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B «MeTonndeckix peKOMEHAAUHAX [0 BHOPOAMArHOCTHKE aBTOHOPOXKHBIX
MOCTOB» TMpPeCTaBJICHb] OCHOBHbIE XapaKTEPHCTHKU TEXHUYECKHX M IPOrpaMMHBIX
CPEACTB, NpPUMEHSEMBIX IPH IONEBBIX HCCIENOBAaHHSIX WM pacueTax Hecyuel
CIIOCOOHOCTH MOCTOBBIX KOHCTpYKUMil. PexoMeHmalMH pa3paboTaHnl C y4eTOM
TpebGoBaHU{ OCHOBHbIX HOPMAaTHBHBIX JOKYMEHTOB, MPHBEIEHb! OCHOBEI METOIHK
BCEX TEXHOJOTHYSCKMX MPOLEAYp, BBINONHAEMBIX IIPH BHOPOIMATHOCTHKE
aBTOZXOPOXKHBIX MOCTOB.

“Recommendations for vibrodiagnostics of highway bridges” includes basic
requirements for hardware and software used in experimental works and calculation
of bridges’ load capacity. Recommendations were developed according to basic
Codes for the purposes and shortly described main technological procedures, what
took place in highway bridges’ vibrodiagnostics.
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Ilpeanciaosue

1. Otpacnessle Meroaudeckue pexoMeHmauuu paspaboranst OAO HHMMC npu
yuactud I'TI Pocpophun. B paboTe HCHONB30BaH OMNBIT NpOBeAeHMA pabor 1o
BUOPOIMATHOCTHKE aBTOJOPOXHBIX MOCTOB Ha aBTojioporax (efepanbHOH |
PETHOHAJILHOH NOTIMHEHHOCTH.

Buecens! I'ocynapcTBeHHOM ciryx60# JOPOKHOTO XO35IHCTBA.

2. TIpuHATEL ¥ BBEJIEHB! B JIeHCTBHE pacTiopsiKeHHEM

Ne 266-p o 07.08. 2001 .
3. Beoasitcs BOEpBEIE.

4. Hacrosaume oOTpacieBble DPeKOMEHJAUHH He MOIyT OBITh TOJHOCTBIO HIIHM
YaCTHYHO BOCTIPOM3BEJCHBI, TUPAXUPOBaHBI M pPAaclpOCTPaHEHbI B KadecTBe
odunmansHOrO U3aHus 6e3 paspeuenus PocaBTonopa.

5. Hacrosimme oTpacieBele METONMYECKHE pPEKOMEHAANMH IIOAFOTOBIECHBI
oI pPYKOBOACTBOM 3aMecturels I'enepanbHoro aupekropa OAO ITHHUMC
Lepranta A.A. Trpynmnoif cmenuajucToB B cocTaBe: 3parvHIeBa A.H.,
ITaBnoBa E.M., Baumypo B.J., npu ywactum cotpynuuxoB [Tl Pocpoprunu:
[Hecrepukosa B.U., Hleitnisura M.M., nog o6umM METOOMYECKUM PYKOBOJACTBOM
COTPYIHUKOB VYIpPaBIeHUA oOpraHuszauui paboT [0 COAEPKAHMI0O H PEMOHTY
HCKYCCTBEHHEIX COOPYXXEHHI Ha aBTOMOOMIBHEIX moporax Il ocymapcTBeHHOM
cyx6b1 JopoxHoro xo3siicTa I'opoben JI.Y. u Matseesa I1.K.

TocymapcTBennas ciyx6a xopoxkHoro xossiicrea (Pocasronop) 2001 r.
OAO Hayuno-uccnenoBaTenbCKuit HHCTHTYT TPaHCHOPTHOTO cTpouTenscTsa 2001 1.
I'ocynapctBernoe npeanpusrtie Pocoopruu 2001 r.



METOAMYECKHUE PEKOMEHIAITHHA
1O BUBPOUATHOCTHKE ABTOIOPOXKHBIX MOCTOB

Ilara BBeieHUs 2001 r.

1. O6ugue noioxKeHns.

1.1. Hacrosmue MmerofuuecKkHe peKOMeHAAlMH (Jalzee 0O TEKCTy —
pEKOMeHZANMH) IpelHAa3HadeHbl I NEepPHOAWYECKOH  HHCTPYMEHTAIBHOH
JUarHOCTHKH 3KCIUTyaTHPYEMbIX aBTOZOPOXKHEIX MOCTOB M MOTYT IIPUMEHATHCS s
MPHEMOYHBIX UCIBITAHMH BHOB TIOCTPOSHHEIX M PEKOHCTPYHPYEMBIX MOCTOB.

1.2. PexomeHzauuy pa3paboTaHbl C Y4eTOM TpeGOBaHHM M HCIOJB30BaHUEM
TEPMHHOB Y ONPEJEJICH! OCHOBHBIX HOPMATUBHBIX JOKYMEHTOB.

1.3. Bubponnarnoctuka Gasupyercd Ha aHajlM3e apaMeTpOB PacdEéTHOro H
3KCHEPHMEHTAIBHOTO OTKIMKA (PEaKkUMH) COOpYXEHHMA Ha JUHAMHYECKOE
BO3/eHCTBHME B HU3KOYACTOTHOM Jpana3oHe COOCTBEHHEIX (OpM KoJleOaHH i

1.4. BubpomnarHocTHKa, KaKk €JMHBIY TEXHOJIOTHYECKHH Tipollecc, HIH ee
OTZHE/IbHBIE HPOLEAYphl MOTYT IPHUMEHATHCA B COYETaHHH C TPaJHIMOHHBIMH
METOJaMH IMAarHOCTHKH aBTOJOPOXHBIX MOCTOB (obcnenoBaHHMe, CTaTHYECKHE H
JIMHAMA9ECKUE UCIIBITAaHUS H T.1.).

1.5. [laHHbIE pEKOMEHIALMK MOIYT HCHOJNB30BaThCAd IIOJMHOCTHIO IPH
TIPHMEHEHUH MEeTONOB aKTHBHOM BUOPOXMArHOCTHKH M YaCTUYHO NPU HPHMEHEHHH
METOJIOB IIACCHBHOM BHOPOAHarHOCTHKH.

2. Metoabl BHOpOAHArHOCTHKH, TEXHOJIOTHS NpoBeeHHA pabor.

2.1. PexomeHnanuu pa3paboTaHBl C Y4€TOM OIBITA OLEHKH AWHAMHYECKHX
XapaKTePHCTUK COOPYXXEHHS C NMPHUMEHEHHEM pasiIMYHBIX CHOCOOOB HArpyXeHHS,
H3MepeHHil 1 00paboTKH 3KCIIEpUMEHTANBHBIX NaHHbIX. B obmeM ciydae, METOIBI
BUOPOIMATHOCTHUKY MOTYT OBITh YCIIOBHO pa3JeieHbl Ha NAaCCUBHbIE M aKTUBHEIE.

2.1.1. MerogaMH NacCHBHOM BHOpPONMArHOCTHKH SABBIIOTCS Te, KOTAa
OTCYTCTBYET CIEllHaiibHas CHCTEMa Harpy>XCHHSI HCCIEAyEeMOH KOHCTPYKIHH, a B
Ka4ecTBE peXMMa Harpy>XeHHs HCIOIb3yeTcs CilydaliHoe WIH perysisipHoe (poHOBOE
BO3JEHCTBHE IPUPOJHOIO HIIH TEXHOTEHHOTO XapaxrTepa.

IIpakTUdeckoe HMCIONBE30BAHME MeETOJa IIACCHBHON BHOPOAMArHOCTHKH
OCYIIECTBJACTCS MPH CIy4aliHOM BO3NCHCTBHMH: TPAHCIOPTHOIO MOTOKa, NMPOroHa
ONUHOYHOro aBTOMOOMINSA, BeTpa U T.A. [IpakTHUeCKH BCe 3TH BHIBI CIy4aHHOro
Bo3nedcTBHA (BeTep, TPAaHCHOPTHBIA IOTOK, MHKPOCEHCMBI M T.O.), HOCST
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HeCTalOHAPHEIM, Hesproaudeckuii xapakrep. IIpHMMeHHTENPHO K aBTOAOPOXKHBIM
MOCTaM 3TO O3HAYA4ET, YTO MPH HCCAEAOBAHHH ITapaMeTPOB JHHAMUYECKOTO OTKIHKA
104 BO3AEHCTBHEM TPAHCIIOPTHOrO IMOTOKA TpeGyercd 3HAYHUTENBHOE yBEIHYCHHE
BpeMeHM HaOIOfeHHH M pEerHCTpPalldM I[apaMeTpoB OTKJIMKA, [OBEPHTENbHAd
BEPOSTHOCTE II0JYYaEMbIX PE3YJIbTATOB HEBHICOKas. 3aTPyJHHTENHHO NOJIydYeHHE
yCTOMYMBEIX (OPM KoNeOaHHil W TepelaTOYHBIX (GYHKUMH [apaMeTpoB OTKIHMKA
KOHCTPYKLHH, T.K, IJapaMeTphli CHJIOBOTO BO3AEHCTBMS OCTAlOTCS HEHM3BECTHHIMH. B
3aBMCHMOCTH OT crniocofa perucTpanuu 1 06paGoTKH SKCNIEpUMEHTAIBHEIX JaHHBIX,
XapaKTePUCTHKAMH OTKIIMKA COOPY)XCHHS MOTYT SBIATHCS: YacTOThl HU3MIKX (OpM
KojeOaHuii NpONETHBIX CTPOCHHH, CIIEKTPhl MOIIHOCTH HIH OTHOCHUTEIBHBIX
aMIUINTYZ, BenMYMHA HO00ABKM JHHAMH4Yeckoro koagduuuenta. ComocrapieHue
pe3yNETATOB ¢ [JAHHBIMHM pAcueTHOM MOJIENH COODPY)XCHHS HOCHT, CKopee
KaueCTBEHHBIN XapaKTep ¥ MOXKeT NPOBONUTHCS NO yacToTaM 1-2 Husmux Gopm
koneGaHuii (YacTOTHBIA aHaNW3), MCIONb30BaHHE OOjlee COBEPIICHHBIX METOOB
aHaJIK3a 3aTPYIHUTENBHO.

