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MATEMATUYHE MOJAEJTIOBAHHA THHAMIYHUX BI1JINBIB
HA BYJAIBEJIBHI KOHCTPYKIII

®omin B. M.}, ®omina L. I1.}

Y0oecvra oepacasna akademis 6yoisnuymea ma apximexmypu

AHoTanis. BupimenHs npoOieMu MaTeMaTHYHOTO MOJENIOBAHHS IWHAMIYHUAX BIUIMBIB Ha
OyZiBenbHI KOHCTPYKIIT pO3TIISHYTa y 3arajJbHOMY BHTJISIIL Ta Y 3B’SI3KY 13 BXKIIMBUMH HAYKOBUMH Ta
MIPaKTHYHUMH 3aBIAHHSIMH. barato pokiB wacTimie 3'SBIsS€ThCA iH(OpMaIliss Tpo KaTacTpodidHi
pyliHyBaHHs OyZiBeNnb 1 CHOPYA, SIKi € HACHIAKOM HE TUIbKM MOMWJIOK, IO BHHUKIM B MpOIEci
OyniBHUIITBA 00'€KTIB, ajie i Yepe3 NWHAMIYHI BIUIMBHU, IO BUHUKIW B TpoIeci ixX eKcIuryaTarfi.
Koxna OymiBis i criopyna € CKIQJHOI TEXHIYHOIO CHCTEMOIO i3 Hamepes 3afJaHiMH TEeXHIYHUMH
napameTpami, SKi MOBHHHI KOHTPOJIOBATUCS B MPOLECI BUTOTOBJICHHS KOHCTPYKIiH, OyAiBENbHO -
MOHTQKHUX POOIT, IPY NPUIMaHHI i B X0Jli eKCILTyaTaLlii.

Excrutyaramist OyniBenh i1 CHmopyl TOCTIHHO TOB'SI3Y€ThCS 3 BHUKOPUCTAaHHIM OY[IiBEIHHOL
TEXHIKH, OOJIAHAHHAM Ta YCTaTKyBaHHSM, SIKi MMPU3BOMATH /10 AWHAMIYHHMX BIUIMBIB Ha OymiBeNbHI
KoHCTpyKLii. Oco0NMBO 1€ BINTUBAE HA EKCILTYaTyBaHHS B CKJIAHUX 1HKEHEPHO-TEONIOTIYHUX YMOBaX
OyIiBib Ta CHOPYH, SKi 3a3HANHM TOMepenHiX aedopMariiii Bil HEPIBHOMIPHUX OCITaHb IPYHTOBOL
OCHOBH.

3HAaYHOI0 YaCTHWHOIO JMHAMIYHUX BIUIMBIB € 3eMJIETPYCH. 3a JOMOMOTOI0 CEHCMOMETPUYHOL
amapatypd BHMIPIOIOTH IIBUAKICTH Ta TNepioJ KONWBaHb IPyHTY Oinst ¢yHaameHTy OymiBmi i
MOPIBHIOIOTH iX 3 JIOMYCTHMOIO INBHIKICTIO KOJWBaHb IPYHTY Ui OyxmiBmi. daktuyHa ceiicMidHa
CTIMKICTh CHIOPY/, IO MiAJATal0Th 30€peKEHHI0, BUBHAYAETHCS CITiBBITHOMIECHHM II€Pi0/IiB KOJMBAHb
IPYHTY Ta CIIOpPY/IH.

Jnst cTpykTypHOI TUHAMIKH BUKOPHUCTOBYIOTHCS Pi3HI METOJIH, TaKi sIK MOJAILHUI aHai3, aHawi3
CHEeKTPY BIATYKYy, YacOBWI aHami3 Ta aHai3 METOJOM KiHIEeBHX eneMeHTiB. Lli meromm MicTATH
MaTeMaTHYHE MOJICNIIOBAHHS, YWCENbHE MOJICNIOBAHHS Ta OOYHMCIIOBAJIBHI ~ METOAM IS
MPOTHO3YBaHHsI MOBEIIHKH Ta PeaKilii KOHCTPYKIII B yMOBaX AMHAMIYHOTO HABAHTAYKEHHSI.

