOHUMOPUHSA
8bICOMHO20 30AHUSA, KOMOpbvle 0ONONHAIOM O0pye Opyed, c030a6ds 00WYI0 KAPMUHY
NOJIOAHCEHUS U COCMOSAHUS 30aHUS, €20 HECYUUX KOHCMPYKYULL U 2PYHMOBO20 MACCUBA
noo Hum. Paccmampusaromcs 6 eOduncmee 2ceomexHuuecKuil - MOHUMOPUHE,
2eo0e3utecKull MOHUMOPUHS, UHICEHEPHO-CMpoumenbHulli MoHumopune. [lokazaHuol
3a0a4u  Kaxicoo2o0 MOHUMOPUHEA U ONUCAHbL NpUbOpbl U O0AMYUKU, KOMOpbie
UCNONIL3YIOMCSL 8 COBPEMEHHBIX ABMOMAMUZUPOBAHHBIX CUCMEMAX MOHUMOPUH2A.

Knrouesvie cnosa: cucmemvl monumopumea; 2eomexHuyeckuti MOHUMOPUHZ,
2eoodezudecKuil MOHUMOPUH2; UHIICEHEePHO-CMPOUMENbHbIL MOHUMOPUHS,
nepemewerus, ocaoka, Oegopmayuu, HANPAXCeHus, Npubopvl U  0amMUUKU
MOHUMOPUH2A.

AKTyaJIbHOCTb TeMbl. [Ipu MNpoOeKTUpPOBaHWUW 3JaHUW UM  COOPYKESHHI
o0ycnaBiUBaeTCs WX HAJEKHOCTb, TO €CTh CIIOCOOHOCTBH BBIMOJHATE TpeOyemble
GyHKIIMM B TeYEHHWE pacyeTHOTO Cpoka JKcIutyaTanuu. [Ipu cTpouTtesbcTBEe U
DKCIUTyaTallid  HEOOXOJWM  KOHTPOJb  IOKa3aTelie HaJeKHOCTH  HECYIIHUX
KOHCTPYKIIMU C I1IeJIbI0 He JIOMYCTUTh NPEeAeIbHOTO COCTOSHHUSI CTPOUTEIIBHOTO
00beKTa, IPU MPEBBIIIICHUA KOTOPOTO ero 3KCIUTyaTallds HeJOIyCTUMa, 3aTpyaHeHa
WM Helenecoobpasna [1, 2].

CoBpeMeHHOE CTPOUTEIBCTBO (ITOMHUMO OOBIYHOTO, TPAAMIIMOHHOTO), 3TO BO
MHOI'OM HETOBTOPUMBIC KPYIHBIE CIIOPTUBHBIC COOPYKEHHS, OOJBIIETPOJIETHHIS
apeHbl, CTaJUOHBI, aKBalapKW, a’pOIOPThI, BBICOTHbIE 37aHus. K yHUKaIbHBIM
WH)XCHEPHBIM COOPY)KCHHMSIM OTHOCSTCS TaKXKe OOBEKThl aTOMHOM, XHMHUYECKOH,
HedTerazoBol, qoObIBarolel U MepepadaThIBarolIe MpoMbliieHHOCTH. K 0coObiM
COOPYKEHUSM OTHOCSTCS IUIOTHHBI Ha KPYIHBIX pekax, MOCThl W T.m. Jlis
0e30IacHOM AKCIUTyaTalluid TaKuX 00OBEKTOB CO3JAOTCSI CUCTEMBI MOHUTOPHHTA, T.€.
CUCTeMbl HaOJIIOJCHUN 3a COCTOSIHUEM M TIOJIOKEHHEeM O0BbeKTa BO BpEeMEHH U
npocTpadcTBe. OCOOCHHO aKTyaJbHBIMH SIBIISSFOTCS aBTOMATH3WPOBAaHHBIC CUCTEMBI,
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CrocoOHbIe 00ecneYnTh HEeMPEepbIBHYI0 KAaYeCTBEHHYIO NUAarHOCTHUKY WHXKEHEPHBIX
COOpPY)KeHM B OOBIUHBIX UM SKCTpeMallbHbIX YclIoBUsAX. OHHU MOTYT OBIThH
aZlanTUPOBAHBI I KOHTPOJISI OMACHBIX TEXHOJOTUYECKUX MPOIECCOB, sl paboThI B
YCIIOBUSX paAalliu, dJI€KTPOMAarHUTHOTO U3IIy4YeHUs], BRBICOKMX TeMIIepaTyp U T.J.

IMocranoBka 3agaum. [lokazaTh 3agaud W BO3MOKHOCTH OCHOBHBIX BHJIOB
MOHUTOpPUHIA 3JaHUN U coopyxeHud. OxapakTepu3oBaTb OCHOBHbIE BHJIbI
MOHUTOpPUHTA, KOTOpble B KOMIUIEKCe OOEeCnevyrBaloT TMOJIHBIA KOHTPOJb Haj
COCTOSIHUEM WH)XEHEePHBIX COOPYXEHHWH Ha MPOTSHKEHUH BCEro MX >KU3HEHHOIO
nukia. [IpuBecty nmpuMepbl N3MEepPUTEIBHBIX KOMILJIEKCOB B KQXK/IOM U3 HUX.