2.1.2.  Merogsl  axkTHBHOM  BHODOZMArHOCTHKH  XapaKTepH3yIOTCs
HCKYCCTBEHHBIM IIPHJIOXKEHHEM K KOHCTPYKLMM COODYXEHMS HMITYJIBCHOH HIH
rapMOHH4YECKOH, BUOpAnMOHHOM Harpy3KM, KaK 4acTHbIM Ciydail, NpHUMeHsSeTcs
CTOXacTHYECKHIl Npolecc HAarpyXeHus, UMeIolMi CTaOWIIbHBIE CTaTHCTHYECKUe
XapaKTepPUCTHKH (CTallHOHAPHBIH, 3progudeckuii npouecc).

IlpakTUyeckoe HCIOIB30BaHHE MMITYJIBCHOTO HAarpyXeHUss B aKTHBHOM
BHOPOJMATHOCTHKE OCYINECTBISETCSA: MPOrOHOM OIMHOYHOIO aBTOMOOWIL 4epes
HCKYCCTBEHHBIE HEPOBHOCTH, OTTSKKOM KOHCTPYKLMU TPOCOM Hepe3 PasMbIKaIoLIee
3BEHO, COpOCOM Ipy3a MM yJapoM depe3 IDIACTHYHYIO NPOKIaaKy ¥ T.4. Ilpu
aKTUBHOM BO3IEHCTBMH Ha KOHCTPYKUMIO HMITyJbCHOM HAarpy3kod, u3-3a Majoi
NPOACIDKUTENBHOCTH  BO3JAEHCTBUS, IONy4YeHHe CTAalMOHApHBIX  KoneGaHui
3aTPYIOAUTENBHO, YTO NPHUBOAUT K HEOOXOMHMMOCTH MHOTOKPAaTHOTO NOBTOPEHHS
HarpyxeHus. B 3aBucuMocTH OT cnocoba perucTpanuu u  ofpaGorku
3KCIIEPUMEHTANbHBIX NAHHBIX, XapaKTePUCTHKAMH OTKIMKA COOPYXEHHS MOIYT
SIBIIATECA: 9YaCTOTHI HH3IUMX (OPM KoJMeOaHHH IPONETHBIX CTPOEHHH, CIEKTPHI
MOILHOCTH HJIH OTHOCHTENBHBIX AMIUIMTYJH, BelIWYMHA R0GABKM JUHAMHYECKOro
kodp¢unuenTa. ComnocTaBlieHHe pPe3yNBTaTOB C JAaHHBIMH PacYeTHOH MOMIETH
COOpYXXeHMS, TaKXKe HOCHT KaueCTBEHHBIH XapaKrep.

HcnonpzoBanue FapMOHUYECKOTO HarpyxeHHs B aKTHBHOM
Bubpoauarsoctuke Gonee 3(dexTHBHO, HO TpeGyeT NpPUMEHEHHS MOCTATOYHO
CIIOXHBIX M JOpOrunx BHOpOBO3GyauTeneil, cped KOTOPHIX HaubGomnee M3BECTHBI

6



2-BajibHBIE  OKCUEHTPHKOBEIE  BHOpoMammHbl,  KoHcTpykumu  ITHHUMCK
mM. B.A. Kyuepenko ¢ ynpapnsieMoll wacToTod BpamleHHMs. Y CHIIME BO3IEHCTBUA B
HUX M3MEHSIETCS CTYIIEHYaTo, IIEPEeCTaHOBKOH IKCHEHTPHUKOB. 3a py6GexoM, B3aMeH
MexaHHYeCKUX BUOPOMAIIHH, IIMPOKO IPHMEHAIOTCA J1€KTPOCEPBOrUAPABIHIECKHE
BUOPOBO3OYAMTENH, KOTOPhIE TO3BOSIOT MPOBOMHTH HAIPY)KCHHE H PETHCTPALHUIO
H3MEpSEMEIX [apaMeTpoB B peXHME «YNpaBlsieMOr0 JKCHEPHMEHTa», C
ucnonk3oBanneM ympasismomied [IOBM. OcHOBHOH  OCOGEHHOCTHIO — BCeX
BHIIEYKA3a8HHBIX YCTPOWCTB MHBISETCS MX CTalHOHapHOe O0a3MpoBaHHE, T.e.
HeOOXOOMMOCTh HX JKECTKOrO aHKEPHOTO KpeIUIeHMS  Ha HCIBITHIBacMOM
COOPY KEHHHL.

OO6LMMH HEZOCTATKaMH BBIIIEYKa3aHHBIX METOAUK ABSIOTCS:

¢ HEBO3MOXHOCTb MCCIIE[IOBaHHMSA B3aUMOJEHCTBHS COOPYXEHHS C IDYHTOBBRIM
MAacCHBOM;

¢ HEBO3MOXHOCTH ONpEeZACIeHHs IepefaTOYHBIX GYHKIHIA OTKIHKA COOPYXEHHUS TI0
OTHOIICHHIO K BXONHOMY BO3JCHCTBHIO, C IIONHBIM Yy4eToM (ha30Bo#H
cocraBisomed (33 HCKIIOYEHHEM 3apybexHBIX 3NeKTPOCEePBOTHAPABINYECKHX
Bo30OyauTeNneit).

Bornee coBpeMeHHBIM BHOPOBO3OyAMTENEM sBIieTcs MOOHIbHEIA (Ha Gasze
aBToMOOMNA) ceficMoBuOparop Tuna CB-5-150, npuMeHeHHEe KOTOPOro IOBBILIAET
TEXHONOTHYHOCTh BHOPOIMAarHOCTHKMA aBTOAOPOXHBIX MOCTOB, 32 CHeT
3HAYUTENLHOTO COKpallleHMss 00BEMOB HOArOTOBHUTENbHEIX pabor. ITpuMeHeHue
COBPEMEHHBIX HMH(OPMAMOHHBIX TEXHONOTHH YIpaBNEHHA SKCIEPUMEHTOM,
perucTpanyu ¥ 06paboTKH 3KCIEPHMCHTANBHBIX JAHHBIX [0 OTKIIHKY COOPYKEHHS
HO3BOJIIET MONY4aTh, B JONONHEHHE K BhIIEyKa3aHHBIM, aMILTHTYXO-(ba3o-
JacTOTHEIE XapakTepHcTHKH (ADYUX) nuHaMHgecKHX MPOruboB B KIIOYEBEIX TOYKAX
COOpYX€HH, B BUJIE TIEPENaTOUHBIX QYHKIMAX OT YCHIHSA BO3OYXKAeHHUS. DTO HaeT
BO3MOXXHOCTB IPOBOAUTH KOMYECTBEHHYIO OLIEHKY M COTIOCTABJIEHHE Pe3yJIbTaTOB C
JAHHBIMM PacdeTHOH MOJENH COOPYXEHHS, 4YTO NO3BONAET HCIOIB30BATh
COBpPEMEHHBIE METOIbl MOJATBHOIO aHANH3.

22. Hpu obecriedeHHH BBICOKOH MOOHIBHOCTH H  OIEPATHBHOCTH
BHOPONHAarHoCTHKH ee MOXHO 3(Q¢EKTHBHO HCIONB30BaTh Ui MOHHTOPHHra
cocrosHus GONBIIOrO WHCIAa MOCTOB, BXONAIMX B €IMHYIO HHOPACTPYKTYypy
(aBTOnOpOra (enepasbHOro MONYMHEHHMS, CETh aBTONOPOT Cy6bekTa Penepanuu).

2.2.1. B atoM ciyuae Ha 6a3e cepTH(hHUKAIMOHHBIX (IEPBUYHEIX) UCHBITaHUH
MOCTa CO37aeTcs CHCTeMa OOBeKTHO-OpHeHTHpOBaHHBIX 6a3 maHueix (OOBM) no
KaXXIOMY COOPYKEHHIO, BIITIOYaIoNIast B ce6s1, KaK TpagHIHOHHbIE (POPMEI OTHETHBIX
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MaTepHAIOB, TaK M 3KCIEPHUMEHTANbHBIE JaHHEIE CePTU(UKAIIMOHHBIX MCIBITaHM,
KOTOpble OOBEKTHBHO OIPERENAIOT COCTOSHHE MOCTA Ha MOMEHT IIPOBEAEHUS
HCTIBITaHH (XIUHAMUYECKUH TaCIIOPT COOPYXKEHNUS).