3Ha04M BJIACHI YAaCTOTH Ta (JOPMHU KOJUBaHb, MOXKHA OL[IHUTH JUHAMIUHY PEaKLil0 KOHCTPYKIIi
Ha TPUKIJIaJIeHi HaBaHTaxeHHs. Lle BKitoyae BU3HAUEHHS MEepPeMillleHb, TPUCKOPEHb 1 BHYTPIMIHIX CHIT
B PI3HUX MICISIX KOHCTPYKIIii. AHaIIi3 pearyBaHHs AOMOMAarae OIiHUTH XapaKTEPUCTHKH KOHCTPYKII,
BU3HAYMTH KPUTUYHI 00JIACTI Ta MIEPEKOHATHCS, 1110 MPOEKT Bi/MOBi1ae OaxaHuM kputepism [1].

KarwuoBi cioBa: nuHamidHa Mopenb, OylliBedbHA KOHCTPYKILiSl, KOPO3is, 3eMIIETpYyC, Teopis
KOJIUBAHb.

MATHEMATICAL MODELING OF DYNAMIC IMPACTS ON BUILING
STRUCTURES

V. Fomin?, I. Fomina?
10dessa State Academy of Civil Engineering and Architecture

Abstract. The solution of the problem of mathematical modeling of dynamic influences
on building structures is considered in general and in connection with important scientific and
practical tasks. In modern conditions, special attention should be paid to the problems of
taking into account dynamic influences, parameters of load-bearing structures of buildings
that affect their structural reliability and safety. For many vyears, information about
catastrophic destruction of buildings and structures has been appearing more often, which are
the result not only of errors that arose during the construction of facilities, but also due to
dynamic influences that arose during their operation.
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A buildable technical system will be used in advance with the technical parameters set,
which is responsible for the control of the process of the preparation of structures, the
installation of the equipment, during the operation and operation. The development will be
carried out and the sporud will be constantly used to promote the development of future
technologies, the development and the establishment of the future, as well as the development
of dynamic developments in the future. In particular, it is important to understand the
development of the engineering and geological minds of the spores, as they have known the
front deformation of the non-essential axis of the runt foundations.

Various methods are used for structural dynamics, such as modal analysis, response
spectrum analysis, time analysis, and finite element analysis. These methods include
mathematical modeling, numerical simulation, and computational methods to predict the
behavior and response of a structure under dynamic load conditions.

Knowing the frequency and form of the structure, it is possible to estimate the dynamic
reaction of the design to the application. For the purpose of including the transfer of the
world, the destruction of internal forces in the real parts of the construction. Analyses of the
response to the additional assessment of the characteristics of the construction, the
identification of critical areas and the re-conversion, which the project is able to meet the
criteria.

Keywords:dynamic model, building structure, corrosion, earthquake, oscillation theory.
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1 BCTYI

VY cydacHHX yMOBax OCOOJMBOI yBaru moTpeOyroTh MpoOiaeMu BpaxyBaHHS JiHAMHUYHUX
BIUIMBIB, IMTApaMETPH HECYYNX KOHCTPYKIiH OyaiBenb, 110 BIUIMBAIOTH HAa 1X KOHCTPYKTUBHY
HAJIHHICTH 1 Oe3MeKy.

2 AHAJI3 JITEPATYPHUX JAHUX TA IOCTAHOBKA IMPOBJIEMHA

VYkpaina — Ha BiifHI. 3a3HalOTh aTaKk BOPOra HACEJIEHI MyHKTH, JKUTIO, MPOMHUCIOBI
00’€KTH, YTiAAsA, 3€JeHI 30HM. barato MUPHHX MICT MEpPEeTBOPWIIMCS Ha TOJII OWTB 1
pyHHYIOTbCs Tia yac 0o0iB, 3HaYHI TepUTOpii 3a0pyaHeHi 6oenpunacamu. Lle TpaBMaTHUHUIA
JOCBIJ 1711 KO)KHOTO, 00 HaM XOYEThCsl BBAXKATH CBil CBIT — MICTO, PiHY BYJHIIIO, JTOMIBKY
— MIITHUM MICIIEM, K€ HE MOKE OyTH YIIKOIHKCHHM.

