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AHHOTALMUA. N3noxeHbl 3agavn AnarHOCTUKN U MOHUTOPUHIA TEXHUYECKOTO COCTOSIHUS YHUKAMbHBIX 34aHWUIN 1 COOPYXe-
HUI. MpuBeneHbl TpeboBaHUS K YHUKANbHLIM 34aHUSIM Y COOPYXKeHMsIM. PaccMoTpeHbl BONPOChI AUAarHOCTUKU U MOHUTO-
PVHra TEXHUYECKOrO COCTOSIHUS YHUKaNbHbIX 34aHUIA U COOPYKeHWIA. [puBeaAeHbl pasnuyHble CXEMbl YCTPOWCTB, BXOASLLMNX
B COCTaB U3MepUTENbHbIX cucTeM. [oapobHO paccMOTpeHbl BUAbI U CXEMbl MEPBUYHLIX Npeobpa3oBaTeneil Ha OCHOBe
BOJIOKOHHO-OMTUYECKMX OaTumkoB. PaccmoTpeHa pacrnpeferneHHas cuctema TEPMOMETPUU U OMUCAH pacnpenerneHHbI
OaTyvK TemnepaTtypbl Ha OCHOBE KOMOWHALIMOHHOTO paccesiHusi. [peacTaBneHbl pe3ynstaTel NPOBEAEHNS UCTbITAHUIA Mo
nedopmManmm KpenexHoro ycTponcTaa, 060pynoBaHHOMO YyBCTBUTENbHLIM 311EMEHTOM. YyBCTBUTENbHbIA 3NEMEHT Kpenex-
HOrO YCTPOWCTBA BbINOSIHEH B BUAE BONIOKOHHO-OMTUYECKOrO AaTUmnKa NMUHENHbIX NepeMELLEHNIA Ha OCHOBE UHTepdepoMe-
Tpa ®abpu—Ilepo.
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ABSTRACT. The tasks of diagnostic operation and monitoring of the technical condition of unique buildings and structures
are outlined. The requirements for unique buildings and structures are presented. The problems of diagnostic operation
and monitoring of technical condition of unique buildings and structures are considered. Various schemes of devices and
appliances making up the measuring systems are presented in the paper. The types and schemes of primary transducers
based on fiber-optic sensors are considered in greater details. A distributed thermometry system is described as well as
a distributed temperature sensor based on Raman scattering. The results of deformation testing of a fastening device
equipped with a sensor element are presented. The sensitive element of the fastening device is made in the form of a fiber-
optic sensor of linear displacements based on the Fabry—Perot interferometer.
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CTNOUTENbLETB
Hayka v obpa3oBa

H.I. CepeauH, B.W. lusicoe

K yHUKaabHBIM 37aHHSIM M COOPYIKEHHSM OT-
HOCATCS T€, Ha KOTOPBIE B MPOEKTHOMN JOKYyMEHTAI[MN
MpeAyCMOTpEHa XOTst ObI OJTHA M3 CJIEAYIONIMX XapakK-
TepucTuk [1]:

* WCIOJIb30BAHUE KOHCTPYKIUH U KOHCTPYKTHB-
HBIX CHCTEM, TPEOYIONMX MPUMEHCHUS HECTaHIapT-
HBIX METOIOB PacueTa, Tub0 pa3pabOTKH CIICIUATBLHBIX
METOJIOB pacyera, TM00 TPEOYIOMIMX SKCIICPUMCHTAIb-
HOU TIPOBEPKU Ha (PU3UUECKUX MOJIEIIAX, a TAKKE TPH-
MEHSIEMBIX Ha TEPPUTOPHSAX, CEHCMUYHOCTH KOTOPBIX
MpEeBbIIAEcT 9 0aJIOB;

« Bpicota Oonee 100 Mm;

* mpoJiet 6osiee 100 m;

* BEUIET KOHCOJIEH Ooitee 20 M;
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* 3arTy0OJIeHHe MMOI3EMHOM YaCTH HUXKE ITaHHPO-
BOYHOM OTMETKH 3eMiu Oosiee ueM Ha 10 M.

K yHUKaIbHBIM 3JaHUSAM U COOPYIKEHHSIM CIIEAYET
OTHOCHUTB TAKXK€ 3PEITUIIHBIC, CTIOPTUBHBIC, KYIHTOBbIE
COOPYIKEHHUSI, BLICTABOYHBIE MABUIILOHBI, MHOTO(YHK-
[HOHAJIbHBIE  O(DUCHBIE, TOPrOBO-Pa3BJIEKATEIbHbIC
KOMILJIEKChI ¢ MaKCHMaJbHBIM PACUYETHHIM MpeObIBa-
Huem Oosiee 1000 yenmoBek BHYTpU 00BEKTA WM OOJICe
10 000 venoBek BOM3K OOBEKTA.

CaMbIM SIPKAM YHHKAJIBHBIM COOPY)KCHHEM Ha
3eMHOM Imape siBisieTcss HebockpeOd bypmx-Xamuda
BbIcOTOM 828 M, moctpoeHHsI B 2010 1. B [Ilydac OAD

(puc. 1).

Puc. 1. He6ockpeb Bypmx-Xanmuda B Jydae, OAD
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Msmepumeanble cucmembl Quaz2HOCMUKU U MOHUMOPUH2a MexHU4eCKoeo COCMOsHUA

» . C. 19-35
YHUKarbHbIX 30aHull U coopyxeHul

MOHUTOPUHIOM Ha3bIBAETCS HEMPEPBIBHBIN MPO-
1ecc HaOJIOJCHH U PETHCTPALlUK IapaMeTPOB 00beK-
Ta, CPAaBHEHUS UX C 3aJaHHBIMU KpUTEpUSIMU. MOHUTO-
PUHI'OM KPUTHYECKH Ba)KHBIX M OMACHBIX OOBEKTOB, K
KOTOPBIM OTHOCSITCSI YHUKAJIbHBIC 3/1aHUSI U COOpYIKe-
HUSI, Ha3bIBAETCS MPOIECC MHCTPYMEHTAIBHOTO aBTO-
MaTHU3UPOBAHHOTO KPYIJIOCYTOYHOIO HAOJIONCHUS 32
OT/AEIBHBIMHU TTapaMeTpaMu 00beKTOB. Llenbio ero sB-
JIieTCsl MpeNyNpeKIeHUe YPe3BbIUaliHbIX CUTYAIUH U
TIOBPEIKICHHS WIIN pa3pylieHus 00beKToB. OCHOBHBIM
OTJIMYUEM ITOTO BUJA MOHUTOPUHTIA SIBISETCS TO, YTO
B IIpOLiECCe MOHUTOPHHIA OTCIEXKUBAIOTCs Jedopma-
LUK U C/IBUTU O0OBEKTa U OTAEIBHBIX €r0 3JIEMEHTOB,
YTO MO3BOJSET MNPENOTBPATUTh HACTYIUIEHHE Hera-
THUBHOT'O COOBITHS, a HE MPOUH()OPMHUPOBATH IKCTPEH-
HBIC CIIY’)KOBI 00 yX€ CIy4MBIIEMCS Ype3BbYaiiHOM
MPOUCIIECTBUM. MOHUTOPUHI KPUTHUECKH BaXKHBIX
U ONAcCHBIX OOBEKTOB OCYIIECTBIISETCS C MOMOIBIO
OITHYECKHX, JIa3ePHBIX U Te0()U3NIECKHX METOJIOB U
HHCTPYMEHTOB.

MOHUTOPUHT TEXHHUYECKOTO COCTOSHMSI OCHOBa-
HUI U CTPOUTENBHBIX KOHCTPYKLUH YHUKAJIbHBIX 3/1a-
HUH M COOpPY)KEHUI TPOBOJAT C LEJBI0 00ecIieueHHs
nx Ge3onacHoro (GyHKIMOHUPOBAHUS, €TO PE3YJIbTATHI
SIBIISIFOTCSI OCHOBOM 9KCIUTyaTallMOHHBIX paboT Ha ATHX
o0bekTax. [Ipy MOHMTOpWHIrE OCYIIECTBISIOT KOH-
TPOJIb HaJl MPOLIECCaMU, MPOTEKAIOIIMMU B KOHCTPYK-
LUSIX OOBEKTOB M B IpyHTE. MOHHUTOPHHT MPOBOJIST
JUISl CBOEBPEMEHHOT0 OOHApyKEHHUsI Ha paHHEH CcTaun
TEH/ICHIMI HEeraTUBHOIO M3MEHEHUs HAIpPSKECHHO-JIe-
(OPMHPOBAHHOTO COCTOSIHUSI KOHCTPYKIMH M OCHO-
BaHM, KOTOPOE MOXKET MOBJIEYb IEPEX0j] 00bEKTa B
OIPaHUYEHHO PabOTOCIOCOOHOE WM aBapHHHOE CO-
CTOSIHHE, a TaKoKe JUISl MOJTy4EeHUsI HeOOXOAUMBIX JaH-
HBIX Ul pa3pabOTKH MEPONPHSTHI 10 YCTPaHEHHIO
BO3HUKIIINX HETATUBHBIX NTPOLECCOB.

