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B «MeToaudyeckux peKOMeHAAUHAX I10 BHOPOAMArHOCTHKE aBTOZOPOKHBIX
MOCTOB» TIp€ACTABJICHbl OCHOBHLIE XapaKTEPHCTHKH TEXHUYECKHUX U IIPOTrPAMMHBIX
CPEICTB, IIPMMEHSEMBIX IIPH IIOJIEBBIX HCCIIENOBAHUSAX M pacdeTax HecylleH
CIIOCOOHOCTH MOCTOBBLIX KOHCTpYKUuMA. Pexomenpauuu pa3paboTaHel C y4E€TOM
TpeOOBaHHH OCHOBHBIX HOPMAaTHBHBIX AOKYMEHTOB, IPHUBEHCHBI OCHOBBI METOHK
BCEX TEXHOJOTHMYESCKHX IPOLEAYpP, BBIIIOJHAEMBIX TIpH BHOPOJHUATHOCTHKE
aBTOXOPOXKHBIX 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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METOIMYECKHWE PEKOMEHJIALIUNA
[1I0 BABPOJMATHOCTHKE ABTOJIOPOXKHEIX MOCTOB

JlaTa BBeICHUSA 2001 r.

1. O6mue nonoKeHHA.

1.1. Hacrosmme wMetoauUuecKHe pEKOMEHIAIMH (Hanee MO0 TEKCTy -—
pEKOMEHAALMM) OpedHa3HadeHbl I [NEepUOJUYECKOHM  HHCTPYMEHTAILHOH
JHACHOCTHKH 3KCILTYaTHPYEMBIX aBTOJOPOXKHBIX MOCTOB M MOT'YT IIPUMEHATHCS IS
IPHEMOYHBIX UCIILITAHKWHA BHOBE TIOCTPOEHHBIX H PEKOHCTPYHUPYEMBIX MOCTOB.

1.2. PexoMennanuu pa3paboTaHbl ¢ y4eTOM TpeOOBaHHUI M HCMOJIb30BaHUEM
TEPMHHOB H OIPEACIICHAA OCHOBHBIX HOPMAaTUBHBIX JOKYMEHTOB.

1.3. Bubponunarnocruka 0a3upyercs Ha aHAJIHU3€ NapaMETPOB pPacdETHOrO U
IKCIEPUMEHTANIBHOIO  OTKJIMKA (pE€aKklHH) COOPYXEHUS Ha JUHAMUYECKOE

BO3JeHCTBUE B HU3KOYACTOTHOM AHAaIa3oHe COOCTBEHHBIX (POPM KoJIeOaHHIl.

1.4. BubponnarHocTka, KakK €AMHbII TE€XHOJOTHYECKHH IPOLIECC, HIH €€
OTJIC/IbHBIC MPOUEAYPhl MOTYT NPHUMEHSATHECA B COYETAHUH C TPagULMOHHBIMHU
METOJaMH JWArHOCTHKH aBTOJOPOXHBIX MOCTOB (00clemoBaHuMe, CTATHYECKHUE H
OIVUHaMH9ECKHE UCIIBITAaHHS H T.1.).

1.5. JlaHHBIE pEKOMEHIAUMH MOIYT HCHOJB30BaThCs IIOJNHOCTBIO MPH
IIpUMEHEHUH METOIOB aKTHBHON BHOPOIHArHOCTHKH M YaCTHYHO IPH NpHMEHEHHNH
METOJIOB IaCCUBHOM BUOPOAHarHOCTHKH.

2. Meroabl BHOpPOAHArHOCTHKH, TEXHOJIOTHA NpoBeAeHuA pador.

2.1. PexomeHnauuu pa3paboTaHBl C Y4€TOM OIBITA OLIEHKH JIMHAMHYECKHX
XapaKTEPHUCTUK COOPY)KCHHS C MPUMEHCHHUEM Pa3JIMYHBIX CIIOCODOB HArpyXeHHS,
H3MepeHHH U 00padOTKU PKCIIEpUMEHTAIBHBIX HaHHBIX. B o0meM crmydae, METOIHI
BUOPOIMArHOCTHKH MOT'YT OBITh YCJIOBHO pa3AesieHbl Ha IACCUBHLIEC M aKTHBHBLIE.

2.1.1. MetonamMn naccuBHOM BHOpPONHArHOCTHKH SBJMIOTCA T€, KOTJHa
OTCYTCTBYET CIlellMalibHasi CUCTEMa HArpyX€HHsS HUCCIIEAYEMOM KOHCTPYKIMH, a B
KQ4eCTBE peXUMa HarpyXKeHUsd HCIOJIb3YeTCS CIy4aHHOE UM peryisapHoe (GOHOBOE
BO3JICHCTBHE IPUPOTHOTO U TEXHOIEHHOTO XapaKTepa.

[IpakTuyeckoe HCIONB30BAHME METO/la TMACCHBHOM BUOPOMArHOCTHKH
OCYIIECTBIIAECTCS HPUA CIIYYaWHOM BO3ASHCTBHHU: TPAHCHOPTHOIO MOTOKA, MPOroHa
ONHHOYHOI'0 aBTOMOOMINA, BeTpa U T.4. I[IpakTHdecku Bce 3TH BHIBI CIy4aHHOro
BO3JIEMCTBHA (BETEp, TPAHCIOPTHBIA MNOTOK, MHKPOCEHCMBI M T.A.), HOCHT
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HecTalMOHapHbBIH, Hesprogudeckuil xapaxrtep. [IpMMeHHUTENBHO K aBTOLOPOXKHBIM
MOCTaM 3TO O3HAYaeT, YTO IIPH UCCIeNOBAHHHU TapaMeTPOB AUHAMUYECKOr0 OTKIIUKA
o BO3AEHCTBHEM TPAHCINOPTHOIO MOTOKA TPeOyeTrcs 3HAYUTEIBHOC YBEJINYCHHE
BpeMEHH HaOMofeHuit M perdcTpalyd IapaMmMeTpoB OTKJIMKA, AOBEPUTEIBHAS
BEPOSITHOCTE IIOJTy4a€MBIX Pe3yJbTaTOB HEBBICOKas. 3aTPY/HUTEIHLHO MHOJIYYCHHE
YCTOWYHBEIX GopM KoleOaHHMM U TiepelaTOYHBIX (YHKLUHH napaMeTpoOB OTKIHMKa
KOHCTPYKLIHMH, T.K. ITapaMeTphbl CHUJIOBOTO BO3JEUCTBHS OCTAIOTCS HEM3BECTHHEIMHA. B
3aBHCHMOCTH OT CI10co0a perucrpauuid U o0paboTKH PKCIIepUMEHTANIBHEIX JaHHBIX,
XapaKTePUCTUKAMHU OTKIIMKA COOPYXCHUS MOI'YT SBISTHCSA: YacTOThl HU3ILIMX (HOpM
KoJeOaHH IIPOJEeTHBIX CTPOCHHH, CIIEKTPhl MOHIHOCTH MIH OTHOCHUTEIBHBIX
aMIIJIATYJZl, BEAMYMHa [00aBKH AMHAMHUUYECKOro ko3¢¢uuuenta. ComocraBieHHe
pe3yJIbTaTOB ¢ JAHHBIMM pacueTHOM MOJAEIH COOPYXEHHUS HOCHT, CKopee
KAYECTBCHHBIN XapaKTep U MOXeT UPOBOIUTECS IO 4YacToTaM 1-2 Hus3Iux (GopMm
KoneOaHnuil (YaCTOTHBIM aHaliu3), KMCHOJIb30BaHUEe 0ojlee COBEPILUCHHBIX METOJIOB
aHaJIN3a 3aTPYIHUTEIBHO.

2.1.2. Metoapl  akTHBHOW  BHOPOJAMArHOCTHMKH  XapaKTepH3yIOTCH
HMCKYCCTBEHHBIM IIPHJIOKEHHUEM K KOHCTPYKIHM COOPYXCHHS HMITYJIBCHOH HIIH
rapMOHUYECKOM, BHOPAIIMOHHOM HArpy3KY, KaK 4YacTHbBIA Cly4Yaid, MPpHUMEHSETCH
CTOXAaCTH4YECKHH MPOIECC HATrpyXeHUs, MMEIOMi CTaOHIbHBIE CTATHCTUYECKUE
XapaKTEPUCTUKY (CTAllMOHAPHBIN, 3ProJUUECKUNA Ipoliece).

