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COBCTBEHHAS YACTOTA KOJEBAHUIN KAK KPUTEPU
HOEJOCTHOCTU NETJIEBBIX CTBIKOB
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2.00ecca

BBeseHHBIE B OKCIUTyaTalMio 37aHUs M COOPYKEHHs MpETepIeBaroT
HEMPEPBIBHBI ~ mporecc  (YHKIMOHAIBHOTO  ycTapeBaHus.  [lpu
PEKOHCTPYKIIMM  CYIIECTBYIOIETO >KWJIOr0 (OHIA TIPEayCMaTpUBAETCS
YCHWICHHE CYIICCTBYIONINX KOHCTPYKIIMH W MPUBEICHUE UX B COOTBETCTBUE
C HOBBIMHM TEXHOJIIOTHYECKUMHU U MOpPaJIbHBIMU TpeOoBaHusMu. [loMuMo
9TOr0, B HACTOAIIEE BPEMs CYIIECTBYET OINPENeNICHHBIH MPOIEHT 3JaHui,
MTOJIBEPXKCHHBIX ~ BO3JCHCTBUIO  BHEIMIHUX  (DaKTOPOB, OKAa3BIBAFOIIUX
HETaTHBHOE BO3JCHWCTBHEC HAa TNPOYHOCTh HMX KOHCTPYKIMU. B Bumy
aKTyaJIbHOCTH NPOOJIeMBbl 0€30MaCHOCTH U I[ETIOCTHOCTH KaK CTPOUTENBHBIX
COOPY)KEHUH, TaK ¥ JIIOOBIX JPYrHX KOHCTPYKIUH, 3TUMH BOIPOCAMHU
3aHUMAIOTCS yUEHbIE Pa3IMYHBIX 00JIaCTe HAYKH U TEXHHUKH.

B OOJNIBIIMHCTBE CITyJacB OCHOBHBIMHU UH(POPMATHUBHBIMHU
JMUHAMHYCCKAMHU TIapaMeTpaMH TEXHUYECKOTO COCTOSIHUS KOHCTPYKITUH
SIBIISTEOTCSI 9aCTOTHI U JIEKPEMEHTHI COOCTBEHHBIX KOJICOAHUI IO OCHOBHOMY
TOHY, KOTOpBIC HauOOJIEe YyBCTBUTEIBHBI K UMCIOIIUMCS B CTPOUTEIIBHBIX
KOHCTPYKIUAX Je(eKTaM U MOBPEKJACHUSIM. VI3BECTHO, YTO MPH MOSIBIICHUH
TPEIIMH B KOHCTPYKIIMM HAYMHACT MaJaTh OCHOBHAS (TiepBasi) COOCTBEHHAS
yactota[1].

B n1abopaTopHBIX ycrmoBHsAX ObUIa NOCTABJIEHA CEpHsl AKCIIEPUMEHTOB IO
OIPEJIETICHUI0 COOCTBEHHBIX YaCTOT KOJeOaHWH jkelle300€TOHHBIX OalloK C
MIETJICBBIMU CTHIKAMU. ['abapuTHBIC pa3Mephl YKCIIEPUMEHTAIBHBIX OaJIOK -
1200x100x150 MM, obOmee kommuectBO — 16 mr. OCHOBHEIE BHUABI U
MapKHpOBKa AKCIIEPUMEHTAIBHBIX 00pa3IoB NpuBeaeHa B Tabmuie 1.

[IpenBapuTensHO Mepe]] UCTIBITAHUSIME BCe 00pa3Ibl OBLTH MOIBEPKECHBI
CTaTUYECKOMY HAarpy)KeHHWIO, BCJIEACTBHE 4Yero B HHUX 00pa3oBaJNChH
Je(peKTHI B BUJIC TPEIIUH B PACTIHYTOW 30HE 00pa3IIoB.

