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Annomayusa. B pabote paccMarpuBaeTcs 3a/1a4a O CHIDKCHHH YPOBHS BHOpAIMil Ha jlanax 3JeKTPUYSCKUX MAIIMH C TIOMOIIBIO
JUHAMHYECKHUX racutesed konebaHui. [[s 3Toro Jyiama »JIeKTpHYeCKUX MAllMH HMPEICTaBISIeTCS B BUAE MOAAMOPTH3HPO-
BAaHHOTO TBEPJOTO TeJla C IMIECTHIO CTENEHSIMH CBOOOIBI, YCTAHOBICHHOTO Ha BSI3KOYNpPYTUX omopax. Kak m3BecTHO, CyTh
MEeToJja IMHAMUYECKOTO TallleHus KoneOaHuil 3aKiII09aeTcsl B TOM, YTOObI 32 CUeT MPUCOSIUHEHUS K 00BEKTY BHOPO3aIUTHI
JIOTIOJTHUTEIBHBIX YCTPOUCTB (Macchl) TOOUTHCS U3MEHEHNUS €ro BUOPAMOHHBIX XapaKTePUCTHUK. []envio paboTHI sABIsETCS
pa3paboTKa aNTOPUTMOB U KOMIUIEKCA IIPOTpaMM JJIsl HCCIICOBAHNS AUHAMHUIECKUX XapaKTEPHCTHK MEXaHWIECKUX CHCTEM
¢ KOHEYHBIM YHCJIOM CTeleHel cBoOonbl. Memoouwl. [l DOCTHMKEHUS LeNU pealbHas dIeKTpUYecKas MalllHa 3aMEHEeHa
MOJZIEJIBIO TBEPAOTO Tejla Ha aMOpPTH3aToOpax, MMEIOIIero mects creneHeil ceobonsl. C momomipio npuHimna Jlanambepa
BBIBEJICHBI YPAaBHEHHS MaNbIX KOIeOaHMH TBEPAOTO Tea ¢ TaCUTEIAMH. [/ MPaKTHIECKUX PacueToB MONTydeHa yIPOIIEHHAS
CUCTEeMa ypaBHEHHH, YYUTBIBAIOUIAs TOJLKO TPH CTENIEHU CBOOOABI. Pe3ynvmamut. IIpoBeieHbl YHCIEHHbBIE pacueTsl Ha DBM
JUIsL OIpEJeNICHHs aMILTUTYAHO-4aCTOTHBIX XapaKTEePUCTUK OCHOBHOIO TeJla. YCTAHOBJIEHO, YTO KOIZA FacUTENb HACTPOEH Ha
gactoty 50 ', ypoBeHb BuOpanuii Ha JIeBOM KOHIIE HHTEPBasa 9acTOThI BPAI[aTEeIbHOTO ABIDKEHHS POTOpa-IpeoOpa3oBaTers
cHmKkaetcs 10 37.5 ab, a Ha mpaBom koHIle — 10 42.5 n1b. Ha yactore 50 I'i sambl He konme6miorces. [Ipu HacTpoiike racurenei
Ha gactoty 51.5 I'm MakcuMaIbHBIH ypoBeHb BUOpanuii He npeBocxoauT 40 n1b. OntumanbsHas HacTpolika racuTesield HaXOAUTCS
B mpeznenax gactotel 50.60...50.70 I'n, u aByxMaccoBsrit Tacutens Ha 10-15% s>ddexruBree oqHOMaccoBoOro.

Knrwouesvie cnosa: BPI6paIIPIfI, Z[PIHaMI/I'-IeCKI/Iﬁ racuTeiib, KOHCTPYKLMA, BAZKOYIIpyras ornopa, aMoOpTU3aTop.
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Dynamic damping of vibrations of a solid body mounted on viscoelastic supports

L1 Safarovl, M. K. Teshaev®3B9

!Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan
2Bukhara branch of Institute of Mathematics AS RUz, Bukhara, Uzbekistan
3Bukhara branch of the Tashkent Institute of Irrigation
and Mechanization Engineering in Agricultural, Bukhara, Uzbekistan
E-mail: safarov54@mail.ru, B}<Imuhsin_S@mail.ru
Received 20.05.2022, accepted 29.09.2022, available online 20.01.2023, published 31.01.2023

Abstract. The study of the problem of damping vibrations of a solid body mounted on viscoelastic supports is an urgent task.
The paper considers the problem of reducing the level of vibrations on the paws of electric machines using dynamic vibration
dampers. For this purpose, the paw of electric machines is represented in the form of a subamortized solid body with six
degrees of freedom mounted on viscoelastic supports. The aim of the work is to develop calculation methods and algorithms
for studying the oscillations of the resonant amplitudes of a solid body mounted on viscoelastic supports. Dynamic oscillation
(vibration) damping method consists in attaching a system to the protected object, the reactions of which reduce the scope of
vibration of the object at the points of attachment of this system. Applying the D’ Alembert principle, the equations of small
vibrations of a solid with dampers are derived. For practical calculations, a simplified system of equations was obtained that
takes into account only three degrees of freedom. Numerical calculations were carried out on a computer to determine the
amplitude-frequency characteristics of the main body. Numerical experiments were carried out using the Matlab mathematical
package. Considering that a solid body is characterized by vibration, as a rule, in a continuous and wide frequency range,
therefore, dynamic vibration dampers are used to protect a solid body mounted on viscoelastic supports. It was found that
when the damper is set at a frequency of 50 Hz, the vibration level at the left end of the frequency interval of rotary motion of
the rotor-converter, decreases to 37.5 dB, and at the right end — to 42.5 dB. At a frequency of 50 Hz, the paws do not oscillate.
When setting the dampers to a frequency of 51.5 Hz, the maximum vibration level does not exceed 40 dB. The optimal setting
of the dampers is within the frequency of 50.60...50.70 Hz, and a two-mass extinguisher is 10-15% more efficient than a
single-mass one. Thus, the paper sets the tasks of dynamic damping of vibrations of a solid body mounted on viscoelastic
supports, develops solution methods and an algorithm for determining the dynamic state of a solid body with passive vibration
of the object in question.

