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[To pe3ynpTaTam uccaeAOBaHUI Ha CIOKHBIX MHKEHEPHBIX 00BEKTaX MOJYyUYEHBI PE3YIbTaThl,
JEMOHCTPHUPYIOIME 3HAYUTENIbHBIE OTKJIOHEHUS OT MOJEJEH 3JaHUi U COOPY’KEHUU, MPUHATHIX
B OCHOBY pacué€ra CEeHCMOCTOMKOCTH U YCTOMYMBOCTH KOHCTPYKIMIA. Bo-niepBbIX, 3TO CyliecTBOBa-
HUE OTPaXKAIOIIUX CeHCMUYECKUE KOJeOaHUs TPaHULl BHYTPHU 37aHUs, KOT/Ia CTOsIYME BOJHBI (pop-
MHUpPYIOT 00lliee mojie JUisl 34aHus B LEJIOM U JIOKaJIbHOE MoJie A 4acTu oObeKkTa. Bo-BTOpbIX,
0JI04HOE CTpOeHHE 00BEKTa, KOT/Ia €CTh COOCTBEHHBIE KOJIeOaHHs Pa3HOW KPAaTHOCTH C pa3HOil 00-
JacThIO OXBaTa 00BEKTa, KOTJ[a HEKOTOPbIe OJIOKH TO HE3aBHCHUMO KOJICOIIOTCS, TO OOBEAHHSIIOTCS
B OJIHY CUCTEMY. B-TpeThbux, CylIECTBOBAHUE CTEH C ABOMHBIMHM OTpaXarOUIUMU CBOMCTBAMHM, UTO
MEHSIET T0JI€ CTOSYUX BOJH. B-4eTBEPTHIX, CIIOKHAS T€OMETPHUsSI OOBEKTA BBI3BIBACT IMOJISI CTOSTUUX
BOJIH, HE OMMCBIBAIOIIMECS JABYMS BOJHOBBIMHU YHMCJIAMH. DKCIEPUMEHTAIbHBIE JaHHBIE MMOKA3bIBA-
10T, 9YTO B TEOPUU 3/IaHUH HEOOXOTUMO MEPEXOAMTH K MOJIEISIM BIOXKEHHBIX PE30HATOPOB, MOJIE-
JISIM CBSI3aHHBIX PE30HATOPOB, a BEpUUKALINIO MOJENIEH BO3IOKUTH Ha METO]] CTOSYMX BOJIH.

KuarwueBble cjioBa: MHXEHEpPHAsI CEUCMOJIOTHUSA, CEHCMOCTOMKOCTh 3[aHUM, CTOSTYME BOJIHBI,
KOTE€PEHTHOCTh BO BPEMEHH, MUKPOCEUCMBI.
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According to the results of research on complex engineering objects, results were obtained
that demonstrate significant deviations from the models of buildings and structures adopted as the
basis for calculating seismic resistance and structural stability. First, it is the existence of reflecting
seismic oscillations of the boundaries inside the building, when standing waves form a common
field for the building as a whole and a local field for a part of the object. Secondly, a block structure
of the object, when there are natural oscillations of different magnification with a different area of
the object's coverage, when some blocks independently oscillate, they unite into one system. Third-
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ly, the existence of walls with double reflecting properties, which changes the field of standing
waves. Fourthly, the complex geometry of the object causes fields of standing waves, e is described
by two wave numbers. Experimental data show that in the theory of buildings, it is necessary to
move to the models of nested resonators, models of coupled resonators, and the verification of
models should be entrusted to the standing wave method.

Key words: engineering seismology, seismic resistance of buildings, standing waves, coher-
ence in time, microseisms.

Beeoenue

B 3aMkHyTBIX 00bEMaxX (HOPMHUPYIOTCS MHOTOKPATHBIE OTPAKEHUS, U UX UHTEP-
depenus npuBoauT K hopmupoBanuio crossuux BoiH. Emé B XIX Beke Obuia poka-
3aHa 0OIIEen3BECTHAs TEOpEeMa O HE3aBUCHMOCTH PEUICHUS MO CTOSYMM BOJHAM OT
HAYaJIbHBIX YCIIOBUN. DTO O3HAYAET, YTO CTOSYME BOIHBI, POPMUPYIOIIHECS B MHKE-
HEPHBIX COOPYXKEHHUSAX, HE 3aBUCAT OT MCTOUYHMKA KoyieOaHui. [[ns monst crosuux
BOJIH HE BaXKHO, TJI€ OH pa3MeNIEH U KaKOTO TUIA UCTOYHUK UCIIOIb3YETCS.