Jis  ompesneneHWss  4acTOT — COOCTBEHHBIX — KoieOaHWi — Oayok
WCTIONIB30BAJICS. METOJI MTHOBEHHOTO CHSITHS HAarpy3kd W TOCIEAyIoias
o0paboTka 3aTyxarommx Kkojnebanmid. B  kadectBe BUOpomaTymka
WCTIONIb30BAJICSl HU3KOUYACTOTHBIM CEHCMUUYECKHH aKcelepoMeTp MapKu
731A ¢upmbr Wilcoxon Research (CIHA). Perucrpanms BHOpocUrHaioB



BBINOJIHATACH C JIOKAJIbHOIO paboyero Mecra C MOMOIIbIO IOPTaTHBHOM
BOCBMUKAHAIBHOW H3MEpUTENBHONH cucTeMbl “CelicMOMOHUTOpUHT. [l
OIIpEeJIeTIeHUs] 4acTOT KoyieOaHWH OSKCIEPHMEHTAIBHBIX JKeIe300eTOHHBIX
0aJIOK C IETIIEBBIMHU CTHIKAMH ITPOU3BOIMIICS CIIEKTPAIIBHBIN Y3KOMOIOCHBIN
aHanu3 B auanazoHe 4actor 1-1000 I'm. Ilo pe3ynbraTaM AUHAMUYECKUX
UCTBITAHUN PETUCTPUPOBATINCH  BPEMEHHBIE CHUTHAJIBl BEPTUKAIBHBIX
BHOPOYCKOPEHUH M PACCUMTBHIBAINCH CIIEKTPHI JUIS JKeJIe300€TOHHBIX 0alok
IIPYU MTHOBEHHOM COpOCE Harpys3Ku.

Tabn. 1. MapkupoBKa 3KCIIepIMEHTAIBHBIX 00pa3IoB

MapkupoBKa cepuu
Cxema neTieBoro
IMo3umms | 3KCHEpUMEHTAb- IMpumeuanue
CTBIKa CEpUU
HBIX 00pa3IoB

IleTneBOM CTHIK IO

1 A Texnojornd KYb-
2,5[2]
2 B IIInoHOoYHBIH

METIEBOM CTBIK

3 C | ] BecmmonouHbIit
' METIIEBOI CTHIK
4 D — OO0pas3ibl 6e3 CThIKa

1, .Tlepem 4 BAB4IOM OKCIEpUMEHTa OblLIa OMpesielieHa TeopeTHYecKas
yacTora COOCTBEHHBIX KOIeOaHUH Keae300€TOHHBIX OalloOK ¢ 3aJaHHOU
JKECTKOCTBIO TIPU YCIIOBUU OTCYTCTBHSI B HUX TMOBpexacHuil. Ee BenuunHa

CcOoCTaBUIa f,heor = 204,9 Tu. Bce pe3yapTaThl COMNOCTaBISUIMCH CO
3HAYCHUSAMH YACTOT MEPBOI (POPMBI COOCTBEHHBIX KOJICOAHUM, TTOTYdCHHBIX
AKCHEPUMCHTANBHBIM ITyTEM JUISI KaXKIOH Oajku B OTIACIBHOCTH IO
WCTBITAHUS €€ CTATHYECKUM HarpykeHueMm. JlaHHbIe 3HAYCHUS ObUIH
npuHATH 32 100%.

[Mocne craTUUeckoro HarpyKEHUsS-Pa3rpy3KH NMPU BEIHMYUHE HATPY3KHU,
cocrapisirorei 0.5 oT pa3pymaronieid, UCTILITaHUS 0aJIOK Cepur A TIOKa3aiu




CHIDKEHHE YacTOThl COOCTBEHHBIX KojieOaHMi 10 3HaueHHid 69-85% ot
nepBoHayanpHOH. Ilocie craTMdeckoro HarpyKeHHsS-pa3Tpy3KH IIpH
BEJIMYUHE HATpy3KH, coctapistoniedi 0.9 or paspymiaromieii, coOCTBEHHAS
4acToTa CHU3MJIACh 10 3Ha4eHUM B 55-58% OT nepBoHayYaIbHBIX IOKA3aHUI.
AOCOIOTHBIE 3HAUYEHHS YacTOT COOCTBEHHBIX KoOJeOaHWi 10 MCHBITAHWUH
CTaTUYECKUM HArpY)KEHHEM Ul TaKuX OajoK BapbHpOBAJIMChH B JHAINa30HE
or 202 I'u 1o 211 T'm.

