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YK 624.07: 69.058.2

ABTOMATM3NUPOBAHHbIN MOHUTOPWHI BbICOTHOMO 34AHMA
C MOHOJIMTHBIM XENTEBOBEETOHHbIM KAPKACOM

L.10. CHexckos, C.H. /leoHo8UY
Benopycckmin HaUMOHaNbHbBIN TEXHWUYECKNI YyHMBEPCUTET, MUHCK
email: snezhkov-d-u@yandex.by, snleonovich@yandex.ru

Heobxodumeili yposeHbs 6e3onacHoCmMu, KaK HG cmaduu 8038e0eHus, MaK U 8 nepuood
3KCNYamayuu 86ICOMH020 30aHUA Moxem bbime obecneyeH cucmemoli asmomMamu3upo8aH-
HO20 MOHUMOpPUH2a 0edhopPMAyUOHHO20 COCMOAHUA €20 Hecyuwux KOHCmpykyul. B cmamee
npedcmassieH onbIM 3KCNAyamayuu cucmemsi a8MoMamu3upo8aHHO20 MOHUMOPUH2A 8bICOM-
HO20 30GHUA C UCNO/Ab308AHUEM 0aMYUKO8 Y2108 HAK/AOHA HEeCywux KOMoHH. B kKayecmse me-
moouyeckol ocHosbl 06pabomKu OGHHbIX MOHUMOPUH2A PACCMOMpPEH KOPPEenayuoHHbIU aHa-
/1U3 Y2108 HAKAOHA KO/IOHH KapKaca 300HUS.

Kntoyesble c108a: MOHUMOPUH2, UHPOPMAUUOHHAA Cemsb, UHKAUHOMEMP, Hecywul Kap-
Kac, y2n1080e omks10HeHuUe, 0eopMayus, Koppenayus.

AUTOMATED MONITORING OF A HEIGHT BUILDING WITH
A MONOLITHIC FERRO-CONCRETE FRAMEWORK

D. Snezhkov, S. Leonovich
Belarusian National Technical University, Minsk
email: snezhkov-d-u@yandex.by, snleonovich@yandex.ru

The necessary level of safety, both at the stage of construction, and during building opera-
tion can be ensured by the automated monitoring system of stress-strain state of load-bearing
structures. The article presents the experience of operating a system for automated monitoring of
a high-rise building using inclination sensors of bearing columns. As a methodological basis for
the processing of monitoring data, a correlation analysis of the slope angles of the building frame
columns is proposed.

Keywords: monitoring, information network, inclinometer, load-bearing framework, angu-
lar deviation, deformation, correlation

BeegeHue. Hanbonbluyto onacHOCTb MpM 3KCNyaTauMm CTPOUTENbHbLIX OOBEKTOB Npea-
cTaBnaetT coboi npouecc nporpeccupytollero obpylleHns KOHCTpyKumin [1], Koraa BNAOTL A0
KaTacTpodMYecKoro pasBMUTMA 3TOTO MPOLECCA ABHbIX BHEWHWMX MPW3HAKOB MOTEPU Hecyllen
CNOCOBHOCTM KOHCTPYKUMKM He Habatogaetca. CBOeBpeMeHHO OOHAPYXMTb Hava/bHYO CTaauto
TaKoro poga cobbiTUN BO3MOMXKHO NyTEM HEMNPepPbIBHOM perncTpaumns aedbopmalMoHHOIO COCTo-
AHUA HECYLMX KOHCTPYKLUMIA, NPU COOTBETCTBYIOWEN YYBCTBUTENBHOCTU M3MEPUTENBbHOW CUCTe-
Mbl. B MMPOBOI MPaKTMKe BbICOTHOTO CTPOUTENLCTBA YXKE HAKOM/IEH HEKOTOPbIM OMbIT 3KCMya-
TauMm MHOOPMALMOHHO-U3MEPUTE/IbHBIX CUCTEM aBTOMATU3MPOBAHHOIO MOHUTOPUHIA HECYLMX
KOHCTPYKUMIA. HECKONBKO TaKMX CUCTEM aKcnayaTupyeTtca B Pecnybanke benapyceo.