B pabotax [3, 5] 000CHOBBIBaeTCSI METOIMKA HAOIIOICHUM 32 MUKpOCEeHCcMamu,
co3ga€Tcsi MaTeMaTuyeckasi MOJIeSb BOJHOBOT'O MOJISL, CTPOSITCS aJrOPUTMBI, 1103BO-
JISIFOIIME BBIJCNATh CTOSYNUE BOJIHBI B YUCTOM BHUJIE U MPEOOPa30BhIBATH UX U3 Pa3HO-
BPEMEHHBIX HAOJIIOJCHUN B OJJTHOBPEMEHHBIC 3aMMCU CTOSIYUX BOJIH HA TJIOTHOM CHUC-
TeMe HaOJIOJICHUN, MOKPHIBAIOIIEH 3aJaHHYIO IUIomaab Wi 00bEéM. [lockoybky
CTOSIYME BOJIHBI MPEACTABIISIIOT U3 ce0sl MOHOXpOMATHYECKUE KOJIeOaHUsI C HEKOTO-
poil TOOPOTHOCTHIO, ONPENEISAIONICH 3aTyXaHue KoJieOaHUH BO BPEMEHH, TO MHOXe-
CTBO MOJI KoJjebaHuil u3 o0iiero mnosst oTGUIbTPOBBIBAIOTCSA APYT OT Apyra U CTpo-
ATCS KapThl 711 KQXJ0W U3 MOJ: aMIUIUTYJ] Kojiebanu#, a3 konedbanuii, J0OpOTHO-
CTH, KOrepeHTHOCTH. [locTpoeHHbIi1 HAaOOp KapT SBISIETCSI OCHOBOMW JIJISi KA4€CTBEH-
HOW MHTEpIIpeTaui GU3HIECKOTO COCTOSHUS 3/IaHUS 110 CTOSTYUM BOJTHAM.

Bcé npocto, koraa 31aHue MMeeT BHEIIHUE TPAHUIBI TPOCTOTO CTPOEHUS, U MbI
Ha0JIr01aeM HaOOp CTOSAYMX BOJIH, €IUHBIN JJI1 BCel KOHCTpyKUMH. MHaue oOcTout
JIeNI0, KoTa B 3JaHUU (DOPMUPYIOTCS TOJISI CTOSIYUX BOJTH OT CJIOKHBIX PE30HATOPOB,
KaKMMH MOTYT OBITh BJIO)KEHHBIE JIPYT B JIpyTra PE30HATOPHI, CBA3aHHBIE B MPOCTPaH-
CTBE PE30HATOPHI, CTOSYUE BOJHBI, (GOPMUPYIOIIMECS B 3JaHUSX U WHKEHEPHBIX
00BEKTAX CIOXKHOW reoMeTpuyeckoi (OpMbl, a TAKIKE B CIIy4ae CTEH CJIOKHOM KOH-
CTPYKIIMH, KOT/Ia U3BMEHEHHE BOJIHOBOTO IMOJISI 32 CYET KPATHOTO OTPaKeHHs Kojieha-
HUW BHYTPU CTEHBI CO3/Ia€T PE30HAHCHBIE KOJIEOAHUS HEOKUAAHHOU CTPYKTYPHI.

Hceneoosanus

CaMbIMU TIPOCTBIMU TIPUMEPAMH CJIOKHBIX IO TIOJII0 CTOSYUX BOJH OOBEKTOB
SIBJISIFOTCS 3/1aHMS, BHYTPU KOTOPBIX CYHIECTBYET OTpaxaroias rpanuna [6]. B nan-
HOM cirydae OpMHPYETCS TI0JIC CTOSYUX BOJIH BHYTPH JAPYroro mojst. Takoi pe3yb-
TaT ObUI MPOJEMOHCTPUPOBAH JIJISl 3[IaHUsI, HaJl KOTOPBIM CYIIECTBYET TEXHUUYECKUU
sTax u yepaak. OCHOBHOE IMOJI€ CTOSYMX BOJMH (psig MoA) GopMUpyeTCs I 31aHUS
B LIEJIOM M BEpPX 3/1aHUs cBOOOAHO Kojebierca. B 3ToM cinydae B Kaxaoi Mojae Ha-
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BEpXY 37aHUI MOIYNIEPHO]T C MAKCUMYMOM Kosiebanmii — Ha Kpbiie. [Ipu aTom y3io-
BbIC JIMHUU JJI1 KQXJIOW CTOAYEN BOJHBI CMEUIEHBI BBEpX. JlJisi BIIOKEHHOTO MOJIA
CTOSYMX BOJIH BEPXHSA TPaHMIA MPEJACTABICHA MMOCICIHUM KUJIbIM 3TaXOM. JTa
rpaHuIla 3a)kKaTa U Ha HEW HyJIeBble KoJieOaHMs. Y3JIOBbIC JIMHUU JJI ITUX BOJH
omyIleHbl BHU3. Hanmnuue rpanuisl NpUBOAUT K CYIIECTBOBAHUIO CTOSYUX BOJIH OJI-
HOM M TOM K€ KPaTHOCTH, HO COOTBETCTBYIOIIUX Pa3HBIM 00bEMaM 31aHUM.