2.2.2. Tlpy npoBeleHHH IOBTOPHOH 3KCOpEcC-OMarHOCTHKH  MOCTa
ucnosesyercsa padee cosganHas OODB/l; npu 3TOM BpeMs U CTOHMOCTh IPOBENECHHS
paboT cokpamiaeTcs NMpPHMEpHO B 4 pasa. OKCIpecc-AMarHOCTHKA CTRHOBUTCS
HHCTPYMEHTANbHBIM CPEACTBOM OLEHKH COCTOSIHHS, (HKCHPYIOIIMM JtoOble
HW3MEHEHHS XapaKTepHUCTUK COOPYXEHHS, YTO CHIDKAeT BIMAHUE CYOBEeKTUBHBIX
(haxTopOB.

2.2.3. TlpuMeHeHHe BBICOKOTEXHOJIOTHYHBIX METONOB BHOPOIUArHOCTHUKH
(npunoxenne 1) He TpeOyeT BBIBOAA MOCTa M3 SKCIUIyaTalUH, IJis NPOBEAECHHS
HarpyXeHHus U CepHH M3MEPEHHH TpebyeTcs nepephlB B ABMIKEHHU JIHTENBHOCTHIO
10-15 MuH, Bce OCTajbHEIE TIOATOTOBHUTEIbHEIE PabOTHI ZOJKHBI HPOBOAHUTHECH Ge3
IepephIBOB aBTOMOOIIIEHOTO JBIKEHHS.

2.3. OcuoBo#l moboro Merofa BHOPOOUArHOCTHKH SBNAETCS YCTAHOBIEHHE
CBA3M MeXay [AMHAMHMYeCKHMH MapaMeTpaMH COOPYXEHHS H €ro OCTaTo4HOM
Hecyme crnoco6HOCTRIO (mpmioxeHHe 2). IIpH BO3HUKHOBEHHM IOBPEXAEHUM
KOHCTPYKIMH, BCIEACTBHE CHIDKEHMA JKECTKOCTH OTACNBHBIX 3JI€MEHTOB,
NIPOMCXOIMT IepepacipeleicHie BHYTPEHHNUX YCWINH, B pe3y/IbTaTe 4ero MeHseTcs
Marpulla XECTKOCTY OCHOBHBIX 3JIEMEHTOB COODYXEHMS; CHIDKAIOTCA 4acTOTBI U
YBeIHYHBAIOTCS aMIUTHTYABI HX COOCTBEHHBIX M BBIHYKACHHBIX KoNeOaHuil. AHam3
3THX SBIEHHWH BO3MOXKEH Ha 0a3e yCTAaHOBICHHA B3aHMOCBA3H MEXHOY
BBIHYKJQIOIIeH CHIOH ¥ BO3HUKAIONIMMM KoneGaHUAMH, YTO M3BECTHO, KaK aHAIH3
Moz (MonanbHBIH apanu3). HanbGonee noiHeIM pe3yNbTaTOM TaKOro HCCIIEIOBaHHS
SBISETCS MaTpulla NepeaTO4HEX (DYHKIHI COOpY>XEHHS B BHAE aMILIHTYXO-(a3o-
9acTOTHBIX XapakTepucTUK (ADUX) nMHAMHUYECKHX IIPOrHOOB AN KIIOYEBBIX TOYEK
coopyxenus (npunoxenue 4). KomeGanus KOHCTpYKuHH cCOOpYXeHWs, B 00LIieM
ciydae, ABIAIOTCA  AemnduposaHHeMH. [lemndupoBaHWe — KkoneGaHMET B
KOHCTPYKUMH TEM 3HauHTelbHee, 4eM OONbINEe OHO CBA3aHO ¢ AUCCHMIAIMeEH
(paccenBaHneM) 3Hepru. OneHka JeMIQUPYIOLMX CBOMCTB (KoaddHImeHTa
neMrGHpoBaHus), HPOM3BOLMMAs IO IapaMeTpaM pE30HAHCHOTO IHKA, TaKXke
M03BOJIAET OMPENeNATH CTENEeHb BIHSHUS HaKOIUIEHHBIX Ae(EKTOB HA OCTATOYHYIO
HECYIYI0 CIOocoOHOCTE coopyxeHusa. OUeHKa SKCIEPUMEHTANbHBIX HAHHBIX H
BBIBOJ O COCTOSHHH MOCTa [IPOU3BOUTCS:

e 1O pe3ynbTaTaM MpeJUuIeCTBYIOIIUX MCIBITAHHA OFHOrO M Toro e oOBekTa
(3KCHpecc-IUarHoCTHKA);



® 10 CTATHCTHYECKHM NapaMeTpaM OTKJIHKa aHaJOTHYHBIX COODY)KEeHHM;

e [O rmapamMeTpaM  OTKIMKa  KaluOpoBaHHON  (aganTHpoBaHHOM Mo
3KCNEePUMEHTaNBHBIM JaHHEIM) MaTeMaTHYeCKOH MOAENH COOPYXEHHUs, 4TO NaéT
Haubonee TOYHBIH pe3ynbTaT (IpUIoKeHue 6).

2.4. B obumeM ciydae BCce TEXHOJIOTHYECKHE MpOLERyphl BUOPOAMArHOCTHKH
JOJDKHBI OCYIIECTBIATECS B TPH 3Talla, NepBble ABa H3 KOTOPBIX OCYLIECTRIAIOTCA B
TIONIEBBIX YCIOBHAX, 8 TPETHH 3Tal Ha CTaqUX KaMepanbHO# 06paboTKy pe3yIbTaToB
(npunoxenue 2):

2.4.1. Bo3byxzaenue KoneOaHHH ¥ perHCTpalldsi CHIHQIOB OTKIIHMKA
KoHCTpyKuui. IlomyyeHue B pealbHOM BpEMEHH Pe3yJbTaTOB MHCTPYMEHTAIBHBIX
H3MepeHuit, HeoOXOAUMBIX AJIS IOCIeAyIomero aHanusa koneGanmii. Kak npasmiio,
3THMH pe3yNbTaTaMH SBIAIOTCA AaMIUIMTYHO-(a30-4aCTOTHBIE XapaKTePUCTHKH
IWHAMUYECKUX HporuboB mus UHPOPMAIMOHHO-3HAYUMBIX TOYEK KOHCTPYKLIHH.
Iepenatounsle GyHKUMM OTKIMKA KOHCTPYKLMM Ha rapMOHHYECKOe BO3IeHCTBHE
MOTYT OBITH IONMY4eHb! CIELYIOUUM 00pasoM:
® H3MEpSIOTCH ¥ PErMCTPUPYIOTCS BXO/HOM CHIHAN ¥ CHTHAN-OTKIIVIK;

e npoBogutcs Oypre-aHalii3 CUTHANIOB;

¢ B YacTOTHOH OONAaCTH, B KOMIUIEKCHOM BHJE, ONpPENENAETCA OTHOLICHHE
CUIHAJIOB OTKJIMKA KOHCTPYKIHE K BXOTHOMY CHJIOBOMY BO3JeHCTBHIO.

2.4.2. BropuuHas o6paboTka MHCTPYMEHTAIBHBIX 3aMEPOB, BKIOYAIOIIas
aHHEManuo GopM xosnebGaHui, onpeseneHre cOOCTBEHHbIX YaCTOT ¥ K03GQHIHEeHTOB
ZIeMI(pUPOBaHNUS, CTATHCTHYECKHIA aHAH3.

Ha stoM e sTare mpoBoauTcs 0OClIEZOBaHHE, LENBIO KOTOPOTO SBIAETCA
BBIABJICHHE IPHYHH [OABICHUSI aHOMAJIMH B OTKJIMKE COOPYXXEHHs Ha JUHAMHUIECKOe
BO3ACUCTBHE.

2.4.3. Ouenka cocTrosHHS KOHCTpyKumu. O600ImeHue SKCIepUMEHTaNBHBIX
JaHHBIX, CpaBHEHHE MX C OTaJOHHBIMH (pacyeTHHIMH HJIH CTaTHCTHYSCKHMH)
manHeiME.  OnpeneneHue oOOWIEr0O COCTOSHHA M OLlEHKa pPaboTOCHOCOGHOCTH
KOHCTPYKIIHH.

3. IlepcneKkTHBHBIC XapaKTEPHCTHKH
TeXHHYECKHX H NPOorpaMMHBIX CPEACTB.

Cneuunduxa pasnIuYHBEIX METOJAOB NTACCHBHOM M aKTHBHOM BHOPOAHArHOCTHKM
NpexBABNAET pAL OOIMX TEXHHYECKHX M TEXHOJOTMYEeCKHX TpeGoBaHMH K
nMpUMeHsieMoMy 000pYZOBaHHIO, (GYHKIUMOHAIBHOMY Ha3sHAaYeHHMIO IIPOrPaMMHBIX
CPEACTB, ONEPaTHBHOCTH NOJIYYEHHS M TOYHOCTH PE3yJbTaToB M3MepEHHH, a Takke
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TOYHOCTH HOMNEPXKAHMS IapaMeTPOB HarpyXeHWs H CIOCOOOB XpaHeHHs
TIONTy4eHHOH HH(pOpMaluH.