[IpakTudeckoe WCNOIB30BAaHUE HMITYJIBCHOIO HArpyXeHHsd B aKTUBHOH
BUOPOAHArHOCTUKE OCYLLECTBISIETCA: MPOrOHOM OXHHOYHOI'O aBTOMOOHIIA uepes
UCKYCCTBEHHBIE HEPOBHOCTH, OTTSXXKOM KOHCTPYKLIMH TPOCOM Yepe3 pa3MEIKaloniee
3BEHO, COpOCOM Ipy3a MM YIAapoM d4Yepe3 IUIaCTHYHYIO Ipoknaaky # T.1. llpm
aKTUBHOM BO3JCHCTBUM Ha KOHCTPYKUHMIO MMIYJIHCHOH HArpy3kKoi, H3-3a MajoiH
OPOAOJDKUTEIBHOCTY  BO3NCUCTBUS, TONY4YEHHE CTAlHOHAPHBIX  KoJeOaHHH
3aTPYIAUTENIBHO, YTO NPUBOAUT K HEOOXOAMMOCTH MHOTOKPATHOTO NOBTOPEHHS
HarpyxeHHs. B 3aBucuMoctH 0T cnocoba perucrpaudy H - 06paboTku
KCIICPUMEHTANBHBIX JNAaHHBIX, XapaKTePUCTUKAMHU OTKIHUKA COOPYXEHHS MOLYT
SIBIATHCA: YacTOTBI HHU3WIMX (QOPM KOJEOAHHWHA IPONIETHBIX CTPOEHHH, CIEKTPEHI
MOILHOCTH WJH OTHOCHUTENBHBIX AMIUIMTYJ, BeJIWdYHHA A0O0aBKH JAHHAMHYECKOTO
ko3punrenTa. CONOCTaBICHUE pPE3YJIbTATOB C JAaHHBIMH pacyeTHOH MOJenu
COOPYXXEHHA, TAKKE HOCUT Ka4eCTBEHHBIN XapaKrep.

Vicnons3oBanue rapMOHUYECKOTO HarpyXeHHs B aKTUBHOH
BUOpoauarHoctTuke Oosiee 3Gh¢eKTUBHO, HO TpebyeT NPHUMEHEHHS IOCTATOYHO
CIOXHBIX M JOpOorux BHOpoBO3OyauTened, cpeny KOTOPBIX Hanbolee H3BECTHBI

6



2-BajbHBIE  3KCIIEHTPHKOBBle  BuOpomammHbl,  koHctpykuwun — HHHWHCK
M. B.A. KydepeHko ¢ ynpasngeMoOil 4acTOTOM BpallleHus. Y CWIHe BO3AEHCTBUA B
HUX H3MEHAETCS CTYMEHYaTo, MEPESCTAHOBKOH IKCUEHTPUKOB. 3a pybexoM, B3aMeH
MeXaHHYeCKHX BUOPOMAIIHH, IIMPOKO IIPUMEHAKOTCA EKTPOCEPBOTUAPaBINYECKHE
BUOPOBO3OYyAUTENH, KOTOPHIE NO3BOJSIIOT IPOBOAUTE HArpyKEHHE H PErHCTPALHUIO
H3MEPAEMBIX TIapaMeTPOB B PpeXHMe «YIPaBIsIEMOro J3KCIIEPHMEHTa», C
Hcronk3oBanueM  ynpasnstomed [I9BM. OcHOBHOM  OCODEHHOCTBIO  BCEX
BHIINEYKA3aHHBIX YCTPOHCTB HABIAETCA HX CTAallMOHApHOE OasvpoBaHUE, T.€.
HeOOXOJUMOCTh HMX JKECTKOTO aHKEPHOT'O0 KpPEIUICHUS Ha HCHBITHIBACMOM
COOPYKEHHU.

OOImMMH HEJOCTATKaMH BBIIIEYKAa3aHHBIX METOJAMK ABIAKOTCA:

® HEBO3MOXHOCTh HCCIECAOBaHHS B3aUMOIECHCTBHA COOPYXCHHA C TIPYHTOBEIM
MAaCCHBOM,;

® HEBO3MOXHOCTH ONpEACICHHS NePEIaTOYHBIX PYHKIMA OTKIIMKA COOPYKEHUS TI0
OTHOUIEHHID K BXOAHOMY BO3JCHCTBHIO, ¢ IIOJHBIM Yy4yeToM (a30BOM
cocTaBisioleil (3a HCKIIOUEHHEM 3apyOexKHBIX 3ICKTPOCEepBOTHIPABINYECKHMX
BO30OyaUTENICH ).

bonee coBpeMeHHBEIM BHOpOBO3OYAUTENEM sBIIeTCA MOOMIBHEBEINA (Ha Oase
aBTOMOOUNA) cericMoBuOparop Tuma CB-5-150, npuMeHeHHEe KOTOPOro IOBBIIIAET
TEXHOJOTHYHOCTD BUOPOAMArHOCTHKHA  aBTOJOPOXHBIX MOCTOB, 34 CHeT
3HAYUTENHFHOINO COKpalleHUss 00BeMOB MOAroTOBUTENBHBIX pabor. IlpumeHenue
COBPEMEHHBIX WHQOPMAUMOHHBLIX TEXHOJIOTHHA YIpaBA€HUSA SKCIEPUMEHTOM,
PErucTpanuy U 00paboTKH IKCIEPHUMEHTANBHBIX JAHHBIX 10 OTKIHKY COOPYKEHHS
IO3BOJISET MOJIy4aTh, B [JONOJHEHHE K BhHIIICYKAa3aHHBIM, aMILIHTYA0-(}a30-
4acTOTHBIE XapakTepucTHKH (ADUYX) nuHaMHUIeCcKUX MPOriOOBR B KIMOUEBEIX TOYKAX
COOPY)XEHHUS, B BUJIC IIEPEAATOYHBIX QYHKIUAX OT YCHIHA BO30YXKAeHHus. ITO JaET
BO3MOXHOCTE IIPOBOAUTH KOIUYECTBEHHYIO OLICHKY M COTIOCTABJIEHUE PE3YNLTATOB C
JAaHHBIMH pacyeTHOH MOAENIH COOPYKEHHHM, UYTO I03BOJIgeT HCIOJIb30BaTh
COBpPEMEHHEIEC METO bl MOJAIbHOIO aHaIK3a.

2.2. Hpu obecnedyeHHH BBICOKOH MOOMIBHOCTH H  OII€PATHBHOCTH
BUOPDOJMArHOCTUKH €€ MOXHO S(QEKTHBHO HCIONb30BaTh I MOHHTOPHHIA
COCTOfHYsE OONLIIOIO YHUCIa MOCTOB, BXOMMIIMX B €AUHYK HHOPACTPYKTYDPY
(aBTOZOpOra (PpefiepaibHOrO NOAYMHEHUS, CETh aBTOAOPOr CyobekTa Penepaiiun).

2.2.1. B 3toMm ciy4dae Ha Gase cepTHDUKAIMOHHBIX (IIEPBUYHEIX) HCIBITAHHH
MOCTa CO3Jaercad CHCTeMa OOBEeKTHO-OpHeHTHpOBaHHBIX 06a3 ganmueix (OOBJM) no
KaXXJOMY COOpPYKEHUIO, BKIIIOYaromas B ces, Kak TpaqUullMOHHbIE (OPMEI OTYETHBIX
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MAaTepPHAaIOB, TAK ¥ 3KCIIEPUMEHTANbHBIE JaHHBIE CEPTU(UKALIMOHHBIX HCIIBbITaHMI,
KOTOpble OOBEKTUBHO OIPEACHAIOT COCTOSHHE MOCTa Ha MOMEHT IIPOBEICHUA
WCIBITAHHH (IHHAMUYECKHI acIIopT COOPYKEHN).

2.2.2. Tlpym npoBeJcHHMH NOBTOPHOM  3KCOpecCc-IUAarHOCTHKH  MOCTa
HCIonb3yerca panee cozganHas QObB/; npu 3ToM BpeMsi ¥ CTOHMOCTE IIPOBEACHHUA
paboT CcoOKpalacTCs MpUMEpHO B 4 pasza. IJKCIOpPecc-AMArHOCTUKAa CTaHOBHUTCS
MHCTPYMEHTANbHBIM CPEACTBOM OLICHKM COCTOSHHS, (PUKCHPYIOIIUM JIHOOBIE
H3MEHEHHNS XapaKTepUCTUK COOPYXEHHS, 4YTO CHHXaeT BIMsAHUE CYOBEKTHBHBIX
(haKkTOpPOB.

2.2.3. IlpuMeHeHHE€ BBICOKOTEXHOJIOTHYHBIX METOJOB BUOPOIUArHOCTUKH
(npunoxenue 1) He TpeOyeT BBIBOAA MOCTa M3 3KCIUIyaTalUd, AJiA IPOBEUCHHS
HarpyXeHHd H CepHHU U3MEPECHHH TpeOyeTCs MepephiB B ABHKECHUM JIJIMTEIILHOCTBIO
10-15 mMuH, Bce ocTajgbHEBIE TIOATOTOBHTENbHBEIE PaOOTHI JOJDKHBI IPOBOIUATHCS O€3
MepPEPLIBOB aBTOMOOUIILHOTO JIBHXKEHUS.