CocraB paboOT 10 MOHHTOPHHTY TEXHHYECKOTO
COCTOSIHUSI OCHOBAaHUM M CTPOUTENBHBIX KOHCTPYKIIMI
YHHUKAJIBHBIX 3aHUI U COOPYKEHUH perIaMeHTHpYeT-
Csl MHAMBUIYaJIbHBIMU IPOTrpaMMaMH MPOBEACHUS U3-
MEpEHUH U aHaJIN3a COCTOSTHUS HECYIIUX KOHCTPYKIIHIA
B 3aBUCUMOCTH OT TEXHUUECKOTO PEIICHUS 3/1aHUS UIH
COOPYKEHUA U €ro Ae(pOpMAIIIOHHOTO COCTOSHHUSI.

B skcmimyaTupyeMOM YHHKQJIBHOM 3/aHUM WU
COOPYXEHHH JOCTYNl K OOJIbIIEH YacTH HEeCyIIuX
KOHCTPYKIIMH CYIIECTBEHHO OTpaHHYeH, a paboThl MO
TpaJULUOHHOMY 00CIE€I0BAHHUIO TEXHUUECKOI'O COCTO-
SIHUS KOHCTPYKLIHMH TPYyROEMKH M Jopord. [lyis Takux
00BEKTOB NPUMEHSIOT CHICIUAILHBIE METOJIbI M TEXHH-
YEeCcKHe CPEeCTBAa PAHHETO BBISIBICHUS U JIOKATU3AI[UU
MECT H3MEHEHHs HalpsHKEHHO-Je()OpMHPOBAHHOTO
COCTOSIHMS KOHCTPYKIMH C MOCIEAYIOIHUM 00CIe10Ba-
HUEM TEXHHYECKOTO COCTOSIHUS BBISIBICHHBIX ONACHBIX
Y4acTKOB KOHCTPYKLHUIL.

Jlns mpoBefeHHs KOHTPOJS M paHHEH JuarHo-
CTUKHM TEXHMYECKOTO COCTOSIHUS OCHOBAHHUN U CTpO-
UTENBHBIX KOHCTPYKILUI YHUKalIbHOTO 37aHUS WU
COOpY’KEHHsI YCTaHaBIMBAIOT AaBTOMATU3UPOBAHHYIO

CTALlMOHAPHYIO CUCTEMY (CTaHIMIO) MOHHTOpPUHTA
TEXHHYECKOTO COCTOSIHMSI, KOTOpast JI0JKHA o0ecTieuu-
BaTh B aBTOMAaTU3UPOBAHHOM PEIKHME BBISIBICHHE H3-
MEHEHHUsI HalpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHUS
KOHCTPYKIIMH C JIOKJIM3AIMEil UX OIacHbIX y4acTKOB,
OIpe/ieJIeHUE YPOBHSI KpeHa 3[[aHUsI WIIH COOPYIKEHHS,
a B clly4ae He0OXOJMMOCTH — M JIPYTHUX TapaMeTpoB
(medopmaru, namienue u np.). Hactpoiiky aBroma-
TU3UPOBAHHOMN CTAIIMOHAPHON CUCTEMBI (CTAHIIUU) MO-
HUTOPHUHTA OCYIIECTBIISIIOT C IIOMOIIBIO 3apaHee pa3pa-
00TaHHOI MaTeMaTHYeCKON MOJAEIH Ul MPOBEICHHUS
KOMIIJIEKCHBIX MH)KEHEPHBIX PACUYETOB 110 OIICHKE BO3-
HUKHOBEHHUSI M Pa3BUTHUS JIEPEKTOB B CTPOHUTEIILHBIX
KOHCTPYKIIUSX.

ABTOMaTH3UpPOBAaHHAsT CTAallMOHApHAs CHCTEMa
(cTaHIIMST) MOHUTOPUHTA TEXHMYECKOTO COCTOSTHUS OC-
HOBaHHI ¥ CTPOUTEIBHBIX KOHCTPYKIUI OJDKHA!

* IIPOBOJIMTH KOMILICKCHYIO 00pabOTKy pe3yJibTa-
TOB TIPOBOJIUMBIX M3MEPEHHN;

* TIPOBOJWUTH AHAJM3 PA3NIMYHBIX HM3MEPEHHBIX
rapamMeTpoB CTPOUTEIBHBIX KOHCTPYKIWH (AMHAMU-
YeCKuX, Ae(POPMAaIOHHBIX, I'€O/IE3UUECKUX H JIp.) U
CpaBHEHHE C MX MPEACITbHBIMH JIONYCTHMBIMHU 3Ha4e-
HUSIMU;

* IPEAOCTABIISATH AOCTATOUHYIO HH(OPMAIUIO IS
BBISIBJICHUS] HA PaHHEH CTaJuK TEH/ICHIINU HETaTUBHO-
rO W3MEHEHHsl HarpsHKeHHO-1e(OPMUPOBAHHOTO CO-
CTOSIHUSI KOHCTPYKIIMH, KOTOPOE MOXKET TMPHBECTH K
nepexoy o0bEeKTa B OrpaHHMYEHHO pabOTOCIOCOOHOE
WM aBapUItHOE COCTOSTHUE.

[Tpn BBISIBICHNU MECT M3MEHEHUS HAIpsKEHHO-
ne(opMHPOBAHHOTO COCTOSIHUSI KOHCTPYKIHUIT MPOBO-
JSIT JOTIOJIHUTENBHOE 00CIeIOBaHNE ITHX YacTeil U 1o
pe3ysbraraM 00CIe0BaHuUS JICNAIOT BEIBOBI O TEXHU-
YECKOM COCTOSTHMM KOHCTPYKIHWH, MPUYMHAX U3MEHE-
HUSI MX HalpsDKEHHO-1e()OPMUPOBAHHOTO COCTOSHHMS
1 HE0OXOIMMOCTH TIPHHSTHS MEP 110 BOCCTAHOBIICHUIO
WM YCUJICHUIO KOHCTPYKIIHH.

I[To pe3ynpTataM MOHUTOPUHIA TEXHHUYECKOTO CO-
CTOSIHUSI OCHOBaHMH M CTPOHMTENBHBIX KOHCTPYKIHN
YHUKQJIbHBIX 3/IaHUI U COOPY>KEHHUI BBIAIOT 3aKITI0ue-
HUe, opma KOTOpOro JODKHA OBITH pazpadoTaHa mpu
MIPOEKTUPOBAHNY CTAHI[MY MOHUTOPUHIA TEXHHYECKOTO
COCTOSIHUSI OCHOBAHUI M CTPOUTENBHBIX KOHCTPYKIUH.

MOHHTOPHHT CHCTEMbI WH)KEHEPHO-TEXHUYECKO-
ro obecrieueHns] YHUKAIBHBIX 3JaHUH U COOPY)KEHHI
MIPOBOJIAT C LIENBIO 00eCIIeueHNs ee 0e30I1acHOro PyHK-
LMOHHUPOBaHUs. Ero pe3ynbTarhl SBISIFOTCS OCHOBOW
pabor mo obecrieueHHI0 O€30MACHON ODKCIUTyaTalUH
9THX O00BEKTOB. IIpM MOHHMTOPHMHIE OCYLIECTBIISETCS
KOHTpPOJIb HaJ] pabOTOCIOCOOHOCTBIO M PE3yJibTaTaMu
paboThl CHCTEMBbI MH)KEHEPHO-TEXHMYECKOro obecrie-
YEHUs! ISl CBOEBPEMEHHOI0 OOHApYI)KEHUSI Ha paHHE!
CTaMN HETaTUBHBIX (DAKTOPOB, YIPOKAIOIIUX 0e3-
OITaCHOCTH YHUKAIIBHBIX 31aHHI ¥ COOPYIKEHHH.

