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CroxacTH4Hi apaMeTpU4Hi KOJIMBAHHS NPY>KHUX CUCTEM BiHOCATBCS 10 PO3/UTY CTATUCTHYHOI IMHAMIKH HENiHIHHUX CHCTEM.
Bij aii cTOXacTHYHOrO MapaMeTPUYHOrO HABAHTAXXCHHS KOJHBAHHS HPYXKHUX CHCTEM, SIKi € BUIIaJAKOBUM IIPOLIECOM, HaifdacTilie
HE CTaOWIi3yI0ThCS, a PO3BUBAIOTHCS LLIAXOM 3racaHHs a0 HEOOMEXEHOro 3pOcTaHHA 1X aMIuliTy[. ToMy BaXJMBUM € NMUTaHHS
CTIHKOCTI CTOXaCTMYHUX MapaMETPUYHUX KOJIMBAHb, K€ MOXKE PO3IIAAATHCA K CTIHKICTh 3a IMOBIPHICTIO, Y CepeaHboMy abo
BIZJHOCHO MOMEHTHHUX (DYHKIiH pi3HUX nopsaKiB. POpMyBaHHS MaTEMATHYHUX MOJIENIECH, 1110 ONMCYIOTh CTOXAaCTHYHI MapaMeTpuyHi
KOJIMBaHHS TPYKHUX CUCTEM, 0a3yeThbCsl K Ha aHAITUYHUX, TaK YMCENBHUX Miaxonax. JlOCHifKEeHHS CTOXAaCTUYHOI CTIHKOCTI
MapaMeTPUYHUX KOJMBaHb MPYXHUX CUCTEM BHUKOHYIOTbCS IMOBIPHICHMMHM MeTOoJaMH. HenocTtaTHbO JOCIIPKEHOI € CTiHKiCTh
NapaMeTPHUYHUX KOJIMBAaHb Cy4yacHUX Oy/iBeIbHUX KOHCTPYKLIH, Ha SKi AIFOTh €KCIUTyaTalliiiHi BUNAKOBI HABAHTKEHHS.

B crarri HaBeJeHO uMCENBHMI MiIXiA O JOCHI/PKEHHS JMHAMIYHOI CTIMKOCTI NPY>KHHMX CHCTEM HpPH CTOXaCTHYHOMY
[apaMeTpPUYHOMY BIUIMBI. MareMaTH4HA MOJEIb CTOXaCTMYHUX MapaMETPUYHHX KOJIMBAHb KOHCTPYKLIl OymyeTbcst y BHIUISAL
PEaYKOBaHOI CKiHYEHHOEGJIEMEHTHOI MOJIENi, MAaTpHlli SKOI OTPUMAHO i3 3aCTOCYBAHHSAM IIPOLEAYP IPOrpaMHOrO KOMILIEKCY
NASTRAN. JluHamiuHe HABAaHTa)KCHHS IPEJCTABIAETbCSA CTAlliOHAPDHUM EProAMYHUM BHIIAJIKOBUM IIPOLECOM 3 3aaHOI0
CINEKTPAJIBHOIO ILIUIBHICTIO y BHUIVIIAI CKIHYEHHOI CyMH TapMOHiYHMX ¢yHKUiid. CToXacTWYHa CTIMKICT KOHCTPYKIIH
JIOCITJDKYETBCS 3a JOMOMOroro Meroxy MonTe-Kapiio i3 3acTocyBaHHSAM NPSMOI0 YMCEIBHOTO IHTEIPYBAaHHS PIBHAHB PEAYKOBAHOT
Mmozeni MerogoM Pynre-Kyrtu uerBeproro nopsjky. CroxactuyHa CTiHKICTh PO3IIISIAEThCA SIK CTIMKICTh 3a IMOBIPHICTIO MOSIBU
TEHJICHLIT /10 3aTyXaHHs 200 HEOOMEKEHOro 3pOCTaHHS aMIUTITYIM KOJIMBaHb KOHCTPYKIIIT Ha 3aJ]aHOMY TIPOMDXKKY Yacy B IIPOCTOPI
AMIUTITY/IHAX 1 YACTOTHMX BHMIIAJKOBUX MapaMeTpiB HaBaHTaXXEHHS. YMcenbHAa METO/MKA 3aCTOCOBAaHA 10 JOCIHIUKEHHS CTIHKOCTI
apaMeTPHYHIX KOJIHBaHb JBOTABPOBOi ro(pOBaHOI OAJIKH TIPH By3bKOIOIOCHOMY BHITaKOBOMY BILIHBI.

