q)I/IBI/IKA KOJIJEFAHUU

PHYSICS OF OSCILLATIONS

VK 531:621-752:681

HEAMHEWHAS 3AAAYA YCTOMYMBOCTU
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BBenenne. PaccmarpuBaeTcs 3a/1a4a yCTOMIMBOCTH HETMHEHHBIX KOJICOAHMH TIIACTUHBI C AMHAMHYECKUAM TaCUTEIIEM
1 YIPYTOAUCCUIIATUBHBIMU XapaKTEPUCTUKAMU IMCTEPE3UCHOTO TUIIA IIPU CIIy4YaiHbIX BO3AEHCTBUIX.

OO0BbeKTHI H METONMKA HCCJENOBAHHs. PaccesiHue PHEPrUM B MaTepHasax IUIACTHHBI M YIPYroaeMII(UpPYOIIEro
AIIEMEHTA JMHAMHYCCKOTO TaCUTENsI KOJICOAHUI YUUTHIBACTCS B BUJIC MICTIIM TUCTEpe3unca o runotese [Tucapenko — boru-
HUYa. YCTOHYMBOCTH BHOPO3AIIHMIIAEMOI CUCTEMBI U3yUYCHA 110 METOAUKE, MIPEUIOKCHHOW STIOHCKAM HCCIICIOBATEIIeM
Hro, ¢ mnoMOI1IbIO METO/IA CTATUCTUYECKOM JINHEAPU3ALUH.

Pe3yabTaThl 1 MX 00cyxaenue. [lomydeHs! ycaoBHsS YCTOMYUBOCTH BUOPO3AMIUIIAEMOH TUTACTHHEI, KOTOPBIE TAI0T
BO3MOXHOCTbH Ol'Ipe)IeJ'II/ITI) O6.]'IaCTI/I nu FpaHI/II_IBI yCTOI\/'I‘{I/IBOCTI/I HpI/I pa3H1>1x 3HAYCHUAX l'[apaMeTPOB IIJIACTUHBI U AUHA-
MUYECKOTO TaCUTEJs, & TAKXKE MPHU PA3IUIHBIX CITyUYalHBIX BO3ICUCTBUSAX.

3akawuenue. [Ipu cirydaliHOM BO3ISHCTBUU B BUE OCIIOro IIyMa KojicOaHUsl BUOPO3AIHUIIACMOH TIACTUHBI OYIyT
ACHMIITOTHYECKH YCTOHYMBBIMHA, 2 YCIOBUS YCTOMYMBOCTH HE 3aBHCAT OT CHCKTPAIBHON IUIOTHOCTH YCKOPEHHUS OCHO-
BaHUs.

Knioueswte cnoga: BuOpo3aiyiaemas IIaCTUHA; JMHAMUYECKUI racuTellb KojleOaHut; yIpyroAUCCUIaTUBHBIE Xa-

PAKTCPUCTHUKU TUCTECPE3UCHOI'O THUIIA,; YCIIOBUA yCTOﬁ‘IHBOCTH; Cﬂy‘{aﬁHLIe BO3,H€I7[CTBI/I${.
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Introduction. The problem of stability of nonlinear vibrations of a plate with a dynamic dumper and elastic-dissipa-
tive characteristics of the hysteresis type under random influences it considered.

Object and methods of research. The energy scattering in materials of the plate and the elastic — dumping element
of the dynamic vibration dumper is taken into account in the form of a hysteresis loop according to the Pisarenco — Bogi-
nich. The stability of the vibration protected system, proposed Japanese counterpart Ito, method is studied using the static
linearization method.

Results and discussion. The stability conditions of the vibration-resistant plate and obtained, which make it possible
to determine the region and boundaries of stability at different values of the parameters of the plate and the dynamic
dumper at different random influences.

Conclusion. It is shown that under random action in the form of white noise vibrations of the vibration — protected
plate will be asymptotically stable, and the stability conditions do not depend on the spectral density of the acceleration
of the base.

Keywords: vibration-resistant plate; a dynamic dumper of vibrations; elastic-dissipative characteristics of the hyste-
resis; stability conditions; random influences.

BBenenue

PazBuTHe COBpeMEHHON TEXHUKH, POCT CKOPOCTH M MOIIHOCTH JIBUTATENIbHBIX YCTAHOBOK, MAIIIUH U arpe-
raToB, pa3HOOOpa3ue XapakTepUCTUK KoM(OPTaOeIbHOCTH TPAHCIIOPTHBIX CPEACTB, TPEOOBAHMS K yCTOHYH-
BOCTH W MaHEBPCHHOCTH JIETATENBHBIX alMaparoB 00yCIOBIMBAIOT MOTPEOHOCTh JallbHEUIIEro COBEpIICH-
CTBOBAHMS M paCIIUPEHHsI o0acTel mpuMeHeHus 9PPEKTUBHBIX CIIOCOOOB M CPE/ICTB MACCHBHOW M aKTHBHOM
BUOPO3aIIUTHI.

