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AHHOTAIIMH

CraTbs MOCBSILEHA BONPOCaM MPOTHO3MPOBAHUS AMHAMHUYECKUX CBOMCTB
COCIMHEHUN METAJNIMYECKUX KOHCTPYKLMH. BBINONHEH aHanu3 METONOB
uAeHTU(UKALNE TUHAMHYECKUX XapaKTEPUCTUK OOJTOBBIX COECIMHEHHH.
ABTOPOM IPEAIOKEHO HCIONIb30BaHNE (PAa30BBIX TPACKTOPHH CBOOOTHBIX
KoJleOaHWH M WX OTOOpaKEHWH A OLEHKH ANCCUNATUBHBIX M YHPYTHX
CBOMCTB OOJITOBBIX COEIHHEHMIA.

KnaioueBble  cjoBa:  0ONTOBBIE  COEAMHEHHMS,  HMICHTH(HKAIWMSA,
JMCCUNIATHBHBIE W YIPYrHe XapaKTepPUCTHKH, OTOOpaxeHUs (ha30BbIX
TPaeKTOpUH.

The article is devoted the problems of ptediction of dynamic characteristics
of steel structure joint.. The analysizis of identification methodsof dynamic
behaviorus of the bolted joit is worked out. An author suggested the
application of phase trajectories of natiural vibrations and its mapping for
the evaluation of dissipative and elastic characteristics of the bolted joints.
Keywords: bolted joints, identification, dissipative and elastic
characteristics, phase trajectory mappings .

BBenenune

KoHcTpykuuu, 3maHHS M COOPYKEHHUS MPEICTABISIOT COOOW CHCTEMBI
CBSI3aHHBIX MEXJTY OO0 OTIENbHBIX KOHCTPYKTUBHBIX JJIEMEHTOB. ¥Y3IIbI U
COl'IpS[)KeHI/IH OTACIIBHBIX KOHCprKTI/IBHBIX 3JICMCHTOB OCyI_HeCTBJ'[S[IOT
nepenady Harpy3kd OT OJHOrO KOHCTPYKTHBHOIO DJIEMEHTa K APYroMmy.
CJ'[O)KHOG IIOBCACHUC COGJ]I/IHCHI/Iﬁ KOHCprKTI/IBHBIX B3JICMCHTOB OKa3bIBACT
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CYIIECTBEHHOE BIHSHUS Ha JUHAMHYCCKHE XapaKTEPUCTUKH  Bcei
KOHCTPYKIWH, 3JaHAS WIH COOPY)XEHHH, HampuMmep, TakhHe Kak
CcOOCTBeHHBIE YacTOTHI, (QOpPMBI KOJIeOaHWIT M HEIWHEHHBIH XapakTep
peaknMy Ha BHEIIHEE BO3MYIICHHE. B Hacrosmee BpeMs BO3HHKIA
HEOO0XOIUMOCTh B pa3paboTke METOJ0JIOTHH TTOCTPOCHHUS
MIPOTHO3UPYIOIIMX MOJIEIEN COEAMHEHNN KOHCTPYKIUH.

1. Oco0eHHOCTH THHAMHYECKOT 0 IOBEAeHHUS 00JITOBBIX COeIMHEHTIt
JuHamuueckoe MOBeIeHUE METAIMUECKUX KOHCTPYKIUN UMEET CIOKHBII
XapakTep, TaK KaK Kaxabli y3eJd COeIUHEHUS OTAEIbHBIX KOHCTPYKTUBHBIX
9JIEMEHTOB BKIIIOUAET B C€O0sl pa3IMYHbIE UCTOYHUKU HEOMPEAEICHHOCTH C
HETJIaJIKUM HEeJIMHEHHBIMU XapaKTePUCTHKAMHU.