Keywords: vibration, dynamic damper, construction, viscoelastic support, shock absorber.
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BBenenue

[IpeBpamenne B MammHaX ¥ MeXaHW3MaX OJHHMX BHJIOB SHEPTHH B JIpyTHe, MpeoOpa3oBaHHe
(opM ABMKEHUS, OCYIIECTBICHHE pabOuNX MPOLECCOB HEM30EKHO CBS3aHBI C MOSBICHHEM IEPEMEHHBIX
CHJI, IOPOXKAArouX BHOpartuto [1-3]. BuOpamwmst oTpuIiaTeIbHO BIUSAET HA MPOYHOCTh U HAIGKHOCTH
paboThl MaIllMH, HECYIMX KOHCTPYKIUH, COOPY)KEHHI U OKa3bIBACT BPEIHOEC BIMSHUC HAa (U3UOIOTHYC-
CKoe cocTosHuE ofeH [4,5]. Bo Bpems aKkcIuTyaTaIuy 3JIeKTPUISCKUX MaITiH 9acTO HAOIOMAI0TCs
BuOpanuu 1pu ux padore [6]. [IpuurnHaMyu BOZHUKHOBEHUS KOjeOaHWUN MOTYT OBITH BO3MYIIAIOIIUE
CHJIBI MEXaHUYIECKOT0, JJIEKTPUIECKOTO M adPOJHMHAMHYECKOTO MIPOUCXOKeHHUS. baancupoBKoii portopa,
YAYUYIIEHUEM MOABECKH U KOHCTPYKIMH AJIEKTPUUYECKON MAIIMHBI HE BCETa YAAETCs] CHU3UTh YPOBEHb
KoJe0aHni 0 JOMYCTHUMBIX HOPM, U ITO3TOMY NMPHUXOJUTCS M3BICKHBATh JOTOJHUTENbHBIE CPEACTBA A
raireHus: HexelareIbHbIX BuOpanuii [7,8]. C menpio orpaHuYeHUs] BUOPALMU B Pa3IMYHBIX O0JIACTSIX
TEXHUKHU CYIIECCTBYIOT TPEOOBAHUS U HOPMBI TI0 €€ periaMeHTaruu. B OONBITMHCTBE CITy4aeB HOPMBI
YCTaHABJIMBAIOTCS C YYETOM BCEX HambOoliee BaXKHBIX YCIOBHH M, IOCKOJIBKY OHHU HE MOTYT B PaBHOM
CTEIEHH YIOBJICTBOPUTH BCEM TPEOOBAHHSAM, SIBISIFOTCS Pe3yJIBTaTOM KOMIPOMHCCHOTO pemenus [9-12].
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JuHamMuueckoe ramieHine BUOpaIlliy 3aKII04aeTcsl B MPUCOSTUHEHNH K 3alllUIIIaeMOMY OOBEKTY
CHCTEMBI, PEaKIIU KOTOPOH YMEHBIIAIOT pa3Max BUOpAIlMu O0bEKTa B TOUYKAX MPUCOCAHMHEHUS ITOH
CHUCTCEMHI.

Ecim gacrora BO3MyIIaromei CHIbl U3MEHSIETCS Majlo, TO OJHUM M3 TIEPCIICKTUBHBIX, TPEOYIOIINX
pa3paboTku crocoOOB CHMKEHUSI YPOBHSI BUOpALMi, SBISIETCS NPUMEHEHUE AUHAMHYECKUX TacHuTe-
mewt [13, 14]. lunaMA9ecKuii TaCUTENh CXEMATHUISCKH MIPEACTABISIET COO0H Maccy, IMOABEIICHAYIO Ha
MPYKUHE U UMEIOIIYI0 BO3MOKHOCTh IIEPEMEIAThCs B OAHOM MJIM HECKOJIBKUX HampasieHUsx. M3BecTHO,
YTO MCIIOJIb30BaHUE TaCUTENIsl, HACTPOEHHOIO Ha YacTOTY BO3MYILAIOILIEH CHJIbI, TO3BOJISIET CHU3UTD
JBHYKEHHUE Tella ¢ OJHOM CTEIEHBI0 CBOOOIBI HA 3TOM 4acTOTE M CHH3HWTh YPOBCHD BHOpAIUi Ha OIM3KUX
K Helt gactoTax [15-17].

B Hacrosimei paboTe paccMaTpuBaeTcs 3aada O CHHKCHUU YPOBHS BUOpAIM Ha Jlalmax dJIeKTPH-
YECKHUX MAIIWH C IIOMOIIBIO JUHAMHUYCCKUX racureneu KOHCGaHHfI.

1. MeToanl

1.1. ITocTaHoBKa 321a4M M OCHOBHbIE COOTHOLIEHHA. [IJI1 TeOpeTHUeCcKOro McciaeloBaHus
Bompoca 00 YMEHBIIICHHH YPOBHS BUOpAIMil Ha Jlarmax AJIEKTPOMAIIUHBI BBIOEPEM CIIEAYIONIYIO pac-
4eTHyI0 cxeMy. Kopiyc W namsel 371eKTpoMalluHBl CYUTaeM JOCTaTOYHO JKECTKUMH, IpeHeOperaecm
MOIATIIMBOCTBIO POTOpa | MOALIMITHUKOB, & TAKXKE THPOCKONUYECKIM 3PPEKTOM poTopa, TO ecThb OyaeM
HPEICTABIATh NEKTPOMAIIUHY B BHJE OJAaMOPTU3UPOBAHHOTO TBEPAOTO TeJa C LIECThIO CTEIIEHSIMH CBO-
Oonpl. Ha koprmyce 31eKTpoMaIluHbl YCTAHOBUM JHHAMHYCCKHE TACUTEIH C OCSIMUA YYBCTBUTEIBHOCTH,
HalpaBJICHHBIMH 110 OCAM KOOPAMHAT, CBSI3aHHBIM C TeJoM (puc. 1).

PaccmoTpuMm maibie koneOaHusl CHCTEMBI 0€3 TPEHHSI OTHOCHUTEIBHO MOJIOKEHHs CTaTHYECKO-
ro paBHOBecHs. B kauecTBe HE3aBHCHMBIX KOOpAMHAT BBIOEpeM &g, Mo, o — abCOIIOTHBIE Iepeme-
meHuss Touku (G Tena, B3STOM 3a MOJIOC, TPHU yIia ¢, P, 0 mocienoBaTelbHBIX TOBOPOTOB TBEP-
noro tena okono oceit Gy, Gy,, G-, u §,m;,(; — abcomoTHEIE MepeMelnIeHnsl Macc racuTenei
(cM. puc. 1). XapakTepUCTHUKOM BUOPOU30IATOPA HA3BIBAETCS 3aBUCUMOCTD €r0 PEakUuH OT YIUIMHEHUH
Al (1=1,2, ..., N) nepopmupyemoro saemeHTa. [[eopMUPyEMBIil 3ITEMEHT CIUTAETCST OE3MacCOBBIM.

=

.\ f"’f‘_i____

-—-.____‘_H_‘

Puc. 1. TBepmoe Teno ¢ TpeMs CTEHEHIMU CBOOOIBI

Fig. 1. Rigid body with three degrees of freedom
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CBs3b TMHAMHYECKOM JKECTKOCTH U YIUIMHEHHE Ae(opMHUpyeMOro 3JieMeHTa YIOBIETBOPSIET CIEAYIOIIeH
HUHTErpajibHOU 3aBucumMoctH [18,19]:

Eup(t) = con [w) — [ Rt - v (M)

(¢, — omepaTopHbIA MOIYJIb YIPYrocTH, ((t) — mpom3BoibHAS (DYHKIHS BpeMeHu, R.,(t — 1) —
S7IPO PeJIaKCalllH, Co,, — MCHOBEHHOH MOMY/b YIPYTOCTH), & TAKXKe (U3UUECKUM COOTHOILICHHUSIM JUTs
neGopMHUpyeMbIX 0e3MacCcOBBIX IEMEHTOB HyneBoro oobema [18, 19]:

F, = —c.he=—c.[1 —T¢(og) — T (wgr)] Ae,
e

I'c(og) —/ Ry () - coswtdt; Ti(og) —/ Ry (7) - sin wtdr,
0 0

F, — ycunue B i-M COCPEIOTOUCHHOM dJIeMeHTe, /e — YAJIMHEHHe 3TOro yeMeHTa. Jlanee mpuMeHeHbI
cleyone 00o3HaueHus: I/ — MrHOBEHHBIH MOAYJIb YIIPYrocTd, A, o u B — Oe3pa3MepHbie napameTphl.