Jlnist mpoBeieHust KOHTPOJISt U paHHEH AMarHoCcTH-
K{ TEXHUYECKOTO COCTOSIHUSI CHCTEMBI HHKEHEPHO-TEX-
HUYECKOro O0EeCreveHHs: KOHKPETHOTO YHHUKAIBHOTO
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CTNOUTENbLETB
Hayka 1 06pa3oBa

H.I. CepeauH, B.W. lusicoe

3JIaHUSI MM COOPY)KEHHMSI YCTaHABIIMBAIOT CUCTEMY MO-
HUTOPUHTA HHKCHEPHO-TEXHIMUCCKOTO 00CCTICUCHUSI.

[Ipy MOHHUTOPHHIE TEXHUYCCKOTO COCTOSHUS
VHHUKAIBHBIX 3JaHUH M COOPYKCHUH MO PEIICHUIO
MECTHBIX OPTaHOB HCIIOJHUTCILHOW BJIACTH, OPTaHOB,
VIOJTHOMOYCHHBIX Ha BEJCHHUC TOCYIapCTBCHHOTO
CTPOUTENBHOTO HAJ30pa, MM COOCTBEHHUKA OOBEK-
Ta MPOBOST MOHUTOPHHT O0IIEH 0E30MacHOCTH 3TUX
00BEKTOB (C KOMIUIEKCHOM OIICHKOM pUCKa) Ha CIy4an
BO3HUKHOBCHUS aBAPUIHBIX BO3JICHCTBUN TPUPOTHOTO
Y TEXHOTCHHOT'O XapakTepa.

MOHUTOPHHT TEXHHUYECKOTO COCTOSHHS YHUKAIIb-
HBIX 37aHMi U coopyxeHuil pernamentupyetr ['OCT
32019-2012'. CraHaapT ycTaHABIMBACT MpaBHJIa MPO-
CKTUPOBAHUS WM YCTAHOBKU CTAIMOHAPHBIX CTaHIIMN
JUI TIPOBEJICHHS MOHUTOPUHIAa TEXHHYCCKOTO CO-
CTOSIHUSl YHHUKAJIbHBIX 37aHUNA WU coopyxeHuid. s
MPOBCJICHUS MOHHTOPUHTA TEXHUYCCKOTO COCTOSHHS
YVHHUKAJIBHBIX 37]aHAN HA HUX YCTaHABIMBAIOT CTAHIHH
MOHHUTOPUHTA TEXHUYCCKOTO COCTOSHHUS 3/IaHHS.

[Ipu MOHUTOpPUHTE OCYIIECTBISIFOT KOHTPOJIb HaJ
MPOIECCaMU, MPOTCKAONUMH B KOHCTPYKIIMHA YHU-
KaJBHOT'O 3JIaHUsI, C I1EJIbI0 CBOEBPEMEHHOTO OOHapy-
JKCHHMST Ha PaHHCH CTaguM TCHJICHIUM HETaTUBHOTO
W3MCHECHHS HAIPSHKEHHO-1E()OPMUPOBAHHOTO COCTOSI-
HUSI KOHCTPYKIIHH, KOTOPOE MOXET TOBJICUYb 3a CO00i
nepexoji 00beKTa B OTPAHUYCHHO PAabOTOCIIOCOOHOE
WIN aBapuiiHOE COCTOSIHUE, a TaKXKe IMOJy4eHHs He-
00XOMMBIX TAHHBIX JIJIsI Pa3paO0TKU MEPOIPHUSATHIA IO
YCTPAHCHUIO BO3HHUKIIIMX HETaTUBHBIX MPOIECCOB. Pe-
3yJIBTaThl MOHUTOPHHTA SIBJISTFOTCS OCHOBOM ISl TIPO-
BEJICHUS DKCIUTyaTaI[HOHHBIX PA0OT Ha ATHX 0OBEKTaX.

Taxke 'OCT 32019-2012 pernmameHTUpyeT IMO-
PAZOK TMPOCKTUPOBAHMS CTAHIIUA MOHUTOPHHIA TEX-
HUYECKOTO COCTOSHHUS CTPOUTCIIBHBIX KOHCTPYKITHIA
YHHUKAJIBHBIX 3IaHUH U COOPYKCHHUH. Y CTaHOBKA CTaH-
UH HAYMHACTCS C MOHTaXKa H3MEPHUTEIBHON CUCTEMBI,
U TIOPSIIOK TIPEJICTABJICHUS PE3yJIbTATOB IPOBCICHHUS
BBIIIICHA3BAHHOT'O MOHUTOPHUHTA.

B cTpouTenbHON OTpaciy NIMPOKOE PacipocTpa-
HCHHE TOJIYYHIN CTAHIIMU MOHUTOPHHTA TEXHUYECKO-
T'O COCTOSTHUSI CTPOUTENILHBIX KOHCTPYKIIUH Ha Oa3e Bo-
JIOKOHHO-oNTHUecKuX jaatunkoB (BO/), obnamaromiue
CIeIyIONIMMHU MTpeuMylecTBamu [2]:

* BBICOKas IOMEX03aIINIIEHHOCTh OT AJIEKTpOMar-
HHUTHBIX TIOJICH;

* BBICOKAsI YYBCTBUTCIBHOCTh U3MCPCHHUIA;

* MaJjibic Ta0apuThI U BEC;

* BBICOKasi KOPPO3UOHHAS U paJMalliOHHAasl CTOM-
KOCTb;

* BBICOKAsl OJIEKTPOM3OJISIIIMOHHAS MPOYHOCTB,
obecrieunBaromias He3aBucumocts BOJ] ot HeGunaro-
MPUSATHBIX TOTOTHBIX YCIOBHU.

B yactHocTH, (hacaabl 3MaHUI HYKIAFOTCS B MO-
HUTOPHHIC CBOCTO TEXHUYCCKOTO COCTOSIHUS, KaK W

'TOCT 32019-2012. MOHHUTOPHHT TEXHUYECKOTO COCTOSHHS
YHUKaQJIbHBIX 31aHUH U coopyskeHuil. [IpaBuna npoexkrupona-
HUS CTAIIMOHAPHBIX CUCTEM (CTAHLMI) MOHUTOPHHTA.
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JII000H JPyroif KOMIIOHEHT 3aHui [3]. DT0 KOHTPOJIb
JUHAMUKH HAMpPSYKEHHOTO COCTOSHUS, BKITFOYAOLIHIH
HU3MEpPEHUE MPOCTPAHCTBEHHOTO M BPEMEHHOIO pac-
MIpeeIeHUs] MEXaHMYECKUX HaNpsDKeHHH, nedopma-
LMY, CMEILEHHs], TEMIIEPATyphl, BIAXKHOCTH, a TaKXKe
BEHTHJIUPYEMOCTH KOHCTPYKIUH.

ITosToMy A8 MOHUTOPHHTa TEXHHUYECKOTO CO-
CTOSIHUSI, HATIpUMep, (acaloB 3JaHUH 11eIeco00pa3Ho
MIPUMEHUTH CTAaHIIMM MOHHUTOPHHIA, Oa3MpyIOIIUecs
Ha BO/I, Tak Kak TJIaBHBIM NPEUMYIIECTBOM JIIOOBIX
BO/| sBnseTcss BO3MOXHOCTb OCYIIECTBICHUS JIUC-
TAQHIIMOHHOTO KOHTPOJS HAa PAcCTOSHUU HECKOJIBKUX
KkusoMeTpoB. IIpu 3TOM CBETOBOJ MOKET HCHOJHSATH
POJIb Kabemst JuIs Iepe/iaun ONTHYECKOTO U3ITY4YEHHS K
YyBCTBUTEILHOMY AJIEMEHTY, PACIOJI0KEHHOMY B 30HE
HU3MEPEHUH, a TakkKe MOXKET OJHOBPEMEHHO SBISATHCA
YYBCTBUTEIILHBIM 2JIEMEHTOM JaTUHKA.