3.1. CpeacTBa AHHAMHYECKOT0 HATPYKEHHS

(218 aKkTHBHOH BUOPOXHATHOCTHKH).

B xauecTBe BO30yaHMTENs rapMOHUYECKOro AUHAMHUYECKOTO BO3IEHCTBHSA Ha
HCCNEeyeMOe COOpYXXeHHE MOXKET IPHMEHSThCS JHobas TEXHHYECKas CHCTeMa.
HanGonee yHnOBIeTBOPUTENBHEIE pe3yAbTATHl MOTrYT OBITH TONY4EHSHI, eCclH
XapaKTEePUCTHKH CHCTEMBI TTIO3BOJISIOT OCYILECTBIIATS:

3.1.1. miaBHOe ¥ HenpepeIBHOE W3MEHEHUS 4YacTOTHl HArpyarollero
Bo3JieiicTBus B auanaszone 0.6 — 30 i

3.1.2. ynpasnenue Harpyxaommum BoszedicrBueM or IIOBM (xak wacroroii,
Tax ¥ aMILUTUTYHOH ),

3.1.3. cTaOUIBHOCTH BHIXOJHBIX XapaKTEPUCTHK 110 YaCTOTE U IO aMILTUTYHE;

3.1.4. obecmeyuBalOT BHICOKYIO MOGHIBHOCTH YCTAaHOBKHM M OTEPaTHBHOCTBH
Ipy NOATOTOBKE K pabore;

3.1.5. o6ecnieunBarh paboTy CHCTEMBI O€3 XECTKOTO aHKEepHOTO KpEIUIEHHS Ha
00BeKTe UCIIBITAHUH.

3.2. CpeacrBa H3MepeHHs THHAMHYECKHX TPOrHGOB KOHCTPYKIHH.

B xayecTBe CpeACTB M3MEpPEHUS MOIYT IIPUMEHSATHCS IEPBHYHBIE
npeobpazoBatenu moboro tuna. HauGoiee yxoBIeTBOPHTENBHBIE pe3yNBTATH OyaeT
obecrieyuBaTh CHCTEMa CO CIENYIONMMH XapaKTePACTHKaMH!

3.2.1. yactoTHsI# AManasoH - 0.6 — 30 I'y;

3.2.2. xJ1acc TOYHOCTH H3MEPeHHit, He HuXe 2.5;

3.2.3. nuHaMHYecKHil quana3oH, He Hixe 100 ab;

3.2.4. n3MepsieMEIe [IepeMELIeHHS - OT 1 MKM;

3.2.5. npocToTa ¥ HA/IEeXKHOCTh KPEIUIEH!s Ha HCCIeAyeMO} KOHCTPYKIHH;

3.2.6. uHeplIMaNbHBI NPUHLMI M3MepeHns IepeMellenuii (OTCyTCTBHME
HeoOGXOMMOCTH HCIIONb30BaTh KaKylo-THOO OMOpHYI0 6a3y (MOBEpXHOCTb 3€MIIH,
IpYro#i 37MeMEeHT KOHCTPYKIHH COODPY)XEHHSA) M MEXaHHYecKylo CBf3b C Hel -
MpPOBOOKA, MOBOJOK U T.1.);

3.2.7. 1oMeX0yCTORYHBOCTE K OTy)KAaIOIKUM TOKaM;

3.2.8. yCTOHYMBOCTS K KIMMATHYECKAM BO3AEHCTBHSIM.

3.3. IlporpaMmMmHble cpeacTBa 06paGoTKH H aHAJIH3A 3KCNEPHMEHTAJbHbIX
JaHHBIX.

TIporpaMMHBIHl KOMIUIEKC MOXKET HCIIONb30BaTh JIOOBIE  ANTOPHTMEI
06paboTKH, HO IoibkeH obecieuuBaTh HeoOxomumocTh o6paGorTku 6ombHIMX
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06BEMOB 3KCIIEpPUMEHTANbHO MHpOpMalnK B pealbHOM Maclirabe BpeMeHH. Ero
BO3MOXHOCTH JOJIKHBEI o6ecrieunBaTh:

3.3.1. BO3MOXHOCTb  OZHOBpPeMEHHON  pabOTBI C  HECKOJNLKUMH
H3MEPHUTEIbHBIMHU KaHaNaMy (He MeHee BOCEMH ),

3.3.2. dopMupoBaHMe CHTHaNa YNpaBlehUd OIS HArpy)KaloIEero ycTpoHcTBa
(ans akTHBHON BUOpPOIMarHOCTHKH);

3.3.3. BO3MOXXHOCTH MOJYYCHHS HHPoOpMalnuM mocie o6paboTKH B BHIAC
ADYX;

3.3.4. BO3MOXHOCTb NpejCTaBIeHHs HHGOpPMamMH B HHUGPOBOM H
rpa4ecKoOM BUIaX, B TOM YHCIE B PeXXHME aHMMALUH;

3.3.5. BO3MOXHOCTb OnpeAeNeHus K03hPUIUEHTOB AeMIIGUPOBAHHUS.

3.4. IiporpaMMHEIe CpeCTBa METOA2 MAaTEMATHYECKOr0 AHAJIH3A.

B kadecTBe pacyeTHOrO MeETOJAa aHalW3a peakuHil COOpyXeHHs Ha
JVHAMHYeCKOe BO3ZAcHCTBHE IIPUMEHSETCH MaTeMaTHYeCKoe MOMAESIHPOBaHHE
COOPY>XKeHMSI Ha OCHOBE METOAa KOHEYHOTrO »3JeMeHTa, B JanbHelimem MKO-
MOJZIeTHpOBaHue.

3.4.1. JIns oTHX neielf MOXeT NPHMEHATHCH T000H NpOrpaMMHEBIH KOMIIJIEKC,
ocHOBaHHBIH Ha Meroge MKD u cmocoOHBIE IPOM3BOIMTR HCCIEROBaHHE
CTAaTUYECKUX M AWHAMH4YeCKMX peakiuii MKD-Mozenu Ha pasiMuHble COYETAHHS
BHELIUHMX BO3AEHCTBUIA.

3.42. Haubonee cymecTBeHHbIM TpeOOBaHUEM SBISETCS HalW4pe B
OPHMEHSEeMOM IIPOTPaMMHOM KOMIUIEKCEe OJIOKa MCCIENOBaHus TUHAMHYECKUX
peaxuit MK3-Mopen#, 910 1o3BOJIAeT MPOBOAUTE UCCIENOBAHAE PEAKIMI MOLENH
Ha rapMOHMYECKOe BO3ACHCTBHE B YAaCTOTHOH OOMAcTH, KOHEYHOM UENBIO 3TOro
HCCNeIOBAHMS ABIACTCA MONMyYeHHE aMIUIMTY0-(a30-4aCTOTHEIX XapaKTEPHCTHK
IMHamuueckux nporu6oB (ADUX) i JOCTaro4HO GONBLIOrO YHCHa TOYEK
uecnenyemoit MK3-Mozenmu coopyskeHus.

B naubonpiel cTemeHH 3THM TPeOOBaHHAM YIOBIETBOPAIOT KOMILIEKCHL:
ADINA, ANSYS, COSMOS, NASTRAN u T.1.

3.5. IIporpaMMHEbIe cpecTBa 00beKTHO-OPHEHTHPOBAHHOMH 6a3bl JaAHHbIX.

IlpumeHeHHe COBPEMEHHBIX HHQOPMAaLMOHHEIX TEXHONOTHH  Tpebyer
obecriederus omepaTHBHOM paboTel ¢ OonpiunME oOBnEMamu pasHoo6pasHOi
uHbOpMaIMU B THPPOBOM BUJIE, [103TOMY mporpamMMHsle cpeactsa (IIC) o6bekTHO-
opuenThposanHoit 6a3nl nanuerx (OOBM) momkHb! ofecrneunBaTh HEOGXOTHUMBIH
YPOBEeHBb cepBHca NpH paboTe C pasnuYHBIMUH ¢(opmatamu namueix. I[IC OOBJ]
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no/mkHbl Ot coBMecTHMBI ¢ Intel-mpoueccopusiMu IIOBM, ux Hocurtensmu
HHpOpMALIUK ¥ HX popMaTaMK NaHHBIX.

IlporpaMMHEIe cpeicTBa 00BEKTHO-OPHEHTHPOBaHHOH 6a3bl AaHHBIX AOJDKHBI
yIOBJIETBOPATD CIEAYIOINM TpeOOBaHAM:

3.5.1. pa6orats nox ynpasiaeHneM Windows95/98/NT u BbIllle, HCHONB30BATh
CTaHIApTHBIE peCypchl OIEpallMOHHOH cHCTeMbl, a Ttakke IIC gpyrux
pa3paboTynKoB, HHCTaIMpoBaHHbie Ha [I9BM;

3.5.2. paboTaTh C BHEITHUX HOCHTeNeH, 6e3 konuK Ha x&cTkoM aucke [TOBM;

3.5.3. ofecrneurBaTh BO3MOXHOCTh XpaHeHHS HH(OpMalUUM B pEXHME
ONepaTUBHOIO JOCTyNa Ha XKECTKOM ZIMCKe, BHeIIHHX Hocureisix IITOBM u no cerw;

3.5.4. obecriednBaTh BU3yalH3alMIO BCEX BUAOB MHPOPMAIMH, B TOM YHUCIE, B
rpaE9IecKOM M aHUMALIHOHHOM BH/IE;

3.5.5. ofecneyuBaTh BO3MOXHOCTE IiepeBOla BCel HMHpOpMAUMH C
9NIEKTPOHHAIX HOCHTeNeH B GyMaXXHEIe KOIHH.