[lpn nUHAMWYECKMX HCHBITAHUAX METOJOM MIHOBEHHOro cOpoca
Harpy3kd coOcTBeHHas uacrora KojeOaHuii ©Oamok cepun B mocie
CTaTUYECKOTO  HArPYKEHHS-pasrpy3kd  TpH  BEIUYMHE  HArpy3KH,
cocrapisomnieit 0,5 oT paspyiaroiieii, Haxoaunach B mnpejaenax ot 64% no
72% oT nepBOHAYANIbHBIX 3HaUeHul. [Ipy uCHbITAHUSAX TOCIE CTATUYECKOT O
HarpyXeHus-pasrpy3ku IpU BEIUYMHE Harpysku, cocrasistomed 0,9 ot
paspyuaromieii, 3HaYeHUs: COOCTBEHHON YaCTOTHI KOJEOaHW CHU3HIUCH JI0
45-51% OT aHaJOrMYHBIX 3HAYEHUH, MOJIYYEHHBIX JO HarpyKeHUs-
pasrpy3KH 9KCIEePUMEHTAIBHBIX 00pa3I0B CTATHYECKON HAarpy3KOM.

CoOCTBEHHBIE YaCTOTHI IS TIepBOi (hopMbI KonebaHuii Oanok cepun C
TOCJIE  CTaTUYECKOro HarpyxeHus B pasmepe 0,5 oT paspymaromeit
Harpy3ku CHM3WIUCH 10 71-86% oT mepBoHayanbHbIX 3HadeHuil. Ilocne
CTaTUYECKOI0 HarpykeHus IpH Harpyske, coctasimsromend 0,9 ot
paspylaroIieil, ’Tu 3HaYCHUs yxKe cocTaBisu 64-73%. Vcnbitanus Oaliok,
BBINOJHEHHBIX 0€3 METJIEBOr0 CThIKA, ITOKa3bIBAIOT CHU)KEHHE COOCTBEHHOM
4acTOThl KoJeOaHuii mpu mepBoit Gopme no 81-94% mis Broporo 3rama
(mocne HarpyxeHust o00pa3loB g0 Harpyskn B pasmepe 0.5 or
paspymiaronieid ¥ IMOCIHEAYIOIIeH pasrpy3ku). 3HAYeHHsS COOCTBEHHBIX
YacTOT BEPTUKAIBHBIX KOJEOaHWH Ha TPETheM dTare Julsl Takux OalloK B
IIPOLIEHTHOM  OTHOUIEHMH coCTaBUIO 54-56% 0T nepBOHAaYaIbHBIX
3HayeHni. O0mast KapTUHA CHIKEHUSI YaCTOT COOCTBEHHBIX KOJIeOaHHH JUIst
0aJIoK 1o cepusM O0TOOpaxkeHa Ha Tabi. 1.

B nanpHeidmnieM 1 OLEHKH BJIMSHHMS HM3MEHEHHUS JUHAMHYECKHX
XapaKTepUCTUK OaJoK ¢ TEeTIeBBIMH CTBIKAMH Ha  JKECTKOCTHBIE
XapaKTEePUCTUKH OBUTH ITPOBEICHBI YHCICHHBIE HCCIIE0BAHUS TIPH ITOMOIIH
IK «JINPA-CAIIP».