[Tpote € iHIII, HE MEHII, a MOXIIMBO, 1 OUTBII HEBOJIAraHHI CYNEPHUKHU IS JTFOACHKOTO
xutTia. [IpuHaiiMHI X HEMOXJIMBO IepeMOrTH 30poero. Ile — cuim cTuxii, mposiBU 3MiH
KIIiMarty i 4ac, sIKWid poOWTH BIPOTIAHICTH THUX YW IHIIMX MOJINA MPAKTUYHO TapaHTOBAHOIO.
KosxHe micTo po3TaiioBaHe Ha TEPUTOPIi, sIka Ma€ CBI KOHTEKCT: OCOOJIMBOCTI, 3yMOBJICHI
T'€0JIOTIEI0 Ta CEUCMIKOI0, pernbedoM, pakTopaMu MPUPOIHOTO i TEXHOTEHHOTO TIOXODKEHHS
[2]. ¥V motomy 2023 poky crajacs HU3Ka PYHHIBHHUX 3€MJIETPYCIB Ha MiBJAEHHOMY CXOIi
Typeuunnu ta Onm3bKiii 10 Kopaony wactudi Cupii. [loTyXHICTH HEpHIOro IMOIITOBXY 3
enineHTpoM nobau3y ["aziantena ckiana 7,8 6aniB 3a mkanor Pixrepa. Taki mporiecu MaroTh
3HAYHHU{ BIUIMB Ha cy4acHe OyIiBHHITBO. J{1s1 YKpaiHU TaKkoXK XapaKTepHUMH € 3CyBU — Ha
[Ipukaprarti, XMENbHUYUMHI, Y CXIiJHIM YacTHHI KpaiHW. Bim HUX CTpakmaroTh HaceleHi
MYHKTH TOOJTU3Y MOPCHKOTO y30epexoks, Hanpukiaaa Ha OxenmHi i B Kpumy. ButpusanicTs
CIOPYA /10 MOKJIMBOTO BIUIMBY CTHXI1i HA0yBae HOBMX KOHTEKCTIB Iijl yac BIHU, sIKa TPUBAE
3apa3. Mu 6aunmo, sk mijg yac 00CTpiiiB un 6omMOapayBaHb 0/HI OyAiBII 3HAYHO PYHHYIOTHCS
a00 «CKJIQJaI0ThCA», a 1HII BUTPUMYIOTh YJapy YM MOXKEXK1 3 MEHIIMMH BTpaTaMU 1 MOXYTh
OyTu BigHOBIIeHI. Yn OyJe celicMiuHO cTilika OyAiBiIs OLIbII BUTPUBAJIOKO JI0 1HIINX BIUIMBIB,
HanpuKiIag y pas3i BUOyxy?