HemanoBaxHbIM (haKTOpOM SIBJISIETCS TO, YTO, OY-
JTy4H U3TOTOBJIEHHBIM U3 KBapLE€BOTO CTEKJa, CBETOBOJ
He OOMTCS KIIMMAaTHYECKOTO BO3JCHUCTBHS U SIBIISETCS
HMHEPTHBIM 110 OTHOIIEHUIO K arPeCCUBHBIM KOMIIOHEH-
TaMm Tropojckoii atMocdepbl. OTCYTCTBUE AIIEKTpHUE-
CKOTO NMUTAHUSI U KaKUX-THOO IJIEKTPUYECKUX Iernen
B CBETOBO/IE OTPEJIeNIeT BO3ZMOKHOCTh HKCIUTyaTaI[lH
BO/] 6e3 pricka co3aHus M0KapOOIACHON CUTYAIUH.
BO/I mpesnctaBisitoT co00i Kiace YHHKAJIBHBIX 3JIc-
MEHTOB, HMCIOIIUX IIUPOKUN CHEKTP H3MEpsSeMbIX
rapamMeTpoB, KOHCTPYKTUBHYIO MOOWMJIBHOCTb M ajal-
TUBHOCTh K Pa3JIMYHBIM YCJIOBHUSIM YCTaHOBKH, MaJble
TEeOMETPUUECKUE IapaMeTpbl, BO3MOXKHOCTh H3Mepe-
HUSL B YCJIOBHUSIX BO3JCHUCTBHUS MOIIHBIX 3JIEKTpOMAr-
HUTHBIX NOJIeH 6e3 moTepu 3aJaHHOM TOUHOCTH.

OudeHb BaXXHBIM B COBPEMEHHBIX YCIIOBHUSIX SIB-
nsiercst To, uyTo BeIOOp BOJI, ompenensiemslii oreue-
CTBEHHBIM M 3apyOeXXHBIM DPHIHKOM H3MEpPUTEIbHOU
TEXHUKH, [TO3BOJISIET HAWTH aJieKBaTHOE COOTHOILICHHE
MEXIy LEHOH nprbopa M ero KauecTBOM, BKIHOYAIO-
MM B ce0s KOJIMYECTBO MU3MEPSIEMBIX MapaMeTpoB C
3aIaHHO¥M TOuHOCTHIO. Tem Oosiee, Ha CETrOMHSIITHUI
JICHb YK€ COPMHUPOBAIICS PAKTUIECKUI OTEUECTBEH-
HBIH OMBIT Mpou3BoAcTBa U npumenenus BOJ [4]. B
OCHOBE TEXHUYECKUX pELICHUH H3rOTaBIMBACMBbIX
BO/] nexxaT 1Be TEXHOIOTUH 110 X MPOU3BOACTBY: TO-
yeuHsle BBP-naTunku u pacnpeneneHHble 1aTYUKU Ha
OCHOBE KOMOMHAIIMOHHOTO PACCEsHHS CBETA B ONITHYE-
cKkux BoslokHax (3¢ ekt Pamana).

UyBCTBUTEIBHBIMU 3JIEMEHTaMU TOYEYHBIX BBP-
JaTYNKOB SIBJISIFOTCS] BOJIOKOHHBIE OpPITTOBCKUE PENIeT-
xu (BBP). Takue pemerku 3amucaHbl B ONTHYECKOM
BOJIOKHE TPU TOMOIIM YJIBTPa(HOJIETOBOTO Jlazepa 1
MIPEACTABISIIOT COOOM y4acTOK CBETOBOJA C TIEPHOJIH-
YeCKUM M3MEHEHUEM MO0Ka3aTeNs MpeloMICHHs BAOIb
ocu. BBP xaxnoro natunka otpa)xaet CBET OIpeIeIeH-
HOM BOJIHBI C IUPUHOH criekTpa 0,2 HM.

IIpu mMexaHMYeCKOM M TeMIepaTypHOM BO3jeH-
CTBHM M3MEHSIOTCS MEPUOJ U IMOKa3aTeslb MpeaoMie-
HUSI PELIETKH, BCIEJICTBUE Yero HaOJI0aeTcs cMelle-
HUE JUIMHBI BOJHBI OTPa)XEHHOTro cBeTa. V3Mepsist aTo
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CMEIIEHHE, MOXXHO OIPEIEIUTh OTHOCHTENBHYIO Jie-
(dopmaruo 1 n3MeHeHue Temreparypsl. Jlist Toro 4ro-
OBl pa3aessiTh 3 TH BEJINYHHBI, HEOOXOANMO PUMEHSTh
OJTHOBPEMEHHO JIBE PEIIETKH, OJHAa W3 KOTOPHIX HE
MOJIBEpPTaeTcsi MEXaHUUeCKUM Bo3jeiicTBusiM. 1o Hel
(DUKCHPYIOT CIBHUI'H JUTMHBI BOJIHBI BCIIC/ICTBHE TEMIIE-
paTypHBIX U3MEHEHHI. JTO MO3BOJISIET YUECTh BIUSIHUC
TEeMITepaTypbl Ha BTOPYIO PEIIETKY, a TAKXKe TEIJIOBOES
paciMpeHue MaTepraia, K KOTOpoMy IPUKPEIIeH AaT-
YUK ¥, TAKAM 00pa3oM, U3MepsITh nedopmaiuto. B of-
HOM ONTOBOJIOKOHHOW JIMHUH MOKET OBITh 00BETMHEHO
MHOYKECTBO PEHICTOK, KaXK/ast U3 KOTOPBIX AaeT OTKINK
Ha cBoeil JytMHe BOJHBL. [Ipn aTOM paccrosiHne MexIy
peneTkaMu MoKeT ObITh OT 10 MM 10 HECKOJIBKUX KH-
JIOMETPOB.

Pacnipenenennasl cucteMa TEPMOMETPUH — I3TO
cucTeMa, MpeHa3HaYeHHas! JJIsl HEPEPBIBHOTO U3Me-
pEeHUST TEeMIIEpaTypbl MPOTSIKEHHBIX CIOXKHBIX 00BEK-
TOB. UyBCTBUTEIBHBIM 3JIECMEHTOM CHCTEMBI SIBIISICTCS
MasiorabapuTHBIH  BOJIOKOHHO-ONTHYECKUH  Kabenb
JUTMHOM 110 8 KM, HE TPEOYIOIIHUH IeKTPUIECKOTO MTH-
tanusi. Cucrema OTIMYAETCS INUPOKHM JIHAra30HOM
u3MepeHus Temnepatypsl ot —55 70 +300 °C, BeicOKOi
TOYHOCTBIO U BBICOKUM HPOCTPAHCTBEHHBIM pa3pelie-
HueM 110 0,5 M.

PacripenieneHHbIi 1aTUMK TeMOepaTrypsl Ha OC-
HOBE KOMOWHAIMOHHOTO pacCesHMsl BKIIIOYACT Clie-
JYIOIIME OCHOBHBIC DJIEMEHTBI: UMITYJILCHBIN J1azep U
MOJKIIIOYEHHOE K HCTOYHHMKY OITHYECKOE BOJIOKHO,
KOTOpOE SIBJISIETCSl UyBCTBUTEJIBHBIM DJIEMEHTOM [5].
CyTh paMaHOBCKOTO pacCesiHUsl COCTOMT B OOMeHe
SHEpruer Mexay najaronmM (OTOHOM U MOJIEKYJIOW
BemiecTBa. Ecim Molekyia mepexoanuT U3 OCHOBHOTO
K0JIeOATEILHOTO COCTOSIHUS B BO30YKJICHHOE, TO pac-

CestHHBIA (DOTOH CMEUIaeTcsl M0 YacToTe B KPAaCHYIO
00acTb CHeKTpa W, TaKuM 00pa3oM, TeHepHpyeTcs
CTOKCOBa KOMITOHEHTa. Bo3MoXeH Takke u oOpat-
HBIH TIpOIecC, KOTJia CTPYKTypHasi MOJIEKYJa TepsieT
SHEPrHI0 U nepepaccesiHHbI (POTOH ¢ OoJiee BHICOKOU
SHEpruell TeHEepHpyeT AaHTHUCTOKCOBY JIMHUIO B CH-
Hel 00JIaCTH CIIEKTpa OTHOCHUTEIBHO JIMHUM HaKayKH.
OueBUIHO, YTO 3aCEIEHHOCTh BO30Y)KJICHHOTO YpPOB-
HSl HaNpsIMyIO 3aBHCHUT OT TEMIIEpaTypbl BelecTBa, a
CJIeZI0BaTEeNIbHO, HHTCHCUBHOCTh aHTHCTOKCOBOH KOM-
TIOHEHTBI OY/ET MPOSBISATH TEMIIEPATYPHYIO 3aBHUCH-
MocTb. TakuM 00pa3oM, perucTpupyst BpeMEHHYIO JTH-
HaMHKy WHTEHCHBHOCTH aHTHCTOKCOBOM KOMITOHEHTHI
TIPY 30HIMPOBAHUN UMITYJILCHBIM H3JIy4€HHEM, C I10-
MOIIIBIO TAKOTO CEHCOPa MOYKHO MPOBOJIUTH U3MEPEHHUS
TEMIIEPaTypbl BJIOJIb BCETO BOJIOKHA.

