Mexanika, mawuro3Hascmeo ma ejleKkmponocmavanHs

VK 621.01

C.A. Coxkoosekuii', E.H. FpI/IH‘-IeHKOZ, A5 Kammnosckuii’, A.M. SIkoBnes’

1 .
Axademus enympennux gotick MBJ/[ Ykpaunwl, Xapvros

2 . N

HayuonanvHuii ynueepcumem 2paxcoancko 3auwumol YkpauHul, Xapbkos

SDDEKTUBHOCTb UCMOJIb3OBAHUA MEXAHUYECKOM CUCTEMbI
C NPOLUEJIKMBAHMEM ANA 3AWMTbI OT BUBPALLIUH
MPU SKCNNYATALUMAU TPAHCIMOPTHbIX CPEACTB

Paccmompenvi 60npocel UCNONIL306aAHUA MEXAHUYECKOU CUCIEMbL C NPOWETIKUBAHUEM 8 KaYeCmEe OONOIHUMETb-
HOU 8UOPO3AUUMHOT CUCTNEMbL NPU NPUMEHEHUU HA MPAHCNOPMHBIX CPeOCMBAX, NPeOHA3HAUEHHbIX Ol MPAHCNOp-
MUpPOsKU ONACHbIX epy306. Ha ocHose nposedeHH020 capMOHUYECK020 aHAMU3A OUHAMUYECKUX CEOUCME BUOPO3aUUNI-
HOU cucmembl € UCNONb308AHUEM UHMESPATbHO20 Npeobpazosanus Pypbe 060CHOBAHA BO3MOICHOCTb e NPUMEHEHUS,
a makoice npogedeHa OYeHKa ee IP@eKMuUeHOCMU ¢ UCNOTb30BAHUEM KOI (huyuenma eudpousonAYUlL.

Knroueewie cnosa: 8u6p03amuma, mexaHuveckas cucmema, ZapMOHulteCKuﬁ AHAIU3, aMnﬂumy()Ho—ltacmomHafl

Xapaxmepucmuxa, mpascnopmHoe cpeocmeo.

BBepeHue

IToctanoBka mpo6iaembl. OnHON M3 OCHOBHBIX
IPUYUH BBIXOJA M3 CTPOS PA3NUUYHBIX MEXAHU3MOB H
MprOOPOB, KOTOPBIE DPACIOIOXKEHBI B JIBIKYIIHXCS
00beKTax, SBISETCS BPEAHOE BO3/CHCTBHE BHOpAIUH,
KOTOpasi BBI3BIBAECTCS pabOTOMl JBUraTenss TPaHCIOPT-
HOTO CPENCTBA, BIMSIHUEM MHUKPOTPOMUIS JOPOKHOTO
HMOKPBITHUS, PA3IUYHBIX JONOJHUTEIBHBIX MEXaHH3MOB
U T.7. B CBsI3M ¢ 3THUM aKkTyanbHOW MpoOIeMoil siBiseT-

csl co3laHMe BHOPO3AIIMTHONH CHCTEMBI M OIICHKA €e
3¢ (EeKTHBHOCTH.

AHaJIN3 MOCTEIHUX HCCJIEeT0BAUil W MyOJamKa-
mmii. B pa6ote [1] obocHOBaHa BO3MOXKHOCTE IpUME-
HEHUsSI BUOPO3AIUTHON CHCTEMBI ¢ KBa3WHYIIEBOH Ke-
crkocteio (BCKXX) mns BuOpomsonmsimm pasiuaHbIX
00BEKTOB, KOTOPHIE YCTaHABIMBAIOTCA Ha BHOPHPYIO-
IIMX OCHOBAHMSAX, VITU TOABEPIKEHBI PA3IMIHOTO POJIa
yIapHBIM Harpy3KaMm.
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Takme ycTpoiicTBa MOTYT TakKe NPUMEHSTHCS
JUTS 3aIIMTHI OT BPEAHBIX BHOpanuii onepaTopa, pado-
TAIOMIETO C Pa3JINYHBIM BUOPOUHCTPYMEHTOM [2].

B pabore mpoBoIUTCS CIIEKTpabHBIN aHAIN3 KO-
nebaHuil mpeaaraeMol CUCTEMBI U OIeHKa () (EeKTHB-
HoctH npemnaraemoil BCKOK, uro 1o atoro He ocyue-
CTBIISUIOCK.

Leanio padoThl sBiISETCS OLEHKA 3(PEKTUBHO-
ctu npepioxxennon BCKK.