Hcnons3ys Ui BbIBOJA YpaBHEHUH IBHKeHUs NpuHLUN [lanaMbepa, IOIydlM CIEAYIOLIYI0 CHCTEMY
YPaBHEHHMN:

na n3 . n ns
(Mo +>omi+ ] mk;) & + (MOZoyt + > myzi+ > mek) P—
' ' n2 n3 ! .. T1 !
— <M0Yoyt + ;ijj + ;mkyk) 0+ ; ¢ (o — YO + zqy) +
ny S1
+ 21: ki (8o — Y10 + 21y — &) = 21: Fysin(pit +vp),
n2 n3 n2 n3
(MO +2omi+ ) mz) T + (Moxoyt +> ma 4+ mk%) 0—
1 1 » o T o
- (Mozoyt + 21: myz + lemkzk ¢+ 21: ¢j (Mo + a0 — 24 @) +
+ 213 ki (o + x;0 — zj9 —m;) = ; Fysin(pit +vp),
n2 n3 . n n3
(MO + E m; + Z mk) g+ (Mozoyt + ijz]' + Z mkzk> ﬁ)—
1 1 . . T
— <M0Y0yt + Zl:mjyj + Zl:mkyk> 0+ 21: 1 (Eo — Y0 + zap) +
ny . 81
+> ki (Bo — Yi0 + 29 — &) = > Fisin(pit + i),
ni ng no ! ni ! ng ..
[JOm (Y + 27) + > my Y+ kaz,%} ¢ — [JOzy + Doy + 3] mjxjyj} p—
! nj ! ng ! . n11 na ! .
— [Joxz + Z mpx;z; + Z mkxkzk] 0+ |:MOYE)yt + Z myY; + Z ij]:| Co—
1 T s T 1
- [MOZOyt +> mz 4 mk@c} Mo + Czp—
ro T3 ! ! na _
- Zlf ¢i(Mo + a0 — 2aj¢) 20 + le ek (Co — Zak® + Yar®)Yar — 21: k(Mo + ;0 — 2 — M)z —

n3 .

ED) S2
— > ke(Co+ 2pp — Yo — §j)Yy = My — Y Fizpjsin(w;t +v;j) + > FiYp;sin(pgt 4 i),
1 1 1
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na ny n3 n2 n3 ..
[ch +> mJ(:L‘? + ZJQ) + > mya? + kazﬂ P — [ngz + > myz Y+ kakzk} O—
! ny ! n2 ! 7112 n3 ! .
— |:J0gjy + Z mYz + Z ijjY]} ¢+ [M()Zoyt + Z m;zj + z mkzk} Eo—
1 1 - . ) 1 1
- M()Xoyt + ; mT; + ; mjmj} Co + Eylp—
n3 .

T3 T2
— > (Co + TarW — Yaj@)xar + 2 i(Eo — Yai® + 20iW)zai — Y kk(Co + Y — 29 — Cp)wp—
1 1 1

ny _ S1 53
— > k(G = YO+ 2y — &)z = My + > Frzpsin(pit +vi) — > FpYrw sin(pit + Vi),
1 T 1

ni ns no n3 .
(Moxyt TEDS mkmk> o - <M0Y0yt S+ zmm) y + 2.0
1 1 1 1
1 T2 ny .
— > a(Eo+ zaV — Yu0)Ya + > ¢i(o + 240 — 24;9)xa; — Y ki(Eo — Yi0 + 29 — &)Y+
1 1 1

nz _ 52 S1
+ 2o kjno + 70 — zj9 —ny)x; = M. + 3 Fywp;sin(pjt +v;) — 3 Frzpsin(pet +vi),
1 1 1

m& — ky(Eo — V10 4 29 — &) = 0 1<i<ny,
mjil; — k(o — 2,0 — zjo —m) =0 1< 5 < no, (2)
melr — kr(Co — P+ Ve — ) =0 1<k < na.

IIpu BIBOZIE MCHONBb30BaHbl 0003HAUeHUs: (. — CHCTEMA KOOPAMHAT, KECTKO CBA3aHHAs C TEJIOM;
l,j, k — MHIOEKCHI, TTOKA3BIBAIOIINE, YTO 3JIEMEHT, CHJIa, MOMEHT M T.T. paboTaeT WM JACHCTBYET B
Hanpasnenuu oceit G, Gy, G, coorBercTBeHHO; Mo, mj, My, M) — MacChl TBEPJOIO Tejla M racH-
Tenel, COOTBETCTBEHHO; Jor Joy Joz JoryJozaJoy> — MOMEHTEI HHEPLIUH TBEPAOTO TEJIA OTHOCHTEIBHO
cucTeMbl KOOPIMHAT Glyyz; Toyts Yoyt s Zoyt — KOOPAMHATBI LEHTPA TSAKECTH TBEPAOTO Tena 0e3 yveTa
Macc racuTenei B cucreme koopauHar Giuy.; 21,7, ..., Yy, 2, — KOOPAMHATBI Macc racuTenel B 1o-
JIOKCHUU CTaTUYECKOTO PAaBHOBECHUS B CHCTEME KOOPIUHAT; Lo, Yal, - s Yak, Zak — KOOPAMHATHI TOUEK
MPUKPEIUICHUS IPYKUH K TBEPAOMY TEIIy B CUCTEME KOOPAUHAT; T gy, YFI, ..., YFE, ZFk — KOOPAUHATHI
TOYEK NPUJIOKEHHs BHEUIHUX CHII B CHCTEME KOOPIHHAT G gy 2 €, Cj, ) — ONIEPATOPHBIE KOID(HUIIEHTHI
JKECTKOCTHU TPY>KUH, Ha KOTOPBIC MOJBEIICHO TEJIO0, OnpeaeisemMble mo 3apucumoctu (1); l~€l, l%j, ki —
oTepaTopHbIe KOIPPHUITMCHTHI HKECTKOCTH MPYKUH B TACUTEIIAX, KOTOPBIC ONMPEICISIOTCS 10 3aBUCHMO-
cru (1); ¢z, ¢y, ¢, — oneparopHble KO3(QPUIMEHTBI KECTKOCTH IPYKUH HAa KPYUEHHE, PACTIONIOKEHHBIX 110
ocam G, Gy, G, COOTBETCTBEHHO, KOTOPBIE ONpeAEsAtoTcs no 3apucumoctu (1); Fj, Fy, F; — amnum-
TyZIbl BHELIHUX BO3MYLIAIOMIUX CHJI, IIPUIOXKEHHBIX K TEIy; Pj, Pk, P| — YacTOThI M (ha3a BHEIIHUX CHJL;
Vi, Vi, V; — (a3el BHEIIHUX CUIL; 71, N2, N3 — YUCIIO TaCUTENEH 10 KaKJOMY HalpaBIeHHUIO; ', 172, T3 —
YUCIIO TIPYXKMH, MOANEPKUBAIOIUX Ten0; M, , M, M, — BHEIIHHE MOMEHTEI, I€HCTBYIOIKE HA TEIIO;
51, 82, 3 — YUCJIO BHEIIHUX CHUJL; W}, W}, W] — COOCTBEHHBIE YACTOTHI.