[Tpn moMomy BBIIEPACCMOTPEHHBIX TEXHOJIOTHIA
pear30BaHO MHOECTBO NPOEKTOB B 00JIaCTH, CTPO-
UTEJIbCTBA, JHEPTeTHKH, He(Tera3oBoi MPOMBINUICH-
HOCTH, aBHAaCTPOCHHS, KOMIIO3UIIMOHHBIX MaTEPHAJIOB.
Hanpumep, aBTOMaTH3UpOBaHHAS M3MEPUTEIbHAS CH-
cTeMa MOHUTOPHHIA TEXHHYECKOTO COCTOSHHMS, yCTa-
HoBJeHHas B T. HoBocuOupcke Ha cramuoHe «3aps»
(puc. 2), MO3BOJISICT CIEIUTD 32 TEXHUYECKUM COCTOSI-
HUEM 00BEKTa B PEKUME PEALHOTO BPEMEHH ITPH MH-
HUMaJbHOM yYacTHH ueioBeka [4].

ABTOMaTH3UPOBAaHHAST M3MEPUTEIbHAS CHCTEMa
BKitouaet B cedst 119 BO/I, B T.u. 85 BO/I nedhopma-
nuu u 32 BO/I Temnepatypsl, yCTaHOBJIECHHBIE Ha Hau-
OoJiee Harpy»KEHHBIX JIEMEHTAaX METAUIOKOHCTPYKIHN
¢ IIOMOIIBIO TOUeUHOU cBapku. A Takxke a8a BO/ cme-
LIIEHUsI, YCTaHOBJIEHHbIE Ha (yHaamente. J{i1st ompoca
BO/] mpumMeHeH aHamu3aTOp CUTHAJIOB C BOCHMHKa-
HaJIBHBIM ONTHYECKUM MYJIbTUILICKCOPOM.

Puc. 2. Craguon «3apsi» B r. HoBocubupck, 060py0BaHHbI aBTOMaTH3HPOBAHHON H3MEPUTENBHOM CHCTEMOit
MOHUTOPHHI'A TEXHUYECKOTO COCTOSHUS
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IToxazanus BOJ] cHuMmaroTcs Kaxkjble IIeCTb
yacoB. s xaxmoro BOJI 3agaHbl Ba KPUTHUECKUX
YPOBHSI M3MEPSEMbIX 3HAUCHMW: JKEITBIE W Kpac-
Hblid. [Ipu npeBbIICHUMM KPUTUYECKUX YPOBHEH W3-
MeEpsIEMBbIX 3HAUYEHUN CUCTEMa OIOBELICHUS I[OJAET
3BYKOBOM CHUTHAJl TPEBOTU U BBIBOJMT COOOILCHUE HA
CUTHQJIBHBI MOHHUTOP B JHCIETYEPCKOH, MOCIE Yero
yacTtoTta onpoca BOJI yBenuunBaercst 10 OJHOTO pasza
B 30 muH. [IporpammHoe obecnieueHne Mo3BoIISIET yia-
JIGHHO TMpocMaTpuBaTh nokazanust Bcex BOJl B Buue
rpa)MKOB OTHOCUTEIILHOMU J1e(hOpMaIIiH, TEMIIEPATYPBbI
U IIEpEMELICHMUSL.

Kopwme Toueunsix BBP-natunkoB u pacnpeneneH-
HBIX JIATYNKOB HA OCHOBE KOMOWHALMOHHOTO paccesi-
HUS CBETAa B ONTHYCCKUX BOJOKHAX (3¢ ekt Pamana),
B aBTOMAaTH3HPOBAHHBIX M3MEPHUTEIbHBIX CHCTEMax
MOHUTOPHHIA TEXHUYECKOTO COCTOSIHUSA YHUKAaIbHBIX
3aHUH U coopykeHuil mupoko npuMmensaoT BOJ[ Ha
ocHoBe untTephepomerpa ®adpu—Ilepo.

[Mpunnunuanenas cxema BOJ[ Temmnepartypsl,
KOTOPBIA MOKHO paccMaTpuBaTh kak BOJl nuHeitHbIX
nepemenieHnii Ha ocHoBe uHTepdepomerpa Dadbpr—
ITepo, nmokazana Ha puc. 3 [6].

B xamwuisipe / 3akperuieHsl 1Ba ONTHYECKUX BO-
JI0OKHA 2 ¥ 3 ¢ 3epKaJIbHO TMOJIMPOBAHHBIMHU U OOpAIIICH-
HBIMH HABCTpEYy APYr K JAPYTy TOpLAMH, 00pasyro-
mmmu uHTepdepomerp Dadbpu—Ilepo. Paccrosaue d
SIBISIETCsl ero 0a30ii. OnTuuecKoe BOJIOKHO 2 SIBJISETCS
MIPOBOJTHUKOM CBETOBOTO ITy4Ka OT IIHMPOKOIOIOCHOTO
ONTHYECKOT0 MCTOYHHMKA 4 M NPHEMHHKOM OTpPaXKCH-
HOTO CHTHaJa OT 3€pKaJbHOTO TOPIA ONTHYECKOTO
BOJIOKHA 3.

Cxema yCTaHOBKH, pean3ylomieil CrieKTpaabHbII
METOJ] HU3KOKOTepeHTHOU nHTephepomerpuu [7], co-
CTOUT U3 UCTOYHUKA U3TYUCHHS, BOJJIOKOHHO-OIITUYC-
CKOIl IMHUHM C pa3BETBUTEIIEM U CIIEKTPOMETPA, COAEP-
XKAIIEero OTPaXaTeJIbHYI0 AU(PAKIUOHHYIO PEILIETKY,
o0wekTuB u [13C-matpuity (puc. 4).

Puc. 3. lIpunnunuansHas cxema BOJl Ha ocHoBe untepdepomerpa ®adpu—Ilepo

InpokononocHbIi
ONTUYECKUI UCTOYHUK

Wnutepdepomerp

Pa3BeTBUTED Dabpu—Ilepo

[13C-matpuua —|

LN

JudpakumnonHas
perLieTka

OOBEKTHUB

Puc. 4. Cxema ycraHOBKH 1715t u3MepeHus 6a3bl natepdepomerpa @adpu—Ilepo
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W3znydeHne OT MIMPOKOMOJIOCHOTO ONTHYECKOTO
HCTOYHHMKA [0 ONTHYECKOMY BOJIOKHY IIOIajgaeT Ha
unreppepomerp ®adbpu—Ilepo, chopmMupoBaHHbIl Ha
Topiie BojiokHa (puc. 3). OTpaxkeHHbIH 0T nHTEpdhEpo-
metpa Pabpu—Ilepo curnan depes pa3BeTBUTENb I10-
najaeT Ha BXOJ| CIEKTpomeTpa (puc. 5).

B cnexTpomerpe HO ONTHYECKOMY BOJOKHY [/
MPOXOJIUT CUTHAII W HAMPABJISETCS Yepe3 OOBEKTUB 2
Ha AU(PaKIHOHHYIO pemeTKy 3, Ha KOTOpOH OH pac-
KJIaJ[bIBACTCSI Ha JUQPPAKIMN HECKOJIBKUX IOPSIKOB.
3areM TepBBIH U BTOPOH MOPSAKH AU(MPaKIHA depes
[I3C-matpuiry no xabenro 4 B Buae HHPOPMALTNOHHOTO
CHTHAJIa TIOCTYTAIOT Ha KOMITBIOTED.