Bce BolmeckazanHoe TpeOyeT co3laHHsd KOMOMHHPOBAHHBIX CPEACTB BHOPO3AIIUTHI, OTPAOOTKH HOBBIX
KOHCTPYKTUBHBIX (POpM ArHAMHYECKHX racuteneit konebanunit (JI'K), a Taxke Gonee neranbHOro uccienosa-
HUS BHYTPEHHEH TMHAMUKU M yCTOWYMBOCTH HETMHEHHBIX BUOPO3AIIUTHBIX CHCTEM.

st onpenenenust 3G HEKTHBHOCTH rallieHust KoJieOaHU MEXaHUIECKUX CHCTEM aKTyallbHBIM SIBIISIETCS pe-
LIEHUE 33]]a4l YCTOMYMBOCTH.

O0beKTBI " METOAUKA UCCJICA0OBAHUSA

HccnenyeM ycTOWYMBOCTh HEMMHEHHBIX KoJieOaHU BUOPO3aIIMIIaeMOM TUIACTHHBI TIPU CITyYaiHbIX BO3-
neiicTBusiX. B kauecTBe 00bEKTOB MCCIeJOBaHHN paccMOTpUM IutacTuHbl U JITK.

Paccestnue sHepruu B Marepualie IIacTUHbI U ynpyrofgeMmndupyromiem snemente JII'K yaurtsiBaercst mo ru-
norese [Tucapenko — borunnua [1]. duddepenumansupie ypaBHeHus konebanuii mactuasl ¢ J{I'K u ynpyro-
JVCCUTIaTUBHBIMU XapaKTEPUCTUKAMHU THCTEPE3UCHOTO TUIIA MTPH CIy4YaiHbIX BO3AEUCTBUSAX UMEIOT BUJ [2]

. .. 2 ..
Xy T (61 + ]€2SIgnm) PiXiy — (63 + J€4SIgnw)d3ikuik0x2 = —d, W,

e (ot st o n
UgoXy T Xy T (& T JESIZNW 17X, = =W,
Te x, — MepeMelIenne TOIKH ik TIacTHHEL j° = —1; ® — 9acToTa KojieGaHwuii; p, — 4acToTa COOCTBEHHBIX
- . dlik c
KoneGaHuii TOYKHM ik IIacTUHBI 6€3 paccesHus SHepruu; d, = d—; dyy = hd p — IUIOTHOCTh Marepuasa
2ik p 2ik

2
IUIACTUHBIL, /1 — TOJIIMHA IUIACTUHBL, d,,;, = ” u,dxdy, d,, = ”uikdxdy, u, = u, (x, y) — cobcTBeHHBIE HOPMBI
N s
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KoJIeOaHui TOYKH 7k TUIACTUHBIL; U, ulk(xo, yO) — 3Ha4Y€HMs1 COOCTBEHHBIX (OPM KosleOaHMI TOYKH ik TIac-

. / c
TUHBL; X, — nepeMenieHne JII'K OTHOCHUTENIBHO TOYKH, YCTaHOBIICHHOW HA IUIACTUHE; 71 = P coOcTBeH-

nas yactora AI'K, ¢ — koadduument xecrroctu ynpyroaemmnupyromero snemenra JI'K, m — macca AI'K;
W, = W,(t) — ycxoperne ocHOBaHNS;

6=1- (C0+T1)ﬂ1 ~(L+T)v; 6= (co+71)n2 +(L+T)vys
6=1-0,(D,+F); ¢,=0,(D,+F),

1 =Licll Xitka 2,] +3 J.J. zk[ 2( 11|0('11|il) + aay_zz(an'azzrl )dedy;

2zkphpzk i=1

6D(1 - u . i h" 0’ iy
- (—Z)Zk,-zxﬂia ) Jsj””k(axay (oc33 |otss | )dedy;

d,Phpy =

31€Ch

2D(1-p
- d21k phptk JJ * a a a33 )dxdy’