PacnipocTpaH€HHBIM YCIIOKHEHUEM KOHCTPYKUHMW 34aHUS SBISIETCS CEUCMOM30-
JSUMS. IPU CTPOUTENIBCTBE B CEMCMUYECKHA AKTUBHBIX PAallOHAX U CTPOUTEIBCTBO Ha
cBasix B pairioHax Mep3noTel [1, 2, 8, 9]. MblI cTankuBaeMcsl ¢ nmpuMepaMu, Korja
buKcHpyeTCs ToJie CTOSIYMX BOJIH JIJISl BCETO 3/IaHUS B IIEJIOM M TOJIE€ CTOSYUX BOJIH
YacTH 3JaHMS BBIIIE CEHCMOU30ISLIHH [6].

Ha puc. 1 npencraBnensl qaHHble 00 MCCIEIOBAHMSIX METOJOM CTOSYMX BOJH
IBYX PSAJOM CTOALLMX 3JaHUN OJTMHAKOBOUW KOHCTpYKLMH, 010K 13-14 nmeer celicMo-
30/ILUIO B BUJIE THOKOro dTaxka, a 010k 19-20 He nMeeT CEHCMOU3O0IALUH.

‘ baok-cexuun 13-14 | I Yacrora 7.08 rl1| | Baok-cexumn 19-20 ] I OTreyrersyer
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Puc. 1. Ilpumep 3anucu Mozsl 2,2 11 34aHUS ¢ celicMoun3osiuei, 610k 13-14,
U OTCYTCTBHE TaKOW MOJIBI /ISl 37aHusl O6e3 cericMon3ouisiuu, 010k 19-20:

@) KapTa aMIUTATY; 6) KapTa KOT€pEHTHOCTH
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Jns wactotst 7,08 ' HaOmromaercst Moja (2,2), KpaTHasi ABYM IO JUIMHE 3/IaHUS
U 10 €r0 BBICOTE, HO BBIIIE TMOKOro 3Ta)ka. JJIs 3TOro 3JaHus MBI HAOJIFOJaeM JBE
CHUCTEMBbI CTOSYMX BOJH — OJIHA JIJISl 3/IaHUS B 1I€JIOM, a JApyras B 4acTH 3/IaHUs HaJ
cericMom3oirsiiueit. s 61oka 19-20 HaOmIomaeTcss TOIBKO OJHA CHCTEMa CTOSYUX
BOJIH /I 37aHus B 11eJIoM. CIIEKTp KOT€PEHTHOCTU MOKAa3bIBAET, YTO UMEETCS CBS3h
KOJieOaHW BepXHEH YacTH 37aHUs C KOJIeOaHUsIMU ceicMoMn30Jisiiuu. B nienTpe 371a-
HUS 9Ta CBA3b Oclia0iieHa, a o KpasM yCUJIeHa.

JpyruM mpuMepoM CII0KHOTO OOBEKTa SIBJISIOTCS 3JIaHHS CO CIIOKHBIM CTpOe-
HUEeM cTeH. /[ oJHOTrO M3 CiTy’KeOHBIX 3JIaHMi TEXHUYECKOro YHUBEpcHuTeTa B Tom-
cke (pUKCUPYIOTCS ABE MOJIbI OJTHOTO TIopska (3,1).

| Yacrora 8.349 T'n |
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Puc. 2. Mopa (3,1) niis 3nanus B T. Tomcke

Ha puc. 2 mbpl BUAMM B IByX U3MEPEHHUSIX JAHHBIE O CTOAYEH BOJIHE B 3/IaHUU
C TOM 0COOEHHOCTBIO, YTO CBOOO/IHbIE KOJEOaHUsl UCIIBITHIBAET HE TOJIHLKO BEpX 37a-
HUS, HO W JieBasl BEpTUKaJbHas CTeHa 3/anus. Hu3 u npaBas cTeHa 3akpermieHsl. MH-
TEPECHBIM SIBJISIETCS TO, YTO ISl TEOPETUUYECKUX PACUETOB HEBO3MOYKHBIM SIBJISIETCS
000CHOBaHUE TAaKUX IPAHUYHBIX YCIOBHUH.