VYpaBHeHus nBvkeHHs (2) BBIBEICHBI C MCIIOIB30BaHUEM MpuHIHIA JJanambepa, BO3BMOXKHBIX Hepe-
MEIIEHUH, a TaKXkKe ¢ MOMOIIbI0 ypaBHeHUM Jlarpanka 2-ro poja J0ka3aHa WIAEHTUYHOCTb MOITYYEHHBIX
CHCTEM.

Kak moka3pIBarOT 3KCIIEPUMEHTHI, OCHOBHBIMHU KOJCOAHUSIMH MAIlIUHbBI SBJSIOTCS BEPTHKAIbHBIC
MePEMEILIEHHUS JIall, T0O3TOMY COCTAaBHUM YIIPOIICHHYIO CUCTEMY YPaBHCHHH JABM)KCHUS TBEPAOTO Teja C
racutTesisiMd. PaccMOTpUM TOJIBKO T CTEIIEHH CBOOOBI JBMXKEHUS TeJa, KOTOPhIC JIal0T BEPTUKAJIbHBIC
MEepPEMEILEHHUS ero ToukaM. TaKuMU IBHKCHUSAMHU OyayT IepeMelleH e IoIroca Teia mo ocu G, — o,
U €ro BpalleHue oTHocuTenbHo ocell Gy u G, —1 u 0, COOTBETCTBEHHO.

CuuraeM, 4TO Ha TBEPIOE TEJIO YCTAHOBICHHI [V| THHAMHYCCKUX TAaCUTENICH C OCSIMH IYBCTBU-
TENBHOCTH, NapajuienbHbIMu ocu (G,,. Hayano koopanHaT MoMecTuM B LIEHTPE TSHKECTH TBEPAOIO Tela,
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a OCH KOOPAMHAT HallpaBUM II0 [IaBHBIM OCSIM MHEpLUU Tela. Torna ypaBHEHMs JNBHKECHUS NPUMYT BHJ

. 1 ny . 51 .
MoEo + 3¢ (8o — Yub + zap) + > ki (B0 — Yi0 + 219 — &) = 3 Fye Pt
1 1 1
s1 )
=Y Fyzpe Pt
2. (3)

. ny
Joy P + > ¢ (Eo — YO + za¥) 2ai + > ki (Eo — Y10 + 21y — &) 2
T 1
S1 3
— > F3Ype P,
1

. 1 ny .
Jo:04+> ¢ (8o — Yu® + 2z ) Yo — X ki (Eo — Y10+ 219 — &) Y]
T 1
1 <1< ny,

mi& — Ky (8 — Y0 + 29 — &) =0,
e [y = Fje'%, Fy = Fe'%?, Fy = Fje'®, @1, @2, @3 — caBurd (a3 BHEIIHHX HArpy3oK.

b
AHaIOTUYHOM 00Pa30M yUUTHIBAeTCA CABUT (a3 HIEMEHTOB MEXaHHYECKONH CHCTEMBI.
[IpenmonoxxuM, 4TO Ha TBEPAOE TEJIO ACHCTBYET BO3MYILAOLIAs CHUIIA

1.2. MeToabl peneHusl.
Foe 1 =1,2,..., L, tne L — KoMM4eCTBO BHEITHUX HArPy30K.
(4)

Ecnu uHTErpasbHbIi 4ieH
t
eolo(0)] = an [0 = [ Renlt = Dig()e] . n = (030

JaH Ha KOHCYHOM OTPE3KE [O, t], Toraa pacCMaTpuBarOTCsA COOCTBEHHEIC KOJICOAHHUS MEXaHHYECKOM
t

()

cuctemsl (1). TlpuHuMaem uHTerpanbHbIi uieH B (4) ManbiM, Toraa @(t) = Y(t)e ", tne y(t) —
MEJUIEHHO MEHSIFoIIasicsi QYHKIHS BPEMEHH, R — JACHCTBUTEIbHAS YaCTOTA. 3aMEHHM COOTHOIICHUS (4)

npubmmkeHHbIMH, BuAa [19,20]
enlg] = coj [1 —T5(0r) — il (wr)] [g],

e
I'{(oR) = / R, (t) - coswptdy; TS (wg) = / R, (1) - sin wptdr,
0 0

KOCHHYC U CHHYC — 00pa3sl Dypbe sipa perakcalui Mareprana. B kauecTBe mpuMepa BA3KOYIIPY-
roro MarepHaa IpuMeM TpexmapaMeTpudecKoe sapo penakcauun Pxanunpina—KontyHosa: Ry, (t)
= ApeBet /t1=%n Ha pynxumio BausHus R, (t — T) HAKIaIbIBAIOTCA OOBIYHBIE TPEGOBAHUS HHTEIPU-

pPyeMOCTH, HETIPEPBIBHOCTH (KpoMe ¢ = T) 3HAKO-ONPEAETCHHOCTH 1 MOHOTOHHOCTH:
dR(t e
®) <0, O</ R(t)dt < 1.
0

R>0, ——
’ dt
Ilpu pemenun 3amaan Ha COOCTBEHHBIC KOJICOAHHS BHEIIHHE HATPY3KH OTCYTCTBYIOT W OIIPEICIIs-

FOTCS COOCTBEHHBIE YaCTOThI Ipr 3alaHHbIX 3HAYCHUAX (I)I/ISI/IKO—MCXQ.HI/I‘ICCKI/IX U TCOMCTPUYCCKUX

apaMeTpoB.
Ecnu ects BUOpalMOHHBIE BO3ACHCTBUS Ha TEJO, TOIAA 3aIar0TCA PE30HAHCHBIE YaCTOTHI U
CTPOSITCA aMIUIMTYAHO-4aCTOTHBIE XapaKTEePUCTUKH Pa3IMYHBIX TOUEK MEXaHUYECKO CHCTEMBI.