Tpaguuiiini  3a71i300€TOHHI ~ KOJIOHM  MPOJEMOHCTPYBajlM  MOraHi  celcMidHi
XapaKTepUCTUKH, OCOOJIMBO B arpeCUBHOMY CEpEIOBUIL, OCKUIBKU 32 TAKUX YMOB apMaTypHi
CTPUXHI 3a3HaIOTh CUIbHOI Kopo3ii. {06 BupimuTu mpobneMy KoOpo3sii cTalli, OCTaHHIMH
pPOKaMH 3HAuHy yBary IpHUBEPHYJHM 3a1i300€TOHHI KOooHH 31 ckiomiactuky (GFRP). Ognak
CeMCMIUHI XapaKTEepPUCTUKH 3alli300€TOHHOI KOJOHU 13 CKJIOIUIACTUKY Ill€ HEIOCTaTHbO
BUBYeHI. OJHI€I0 3 OCHOBHHMX MpoOJieM, TMOB'I3aHUX 3 BUKOPUCTAHHSAM CTPUXKHIB 31
CKJIOTUTACTHKY, € IXHS KPUXKICTh. TOMYy HEOOXITHO TOCHIIUTA MEXaHIYHI BJIACTUBOCTI Ta
BUJM PYHHYBaHHS 3a11300€TOHHUX KOHCTPYKIIH 13 CKJIOIUTACTUKY MPU CEHCMIYHOMY BIUIMBI.
VY upomy AOCHIJKEHHI CEHCMIUHY MOBEAIHKY 3al11300€TOHHMX KOJIOH 31 CKJIOIUIACTHUKY Ta
3BHYAIHUX KOJIOH MPHU PI3HUX CTYINEHSIX OChOBOIO CTHCHEHHS aHaJi3ye€ThCs 3a JIOMOMOIOIO
MaJIOIIMKJIOBUX MOBTOPHUX BUIPOOYBaHb HA ITICEBJOCTATHYHE HAaBaHTaXEeHHs. B pe3ymprati
JOCHIJKYIOTBCSL Ta OOTOBOPIOIOTHCS Jedopmallis Ta 3JaTHICTh PO3CIIOBAaTH CEHCMIYHY
EHeprito 3a1i300€TOHHUX KOJOH 31 CKIOMIacTuKy. KpiM TOro, BHUBYAEeTbCS MEXaHI3M
pYHHYBaHHSI CTPH)KHEBOI KOHCTPYKIi 31 CKJIOIUIACTHKY, 1100 3a0e3MeYUTH OCHOBY JJIS
MTOKpAIIEHHS METOIY CEHCMIYHOTO PO3PAXYHKY 3aJ11300€TOHHOT KOHCTPYKIIIT 31 CKJIOTIJIACTHKY
Ta 3MIHM HOpPM JJIsl CEHCMIYHOro po3paxyHKy. KpiM TOro, HOCHiIKyeThCsl BIUIUB CTYMEHS
OCBHOBOTO CTHCHEHHSI Ha CEHCMIYHY MOBEAIHKY KOJIOH 13 HIJIbHOTO CKJIOIUIACTUKY. Pe3ynbraTtu
I[BOTO EKCIEPUMEHTY TOKa3yloTh, L0 31 30UIBIIEHHAM CTYINEHS OChOBOTO CTHUCHEHHS
rpaHWYHa Hecyya 3JaTHICTh 3aJi300€TOHHUX KOJIOH 31 CKJIOIUIACTUKY 30UIbLIYETHCS, a
nedopmalrisi Ta CyKyIHa 31aTHICTh PO3CIFOBaHHS €HEpTii 3MeHIIyoThes [3-15].
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3 LB TA 3AJAYI JOCJAUIKEHHS

[IpenmeroM MaTeMaTUYHOTO aHAJI3y TUHAMIYHOTO BIUIMBY € Taki AWHAMIYHI MOJEI, 110
B1I0OpaKaIOTh Pi3HI TUIIM HAaBAaHTaXEHb, a CaMe KOJIMBAHHS BiJ Ail Pi3HUX CHJI, 110 HAJIAlOTh
CHCTEeMi OJIHY YM JBi cTyrieHi cBo0o11[16].