2.3. OcnoBoli moboro Meroja BHOPOAMATHOCTHKH ABJSETCH YCTAHOBIIEHHE

CBS3M MeEXAY [IMHAMHUYECKUMH [apaMeTpaM#u COOPYXEHHS U ero OCTaTOYHOH
HeCcylieH crnocoOHOCThIO (npunoxeHde 2). IIpd BO3HUKHOBEHHUH NOBPEXAeHMI
KOHCTPYKIIMH, BCIEACTBHE CHHXCHHUS JKECTKOCTH OTIACIBHBIX JJIEMEHTOB,
IIPOUCXOOUT IIepepacupeiciicHie BHYTPEHHNX YCWINHH, B pe3yiIbTaTe Yero MEHSIETCS
MaTpHIla XECTKOCTH OCHOBHBIX 3JEMEHTOB COOPYXKEHHUS; CHUXAIOTCA 4YaCTOTBHI U
YBEITHIUBAKOTCA aMIUTHTYAbI X COOCTBEHHBIX M BBIHYXKIEHHbBIX KOoJeOaHui. AHaITN3

3TUX SBJIEHHWI BO3MOXEH Ha ©0a3e yCTAHOBJIICHHMA B3aHMOCBSI3H  MEXOY
BBIHYKJAIOIeH CUIIOH ¥ BO3ZHHKAIOIMMY KojeOaHUAMH, YTO M3BECTHO, KaK aHAIH3
MO/l (MozanbHbIN aHanu3). Haubomee NOJHBEIM pe3yJIbTATOM TAKOrQ HCCIEIOBAHKS
SBISETCS MaTpulla nepefaToYHbIX QYHKIUM COOpPY)XXEHHS B BHIAC aMILIATYIO-(ha30-
4aCTOTHBIX XapakTepucTHK (APUX) nuHaMu4ecKHX IporudoB IJId KIHOYEBBIX TOYEK
coopyxerus (npunoxenne 4). KonebaHusa KOHCTPYKIHUH COOpPYXeHUsA, B OOIIeM
clly4ae, SBIAIOTCA  aeMmndupoBadHHbIMM. JlemMndupoBanue  konebaHHH B
KOHCTPYKUMH TeM 3HauuTellbHee, YeM Oonble OHO CBA3aHO ¢ JAUCCHOALUEH
(pacceuBanuem) d3Heprud. OleHka JeMNQUPYIOLIHX CBOUCTB (KO3Gd(HULIMEHTA
neMIIQUPOBaHHA), IIPOHU3BOOMMAs [0 IlapaMeTpaM pPE30HAHCHOTO ITHKAd, TAKKe
[IO3BOJIIET ONPELENATE CTENEHb BIHSHUSA HAKOIUIEHHBIX AE(EKTOB HAa OCTATOYHYIO
HECYLIYIO CIHOCOOHOCTE cOoopyxeHUsA. OleHKa 3SKCIePUMCHTANLHBIX IJAHHBIX H
BEIBOJ O COCTOSTHMH MOCTA TIPOU3BOINTCH:

¢ 1O pe3ysibTaTaM NPEeANISCTBYIOIINX MUCOBITAHUN OJHOrO M TOro e OO0BeKTa

(3KCIIpecC-IUarHOCTHKA);



® II0 CTATHCTHMYECKHM NapaMeTpaM OTKIIHKa aHaJOTHYHbIX COOPYKEHHH;

® [0 IIapaMeTpaM  OTKJIHMKa  KanuOpoBaHHON  (ajanTHpOBAaHHOM MO
IKCTIEPUMEHTAIBHBIM JAHHBIM) MaTeMaTHYECKOU MOACIIH COOpPY>KeHUs, 4TO Ja€T
HanOoslee TOUHBIN pe3ynbTaT (MPHIIOXKEHHE 6).

2.4. B obmeM ciydae BCe TEXHOJOTHYECKHE HpOLEAYPHl BHOPOIMAarHOCTHKH
JOJDKHBI OCYILIECTBIISATECSA B TPHU 3Talla, MEepBhIC ABA M3 KOTOPBIX OCYIUECTBIAIOTCH B
TIONEBBIX YCIOBUAX, a TPETHM 3Tan Ha CTaJAHH KaMepaJIbHON 00pabOTKU pe3yIbTaTOB
(mpunoxenue 2):

2.4.1. Bo30yxaenne KojeObaHMH ¥ perucTpallii CUTHAJIOB OTKIIMKA
KOHCTpYKUHUH. TlonydeHue B peallbHOM BpPEMEHH PE3YABTATOB HHCTPYMEHTAIBHBIX
U3MEpEHN, HeOOXOAUMBIX M NOCHeAyIoIero aHajan3a konebanui. Kak npasuino,
3TUMH pe3yJIbTaTaMH SBISAIOTCA AMIUIATY0-(a30-4aCTOTHBIE XapaKTCPHUCTHKH
IMHAMUYECKUX HporuboB Ais MHOOPMAIHOHHO-3HAUYUMbBIX TOYEK KOHCTPYKIIHH.
[lepematounble QyHKUUHM OTKIMKA KOHCTPYKLIMH Ha TapMOHHUYECKOE BO3JACHCTBHE
MOTYT OBITH ITOJIYHEHBI CIEAYIOIMM 00pa3oM:
¢ K3MEPAIOTCH U PErUCTPHPYIOTCHA BXOAHOH CHTHAN U CUTHANI-OTKIIHK;
® MNpoBOoOUTCS Pyphe-aHaIN3 CUTHANOB,
® B YacTOTHOH 001aCTH, B KOMIUIEKCHOM BHJE, OIPEACNiACTCA OTHOILCHHE

CUIHAJIOB OTKJIMKA KOHCTPYKIHHM K BXOOJHOMY CHJIOBOMY BO3ACHCTBHIO.

2.4.2. Bropuunas ofOpaboTka HHCTPYMEHTAJIBHBIX 3aMEPOB, BKIIOYAIONIAs
aHUMAITHIO popM KojiebaHuil, onpeneneHne COOCTBEHHBIX YaCTOT U K03 PuiiHeHTOB
DeMIT(pUPOBaHUsA, CTATUCTHYECKUHA aHAITH3.

Ha atom e sTarne nposoautcs 00CnemOBaHHME, LENBIO KOTOPOrO SBJIAETCH
BEISIBJICHHE IIPUYHH [IOSABICHUS aHOMAJIMU B OTKJIHUKE COOPYXECHHUS Ha TUHAMUYECKOE
BO3JICUCTBHE.

2.4.3. Oueska COCTOSHHS KOHCTpyKUMU. O000meHue 3KCTepHMEHTATIBHBIX
JAHHBIX, CpaBHEHHME HX C OJTAIOHHBIMH (PacueTHBIMM MWJIH CTaTHCTHUCCKHMH)
JaaHeiMu. OnpelneneHue o0Iero cocrosHusd H  OLEHKa paboTocnocoOHOCTH

KOHCTPYKIIHH.

3. IlepcneKTHBHBIC XapaKTEePHCTHKH
TeXHHYECKHX H NPOrpaMMHbIX CPEACTB.

Cneuudurka pa3IMYHBEIX METOJOB NIACCUBHOM M aKTHBHON BHOPOAHMArHOCTHKH
MPEeABABIAET pAd OOWMX TEXHUYECKHX ¢ TEXHOJIOTHYECKHX TpeOoBaHMA K
IpUMeHsieMoOMy 00OpYZOBaHHIO, (YHKLUUOHATEHOMY Ha3HA4YEHWIO NIPOrPaMMHBIX
CpElCTB, ONEPATUBHOCTH MOJIYYEHHS K TOYHOCTH PE3YyJIbTaTOB USMEPEHHH, a TaKXKe
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TOYHOCTH HOJJIEP)KAHUS TapaMeTPOB HarpyXeHuss M CIOCOO0B XpaHEHHUS
Iony4eHHOH HH(pOpMalIHH.

3.1. CpeacrBa JHHAMHYECKOI0 HAIPYKEHHHA

(319 aKTHBHOH BUOPOAHATHOCTHKH).

B xauecTtBe BO30yOuTEeNns rapMOHHUYECKOro NUHAMHMYECKOro BO3JIEHCTBHE Ha
HCCHENyeEMOe COOPYXEHHE MOXKET IPHUMEHSATBCA Jirodas TeXHUJecKas CHCTeMa.
Haunbonee yHNOBIETBOPHUTE/IBHEIE pE3YAbTaThl MOTYT ORITHR TNOJMY4YEHBI, €CiH
XapaKTEPUCTUKU CUCTEMBI ITO3BOJISIIOT OCYIIECTBIATE:

3.1.1. miaBHOe H HEOpeprlBHOS H3MEHCHUS YacTOTHEI HarpyXarollero
Bo3ericTBUs B yuamnaszone 0.6 — 30 ['u;

3.1.2. ynpasiiende HarpyXaromumMm BoszaeiicteueM ot I1DOBM (kak uacroro,
TaK ¥ aMILTATYLOH);

3.1.3. cTaOUIBHOCTE BRIXOAHBIX XapaKTePHUCTHK I10 4aCTOTE U I10 aMILIUTY i€,

3.1.4. obecreynBalOT BBICOKYI0O MOOHMIBHOCTHL YCTAHOBKM M OIEPATHBHOCTH
npy MOATOTOBKE K padore;

3.1.5. obecrieunBaTh pabOTy CHCTEMBI 0€3 XXECTKOTO aHKEPHOI'O KPEIUIEHHS Ha
00LEeKTe UCTIBITAHU.