N3znoxxkenue ocHoBHOro martepuaja. CucremMa MOHUTOPUMHTA MOXET OBITh
cTamoHapHoid u HectauroHapHoi. Cranumonapnas cuctema (CC) MoOHUTOpUHTa
npenHa3HayeHa B OCHOBHOM JUIsl HEIMpPEepbIBHOIO KOHTPOJS, a HecTalMOHapHas
cuctemMa (HC) mMoHuTOpHMHra — i mepuoAarveckoro KoHTpojs. llepuonnueckuii
KOHTPOJIb HE COBCEM y00€H NMPY MOHUTOPHUHTE OBICTPOPA3BUBAIOIIUXCS MPOLIECCOB,
TaK Kak He JaeT MH(POPMALIMIO O COCTOSIHUM 00BEKTa MEXTy MepruoaMu U3MepeHu .

Cucrema  MOHUTOpPUHra  MOXET  OBITb  AaBTOMAaTH3UPOBAHHOW,  He
aBTOMATU3UPOBAHHON WJIM YAaCTUYHO (B Pa3IUYHON CTENeHU) aBTOMaTU3UPOBAHHOM.
ABtoMartuzupoBanHas cuctema (AC) monutopunra (ACM) npou3BOAUT U3MEpPEeHHUs
06e3 yuacTus 4YeloBeKa, a He aBTOMAaTU3WpOBaHHas (WJIM  YaCTUYHO
aBromatu3upoBanHas) cucrema (HC) wmoHuTOpuHTra mnpennonaraeT ydactue
yeynoBeka. Bo3MoxHa, Hampumep, CTalMOHApHas aBTOMATU3WPOBaHHas CHUCTeMa
(CAC) MoHUTOpHMHra WM, HampuMep, HecTallMOHapHas HeaBTOMAaTHU3MpPOBaHHAs
cuctema (HHC), uto emie 10BOBHO YacTO UCTIONB3YeETCS.

ITocne Toro, kak Mbl 0003HAYUIN CUCTEMBI MOHUTOPUHTA, CJIeIyeT OTBETUTh Ha
BOIPOC: KaKOro MOHUTOpPWHIA, Kakoro Bujaa? Takoro, B KOTOPOM HCIIONB3YIOTCA
TEXHOJIOTUH, MPUOOPBI U METOJbl MU3MEPEHHN W KOHTPOJS OINpeAesieHHOW Hay4dHO-
MPOU3BOJICTBEHHON AWCUMUILIMHBI WIN OTPAcid 3KOHOMHUKU. CyIIEeCTBYIOT MOHSTHS
reoJIe3M4ecKoro MOHUTOPHUHIA, T'eOJIOTMYeCKOro, reo(u3nueckoro, HHKEHEepPHO-
CTPOUTENBHOr0," reoTeXHHUECKOro MOHMTOPUHIA U Apyrue. Takue MOHMTOPHUHIH,
KaK MpaBWO0, TPOBOJSATCS MJisi KPYMHBIX OTBETCTBEHHBIX COOPYKEHHUU MHJid MX
0e30macHOTO CTPOMUTENIbCTBA M JKCIUTyaTallud. B cTaThsix 4YacTo BceTpedaercs
Ha3zBaHUe: «J1e(PpOpPMalMOHHBIII MOHUTOPUHI». DTO HElpaBUJIbHOE Ha3BaHHe, T.K. He
MOXKeT ObITh, HapUMep, «1eHOPMAITMOHHON CUCTEMBI HAOIIOICHUIY.

Jlanee cnegyer cka3aTh, MOHHMTOPMHI Kakux TmpoleccoB? Hanpumep,
nedbopmanii, o0caloK, CMeIIeHHMH W KpPEeHOB, W3MEHEHUN  HampsKeHHO-
ne(hOpMUPOBAHHOTO COCTOSIHMSI, COOCTBEHHOM 4YacTOThl KoyeOaHMid, JUHAMUYECKUX

BO3JI€ICTBUMH.

1) — OTHOCHTCS K OHATHIO «CTPOHMTENbHAS HHKEHEPUSy (TaKKe HMHKWHUPUHT) — HHKEHEPHOE
obecrieuenue CTPOUTECJILCTBA, OXBATLIBAIOIIICEC BCC (1)33]91 pea3anuun: IMPOCKTUPOBAHUC,
CTPOUTEIBCTBO, IKCILTyaTaIMiO 00bEKTa.
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W, nakonen, cienyeT Ha3BaThb 00BeKT. Hampumep, BbHICOTHOE 3JaHHE, MOCT,
Hecyllas KOHCTPYKLHSI TPOMBIIUIEHHOTO COOPYKEeHHs, 3JIEMEHThl CTPOUTETbHOU
KoHCTpykimu. Torma mnpumep mnpaBwibHOH QopmynupoBku: «CTanuoHapHas
aBTOMATU3UPOBAHHAS cucrema WMHKEHEPHO-CTPOUTEIHLHOTO MOHUTOPHUHTA
nedopmaliii Hecylux KOHCTPYKLUUM BBICOTHOTO 3IaHUs ).