OCHOBHBIMU HMCTOYHHKAaMHU HEJIMHEHHOCTEH MOJENed KOHCTPYKLUMH Ha
OOJITOBBIX COEIMHEHHUAX SBIAIOTCS. CHJIBI, BO3HHKAIOIIME B 30HAX
KOHTAaKTa  ITOBEPXHOCTEH, HECOBEPIICHCTBA  CaMHUX  KOHTAKTHBIX
MTOBEPXHOCTEH M3-3a JOIYCKOB M3TOTOBIICHHS. 3aMETHUM, UTO NPH HATUIAU
OOKOBBIX CHJI B COCAMHCHUSAX HaYdalbHBIC VCHIHS PACIpPEICISIOTCS
HepaBHOMepHO. [Ipm BO3IEHCTBHM OSKCIDTyaTallHOHHBIX JIUHAMHYECKIX
HArpy30K, HaOJIOJacTCs pellakcalis YCHJIMH B OoniTax, YTO HMPUBOIUT K
BpEMEHHBIM U3MEHEHUEM JTUHAMUYECKUX CBONUCTB KOHCTPYKITUH.
BonbmMHCTBO  W3BECTHBIX pabOT  HANpaBIEHO Ha  HMCCIIEJOBaHUE
MEXaHU3MOB UCCHIIAIIMKM YHEPIHH B OOJITOBBIX COCTUHCHUSX, JIMHCHHON
UJSHTUPUKAIUN TUHAMUYECKUX CBOUCTB OOJITOBBIX COSTUHEHHIMA.

2. AHAJIU3 CylIeCTBYIOIINX MeTOA0B HAEHTH(PHKAINY THHAMHYECKUX
XapaKTEePUCTUK 00JITOBBIX COeIUHEHUI

CymecTByromue MeTOIbl COBMECTHOTO ONPENENEHUS TUHAMUYECKHX
XapaKTEPUCTUK COEIMHEHHMH METAUIMYECKHX KOHCTPYKLHH, KaK IPABHIIO
OHM OCHOBaHBl Ha O0pabOTKE AMIUIUTYIHO-YAaCTOTHBIX XapaKTEPUCTHK,
MOJTyIEHHBIX YKCIICPUMEHTAIBHBIM TTyTeM[ 6] .

Tak, Yoshimura mpoBen psii 3KCIIEPUMEHTAIBHBIX HCCIICIOBAHUMN IS
OIIEHKH JWHAMHYECKHX XapaKTePUCTHK M KOJMYECTBEHHbIC 3HAYCHUS
KECTKOCTH M JeMI(upoBaHUs i OONTOBBIX M CBapHBIX COEIMHEHHH
MIPUMEHHUTEIBHO K KOHCTPYKIIHSM, HCIIONB3YIOIINMCS B MAIIMHOCTPOCHHH.
[Tomy4yenHsie B 3TOi paboTe MoJaNbHBIE TapaMeTPHl B JalTbHEHIIEM ObLTH
NIPUMEHEHbl B  psiJie  HMCCIEAOBaHWI ISl  MIACHTUQHKAIMH  Y3JIOB
CTPOHUTENBHBIX KOHCTPYKLMiA. B wactHOCTH, B [4] ObUT mpemnoxkeH MeTox
nAeHTH(OHUKAINK [apaMeTpoB Y3JI0B METALIMYECKUX KOHCTPYKIHMH, Ha
OCHOBE aHaymn3a COOCTBEHHBIX 4acTOT M (OpM KojeOaHWH KOHCTPYKIMH.
Yuan u Wu [7] u Kim [5] wucnomp3oBamM  YNPOLICHHYIO
KOHEYHOJIEMEHTHYIO MOJIeNb Juis onpeneneHus MOJIaJIbHBIX
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XapaKTEPUCTUK W OLEHKH JKECTKOCTBIX M JUCCHNATHBHBIX CBOMCTB Y3IIOB.
OnHako, 3TH METOZBI TPEeOYIOT TOYHOH OIICHKHM MOJAIBHBIX ITapaMeTpoOB,
KOTOpBIE TPYOHO MOIYyYUTh, OCOOEHHO B CIIydasX CBSI3aHHBIX M OBICTpPO
3aTyXaloIINuX MOJ.