VHTEHCHBHOCTh OTPaXKEHHOTO CHUTHAJA Oyaer
OITMCHIBATHCSI MPOM3BEJCHUEM (QYHKIMN OTPaKeHHS
uaTephepomerpa Pabpu—Ilepo u rayccoBoir (hyHK-
UM UCTOYHMKA. TOYHOCTh M3MEpeHnsi d W YyBCTBH-
TEJIBHOCTh METOJIa M3MEPEHUsI ONpENeNseTCs TOYHO-
CTBIO M3MEPEHUS JUIMHBI BOJIHBI M IIMPHHBI CIIEKTpa
W3JIyYeHHsI, T.€. CIIEKTPAIbHBIMH XapaKTEPUCTUKAMMU
npubopa, B T.4. Xapakrepuctukamu [13C-marpuisl n
OTHOIICHUEM CHUTHAJI/IITyM.

Pa3paboTana TEXHOJOTHS W3TOTOBJICHHS U MPO-
BE/ICHBI HCIIBITAHUS YyBCTBUTEIBHBIX 31eMeHTOB BO/|
TEeMIIEpaTyphbl, BHITOJHEHHBIX HAa OCHOBE MHTEpdEpo-
Metpa ®adbpu—Ilepo [8], mokaszaBiIne ux HaJICKHOCTD
1 NEPCIICKTUBHOCTH MPUMEHCHHN B aBTOMAaTU3UPOBAaH-
HBIX U3MEPUTCIIBHBIX CUCTEMAX.

IIpaxtuyeckoe mpumenenne BOJ] B cocraBe aB-
TOMATHU3UPOBAHHLIX U3MEPUTCIIBHBIX CUCTEM MOHUTO-
PUHIa TCXHUYCCKOT'O COCTOAHUA YHUKAJIBbHBIX 3)18.HI/Iﬁ

1 COOPYXECHHUH pacCMOTPUM Ha TPHMEpEe MPUMEHEHHS
METOJ]a BOJIOKOHHO-ONTHUYECKOW HH3KOKOT€pEHTHOU
uHTepdepoMeTpun st KOHTpoJsl aAedopManuu Kpe-
MISKHOTO JIEMEHTAa CTPOMTEJIFHOH KOHCTPYKLIMH B
Tporiecce ee dKCILTyaTaru [9].

Konrtpons aedopmanuyn KpemexHOro 3JIeMEHTa
IIPYU W3MEHEHHH HArpy3Kd Ha HEro OCYILIECTBIISETCS
CIIeAYIOIUM 00pa3oM: H3JIyYeHHE OT LIMPOKOIIOJIOC-
HOTO ONTHYECKOTO HCTOYHHMKA IO ONTHYECKOMY BO-
JIOKHY 4epe3 BOJOKOHHBIN pa3BETBUTENb MOJACTCA Ha
YyBCTBUTENbHBIN d71eMeHT BOJI, cMOHTHpPOBaHHOTO B
Kpere)xxHoM 3semente. Ilociie Bo3ielcTBUS cBeTa Ha
YyBCTBUTENBHBIN dmeMeHT BOJI, mpencTaBIsronIiii
coboii uaTephepomerp Padbpu—Ilepo, oTpakeHHBII
CBETOBOI CUTHAJI OAAETCS Ha CIIEKTPOMETP, KOTOPBIN
pPEruCTpUpPYET CHEKTp TOro CHrHajia. 3aTeM B OJIOKe
00pabOTKH TPOM3BOIUTCS aHAIN3 M MyTEM Ipeodpa-
30BaHusl Pypbe U3 ATOrO CHEKTpa BBIUMCIACTCS Oasa
unreppepomerpa dabpu—Ilepo, T.e. paccrosiHue d
MEXXy TOPIIaMH BKJIJIbIIIA M ONITHYECKOTO BOJIOKHA.

Criextp curHana u 6asa d maTepdepomeTpa 3aBu-
CST OT HAIIPSXKEHHOT'O COCTOSIHUS KPEIIEKHOTO AJIEMEH-
Ta, @ MMEHHO OT BEJIMYMHBI €ro NPOJOJIbHON eopMma-
LUK OT HANPSDKEHUH COKATUS MIIM PACTSIKEHUSL.

Ha puc. 6 mpuBeaeHb! 3HAUCHUS CIICKTPa OTpaXKe-
Hus uaTephepomerpa @adbprn—IIlepo mpu OTCYTCTBHH
Harpy3Ku Ha KPEIeXHbIN 3JIeMEHT.

Ha puc. 7 npuBeneHbl 3HaYSHUS CIICKTpa OTpaXe-
nust uarepdepomerpa Padpu—Ilepo mpu pactspkeHNN
KPETIe)KHOTO 2JIEMEHTA.

Puc. 5. Cnexrpomerp
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M Cnextp Min

Awmrmn UTyaa, OTHOCUTEJIIbHBIC
CIAHMHULIBI

80

40

920 940 960 980  Jl;iiMHA BOJIHBI, HM

Puc. 6. Cnexrp orpaxkenus uareppepomerpa Gadbpu—Ilepo mpu 0TCYTCTBHU HArPY3KH Ha KPETICKHBIA YJIEMEHT

W Crexip Min WEE
AMHJ-[ uTyaa, OTHOCUTECJIbHBIC
CAUHULBI
80

40

920 940 960 980  Jl;iMHA BOJIHBI, HM

Puc. 7. Criextp orpaxeHnus nareppepomerpa Gadpr—Ilepo npu pacTsykKeHHH KPETeKHOTO dJIeMEeHTa
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[Tpn cpaBHEHHM CIIEKTPOB OTpa)KEHHsI MHTEpQe-
pometrpa Dabpu—Ilepo, mpeacTaBICHHBIX Ha pHC. 6
W 7, OYEBHUAHBI UX CyILIECTBEHHbIE paznuuus. OOpa-
00TKa THX CHI'HAJIOB IyTeM IpeoOpasoBanus Dypbe
JIae€T BOBMOXXHOCTb BBIYUCIISITH BEINYNHY d C BBICOKOW
CTEINEHBI0 TOYHOCTH M, TEM CaMbIM, KOHTPOJIHPOBAThH
YIUIMHEHUE KPEINEeXHOTO 3JEMEHTa MPH ero yrnpyrou
nepopmanuu B npenenax ot 0 go 300 MKM ¢ TOYHO-
cTbi0 10 £30 HM, YTO MO3BOJIIET OMPEENATh MOPOTU
JONMYCTHMBIX Harpy30K B IpOIECCEe AKCILTyaTallu
CTPOMTENIBHBIX KOHCTPYKITHIA.

IIpoBenennsle uccnenoBanus BOJ] Ha ocHOBe
nnrepdepomerpa Padpu—Ilepo Takke moaTBepKIA-
FOT €r0 TOYHOCTh M HAJISKHOCTh Pa0OTHI: TaK Kak 0asa
nHTepdepomeTpa d 3HaUNTEITHLHO MEHBIIE JJIMHBI Kpe-

MEKHOTO dJIeMeHTa, puMepHo B 10° pas, To BiusiHHE
M3MEHEHHs TeMIepaTypbl OKPYKaroIero BO3AyXa Ha
n3MeHeHune 0a3bl d HUYTOXKHO, COCTABIISISL JOJIM HAHO-
MeTpoB Ha 100 °C.

TakuM 00pa3om, IPUMEHEHHE METOJIa BOJIOKOH-
HO-ONTHYECKOW HHU3KOKOTEPEHTHOW WHTepdepoMe-
TPUU TIO3BOJISIET OOECHEUYMBATH BBICOKYIO TOYHOCTH
W HaJEKHOCTh KOHTPOJISA AedopManuii KpeneKHBIX
9JIEMEHTOB CTPOMTENILHBIX KOHCTPYKIMH B IPOIIEC-
ce WX JIKCIUTyaTalllM, YTO TO3BOJISIET PEKOMEHI0BATh
npumenenne BOJ] Ha ocHoBe unTepdepomerpa Da-
o6pr—Ilepo B kauecTBe MepBUYHBIX peoOpazoBaTeseh
(1aTYMKOB) B COCTaBE U3MEPHUTEILHBIX CHCTEM MOHH-
TOPHMHTa TEXHUYECKOTO COCTOSIHUSI YHHKaJbHBIX 3J1a-
HUH U COOpPYKEHHH.
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As unique buildings and structures could be re-
garded those that in their construction project drawings
and specifications include one of the following param-
eters [1]:

* the use of structures and structural systems that
require non-conventional design approach, working
out specific methods of design or performance tests on
physical models, and also for the structures located in

the areas of construction with seismic activity not ex-
ceeding magnitude 9;

« the height of a structure exceeding 100 m;

« the length of a span exceeding 100 m;

« the length of a cantilever exceeding 20 m;

» digging of underground part below grade eleva-
tion for more than 10 m.
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As unique buildings and structures could also be re-
garded sport and leisure venues, religious buildings, exhi-
bition pavilions, multifunctional business, shopping and
recreation centers with maximum estimated occupancy
exceeding 1000 people inside one structure or more than
10000 people in the areas adjacent to a structure.