Cucrema MOHUTOpPUHIa MOXET OBITh KOMIUIEKCHOH, OO0BeAuHSIOEeH
MOHUTOPUHTH pa3Horo BHja. bynem cuuTaTh OCHOBHBIMH HAaNpaBICHUSIMH STOU
CUCTEMBbI FeOTeXHUYECKU MOHUTOPHUHT, Ie0Ae3nYeCKUii MOHUTOPUHT U UHXKEHEePHO-
CTPOUTENbHBIA MOHMTOPHUHT. [[pyrue BHIBI Tak e Ba)KHbI, OCOOCHHO TakKwue,
KOTOpbIE CJEAST 3a COCTOSHUEM paBHOBECHUS MPUPOAO-TEXHUUECKOW TeOCUCTEMBI
(ITTT°C). OnHako nnsi TeXHUYECKOTO OOBeKTa Ha3BaHHbIE BHJIbBI MOHHUTOPHHTIA, C
Halllell TOUKU 3pEHUs, SIBJISAIOTCS ONpees oM. 3, 6].

B reorexuuueckoM MOHUTOPHHIE COOPYXEHUH C BBICOKUM YPOBHEM
OTBETCTBEHHOCTH M KJIacCOM O0€30MacHOCTH, HamlpuMep, YHUKAJIbHBIX BBICOTHBIX
3laHUi, MCIOJIB3YIOTCS METOJbl WHXXEHEPHOW TIeojie3ud, WH)XeHEPHOW TIeoJIoruH,
reopu3uKy, TUAPOTeOJOruyd U JApyrue. B 3ajauum reoTexXHUUYecKOro MOHHUTOPHHIa
BXOJIAT Teojie3ndYecKue U MH)XeHePHO-CTPOUTeIbHbIe HaOMoneHus (M3MepeHus) 3a
OKPYXKAIOIIUMH 3IaHUSIMU U COOPYKEHUSIMHU, BXOASIIMMHU B 30HY BJIMSIHUSI HOBOTO
CTPOUTENLCTBA; HAOIIOIEHNS 3a MPOSIBICHUSIMU OTNACHBIX T'€OJOTHYECKUX U JPYTUX
OPUPOAHBIX  MpolleccoB;  HaOMIOAeHMS 32  HaNpsHKEHHO-Ie(POPMUPOBAHHBIM
COCTOSIHHEM I'PYHTOBOI'O MacCHBa, KOHTAKTHPYOLIero ¢ pyHaameHToMm [3; 4].

B aBTOMaTuM3MpOBaHHBIX  CHUCTEMax  TE€OTeXHHYECKOrO0  MOHUTOpPHUHIa
UCIIOJIB3YIOTCSl CKBAKMHHBIE MHKJIMHOMETPbI, CKBOXKUHHbBIE SKCTEeH30METPbI, JaTUUKH
JIaBJIEHUs TPyHTa B COYETaHUU ¢ TPUOOpamMu reoie3ndecKoro MOHUTOPUHTA.

[Ipu cTpouTenbcTBe MOJI3EMHOM HYAaCTU BBICOTHOTO 3/IaHUSI YCTaHABIMBAIOT
aBTOMATU3MPOBAaHHbIE  CHCTeMbl ~ MOHMTOPMHTAa 32  MacCMBaMU  TIpyHTa,
KOHCTPYKIMSIMA (yHIaMeHTa W TPYHTOBBIM OCHOBaHHeM. Hampumep, BOKpyT
¢byHaameHTa B NpoOypeHHbIE  CKBaXXMHBI ~ yCTAaHABIMBAIOT:  CKBa)XUHHBIE
WHKIIMHOMETPBI JJIsI KOHTPOJIA OINOJI3HEBBIX MEepeMelIeHU TpyHTa, MepeMelleHHs
CBall MpHU TOPU3OHTAIBHBIX Harpyskax, Aedopmaluii KOHCTPYKUUH (yHIaMeHTa,
CKB)XMHHBIE OKCTEH30METphl IJisi KOHTPOJS OCeNaHHs TPYHTOB; CKBaKUHHBIE
bE30METPhl ISl KOHTPOJISI MOpoBoro nasieHus. [lox mnopowBod ¢yHmnameHTa
YCTaHABIMBAIOT JAaTYMKHU JaBJleHUs Ha TpyHT. Ha NoA3eMHBIX KOHCTPYKLHUSX,
dbyHIaMeHTe U B CTBOJIAX CBail yCTaHABIMBAIOT AaTUMKHU Aedopmanmii [8; 9].