A
Ay LR HJ a B A
! a1, 0.5 1
004
i
003 4
O (@]
—w L 2
-~ Z
002
v2
AL .,
0.01 4
v2
< (&5} o o
z //4///&4 2 4 6 E 10 p
@) &)

Puc. 1. Cxema HaBaHTa)XeHb Ta Ipadik 4acTOT KOJMBAHb

4 PE3YJIbTATHU JOCJI’)KEHb

PosrnsHemMo pyx mNOpyXKHOT MEXaHIYHOI CHCTEMH 3 OJIHIEIO CTYNEHIO CBOOOIU MpHU
3eMJIETPYCI.
Omnopu O1 1 Oz pyxarThes 13 33JaHUM IPUCKOPEHHSIM

a(t) =Ue ™ sin pt . 1)

Ile mpuBOAUTH 10 MOSABU CUIM iHepuii J = — mua, sSKa Ji€ Ha TOYKY M1 1 IPUBOIUTD Y
pyx MexaHiyHy cuctemy (puc.l). Pyx Touku M1 Bu3Hauemo 3a Gpopmyoro

J A‘Lfl q;

I e E? a(l)

of e

Puc. 2. JluramidyHa MOJIENb

U
k[e? +(p—k)*1[e* +(p+k)’]
—e™"[2¢ekp cos pt+k (¢2 — p? +k?)sin pt]}.

q(t) = {2¢kp coskt— p(e” + p> —k?)sin kt— @)

[Ticns migcranoBku 3Ha4YeHb U, P, K i € oJepikyeMo 3aKOH pyXy TOYKH M1
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q(t) =0.0006015coskt+0.017sin kt—e * (0.0006015 cos pt +0.021sin pt). 3)

JIis Ipy>KHOT MEXaHIYHOI CHCTEMH TaK0X MOJKJIMBO CKJIACTH PIBHSIHHS BIIBHOTO PYXY
MIPY HACTYIHUX 3HAYCHHSX TTOYATKOBUX MEPEMIIIEHb 1 IIBUIKOCTEH:

MOYATKOBI NIEPEMIIICHHST TOYOK M1 1 M>:

01,0 = 0,1 a, 92,0 = 0,01

IOYATKOBI IIBUAKOCTI TOYOK:

V10=0,1m/c, V20=0.

3HaiiieMo 3Ha4eHHS TOJOBHUX KOOPAWHAT 1 IXHIX moxigHux mpu t = 0:

Nyo = Mo AP +m,a, oA =0,1088,

Moo = mlql,OAl(Z) + szz,oAéz) =-0,0257,

Cao = MVioAD +myV, oAl =0,0973, ()
Co0 = m1V1,oA1(2) + szz,oAéz) =0,0230.

Po3B’s130k cuctemu audepeHuianbHUX PIBHSIHD BUIBHOI'O PyXy CHUCTEMH INPEJICTABUMO B
HACTYITHOMY BUJIi:

m(t) = Yysin(ket +v4), (5)

Nz (t) = ¥y sin(kyt +7v5).

3navenns Y1, W2, y1 1 y2 BU3HAUUMO 3 hopMys

2 2
¥, = +% =01092, W, = /ngo +€|f—é° =0,0257,
1 2

kml,o Koo

= 1,487, y2 = arctg — =-1,514. (6)

1,0 2,0

1 = arctg

5 OBI'OBOPEHHS PE3VYJIBTATIB JOCJ/IIIKEHHSA

k1o 3HEBAXHUTHU Oyke ManuMu (y TOPIBHSHHI 3 1HIIMMHU) AOJAaHKAaMHU, TO PIBHSHHS
PYXY CIIPOITY€ETHCS:

q(t) =0.017sin kt—0.021e ™ sin pt (7
1 rpadik oro Moxe OyTH JIeTKO OOy 10BaHui (puc.4).

g

=P
TR T

-0.03

=]

Puc. 4. I'padik BinbHOTO pyXy
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6 BHUCHOBKH

[Tpu cTBOpEeHHI TUHAMIYHOI MOJENI Ta 3 ypaxyBaHHAM JHHAMIYHOTO BIUIMBY MOXJINBO
CTBOPUTH MAaTEMaTHYHUH ONUC JWHAMIYHOTO HABAaHTA)XEHHS Ta BpaxyBaTH L I
3anmo0iraHHsg TOPYIICHHS  eKCIUTyaTallifHUX BHUMOT YW pyHHYBaHHS  OyIiBeIbHHUX
KOHCTPYKIIiH Ta CIIOpY 1.
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