MepBoi 3a4a4en, C KOTOPOM NPUXOAMUTCA CTANIKMBATLCA NPWU CO34aHMM CUCTEMbI aBTOMA-
TU3NPOBAHHOTO MOHUTOPMHIA, ABNAETCA COKPALLEHME NepeyHA KOHTPOAMPYEMbIX NMapameTpos,
KOTOPbIN B 3HAYMTENbHOW Mepe onpeaenser eé CTOMMOCTb. VaeanbHblM, KOHEYHO, 6bl10 Obl
CHabAMTb KasK bl 31EMEHT CMI0BOrO KapKaca 34aH1A BCeEM NepeyHeM CeHCOPOB. B peanbHOCTH,
KOHCTPYKTOPY MPUXOAMTCA PYKOBOACTBOBATHCA MPUHLMMNOM Pa3yMHOMN AOCTAaTOYHOCTWU, OPUEH-
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TUPYACb Ha AMana3oH paboymx Harpy3oK, BEPOATHble TEXHOTEHHbIE M NPoYMe GaKTOPbI, @ TaKkKe
XapaKTep MCMoAb30BaHUA MOMELLEHNI. YCTaHOBKA AaTYMKOB AMHENHON aedopmalmn, He3asu-
CMMO OT GU3MYECKOro NpuHUMNa nx paboTbl, TPebyeT, Kak NpasBuIo, A40CTAaTOYHO NMPOTAMKEHHOM
6a3bl, Ha KOTOPOWN MPOM3BOAMUTCA PErmcTpaLma B3aMMHOrO NepemeLleHnsa KOHTPOIbHbIX TOYeK
KOHCTPYKLUMK [2], UTO MOXKeT BbITb HEMPUEMAEMbBIM MO APXMUTEKTYPHBLIM UM 3CTETUYECKM COOD-
parkeHnAM. CnbHaA CBA3AHHOCTb 3/1EMEHTOB Kesie306eTOHHOrO MOHOIMTHOTO KapKaca 34aHuA
B Mpeaenax KaxAoro sTaxa M, COOTBETCTBEHHO, B3aMMHas 3aBMCMMOCTb AepopmaLMm 31eMeH-
TOB, NO3BONAET MUHUMMU3INPOBATL YNC/IO KOHTPOIMPYEMbIX 3/1EMEHTOB KapKaca. B KayecTBe MH-
GOPMaLMOHHbIX MAapPaMeTPOB A/1A OLEHKM AedopmaLmMm HecyLlero Kapkaca MoryT ObiTb UCMO/b-
30BaHbl TO/IbKO YI/1bl HAK/IOHA HECKOIbKMX K/THOYEBbIX KOHCTPYKLMI KapKaca. TunuyHble obpasupl
[ATYNKOB YI/IOBbIX MEPEMELLEHUIM ~-UHKAMHOMETPOB (CM. pUCYHOK 1), obecneynBatoT smepeHme
YI/10B CBOErO HAK/OHa B [IBYX OPTOrOHA/IbHbIX BEPTMKANbHbIX MAOCKOCTAX X U YC NOrPeLHOCTbIO
He npesocxogalei 1073 yraosoro rpaayca.A KOMNAKTHOCTb KOHCTPYKLMKM TUMOBbIX MOAEENR MH-
KMHOMETPOB B COBOKYMHOCTM C HECNPOBOAHBIM MHTEPPENCOM MO3BONAIOT UX IETKO YCTaHAB/M-
BaTb Ha 3/1IEMEHTAX KapKaca 34aHMI HaXoAALLMXCS B IKCHyaTaUuMm.