3.2. CpencrBa H3MepeHHNA JHHAMHYECKHX MPOruboB KOHCTPYKIHH.

B KayecTBe CpeACTBE HM3MEPEHHSA MOI'YT [IPHMEHSATHCH IIEpBUYHEBIE
npeoOpazoBarteny moooro tuna. Hanbosee yaoBneTBOpUTENIbHEIE pe3yIbTaTH Oy et
obecnednBarTh CUCTEMA CO CIENYIOIMMH XapakTCPUCTHKAMH:

3.2.1. gactoTHeiit oanas3oH - 0.6 — 30 I'u;

3.2.2. KJ1aCC TOYHOCTH U3MEPEHHH, HE HIDKE 2.3;

3.2.3. nuHaMHuYecKHH auanasod, He gmxke 100 ab;

3.2.4. usmepsieMbIe TIepeMELLCHUS - OT 1 MKM;

3.2.5. OpOCTOTa ¥ HAJIEXKHOCTE KPEIIEHUS Ha UCCIEAYEMON KOHCTPYKLIHH;

3.2.6. uVHEPLUATbHBIA TIPUHLIMI W3IMEpeHus IepeMelieHuii (OTCYyTCTBHE
Heo0XOAUMOCTH HCHOJIB30BAaTh KaKyHO-IHO0O ONopHYIo 0a3y (IIOBEPXHOCTL 3€MIIH,
OPYroH 3JI€MEHT KOHCTPYKIIHH COOPYXEHHSA) M MEXAaHMYECKYIO CBA3b C HEH -
MPOBOJIOKA, ITOBOJIOK U T.1.);

3.2.7. 1OMEXOYCTOHYHUBOCTH K OYXIAIOIKUM TOKaM;

3.2.8. YCTOMYHMBOCTH K KIIMMATUYECKHAM BO3ACHCTBHSIM.

3.3. IporpamMusbie cpeacTBa 00paboTKH H aHAJAH3A IKCHEPHMEHTAIbHDLIX
JaHHBIX.

[IporpaMMHBIH KOMILIEKC MOXET HCIONB30BaTh JIIOOBIE  aiTOPATMEI
00paboTKH, HO J0JkeH obecneyuBarh HeoOXoauMMoCTh o00paboTku OOIBIIHX
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00BEMOB AKCIEPUMEHTAIBHON UHQOPMALIMU B peajlbHOM Macuitabe BpeMeHH. Ero
BO3MOXHOCTH IOJIKHBI 00ecrIeauBaTh:

3.3.1. BO3MOXHOCTL  OAHOBPEMEHHOH  pabOThl ¢  HECKOJIBKHMH
H3MEPUTESIPHBIMH KaHaNlaMU (He MEHEE BOCHMH);

3.3.2. GpopMupOBaHUE CHTHANA YIpaBIehUd [UIS HArpy>Karollero yCcTpoHCTBa
(111 akTHBHOM BUOPOJIMArHOCTHKH );

3.3.3. BO3MOXHOCTH IIONYyYEHHA HHPOpMaLUH Iociae o00paboTKH B BHIC
ADYX;

3.3.4. BO3MOXHOCTb IIpeJCTaBI€HHAs HHPOpPMAHUM B HUDPOBOM H
rpa)M4eCKOM BHJAX, B TOM YHCJE B peXXUMe aHMMAaIlHH;

3.3.5. BO3MOXHOCTb ofipeAeNicHUs KO3DPHULIMEHTOB JeMIIBHPOBaHH.

3.4. IlporpaMMHbIe CpeACTBA METOAa MATEMATHYECKOI0 AHAJIH3A.

B KadecTBe pacyeTHOrO MeTOAa aHalu3a peaklMil COoOpyXeHHA Ha
AAHAMUYECKOS BO3JACHCTBHE IIPUMEHSETCA MaTEeMaTHYECKOE€ MOJCIHPOBAHKE
COOPYXEHHS Ha OCHOBE METOJa KOHEYHOro »3JIeMeHTa, B AaleHeiimem MKO-
MOJIeJIHPOBAHYE.

3.4.1. Jlng sTHX Uejielt MOXET NPUMEHATLCA T000H NporpaMMHBIH KOMILIEKC,
ocHOBaHHBIM Ha Meroge MKD H  cmocoOHBIR NPOH3BOAUTE HCCIENOBAaHHE
CTATUYECKUX ¥ AMHAMHUYeCKUx peakiui MKDO-moaenu Ha pasjidyHBIE COYETaAHUA
BHEIUHKWX BO3AEHCTBHUM.

3.4.2. Haubonee cymecTBeHHbIM TpeOOBaHHEM fABIFETCS HaIKW4YUe B
OPUMEHAEMOM IIPOTPaMMHOM KOMIUIEKCE OJIOKa HCCIeNOBAaHHS JHMHAMHYECKHUX
peakiit MK3-Moa€en1, 4TO 1TO3BOJIAET IPOBOAUTE HCCICAOBAHNE PEAKIIMI MOIENH
Ha rapMOHHYECKOE BO3JECHCTBHC B YACTOTHOM OONACTH, KOHEUYHOW UENBIO 3TOrO
MCCIC0BAHUA SBIETCH MNONYyYECHHE aMIUIUTYA0-(a30-4aCTOTHBIX XapaKTEPHUCTHK
mMHamMudeckux Tporubor (ADPUX) mid jgoctatodHo OONBIIOr0 4YHMcCna TOYEK
uccineayemon MK3-Moaenu coopykeHus.

B HauOosbiIeM CTENEeHH I3TUM TpeDOBaHHAM YIOBASTBOPAIOT KOMILIECKCHI:
ADINA, ANSYS, COSMOS, NASTRAN u T.1.

3.5. IIporpaMMubIe CpeAcTBRa 00HLEeKTHO-OPHEHTHPOBAHHOH 0a3bl JaHHBIX.

[IpumeHeHHe COBpPEMEHHBIX HH(QOPMALMOHHBIX TEXHOJOTHH  Tpebyer
obecrieueHus OMepaTHMBHOM paboTel ¢ OombpiIMMH O00BEMaMH pPa3zHOOOpA3HOM
HH(poOpMaLUK B IUPPOBOM BHJIE, II03TOMY ImporpamMMHsie cpeactBa (IIC) obbekTHO-
opueHTupoBagHoi 6a3bl AaHHBIX (OOBJ]) momkHBI 00ecneduBaTh HEOOXOMAUMBIH
YpOBEHb cepBHca npu pabore C pasnuyHbiMH ¢opmaramMu aaHHbIX. [IC OOB/]
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NOMKHBI OBITh coBMecTUMEI ¢ Intel-mpoueccopueimMu [IOBM, ux HocHTeNsAMH

HHoOpMalluM U X PopMaTaMH JAHHEIX.
[TporpamMmHEIe cpejicTBA OOBEKTHO-OPUEHTHPOBAHHOMN 0a3bl AaHHBIX AOJDKHBI

yJIOBJIETBOPSATE CJIEYIOLINM TpeOOBaHUAM:

3.5.1. paborars noa ynpaeicHueM Windows95/98/NT u BeillE, HCIIOJIB30BATE
CTaHJapTHble peCypchl omnepanuoHHOH cuctemsl, a Ttakxke IIC 1pyrux
pa3paboTyMKoB, HHCTAIIMpoBaHHbIe HA ITIOBM;

3.5.2. paboTaTh ¢ BHEHIHUX HOCUTeNEH, O0e3 KoNnuHK Ha XECTKOM Aucke 11OBM;

3.5.3. ofecneunBaTh BO3MOXHOCTh XpaHeHMs HHQOPMAUM B PEXKHME
ONEPATHBHOIO JOCTYIA Ha KECTKOM JUCKE, BHEIIHUX HocuTenax I11OBM u no cetu;

3.5.4. obecredynBaTh BU3YAIHN3aLHUIO BCEX BULOB MH(MOPMALIUH, B TOM YMClIE, B
rpaHICCKOM W aHUMALIMOHHOM BUJE;

3.5.5. obecmeuynBaTh BO3MOXKHOCT, MepeBoja Bced HHOOPMALUM ¢
3JIEKTDOHHLIX HOCUTENEH B OYMaXXHbIe KOTHH.

4. IxcnepuMeHTAIbHbINR MeTOx aHATH3A.

Huxe npuBomdaTcs KpaTkoe OlMCaHue pabouyux METOJUK H OCHOBHBIX
TEXHOJIOTHYECKMX NPOLEeRYp BUOPOAUArHOCTUKHY.