4. JxcrnepHMeBTAIbLHBIH MeTO aHAIH3A.

Huxe npuBomdTcs KpaTkoe ONHMCaHHEe paboyHMX METOXHK H OCHOBHBIX
TEXHOJIOTHYECKHX MpoUeIyp BUOpOAUarHOCTHKY.

4.1. IIporpamMma u3MepeHHH.

4.1.1. Llensto mpoBeZieHAs H3MEPEHUi B npolecce BHOPOAHArHOCTHKH MOCTa
SIBI€TCS TMOTydYeHHe WHCTPYMEHTaNbHOH MH(OpMaiuy, KOTopas B MaKCHMaNBHOM
CTENICHH XapaKTepU3yeT ero TeXHHYecKoe cocTosHHe. Hauboliee MONHBIM BHIOM
HH}OPMAIINH, TTONYYaeMbIM IIPH NPOBEACHAH NMHAMUYECKOH NHArHOCTHKA MOCTOB,
SBIAETCA aMIUTUTyno-(ha3o-yacToTHas XapaktepHcTuka (ADUX) nHMHAMHYECKOTO
nporuba B pasmeproctd METP nporu6a / TOHHA pusamudeckoro ycmius (M/T).
Ora mnepenaroyHad (yHKUMSA ABIAETCA LeneBod, Kak mnpH paspaborke
MKD3-mozeneil coopykeHHH, Tak H NpH NPOBEAEHMH paboT Ha MocTy. MarpHua
[IepeSaTOYHbIX (QYHKUMHA U MHOXECTBA TOYEK IO3BONSET MONYYUTh HOCTATOYHO
HONHYIO HHQOPMaLMIO O CIeKTpe ¢opM konebanuil (MOX), KOTOpEHIMH obnanaer
JaHHOE COOpYKEeHHE B JAHHOM COCTOSHMH, H SBJISETCA HUHAMHYECKHM MacIOpTOM
MocTa.

4.1.2. TocnemoBateNbHOCTh YepenoBaHUs (opM KoneGaHHil, MX YaCTOTHHIE
JMaNMa3oHEl M  aMIUIATYAsl  KonebGaHuii  MHOOPMAMMOHHO-3HAYHMMBIX  TOYEK
COOpPYXEHHs, $HYHKUMOHATFHO 3aBHCAT OT pAfa ¢akTopoB, Haubonee BaKHBIMH
SIBIISTIOTCSL:
® napaMeTpbl, ONpeeNsIomHe IPOYHOCTE NEMEHTOB COOPYKEHNUS;
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® 0CcO0EHHOCTH pacdeTHBIX CXE€M paloTHI, KaK COOPYKEHHSA B ICNIOM, TaKk H €ro
y3II0B, BKIIFOYas (pakTHIECKYIO CXeMY B3aUMOJIEHCTBHS C OCHOBAHUAMH;

® COCTOSHHE 3JIEMEHTOB COeJUHEHHH (Y3/10B);

® HalW4He KOHCTPYKTHUBHBIX, TEXHONOTHYECKHX HWIH  SKCILTyaTaLHOHHBIX
ne(eKTOB;

® KIMMaTHYecKHe YCIOBUS;

e jpyrue (GaxTOphl, yCTaHABIHBaeMbIe B IIpoiiecce paboThl.

4.1.3. Ilpm paspaboTke cxeMbl H3MEpEeHHH CileAyeT  y4HTHIBAThH
KOHCTPYKTHBHEIE OCOOCHHOCTH HCCIIe[yeMOr0 MOCTa H pacyYEeTHBEIE YCIOBHSA
B3aHMOJEHCTBHA ero KOHCTPYKTUBHEIX 371eMeHTOB. OCHOBHBIEC (/aKTOPBI, BIHAIOLINE
Ha pa3paboTKy CXEMBbI U3MEPEHHH:

e 0006  MOCTOBOE  COODYXKEHHe  sBIAeTCs  JOCTATOYHO  CIOXHOM
NpOCTPAHCTBEHHOH KOHCTpyKIMel, KoTopas ofnajaeT HHAMBHAYAJILHOH
JaCTOTHO~3aBUCHMO# MOCIENOBATENHHOCTBIO IPOCTPAHCTBEHHBIX (TPEXMEPHEIX)
topM coOCTBEHHEIX KonebaHuii;

® B3aHMOJICHCTBME €ro KOHCTPYKTHBHBIX 4acTel MOXeT ONpeHeIsThCH CXeMOoH
XKECTKOW MM YTpyro# 3afenkH, HEMOABIKHOrO Y MOABMXXHOTO LIAPHHPHOIO
COeIMHEHUS;

e OONBHIMHCTBO  HECYIIMX  KOHCTPYKTHUBHBEIX  DJIEMEHTOB  MOCTa  MOIYT
paccMaTpHBaThCsl, Kak KOMIIO3UTHHIE,

® BIYSHUE IPYHTOB OCHOBaHHSA M HACHIIIeH MOXXOAOB HA PACUETHYIO CXeMy paGoTh
COOpYXKEHHS,;

e Han@uue BUAMMBIX M HCBHAMMBIX Je(EKTOB B JIEMEHTAX MOCTa.

4.1.4. Bro DpPUBOAMT K TOMY, 9TO HpH pa3paboTKe cXeMbl INPOBEICHHAS
u3MepeHui, HeoOXoaMMO  TpeZycMaTpUBaTh  BO3MOXHOCTh  II03TAIHOIO
uccnegopaHus  ocobeHHocreli  pabOTBI  COOpY)XeHHMA, C  TeM,  9ToOsbl
SKCIIEpMMEHTAIbHBIE AaHHBIE KaXAOTO 3Tala W3MEpeHud MOINM AONONHATH APYT
Jpyra M COCTaBiisTh OOHIYIO KapTHHY AHHAMHYECKOTO OTKIHKAa coopyKeHus. Bce
3Tallbl  3TOT0  MCCIeJOBaHHMA  MOTYT  BBINONHATBCS B TPOH3BOJBHOM
II0CIIEI0BATEILHOCTH, pEKOMEHAYyeMasi ITOCIIEA0BATELHOCTh NPHMBONUTCS HUKE.

4.1.4.1. 1-# sTam m3MepeHuil IpoBomWTCA C mIpoedkel uactu. MaMepenus

JIeJIaloTCA Ha BCEX MPOJETHRIX CTPOSHUAX MOCTA. JTH AaHHbe Haubonee JOCTYIHEL,

Kak He Tpebyloume npeaBapUTENbHOH TOArOTOBKH WIM HanW4us oDyCTpOHCTB, B

BHJIC CMOTPOBBIX HOAMOCTEH, JecTHHN U T.A. C Apyroii CTOpOHEI, NPH NPOBEJCHAN

paboT Ha mpoe3dxwell 9acTH MOCTa MOJKHBI HpPENyCMaTpUBaThCA H3MEpPEHHS He

TOJIBKO B IIOCKOCTH AeHCTBUS OCHOBHBIX OCTOAHHBIX M BPEMEHHBIX Harpy30K, HO U
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B MONMEPEYHOM M MPOJONHHOM HampaBieHuAX. Ilocremuue I03BONAIOT OLEHHTH
KECTKOCTh COOPYXEHHS B FOPH3OHTANbHOH IUIOCKOCTH M )KECTKOCTh Ha KpYy4eHHE.
3TO NacT BO3MOXHOCTBH CHeNaTh NpelBapHTeNbHbIE BEIBOABI O MPOJONBHOH HIH
TMONepeYHoR XXECTKOCTH OMNop M paboTOCIOCOOHOCTH ONOPHBIX YacTeH, CTeneHH
3aKJIMHHBaHKA OEperoBbIX MPOJIETHBIX CTPOEHHH CO CTOPOHBI HACHINEH MOAXOMOB.
s Gonee mosHOM OLEHKH paboTOCIIOCOOHOCTH NPOJIETHBIX CTPOCHHH, 3aMeEphl
JOJDKHEI MPOBOAMTECS 110 K)KAOMY MPOAOILHOMY CHIOBOMY ayieMeHTy (6anka,
bepMa), a Takxe B NPOMEXYTOYHBIX TOYKaxX (IUIMTA Hpoedxed HacTH, KOHCONb
TPOTyapa H T.H.) IO HECKOJBKHM cedeHHAM. KoIHYecTBO HCCIERYyeMBIX CeYEHHH
ONpefenseTCs HATMYMEM H [peoONajaHMeM AacHMMETPUYHHIX (B IPOAOIHHOM
HanpaBieHHH) ¢opM coOCTBeHHEIX KonebaHMi NMponeTHBIX cTpoeHHi. Hamuuue B
CIIeKTpe OTKJIMKAa COOpY)XeHHMs Takux ¢opM konebGaHuWit ompenensercs, aubo no
JaHHBIM TIOCTAHOBOYHOrO 3KCIIepHMEHTa, NHOO NpM aBaiH3e NpeaBapUTelbHOH
MKD3-mozenu.