KarouoBi cioBa: BumajgkoBe NapaMeTpU4yHE HABAaHTAKEGHHs, CTOXAaCTH4YHA Crilikicth, Merox Monre-Kapno, merox
CKIHYEHHHX eJIeMEeHTiB, MeTo]1 PyHre-KyTTu, npyxHi cucremu, 1BoTaBpoBa 0ajka 3 ro)poBaHOIO CTIHKOIO.

Beryn. CroxacTuyHi mnapamMeTpu4Hi KOJIMBaHHA NPYKHHUX CHCTEM BIJHOCATBCS JIO PO3JITY
CTaTUCTUYHOI JUHAMIKM HENIHIMHUX cucTeM. 3HayHMEl BHECOK B If0 001acTh 3poOmiu
Annponos 0.0., boromo6oB M.M., bomnorin B.B., Burra O.A., Tixman L.I., dumenroepr M.®.,
Kusiukin B.1., Kpuno M.M., TTontpsrin JI.C., Ckopoxon A.B., CtparonoBuu P.JI., Xacmincekuii P.3.,
Aniartnam S.T., Kushner H.J, Schmidt G., Schulz R., Serawa K., Unita I. Ta inmi [1-6].

[TobynoBa MaTeMaTMYHUX MOAENEH, IO OMHUCYIOTh CTOXAaCTHYHI NapaMeTPU4Hi KOJIHMBaHHA
MPY)KHUX CHCTEM, 0a3yeThCs K Ha aHAIITHYHMX, TAK YHCENBbHUX Miaxonax [2, 6]. Bigomo, o Bix aii
CTOXaCTMYHOTO IIapaMETPUYHOI'0 HABAaHTAXEHHS KOJIMBAHHA MPYKHHX CHUCTEM € BHIIQAKOBUM
MpoLIeCOM, SIKI HalyacTilie He CTaOUIi3ylOThCS, a pO3BUBAIOTBCS ILISXOM 3racaHHs abo
HEOOMEKXEHOr0 3pOCTaHHA IX aMIuTiTy. TOMY BaXKIIMBUM € CTIMKICTh CTOXaCTUYHHUX ITapaMeTPHUYHUX
KOJIBaHb IPY)XHUX CUCTEM, sIKa MOXE PO3IIISAIATUCS SIK CTIHKICTh 32 IMOBIPHICTIO, Y CEpelHbOMY a0
BiJTHOCHO MOMEHTHHUX (DYHKILIH Pi3HUX MOPSJIKIB 1 JOCHIPKYyBaTUCS iMOBIpHICHUMH MeTonamu [2]. Ha
TENepillHid Yac HEeJO0CTaTHLO BHpIlleHa MpoOiieMa CTIMKOCTI MapaMeTpUYHHUX KOJIMBAaHb ICHYIOYHX
OyniBeNbHUX KOHCTPYKIIIH, Ha SIKI JIIOTh eKCIUTyaTaliliHi BUMAKOBI HABAHTA)KECHHSI.

B crarTi npezcraBieHa yrcebHa METOAMKA JIOCHIDKEHHS JJTUHAMIYHOI CTIHKOCTI TPY)KHOI CUCTEMH
NPU CTOXaCTUYHOMY IapaMeTpU4YHOMY BIUIMBI MeTomoM Monte-Kapio [3, 5] i3 3acrocyBaHHsIM
MpOLIEAYp TPOrPaMHOI0 KOMIUIEKCY cKiHueHHoenemeHTHoro ananizy NASTRAN [4, 7] 1 merony
Pynre-Kyrtu werBeproro mnopsky. HaBeaeHo pe3ynbraTH IIOCHIPKEHHS JUHAMIYHOI CTIHKOCTI
JIBOTaBPOBOi ropOBaHOI OANKK HPH i1 By3bKOCMYTOBOTO ApaMETPUYHOTO HABAHTAXKEHHSI.