Ha puc.3 nipencraBieHbl JaHHBIE O CTOSTYEN BOJIHE B 3TOM K€ 3JaHUU C TOU Ke
KpaTHOCThIO, HO KapTHHA WHas. B gaHHOM ciydae cBOOOAHBIE KoJieOaHHS Yy Bepxa
371aHus ¥ MPaBOM CTEHBI, a JIEBasi CTeHa U HU3 3axaThl. [IpeacTaBiieHHbIE TaHHBIE T'O-
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BOPSIT O TOM, YTO CJIOKHO ITOCTPOEHHBIE CTEHBI MOT'YT BECTU C€051 JBOSIKO — OTPaXKaTh
KOJIeOaHMsl BHEUIHEH T'paHblO M BHYTpEHHEW. B 3TOM cilydae, BEpOSTHO, BHEIIHHE
OTPaXKEHUSI UMEIT CBOOOJY KoJieOaHMM, a BHYTPEHHHE BEAyT ceOsl KaK 3a)aThle.
B pesynbrare Mbl HMEEM PE30HAHCHI B 3[JaHUH, KOTOPBIE HE OMUCHIBAIOTCS TEOPETU-
YECKMMHU pacy€Tamu.

QETTRTERE TR AR [ R ]

B [N AR

Bl - b e ol

Puc.3 Mogpa (3,1) aist 3nanus B 1. ToMcke
(Toro e, 9TO M Ha puc.2)

Emé ogaum BapuaHTOM CIIOXKHBIX OOBEKTOB SIBJISIOTCS T€OMETPUYECKH CIIOXK-
Hble U OJOYHbIE KOHCTPYKUMHU. K TakMM KOHCTPYKUHUSM OTHOCSTCS, MPEXKIE BCETO,
mwiotubl ['DC. CtpoeHue B BHE TpalelMH, KOrjaa BepX IIMpPE, YeM HU3, CO3/1AI0T
YHUKaJbHbIE YCIOBUA [ (hOPMUPOBAHUS MOJIEW COOCTBEHHBIX KOJIEOAHUM, HAIpH-
Mep, Ha boryudanckoit I'DC [7]. bnouHoe cTpoeHre NPUBOAUT K TOMY, YTO SIPKO BbI-
pakeHHas repBas MoJia CyLIECTBYET TOJIbKO B OJJHOM OJIOKE, a C MOBBIILIEHHEM KpaT-
HOCTH B €IuHOE KoJjieOaHue 3axBaThiBaeTcsi BcE Oosbiie OiokoB. [Imoruna CasiHo-
[ymenckoit 'SC [4] mo 0OCHOBHBIM MoAaM BelIET ceOsl Kak CTpYHA MO BEPXY 3/1aHUS,
HO MPHU 3TOM 1O Ay MOJ UMEEM KapTHUHY MU3MEHEHHS KPATHOCTU IO TOPU30HTAIH
C BbICOTOM MIOTHHBI. J{J1s1 onmucanus Takoro 3¢ ¢pekra HeJOCTATOUHO JABYX BOJHOBBIX
gucen (KpaTHOCTh MO0 BEPTUKAIIU, KPATHOCTH 0 TOPU3OHTAIIH).
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Ha puc. 4 npuBeneHsl JaHHBIE MO aMIUTUTyJaM U ¢azaM JBYX MOJ CTOSYHUX
BOJIH B Tene ioTuHbl Cagno-Iymenckoi ['9C. UMeHHO 151 3TUX MOJ IPKO MPOSIB-
asiercst 3QPexT cMeHbl TOPU3OHTAIBHONW KPaTHOCTU MO BepTHKaIW. ['opasno sipue
3TOT 3P PeKT nmpociekruBaeTcs Ha KapTax ¢a3 crosuux BoyH. ClelyeT OTMETUTb, YTO
Oonpiue 31anus ¥ WIOTUHBI [ DC ABISIOTCS YHUKATbHBIMUA OOBEKTaMHU, JJIsI KaXK]10-
ro U3 KOTOPBIX METOJ CTOSIYMX BOJIH IO3BOJIIET BHUJIETh HEIOBTOPUMBIE KapTUHBI
COOCTBEHHBIX KOJeOaHUM (CTOSYMX BOJIH).