Pemenye 3a1a4u BBIHYKICHHBIX KOJIeOaHMH OylIeM MCKATh B BHJIE:
€o 20
v _
M e (6)
0 ®
2

e o — 3aJaHHas ACHCTBUTENbHAS BEIMYWHA. A TIPH PEIICHUH 33/Ja9u COOCTBEHHBIX KOJIeOaHWH
0 = WR + {0 — KOMIUIEKCHAs] HEU3BECTHAsI BEJIMYMHA (4aCTOTA), KOTOPYIO TPEOyeTCsl ONPEICIHTh.
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[Moncrasnss (6) B cucteMy (2) 1 UCKITIOYAs Z;, TOMYYUM anreOpandecKkyro CUCTEMY H3 TPeX ypaB-
HEHUI OTHOCHTENIFHO TPeX aMIUIUTYI KonebaHui =g, U, ©. AOCOMIOTHOE MepeMelieHre POU3BOILHOM
TOYKHM TeJa ¢ KOOPAUHATAMHU YR U Zp IAaeTCs BBIpaKEHHUEM

E=E)+2¥ — YO = [Zg + 25V — YO e @ = Ze ",

MoXHO TOKa3aTh, YTO KaXKJIbId TacUTENb IMPU HACTPOMKE €ro Ha 4acTOTy BO3MYIIAOIIEH CHIIbI
BO3JICMICTBYET Ha Ty TOYKY TBEPJOTO Tejla, Ha KOTOpPOoi OH ycTaHoOBJeH. ClIeJ0BaTeNbHO, IS TeJa C
TpeMs CTEeNEeHsIMH cBOOOJIbI Ha 4acTOTE€ HACTPONKM HEOOXOAMMO, B OOIIEM ciydae, UMETh TPU racuTes,
HE PACIIOJIOKEHHBIX Ha OJHOM MPAMOIL.

JUis BBIYMCIICHUSI aMIUIMTYIHO-4aCTOTHBIX XapaKTEPUCTHUK ObLI HMCHOJIB30BAaH MPOTPAMMHBIN
xomriekc « MAPLE-18» [19,20]. CocraBneHHBIN aJTOPUTM IT03BOJIIET MPOU3BOANTH BBIYHUCICHHS
IUTS pa3IM4yHbIX CHJ AucOanaHca YIIOB MEXKIY HUMH B Pa3HBIX IUIOCKOCTSIX, Macc TacHTENIed U UX
MECTOIOJIOKEHUS], HACTPOEK TacUTENeH U BA3KOYNIPYTHX CBOWCTB BA3KOYIPYTOro SJIEMEHTA.

2. Pe3yabTaThl 1 00CyKAeHAS

Bsi3koynpyrue cBoiicTBa MaTepHaia OMHUCHIBAIOTCS C MOMOIIBIO TPEXHapaMeTPUIECKOrO sapa
penakcauu [21-23]:

ch (t) = Rcl(t) = Rck(t) = Ape_ﬁpt/tl_ap,
Rkj(t) = Rkl(t) = Rkk(t) = Age_ﬁgt/tl_ag.

[Tooxon k onTUMU3aUU NAPaMETPOB JJIsl TACUTENSI C BA3KUM TPEHHUEM OTIIMYAETCS OT Cllydas racUTeNs
0e3 nemmdupoBaHus. s MOydeHNs ONTHMAIBHBIX ITapaMeTPOB racuTens B padorax [24,25] ucnomib-
30BaHbI CBOICTBA JIMHEHHOW CHCTEMBI C OIHUM TacuTeNIeM. BRIICHEHO, 4TO OMUH racutens 3¢ GeKTHBEeH
TSI MEXaHUYECKOW CHCTEMBI C OTHOM CTENEHBIO CBOOOIBI.

HccnenoBaHbl aMILTUTYIbI TIEPEMEIEHUI [IEHTpa Macc Tella ¢ TpeMsl CTeeHsIMH CBOOOIBI B
3aBHCHMOCTH OT 4acTOTHI. Pe3ynbraTsl momydeHsl B Oe3pa3MepHBIX MapaMeTpax ¢ yueToM U 0e3 yuera
racutens. Jlnd pacuera Obi1 BBIOpaH Cilydaii yeThIpex racureseil, ycTaHOBIEeHHbIX Ha nanax, A, = 0.01,
Bp = 0.05, o, = 0.1 A5 = 0.001, B4 = 0.025, oy = 0.05.

Y, 2 my ki

Yy=o— Zy=— 1=+ K= —, C€1=C¢C2
T Yo Tz fhm My’ " e’ ’

Ha puc. 2 npuBeneHsl aMIITUTYAHO-4aCTOTHBIE XapaKTEPUCTHKH TIEPEMEIIEHHUH [IEHTPa MacC OCHOBHOM
Maccel Oe3 racuTeneil u ¢ racutelsIMH. BUAHO, YTO 4YeThIpe TracuTells, YCTAaHOBJICHHBIC HA Jamax,
3 PEKTUBHO CHUKAIOT aMIIUTYbI IEPEMEIICHUH.

A
ATy
LAY

Ty A AK_27_ *‘-\\‘S‘:--— y%“:;;.—t
0.6

04 06 08 1.0 1.2 14 16 18 p

=

Puc. 2. I3MeHeHne aMIIUTYIbI CMELICHUH IEHTpa MacC OCHOBHOI'O TeNa B 3aBUCHMOCTH OT YacCTOThI (IIyHKTUPHas KpuUBas —
0e3 racureei, CIUIOIIHAsS — C TACUTEIISIMHU)

Fig. 2. Amplitude-frequency characteristics of displacements of the center of mass of the main mass (dotted curve — without
absorbers and solid — with absorbers)
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Puc. 3. l3MeHeHne aMIDIUTYIbI CMEIICHUHN IICHTPa MacC OCHOBHOTO TEJa B 3aBHCUMOCTH OT YaCTOTHI (C OJIHOMACCOBBIM
racuresreM — [; ¢ IByXMacCOBBIM racuresiem — 2)

Fig. 3. The amplitude-frequency characteristics of the displacements of the center of mass of the main mass (/ — with one-mass
absorber, 2 — with two-mass absorber)

Ha puc. 3 npuBeneHa aMmiuTybl KojeOaHUH ITTaBHOW Macchl PU MPOXOXKACHUH Uepe3 pe30HaHC
1 — ¢ OZJTHOMAcCOBBIM TacHUTeNeM, H 2 — C AByXMAaCCOBBIM TacuTeNleM. YCTaHOBJIEHO, YTO JBYXMacCOBBIH
racutenb Ha 10-15% s>ddexTnBHEE 0THOMACCOBOTO FACHTEIS.

PacdeTsr KOHKpETHOTO TTpUMEpa MPOU3BOIMINCH sl Tena BecoM 350 kr. [y pacdera ObLUT BRIOpaH
cTy4ail YeThIpex racuTenei BecoM o 9 K Kaxk/Ibli, yCTaHOBJIEHHBIX Ha jnanax, A, = 0.01, f, = 0.05,
Ay = 0.1 Ag = 0.001, ﬁg = 0.025, Qg = 0.05, Co1 = Cp2 — 2510 H/M, ]{501 = ,ICOQ = k03 = 1500 H/m.