3. lIpumeHenne oTodpaxkeHuil (a3oBbIX TPACKTOPHIl B paclIHPpeHHOM
NPOCTPAHCTBE 1151 BbISBJICHUS HEeJIHHEHHOCTH

TpaguunoHHO, HCCIENOBaHUE IUHAMHYECKUX CHUCTEM IIPOUCXOAMUT BO
BpeMeHHOW obnacTu. Pa3BUTHE TreOMETpUYECKHMX METOJIOB ITO3BOJINIIO
MOJIYYHUTh PELIeHUs AJIS psAfa BaXHBIX NPUKIIaJHBIX 3a1a4 [1], u yka3ano Ha
HEOOXOIUMOCTh HCCIIEIOBAHUS Il HEJIMHEHHBIX CHCTEM KadeCTBEHHOIO
noBeieHus. B ocHOBe HeNMMHEWHOW AMHAMUKH Jiexat padoTel A. [lyankape,
A. M. JIsnynoBa, . Amamapa. CyllecTBYIOT MpPHUMEPHl  YCIEIIHOIO
UCTIONIb30BAaHMA METOJJOB HEJTMHEHHON TMHAMUKHY U1 aHAJIN3a U 00pabOTKH
CUTHAJIOB ¥ MOCTpoeHHs Mojenell. OmHaKko 0COOCHHOCTD JAHHBIX TIOAX0A0B
COCTOHUT B TOM [2], 9TO MX TPUMEHEHHE K HKCIIEPUMCHTAIBHBIM JaHHBIM
aJITOpPUTMa PEKOHCTPYKIUH HE MMEET CBOCH LENbIO IOJyYCHHE MOJEIH,
CHOCOOHOH BOCTIPOM3BOJHUTH UCXOIHBIN PEKHM.

W3BecTHO, 4TO yCKOpEHHUs To4deKk Ooyiee YyBCTBUTEIBHBI K OTKIOHEHHSAM
KoJieOaHUH OT TapMOHHYECKHX. B03MOK€H M WHOI BBHIOOp IapaMeTpoB
¢azoBbix miockocted [8]. Haubomnpmmii mHTEpec mpencraBisieT (azoBas

m10ckocth (Y, ). DTO CBA3AHO C TEM, YTO YHEPreTHUECKHE KPHTEPHH Ha

Hel MHTepIpPETHPYIOTCS HanboJsee HarIsaHo.

[Mpeamonoxnm, YTO HaM  HEW3BECTHBI  (YHKIWH, OIMCHIBAIOIINE
JMCCUNIATHBHYIO M BOCCTAHABIMBAIOIIYIO CHibl. IlepBblii Bompoc mpu
UCCIIEJOBAaHUN TUHAMHYECKUX CBOMCTB COCTOHT B TOM, YTOOBI YCTAHOBHTH
JIMHEIHA cucTeMa WM HeT.

O06o03HaYUM IT, = {yk VYo yk} , k=1...,n, MHO’>KECTBO  TOUYEK,
ONUCHIBAIOLIMX H3MEPEHHBbIE 3HAYCHUs] MEepeMElICHHH, CKOpocTed |
YCKOPEHHH HCCleNyeMOil CHCTeMbl B MOMEHTHI BpeMenu t, =t, +KT , rze
T — mepHon BHEIIHErO BO3MYIICHHS. ECIIM MBI pencTaBUM 3TH TOYKH B
pacipeHHoM hazoBom npoctpanctse (Y, Y, V), TO mOIyduM HaGOp TOYCK,
HapaMeTPUUECKH CBS3aHHEIX 10 BpEMEHH 1, .

[IpennonoxuM, 9To omMOKa U3MEPEHHH OTCYTCTBYET, TOTAA

myk"'H(ykvyk)"'R(yk):C 1)

rae ¢=F(t,)=F(t,) — nocrosHHas BenMunHA JUIs BCeX 3HAUYCHMUIT K .
3T0 03HAYAET, YTO BCE TOYKU HAXOMAATCS Ha MOBEPXHOCTH, KOTOPAs MOMKET
ObiTb omucana ypaswenuem Mw-+h(u,v)+r(u)=0 B (u,v,w) -
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npoctpancTse. Eciu QyHKIHMH, OMUMCHIBAKONINE JUCCUIIATUBHYIO H YIPYTYIO
XapaKTepHCTHKH Mexanudeckoil cuctemst H (y,y) u R(y) , muneiiner, To

MOBEPXHOCTh B PACIIMPEHHOM ()a30BOM MPOCTPAHCTBE BBIPOKIACTCS B
IIOCKOCTB, T. €. BCE TOUKH MHOXecTBa [1, NOIKHEI JIeXKaTh Ha IIIOCKOCTH