_V

PucyHokK 1. — YcTaHOBKa CeHCopa-MHKAMHOMETPA (2) Ha KOHTPO/IMPYEMOM KoNoHHe (1)

[pyroi BakHbIM BOMNPOC, BO3HUKAIOLWMI B Havane aKCnayataumMm CUCTEMbl aBTOMATU3K-
POBAHHOrO MOHUTOPUHIA, — O MpPeAesbHbIX 3HaYEeHUAX KOHTPOAMPYyEeMbIX NapameTpos. OTeye-
CTBEHHble HopmaTmBbl -TKIM 45-3.02-108-2008, TKM 45-1.01-234-2015 -patoT Anwwb obuiye pe-
KomeHZauumn (pacctoaHmne oT Bepxa GyHAAMEHTa [0 Bepxa HeCyLIMX KOHCTPYKLMIA NOKpbITUAh)
He [0MKHbI NPEeBbILLaTh:

— npuh, m 00 150 BKIOUYMTENBHO —1/500;

— TO e [0 200 —1/600.

Mpw BbicoTe h oT 150 oo 200 m 3HaYeHMA NpeaenbHbIX FOPU3OHTAJIbHbIX NEPEMELLEHN
cnenyeT onpenenaTb MHTepnonaumen.

Kakummn moryT ObITb OTKNOHEHMA NOKa3aTenen OTAebHbIX 31EMEHTOB MM KOHCTPYKL MM
NPUXOANTCA PeLlaTb NPOEKTUPOBLLMKY. [TepCneKkTUBY B PeLIeHNN YKa3aHHOM 33734 MOXKET OT-
KPbITb TEXHONOTMUS MHGOPMALMOHHOTO MoAeNNPoBaHmMa 3aaHui (Building Information Modelling —
BIM). Pa3paboTaHHaa Ha cTaaMM NPOEKTMPOBAHWA W AOMONHAEMas B MNpoLecce BO3BeAEHUS
M 3KCNAyaTaumm TpexmepHana MHbOpMaLMOHHAs Modenb 34aHWA, rae OANA KaxKAoro sfemeHTa
MOAENN 3aKNaAblBAOTCA CBEAEHMUA O ero ynpyro-aebopmMaTMBHbIX M MPOYHOCTHbIX NapameTpax,
MO3BO/UT MO M3MEHEHUIO COCTOAHMA TPYNMbl KOHTPOMPYEMbIX 3/1EMEHTOB, PACCYMTaTb COCTOS-
HWe ocTanbHbiX. COOTBETCTBEHHO MOHO pellaTb M 0O6paTHYHO 3a4a4y — BbIOpaTb «KAOYEBbIE»
3N1EeMEHTbI, Hanbonee YyBCTBUTE/IbHbIE K BEPOATHLIM AebopMaLmam KapKaca.
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Takvm 06pasom, co3gaHme CUCTEMbl MOHUTOPUHIA BKAKOYAET B ceba peleHune cneayto-
WX 3a424:

— BblbOpa K/OYEBbLIX KOHTPONMPYEMbIX 3/1EMEHTOB KapKaca 34aHudA, o06/1a4atoLmx
HanbonbLIEN YyBCTBUTENLHOCTbIO K BEPOATHLIM BUAAM AedOopMaLIMn KapKaca;

— BblOOpa annapaTHOM OCHOBbLI M3MEPUTE/IbHOM CUCTEMbI, B MEPBYIO OYepeb - NepPeyHs
MCNO/Ib3YEMbIX CEHCOPOB;

— dopmMMpOBaHMA anropuTMa OUEHKM AedOopMaLMm CMAOBOTO KapKaca 34aHWA NO AaH-
HbIM M3MEPEHUI COCTOAHMA KAKOYEBBIX 3/1IEMEHTOB KapKaca, M Ha ero OCHOBE — pacno3HaBaHue
alarm — cuTyaumu, Npu KOTOPoM TpebyeTca NPUHATME ONePaTUBHbLIX PELLIEHWN.