1. UYmnceqbHa MeTOAUKA JOCJIIKEHHS [MHAMiYHOI CTidKOCTI KOHCTpPyKuili mnpu
CTOXACTUYHOMY MapaMeTPHYHOMY BIUIMBI. UucenpHa METOAMKA MAOCHIIKEHHA IUHAMIYHOI
CTIMKOCTI KOHCTPYKIIH TMpPH CTOXaCTUYHOMY MapaMETPUYHOMY BIUIMBI MICTUTh: TOOYIOBY
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MaTeMaTH4HOI MOJETl CTOXaCTHYHMX HapaMEeTPUYHHMX KOJIHMBaHb IPYKHOI CHCTEMH; MOACIIOBAHHA
BUIIAJIKOBOTO TapaMETPUYHOTO HABAHTAXKEHHS; pO3B’S3aHHS 3a/aui CTOXACTUYHOI CTIHKOCTI
NapaMeTpUYHUX KOJMBAaHb KOHCTPYKIIT 32 IMOBIpHICTIO; MOOYHOBY IpaHUIb OONacTed AWHAMi4HOT
CTIMKOCTI KOHCTPYKIII.

MaremaTHyHa MOZENb CTOXaCTHMYHHX IApaMETPUYHUX KOJIMBAaHb NPYXKHOI CHCTeMU OYIyeThCS Y
BUIJISJ PEAYKOBAHOI CKIHYEHHOGIEMEHTHOT MOJIEN MapaMeTpUYHUX KOJIIMBaHb MPYXHUX CHCTEM 3TiTHO
YHCENBHOTO IiAXO0Jy, HaBejeHoro B crarti [4]. Matpui Momeni (opMylOThCsS i3 3aCTOCYBaHHSIM
obuucroBaIbHUX npoueayp nporpamuoro komiuiekcy NASTRAN [7]. PenykoBaHa Mogienb, sika OMKCYe
JIMHAMIYHY CTIMKICTh KOHCTpPYKLII, HaOyBa€ BHJy CTOXaCTUYHOrO aHayiora piBHsHb MaTbe-Xisa.
JluHaMivuHe HaBaHTa)KEHHSI MOJISIIFOETHCS SIK CTAI[IOHAPHUNA eProAWYHUN BUMAIKOBUI MPOIEC 3 3aIaHOI0
CIHEKTPAJIbHOIO [IUIBHICTIO y BUIJISAI CKIHUYEHHOI CyMH rapMmoHiuHMX (yHKIiin. OcobnuBicTh
TeHepyBaHHs peaji3alliii BHIIAJKOBOro Tporecy po3risHyra B crarti [3]. CroxacTuuHa CTIHKICTh
KOHCTPYKLIH JIOCHI/PKYETbCSL 3a JOMoMororo Merony Monre-Kapino i3 3acToCyBaHHSIM IPSMOro
YHCENBHOI0 1HTErpyBaHHs PIBHSAHb peayKoBaHOI Mozeni meronoM Pynre-KyrTtu uerBeproro mopsaky.
CroxacTnyuHa CTIHKICTh PO3IJISIAETHCS SIK CTIMKICTD 32 IMOBIPHICTIO MOSIBH TEHJCHIIIT J0 3aTyXaHHs abo
HEOOMEKEHOr0 3pOCTaHHs aMILTITYIH KOJIMBaHb KOHCTPYKIT Ha 3aJlaHOMY MIPOMIXKKY 4acy B MPOCTOPi
aMILTITY/IHUX 1 YACTOTHUX BHITAJIKOBUX MTAPAMETPIB HABAHTAKEHHSI.