CyurecTByeT oueHb OoJbllIoe pazHooOpasre MPUOOPOB — OT MEXaHUUYECKHUX JI0
upoBeIX. [IprBeem uilb HECKOIBKO MPUMEPOB.

Ckeaosicuntblll UHKIUHOMemp TIPEAHA3HAuYeH ISl U3MEpPEHUs] FOPU30HTATbHBIX
MOJIBI)KEK MaccuBa IpyHTa C IMOMOIIbIO JaTYMKOB MasiTHHKoBoro tumna. Llens u3
HECKOJIBKUX JaTUYMKOB OIyCKaeTcsl B CIeluabHYyl0 o0cagHyio TpyOy CKBa)KHHBI.
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OGcagnass TpyOa wuMeeT 4dYeThlpe HaNpaBIAIOIIMX Ta3a s a3uMyTaJlIbHOIrO
MO3ULIMOHUPOBaHUS naTtyuka. [Ipu cMellleHny rpyHTOBOro MaccuBa obcagHasi Tpyda
nehopMHUpyeTcsi BMecTe ¢ TPYHTOM, BbI3bIBasi H3MEHEHHUs yriia HakioHa npubdopa. 1o
MOKa3aHUsIM HWHKIMHOMETPOB, KOTOpPbIE pAaclojaratoTcss IO BCEMY MacCHUBY
MOJIBM)KHOTO T'PYHTA, OIMpPEIeNIIIOT OTHOCUTENbHbIe TOPU30HTAIbHbIE CMEIEHHUs IO
JIBYM KOOPJIMHATHBIM OCSIM.

CkeadicurHblll SKCmeH30Memp TIpeHa3HayeH IS W3MEpPEeHUs] BepPTUKaJbHBIX
MOJIBI)KEK MaccuBa rpyHTa ¢ MOMOIIBIO IaTyMKa nepeMenieHus. JJaTunuk cocTouT u3
MeTaJNINYeCKOU CTPYHBI, MPOTSIHYTON B 00cafHON TpyOe U 3aKperyieHHON aHKepOM B
IUIOTHBIX TpyHTax. CBepXy cTpyHa 3akperjieHa Ha OroJjloBKe CKBaXHHbL. [lpu
BePTUKAJBHBIX TMOJBMXKKAaX TIpyHTa M3MEHsIeTcsl HaTsDKeHHe CTPyHBI, 4YTO
duKcUpyeTcss HU3MEPUTENbHBIM MOoJyJieM. UyBCTBUTENbHBIM DJIEMEHTOM JlaTUMKa
MOKeT ObITh TeH30IaTYUK UM OMTOBOJIOKHO.

Jlamuux Oaenenus epywma TpeJHA3HAuYeH [JIsi KOHTPOJS HepaBHOMEPHBIX
ocallok (QyHIaMeHTa B pe3ysbTaTe M3MEpeHHUs JaBjeHUsi Ha TPYHT B OCHOBAaHHUHU
coopyxkeHusi. COCTOMT U3 THAPABINYECKON Kamepbl, MeMOpaHa KOTOPOW coerHeHa
¢ MeTa/inueckoi ctpyHol. [lpu naBnenun Ha MeMOpaHy M3MEHSETCsl HaTsDKeHHe U
pe30HaHCHas dYacToTa KojeOaHWil CTpYHBI, 4YTO (UKCUpYeTCS HW3MepUTEbHBIM
MoayieM. UyBCTBUTEIBHBIM 3JIEMEHTOM JaTUMKa MOXET ObITh TEH30JaTUHK.

B cucremax reome3n4eckoro MOHHUTOPHHIA UCIONB3YIOT TeoJle3nuecKue
npuOOPHI, TEXHOJIOTUU U METOAbl U3MEPEHUH MJIsl ONpeJIeieHus] MPOCTPaHCTBEHHOTO
MOJIOXKEHUST 37]aHUSl B CTaTHKe Ha OIpejesieHHble MOMEHTbl BpEeMEHH, a Takxke O
JTUHAMUKE YTJIOBBIX M JIMHEWHBIX CMELIeHUH 37aHusl B 1IeJIOM, U O OTHOCUTEIHHOU
JUHAMUKE ero vacted M KOHCTpYKUMH ((yHIaMEHTOB W OCHOBaHHUS, HECYIIUX
KOHCTPYKIMH MOJA3€MHON U HaJA3€MHOM 4acTH, BepXa 3/laHus OTHOCUTEIBHO HIKHEH
yacTh). M3mepstoTcss KOOpAMHATHI KOHTPOJIBHBIX ToueK (00O03HAUYEHHBIX B
TEXHUYECKOM 3aJlaHuM T[eHIPOSKTUPOBIIMKOM JUJIsl OMpeJesieHUus CMeIleHUH,
U3MeHeHUI pa3MepoB U POpM) U JATUMKOB CMEIleHUH U AedopMaliuii 175l MPUBSI3KU
UX K CUCTEME KOOpPJUHAT 3/IaHusl.