Ha puc. 1 npuBenena pacuernas cxema Oanku. banka Obuta pazoura Ha
KoHeuHble 37eMeHThl «Tun 33» u «Tun 36», pazmepamu 0,01m x 0,01 M ¢
JKECTKOCTBIO COOTBETCTBYIOIICH TaOiMmuHbIM 3HadeHusM i C12/15.
MopnenupoBaHue CTep)KHEH apMaTypbl ObUIO BBIOJIHEHO NPH ITOMOLIH
anemenTa «Tum 10» — yHHBEpCaIbLHOIO MPOCTPAHCTBEHHOI'O CTEP>KHEBOTO
KD. 3ona OeToHHOH BCTaBKM coequHEHa C OETOHOM OallKu JBYXY3JIOBBIM
K3 monenupyromuit ynpyryro cBsizb MeXAy y3iamu — Tur 55.



Tab6u. 2. 3Hauennst COOCTBEHHBIX Y4acTOT KOJeOaHuil 0atoK

3HaueHus
PacueTHbI . COOCTBEHHBIX YaCTOT
ci1ydait Hatypanbubiii Brjt KoJIeOaHuii 6anoKk
A B C D
1 be3 nospexaeHuit 100 | 100 100 | 100
[Tociie BOCIPUATHSI CTATHYECKOH
2 Harpy3ku, BenuuuHou B 0.5 ot | 77 76 77 88
paspymarouiei
[Tociie BOCIIPUATHS CTATHYECKOH
3 Harpy3ku, BenuunHon B 0.9 ot | 55 55 60 55
paspymarouiei
.I"F
Y TELTITIIIIITT

100 100

1200

Puc. 1. Pacuernas cxema Ganku

Ha nepBom stane pacuera npu nomMomy (GyHKIUH MOJAIBHOTO aHaJIu3a
ONpPENEISIINCh  COOCTBCHHBIC 4YacTOTHI KOJCOAHWU I KaxJIoh U3
SKCIIEPUMEHTAIIBHBIX 0aJoK. B nanpHelIeM MOAennpoBai MOBPEXKICHHS
W HapyLIeHUs! IEJIOCTHOCTH 30HBI NETJEBBIX CTHIKOB ITYTEM yMEHBIIEHUS
KECTKOCTH B KOHEYHBIX JJIEMEHTaX HENOCPEJCTBEHHO B 30HE IETIIEBOTO
cThIKa. JKecTKoCTh M3MEeHsIach MyTeM YMEHBIIEHUsI MOIIYJIsl yIPYrocTy 0e3
W3MEHEHHs] TEOMETPUIECKUX XapaKTepUCTHK cedeHus. Ha puc. 2 moka3aHbl
KOHEYHBIE 3JIEMEHTBI C YMEHBIIEHHOH KECTKOCTBIO JUIsl BTOPOTO U TPETHETO
pacyeTHoro ciy4yaeB. B pe3ynpraTe IMOHM)KEHHS JKECTKOCTH HaOII0qanoch
CHIDKEHHE COOCTBEHHOW YacTOTBHI KOJNEOaHWU JUIsl Kaxaoi Oanku (puc.3).
[Tpu mocTmxeHny 3HaYeHNI COOCTBEHHBIX YaCTOT KOJIEOAHUH aHAJIOTMYIHBIX
pe3ynbTataM HaTypHOro 3KcnepuMeHTa (Tabi.2) (ukcupoBayics MOAYIb
yrnpyroctu KO 0OeToHa meTiieBOro cThlka Ui KaXIOr0 W3 PaCUETHBIX
cirydae. 1o pe3ynbraraM YHCIEHHOTO SKCIIEPUMEHTA COCTaBIICHBI CBOJHbIE
TabMHIBl U rpadMKH 3aBUCUMOCTH COOCTBEHHOW YacTOTBHI OT >KECTKOCTH
0eTOHa TETJIEBOrO CThIKA M TpadUKH 3aBUCHUMOCTEH HM3MEHEHUS] MOIYJIs
YIOPYrOCTH OT COOCTBEHHOM YACTOTHI KOJICOAHWH IS KaKIodW Oaiku

(puc.4).



y Puc.2. KD ¢ yMeHBIIEHHBIM MOIYIeM
TR N YIPYTOCTH:

T T InE [ a). banka A;

| | I 6). banka B;

B). banka C;

RS r). Banka D;