5
MNy» My Vs Vs 0, 0, — K03 drimenTs! muueapuszanuy; F = Z D x}, — nexpement konebanuit, D . (n"=0, ..., s)),
n'=1

¢ 4=0,...,r) u k, (i,=0,...,5,) — HCKOTOpbIC 4KCIa, ONPEJCIIEMbIC 110 BHIOPAHHBIM HA SKCICPUMCH-

TanbHOIt KpuBoii 0ty = f(X,) ToYKaM ¢ KOOPAMHATAMH f;, IIOy4EHHBIM IIPH IPOCTOM BH/IE LIKIMYECKOH Je-
u, uazuik A du, uazuik '
ox* R ' ox*’
0%u, ERW
Olyy = — AMIUTHTY/A TIEPEMEHHOR X, (7); W — Koaddurtuent ITyaccona; D = ————~
axay 12(1- )

pudecKast KECTKOCTh IUIACTHHEI, £ — Momyns FOHTa.
YCTOWYHBOCTE paccMaTpUBAcMON BUOPO3AIIUIIIAEMON TTACTHHBI TIPH CITYYIalHBIX MTPOIleccax MOXKHO HC-
CJIeIoBaTh UCTONB3YsI MeToauKy MTto [4—6]. st aToro pemenus muddepeHmaipHeix ypaBHeHMH (1) Oymem

HCKaTh B CJIEIYIOMIEM BUJIE:
Xt = O (t)ejmt +&; (t)e_jmt’

x,=0,(t)e™ + &,(t)e ™,

e 6, (1), &, (¢) n 0,(1), &,(¢) — amruIMTyAHbIE 3HAYEHNS IEPEMEHHBIX X, 1 X, COOTBETCTBEHHO.

(dopmanun mMarepuana [3], x,, — aMIUIUTy/la HEPEMEHHOMN X, (t); o, =

— AJIAHA-

)

Brruunciisist npon3BoHbIe U3 BhIpaxkeHUs (2) 1 nmoactasiss ux B (1), umeeM cucremy anddepeHnmraIbHbIX
YPaBHEHUH NEPBOro MOPsIIKa

. 1 ] . e
%= b, (0= pi (e + jer) b0 + (07 = P (e = s ) B ™ +
+ d3ikuik°b1(€3 + j64)62 + d3ikuik0bl(63 - j€4)§2e_2jmt - dikleoe_jw),
5= b (0= pi (e + je))b0ue™™ + (@ = pi (6 = jer)) b +

I
+ d3ikuik0bl(63 + j54)0262jcor + d3ikuik0bl(63 - j€4)&2 — dikblw(')ejmz),

)

. 1 _ . e
o= 2]_'0)((032_ b3(€3 + 164))62 + (0)2_ b3(€3 - ]54))&'26 2ot 4
* uikopizl‘ (61 tJe )Gik + uikopizk (61 - jez)éike_mt — b,Wye ™ ),
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1

ézz _2]_'0)((('02 - b3 (63 + Je, ))GZezjwt + (mz - b3(€3 - j64))§2 +

. 2 o 2jor 2 . jor
+ uikO(el T 6 )pikGike + Ui Pir (61 - ]Ez)éik —bWe )v

— 2 . _
tne by =n'dy + uy dyys by =1 —uody; by = n’+ ulk0d31k

Hcnonb3ys MeTO CTaTUCTUYECKOM TMHEeapu3aIlii Ha OCHOBE MeToAuKHU UTo, 13 (3) momydnM CIeayIONIyIo
CUCTEMY:

1
do, = o ((0) — D (61 + Jj&, ))G + d,,u, b, (63 + ]64)02)dl +
1 4
+ 4—w2;%zdww(’)

1 . .
dg, = _2]_'0)(((02 - P (61 —J& ))&ik + d3ikuik0(€3 - ]Q)&z )dt +

1 4
+—= D Vdw,(t
40)2 ; 21 ( )

“)
1
dc,=— ((0)2 - b3<63 + j€4))62 + Uy D (61 + jEZ)G”‘ )dt *

2jm
1 4
+ W/Z,'deww(t)
-1
1 2 . 2 .
dg, = __.(<03 - bs(es _164))§2 + uikopik(el _]62)§ik)dt+

2jo
1 4
— d
+ 10 ;Yu Ww(t)

4 4
rae w ( ) ompeneseT nporecc Buaepa u cyMMBI 27”, ZYZ,, 273, z BBIYUCIISTIOTCS IO CIICTYIOIICH

Marpuiie [5]: =1 =1 - -

0 d:s. 0 dbS
d:s, 0 dS 0

ll= dbs 0  BS

d,b,S, 0 h:S._ 0
CrexTpanbHas IIIOTHOCTH W, ecTb [5]
5. = 5,() 7 v, (o).
rae

Sy(m) = f R(1)cos0tdT;

W, (w)= _[ R(1)sinotdr,

31ech R(T) — KoppensmonHas GyHKIMS yCKOPEHHs OCHOBAHHSL: R(t)= <Wo(t) W, (z + T)>; <W(')(t) W, (¢ + ‘C)> -

MaTeMaTHYeCKOe OKUIaHNEe YCKOPEHHSI OCHOBAaHWS, T — BPEMS KOPPEIISIIHH.