4.1. IllporpaMma H3MepEeHHH.

4.1.1. Ilensro npoBeicHASA H3MEPEHUH B NPOLIECCE BHOPOOHUArHOCTHUKUA MOCTa
SIBJISIETCA TONy4YeHHEe MHCTPYMEHTAIBHOM HHQOpMAIHK, KOTOpasd B MaKCHMMalBHOM
CTEIICHU XApaKTEepH3YET e€ro TeXHUYECKOe cocTosHMe. Hanbolee MOJHBIM BHAOM
WHQOPMALINH, MTOJYYAEMBIM IIPH NIPOBECHAN JUHAMHYECKOW TUarHOCTHKH MOCTOB,
ABNSETCA aMITUTYA0-(ha3o-dacToTHas Xapaktepuctaka (ADPUX) muraMHYEcKOro
nporuda B8 pazMepHoctTd METP nporuta / TOHHA aunamuueckoro ycunus (M/T).
Jta 1nepeaaroyHad (QYHKOUA SIBISETCH [leTeBOM, Kak IpH paspadorke
MK3-Monenert CoOOpyXeHU, TaK H Ip4 NpoBeaeHHH pabdoT Ha mocty. Marpuia
[epeaaTOYHBIX (YHKIHMHA AT MHOXECTBA TOUYEK MO3BONAET NMONYYHUTHh HOCTATOTHO
NONHYKX0 HHGOpMalMIO O chekTpe ¢opM KonebaHuit (MOX), KOTOPBEIMH oOaanaer
JAaHHOE COOpYKeHHEe B JaHHOM COCTOAHMH, H SBIETCA JMHAMHYECKHM IMacIIOpTOM
MOCTa.

4.1.2. TlocnenoBaTeNnbHOCTh 4YepenoBaHus (opM KojieOaHHH, HX YaCTOTHEIE
TUana3oHel W aMINIMTYyOsl  kojebanul  HMHGOpPMANHOHHO-3HAYHMBIX  TOYEK
COOPYXEHMS, DYHKIMOHAIBHO 3aBUCAT OT paAna ¢axTopoB, Hauboliee BaKHBIMH
SIBJITFOTCSA:
® TIApaMeTpPhI, ONpeeNaroIIie IPOYHOCTh INEMEHTOB COOPYIKECHUS;
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e 0CODEHHOCTH pacyeTHbIX CXeM padoTel, KaK COOPYXEHUSI B LEIOM, Tak H €ro
y3JI0B, BKITIOYas (PaKTHIECKYIO CXEMY B3aUMOJEUCTBHSA C OCHOBAHUSAMH,

¢ COCTOSIHHE 3JICMEHTOB COeAUHEHUH (Y3JI0B);

® HaIUYHhEe KOHCTPYKTHUBHBIX, TEXHOJOTHUYECKHX HMIH  IKCILIYAaTaAUWOHHBIX
ne(hEeKTOB;

® KJIVMaTUYECKHUE YCIOBUS;

e pyrue PaKTOpPhl, yCTAHABIMBAEMBIEC B IIpoliecce padOoThI.

4.1.3. Ilpu pa3paboTke CcxXeMbl H3MEPEHHH CiedyeT  Y4YHThIBATh

KOHCTPYKTHUBHBIE OCODEHHOCTH HCCACAYEMOI0 MOCTa M pPAaCUETHBIE VYCJIOBHSA

B3aUMOJAEHCTRHA €r0 KOHCTPYKTHUBHEIX 31eMeHTOB. OCHOBHBIE (DaKTOPbI, BIHAAIOUIHE

Ha pa3paboTKy CXEMbI U3MEPEHUI:

¢ 51000€ MOCTOBOE COOpPYXEeHHE ABIISAETCS JOCTAaTOYHO CJIOXKHOH
NPOCTPAHCTBEHHONH KOHCTPYKILHMEH, KoTopas obnagaer HHIUBUAYAILHOM
HACTOTHO~3aBUCUMOM MOCNTEIOBATENBHOCTBIO IIPOCTPAHCTBECHHBIX (TPEXMEPHEIX )
dopM cOOCTBEHHEIX KONeOaHMId;

® B3aUMOJICHCTBHE €r0 KOHCTPYKTHBHBIX YacTedl MOXET OIPEUC/SIThCI CXeMOMH
XECTKOU HIH YHpYrod 3ajelkd, HEeMOABHXKHOIO U IOABHXXHOTO HIAPHUPHOIO
COeqUHEHYS;

o OOJNBIIMHCTBO HECYIIMX  KOHCTPYKTHBHBIX  3JIEMEHTOB  MOCTa  MOTYT
paccMaTpUBaThCs, KaK KOMITIO3UTHBIE;

¢ BIVSHUE TPYHTOB OCHOBAHHUSA M HACKIIIEH MOJAXOA0B HA PACYETHYIO CXEMY paboThI
COOPYXXEHHS;

® HalHW4M€ BHANMBIX H HCBHAMMEIX 1e(EKTOB B 3JIEMEHTAaX MOCTA.

4.1.4. D10 NpPUBOAHUT K TOMY, 4UTO HpH pa3paboTKe CXeMBbl IIPOBEIECHHS
U3MEPEHHH,  HeoOXoAMMO  NpedyCMAaTpHBaTh  BO3MOXKHOCTH  IIO3TAITHOIO
HUCCACAOBAHUS  OCODeHHocTeW  padOThl  COOpPY)KEHHd, C TE€M, YTOOEHI
IKCHEPUMEHTANBHBIE JAHHBIE KaXXJOrO ITalla U3MEPEHUH MOIVIM AOIOJHATH JpYT
Apyra U COCTaBiATh OOIIYIO KapTUHY JHHAMMYECKOrO OTKJIHKa coopyxkeHus. Bce
3TAbl  3TOI0  MCCACAOBAHMS  MOIYT  BBITIOJHSTBCS B TIPOH3BOJIBHOM
[IOCTIEAOBATENLHOCTH, pEKOMEHAyEMas HOCAEeNOBATEIBHOCTh NPUBOAUTCS HUKE.

4.1.4.1. 1-d >Tan HU3MEPEHHH IPOBOAMTICA C Ipoe3dxeM uacTu. MaMepeHus
AENAIOTCA Ha BCEX MPOJICTHRIX CTPOCHUAX MOCTA. JTH JaHHbIe Haubosee MOCTYIIHEI,
Kak He Tpedyroliue INnpeaBapUTEeNbHOM MOATOTOBKH WJIM HAIW4YUsA OOYCTPOMCTB, B
BUJIC CMOTPOBBIX HOAMOCTEH, JECTHHI ¥ T.A. C Apyroit CTOpOHE!, IIPH HPOBEeHUH
paboT Ha MNpoe3xed YacTH MOCTa JOJDKHBI OpPEAyCMAaTpPUBAThCS HU3MEPEHUS He
TOJBKO B MJIOCKOCTH AMCTBUSI OCHOBHBIX MOCTOSHHBLIX ¥ BPEMEHHBIX HAarpy30K, HO H
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B MOMEPEYHOM H MPOJOIHLHOM HamnpasieHHAX. [locneanue 1oO3BONAIOT OLIEHHTE
)KECTKOCTh COOPYXE€HHS B FOPU3OHTANBHOM ILIOCKOCTH M XECTKOCTE Ha KpY4YEHHE.
ITO [AacT BO3MOXHOCTE CJHelaTh NpeIBapHTENIbHBIE BBEIBOABI O MPOAOJBHOH HITH
MoNepeyHoOr >XECTKOCTH ONOp M paboTOCIOCOOHOCTH ONOPHEBIX 4YaCTEH, CTENEHH
3aKJIMHHBaHHA OeperoBBIX MPOJIETHBIX CTPOEHMU CO CTOPOHB! HACHLINEH ITOIXOMOB.
Jlna OGonee TIOMHOM OIEHKH paboOTOCIIOCOOHOCTH MPOJIETHBIX CTPOSHHMH, 3aMEphl
AOJDKHBI IMPOBOJUTHCA IO KaXXJIOMY NPOXOIBHOMY CHIIOBOMY J3JieMeHTY (Oauka,
depMa), a TaKKe B IMPOMEXYTOUHBIX TOYKax (IUIATA IIpoe3ked HacTHU, KOHCOIb

TPOTYapa M T.A.) O HECKOJIBKHM CeYeHHUsSM. KoIM4ecTBO HCCIERYEMBIX CCUECHUH
OTNIpeJie/IfeTCS HaIWYueM HU I[peoOlajjlaHMeM AacCHMMETPUYHBIX (B ITPOIOJIBHOM
HaNpaBlieHUuH) (GopM COOCTBCHHBIX KOJI€DaHUM MpOJIETHRIX CTpoeHHA. Hamudue B
CIIEKTpE OTKJIMKA COOPYXEHHsS TaKuX (PopM KoiaebaHuM omnpenensercs, Jubo no
JAaHHBIM TIOCTAHOBOYHOI'O IJKCIIEpHMEHTa, JH0O TpHM aHalH3e NpeaBapHUTEIbHOMN
MKD>-monenu.

4.1.4.2. 2-#4 sTan U3MEPEHHH, B 3aBUCHMOCTHA OT OCOOEHHOCTEH KOHCTPYKLHH
MOCTa, IIPOBOJMTCS Ha JJIEMEHTaX HHXHEr0 T10ACa CHIOBBIX KOHCTPYKIHIA
[POJIETHBIX CTPOCHHMH, PHUrelsxX M Hacajkax Onop, 3JIEeMEHTaX OIOPHBIX YacCTeH,
ONnopax U T.A.