4.1.4.2, 2-i sTan W3MepeHHH, B 3aBUCHMOCTH OT OCOOGEHHOCTEH KOHCTPYKUHH
MOCTa, TIPOBOJUTCA Ha DJJIEMEHTaX HIDKHEr0 IMO0fCa CHIOBBIX KOHCTPYKLHiA
NPOJIETHBIX CTPOEHHH, PHreliX M HacaiKax Omop, 3JIeMEHTaX OIOPHBIX YacTei,
onopax u T.A.

4.1.4.3. 3-i sram uU3MepeHWH, B clydae HEOOXOOMMOCTH, NPOBOAUTCA IJIs
pelIeHHs YaCTHBIX 3aflad, €CIIH IPOBEJICHHBIA KOMIUIEKC H3MEpeHHH HeOCTaTO4YeH
(mpunoxenue 3).

4.2. Pexxumbl HarpysxeHHd (311 aKTHBHOH BHOPOHATHOCTHKH).

Pexxum HarpyxeHus onpenensercs CleRyOUMMH OCHOBHEIMH MTapaMeTpaMu:

4.2.1. YacTOoTHEIM JMama3oHOM, B KOTOPOM TIPOABISIOTCA Hamubolee
HHU3KOYaCTOTHEIE (POPMBI COOCTBEHHEIX KONEOaHHI COOPYKEHHS.

HeobxonuMpi#i 4acTOTHBIH AHAana3oH MOXET OBITh OIpefieNieH Ha OCHOBE
aHanu3a npeaBapuTenbHoi MK3-Mozienrn MOCTa MIIH OTIPE/IENiCH OMNBITHBIM ITyTEM.

4.2.2. AMIIuTyIO# BEIHYX/JAIOIIEro YCHIIMS, NIepeilaBaeMoro Ha HCCIIeAyeMoe
coopyXeHHe JUii BO3OYXHEHHS B HEM ONpEHENeHHOA I0CIeN0BaTEIbHOCTH
yepenoBanus HopM koneGaHui.

AMIIMTYJa BEIHY)XTAIONIETO YCHJIMS OMNpPEAEIAeTCA ONBITHRIM HyTeM H
Io/kHa OBITh JOCTATOYHOMN JUIY MOAaBlieHHs myMoBoro (GoHOBOro) Bo3neHCTBHA.
[Tlo HBYM-TpeM HCHBITAHHSM C IIOCICHAOBATEJNbHEIM YBEJIHICHHEM AaMILIHTY)b
BO3/EHCTBUS MOXHO CYZHUTb O JIHHEHHOCTH paboTH NPONETHOTO CTPOSHHS.



4.2.3. IIponomxUTEEHOCTBIO BO3EHCTBHA, TaKKE OnpeaensieMol ONBITHBIM
IyTeM H 3aBHCAINEH OT JUIMHBI H MAacchl NPOJIETHBIX CTPOEHHH, BOBJEYECHHBIX B
npouecc konebaHuH, a Takke OT BEIMUHHBI HOHOBOTO BO3IEHCTBYS.

4.2.4. Touko#l ycTaHOBKK BO30OyauTeNns KoneOGaHU# Ha MPONETHOM CTPOEHMH.
B GOIBIIMHCTBE CAy4aeB 3TO TEOMETPHYECKHM IIEHTp Npoedkeit 4acTH, HO MpU
npeo0iaflaiiy aCHMMETPHYHBIX (OpM KoineOaHWH TIPONETHOrO CTPOEHHMS, ITO
MOXeT OBITh ‘4 JUIMHBl IpojieTa WM Jpyras TOYKa, YTO OINpPEAENAeTCs MO
npenBapuTensHoil MKO-Moznenu Hiln ONIBITHBIM IMyTeM.

4.2.5. HampaBneHHOCTb CKaHHpOBaHHS MO YacToTeé ~— MOHOTOHHO
Bo3pacTaroniasd HJIX MOHOTOHHO yGLmaromaa I0 49acCTOTE pasBeEpTKa. OCHOBHLIM
PEXHMOM SBISETCS MOHOTOHHOE BO3pacTaHHe 110 YaCTOTe.

5. MaTtemaTH4ecknii MeTo aHA/IH3a, OUEHKA Pe3yALTaTOB.
MareMaryuecknif aHanM3 OTKIHKA COOPYXXEHHs NPOBORMTCA B HECKOJIBKO
B3aHMOCBA3aHHbIX 3TalNOB:

5.1, Pa3paGoTka npeasapareibnoii MKJ-monenn.

Ha »3Tane npenaBapHTeNhHOTO MOJENHPOBaHHA paspabaThIBaloTCs, Kak
npaBuno, tonsko MK3-Mojenu HpONETHBIX CTPOECHHH, JUIS 3TOTO HCIONB3YeTCs
NPOEKTHasi NOKYMEHTAaIlMsi WIH AaHHble oOMepoB (npunoxenue S5). Llenbio atoro
3Tana ABISETCS MOIydYeHHe IIOCIEeNOBAaTENBHOCTH COOCTBEHHBIX (opM KonebaHmi
IIPONIETHOrO CTPOEHMA. OTH AaHHBIE MCIONB3YIOTCH UL Pa3palOTKH HpOrpaMMmbl
H3MepeHHH U PeXXUMOB Harpy >KeHHUs.

5.2. Apanranns MKJ-mogenn.

5.2.1. Apantamms MKO-monenn coopyxeHHs INPOU3BOMUTCA Ha OCHOBE
3KCNICPUMEHTAIBHBIX OaHHBIX, NOJYYECHHBIX IOCIE INPOBEHEHHS AWHAMHYECKOH
JMarHOCTHKM, OCMOTIpa COOPYXEHHMS M YCTAHOBIEHMS [NpPHYMH  PasIHIus
TEOPETHYECKUX M JKCTEPUMEHTANbHbIX AaHHBIX. OCHOBHBIMH MPHYMHAMHM MOTYT
SBIATHCA:

- H3MEHEHHE PacCIETHOH CXeMBI PabOTHI COOPYXKEeHHs (3aKTHHUBAHUE OTIOPHBIX
yacTeil, HEPaBHOMEDHOE ONHUpaHHE 6alOK NpPOJETHONO CTPOCHHS, HApyIUeHHe
B3aMMOJAEHCTBHA IIPOJETHHIX CTPOEHMH C HACHIIAMH IIOAXOJOB, HEpa3pe3HOCTh
CIIOEB JOPOXXHOH OZEXIBI MEXIY NPOJETaMH U T.A.);

- ocoGeHHOCTH paGoTsl onop, GYHIaMEHTOB H OCHOBaHMUi;

- KIMMAaTHYECKHe YCIOBHS NIPOBEICHMS HCIIBITAHHH.
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5.2.2. Ananranus JOCTHraeTcs HCCIENOBAHNEM KOJIHMYECTBEHHOH OLICHKH
OTJeNbHbIX (AaKTOPOB Ha HECOOTBETCTBHE TEOPETHYECKHX M IKCICPHMEHTAIHHBIX
JaHHBIX, 3aTEM METOLOM IIOCTENOBATENBHBIX HTEPali NPOM3BOAUTCA afalTallds
MKD-MozenH coopyKeHHus 110 IKCTIEPHMEHTATbHBIM JaHHEBIM.

5.2.3. B mnpoliecce HTEPaUHOHHOH ajanTalMd ITPOH3BOAMTCA YCIIOXKHEHHE
IpeABAPHTENIEHOA Mozenu — BBeJieHHe B MOJEJNb BCeX MPOJIETHRIX CTPOEHHH, o1op,
(GyHzZaMeHTOB ¥  ocHOBaHWii. B  KkoHeuyHOM MWrore paspabaTbiBaercs
noJHOMacIuTabHas MaTeMaTHdeckast MoJeNb COOPYXKEHHS.

5.2.4. Koneuno#t menpio apmanranud MKO-momenu sBisercs monydeHue
MaTpullbl  TeopeTHYecKMX nepeAaTodHslx A®UYX auHamMudecKux MHporubos,
coorBercrBytomeii  Marpunte  ADPUX, nomyyeHHOH —npy  OPOBEAEHHH
IKCIIEPHMEHTALHBIX PaboT Ha MOCTY.

5.3. IpoBenenne pacyeros agantTHpoBannoii MKJ-Moness 118 oeHKH
OCTATOYHOMH rPy30NONbLEMHOCTH MOCTA.

5.3.1. Ouenka rpy30H0bEMHOCTH MOCT2 IIPOBOAUTCS C Y4ETOM ASHCTBYIOLIEH
HopMaTUBHOH 6aspl [2]. s aTux uenelt ajantupoBanHas MK3-mogens
COOpPYXKEHHS H3MEHSETCs UL COOIIOAEHUS YCIOBHH NMPOBENECHHA pacyeTa no 1-My
HIU 2-My NIPE/ieIbHOMY COCTOSHHIO.