YCTOHUNBOCTh CUCTEMBI, UMEIOIIEH YIPyTOANCCUTIATHBHBIE XaPaKTEePUCTHKH THCTEPE3UCHOTO THTIA, M3Y-
geHa B pabote [7] mo meTomuke MITO ¢ MOMOIIBI0 CTAaTUCTUIECKON JTHMHEapHu3aIuu. VIcoas3yst 3TOT METOI,
HalIeM MaTeMaTHIeCKUe OKUIAHUs ypaBHEHUH (4):
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d<czik> - 2]10) ((0) P (61 +J6 ))<0ik> + d3ikuik0(63 * j€4)<62 >)’
d<d§tik> 210 ((‘D p,k( —Jje ))<E.~,k> + dyy g (63 - j€4)<&2>)’ ©
d<a(r:2> B 2]103 (@ = by(es+ jey))(02) + wsopi (6 + je ) (o)),

d<§2> -1
dt 2jm

(0= e =) (&) + i 6 = Je)(E))

CrenoBarebHO, YCTOMUMBOCTh PAacCMaTPUBACMONW CHCTEMBlI HE 3aBHUCHUT OT CIEKTPATHHOW TUIOTHOCTH

YCKOpPEHUSI OCHOBAaHHUS — B OTJIMYME OT Cilydasl MapaMeTPUUECKUX CIIy4ailHbIX BO3JEHCTBUM, KOTJa TaKas 3a-
BHCHMOCTb UMEETCH.

Pe3yJII)TaTI)I U UX oﬁcymnenue

OrnpenenuM yCIOBHsI yCTORIHMBOCTH BUOPO3AIIUAIIIAEMON TUTACTHHBL. [IJIs1 7TOTO Hali/IeM PEIICHIE CUCTEMBI
mddepeHIaNBHBIX ypaBHEHUH (5), KOPHH XapaKTEPUCTHYCCKUX YPaBHEHHI KOTOPOH €CTh

1

A= 40 (2(’) ~ by, — Py — (ezpii +b3€4)j) +

N+ AT
40
X+ AT
40

2

(6)

Ay 4= 4%0)(_2032 +bye; + 6Py — (62])"2" * b364)j) "

b

e

N B Y ) G o A K+4K + K]
A=y ———; X' =signk | ——
2 0 2

b

— (b 2\? 2 _yp 2 4d. w2 > .
K=106— €Dy ) —\&Dy —06) + 3;1(”11(019;1((6163_‘5264)’

Ko = 2(b363 ~ &P )(ezpi - b364) — Ady 150D (6263 + 6164)-

C yuerom (6) HalizeM pemieHus cucTeMbl AudepeHIaTbHBIX YpaBHEHUH (5) B BHIE

=€)+ ),
)= (o) + (o)
(=)o ()

()= (o) + i)

3nmech K03 GUITUEHTHI OMPEICIISIOTCS U3 YCIOBHSI HOPMHPOBAHUS, T. €.

[2, >
m\ _ dyy o€ +6
G)= 2, 2
Nz + 25

4= (EzpiZk —be, + X )2 - (elpfi —be— N ) —4d ;k”:ko( Ef),

45



Kypnaa Besopycckoro rocyrapcTBeHHOro ynupepcurera. ®usuxa. 2019;2:41-47
Journal of the Belarusian State University. Physics. 2019;2:41-47

= _2(62195( —be, + X )( &Py — bies— 7\‘**)_ Besesdytiyo;

1
[2, 2
<C(2)> _ dyyon 6+
1 - s
4/.,2 2
Nzi+ zy
2

Z;= (62pi2k —bye, - 7‘*) (Elpii —be— X )2 - 4d32ikui2k0 (632 - Ej)’

Z,= _2(62173( —be, =X )(Elpizk —byes - 7‘**) —Beseidyytyy;

<C(')> _ \/(ezpizk - b364 + N )2 + (61pi2k - b3€3 . )2
)=

<D(l)> = \/(62p = be - N )2 + (elp,i — by, + k)z
‘\‘/252 + 22 ’

Zy= (62}7; — by, — X )2 - (elpzi —be, + X° )2 - 4p3cu13€0 (612 - 622)»