TexHU4Yeckme cpeacTBa CUCTEMbl MOHUTOPUHIA. CMCTEMON aBTOMATM3NMPOBAHHOTO MOHM-
TopuHra «AKKE», npounssoactsa KomnaHuu «Tieto-Oskari Oy» (PUHNSHAMSA), OCHALLEHO BbICOT-
HOE 3[@aHMe C MOHOJIUTHbLIM Kene300eTOHHbIM KapKacom - «CoOBpeMeHHbI MHOTOpYHKLMOHAAb-
HbI TOProBO-pPa3BaAEKATENbHbIN KOMMAEKC C TOCTUHULEN W NapKMHIOM Ha npocnekTe MNobeanTte-
nen B r. MuHcke». Komnnekc npeacrasnseTt coboi 21-aTaxkHoe 34aHMe, cocTosAllee M3 ABYX OC-
HOBHbIX YaCTeM: WEeCTUITaXKHON CTUA06aTHOM YacTu (TOProBoro LeHTpa) u 14-3TaxHON roCTUHK-
Lbl. BepxHsaa oTmeTKa 3aaHMs — +85,650 m. OCHOBY Hecylllero Kapkaca obbeKkTa COCTaBAANN He-
CyLLMe MOHONNTHbIE KOIOHHbI, ANCKM MOHONMTHBIX MEPEKPLITUIN U SNEMEHTbI MONepPeYHOM »KecT-
KOCTW. OCHOBHbIMM anmnapaTHbIMKU 31eMeHTaMK cucTeMbl cbopa MHPOPMaLMM ABNAIOTCA ABYXO-
CeBble CEHCOPbI-MHKAMHOMETPbLI U LLeHTPaNbHbIN 6a308biM 610K, CBA3b MeXAy KOTOPbIMK Opra-
HW30BaHa NO ceTeBOMy NpUHLMMIY. OCHOBHbIE NAapaMeTpbl CEHCOPOB-UHKAMHOMETPOB NpuBeae-
Hbl B Tabanue 1.

Tabanua 1. — OCHOBHbIE TEXHUYECKME XapaKTEePUCTUKN MHKAMHOMeTpa CMS-2D-R

HanmeHoBaHMe XxapaKTePUCTUKN 3HaveHune
KonnyecTso ocelt (KaHanoB) M3mepeHus 2
TuUn NoAKOYEHUS paguoKaHan
MONHbBIN N3MepseMbI ANanasoH +15°
Paspellatolllan cnocobHOCTb, aHanoroBas 0,001°(3,6")
ABCoNOTHAA NOrpeLIHoCTb +1,8"
ﬁ;fqnmajsclmoémepﬂemux TemnepaTyp BCTPOEHHbIM oT— 60 80 + 125

MpeaycmoTpeHbl cpeacTsa AoCTyna K 6a3oBomy 610Ky NO BblAeNEHHOMY KaHany ceTu In-
ternet. KOHTPO/Ib reEOMETPUYECKMX OTKJAOHEHMUIM HECYLILEro KapKaca Npou3BOAMTCA CEHCOPaMM-
MHKAMHOMETPaMMN MMeLWMMKN BeCNPOBOAHbIN MHTepdeNC, yCTaHOBAEHHbIMM Ha KOTOHHAX Noj-
BanbHOro, 7 1 21 3Tarkax 34aHus.

JONONHUTENbHO Ha KpOBAE 34aHMA YCTAaHOB/AEHbl NPOBOAHbIE CEHCOP CKOPOCTH
M HanpaB/ieHMA BETPA M CEHCOP-aKceepomeTp. Kpome AaTymKa YrI0BbIX MEPEMELLEHNI KaXK bl
CEHCOP-MHKIMHOMETP MMEET B CBOEM COCTaBe AaT4MK TemnepaTypbl ¢ paspeweHmrem 0,1°C. O6-
paboTKa CUrHANOB CEHCOPOB MPOUCXOANT B PEXMME PeasibHOro BPEMEHM B LieHTpaibHOM 6a3o-
BOM O/10Ke CUCTEMDI.