B aBTOMaTM3MpOBaHHBIX ~ CHCTEMax  T€0Je3MYeCKOro  MOHUTOPHUHIa
UCIIOJIB3YIOTCSl pOOOTU3UPOBaHHbIE TaxeoMeTphl, anmnapatypa GNSS, B coueTanuu ¢
nprudopamMu MHXEHEPHO-CTPOUTEIHHOTO U T€OTEXHUYECKOr0 MOHUTOpUHTa [12].

B cuncremax HHXKeHEPHO-CTPOMTEJBLHOT0O MOHHMTOPHHIA  HUCIOJIB3YIOT
U3MepUTeNbHble  alapaTHO-NIPOrpaMMHBbIE  KOMIUIEKCHI  JUJIi  WU3MEpeHMUs
HaIpsHKeHHO-/1e()OPMUPOBAHHOTO  COCTOSIHMSI KOHCTPYKUHMA W WX 3JEMEHTOB.
M3mepuTenbHbI  anmapaTHO-MPOTPaMMHBIA  KOMIUIEKC COCTOMT U3 JaT4YMKOB,
UMEIOIINX YyBCTBUTEIBHBIN 3JIEMEHT, U3MEPUTENbHBIX MOYJeH, MIPUHUMAIOIINX U
npeoOpa3ylouMx CUTHAJIBI  OT  JaTYMKOB, U  perucTpupymrouiero  0ioka,
oOpabatsiBatoniero ¢ nmomoltisto [1O Bce curHambl OT U3MEPUTENBHBIX MOTYJICH.
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JlaTuvk — 3TO KOMIIOHEHT H3MEPHUTENIbHOIO0 YCTPONCTBA, Mpeodpasyroluii
U3MEHEeHHe KOHTPOJIHUPYEeMON (U3NYecKOW BeTUYMHBI B CHUTHAN, YIOOHBIA JUIs
U3MepeHus, nepenadd, oOpabOTKH, perucTpaluud 4 T.0. B aBTOMaTH3MpOBaHHBIX
CUCTEMax MOHUTOPHUHIa MPUMEHSIOT OOJIBIIIOEe KOJUYECTBO PA3HOro pojia AaTUHUKOB,
U3MEpSIONINX TMPSIMO WJIM KOCBEHHO pa3HOOOpas3Hbie (U3MUYECKUe BEJIMYMHBI,
Hecyllye UHPOPMalMIO O MapaMeTpax KOHTPOJUPYEeMbIX KOHCTpyKiui. Hampumep,
B ACM BBICOTHBIX 3/1aHUI MOXET ObITh UCIIOJIB30BAHO 00Jiee IBYX THICSY AaTYHUKOB.

C mnoMmolIbI0 JAaTYMKOB 3aKperyieHHBIX Ha WM B HECYIIMX dJIeMEeHTax
IPOBOJSATCS  M3MEpPEeHUsl TeMmIlepaTypbl, JaBlEHUs, BIAXHOCTH, BUOpalMii
(konebaHuit), HampspKeHUH, aedopmaldii, HAKJIOHOB, TEpPEeMEIEHUH, TPEUIuH MU
IpYruX TMapaMeTpoB COCTOSHHMSI W OTHOCUTEIBHOTO TOJIOKEHHUS 3JIEeMEHTOB
CTPOUTENBHBIX KOHCTpYKUMH [9]. Buapl u TUNBI NAaTYUKOB, U WX KOJUYECTBO
noaduparoTcs B 3aBUCHMOCTH OT pelllaeMod 3ajayu (TeXHUYECKOro 3afaHus).
[IpuBenem BBIOOpOYHBIE JaHHbIE U3 KiIacCUPUKALMK JAaTYUKOB JAedopMaluy,
ucrnonibdyeMbix B ACM, 10 HEKOTOpbIM OCHOBHBIM IpU3HAaKaM, HCXONS U3
COBPEMEHHOT'0 YPOBHS ITPOU3BO/ICTBA.

1. B 3aBUCHMOCTH OT BHJa MOJJIEXAIIEero U3MEPeHUI0 MapaMeTpa pa3indyaroT
JaTYMKU  U3MepeHus Jedopmanuil, nepeMmelneHuid (JUHEHWHBIX, YTIJIOBBIX),
TeMIlepaTyphl U T.1.

Jaturku aedopmannu (3KCTEH30METPbI) B CAMOM MPOCTOM cllydae MO3BOJISIOT
MOJIyYUTh HHPOPMALMIO O JAeQopMaldyd pacTsKeHus (cxkaTusi) Ha OTIAEIbHOM
ydyacTke KOHCTpyKuuu. Jlisi um3Mmepenust Ooliee CIOXHBIX BHUIOB Jedhopmaiuu
UCIIOJIB3YIOTCS, TaK Ha3bIBaeMble, pachpejleJieHHble CUCTEMbl, COCTaBIIEHHbIE U3
OTJIeTIbHBIX aTYMKOB. Ha ceroansinauii 1eHb 060JbI10e pacnpocTpaHeHre MOy HIH
Takue NaTYuKu JedopMalii Kak pe3uCTUBHBIE U BOJJOKOHHO-ONTHYECKHE.