Ha puc. 4 mpencrasieHsl pe3yabTaTsl pacyeTa aMIIUTyAHO-4aCTOTHOM XapaKTEPUCTHKH B JIEIH-
Oenax 1y TBEpAOTO Tea 6e3 racurened (MMyHKTHpPHAs KpUBasi) U C TaCUTESIMH (CIIJIONIHAS U IITPUX-
MyHKTAPHAS KpuBasi). [Io ocu OpAMHAT OTJIOKEH ypoBeHb BuOpanmii B aermbenax Wyp = 20 1g(w/wy),
IJle W — YCKOPeHHe TOUKHM Tena, wy = 2.8 - 107% m/c. ITo ocu aGemuce OTIOKEHa OTHOCHTEIbHAS
Y4aCcTOTa BO3MYINAIOMICH CHIIBI )] = /2], TIe ® — YacToTa BO3MYILIAOIICH CHIIBI, Q] — 94acToTa
BEPTUKaJIbHBIX KOJIEOaHUH TBEPAOro Tella Ha amoptu3aropax (€27 = 18.79 I'm).

[Ipu 3amanHOM ypoBHE cuil OT AucOananca potopa Fy; = 0.756 xr u Fyz = 0.767 xr ypoBeHb
BUOparmii B paiione gactotsl ® = 50 't (wg; = 2.66) okasancs paBHbiM 45.5 ab, uto 6nu3ko K
MIpeeNbHO IOMyCTUMOMY YpPOBHIO B 46 nb.

L,dB

55 +
50 +
45 +
40 +
35 +
30 +
25 +
20 +
15 +
10 +
54
O 1 | 1 S

1.00 200 255 273 3.00 (O7

-

Puc. 4. AMIUTITYTHO-9aCTOTHBIE XapaKTEPUCTHKH TBEPJOTO Tella ¢ TpeMs CTEHNEeHsIMU CBOOOAEL: Oe3 racurenei (ITyHKTHpHAs
KpHBast) ¥ C TacUTEIISIMHA (CIUIOIIHAS)

Fig. 4. Amplitude-frequency characteristics of a rigid body with three degrees of freedom: dashed curve — without absorbers
and solid curve — with absorbers
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3akiaoueHue

Ilo pe3yiibTaTaM HUCCJIEI0BaHUM CICIaHbI CJICAYIOUINEC BBIBOABI:

YacTOTa BPAIIaTeILHOTO ABMKEHUS POTOpa-ipeodpazoBaTets Koaebiercs B mpeaenax ot 48 1o
51.25 T'm (2.55 < w1 < 2.73);

IIpY HacTpolike racutens Ha yactoTy 50 I’y ypoBeHbs BuOpanumit cHmkaetcs 1o 37.5 1b Ha neBoM
KOHIIEe UHTepBasia 1 Ji0 42.5 nb Ha npaBoM KOHIIE HHTEpBaja;

Ha yacrote 50 ['l, Kak 3TO U CleAyeT U3 TEOPHH, Jalbl HE KOJICOIIOTCS;

IIPY HAaCTpoOlKe racutesnel Ha yactoty 51.5 'l MakcuManbHBIN ypOBEHb BUOpANHii HE PEBOCXOTUT
40 nb;

ONTHMAIIbHAS HACTPOMKA TacuTesel HaxomuTcs B paione 50.6...50.7 I'm;

YCTaHOBJIEHO, YTO JABYXMAacCOBBIH racureib Ha 10-15% sddekTrnBHEE 0OMHOMACCOBOTO TaCUTEIIA.

CHnucok JuTepaTryphbl

1.

10.

11.
12.

13.

14.

Bubpanuu B Texnuke: CnpaBounuk: B 6 1. T. 6. 3amura ot BuOpamnuii u ymapos / [lox pen.
K.B. ®ponosa. M.: MammuHoctpoenue, 1981. 456 c.

Tokapes M. @., Tanuykuu E. H., @ponos B. A. Mexanndeckue BO3ACUCTBUS U 3alIUTa PaHOdIIeK-
TPOHHOU ammaparypsl: Yueb. mocobue ans By30B. M.: Paaguo u cBsizb, 1984. 224 c.

Hawwudgh A., Horcoyuc /1., Xenoepcon [orc. lemnupoBanne xonebanuit. M.: Mup, 1988. 448 c.
Teshaev M. K., Safarov I. 1., Mirsaidov M. Oscillations of multilayer viscoelastic composite
toroidal pipes // Journal of the Serbian Society for Computational Mechanics. 2019. Vol. 13, no. 2.
P. 104-115. DOI: 10.24874/jsscm.2019.13.02.08.

Inyokun O. I1. Metonsl u yctpoiictBa ucnsitanuii POC u OBC. M.: Beicmas mkona, 1991. 336 c.
Iyokun O.I1., Encanviues A. H., Kopobos A. U., Tpecybos IO. B. VictibiTaHus pagno31eKTPOHHOM,
9NIEKTPOHHO-BBIYHMCINTEIBHON ammaparypbl 1 HCObITaTeIbHOE o0opynoBanue. M.: Pagno u cBi3b,
1987. 272 c.

Jlvicenxo A. B., Topaues H. B., I'pa6 U. JI., Kemanos b. K., IOpxos H. K. Kparkuii 0630p MeTo0B
MMHUTAMOHHOTO MojenupoBanus // CoBpemeHHbIe HHPOpMannoHHble TexHoiorun. 2011. Ne 14.
C. 171-176.

@edopos B., Cepeees H., Konopawun A. KoHTpOIh U UCTIBITAHUS B IPOSKTHPOBAHUHU U MTPOU3BOI-
CTBE paZMONICKTPOHHBIX cpeacTB. M.: Texnocdepa, 2005. 502 c.

T'OCT 30630.1.2-99. Metozp! UCTIBITAHNN Ha CTOUKOCTh K MEXaHUUECKUM BHEIIHUM BO3CHCTBYIO-
muM (hakTopaM MaIllH, MPUOOPOB U APYTUX TEXHUYECKUX H3IEeNUi. VcIbITaHns Ha BO3JEHCTBIE
BubOpanmu. Been. 01.01.2001. Munck: MexrocynapctBeHHbiii COBET MO CTaHAApTH3AINH, METPO-
yoruu u ceprudukanuu, 1999. 35 c.

Kanenxosuu H. M. PanuoanekTpoHHas amnmaparypa U OCHOBBI €€ KOHCTPYKTOPCKOTO NMPOEKTHPOBa-
HUS: Y4eOHO-METONNYIECKOe MTOCO0He IS CTYIEHTOB criell. «MoenTupoBaHie 1 KOMIBIOTEPHOE
npoektupoBanue» u «IIpoextuposanue u npoussonctso POCy». Munck: BI'VUP, 2008. 200 c.
fOproe H. K. TexHonorus paguo3nekTpoHHbIX cpencts. Ilensa: Uzn-so 1Y, 2012. 640 c.
Koganos 0. H., lllanymos A. C., JKypasckuii B. I, [oroun B. B. Marematnueckoe MOJeIHpOBa-
HHUE PaJMOAIEKTPOHHBIX CPEJCTB MPH MEXaHWYECKHUX Bo3AecTBUAX. M.: Paano u cBs3p, 2000.
226 c.

Capatti M. C., Carbonari S., Gara F., Roia D., Dezi F. Experimental study on instrumented
micropiles // In: 2016 IEEE Workshop on Environmental, Energy, and Structural Monitoring
Systems (EESMS). 13-14 June 2016, Bari, Italy. New York: IEEE, 2016. P. 16125758.
DOI: 10.1109/EESMS.2016.7504831.