2. ITodynoBa peaykoBaHOI CKiHYEHHOEJIEMEHTHOI MoOJeJi CTOXAaCTHYHHMX NapaMeTPHYHUX
KOJIMBAHB ABOTABPOBOI 0aJIKH 3 roppoBaHoro cTiHKkoI0. Po3riaaanacs 3BapHa cTajibHa JIBOTaBPOBa
0aJika, 110 CKJIaJanack 3 JABOX IOsICIB, TOPOBAHOI CTIHKM Ta rpaHUYHUX pebep sxopcrkocti. CTiHka Ta
TIOJIKK OaJIKM MOJEIIOBAIIMCH IUIACTUHYATHMHU CKIHYEHHHMH €JIeMEHTaMHU, TPAaHUYHI pedpa KOPCTKOCTI
— Oanounumu (puc. 1, a). [lonepeunuii nepepiz Gajiku Ta reoMeTpUuHI NapaMmeTpu rodpa HaBeHi Ha
puc. 1,6. Mogenp wmictuna 7227 By3niB Ta 8020 CkiHYEHHHX eJNEMEHTIB. Martepiajd 3amaHo 3
MEXaHIYHIMH XapaKTePHCTHKAMH: MOAYIh TpyxkHocTi — 2,06-10'" TTa, Momyns 3cyBy — 0,79-10'" ITa,
xoedirient monepeunoi gepopmarii — 0,3 i rycruna — 7800 kr/m’. Ha kinmsx Gankn Gymu obMexeri
JIHIMHI IepeMIIleHHs Ta TOBOPOT HABKOJIO MO3/I0BXKHBOI OCI CTIHKK. B3/10BK CeperHHOT JIiHIT CTIHKH
0aJKy MPUKIAJCHO PIBHOMIPHO PO3IOIiJIEHE JMHAMIYHE HABAHTAXEHHS ¢(?), sike 30ypHIiIo 3ruHabHI
KOJIMBAaHHS Y IUIOIIMHI CTiHKM OaJKy, 1 BOAHOYAC, IO BiJHOUICHHIO 10 aedopmariii 6anku i3 wmiel
TUIOLIMHU OYJIO MapaMeTpUIHUM (TUIOCKUHA 3THH).
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Puc. 1. CkiHueHHOeIeMeHTHA MOJIelb Oalku (a), monepeuHui nepepis OaJky i mapamerpu cuHycoiganbHoro rogpa (6)

MaTtemaTrn4Ha MOZEIb AUCKPETHOI MO HapaMETPUYHUX KOIMBAaHb Maja BUJ
(1) + Cii (t) + [ K+Gq (1) ii(t) = 0, (1)
ne u(t) — BekTop y3araibHeHuWX koopauHaT, C, K, G — pemykoBaHi MaTpHuIli BiAIIOBiZHO
JieMItipyBaHHsl, )KOPCTKOCTI Ta TEOMETPUYHOI HKOPCTKOCTI, ¢(¢) — BHUIIAJIKOBE HABAHTA)KECHHSI.

PenykyBanns muckperHoi mopzeni (1) BumOyBanocs HUISIXOM PpO3KIAJAHHS BEKTOPAa BY3JIOBUX
nepeMillieHb 110 MEepILIMX JIBOX YacToTax i (popMmax BIACHHX KOJNWBaHb, sSIKI OTPUMaHI 3a JOIOMOTOI0
Metoxy Jlaumoma (puc. 2).

Kpurnune 3Ha4yeHHs CTaTUYHOrO HaBaHTaKeHHs ¢ = 365,510 kH/M oTpumano wmeroxom

Hororona-Padcona.
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@, = 888,566 pan/c w, =1046,958pan/c

Puc. 2. ITepuri GpopMu 3ruHaNBHUX i KPYTHIBHUX KOJIMBaHb OaJIku

Cucrema piBHsiHb (1) 3BeJach 10 CTOXaCTHYHOTO aHAJIOTy piBHAHL MaTbe-Xisuia
2
Ji(0+26075,(0+ 0} y,(0+4(O X 8,7, () =0, i.j=1.2 )
=

ne g, =8»n=0, g,=-16925, g, =-1,6298 — xoediuieHTn penykoBaHOi MaTpuIli

TEOMETPHYHOI XKOPCTKOCTI, &; = & = 0,02 — MozanbHuii MapaMeTp 3aTyXaHHs.