ABTOHOMHbIN pexkmMm H6a3oBoro 670Ka CUCTEMbI NO3BOMAET NoAyyYaTb MHbOpPMaLMO OT
BCEX CEHCOPOB, MPOM3BOAA HAKOMAEHWE AAHHbIX C PAa3/MYHBIM BPEMEHHbIM pa3spelleHnem. Xpa-
HeHWe AaHHbIX MOHWUTOPWHIa B 6a3oBOM H10Ke MPOM3BOAMTCA Ha NPOTAKEHMM 20 net Henpe-
PbIBHOrO GYHKUMOHMPOBAHMA CUCTEMbBI. B TMNOBOM HacTpolike 6a3oBoro 610Ka NpeaycmaTpuBa-
eTCA OpraHM3aLmMa MacCMBa HAaKOMAEHHbIX AAaHHbIX CEHCOPOB-UHKAMHOMETPOB B BUAe Tpex dai-
/0B, COAEpXallMx OTCYETbl AaHHbIX C pa3pelieHmnem B 1 cyT, 14 1 15 muH. Pasmep Kaxkgoro damn-
Na orpaHunyeH ~250 3anncamm, Kaxaana 13 KoTOpbIX ABNAETCA Pe3y/bTaToOM yCpedHEHNA OTCHETOB

CEHCOPOB 3@ COOTBETCTBYHOLLMIA MHTEPBAN BPeMEHU. TUNOBOE PACMNOIOKEHNE CEHCOPOB — MHKN-
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HOMETPOB — Ha Yr/10BbIX KOMIOHHAX HeCyLLero Kapkaca 3aaHusa. CxeMOTexHUMYeCKoe UCMONHeHMe
WHKNIMHOMETPOB M 6a3oBoro 6/10Ka NO3BONAET UX AMCTAHLUMOHHOE KOHOUIypupoBaHMe: ycTa-
HOBKY MapameTpoB YyBCTBUTE/IbHOCTM CEHCOPOB M MX HAYa/IbHOrO — HY/JIEBOrO 3HAYeHMA OTcYe-
TOB, NepMoaa onpoca, NapaMeTpPoB KOHOUTYPUPOBAHUA MHOOPMALIMOHHOM CETU U Ap.

Pe3ynbTaTbl MOHUTOPUHIA. B OCHOBE MOHUTOPUHIA KOHCTPYKLMIA NEXUT NPUHLMN Peru-
CTPaLMM YIrI0BbIX OTKAOHEHWI CEHCOpa OT HOPMalbHOro (NMepBOHAYabLHOIO) MOIOKEHUSA B pe-
KUMe peanbHOro BpemeHn. HakonneHune AaHHbIX OT CEHCOPOB-UHK/IMHOMETPOB, AaT4MKa CKOPO-
CTM M HanpaB/IeHNA BETPA, N aKCENEPOMETPA OCYLLECTBANOCL B 6a30BOM H610Ke cMCTEMbI. BM3y-
annsaums 4edoOpPMaUMOHHbBIX M3MEHEHMIA COCTOSIHMA 3/1IEMEHTOB HECYLLEro KapKaca 34aHuA Bbl-
MOMIHANACL MyTEM MOCTPOEHME roaorpadoB yraoBbIX NepemMelleHNn KOIOHH B NOAAPHbIX KOop-
AMHaTax, NPMBA3aHHbIX K BbIDpaHHOM NpuUBEAEHHON cucTeMe KoopauHat X*Y*. Yrnosasa Koop-
AMHaTa ang rogorpada paccymTtbiBanacb no dpopmyne

*
ang =arctg X—* , (1)
y

roe  x*, y* —3HauyeHMa yri1oBoM KOOpAMHATbI KaXKA0ro CeHCopa B NPUBEAEHHOM cuCTeME.
PacueT moaynen mod yrnoB Kaxaoro ceHcopa nponssoamsca no dopmyne

mod = (x*)2 +(y*)2 . (2)