4.1.4.3. 3- 3Tan HU3MEpPEHHMH, B Cly4ac HEOOXOAHMMOCTH, IPOBOIHTCH I
pelieHns YacTHBIX 3aja4, €CJI NPOBEJICHHBIA KOMILUIEKC M3MEPECHUN HEIOCTAaTO4YEH
(mpuioxKeHue 3 ).

4.2. PexxuMbl HarpyKeHHA (/151 aKTHBHOH BHOPOAHATHOCTHKH).

PexxuM HarpyXeHus onpeneiseTcs CIeAyIOIMNME OCHOBHBIMH ITapaMeTPaMu:

4.2.1. YacTroTHBIM JHama3oHOM, B KOTOPOM TIIPOABMIIOTCE Haubonee
HH3K04YaCTOTHBIE GOPMBI COOCTBEHHBIX KOJIEOaHMI COOPYKEHUS.

HeobxoauMbi#i 4acTOTHEIM AUana3oH MOXET OBITHL onpejieleH Ha OCHOBE
aHau3a npeaBapuTeabHOH MKOJ-Moe1u MOCTa HITH OIIPEICTiCH ONBITHEIM ITyTEM.

4.2.2. AMIUTUTYIOH BEIHYXJIAIOIIET0 YCHUIIMS, IEpEIaBaeMOro Ha HUCCIIeyeMoe
COOpY)XKEHHEe [Uid BO30OYXKACHHMA B HEM OIpeRelecHHON MocnenoBaTelIbHOCTH
yepenoBaHusa GopM KosieOaHui.

AMIUIATYJa BBIHYXJAIOIIETO YCWIHA ONpEAciseTcs ONBITHRIM HyIEM H
IO/DKHA OBITH JOCTATOYMHOM AJIS MOAABIEHHA WyMoOBOTO ((POHOBOro) BO3ZICHCTBHA.
[Io nBYM-TpeM MCHOBLITAHHUSAM C MOCICHAOBATEILHBIM YBEJIHIEHHEM AaMILIHTY L
BO3ICHCTBHS MOXHO CYAHUTH O JIMHEHHOCTH PabOTE! IIPOJETHOTO CTPOSHHA.
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4.2.3. IlpoaomKuTeNbHOCTBIO BO3AEHMCTBUSA, TaKXKe OIpeleaaeMOH OIBITHBIM
IIyTeM M 3aBUCALICH OT IIMHBI U MacChl IPOJETHBIX CTPOEHHH, BOBJIECYCHHBIX B
npoliecc kojebaHuil, a TaKKe OT BEJIIMYUHBI (QOHOBOT'O BO3JIECHUCTBHS.

4.2.4. Toukoi ycTaHOBKK BO30OyauTeNna KoysieOaHHM Ha NPOJIETHOM CTPOEHUM.
B OOJBIIMHCTBE CIY4YaeB 3TO TEOMETPUYECKUH IEHTP HPOE3XEW UacTH, HO HpH
npeobalaHid aCHUMMCETPHYHBIX (QOpPM KoJeOaHUH IIPONETHOTO CTPOEHHS, 3TO
MOXET OBITh Y MIIMHBEI MpoJeTa WIM Apyrasg TOYKa, HYTO OIpPEeaensercs [0
npeapapureabHo MKJ-Moneu Uiy ONIBITHBIM MyTEM.

4.2.5. HanpasneHHOCT, CKaHWUPOBAHMA IO 4HacTore -  MOHOTOHHO
BO3pACcTaoIllasg HIH MOHOTOHHO YOBIBaromas 1o 49acToTe pasBepTka. (OCHOBHBIM

PCXKHMOM ABIACTCA MOHOTOHHOC BO3PpaCTaHHUE MO YaCTOTC,

5. MaremMaTH4YecKHH METOA aHa/H3a, OLICHKA pe3y/IbLTATOB.
MaremaTHuecknii a"Haiu3 OTKJIMKA COOPYXCHHS MPOBOJAUTCA B HECKOIBKO
B3aHMOCBSA3aHHbBIX JTATOB:

S.1. Paspabotka npeaBapureabtoii MKI-moaenu.

Ha osrtane nOpeaBapUTENBbHOTO MOJCIMPOBAHUA pa3padaTrhlBalOTCAd, Kak
npaBuno, Tonbko MKD3-Moznenyd mponeTHpIX CTPOSCHUHM, NS ITOT0 MCIOJIb3YeTCs
NPOCKTHAass NJOKYMEHTAWMA WM JaHHBle oOMepoB (rnipunoxeHue J). lLlensro sroro
ITana SBAAETCS MONyYEeHHE IOCIIEeNOBATENbHOCTH COOCTBEHHBIX (QopM KojedaHuH
IPOJIETHOrO CTPOCHUS. IJTH NAHHBIE UCIIONB3VIOTCH A pa3paboTky HpOorpamMmel
U3MEPEHUM U PEXUMOB HATPYKCHUS.

3.2. Ananranug MK3I-moaenn.

5.2.1. Apanramus MKO3-Moaenu cCoOpyKeHHUs HPOH3BOOUTCS HAa OCHOBE
IKCNICPUMEHTANBHEIX JAHHBIX, MOJIYYEHHBIX [IOCJIEC NPOBEHCHUS HUHAMHYECKOM
OTUArHOCTHUKH, OCMOTpPa COOPYXEHHS M VYCTAHOBJICHHUA [PUYUH  pPa3TIUdUs
TEOPETUHECKUX M IKCINEPUMEHTANbHLIX AAHHBIX. OCHOBHHIMH MNPHYHMHAMY MOTYT
SIBIATHCH

- U3MEHEHHE PACUETHON CXeMBI Pa0OTEI COOPYXEHM (3aKIIHHNBAHHE OTTOPHEBIX
yacteii, HEPaBHOMEPHOE ONMpaHHUE OaloK IPOJETHOTO CTPOECHHS, HapyllieHHE
B3aMMOJCUCTBHAA IIPOJICTHBIX CTPOEHUM ¢ HACBHIIIMH NOAXO0I0B, HEPa3pPE3HOCTH
CIOEB JOPOXHOH OACKIBI MEXKIY NPOJIETAMH H T.1.);

- 0c00eHHOCTH paboThl ONop, GYHIaAMEHTOB M OCHOBaHMIA;

- KIKNMAaTHYECKHEe YCIIOBUS NMPOBEACHUS UCIIBITAHUH.
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5.2.2. Amanramis JOCTHraeTcs HCCIEeAOBAHMEM KOJHAYCCTBEHHONM OLICHKH
OTAENbHbIX (PAKTOPOB Ha HECOOTBETCTBHE TEOPETHYECKHX M IKCIIEPHMEHTAJBHBIX
NAHHBIX, 3aT€M METOJOM IIOCIENOBATENbHBIX HTEpAIUMi MPOU3BOJUTCA ajaliTalusd
MK J-Monenu coopyXeHHS IO IKCIIEPUMEHTAIBHEIM JAHHBIM.

5.2.3. B npoliecce uTepallMOHHON aganTalUdd ITPOU3BOJAHUTCH YCIOXHEHHE
IpeABAPHTEIFHOA MOJiejH — BBEJIeHUE B MOJEJIb BCeX NPOAETHRIX CTPOCHUH, OIIOpD,
yHZaMEHTOB M  oOCHOBaHWM. DB  KoHeyHOM  wuTOre  paspabaTeiBaeTCH
noJIHoMacIuTabuas MareMaTu4IecKas MOJ€ENb COOPYKEeHHA.

5.2.4. KoneuHoii uenp0 azanrtauud MKO-Mozenu sBageTcs II0MydeHHE
MaTpHllbl TeopeTHuyYecKUX IepeaarodyHslx AQOUX aumHaMHAYecKHX MPOrHoOoB,
cooTBeTcTBylOmie  Marpune  ADUX, nonydyeHHOH  npu  NOPOBENEHHH
3KCHIEPHUMEHTAIBHBIX padOT HA MOCTY.

5.3. IlpoBenenne pacyeros aganTHpoBaHHOH MKJ-Monenn 1aa oneHKH
OCTATOYHON rpy30NOHEMHOCTH MOCTA.

5.3.1. Ouenka rpy30n04bEMHOCTH MOCTa IPOBOJMUTCS C YYETOM JIEHCTBYIOLIEH
HOpMAaTUBHOM ©Oasel |2). s atux uenent apantupoBanHas MK3-moaens
COOPYKEHHA U3MEHsAETCS I COOMOAECHM YCIOBHN MPOBEHCHUS pacdeTa 1o 1-my
WM 2-MY NpelebHOMY COCTOSHHIO.

5.3.2. OnHOBpeMEHHO IPOHU3BOAWUTCS OLIEHKA (AKTOPOB, NMOBIUABIOHX Ha
U3MEHEHHe PacYeTHOM cXxeMbl paboOThli MOCTA H ero OTHEJIbHBEIX 3JIEMEHTOB.
DaKkTophl, CHIKAOMME HECYHIYVIO CHOCOOHOCTL, COXPAHSIOTCH, 4 IOBBIIIAIONIHE
HECYILYIO CIIOCOOHOCTD, HCKOYarTcesa u3 MKDO-monens.