JluHamiyHe HaBAaHTAXXCHHS MOJIEIIOBAIIOCh SIK CTAlliOHAPHUH EproAWYHUIl BY3bKOCMYTOBHIA
BUIIaJIKOBUI NpOLIEC

q(1) = 4o5(0), 3)
ne {(¢) — Bunaakosa QYHKIisl 3 OXHOOIYHOIO CIEKTPAIBHOIO IILIBHICTIO
Gy(w)=1. [a(wz +6%)/((@? -6y +(20¢a))2):|, @)

JIe o — TapaMeTp Kopemsiuii, @ — yacToTa BIAacHHMX KOJMBaHb Oajkd, € — XapakTepHa 4acToTa
HABAHTAXKCHHS;
1 HIMPUHOIO CHIEKTpa

oy =20/ (0, + @,)=107°. (5)

3. JocaigxeHHs TMHAMI4YHOI cTilikocTi 1BOTaBpPOBOI rodpoBaHol 0aJKH NPU CTOXaCTHYHOMY

NapaMeTpUYHOMY HaBaHTa)keHHi. CTOXacTWYHA CTIMKICTh NapaMeTPUYHUX KOJIUBAaHb Oanku

JIOCIIDKEHA MDY PI3HUX aMIUITY/HUX ¢( 1 YaCTOTHUX € MapaMeTpax BUIIAIKOBOTO HABAHTAKEHHS.
I'panutii o6sacTi CTIHKOCTI MapaMeTPUYHUX KOJIMBAHb OAJIKH MOOYI0BaHI B KOOPMHATAX

n=0/(w+,), H=q,/q . (6)

IIpoBeneno cepito 3 20 BUNPOOYBaHb AJISl KOXKHOI TOUYKHM KOOPAMHATHOI CITKU 1) 1. B KoxHOMY 3

BUNPOOYBaHb OTPUMAHO peatisauii nepemimens Oanku y, () (i, j:1,2) NPSIMUM ~ YHCETTbHUM

IHTErpyBaHHSM PiBHSIHb peaykoBaHoi Mozeni (2) merogom Pynre-KyrTu uerBeproro nopsjaky.
Ha puc. 3 cyuinbHUMHU JlaMaHUMHM JIIHISIMHA TI0Ka3aHi TPaHHII 00JAcTi CTOXAaCTHYHOI CTIMKOCTI
NnapamMeTpUYHUX  KOJMBaHb  OajJKu 31  CTAaTUCTUYHOK  4YacTOTOIO  BTpPAaTH  CTIHKOCTI

[0; 0,25;0,5;0,75; 1} . Brparoto crilikocTi BBaXkanach 1osiBa TEHJEHIIT JJ0 HEOOMEKEHOro 3pOCTaHHS

aMIUTITYIM KOJIMBaHb Oayiku. bimMMu MapkepaMu Mo3HaueHi TOYKH, 1[0 BiAMOBIJAIOTH JIUIIE CTIHKHUM
pearnizauisM mepeMilieHb 31 CTATUCTUYHOIO YacTOTOI BTpaTH CTiMkocTi 0, YOpHUMH — JIMIIE
HECTIMKMM peaizalisiM nepeMilieHb 31 CTATUCTHYHOI YacTOTOO 1.

UYucesnbHI pe3ylbTaTd JAOCTIDKEHHS TOPIBHSIHO 3 aHAJIITUYHMMHU I0J0 BU3HAYEHHS TPAHUII
KOMOIHAILIITHOIO TapaMeTPUYHOr0 PE30HAHCY CYMapHOrO THITy MNPYXHOI CHUCTEMH MJIsl BHIAIKY

JIETEPMiHOBAHOTO TAPMOHIYHOTO HaBaHTaXeHHs ¢(t) = g cos(0¢) [1]. Ha puc. 3 mrpuxoBoto niHiero

[O3HAYCHA TPAHUILI BTPATH CTIMKOCTI MAapaMETPUYHMX KOJNMBAHb OajKd OPH TaPMOHIYHOMY
HaBaHTaXXEHHI, K4 OTPUMaHa aHAJIITHYHO.
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Puc. 3. I'panuii odnacreil cToXacTUYHOT CTIHKOCTI apaMeTPUYHUX KOJIMBAHb JABOTaBPOBOi rodpoBaHoi Oanku