Ha pucyHKe 2 npuBeaeHbl rogorpadbl nepemelleHnin ceHcopos 7 1 21 3TaxKel BbICOTHOIo
3JaHMA B NAOCKOCTM ocent X*, Y*. 3a nepunog Habnaogenuin (19.08.2015 — 13.03.2018) cpeaHss
BEAMYMHA NepemMeLleHnit No aTaxkam coctasuna 0,007...0,025 yrnosoro rpaayca. 3Ha4mMmaa Kop-
penauma cpelHMx 3Ha4YeHMM yrna HakAoHa KOMIOHH MO 3TaXKam He BblsiBAEHA, YTO KOCBEHHO YKa-
3bIBAET Ha OTCYTCTBME HAK/JOHHbIX MEepemMelleHMn BCero 3aaHua Uennkom. [na yToudHeHus
Habnoaaemon aedopMaLMOHHOM KapTUHbI BbIMOJAHEH KOPPESALUMOHHbIM aHain3 CUrHaNoB CeH-
COpOB B Npefenax oTAeNbHbIX 3TaXKEN, a TaKKe OLLEHKA KOppenaummn ycpeaHeHHbIX Y108 HaKk1o-
Ha MeX/y 3Ta)kaMu, W onpeneneHa Koppensums YraoBbiX OTKAOHEHWI KOHTPOAMPYEMbIX /e-
MEHTOB 0ObEKTA C MX TEMMNEPaTYypPO.

a 6
90

%0 0,010 -
0,018 -| 0,008
0,015 - 0,006 -
0,012 ]
0,004 -
0,009 - J
0,006 -{ 0,002 4

0,003 4 0,000 180
0,000 {180 ]
0,002 4
0,003 - J
0,006 0,004 4
0,009 0,006 A
0,012 J
0,008
0,015 J
0,018 0,010 -

270

270

PucyHok 2. — Mprmepbl roaorpados HakioHa KonoHH 7 (a) n 21 (6) aTasken BbICOTHOrO 3AaHuUA
a nepuogp c anpena 2017 r. no mapt 2018 r.
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B Tabnuvue 2 npmBeaeHbl 3HAYEHUA MEXKITaXKHbIX KO3DDULMEHTOB B3aMMHOM Koppens-
LN CPEAHUX 3HAYEHUIN MOAYNEN HAKNOHA U CPEAHNX 3HAYEHNI a3UMYTOB HAaK/IOHA KOIOHH.

Tabnuua 2 — KoadpduumeHTbl Koppenaumm CPeaHNX Nno 3Taxkam Moy/1ei BEKTOPOB HaK/0HA KOOHH

KoadbdbuumeHT Koppensumm

KoaddumuneHTbl Koppenaumm

T mod rogorpados a3nmyToB rogorpados
211737 -0,22 -0,27
2157 - noaBan 0,03 -0,05
75T - noaBan 0,52 -0,13

Pe3ynbTaTbl aHaAM3a NoOKasanu (cm. Tabn. 1), 4To B3aMMHaA KOpPPensuma cpeaHero 3Ha-
YeHUs MOAYNEN YII0B HaKOHA KOJTOHH 3TaKel, 32 UCKIIOYEHMEM 3TOTO NoKasaTens Ana 7 sTaxa
M nofBana, He ABAAETCA 3HAaYMMOW. Koppenauma asmmyTasbHbIX YI/I0B TaKKe MpaKTUYecKn OT-
CYTCTBYET. OTO KOCBEHHO YKa3blBAeT Ha OTCYTCTBME HAK/OHHbIX MePeEMELLEHWI BCETO 34aHMsA Lie-
NMKoM. Foporpadbl BeKTOpoB AedopMaumm OTAEAbHbIX KONOHH (CM. pUC. 2) MMEIOT CcToXacTuye-
CKUMN XapaKTep U He BbIXOAAT 3a Npeae/ibl XapakTepHOM YyCTOMYMBOM 061aCTU, UTO TaKKe cBuae-
TeNbCTBYET 006 OTCYTCTBUM HaKoNaeHusa Aedopmalmii BCAeACTBME YCaZ04uHbIX MPOLLECCOB B 3/1e-
MEHTax KOHCTPYKUMIA 1 dyHAaMeHTe 34aHMA. BbiaBAeHa 3HaUMMan Koppenauma yrnosbix aedop-
MaUMOHHBIX MepeMELLEHUI KOIOHH OT TemnepaTtypbl. Ha pucyHKe 3 nokasaHbl COBMECTHbIE Ana-
rPaMMbl U3MEHEHWI MOZYNA YINa HAKNOHA OAHOM U3 KONOHH 1 TemnepaTypbl. 1A 4aTYMKOB Bbl-
COTHOM YacTW 34aHMA ycTouMBoe 1 Han3Koe K 1 3HaueHne KoadduLumeHTa Koppenaummn Habato-
[anock B MHTepBane Temnepatyp +12...+32°C (puc. 4). na ceHCopoB NoABa/IbHOW YacTW XapakK-
TepHOM TemnepaTtypoi (puc. 5) aennock 3HaveHne 19...20°C, npy OTKNOHEHMM OT KOTOPOTO KO-
3OPUUMEHT KOPPENALMM YINa HAKNOHA U TEMNEPATYPbl MEHAN 3HAK.
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PrcyHOK 3. — BpemeHHble Auarpammbl yrio0BbIX CMELLEHUA CEHCOpa NoBaa 34aHnA
1 ero TemnepaTtypbl 3a nepuos aekabpb 2017 r. — mapt 2018 1.
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[AnHammKa aedopmMalMOHHbIX NPOLLECCOB NpeacTaBAeHa MeANeHHbIMU — Nepuos Kone-
HaHWI nopaaKa 3...6 CyT — UIMEHEHUAMM YII0B HAKAOHA KOHTPOIMPYEMbIX KOIOHH C aMMIUTY-
non He 6onee 0,001°. AHanM3 AaHHbIX C YAaCOBbIM M 15-MUHYTHBIM BPEMEHHbIM Pa3peLleHnem
TaKXKe He BbIABMA BbICOKOYACTOTHbLIX NPOLLECCOB. BpemeHHble Anarpammbl MMET NAaBHbIN Xa-
pakTep 6e3 NPU3HAKOB ANHAMMYECKMX U YAAPHbIX HArpy3oK.
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Temnepatypa