E . TOFI[a, CyHIeCTByIOT JABa Z[CI7ICTBI/ITeJ'ILHLIX quciia — a1 nu 8.2 , TAKUEC, UTO
BCC TOYKHU MHOXECTBA Hk JOJI’KHBI yI(OBJICTBOpﬂTL yCJ'IOBI/HO,

my, +a,y+a,y=c,us k=1...,n, 2
KOTOPOE SIBJISIETCS PU3HAKOM JIMHEMHOCTU CUCTEMBL. VI3MEHUM aMILITUTY Ly
BEIHYy)XJarome# cuinel  F (t) Ha a F (t) , TIe JeWCTBUTEIHHOE

MOJIOKHUTCIIBHOC  YHCIIO 33 >0 , TO COOTBETCTBYIOIIIECEC MHOXKECTBO

(3)

pe3ynbTaToB usmepenun I1, YIOBJIETBOPSET YCIOBUIO Hk(a3) =a,I1,

YTO SBJIACTCA BTOPBIM IIPU3HAKOM JIMHCHHOCTH CHCTEMEL. KOHC‘IHO, Ha
MPAKTUKE U3MEPCHUA UMCHOT HCKOTOPYIO NOTrPCIIHOCTD. Ecmm CYLICCTBYIOT
KOHCTaAHTBI 81 u az ,TAKUC YTO BCC H3MCPCHHBLIC TOYKH JICKAT Ha

TIJIOCKOCTHU WM B OKPECTHOCTH IJIIOCKOCTHU onpenenaeMoﬁ q ua, ncC,tTo

MBI MOXEM ClIIeNlaTh 3aKJIIOYCHUE O TOM, 4To cucteMa (1) nuHelHas win
cnabo HelTUHEeHHasl.

Panee B pabote [3],aBTOpamu ObLIa TpeIUIOKEHa AMHAMUYECKAss MOJENb
OO0JITOBOTO COEJMHEHHUS, B KOTOPOH XapaKTEpUCTHKA YIPYrOM CHIIbI MMelia
BH/]T

Ka (y_ ydb)aﬂﬂ Yo S Y

R(y) =k, +ky+2k y"+ Ky, rae Ky =<00ms -y <y < yy, 3),
Ko (y + Yo )0}1}1 V<=V

rae k, - HaUaJIBHOE yCHIIME B COCAMHEHMH, KX - NHHeiHas ympyra cuia;

3K, y" - HenuHeitHas ynpyras Cuia; Y, - JEO(T COCUHCHMUSL.

OueBHIHO, YTO, TaK Kak 3Ta xapakrtepuctuka (3) HMeeT pa3pbIBHbIC
HEJIMHEHHOCTH, TO OIICHKA e¢ MapaMeTPOB Ha OCHOBE MPUMEHEHHUS METoJa
HAUMEHBIIIMX  KBagPaTOB K  pe3yjabTaraM  JKCICPUMEHTAIbHBIX
HCCIICAOBAHMIA BCTPEYAET CYIIECTBCHHBIC BEIYNCIUTEILHBIC TPYIHOCTH.

B Toxe Bpemss rpaduueckas o0paboTka oToOpakeHWH (ha3oBBIX
TPAeKTOPUH TIO3BOJSICT YCTAHOBUTH THI HEJIMHCHHOCTH YOPYTHX U
JUCCUTIATHBHBIX  XapaKTEPHCTUK, YCTAHOBHTH YHCJCHHBIC 3HAYCHHUS
rapameTpoB.

Hccrenyem MUHAMHYECKYIO CUCTEMY, OMHChIBaeMyto aAuddepeHIuaIbHbIM

ypasuenueM (1). TIpeamoaokuMm, 9To oHa U3 Xapakrepuctuk H (y, y) W
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R(y), samasa. Jlms TOro 4roGbl ONPENCIUTH HEM3BECTHYIO (YHKLIIO
TIPETOIOKAM, 9TO CHCTEMA IIPEIBApPUTENHHO HAXOMWIACH B COCTOSHHH
paBHOBecHs. B HauanbHBI MOMEHT BPEMEHH MPHJIOKHM IEPHOIUIECKYIO
BHCINHIOW cuity F (). BhinonHuM m3Mepennst yCKOpeHuii §, ckopocteii