EET - T FLl.hy

ot KapTa auMmeTyE CEDpOCTH CME SHEE
AEL OnL E M

J=exck Beper Homep carnum Tlpeeui Sper

Puc. 4. Kaptel ammuuty 1 a3 cTosTYMX BOJH
B miaruHe Casno-Iymenckoi ['2C

Ha cerogusmHuil 1eHp METO CTOSIYUX BOJIH C YCIEXOM BOCCTaHABIMBAET MOJI-
HO€ BOJIHOBOE IOJIE€ CTOSTYMX BOJIH B OOBEKTax JIIOOOM CIOXKHOCTH, U BaXKHBIM SIBJISI-
eTcsl pa3paboTKa MPUHIIMIIOB UHTEPIPETAIIMN CTOSYNX BOJH B MHXKEHEPHBIX O0OBEK-
Tax. /[nd mpocThIX KOHCTPYKUMM 3JaHUM HMHTEpHpETAlus Belach BCETna, a Ui
CJIO’KHBIX BBITIONHSIACH YACTHYHAS MHTEPIIPETALNA 10 YACTH HA0Opa CTOSYUX BOJIH.

[Tonnast mHTEpHpeTalys MOJEH CTOSYMX BOJIH OMNPEIEISETCS MO CleIyHoUel
CXeMe:

— Brpinenenue coOCTBEHHBIX YacTOT M MOCTPOEHUE KapT aMIUIMTYJ[ CTOSUUX
BOJIH, KapT (a3, KapT KOTePEHTHOCTH ISl KaXK0 COOCTBEHHOM YaCTOTHI.

— Omnpenenenne 00bEMOB, B KOTOPBIX CYIIECTBYIOT TIPYHIBl CTOSYUX BOJIH.
DaKTHYECKH HaX0XJIEHNUE B O0OBEKTE OTPAKAIOIIMX TPAHUILL MU BBISIBJICHHE OJIOYHO-
IO CTPOCHHS.

— Oo6napyxenue 3(pQPeKToB, CBSI3aHHBIX ¢ U3MEHEHUSMH KpPAaTHOCTH, BbI3BaH-
HBIMU CJIO)KHOM reoMeTpueil 00beKTa.
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— PasnenpHas uwHTEpIpETalUs MO KaXKAOM CTOAYEW BOJHE C ONPEICIICHUEM
I'PaHUYHBIX YCJIOBHM 1O 00JaCTH €€ CyLIECTBOBAHUS.

— Ilepexon kK Ka4eCTBEHHOW WHTEPIIPETALMH MO KaXKIO0H U3 CTOSYMX BOJH Ha
OCHOBE MHTEPIPETALMHU KApT MO CTOSSYUM BOJIHAM M K KOJIMYECTBEHHON — HA OCHOBE
pelIeHrs BOJIHOBOTO YPaBHEHHUS.

CrenyeTr OTMETHUTb, YTO UCCIIEIOBAHUE CIIOKHBIX OOBEKTOB JIPYTMMH CEHCMOIIO-
THYECKUMU METOJaMH, KPOME METOJa CTOSYUX BOJIH, HE CMOTYT JaTh NPaBUIIbHOU
uHpOpMAIUU O COCTOSTHMU 00bekTa. Tpelyercs najpHeiee pa3BUTHE MPABHIBHO-
CTH OLICHKM CEMCMOCTOMKOCTH 3JaHUM CJOKHBIX KOHCTpyKuui. [lo momydeHHBIM
JAHHBIM TIOHSITHO, YTO B PSI€ CIy4aeB Mbl UMEEM JIEJIO C BIOKEHHBIMU PE30HATOpA-
MU (TIpY HAJIMYKU OTPAXKAIOIIECH T'PaHUIIbI), CO CBSI3AaHHBIMU pe30HaTOpaMu (ciydait
0JIOYHOTO CTPOCHMSI), MOJICTIIMU COOCTBEHHBIX KOJEOaHUN sl OOBEKTOB CIIOXKHOM
r€OMETPUHU, U K 3TOMY eIllI€ J00aBIsOTCA (PaKThl CYIECTBOBAHUS CTEH CII0KHOTO
CTpOEHHs, 00ECIIEYNBAIOIIUX IBOWHBIE OTPAXKAIOIINE CBOMCTBA U MEHSIOIIMX KapTH-
HY MOJIEH CTOSAYUX BOJIH.
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