PucyHoK 4. — 3aBMCMMOCTb MOAY/b YA HAaKA0HA KONOHHbI ID-02 oT TemnepaTypbl:
KoagppuyueHm demepmuHayuu r? = 0,85 ; koagpgpuyueHm peepeccuu —0,0013

Kpome un3mepeHuit KBasMCTaTUYECKMX AedOPMaLMOHbIX 3BOMOLMIA KapKaca 34aHuA,
B CUCTEME MOHWTOPWHIA NpeaycMaTpmMBasach PerncTpauma BMOPALMOHHbLIX YCKOPEHMI. 3anycK
aBTOMATMYECKOM perncTpaumm noToka AaHHbIX CEHCOpa-akcenepomeTpa npomcxoamT no cobbi-
TUIO MPEBbLILEHNA CUrHANOM Nt0OON M3 Tpex NPOCTPAHCTBEHHbIX KoopAauHaT X, Y, Z 3HayeHuA
1 mg = 102m-c2. Tocne 3anycka NPOUCXOAMT 3aMNnChb 3HaYEHMI NPOCTPAHCTBEHHbIX COCTABAAO-
LLMX BEKTOPA YCKOPEHMA C BpeMeHHbIM paspeweHnem 30 mc. Ha pucyHKke 6 npuseaeHbl Bpe-
MEHHble Anarpammbl CUTHAN0OB aKkCeNepoMeTpa, 3apernctpmpoBaHHble 12.09.2017 8 9 4 06 muH.
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PUCYHOK 5. — 3aBMCMMOCTb MOAY/b Yr/1a HAKNOHA KONOHHBI ID-13 oT TemnepaTypbl:
KoaggpuyueHm demepmuHayuu r* = 0,81; koaghdpuyueHm pezpeccuu —-0,084