Adamo F., Attivissimo F.,, Lanzolla A. M. L., Saponaro F., Cervellera V. Assessment of the

Cagpapos U. U., Tewaes M. X.
WzBectus By3oB. [TH], 2023, T. 31, Ne 1 71


https://doi.org/10.24874/jsscm.2019.13.02.08
https://doi.org/10.1109/EESMS.2016.7504831

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

uncertainty in human exposure to vibration: An experimental study // IEEE Sensors Journal. 2014.
Vol. 14, no. 2. P. 474-481. DOI: 10.1109/JSEN.2013.2284257.

Palacios-Quirionero F., Karimi H. R., Rubio-Massegu J., Rossell J. M. Passive-damping design for
vibration control of large structures // In: 2013 10th IEEE International Conference on Control
and Automation (ICCA). 12-14 June 2013, Hangzhou, China. New York: IEEE, 2013. P. 33-38.
DOI: 10.1109/ICCA.2013.6565018.

Zhang X., Sun D., Song Y., Yan B. Dynamics characteristic study of the visco-elastic suspension
system of construction vehicles // In: International Technology and Innovation Conference 2009
(ITIC 2009). 12-14 October 2009, Xi’an, China. Stevenage: IET, 2010. P. 1-4. DOI: 10.1049/
¢p.2009.1508.

Sahu S. K., Datta P. K. Dynamic stability of laminated composite curved panels with cutouts //
J. Eng. Mech. 2003. Vol. 129, no. 11. P. 1245-1253. DOI: 10.1061/(ASCE)0733-9399(2003)129:
11(1245).

Hnvrowun A. A., Ilobedps b. E. OCHOBBI MaTeMaTHUYE€CKOW TEOPUU TEPMOBSIZKOYNIPYTOCTU. M.:
Hayka, 1970. 280 c.

Konmynoe M. A. Ilon3ydects u penakcauus. M.: Beiciias mkona, 1976. 278 c.
Cabanska-Placzkiewicz K. Vibrations of a complex system with damping under dynamic loading //
Strength of Materials. 2002. Vol. 34, no. 2. P. 165-180.

DOI: 10.1023/A:1015366527597.

Mirsaidov M. M., Safarov 1. I., Teshaev M. K. Dynamics of structurally inhomogeneous lamellar
and shell mechanical systems. Part 1 // Journal of Applied Mathematics and Physics. 2019. Vol. 7,
no. 10. P. 2283-2302. DOI: 10.4236/jamp.2019.710155.

Mirsaidov M., Safarov I. 1., Teshaev M. K. Dynamics of structural-inhomogeneous laminate and
shell mechanical systems with point constraints and focused masses. Part 2. Statement of the
problem of forced oscillations, methods of solution, computational algorithm and numerical
results // Journal of Applied Mathematics and Physics. 2019. Vol. 7, no. 11. P. 2671-2684.
DOI: 10.4236/jamp.2019.711182.

Mirsaidov M., Safarov I., Teshaev M. Dynamic instability of vibrations of thin-wall composite
curvorine viscoelastic tubes under the influence of pulse pressure // E3S Web Conf. 2020. Vol. 164.
P. 14013. DOI: 10.1051/e3sconf/202016414013.

Teshaev M. K., Safarov 1. I., Kuldashov N. U., Ishmamatov M. R., Ruziev T. R. On the distribution
of free waves on the surface of a viscoelastic cylindrical cavity // Journal of Vibration Engineering
& Technologies. 2020. Vol. 8, no. 4. P. 579-585. DOI: 10.1007/s42417-019-00160-x.

Kopenes b. I, Pe3znuxos JI. M. Jlunamudeckue racutenu Konebanuit: Teopust U TeXHUYECKHE
npuioxenus. M.: Hayka, 1988. 304 c.

References

1.

72

Frolov KV, editor. Protection Against Vibrations and Shocks. Vol. 6 of Vibration in Technology.
Moscow: Mashinostroenie; 1981. 456 p. (in Russian).

Tokarev MF, Talitsky EN, Frolov VA. Mechanical Influences and Protection of Radio Electronic
Equipment. Moscow: Radio i Svyaz; 1984. 224 p. (in Russian).

Nashif AD, Jones DIG, Henderson JP. Vibration Damping. New York: John Wiley & Sons; 1985.
480 p.

Teshaev MK, Safarov II, Mirsaidov M. Oscillations of multilayer viscoelastic composite toroidal
pipes. Journal of the Serbian Society for Computational Mechanics. 2019;13(2):104-115.
DOI: 10.24874/jsscm.2019.13.02.08.

Gludkin OP. Methods and Devices for Testing RES and EMU. Moscow: Vysshaya Shkola; 1991.
336 p. (in Russian).

Cagpapos U. U., Tewwaes M. X.
W3Bectus By3os. [THJI, 2023, 1. 31, Ne 1


https://doi.org/10.1109/JSEN.2013.2284257
https://doi.org/10.1109/ICCA.2013.6565018
https://doi.org/10.1049/cp.2009.1508
https://doi.org/10.1049/cp.2009.1508
https://doi.org/10.1061/(ASCE)0733-9399(2003)129:11(1245)
https://doi.org/10.1061/(ASCE)0733-9399(2003)129:11(1245)
https://doi.org/10.1023/A:1015366527597
https://doi.org/10.4236/jamp.2019.710155
https://doi.org/10.4236/jamp.2019.711182
https://doi.org/10.1051/e3sconf/202016414013
https://doi.org/10.1007/s42417-019-00160-x
https://doi.org/10.24874/jsscm.2019.13.02.08

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

Gludkin OP, Engalychev AN, Korobov Al, Tregubov YV. Testing of Radio Electronic, Electronic-
Computing Instrumentation and Test Equipment. Moscow: Radio i Svyaz; 1987. 272 p.
(in Russian).

Lysenko AV, Goryachev NV, Grab ID, Kemalov BK, Yurkov NK. A brief overview of simulation
methods. Modern Information Technologies. 2011;(14):171-176 (in Russian).

Fedorov V, Sergeev N, Kondrashin A. Control and Testing in Design and Production of Radio
Electronic Means. Moscow: Tekhnosfera; 2005. 502 p. (in Russian).

GOST 30630.1.2-99. Mechanical environment stability test methods for machines, instruments
and other industrial products. Tests for influences of vibration. Entered 01.01.2001. Minsk: Inter-
Governmental Council on Standardization, Metrology, and Certification; 1999. 35 p.
(in Russian).

Kalenkovich NI. Electronic Equipment and Its Basics Design Engineering. Minsk: Belarusian
State University of Informatics and Radioelectronics; 2008. 200 p. (in Russian).

Yurkov NK. Technology of Radio Electronic Means. Penza: Penza State University Publishing;
2012. 640 p. (in Russian).

Kofanov YN, Shalumov AS, Zhuravskii VG, Goldin VV. Mathematical Modeling of Radio
Electronic Means Under Mechanical Influences. Moscow: Radio i Svyaz; 2000. 226 p.
(in Russian).