5.3.2. OnHOBpeMEHHO IPOH3BOAHMTCH OlEHKa (PaKTOPOB, NOBIMABIIHX Ha
H3MEHEHHEe pPacdeTHOM cxeMbl paboThl MOCTA H €ro OTHENbHBIX 3JIEMEHTOB.
@axTophl, CHIDKAIOHIWE HECYHIYI0 CHOCOOHOCTh, COXPaHSIOTCS, 4 MOBHIIIAIONME
HeCYyIIyIO CIIOCOOHOCTh, HeKnogaroTes u3 MKD-moneny.

5.3.3. MKO-mozens nomxHa paspabaTeiBathCs ¢ yueToM TpeboBanmit CHuIT
2.05.03-84* o n.1. 2.10 (k03¢ ULEEHTH! HAAEXHOCTH AN MOCTOSHHLIX HArPY30K),
2.12, 2.14 (HopMmaTHBHBIE BpeMEHHble HArpy3KH AN NOABHXKHOIO COCTABA Ha
aBTOMOOMIIBHEIX fgoporax), 3.63 (pacdéT TaBpOBBIX, ABYTaBPOBHIX M KOpPOGUATHIX
cedeHHit ¢ IIKTOMH B cxxaToi 30He) M 5.19 (pacuér cranexenesobeToHHOM Ganku Ha
BO3AEHCTBHE HONOKUTENEHOIO MOMEHTA),

53.4. VYuurbiBaeTci  HOpPMAaTMBHOe HIM  (aKTHYecKoe  3HAYEHHE
IUHaAMHYeCKoro KodQGHIMEHTA AT MOJBIKHEIX HAarpy30K.

6. ®opma mpeaCTABJIEHHS Pe3yJIbTATOB.
[IpenBapuTenbHOE 3aKMOUYEHHE W HAYYHO-TEXHHYECKHUH OTHYeT MM MacropT
MocTa, paspabarbiBacMpie MO pe3yNbTaTaM BHOPOIHATHOCTHKH MOCTa, HOIDKHBI
COOTBETCTBOBATH TPeOOBAHUAM COOTBETCTBYIOLIMX HOPMATHMBHBIX ROKyMeHTOB [1],

(73 191
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[Tpunoxenwue |
OGocHoBaHue BbIGOpa MeToAa BHOPOAHATHOCTHKH

AHaIH3 JHHAMHYECKHX MapaMeTpoB, KOTOphle MOTYT ObITh HONYYeHHI IpH
pa3nHYHbIX METOJAaX BHOPOJHArHOCTHKH, ITOKA3bIBAET, YTO KAaYECTBEHHBIH YPOBEHb
HoqyYaeMo# B pe3yibTaTe BHOPOXMArHOCTHKH 3KCIEPUMEHTATbHOH HHOOpMaLHU
HMeeT HOCTaTOYHO WIMPOKHH pasbpoc. BoibiMHCTBO METOZOB 0oGecneduBaioT
[Oy9eHHE YHUCTO KadeCTBEHHOH OUEHKM ITapaMeTpoB JHHaMHYECKOIro OTKIHKA
coopyxeHus. 11 nonydyeHHsS KONMYECTBEHHBIX OLEHOK M HMX CONOCTaBIEHHS C
pacyeTHBIMH JIAaHHBIMH II€pPCHEKTHBHEE OPHEHTHPOBAaThCA Ha METOABl AKTHBHOM
JIUarHOCTHKH ¥ MOJIAILHOTO aHajK3a.

Ilpu npoBeeHHU OLEHKH HNPHMEHHMOCTH MONYYaeMBIX 3KCIIEPHMEHTANBHBIX
JaHHBIX 11 KX MHOTOKPAaTHOTO MCIONB30BaHHS B MOHHUTOPDHMHTE MOCTOB
HeoOXOAMMO NPOBECTH WX parxupoBanue. IIpu noBTOpHOM BUOPOXHATHOCTHKE
aBTOAOPOXHBIX MOCTOB KOHTPOIHPYECMBIMH NIapaMeTpaMH MOI'YT ABIATHCA: HaCTOTHI
HH3MMX (opM KoneOaHMH HPOSETHBIX CTPOEHMH, AMIUIMTYHbI JUHAMHYECKHX
Imporu6oB, IONTydYaeMble NPU CIy4aliHOM BO3AEHCTBHM, BKIIOYAs OLEHKY H00aBKH
OuHaMpdeckoro kodh¢uIueHTa, CIEKTpPBl MOINHOCTH HIM  OTHOCHTENBHBIX
aMILTUTY]l, aMILTITYAO-(a30-9aCTOTHBIE XapaKTEPHCTHKU MepeNaTOYHBIX (YHKIi
JMHAMHYECKOT0 Nporuba oT BXOAHOTO BO3EHCTBHS.

Yacroret Hu3mmx ¢opM konebaHWil, KaK MOKA3bIBAET IPAKTHKA, HMEIOT
3HAaYATENBHEIA pa3dpoc Jake JUId NMPOJNETHBIX CTPOEHHH OAHOrO THHopasMmepa (X0
300%), CHITBHO 3aBHCAT OT KIIMMATHYECKHX YCIIOBHI, NOCKONBKY MEHSIOTCA MOIYJH
YIpyrocTH ac(airbTo0eTOHHOTO MOKPHITHS U IPYHTa HACHIIM ([N COMPSTAeMOTO ¢
HACHINbIO NpojieTHOro cTpoeHus). C Apyroft CTOPOHBI, YacTOTa KojebaHui TOJIBKO
HE3HAYWTESIBHO YMEHBIIACTCS NIPH HANHYMHA JIePEKTOB B COOPYKEHUH, T.€. ABIACTCH
MaI09yBCTBHTELHON XapaKkTepHCTHKOH M ee HCIOIB30BaHHE IS MOHHUTOPHHTa
MAaJIONIEPCTIEKTHBHO.

AMIuMTya AMHAMHYECKOro mporuba oT ciyyaliHOro BosJeicTBHs (BKIOYas
OlEHKY HOOaBKM NWHAMHYECKOro KO3(dUIIHeHTa) CHIBHO 3aBUCHT: NPH TIPOTOHE
OJMHOYHOTO aBTOMOOHIA - OT CKOPOCTH JIBMXXEHHA, COCTOSHMA MPOEKEN HaCTH,
KOJICCHOH (hOpMYJIBI M 3arpy3KH, IPH BETPOBOM IIH JPYTOM IIOJ00HOM BO3JEHCTBHH
— OT CKOPOCTH [BHKCHMS BO3JAYXa ¥ HanpaBieHHs BeTpa HO OTHOIIEHWIO K
coopyXeHHi0 H T.J. IlockonbKy NOBTOpPSAEMOCTh YCIOBHH MaJlOBEpOATHA,
MOHHMTOPHHI' COCTOSIHHS MOCTa Ha2 OCHOBE 3TOTO NTapaMeTpa MaJoNEPCIIEKTUBEH, TaK
Kak 0oTpebyeT MacCHBHOM BRIOOPKH peanu3arnuii.

Ilonygenwe CHEKTPOB MOIIHOCTH WJIM OTHOCHTENBHBIX aMIUIATYN C
JOCTATOYHO BBICOKOM JOBEPHTENbHONW BEPOATHOCTBIO TpeGyeT IpOBeACHHS
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JAUTENbHBIX HabMonennii, B TeueHHe HECKONBKUX 4acoB. CTPyKTypa 3THX CIIEKTPOB
Take OyneT CHJIBHO 3aBUCETh OT M3MEHEHHs BHEIIHWX YCJIOBHHM, YTO nenaeT WX
IIPUMEHEHHE 11 MOHHTOPMHTA MOCTOB MaJIOTEXHOJIOTHYHLIM, BBHIY ATHTEIbHOCTH
HabJro1eHu.

Kak mokaspiBaeT IIpakTHKa, Oosnee CTabMIBHOM M 4yBCTBHUTEIBHOM
XapaKTepPHCTHKOH sBNseTcs nepenaTodHasi GYHKUHS JUHAMHYECKOro Mporuda, T.e.
BeNMYMHA IIporuba oT AeHCTBUS eqUHHYHOIO AUHAMHYECKOTO YCHIIHS IIPH IUTaBHOM
M3MEHEHNH 9acTOTH FapMOHUYECKOTO CHIoBoro soszaeiicTaus. Hamnbonee ynoOHbmM
o0pazoM OHa BHIpAXKAETCH KaK aMIUTMTYAO-(a30-4aCTOTHAs XapaKTEPHCTHKA
(ADUX), xoropas oTpaxkaer Bce (OpMBI KoleOaHMH, NPUCYIIHE COOPYKEHHIO B
HaHHOM TeXHHUYECKOM cocTOSHHH. COBOKYNHOCTh (MaTpuua) Takux APUX s Bcex
MHOOPMALMOHHO-3HAYHMBIX TOYEK COOPY)KEHHsS SBISETCA €ro JHHAMHYECKHAM
IacliOpPTOM,  OTPaKAKUIMM  €ro  COCTOSHHE Ha  MOMEHT  IIpOBefleHHs
BUOpONHArHOCTHKM. bBmKafIupM aHaJOroM MepefaToYyHoM (yHKIMH Uit
CTATHYECKOTO Harpy>XeHWs SBNsAETCS IKCHEPUMEHTANbHAS NMHUS WU MOBEPXHOCTH
BuusHUA.  OcoOeHHO  LEHHBIM  CBOHCTBOM  SKCNEpHMEHTanbHBIX  AQUX
niepefaTOYHbIX QYHKIUH ABISETCS BO3MOXKHOCTH COIOCTARJIEHHS HX C PaCYETHBIMH,
T.K. COBPEMEHHbIE KOHEHYHO-3/IEMEHTHbIE IPOrPAMMHBIE KOMIUIEKCH 3TO NO3BOJIAIOT.