Yy u mepeMemeHud Y B MoMeHTHl BpemeHu t, =t, +KT . IToxyuenHsie
pe3ynbTaTel  0003HAYUM {Hk} :{)7, Y, )7} 3aMeTuM, 4YTO BCE€ TOUYKHU

MHOXCCTBa {Hk} YAOBJICTBOPSAIOT YCIIOBUIO

r(yk)"'h(yk)zc_mykv (4)
B NPEIIOJIONKEHHH, YTO OMMOKA W3MEPEHWH OTCYTCTBYET WM Mana. B
caysae xorma H(y,y) s3amaHo, BO3MOXHO rpapuyeckd OTOGPAZHTH

pe3yJIbTaThl Ha (y,R(y)) -IUJIOCKOCTH M TOJY4HM IapaMeTPHYECKYIO

R(y). HamomuuM, drto oroOpaxeHHss (Hha30BbIX TPAEGKTOPHH I

CTAIlMOHAPHBIX TIPOIIECCOB TPEICTABISIOT COOON HEMOABHKHYIO TOUKY.
TakuM 00pa3oM, KOJNMYECTBO aHAIM3UPYEMBIX TOYEK 3aBHUCHT OT JUIMHBI
MEPEXOMHOTO  TIpollecca. YPOBEHb  JHWCCHIAIMA B HCCIEAYeMOM
MEXaHMYECKONH CHCTEME, a TaKKe MapaMeTpbl BHEIIHETO BO3MYIICHUS
CYIIECTBEHHO BIMAIOT Ha JUIMHY TIEPEXOIHOTO Mpoliecca. 3aMeTHM, UTO JUIs
33J[AHHOTO YPOBHS BHEUIHETO BO3MYLIECHUS HAHOOJBIINM 3HAYEHUAM
YCKOPEHUH M MepeMEIEH i Oy1yT COOTBETCTBOBATh 3HAYEHUS aMILIUTYIbI
CTaIMOHAPHBIX KOJIEOAHUHA.

s paznenenus (QyHKIUHA, OMUCHIBAIONIMX XaPAKTEPHUCTUKH YIPYroi U
JWCCHNATHBHOM  cwn,  mpeamonoxum, uro  h(y,y)=h(y), re.

XapaKTCpHUCTHKa I[HCCPIHaTPIBHOﬁ CHJIBI HE 3aBHUCHUT OT HGpCMGH.[CHHi/‘I, TOoraa
B HECKOTOPBIC MOMCHTBI BDEMCHH BBINIOJTHAIOTCA YCIIOBUS

h(Vk):C_ka s Y, =0,r(y,)=c—my, ms Y, =0.
Ecniu  moigyd4eHHOE  KOJNMYECTBO  TOYEK  HEJOCTATOYHO IS
YIOBIETBOPUTEIIBHOTO  HPEACTABICHHS 3aBUCHMOCTH  YIPYTOH  CHIIBI

my, +H(,. v)+R(Y, ) =2, F(t)+a,;y(0)=0;y(0)=0,

rae a3 , a4 MOT'YT IPpUHUMATh MTPOU3BOJIbHBIC 3HAYCHUA.

3akaouenue
Takum 00pa3oM, TPEAJIOKCHHBIH METOJl CTPYKTYPHOH WICHTHU(UKAIIWY,
COCTOMT B TIOCTPOCHHUHU (PAa30BBIX TPACKTOPHA W HMX OTOOpaKCHHH B
pacmupeHHoM  (a3oBoMm mpocTpaHcTBe. Ha OCHOBe wHccieqOBaHUS
9KCICPUMCHTANBHBIX JAaHHBIX, MPEIJIOKCHO BBIABICHUE HEITUHEHWHOCTH
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CTPYKTYpBl ~ YpaBHEHHH, pEIICHHE KOTOPBIX HMEET  aJCeKBAaTHOE
JVMHAMUYECKOE IIOBEICHHE, MOJCIUPYsSd TIIPH 3TOM KadeCTBEHHYIO
JMHAMHUYECKYIO CIIOKHOCTh H3y4aeMOTr0 ANHAMHUYECKOTO IIPOIIecca.
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