2. B 3aBUCHMOCTH OT BHJia BBIXOJHOM BEJIMYMHBI, B KOTOPYIO Mpeodpaszyercs
u3MepseMasi 1aTYuKoM BeJIMUMHA, PAa3IuYaloT AaTUYUKH 3JIeKTpUUYecKre, BOJIOKOHHO-
ONTHYECKHE, MEXaHUYECKHe U IpyTHe.

3. Tlo mpuHUUMITy HeWCTBUS SJEKTpUYECKHe MaTUUKH MOXKHO pa3leliuTh Ha
pe3ucTuBHbIe, (HOTOINEKTpUUECKHUe, HWHAYKTHBHbIE, EMKOCTHbIE U  JIpyTHe.
BonokoHHO-onTHYECKHE NaTYMKU MOKHO pas3esiuTh Ha JBa THUIMA: Ha pelleTKax
bpoarra; Ha uatepdepomerpe ®adpu-Ileppo.

JleficTBue pe3zucmusHvlx Oamuuko8 OCHOBAaHO Ha TOM, YTO H3MEHSeTCs
aKTUBHOE COMPOTHBJIEHHE YYBCTBUTEJIBHOTO »JJeMEHTa JaTyuka (pe3ucropa,
TEH30PE3UCTOPa, MbE30PE3UCTOpPa) MPU U3MEHEHUH €ro JIMHBI, TUIOLAAN CeUeHMUS
WIN YJIeJIbHOTO CONPOTHUBIIEHUSI BO BpeMs Aedopmaiiii. YyBCTBUTENBHBIN 3JIeMEHT
naturka npukienBaercs kK DCK u nedopmupyercs Bmecte ¢ HuM. [ledopmarius
BbI3bIBa€T M3MEHEHHEe COIPOTHUBJICHHS B IeNd JaTduka (Harmpumep, B MOCTOBOMA
cxemMe VYWTCTOHAa) M H3MEHEHWe HampshDkeHuss Ha Bbixonae. [lo moka3aHusaM
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BOJILTMETPa MOXHO OJHO3HAYHO CYAUTh O CTeleHu aedopMali pe3ucTopa, a
3HAUUT U CTPOUTEIILHOTO 3JIEMEHTa, K KOTOPOMY OH npukperuieH [10].

HleiicTBue gonoxonHo-onmuueckux oamyuxog oepopmayuu (BOJJ]) ocHoBaHO
Ha OTPaXEHUU CBeTa, MPOXOJAIIEro IO ONTHYECKOMY BOJIOKHY BO BpeMs
nedopmaii. YyBCTBUTENIBHBIM 3JIEMEHTOM JIJIsl TIEPBOrO THUIIA JATYMUKOB SIBIISETCS
ONTOBOJIOKHO C AU(PPAKIMOHHBIMHU pelnéTkamu bperra. UyBCTBUTENbHBINA 3JI€eMEHT
’KECTKO KpemnutTcsl Ha JeopMupyeMoi KOHCTPYKLHMH U JeopmMupyercs BMecTe C
Hel. JlepopMaumyu mpUBOAST K JIOKAJIBHBIM PACTSHKEHUSIM/CKATHUSAM ONTHUYECKUX
HUTEH, YTO MEHSeT Mepuoj OperroBckoil pemeéTKd U TMPUBOIUT K HU3MEHEHUIO
OTpaXkaTeJbHBIX M CHEKTPaJbHBIX CBOMCTB mpoxonsiero ceTa. OtTpax&HHOe
u3NydyeHue Gpukcupyertcs v aHanuzupyetcs [11].

UyBCTBUTENIBHBIM ~ 3JIEMEHTOM JJii BTOPOTO THUMA JAaTYUKOB  SIBIISIETCS
ONTOBOJIOKHO ¢ MHTephepomeTpoM. OnMH Topel BOJOKHA MOIYNpo3padeH, a BTOPO
(nanbHUii) TMONHOCTBIO OTpaxkaeT cBeT. CBeT, OTPaXeHHBIM OT JBYX TOPLIOBBIX
MOBEPXHOCTEH, MOJa&Tcs Ha NPUEMHHK, TIe (opMHUpyeTcs UHTepdepeHIIMOHHAs
kaptuHa. Jlepopmanuu pacTsoKeHMs/CKaTHsl TNPUBOIAT K M3MEHEHHMIO JIJTUHBI
uHTEppepoMeTpa U, TAKUM 00pa3oM, K U3MEHEHHUIO0 UHTepPEepeHIIMOHHON KapTUHBI B
npuémMHuke. AHaIM3 MHTEPPEPEeHIIMOHHON KapTUHBI TMO3BOJSET C OOJIBLION
TOYHOCTBIO OTPeAeNIUTh BeMUUHY JiehopMaluu.