5.3.3. MKO-mozens nonxHa pa3pabareiBaTeCs ¢ yueToM Tpebopanuii CHull
2.05.03-84* no n.n1. 2.10 (x03QuIiHeHTsI HAOEXHOCTH OJI ITOCTOSHHBIX HAI'PY30K),
2.12, 2.14 (HopMaTHUBHbi€ BpPEMEHHBIE HArpy3KH IS IOABHMXKHOTO COCTaBa Ha
aBTOMOOMJIBHEIX Joporax), 3.63 (pacyé€r TaBpOBbIX, JBYTAaBPOBBIX H KOpPOOUaThHIX
CEYeHU C IUVIMTOH B CXKATOH 30He) U 5.19 (pacuét cranexene3o00eToHHON Oanky Ha
BO3/AEUCTBHE HONOKUTEIIBHOI0 MOMEHTA),

5.3.4. VY4uTniBaeTCAd  HOPMAaTHBHOE HWIH  (aKkTHYECKOE  3HAYeHUe
AHHAMHYECKOTr0 KOAPQUIUEHTA 11 MOABHXHEIX Harpy3okK.

6. @opma npeACTABJICHHS Pe3Y.bTATOB.
[IpenBapuTenbHOE 3aKMOYEHUE U HAYYHO-TEXHHUYECKUM OTYET HIH MacropT
MOCTa, pa3pabaThiBacMple M0 pPe3ylbTaTaM BHOPOAMATHOCTUKH MOCTa, MOIKHB
COOTBETCTBOBAThH TPEOOBAHUAM COOTBETCTBYIOIIUX HOPMATHBHBIX XOKYMEHTOB |[1],

171, 191
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[Tpunoxenue 1
O6GocnoBanue Bp10Opa MeTo1a BHOPOAHATHOCTHKH

AHalH3 JUHAMHYECKHX [MapaMeTpoOB, KOTOpkIe MOTYT ObITh NOJIYYEHBI IIPH
pasIMYHBIX METOAaX BUOPOAUMArHOCTUKH, ITOKA3BIBAECT, YTO KAYECTBEHHBIH YPOBCHD
oJy4aeMOW B pe3yibTaTe BHOPOAMArHOCTHKH 3KCIEPUMEHTAILHOW HHPOpMaLHH
HMeeT HOCTaTOYHO MIHPOKHH pa3dpoc. bonbImHMHCTBO METOZOB 0O0ecnevYrBarOT
[OJy4eHHEe YUCTO Ka4eCTBEHHOM OLEHKM IIapaMerpoB AHHAMHUYECKOI'O OTKIHKA
coopyxKeHus. JUIg nonydeHHS KOIWYECTBEHHBIX OLIEHOK M HX COIIOCTABICHHSA C
pacyeTHBIMH JaHHBIMH [EPCHEKTUBHEE OPHEHTHPOBATHCA Ha METOAbl aKTHBHOM
QUArHOCTUKH U MOJIANBHOIO aHaJIK3a.

Ilpu npoBegeHHN OLIEHKH NMPUMEHHMOCTH IIOJYYaeMbIX 3KCIEPHMEHTAIBHBIX
NAaHHBIX JJII KX MHOTOKPAaTHOI'O HCIIONB30BAHUS B MOHHTOPHHTE MOCTOB
HeoOXOANMO NPOBECTH HUX pamxupoBanue. [Ipu noBTOpHOI BUOPOAHATHOCTHKE
aBTOAOPOXHBIX MOCTOB KOHTPOAHPYEMBIMH NapaMeTpaMH MOTYT ABIATHECA: 4aCTOTHI
HE3MUX GopM KoneOaHWUH IPONETHBIX CTPOCHHH, AMIUITHTYAbI AHHAMHYECKHX
IIporu0o0B, 1oJyYacMble TpY CIy4aiHOM BO3ASHCTBHH, BKJIIOYas OUEHKY Io00OaBKH
JTUHAMUYIECKOrOo KO3 UIIMEHTa, CIEKTPhl MOINMHOCTH WIH OTHOCHTENBHBIX
AMIUIATYl, aMIUTUTYIN0-(Pa30-9aCTOTHBIE XApaKTCPUCTHKU NepeAaTOYHbIX (YHKIIHH
NUHAMHUYECKOTO IIPOruda OT BXOAHOI0 BO3ACHCTBHA.

YacTorel HU3mMUX ¢GopM KonedaHUil, KaK IMOKa3pIBaeT TNPAKTHKA, HMEIOT
3HAYMTESIBHEIN pa30poc Jlaxke J1d NPOJIETHBIX CTPOEHHH OJHOro THHopasMepa (1o
300%), cHIIBHO 3aBUCAT OT KIMMATHYECKHUX YCIOBHH, NOCKOIBEKY MEHAIOTCS MOAYIIH
yIIpyrocTd achajbTOOCTOHHOrO NMOKPBITUS U I'PYHTA HACKHINIH (A7 CONPATAEMOTO C
HACBIIBIO MPOJETHOTO CcTpoeHus). C Apyrol CTOpOHBI, YACTOTa KOJeOAHHH TOIBKO
HE3HAYNTENBHO YMEHBINACTCS IIPU HANUUYMR ACPEKTOB B COOPYKEHUH, T.€. SABISCTCS
MaJIO4yBCTBHTEIBHOH XapakTEepUCTHKOM M €€ HCHOJb30BaHWE IS MOHWUTOPHHTrA
MAaJIONEPCIIEKTHBHO.

AMIUIHTY A IMHAMHYECKOro NMporuda OT ciy4yaWHOro BO3JEHCTBHSA (BKIIOYAs
OLICHKY HO00aBKkHM AWHAMHUYECKOro KO3(rpuiiMeHTa) CHIBHO 3aBHCHT. NPH TIPOTOHE
OJMHOYHOTO aBTOMOOMJIA - OT CKOpPOCTH IBMIKEHHSH, COCTOSHHA Ipoe3xeil HacTH,
KOJIECHON (POPMYJIBI U 3arpy3KH, IIPH BETPOBOM HIIK APYTOM IIOJO00HOM BO3eHCTBUU
— OT CKOPOCTH [ABUXKCHUS BO3AYyX@ M HANPaBICHUS BeTpa N0 OTHOMIEHMIO K
COOPYXEHHI0O ¥ T.A. JIIOCKOABKY IIOBTOPAEMOCTh YCJIOBHH MaJIOBEPOATHA,
MOHHTOPHHI COCTOSHHA MOCTa Ha OCHOBE 3TOT0 NapaMeTpa MaJIoNePCIIeKTHBEH, TaK
KaK noTpeOdyeT MacCUBHOH BBIOOPKHU pealin3aLikii.

[lonygenue CHEKTPOB MOIIHOCTH MJIA OTHOCHTENBHBIX AaMIUIATYA C
NOCTATOYHO BBICOKOM JOBECPHUTENBHOM BEpOATHOCTBIO TpedyeT TMpOBEACHHS
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ANUTERABHBIX HAOMIOIEHUH, B TEUEHHE HECKOIBKUX YyacoB. CTpyKTypa 3TUX CIIEKTPOB
TaKke OyIeT CHJIBHO 3aBUCETH OT M3MEHEHHUS BHEIIHMX YCIOBHMH, UTO IENIaeT HX
IIPUMEHEHHE 11 MOHHUTOPUHTA MOCTOB MaJIOT€XHONOTHYHEIM, BBHAY JUTUTEIIBHOCTH
HabJIroNeHuH.

Kak nmnokasbiBaer IIpakTHkKa, Oojee CTaOMIABHOW ©U  YYyBCTBUTEIbHOM
XapaKTePUCTUKOU sIBIISeTCs NepeAaTodHas (GyHKLUUA AUHAMHYECKOro IMporuda, T.e.
BEJIWYHMHA IIPOruda OT ACUCTBUS €IUHUYHOTO JUHAMHYECKOT0 YCUIHA NIPH IIJIaBHOM
U3MEHCHUH 4aCTOThl FapMOHUYECKOTO CunoBoro sosaciicTeus. Haudbosnee yaoOHBIM
o0pazoM OHa BBIpaXaeTcad KaK aMIUIMTYAO-(a30-4aCTOTHAA XapaKTEPHUCTHKA
(ADYX), xoropas oTpaxkaeT Bce (OPMBI KOJIEOaHMU, MPUCYILIUE COOPYKEHUIO B
TAHHOM TEXHUYECKOM cocTOSHHH. COBOKYIHOCTE {(MaTpula) Takux ADPUX mns Bcex
UHPOPMALIMOHHO-3HAYUMBIX TOYEK COOPY)XEHMUS SBISIETCA €0 JIMHAMUUYECKHUM
NactiopTOM,  OTPAXKAKUIMM  €ro  COCTOAHUE Ha  MOMEHT  IIPOBEACHMA
BUOPONHArHOCTUKU. DBIMMKa¥luuM  aHajnoroM IepeJaTOYHOM  (QYHKIMM I
CTATUHMECKOTO HArpy XeHus ABISETCH DKCIEePUMEHTANbHAs JIUHUS WIH ITOBEPXHOCTD
BiaussHUA. (OCO0EHHO  LEHHBIM  CBOMCTBOM  3KCIEpUMeHTalbHBIX  ADUX
nepeAaTOMHbBIX QYHKIUN ABAAETCA BO3IMOXHOCTH COMOCTABJIEHHS HX C PaCYETHBIMH,
T.K. COBPEMEHHBIE KOHEYHO-3IEMEHTHBIE MPOrPAMMHBIE KOMILIEKCH 3TO I103BOJIKIOT.