The Burj Khalifa tower with a total height of
828 m built in 2010 in Dubai, United Arab Emirates, is
considered to be the most unique remarkable structure
in the world (fig. 1).

[ | é !

Monitoring is a continuous process of observing
and registration of object parameters in comparison
with specified criterion.

Monitoring critical and hazardous objects, includ-
ing unique buildings and structures, is the process of
instrumental automated round-the-clock monitoring
discreet parameters of construction sites. The purpose
of monitoring critical and hazardous sites is prevention
of emergency situations, structural damages and decay.
The main distinctive feature of this type of monitoring

41,
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Fig. 1. The Burj Khalifa with a total height of 828 m in Dubai, United Arab Emirates
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is the fact that during the monitoring process deforma-
tions and displacement of structure and its substructures
and units are being observed. This allows forecasting
and preventing emergency situations instead of just in-
forming emergency services of rapid response about an
accident occurred. Monitoring critical and hazardous
sites is carried out by means of optical, laser and geo-
physical engineering tools and methods.

Monitoring technical conditions of foundations
and structures of unique buildings is implemented with
the purpose of their safe performance; the results of
such monitoring represent the base for maintenance
works on these sites. When monitoring, the control of
processes in structures and soils is implemented. Moni-
toring is done for the purpose of timely detection of the
tendency of negative changes in stress-strain behavior
of structures and foundations on the early stages which
might lead to a restricted or failure state of structure
maintenance; the other purpose of monitoring is obtain-
ing the necessary data for elaborations of actions on
elimination of negative processes.

The list of works related to monitoring technical
condition of foundations and structural steel of unique
buildings and structures is subject to individual pro-
grams of measurement and analysis of condition of
load-bearing structures depending on the engineering
solutions of building or structure and its stress state.

In the operated unique building or structure the
access to the most of load-bearing structures is signifi-
cantly restricted; while the works on traditional survey
of technical condition of structures are labor-consum-
ing and costly. For such buildings, specific methods
and technical methods of early detection and localizing
negative changes in stress-strain behavior of structures
are applied with sequent monitoring technical condition
of detected hazardous structural units.

With the purpose of control and early diagnostic
operation of technical condition of foundations and
structural steel of unique building or structure, the auto-
mated stationary system (station) for monitoring tech-
nical condition is installed which is designed to detect
negative changes in stress-strain behavior of structures
in automated mode with localizing their hazardous
units, determination of the tilt level of building and
structure. If necessary, it can also measure other param-
eters (e.g. stress, pressure, etc.).

Customization and adjustment of a stationary
monitoring system (station) is carried out with the help
of the pre-engineered mathematical model for complex
engineering calculations designed for assessment of de-
fects appearance and development in structures.

An automated stationary system (station) for mon-
itoring technical condition of foundations and struc-
tures must:

e carry out complex elaboration of measurement
results;

* implement analysis of various measured parame-
ters of structures (dynamic, stress, geodetic and others)
and their comparison with tolerance values;

« provide sufficient information for early detection
of the tendencies of the negative changes in stress-strain
behavior of structures which may result in restricted or
failure state of structure maintenance.

When detecting the place of changes in stress-
strain behavior of structures, the additional monitoring
of substructures is undertaken; according its results,
the conclusion is made regarding technical condition
of structures, causes of the change of stress-strain state
and the necessity of elaboration of actions on structure
restoration and strengthening.

According to the results of monitoring technical
condition of foundations and structures of unique build-
ings and structures, technical estimation is issued; its
form should be worked out when designing automated
stationary system (station) for monitoring technical
conditions of foundations and structures.

Monitoring the maintenance engineering system
of unique buildings and structures is implemented with
the purpose of their safe performance; the results of
such monitoring represent the base for safety of main-
tenance works on these sites. When monitoring, effi-
ciency check and control of the performance results of
maintenance engineering system is implemented with
the purpose of timely detection of negative factors on
the early stages threatening safety of unique buildings
and structures.

For monitoring control and early diagnostic opera-
tion of technical condition of the maintenance engineer-
ing system of the specified unique building and struc-
ture, the system of monitoring maintenance engineering
is installed.

When monitoring technical condition of unique
buildings and structures, upon decision of local authori-
ties and executive bodies authorized for implementa-
tion of building supervision, or the owner of the prop-
erty, monitoring general safety of such construction
sites (with complex risks assessment) is done in case
of arising accidental exposures of natural and anthro-
pogenic origin.

Monitoring technical condition of unique build-
ings and structures is regulated by the All-Union State
Standard 32019-2012 [2]. The Standard states the regu-
lations for design and installation of stationary station
designated for monitoring technical condition of unique
buildings and structures. For monitoring technical con-
dition of unique buildings, the stations of monitoring
technical condition of buildings are installed.

During monitoring, the control of the processes
in structures of unique buildings is carried out, with
the purpose of timely detection of negative changes in
stress-strain behavior of a structure on the early stages
which may lead to a restricted or failure state of struc-
ture maintenance, as well as obtaining necessary data
for elaboration of actions for elimination of faced nega-
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tive processes. The results of monitoring serve as the
base for sites maintenance.

Also the All-Union State Standard 32019-2012
regulates the procedure of design of stations for moni-
toring technical condition of structural steel of unique
buildings and structures. The assembly of such stations
usually begins with mounting measuring system and
with procedure of presentation of the above-mentioned
monitoring results.

Stations for monitoring technical conditions of
structures on the base of fiber-optic sensors (FOS) are
wide spread in construction industry as their perfor-
mance shows the following advantages [3]:

* high interference resistance to electromagnetic
field;

* high measurement sensitivity;

* small dimensions and weight;

* high fastness to staining and radiation;

* high electro insulating strength ensuring inde-
pendence of fiber-optic sensors on unfavorable weather
conditions.

Thus, building facades require regular monitor-
ing of technical condition as well as any other build-
ing unit [4]. This is the control of stress state dynamics
which includes measuring tridimensional and time dis-
tribution of mechanical stresses, deformation, displace-
ment, temperature, moisture content, and also structure
ventilation.

Due to this, for monitoring technical condition,
e.g. buildings facades, it’s recommended to use moni-
toring stations based on FOS. The main advantage of
any FOS is the possibility of remote control and moni-
toring from the distance of few kilometers. Along with
this, a light wave guide cable may serve as a cable for
transmitting light emission to a sensing element located
in the measurement zone as well as a sensing element
of a sensor.

It’s important to mention that a light wave guide
cable made of fused quartz glass is resistant to climatic
action and is inert to aggressive urban atmosphere.

A light wave guide cable has neither electrical sup-
ply, nor electrical circuits, which determines possibil-
ity of FOS maintenance without risk of fire hazardous
situations. FOS represent the type of unique elements
characterized by the wide range of measured parame-
ters, structural mobility and adaptability to various set-
tings, small dimensions, possibility of measuring under
the action of powerful electromagnetic fields without
required accuracy loss.

Under current conditions, it’s important to men-
tion that FOS selection determined by domestic and
foreign market of measurement technology allows find-
ing adequate quality-value relationship of a device in-
cluding a number of measured parameters with required
accuracy. Moreover, at the present time practical do-
mestic experience of manufacturing and application of
FOS has been gained [5]. Two manufacturing technolo-
gies form the base for technical solutions of produced
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FOS, namely Fiber Bragg Grating (FBG) sensors and
distributed sensors based on combinational (Raman)
light scattering in optical fibers (the Raman Effect).