OCHOBHOM MaTepMan

[MpunnunuaneHas ~ cxemMa  paccMaTpUBaeMOMN
BCKXX mnpencrasiena na puc. 1. O0bekT BUOpon3o0ms-
IIMA Maccod m CBsI3aH C OCHOBaHHWEM, KOTOPOE COBEp-

N

11aeT ABIDKEHHUE IO 3aKOHY ﬁ(t):Z:Aej sino;t, ¢ mo-
j=1

MOIIBIO JIBYX OJWHAKOBEIX BEPTUKAIBHBIX  IIPYXHUH

xectkoctd C, w OOKOBOH IPYKHHOW—KOPPEKTOPOM

xecTkocTu C;, KOTOpasi B TOPU3OHTAILHOM COCTOSTHUH

(mpu y=0) umeet medopmanuio J.

OcHOBHast 0COOCHHOCTb MOZEIH 3aKII0YaeTcsl B
TOM, YTO B 3aBUCUMOCTH OT COOTHOIICHUS MTapaMeTpOB
m, Cy, C,, L, 8 e€ npuBenennast sxectkocth K(y) Mmoxer
MIPUHUMATD TTOJIOKHUTEIBHEIC, HYJICBHIC U OTPUILIATCIIh-
HbIe 3Ha4YcHUA [1]. B 310l e paboTe MpHUBEICHBI TAKHE
COOTHOUICHHS 3THX IAapaMETPOB, KOTOPHIE MO3BOJISIOT
obecreunTh HYJIEBYIO NMPUBEIICHHYIO )KECTKOCTh CHCTe-
MBI, a TAK)KE METOMKA BHIOOpA ITHUX MAPaMETPOB.
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Puc. 1. IIpurinuansHas cxema npempiaraemoit BCKIK

Juddepennnansaoe ypaBHEHHE IBHKEHUS CHC-
TEMBI, COCTAaBJICHHOE C IIOMOIIBIO IpHuHIMNa Jlanambe-
pa UMeeT BUI;
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WzBectro [2], uro BCKX sBnsercst a¢dexrus-
HBIM (DWIIBTPOM BBICOKOYACTOTHBIX KOJNEOaHUH. ITO
CBOMCTBO TIOJIOKEHO B OCHOBY OLICHKH ee 3(pdexTHBHO-
cta. Jna mccnenoBanus (UIBTPYIOIINX CBOWCTB HC-
MOJBb3YeM TapMOHHUYECKHH aHain3 TpaduKoB BBIHYX-
JICHHBIX KonieOaHni y(t) BHOpom3oiIMpyeMoro o0beKra,
MOJYYEHHBIX IPH YHCIEHHOM WHTETPHPOBAHUN YpaB-
Henust (1). Meroauka Takoro BwlAeneHus [3] mpenmy-
cMaTpWBaeT MHTErpajibkHoe mpeodpa3zoBanne Dypne

my+2ny+[2C2 —CTSJy+

ysrmn y(t):

—iot dt —

F, (io) =%? y(t)e U(o)-iV(e), (@)

rre [-A, A] — untepBan 3amanust GyHkma y(t), a

cos otdt,

©)

s1n otdt.

?;
o

Tak Kak py YNCICHHOM MHTETPUPOBAHHUH YpaB-

Henus (1) dynxnus y(t) 3agaeTcst B KOHEUHOM YHCIIE
SA
2N+1 Touek t=§ (s=0, £1,..), To omepaiuio

UHTETpUpoBaHus B Gopmyne (3) 3aMEHUM CYyMMHPO-
BaHHEM:!

U(m)zﬁsivy[%jcosw(%}
V()= IN+1 A Z y[ jsmw[sg}

Gy (byHKHI/II/I IIO3BOJIAKOT O6Hapy)KI/ITI> HaJIM4uc B

(4)

y(t) nepuoguyecknx KoMrnoHeHT. Ha yactorax o; 3TMX
koMitoHeHT GyHKImK U(m) 1 V() nMeroT HanodobIme
Bciuieckd. [l omnpeneneHuss 3HAYCHUS aMIUIUTY/BI
COOTBETCTBYIOIIEH NMEPUOANIECKOH KOMIOHEHTHI HaX0-
nTest 3HaueHne ¢pyHkimu P(w), koropas paBHa:

P(0)=(U(®)) +(V(0))". (5)

Ora (byHKHI/ISI TaKXKe HMMeEeT HauOOJIbIINE BCILIE-

CKM Ha 4acTOTaX (), a MX BBICOTA PaBHA aMILIUTYJIE
KoJyieOaHUH COOTBETCTBYIOLIEH KOMIOHEHTHI.