IIpoBeneHHsIl aHaMM3 MOKA3BIBAET, 9TO IPH IIHPOKOM MHOT000pasuH ¢opm
perucTpalyy napaMeTpoB AUHAMUYECKOro OTKIMKA COOPY)KCHHS, IMOJydaeMbIX [IPH
Pa3NTHYHBIX MeTOJaX BHOPOMMArHOCTHMKH, MHOTHE TapaMeTphl MAIONPUTOAHBI 1A
HCHONB30BAHHA B KAa4eCTBE  [ENeBOH  QPYHKUH®  [pd  UPOBEACHHU
JKCIICpHMEHTAIBHBIX PaboT 0 BUGPOTHArHOCTHKE COOPYIKEHHH.

BonpIIMHCTBO BHILEYKa3aHHBIX HEHIOCTATKOB YCTpPaHEHO IpH pa3paboTke
TEXHOJOTHH BHOPOXAUArHOCTHKK aBTOAOPOXHEIX MOCTOB, pa3pabotansoit B [THNC
3a NOCJIefHMe TONBl, B pe3ylbraTe NPUMMEHEHHS COBPEMEHHBIX MH(OPMALHMOHHBIX
TEXHONOTHH, U3MEPUTENLHON M MCTIHITATENIFHOH TeXHUKHU. [IpMEeHEeHHBIN B NaHHOM
TEXHONOTHM MeTOJi aKTHBHOH BHOPOAMArHOCTHKM ocobeHHO 3(GEKTHBEH B Tex
ciyyasx, koraa tpebyercs nposect crutomHol (100%) KOHTPONb COCTOSHHUS BCEX
HECYLIMX D3JEeMEHTOB MOCTa, BKJIIOYas OMOPHKIE YaCTH, ONOPHl M OCHOBAaHMA.
BaxHo#i OCOGEHHOCTBIO TEXHONOTWH BHUOPOAHMArHOCTHKH SBISETCS CHOCOOHOCTH
o6HapyXeHHs HEBUUMBIX Je(eKTOB, KOTOpbIe He MOTYT ObITh 3abHKCHPOBAHBI IIPU
TPaJMIMOHHBIX ~Meronax ofciemoBanuss ©  HcneltaHui.  ComocTasieHue
NpPEUMYIIECTB ¥ HEJOCTATKOB  BO3MOXHBIX METOJOB  BHOPOIHArHOCTHKH
aBTOOPOXHBIX MOCTOB MpKBeAeHO B Tabnure 1.
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CormoctaBneHne METOIOB BPI6pOI(Hal'HOCTPIKH

Ta6nuua 1

Ne | ®akTops Meroa BUGPOAHATHOCTHKH
Ne | «+» - momoxuTeNbHAS OnleHka | IlaccHBH. AXTHBHAs
«-» - OTpHIIATE/IbHAA OLIEHKA HMwmynsc | Bubpo- | Ceiicmo-
«?» - COMHHTENbHAs OLEHKa Mal¥Ha | BuGpatop
1 2 3 4
1. | Bpems moaroToBku + + - +
2. | CroumocTs pabot + + - -
3 OnepaTBHOCTE - + - +
4. | OnpenencHue 4acTOT Pe30HaH- + + + +
COB
5. | Onpenenenue CeKTpoB + + + +
6. | lo6aBka anH. ko3 dunmenTa + + + +
7. | Omnpengenenne ¢opm koneba- ?- ?- + +
HUH
8. | Ompenenenne AOUX - - + +
9. |IloBropseMocTs XapaKrepHc- - - + +
THK
10. | CoBMecTHMOCTD C aHATUTHYEC- + + + +
KHMH METOJIaMH pacuera
11. | CoBMecTHMOCTS C COBpEeMEH- - - + +
HbIM MKD pacyeroM
12. | BO3MOXHOCTh HCTIONL30BaHHS ?2- ?- + +
OaHHBIX Ui OLEHKH OCTa-
TOYHOM I'PY30MOHEMHOCTH
13. | BO3MOXXHOCTS HCIOJIb30BAHHA ?- ?- + +
JaHHBIX  TIpy  ITOBTOPHOH
JHarHOCTHKE
14. | BO3MOXHOCTh HCHOJIB30BAHHA ?- 7- + +
JaHHEIX B  JAMHAMHYECKOM
[IaCTIIOPTE COOPYXEHHS H ero
O0B
15. | Bo3MOXHOCTH CO34aHHA Ha ?- ?- + +
Gaze IKCIIEPHMEHTAIBHEIX
JAHHBIX TEXHOJIOTHYHOH
BUGPOIHArHOCTHKHA
aBTOJOPOXHEIX MOCTOB

TlosicHeHus: + - BO3MOXKHO, - - HEBO3MOXHO, ? - IpoGIeMaTHYHO
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[Tpunoxenue 2.

BioKk-cXeMa OCHOBHBIX TEXHOJOTHYECKHX onepanui
IIpH ApoBeNeHHH BHOPONAHATHOCTHKH

Jmarsoctuka
COOPYKCHUA

Mertomuka poOBEACHUA
H3MEPEHHHT

Paspaborka
TpeaBapUTeILHOR
MKD-monenu

IIpoBeneHEEe OCHOBHBIX H
BCIIOMOTaTeNbHBIX
H3MEDEHUH

Koppexnus u aganraius
MK3-mMonenu

MaTtpuna neperaToYHBIX
GVHKIuMI (3KCIIEPHMEHT)

Martpura nepenaToMHbIX
GyEKIM (pacyeT)

ABanM3 pe3yJbTaToB

Ouenxa 0cTaTOYHOA
Hecyiiel crrocoOHOCTH

QObcnenoBaHue,
YTOYHEHHE Pa3MEPOB H
CBOWCTB MaTepHaNoB

Yr1ounenue pexnuMa
IKCOnyaTaudy

CocrapicHue HAYGHO-
TEXHHYECKOTO OTYETa

|

Oprasuzanus 06beKTHO-

OpHEHTHPOBAHHON a3kl
IDaHHBIX
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TIpunoxenue 4

22.09.98 MooT 14.92+68.985+2x66.43+68.985+2x14.93 wepea p.Bonra, r.Crapuua

B 1, 1/2% KoHcons , 1/72% 1-0 nxu » * 2-A BAnNkw
[2.89685 -000315391 - 000176616 0. 000146281

L LA

46 8 12 15,911 46 8 1Z 19.9]1 946 8 iz 15.9]1 4 ¢ 8 12 .
s, 1/72% 3-Q Sama S, 1/2% 6-00 Baman €. 172% 7T-@ Banxu 7, 172% Roncons
iD. 000138283 0. 117 0. 000249432 . 000454094
[p- 00013

1 4 6 8 i2 19.9)1 4 & 8 12 15.9]1 4 6 8 12 19,91 a ¢ 8 12 19.9
6 nponer, CP » ueHnTPe, AATHMKM B 1/2 NPONETa BEPTIUKAALHO

Marpuna skxcnepumenTansHbIx AQUX.

Abcimcca — acToTa (pasmeprocts - I'ir). OpunaTa — aMIMTyAa nporu6a (Moayb,
NEHCTBHTENbHAS M MHHMAas COCTaBILIOIIME) (pPasMEPHOCTh — HNPOrMb B MeTpax

BO3/IE/ICTBHE B TOHHAX).

ITpunoxenne 5

TInuts npoessxelt yactu

IInuth TpOTYapoB

PeGpa 6anok

Betpossie cBA3H

Huwxnuii nosc

MKD3 - MoZiens CTanesxele306€TOHHOro DPOJICTHOrO CTPOEHHMS
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Ipunoxenue 6

PacueTHBIE H S5KCTIEpPHMEHTANBHBIE HOPMBI KomeOaHuil.

11.04.98 Moot 11.1+3x42.5+11,.1 m wp Hepm Ha 244 xu a/a flpocnassas
2-3-4 nponeTu, OSPATHAR PASBEPTXA

Pe3oHaHs nponeTHoro
tTpoBHIA Ne 3 no 1 thopme
xoneGaHui

L, S e

f=2.1500 dx=0.000901039 du=0.000216749 dz=0.00431675 nt=113

OxcriepuMeHTanbHas QopMma KojeGaHHH  CTanexene300eTOHHRIX  MPOJETHHIX
CTpOeHM
Ha yacrtoTte 2.15 ',

®opma xonebaumit MKO-monemn na gacrore 2.2 T'L]
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