BucnoBok. [lpencraBieHa uducesgbHa METOIUKA € €PEKTUBHOIO 100 MOOYJOBH MaTeMaTH4HOI
MOZEIIi CTOXaCTUYHHX NapaMeTPUYHUX KOJIMBAHb MPYXKHUX CHCTEM 33 PaXyHOK 3aCTOCYBaHHS METOLY
CKIHUEHHUX €JIEMEHTIB 1 UIBHJKICHUX OOYHMCIIOBAaJbHUX MPOLEAYp Cy4acHOrO MPOrPaMHOrO
komiuiekcy NASTRAN. Meronu Monre-Kapino Ta Pynre-KyrTi 103BONSIOTH TOCTIIUTH TOBEAIHKY
KOHCTPYKLIH NpPU CTOXaCTUYHOMY IIapaMETPUYHOMY BIUIMBI, OI[HUTH JMHAMIYHY CTIHKICTh Ta
noOyyBaTH rpaHMIll 00IaCTi CTOXaCTUYHOI CTIHKOCTI.
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Poshyvach D.V., Lukianchenko O.O.
RESEARCH OF STOCHASTIC STABILITY OF CONSTRUCTIONS PARAMETRIC VIBRATIONS BY THE
MONTE CARLO METHOD

The stochastic parametric vibrations of the elastic systems behave to the statistical dynamics section of the nonlinear
systems. Under stochastic parametric influence the vibrations of the elastic systems, which is a random process more frequent
are not stabilized, but their amplitudes are fading or unlimited are growing. Therefore important is stability of stochastic
vibrations, which can be examined as stability by probability, on average or by the moment functions of different orders. The
mathematical models which describe the stochastic parametric vibrations of the elastic systems are building by analytical or
numeral approaches. Researches of stochastic stability of parametric vibrations are executing by probabilistic methods. Stability
of parametric vibrations of modern constructions under the action of operating random loads are not enough investigated.

In the article the numeral method of research of dynamic stability of the elastic systems under stochastic parametric influence
was presented. The mathematical model of stochastic parametric vibrations of construction in the form of a reduced finite
element model was formed. Matrixes of the reduced model were obtained using calculated procedures of finite element analysis
software NASTRAN. The dynamic loading as stationary ergodic random process with the spectral density was presented in the
form of a finite amount of harmonic functions. Stochastic stability of the constructions was investigated using the Monte Carlo
method and the Runge Kutta method of direct numeral integration of the equations of reduced model. Stochastic stability as
stability by probability of appearance of tendency to fading or unlimited growth of amplitude of parametric vibrations was
examined during the time interval in space of the random parameters of loading. Dynamic stability of a I-beam with corrugated
wall under narrow-band parametric influence was investigated using the numeral method.

Keywords: random parametric loading, stochastic stability, Monte Carlo method, finite element method, Runge-Kutta
method, elastic systems, I-beam with corrugated wall.
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Tlowusau /I.B., Jlyk’anuenko O.O. JlocailmKeHHSI CTOXACTHYHOI CTiHKOCTI NMapaMeTPUYHUX KOJIMBAHb KOHCTPYKIii
meTo1oM MonTe-Kapuio // Onip maTepiainis i Teopist ciopy/: Hayk.-teX. 30ipH. — K.: KHYBA, 2024. — Bun. 112. - C. 327-331.
Ilpedcmasnena uucenbHa Memoouka OOCHONCEHHS OUHAMINHOI CMIUKOCMI NPYICHUX —CcUucmem Npu  CMOXACMUYHOMY
napamempuunomy — enaugi  memooom Monme-Kapno i3 3acmocysanmam npoyeoyp  NpoePAMHO20  KOMNIEKCY
ckinyennoenemenmuozo ananizsy NASTRAN i memoody Pynee-Kymmu uemeepmozo nopaoky. /locnioxcena OuHamivna cmiikicms
060masposoi b6anku 3 20hpo6AHOI0 CMIHKOIO NPU 8Y3bKOCMY2080MY NAPAMEMPULHOMY 6NIUBL.

Tab6u. 0. In. 3. bibaiorp. 7 Ha3B.
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Poshyvach D.V., Lukianchenko O.O. Research of stochastic stability of constructions parametric vibrations by the Monte-
Carlo method // Opir materialiv i teoriia sporud: nauk.-tekh. zbirn., K.: KNUBA, 2024. — Issue. 112. — P. 327-331.

The numeral method of research of dynamic stability of the elastic systems under stochastic parametric influence by the Monte
Carlo method was presented. Calculated procedures of finite element analysis software NASTRAN and the Runge-Kutta method
of fourth order were applied. Dynamic stability of a I-beam with corrugated wall under narrow-band parametric influence was
investigated.

Tab. 0. Fig. 3. Ref. 7.
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