HayanbHaA 4acTb CMrHana, Bbi3BaBLUAA 3aMycK perncrpauum, obycnoBneHa, BepOATHO,
OAHOKPATHOW yAapHOM Harpy3Koi. YCTaHOBMBLUMICA CUTHAN aKCenepoMeTpa MMeeT KBasunepu-
OAINYECcKMin xapakTep ¢ nepunogom nopsaka 90...100 mc, 4To 0bycnoBeHo, BeEpoATHO, BUbpaLn-
el TexHoMorMyeckoro 0bopyA0BaHNA 34aHUA — ANPTOB, BEHTUAALUMM U AP. AMNAUTYAA YCTaHO-
BMBLUMXCA KoNebaTesIbHbIX YCKOPEHMI NMPAKTUYECKM HEM3MEHHA M COXPaHAET CBOE 3HayeHune Ha
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yposHe 0,1..0,3 mg. Kpome yKazaHHOro, ApyrmMx cobbiTUIA NPeBbILLIEHNA BMOpPaLMAMM YCTaHOB-
JIEHHOro NMopora He 3aperncTPrpoBaHo.
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PucyHOK 6. — BpemeHHble guarpammbl MPOCTPAHCTBEHHbIX COCTABAAIOLLMX BEKTOPA YCKOPEHWA:
pernctpauma 12.09.2017 8 09 4 06 mmH

3akntoyeHue. Mpn BO3BEAEHUN BbICOTHbIX (BbICOTHbIM SIBAIAETCA MHOrO3Ta)KHOE 34aHue
YKMNOro Ha3zHadyeHuA BbicoTon OT 75 1o 100 M BKAOUYMTENbHO, 0BLLLECTBEHHOTO M MHOTO(YHKLMO-
Ha/ZIbHOrO Ha3HayeHus - BbicoTol oT 50 A0 200 M BKIOUUTENBHO) N YHUKA/bHBIX MO apXUTEKTYpe
30aHMI 334aCTyO CTaHOBUTCA NPOBAEMATUYHBIM MCMOIb30BATb HECYLLME KOHCTPYKLUMM C BonbLuK-
MM 3anacamm NPOYHOCTH, YTO NPU COYETAHUN HEDNArONPUATHBIX GAKTOPOB MOMKET YBEINUYNTL PUCK
nx paspyenns. C uenbto obecneyeHma HeobXoAMMOro YpoBHs He30MacHOCTH, Kak Ha CTaZaun BO3-
BeeHWA, TaK M B Nepmoa, SKCNAyaTaumm 34aHNA, BaXKHYHO poab NpnobpeTatoT CMCTeMbl aBTOMATH-
3MPOBAHHOIO MOHUTOPMHIA 33 AeDOPMAUMOHHBIM COCTOAHMEM HECYLLMX KOHCTPYKUMIA 3[4aHMA.
BbinosHeHHble paboTbl MOKa3anM BbICOKYHO 3GPEKTMBHOCTb MCNOAb30BAHMA MHKAMHOMETPOB B Ka-
4yecTBe M3MepPUTEIbHON OCHOBbI AaBTOMATU3MPOBAHHOMN CUCTEMbI MOHUTOPMHIA HECYLLLero KapKaca
CTPOUTENbHbBIX OOBEKTOB. BbIABNEHO CUMAbHOE BAMAHME Ha NOKalaTenn Aedopmaumm 3N1eMeHTOB
HeCyLLero Kapkaca 34aHna TemnepaTypbl. [TOKasaTenn YyBCTBUTENBHOCTU W AOATOBPEMEHHOM CTa-
OUNBHOCTU METPONOTUYECKUX XaPaAKTEPUCTUK MHKIMHOMETPOB NO3BOIAOT PErMCTPUPOBATL MPakK-
THYecKkn Ntobble aedopMaLMOHHbIE NSMEHEHNA FTEOMETPUM HECYLLLErO KapKaca 34aHua, B TOM YumC-
Ne, obycnoBaeHHble BapuaLmen TemnepaTypbl. JaHHble MOHUTOPWMHIA MNOATBEPMKAAIOT CTATUCTU-
4ecKyto 060CHOBAHHOCTb 3HAYEHMI HYyBCTBUTENbHOCTN CEHCOPOB MHKAMHOMEeTPoB — 0,001 yrnoso-
ro rpafyca. B kayecTBe metoamyeckon ocHoBbl 06PabOTKM AaHHbIX CUCTEMbI NPeaNaraeTca Koppe-
NALMOHHbBIA aHaNM3 NPUPALLEHNIA YT10B HAKIOHA KHOYEBbIX KOHCTPYKLUMIA.
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