BeiBoabl. [l cTposierocs Wi SKCIUTyaTUPyeMOTo BRICOTHOTO 37aHMs, KaK B
o0meM © s JI0OOr0  MHXKEHEPHOTO  COOPY)KEHHS  BBICOKOM  CTerneHH
OTBETCTBEHHOCTH, OCYILIECTBISETCS KOMIUIEKCHBIH MOHUTOPUHI, KOTOPBIA JOJKEeH
obecneunTh HHMOpMaIMEl COOTBETCTBYIOIINE UHKEHEPHBIE CITy>KOBI.

OCHOBHBIMH KOMITOHEHTaMH TaKOI'O MOHUTOPHWHTIA SIBISIOTCS] T€OTEXHUUECKH,
reoJIe3NUecKiil 1 NHKEHEePHO-CTPOUTENIbHBI MOHUTOPUHT. DTH TPU COCTABJIAIONINE
JTOTOJHSIOT (10 MHGOOPMATUBHOCTH, MO TOYHOCTH, MO BO3MOXHOCTSIM) U YaCTUYHO
MepeKphIBAIOT APYr JApyra, cos3jaBas eIuHbId HMHPOPMALMOHHBIM OJOK ¢
obobarorieit nHbopmalueit B 1000# 3alaHHBIE MOMEHT BPEMEHH.

C wu3MeHeHMEM HaNpsHKEHHO-Ie(POPMUPOBAHHOTO COCTOSHUS KOHCTPYKIIMMA
3MaHMs TOJ JEHCTBMEM BHELIHMX BO3JEWCTBUA WH(}OpMalus, MocTynaromas c
NATYUKOB JepopmManuu, MOKaKeT, KAKOro 3Tama COCTOSHUS JOCTUTIIM CUJIOBBIE U
temriepatypuble aedopmanuu [13]. [Ipu stom apyrue npubopst u gatunku ACM
MOTYT 3a(UKCUpOBaTh IJIAHOBO-BHICOTHBIE U YIJIOBBIE CMEIIEHHUS HeCyIIUX
KOHCTPYKIMH, M3MEHEeHMs] MX B3aUMHOIO TMIOJIOKEHUS U  HalpsKEeHHO-
nedopmupoBanHoro coctosHus. [lpuboper u gatunku AC TeoTeXHUYECKOro Hu
reoJIe3M4eCKoro MOHUTOPHUHIa IMOKa)XyT M3MEHEHMsS B MacCHUBe TpyHTa, KOTOPBIH
HAXOJIUTCS MO/ CTPOSIIIIMMCS 3[JaHUEM U BOKPYT HEro.

Crneunanuctel, ciefsiiue 3a JeTalbHbIM pa3BUTHeM Jedopmanuii B HECyIIUX
JJeMeHTaXx U TMOJy4YMBILIME Takylo HH(OpMalKio, MOryT BBIIBUTH MecTa
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BO3HUKHOBEHUSI KPUTUUECKUX 3HAYEHUN TaM, I'Zle OHW BBIXOMST M3 30HBI yIPYTUX
nedbopmanmii. Ilpy >TOM OHM MOTrYT BHIETh OOIINYIO KApTHUHY TIOJOXEHUS U
COCTOSIHUSI 37]aHUs, TPYHTOBOTO MAacCHBa W BCEU 30HBI T€OTEXHUYECKOTO BIIWSHHUS.
Jlns  Toro 4YToOBl OOBENMHUTH TMOCTYyMAaloIllylo WHHOPMAIUIO, OHAa JOJKHA
nmofaBaThcsl B €IWHBIA  ONMEPAaTUBHBIA LEHTP, OOJAgaIOIIMK  crelualIbHbIM
pOrpaMMHBIM O0eCTIeUeHUEM.
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KaHJ. TexXH. HayK, AoueHT IcaeB O.I1.,
noueHt ['ynsieB FO.®., Uynanos I1. O.,
KuiBchkuil HallloHATBHUM YHIBEPCUTET OYNIBHUIITBA 1 apXiTEKTYpH