IIpoBeneHHBIN aHanU3 MOKA3BIBAET, 4TO NPH WIHMPOKOM MHOroofpaszud GhopMm
perucTpanuy rnapaMeTpoB AUHAMUYECKOI0 OTKJIMKA COOPYKCHUS, IOJYyYaEMBIX HPH
Pa3IMYHBIX MeTOAaX BUOPOIMArHOCTHKH, MHOTHE MapaMerpbl MaJIOIIPHUTOLHEI JJIs
UCIIOAB30BAHUA B K@4ECTBE  UENEBOX  QYHKUWY  [pd  OPOBEACHUH
SKCIIEPUMEHTAIBHBIX PaOOT O BUOPOAUATHOCTHKE COOPYIKEHHH.

BONBIIMHCTBO BHIIEYKA3aHHBIX HEIOCTATKOB YCTPaHEHO NOpH pa3padborke
TEXHONOTHH BUOPOAUArHOCTUKM aBTOAOPOXHBIX MOCTOB, pa3pabdborannoit B LIHUNC
38 NIOCJIEOHHE TONBl, B pe3ynbraTe NPUMEHEHUS COBPEMEHHBIX MH(DPOPMALHOHHBIX
TEXHOJIOTUH, K3MEPUTENBHONA U UCTIBITATENEHON TEXHUKH. [IpUMEHEHHBIA B NaHHOU
TEXHOJIOTHH METOJ AKTHBHOH BHOpPOAMArHOCTHKU OCOOEHHO 3QGMEKTHBEH B TEX
cnyqasx, Korjga tpedyercd rnpopectd crutomHoi (100%) KoHTpoONs COCTOSHMA BCEX
HECYIIMX DJIEMEHTOB MOCTA, BKJIIOYAs OINOPHRIE 4YacTH, ONOpEl H OCHOBaHHA.
BaxHo OCOOECHHOCTBIO TEXHOJIOTHH BHOPOJAHATHOCTUKH SBISAETCHS CIIOCOOHOCTH
OOHapyXXeHHUS HeBUAUMBIX JT€(EKTOB, KOTOPbIE HE MOT'YT ObITh 3aOMKCHPOBAHEI IIPH
TPAJUIIMOHHBIX Meronax oOciuenoBanuss U HcObITaHHK. ConocTaBieHHUe
MPEUMYIIECTE M HEJOCTaTKOB  BO3MOXHBIX  METOJIOB  BHOPOJMArHOCTHKH
aBTOZOPOKHBIX MOCTOB MPUBEACHO B Tabnuie 1.
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CorocCTraBleHHEe METOIOB BH6p0J.IHaFHOCTHKH

Tabnuua 1

Ne | DakTOpHI Meroa BUOpOAUarHOCTHKH

Ne | «+» - monmoxurtenbHas olieHka | IlaccHBH. AKTHBHAS
«-» - OTPHIIATC/IbHAS OLICHKA Umynsc { Bubpo- | CeiicMmo-
«7» - COMHHTEIbHAN OLICHKA MallliHa | BUOpaTop

i 2 3 4

1. | Bpemsa noarotopku + _+ - +

2. | CroumocTh pabot + + - | -

3 | OnepaTuBHOCTD - + ] n |

4. | OnpeneneHue 4acTOT pEe30HaH- + + + +
COB

5. | Ompegenenne cuEKTpoB + + +

6. | Jlobaska auH. koddhdHUHEeHTA + + + +-

7. | Onpegenenne ¢opM Komnebda- 2- ?- + +
HU 1

3. | Onpegenenue ADYX - - + +

9. | lloBropsieMoCTh XapaKTepHcC- - - + +-
THK

10. | CoBMeCTUMOCTh C aHANTUTHYEC- + + + +
KHMH METOIaMH pacyeTa

11. | CoBMeCTHMOCTh C COBpEMEH- - - + +
HeIM MKO3 pacyeTom |

12. | Bo3MOXHOCTE HCHIOIB30BaHHUA ?2- ?- + +
NAHHBIX JJis OLEHKH OCTa-
TOYHOH I'PY30I0ABEMHOCTH

13. | BO3BMOXHOCTE MCIIONIB30BAHUA ?- 7- + +
NaHHBIX  TIpM  NOBTOPHOH
OMArHOCTHKE 1

14. | BO3MOXHOCTS HCIOJB30BAHUA e 7- + +
NAHHEIX B  JHHAMHYECKOM
[IACTIOPTE COOPYXEHUS H €ro
O0b/]

15. | BO3MOXHOCTS CO3JaHHA Ha ?- ?- + + +
baze IKCTIEPUMEHTANIBHBIX
NAHHBIX TEXHOJIOTHYHOH
BUOPOANArHOCTUKH
aBTOJIOPOKHBIX MOCTOB

] losicHeHHs: + - BO3MOIKHO, - - HEBO3MOXHO, 7 - MPOOIEeMaTHYHO
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[Tpunoxenue 2.

bJoK-cXeMa OCHOBHBIX TEXHOJOTHYECKHX Onepanui
IIPH NPOBENEeHHH BUOPOAHATHOCTHKH

MeTouka ipoBeACHUS
H3IMEPEHHH

IIpoBegeHHE OCHOBHEIX U
BCIIOMOTI'aTeIbHLIX

K3MEDEeHNH

MaTtpuna nepesaTrovHbIX

GVHKIMNI (3KCIIEPUMEHT )

AHaIU3 pe3yIILTATOB

Q6ciiexoBanue,
YTOYHEHHE Pa3sMepoB H
CBOWCTB MaTepuasoB

JInarsocTuxka
COOPYIKCHHA

CocraBicHHE HAYYHO-
TEXHUUYECKOTO OTYETa

Opranuszanus 00bEKTHO-
OPHEHTHPOBAHHOM 6a3kl
HaHHBIX

Pazpabotka
peaBapHTEIILHOMN
MK3-Monenn

Koppexnus u aganraiims
MK3-mo e

MaTtpuna nepeaaroyHbxX
GYHKIHHA (pacyeT)

O1eHKa ocTaTOYHOM
HecVIIeHd cnocoOHOCTH

YTOUHCHHE pPeXIMa
SKCIITYATaUHH
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Ilpunoxenue 4
22 .09.98 MocT 14.92+68.9895+2%66 .43+68.985+2%14.93 wepes B, Bonra, r.Crapuua
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2.89685 . 000315391 . 0DD176616 ;U-GQDIQEEBI
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4, 1/72% 4-QA Sankxu : 9, L/72% 6 Samu | 6, 1/7°2% 7T—-n Banu §| 7, 1l/72% RKoHcons
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I 46 8 12 ﬁta‘“ji 46 8 1z 15,911 46 a‘Lﬁ 1I9.9]3 a6 8 1ia  19.9

6 nponer, CP B yenrpe, ggaT™HMMHM B 1/72 NPOoOneTa BepPIUKAALHO

Marpuiia 3xcnepuMeHTaIBHBIX ADUYX.

Abcmucca — gactoTa (pa3MepHocTs - ['1). Opaunara — ammiiuTyaa nporuba (Moayis,
JNEHCTBUTENBLHAS U MHHMAas COCTaBJIgomMe) (pasMEPHOCTh — Iporud B Merpax /
BO3/IEMICTBHE B TOHHAX).

I Ipunoxenne 5

IInuThl poe3sxeH 4YacTH

I nuTel TPOTYapORB

Pebpa Oanox

BerpoBsie CBA3H

Hiuxauy nosc

MK?3 - Mmofenp cTanexee300eTOHHOro UPOoJICTHOIO CTPOEHUSL
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[Tpunoxenue 6

PacyeTHBIE€ U SKCTIEPHMEHTANBHBIC (DOPMB! KonebaHuiA.

11.04.98 MocT 11.1+3x42.5%11.1 m wp Hepn: Ha 244 xm a/s Apocnaens)
| 2-3-4 noponeTi, OSPATHAR PASBEPTKA

Pe30HaHe nponeTHaro
tTpoBHAA N2 3 no 1 popme
xoneSaHui

:L"" x i aﬁ&

F=2.1500 dx=0.000901039 du-0.000216749 dz-=0. 00431675 nt=-113

JKCcriepuMeHTalbHas ¢opMa KosebaHHH  cTaexene300€TOHHRIX  MPOJeTHRIX
CTPOCHHUH
Ha yactoTe 2.15 [

®opma konebanuit MK3O-moaem ma gactote 2.2 T'L]
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