Capatti MC, Carbonari S, Gara F, Roia D, Dezi F. Experimental study on instrumented micropiles.
In: 2016 IEEE Workshop on Environmental, Energy, and Structural Monitoring Systems (EESMS).
13-14 June 2016, Bari, Italy. New York: IEEE; 2016. P. 16125758. DOI: 10.1109/EESMS.2016.
7504831.

Adamo F, Attivissimo F, Lanzolla AML, Saponaro F, Cervellera V. Assessment of the uncertainty
in human exposure to vibration: An experimental study. IEEE Sensors Journal. 2014;14(2):
474-481. DOI: 10.1109/JSEN.2013.2284257.

Palacios-Quifionero F, Karimi HR, Rubi6é-Massegt J, Rossell JM. Passive-damping design for
vibration control of large structures. In: 2013 10th IEEE International Conference on Control
and Automation (ICCA). 12-14 June 2013, Hangzhou, China. New York: IEEE; 2013. P. 33-38.
DOI: 10.1109/ICCA.2013.6565018.

Zhang X, Sun D, Song Y, Yan B. Dynamics characteristic study of the visco-elastic suspension
system of construction vehicles. In: International Technology and Innovation Conference 2009
(ITIC 2009). 12-14 October 2009, Xi’an, China. Stevenage: IET; 2010. P. 1-4. DOI: 10.1049/
¢p.2009.1508.

Sahu SK, Datta PK. Dynamic stability of laminated composite curved panels with cutouts. J. Eng.
Mech. 2003;129(11):1245-1253. DOI: 10.1061/(ASCE)0733-9399(2003)129:11(1245).

Ilyushin AA, Pobedrya BE. Fundamentals of the Mathematical Theory of Thermoviscoelasticity.
Moscow: Nauka; 1970. 280 p. (in Russian).

Koltunov ML. Creep and Relaxation. Moscow: Vysshaya Shkola; 1976. 278 p. (in Russian).
Cabanska-Placzkiewicz K. Vibrations of a complex system with damping under dynamic loading.
Strength of Materials. 2002;34(2):165-180. DOI: 10.1023/A:1015366527597.

Mirsaidov MM, Safarov II, Teshaev MK. Dynamics of structurally inhomogeneous lamellar
and shell mechanical systems. Part 1. Journal of Applied Mathematics and Physics. 2019;7(10):
2283-2302. DOI: 10.4236/jamp.2019.710155.

Mirsaidov M, Safarov II, Teshaev MK. Dynamics of structural-inhomogeneous laminate and shell
mechanical systems with point constraints and focused masses. Part 2. Statement of the problem
of forced oscillations, methods of solution, computational algorithm and numerical results. Journal
of Applied Mathematics and Physics. 2019;7(11):2671-2684. DOI: 10.4236/jamp.2019.711182.
Mirsaidov M, Safarov I, Teshaev M. Dynamic instability of vibrations of thin-wall composite

Cagpapos U. U., Tewaes M. X.
WzBectus By3oB. [TH], 2023, T. 31, Ne 1 73


https://doi.org/10.1109/EESMS.2016.7504831
https://doi.org/10.1109/EESMS.2016.7504831
https://doi.org/10.1109/JSEN.2013.2284257
https://doi.org/10.1109/ICCA.2013.6565018
https://doi.org/10.1049/cp.2009.1508
https://doi.org/10.1049/cp.2009.1508
https://doi.org/10.1061/(ASCE)0733-9399(2003)129:11(1245)
https://doi.org/10.1023/A:1015366527597
https://doi.org/10.4236/jamp.2019.710155
https://doi.org/10.4236/jamp.2019.711182

24.

25.

74

curvorine viscoelastic tubes under the influence of pulse pressure. E3S Web Conf. 2020;164:14013.
DOI: 10.1051/e3sconf/202016414013.

Teshaev MK, Safarov 11, Kuldashov NU, Ishmamatov MR, Ruziev TR. On the distribution of
free waves on the surface of a viscoelastic cylindrical cavity. Journal of Vibration Engineering &
Technologies. 2020;8(4):579-585. DOI: 10.1007/s42417-019-00160-x.

Korenev BG, Reznikov LM. Dynamic Vibration Absorbers: Theory and Technical Applications.
New York: Wiley; 1993. 296 p.

Cagpapos Ucmoun Hopoxumosuy — pomuicst B 1954 rony B Babkentckom patione Byxapckoit
obnactu (Y36ekucran). Oxonumn TalkeHTCKUA rocyaapctBeHHbld yauBepeutet (1977). Jokrop
¢usuko-maremarnyeckux Hayk (1993), npodeccop (1995). 3aBenyrommii kadenpoil BbiciIeH
MaTeMaTHky TallkeHTCKOrO0 XMMHKO-TEXHOJIOTHYECKOT0 HHCTUTYTa. Hay4yHble HHTEpEeChl: Teopus
BSI3KO-YIIPYTOCTH, TEOPHsI PAaCIPOCTPAHEHUS BOJIH, TEOPHUs KoJleOaHUH, TEOpHUs yCTONUMBOCTH.

V36ekuctan, 100011 Tamkent, yn. Anumepa Hasou, 32
TalmkeHTCKU XUMUKO-TEXHOJIOTUYECKUIT UHCTUTYT
E-mail: safarov54@mail.ru

ORCID: 0000-0003-0983-8451

Tewaes Myxcun Xyoouibepouesuu — pouuics B 1961 romy B cene ['onun Karanckoro paiiona
Byxapckoit obmactu (Y36ekucran). OkoHunn TamkeHTCKHIT TOCYapCTBEHHBIN YHHUBEPCHUTET 110
crenmanbHoCcTH «Mexanukay (1983). 3ammTun quccepranny Ha COMCKaHUE YYEHOW CTEIeHU KaH-
nunara ¢usuko-maremMarnueckux Hayk (1993) u nokropa ¢usuko-maremarnieckux Hayk (2019).
PabGoraer B Byxapckom oTaeneHuu nHCTUTYTa Maremaruku umenu B. Y. PomaHoBckoro B 10MK-
HOCTH IVIaBHOTO HAy4YHOTO COTPyIHMKA. OOIacTh HayuHBIX HHTEPECOB: TEOPETHUECKas MEXaHUKa,
MexaHuka aedopmupyeMoro TBeproro tena. ABTop 6osee 350 crareit u 12 moHorpadui.

V36ekucran, Byxapa, yn. M. Ukbana, 11

Byxapckoe ornenenue uactutyra Maremaruku umenu B. M. Pomanosckoro AH PY3
V36exucran, byxapa, npocnekr ['aznu, 32

Byxapckuii ¢punnan TalkeHTCKOro HHCTUTYTa HHKEHEPOB HUPPHUTaliii

U MEXaHM3allUH CENbCKOTO X035HCTBa

E-mail: muhsin_5@mail.ru

Cagpapos U. U., Tewwaes M. X.
W3Bectus By3os. [THJI, 2023, 1. 31, Ne 1


https://doi.org/10.1051/e3sconf/202016414013
https://doi.org/10.1007/s42417-019-00160-x
https://orcid.org/0000-0003-0983-8451