Fiber Bragg Gratings (FBG) serve as sensor ele-
ments in the point FBG-sensors. Such gratings are re-
corded in optical fiber with the use of ultraviolet laser
and form the part of a light wave guide cable with cy-
cling of refraction index along the axis. FBG of each
sensor reflects the light of discreet wave with spectrum
width of 0.2 nm.

Under mechanical and temperature action, the pe-
riod and index of grading refraction are changed which
leads to displacement of wave-length of reflected light.
By measuring the length of such displacement, it’s pos-
sible to determine unit strain and temperature change. In
order to distinguish these values, it’s necessary to apply
two gratings simultaneously, whilst one of the gratings
should not be exposed to mechanical loads. This grating
is used for fixation of wave-length displacement caused
by temperature changes. This helps to account for in-
fluence of temperature on the second grating and also
temperature expansion of material with an attached sen-
sor, and therefore to measure strain. In one optic fiber
line various gratings could be arranged, each of which
responds to particular wave-length. Along with this, the
distance between gratings could vary from 10 mm to
few kilometers.

Distributed system of thermometry is the system
designated for continuous measurement of temperature
of extended complex objects.

A small-sized fiber-optic cable with the length
reaching up to 8 kilometers serves as a sensor element
of a system without the need for electrical supply. The
system is defined by the wide range of temperature
measurement ranging from —55 to +300 °C, with high
accuracy and sampling resolution reaching 0.5 m.

A distributed temperature sensor based on combi-
nation light scattering consists of the following main
elements: pulsing laser and a sensor element — optic
fiber connected to the source [6]. Essentially, combi-
nation light (Raman) scattering represents the energy
exchange between an incident photon and a molecule
of substance. If a molecule moves from the basic vi-
brating state into the excited one, an incident photon is
wandered into the red spectrum region, thus, generat-
ing stokes component. An inverse process is also pos-
sible when a structural molecule loses its energy and a
rescattered photon with a higher energy level generates
anti-stokes component in the blue spectrum region in
relation to a pump line. It’s obvious that if an excit-
ed level population corresponds directly to substance
temperature and, consequently, the intensity of stokes
component will show temperature dependence. Thus,
adjusting temporary dynamics of stokes component in-
tensity by pulsed light sounding it’s possible to measure
temperature along the whole fiber with the use of this
sensor.
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By applying the above-mentioned technologies a
number of projects in the sphere of construction, pow-
er, oil and gas industry, aircraft construction and com-
posite materials have been realized. For example, the
automated measuring system for monitoring technical
condition installed in Novosibirsk at the Zarya stadium
(fig. 2) allows real-time monitoring technical condition
of the site with minimal human intervention [5].

The automated measuring system comprises 119
FOS including 85 strain and 32 temperature sensors
installed on the steel structural members subjected to
the maximum load by means of spot welding. There are
also the displacement FOS-sensors installed on foun-
dation. For FOS scanning signal analysis with eight-
channel an optical multiplexer is used. FOS readings
are taken every six hours. For each sensor two critical
levels of measurable parameters are set: yellow and red
levels. If exceeded critical levels of measurable param-
eters, the warning system gives acoustic alarm sound
and displays the message on a signal monitor in the
control room. Then the frequency of FOS scanning in-

creases up to once every 30 minutes. Software permits
to view parameters of all FOS remotely in the form of
unit strain, temperature and displacement graphs.

Apart of spot FBG-sensors and distributed sensors
based on combinational light scattering in optical fibers
(Raman Effect), FOS on the base of the Fabry—Perot
interferometer are widely spread in automated mea-
suring systems for monitoring technical condition of
unique buildings and structures.

The layout diagram of temperature FOS which
can be considered as FOS of linear displacement on the
base of the Fabry—Perot interferometer is shown at the
fig. 3 [7].

In the needle / two optical fibers 2 and 3 are fixed
with mirror-finished end surfaces facing each other and
forming the Fabry—Perot interferometer. The distance
d is its base. The optical fiber 2 works as a conductor
of the light beam from the broad-band optical source 4
and the receiver of reflected signal from the mirror end
surface of the optical fiber 3.

Fig. 2. Zarya stadium in Novosibirsk equipped with the automated measuring system
for monitoring technical condition

|

Fig. 3. The layout diagram of FOS on the base of the Fabry—Perot interferometer
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The layout diagram of the apparatus applying
the spectral method low-coherence interferometry [8]
consists of the emitting source, fiber-optic line with
splitter and spectrometer comprising the reflecting dif-
fraction grid, objective lens and charge-coupled device
(CCD) matrix (fig. 4).

From the broad-band optic source emission along
the optical fiber reaches the Fabry—Perot interferom-
eter formed on the fiber end surface (fig. 3). The signal

Broadband
Optical Source

reflected from the Fabry—Perot interferometer reaches
the spectrometer input via splitter (fig. 5).

In the spectrometer along the optic fiber 1 the sig-
nal is sent to the diffraction grid 3 via the objective lens
2 where it’s split into diffraction of several orders. Then
the first and the second diffraction levels along the ca-
ble 4 and via CCD-matrix are received at the computer
in the form of an information signal.

Fabry—Perot

Splitter interferometer

CCD array |

LN

Diffraction grating

Lens

Fig. 4. The layout diagram of the apparatus for measuring the base of the Fabry—Perot interferometer

Fig. 5. Spectrometer
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Intensity of reflected signal will be described by
products of functions of reflection of the Fabry—Perot
interferometer and Gaussian function of a source. Mea-
surement accuracy d and sensitivity of measurement
method is determined by accuracy of measuring wave-
length and emission bandwidth, i.e. spectrum character-
istics of a device including parameters of CCD-matrix
and signal-to-noise ratio.

The manufacturing technology has been designed
and the sensing elements of temperature FOS based on
the Fabry—Perot interferometer [9] have been tested.
The test results proved their reliability and prospects for
application in automated measuring systems.

Practical application of FOS making up the part of
automated measuring systems for monitoring technical
condition of unique buildings and structures could be
exemplified by application of the method of fiber-optic
low-coherence interferometry for control of fastening
element strain of a structure while in operation [10].

Fastening element strain control under changing
load is carried out in the following manner. From the
broad-band optic source emission along the optic fiber
and via fiber coupler reaches the sensor element FOS
mounted in the fastening element. When the sensor
element FOS, which is basically the Fabry—Perot in-
terferometer, has been exposed to light, reflected light
signal is received by the spectrometer registering signal
spectrum. Then signal processing unit implements the
analysis and calculates the base of the Fabry—Perot in-
terferometer from this spectrum by means of Fourier

transformation, i.e. the distance d between the ending
surfaces of liner and optic fiber.

Signal spectrum and the base d of the interferom-
eter depend on strain state of a fastening element, more
specifically on the value of its lengthwise deformation
arising due to compression or tensile stress.

Fig. 6 gives the value of reflection spectrum of the
Fabry—Perot interferometer when the fastening ele-
ment is unloaded.

Fig. 7 provides the values of reflection spectrum
of the Fabry—Perot interferometer when the fastening
element is under tension.

When comparing reflection spectrums of the
Fabry—Perot interferometer in the figures 6 and 7,
considerable differences have been revealed. Signal
processing by means of Fourier transformation allows
calculating the value d with high precision of accuracy
and by that, controlling fastening element elongation
under tensile stress within the range 0—300 micrometres
and accuracy up to £30 nm. By doing so, the thresholds
of accepted loads for structure operation could be de-
termined.

The undertaken studies of FOS on the base the
Fabry—Perot interferometer also verify its accuracy
and reliability. As far as the base of the interferometer
d is significantly lower than the length of a fastening
element, about 10° times, the influence of temperature
change of ambient air on the base d change is insignifi-
cant, more specifically, the fractions of nanometres per
100 °C.

M Cnextp Min
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relative units

(-)&)X]

80

40

940

960 980 Wave length, nm

Fig. 6. Reflection spectrum of the Fabry—Perot interferometer with unloaded fastening element
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Fig. 7. Reflection spectrum of the Fabry—Perot interferometer when the fastening element is under tension

In summary, application of the method of fiber-
optic low-coherence interferometry enables obtaining
high accuracy and reliability of stress control in fas-
tening structural elements while in service. Thus, the
authors recommend application of FOS on the base

of the Fabry—Perot interferometer as primary trans-
ducers (sensors) being a part of measuring systems for
monitoring technical condition of unique buildings
and structures.
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