Z6= _2(62193{ —bye,— X )(elpi —byes + x,) + 86,6 Pl

(D)= Jepi = b+ 1) + (69~ b+ )
)

af 2 2 ’
z; + Zg
_ 2 _yp . 2 2 _p 2 2 At (2=
Z;=\&Pi — 06— —\ &Py — 06+ —APuUpo\& T & )

Zg= _2(€2p§c —be,+ X )(elpii —bye; + x*) + 86,6 Pythios

2 [2, 2
pO\ = PilpoNG + 6
2/ 2, 2
Yz5 + zg

2 [2, 2
<D(2)> _ PillaoNE T &
2/ 2, 2
Nz5 + zg

Cpe,Z[HCKBaZ[paTI/ILIHBIG OTKJIOHCHHA CTAllMOHAPHO-aMILUTUTYAHBIX 3HAYCHUI IMEPEMCHHBIX X, OHPCACIIAIOTCS

U3 BBIPAXKEHUS <x§m> _ 4(<C1(')> N <C1(2)>)(<D1(1)> + <D1(2)>).

J1 ycTOWYMBOCTH HETMHEWHBIX CITy4aifHBIX KoJiebaHui BuOpo3anuimaemoii mractussl ¢ J{I'K nocrarouno,
YTOOBI IEHCTBUTEIFHBIC YaCTH KOPHEH XapaKTePUCTHYECKUX YpaBHEHUH ObLTH OTPHUIIATENFHBIMY, T. €.

—6,pi —€by + X' <0, %
—6p; —€b,— X' <0.
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IMockonbky €,, €, — ONOKUTENbHBIE (DYHKIMU, OIPEIEIIAIONIIE PACCEsHUE YHEPTHU B MaTepUaax IIacTH-
v *
Hbl 1 [II'K, 17151 1ocTaTOYHO ManiblX 3HAUEHUH <xi,m >, <x2a> 3HAYCHHUS K, K, OyIyT HOIOKUTEIBHBIMH, TO A > 0.
[TepBoe HepaBeHCTBO B (7) SIBJIIETCS YCIOBUEM YCTOWYMBOCTH BUOpoO3alnuiiaeMoit miactunsl ¢ JI'K:
* 2
A <ep; +e€b;. (8)

YIIpOoCTHUB 110 ITapamMeTpaM HEpaBeHCTBO (&), mMeeM
24 2o d 2 2 + 2 2 dou? 2 +
GE |\ &P T &I T €45, Uy, Py — 6N — &dy; Uy,

) 2
+ (6263 + 6164) Pyt > 0.

W3 mosrydeHHOTO HEPaBEHCTRA CIICIYET, UTO TPH HATWINH CIIYYaiHBIX BO3JACHCTBUHN B BHAE O€JI0TO IIymMa
KonebaHnsl BUOPO3ANTUINaeMOi TNIACTHHBI aCHMITOTHYECKHA YCTOWYHBHI, & YCIOBUS YCTOMYNBOCTH HE 3aBH-
CSIT OT CIIEKTPAIbHON IIIOTHOCTH YCKOPEHHSI OCHOBAHUSI.

JakioueHune

Hcnonb3oBanne MeTonuky MTo TI03BONISET ONPEAETNTh aHANNTHYECKUE BEIPAKEHHS YCIOBHS yCTOWINBOCTH
BHOPO3aIUIIAeMO TUITACTHHBI, HA OCHOBE KOTOPHIX MOXKHO aHAJIM3MPOBATh O0OJTACTH U IPAHMIIBI YCTOHYHNBOC-
TH TIPH pa3IHYHBIX apaMmeTpax wiactuabl U JIT'K (otHOmEHNE Mace, Mecto ycranoBku 'K, muccumatuBHbIe
CBOWCTBAa MaTeprasoB TUIACTHHEI, a TAKKe YIPyroaeMII(pUpyOmuX 3JEMEHTOB U JacToThl HacTpoiiku JII'K)
W TIpH CIYYaWHBIX BO3ACHCTBUAX. Hammane HenmmHEeHHBIX CBOMCTB BHOpo3amumaeMoii cuctemsl n JII'K 00y-
CIIOBITUBAET Ka4€CTBEHHBIE OCOOEHHOCTH, CBSI3aHHBIE C OTPEJIEIEHIEeM ONTHMAIBHBIX IMapaMeTpoB U 00IacTu
YCTOWYMBOCTH CHCTEMBI, MOBHIIIEHHEM 3(D(DEeKTHBHOCTH TaIIeHUs KOJIeOaHWH B IITMPOKOM JINAITa30HE YacTOT.
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