KOMILIEKCHUI MOHITOPUHI TH)KEHEPHUX CIIOPY/

VY crarTi peKkOMeHAy€eThCs paBUiIbHE HAMKMCAaHHS HAa3B CUCTEM MOHITOPUHTY Ha
OCHOBI CMHUCJIOBOTO 3MICTY 1 JIOTIYHO Y3TOKEHOTO MOPSAJKY CJiB. Po3riasHyTo Tpu
CKJIaJIOBI CUCTEMU KOMIUIEKCHOI'O MOHITOPUHTY BHCOTHOI OYiBIi, SIKi JIOTIOBHIOIOTh
OJIMH OJHOTO, CTBOPIOIOYM 3arajibHy KapTUHY TIOJOXEHHS 1 CTaHy OymiBmi, il
HeCy4uX KOHCTPYKIIi 1 I'PYHTOBOTO MacuBy IIiJi Het0. Po3rismaioTbes B €IHOCTI
reOTeXHIYHUH MOHITOPUHT, TeO[e3MYHUN MOHITOPUHT, 1H)XXeHEepPHO-OyIiBeIbHUMN
MoHiTopuHr. [lokazaHi 3aBHaHHS KOXXHOTO MOHITOPWHTY Ta ONHCaHi NMPHJIATA Ta
JNaTYNKHA, SKi BHUKOPHUCTOBYIOTBCS B CYYacHMX aBTOMAaTH30BaHWX CHCTeMax
MOHITOPUHTY. ['€OTeXHIYHMI MOHITOPUHT Aa€ 1HPOpPMAIlio MPO CTaH 1 3MIIICHHS
I'PYHTOBOI OCHOBH, sSIKa 3HaXOJIUTKCS MMiJ OyaiBJIet0 i HABKOJIO Hel, PO MPOLEecH, 0
BiIOyBalOThCSI BCEepeAWHI TIPYHTOBOTO MacuBy. B aBTOMAarTHW30BaHUX cHCTEMax
I€OTeXHIYHOT0 MOHITOPHUHTY BHUKOPHUCTOBYIOTHCS CBEP/JIOBHHHI 1HKJIIHOMETpH,
CBEPIJIOBHHHM €KCTEH30METpPH, NAaTYMKH THUCKY TPYHTY B IO€IHAaHHI 3 TpUIagaMu
reoJIe3NYHOT0 Ta IH)KEHEPHO-0yNiBeJIbHOIO0 MOHITOPUHTY. ['€0/1e3nYH1il MOHITOPHUHT
Jla€ ySIBICHHS PO TIPOCTOPOBE IOJIOKCHHSI OY[iBIi Ta ii eleMeHTIB, a TaKoX Ipo
TUTAHOBO-BUCOTHI Ta KyTOBi 3MIIlIeHHS HeCy4YMX KOHCTpYyKLid. B aBTOMaTn3oBaHUX
CUCTeMaX  T'eOJIe3MYHOTO  MOHITOPHUHTY  BHKOPHUCTOBYIOThCS ~ POOOTHU30BaHi
TaxeoMeTpH, HiBelipu, ckaHepu, amaparypa GNSS B mnoegHanHi 3 mnpuiagamu
1H)KeHEepHO-0YyIIBEJILHOTO 1 T'€OTEXHIYHOTO MOHITOPHHTY. [H)XKeHepHO-OyiiBesbHUi
MOHITOPHHT TIOKa3y€ 3MiHHM HaIpy>XeHO-Ie(OPMOBAHOTO CTaHy KOHCTPYKIIHM Ta iX
@JIeMEeHTIB 1 3MiHM X B3a€EMHOIO IIOJIO)KGHHs. B aBTOMaTH30BaHMX CHUCTeMax
1H)KeHEepHO-0Y 1IBEJIbHOT'O0 MOHITOPUHTY BUKOPHUCTOBYIOTHCS PI3HOTO THUITY JATUUKH:
nedopmMmariiii, 3MilleHb, KOJMBaHb, TEMIICpATypH, THCKY Ta I1HII B TOEIHAHHI 3
NpUIaaMH FeoIe3NIHOTO Ta TeOTEXHIYHOTO MOHITOPHHTY.
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INTEGRATED MONITORING OF ENGINEERING STRUCTURES

The article recommends the correct spelling of the names of monitoring systems
based on semantic content and a logically consistent word order. Three components
of the complex monitoring system of a high-rise building are considered, which
complement each other, creating a general picture of the position and condition of the
building, its load-bearing structures and the soil mass under it. Geotechnical
monitoring, geodetic monitoring, and civil engineering monitoring are considered in
unity. The tasks of each monitoring are shown and instruments and sensors that are
used in modern automated monitoring systems are described.

Geotechnical monitoring provides information about the condition and
displacement of the soil base, which is located under the building under construction
and around it, about the processes taking place inside the soil massif. Automated
systems for geotechnical monitoring use downhole inclinometers, downhole
extensometers, soil pressure sensors in combination with geodetic and civil
engineering monitoring devices.

Geodesic monitoring gives an idea of the spatial position of the building and its
elements, as well as the plan-height and angular displacements of the supporting
structures. Automated systems of geodetic monitoring use robotic total stations,
levels, scanners, GNSS equipment in combination with instruments for civil
engineering and geotechnical monitoring.

Engineering and construction monitoring shows changes in the stress-strain state
of structures and their elements and changes in their mutual position. Automated
systems for engineering and construction monitoring use different types of sensors:
deformations, displacements, vibrations, temperature, pressure, and others in
combination with geodetic and geotechnical monitoring devices.

Key words: monitoring systems; geotechnical monitoring; geodetic monitoring;
civil engineering monitoring; displacement; draft; deformation; stress; monitoring
instruments and sensors.
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