Puc.3. PaccmatpuBaemas opma konebanuii, Oanka A
Buieoown

Ha ocHOBaHMM NPOBEIEHHBIX UCCIIEJOBAHUN YCTaHOBJIEHO:

1. Tlo pe3ynpraTaM pacdera HaOIIOJANOCH CONOCTABUMOE CHIDKEHHE
TokasaTteseld MOAYJS YHNPYrOCTH TPH YMEHBIIEHHH >KECTKOCTH OalloK B
obpaszuax cepuit B nu C. OTHOCHTENbHBIE 3HAUYEHHST MOJYIISI YIIPYTOCTH JIJIS
JAHHBIX OaJIOK TNpH BTOPOM pacyeTHOM ciydas coctaBmwin 13.48% wu
13.22% ot nepBoHadyanbHBIX 3HaueHUH. COOTBETCTBEHHO, I TPETHETO
PACUETHOTrO Ccirydas 3T 3Ha4eHus coctaBisuin 4,09% s O6anok cepun B u
5,09% nast 6anok cepun C. [ns 6anok cepurt C 1pH TpEeTbeM pacyeTHOM
ciydae OblTa NpUHATA COOCTBEHHAsh 4YacToTa KojieOaHWH, COCTaBIISIOIIAs
60% ot mepBOHayanpHOrO 3HaueHWs. [[nst OGamok cepuu B aHamormuHoe
3Ha4YeHHe ObLIO MPHUHSATO B npenenax 55%. B cBs3u ¢ 3TUM, TONOIHUTENEHO
OblTa MPOCYMTAHA 3a/1a4a CO CHIPKEHHEM COOCTBEHHOM YacTOTHI KOJleOaHHMH
st 6anok cepun C no 55% ot mepBoHawyanbHOW. MOIyibh YNIpYroctd B



9TOM ciydae cHu3miIcs 10 3,87%. CHumkeHHe MOAYNs YOPYrocTH JUIs
BTOPOr'0 PAacUYETHOro cirydas Juisi O0alok cepud A HaONI0Janoch 0 ypOBHS
22,61% ot mnepBoHayanbHOro. Ha TperbeM »dTame pacuera MOJYJb
yropyrocta s Oanok cepun A Obut monydeH 4,7%. Jnst 6anok cepum D
YCTAaHOBJICHO CHIDKEHHE MOIyNs YHpyrocth 1o 26.52% mnpu BTOpOM

pacueTHoM ciyyae u 110 3.52%

- TpH TPETbeM pacyeTHOM

200 1 clry4ae.
180 2. Wcnbitanus
1 KeJIe300€TOHHBIX ~ 0aJlok ¢
160 + pa3nu4HOM  KOH(Hrypauuen
T rpaHel  TETJIEBBIX  CTHIKOB
140 - noKa3au Haj4yue
120 4+ ~ —W—BankaA NPEUMYIIECTB [UIS KaXKI0ro M3
—+—Eanka B pPacCMOTPEHHBIX 00pa3lioB B
100+ KOHKPETHBIX yCJOBHsX. Takxke
20 Los Bana C TNO3BONISIIOT CJIENIaTh BBIBOJI O
Banka D palMOHATBHOCTH ux
25 - o U Op10%6, a2 yenonpsosanus B cGopHo-
Pr 4. Tpaduoc sapexmoeTeil. mogya MOHOJIUTHOM  CTPOUTENBCTBE,

WIPYTOCTH 0T COBCTEEHHOH JaCTOTEL

i Hapsaay CO CTbIKaMH BbIIIOJIHCHHBIX

mo TtexHomorun KVYB-2,5 (Gamku
cepud A) u GaJKaMU CO IITIOHOYHBIMH METJACBBIMHU CThIKaMU (OaKK Cepuu
B).

SUMMARY

Analyzed the influence of compromising the integrity of the
structures with loop joints on the dynamic characteristics. From PC
"LIRA-CAD" performed numerical studies to assess the impact of
changes in the dynamic characteristics of beams with loop seals on the
stiffness characteristics of the model.
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