B kauectBe mnpumepa aHanmM3za QUIBTPYIOMINX
CBOHMCTB M KauyecTBa BHOpPO3AIIUTHI PAaCCMOTPUM YCT-
potictBo Maccolt m=80 kr. OCHOBBIBAsICh HA PEKOMEH-
nmamusx [1] mpumeM: rabapuTHBIN pa3Mep KOHCTPYKLUH
L=0,2 M, momycTuMoe 3HAYCHHE CTATHUECKOU Iedop-
Mamun A,=0,02 M, mpeaBapUTENbHOE IOPKATHE KOp-
pekTupyromei npyxuHbl 6=0,1 M, KECTKOCTH TPYKUH
coorBerctBeHHo C;=313,92 kH/m, C,=78,48 xH/m. By-
JIeM paccMaTpUBATh BO3/CHCTBHE Ha 3Ty CHCTEMY IIO-
JIMTapMOHMYECKOT'0 CHT'Haja, COCTOSIIEro U3 TpeX rap-
MOHHUK OJMHAKOBOH aMIuuTyap! (A.=0,05 M) 1 3Ha4n-
TENBHO Pa3IMYAONINCA 49acToT (=8 cfl, =250, "
®3;=5,50;). Pe3yapTaThl TApMOHUYECKOTO aHAIIN3a TPHU-
BeJIEHBI Ha pUC. 2.

Anamupys TOMydeHHbIE Pe3YJIbTaThl MOXHO Cre-
JIaTh BBIBOJ, YTO OTMEYAETCS CYLICCTBEHHOE CHIDKECHHE
AMIUTMTY/B! TIEPBOM TAPMOHHMKH B BBIXOAHOM CHTHAJIE TIO
CPaBHEHHIO C aMJIUTYZIOH ATOH e TapMOHMKU BO BXOJHOM
curHaine (A MeHble, yeM A, Ooiee yeM Ha TMOPSIOK), a
TaKKe 3HAUNTEIIEHOE CHIDKEHHE YPOBHSI aMILTUTY/] OCTAIIb-
HBIX TAapMOHHK (aMIUMTYJa BTOPOH TapMOHMKH MEHbIIE
TIEPBOH B 4 paza, a TpeThel — OoIbIIe YeM Ha TIOPSJIOK).
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Puc. 2. Pezynpratel rapmonndeckoro ananusa BCKOK

PaccMoTpum, kak 3aBHCHT KO3 GHUIUEHT BUOpOHU-
3ossiuy [4] OT BENWYMHBI NPEABAPUTEIBLHOTO MOIPKA-
TUSI IPY>KUHBI-KOPPEKTOpa J.

o \/kz(a)+4n2co2 ©)
\/(kz (a)- o’ )2 +4n’?

B st0it popmyne A(a) — yacToTa cBOOOIHBIX KOJIe-
OaHWil Ha 3aJ]AHHOW aMILTUTY/IC.

MeroayKa MOCTPOEHUS CKEIETHBIX KPHBBIX JIIS
JTAHHOM CHCTEMBI IIpuBeneHa B pabore [5], mosTomy
MoApPOOHO Ha HEHW OcTaHaBIMBATHCS HE OyJeM, a BOC-
TIOJIB3YEeMCS TTONTyYEHHBIMH Pe3YIbTaTaMHu.

Ha puc. 3 mpuBenen rpaduk 3Toi 3aBUCHMOCTH,
aHAM3UPYS] KOTOPBIH MOXHO OTMETHUTh, YTO HAUYMHAS

co 3HaueHnd O Oompmmx, yeM 0,04 M, xKod(pduIHIEHT
BHOPOM3OIISAIIMU MaJIO 3aBUCHT OT YBEIMUYCHUS ITOKA-
THs ¥ He npeBbimaer 0,3 (aMIUIUTyIa BBIXOTHOTO CHT-
HaJIa MCHBIIIE, YeM BXOMHOro Oonee yem Ha 2/3) u, mo-
ATOMY, €r0 HY)KHO BBIOMpAaTh W3 KOHCTPYKTUBHBIX H
MIPOYHOCTHBIX cOOOpaXkeHn n3 muamnazona [0,04+0,1]m.

BbiBOAbI

Taxkum o0Opa3oMm, B paboTe MPOBEICH AWHAMHUYC-
CKHIl aHanW3 CYIIECTBCHHO HEIMHEHHON KoieOaTemb-
HOU CHCTEMBI, KoTopas onwchkiBaeT moseneane BCKOK,
MOTYYCHBI 3aBUCHUMOCTH, CBS3bIBaromue koddduimeHt

BHOPOM3OISIMKM C OCHOBHBIMH Tapamerpamu BCKXK.
OTH 3aBUCMMOCTH IO3BOJISIIOT OIEHMBATH 3(PdeKTHB-
Hocth npeanoxenHod BCKIK 6e3 mpoBeneHust 1omod-
HUTENBHBIX PaCUYETOB.
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EEKTUMBHICTb BUKOPUCTAHHS MEXAHIYHOI CHUCTEMM 3 NPOKIALLYBAHHSAM
Ang 3AXUCTY BIA BIBPALLIM NMPU EKCIIJTYATALLII TPAHCNIOPTHHUX 3ACOBIB

C.A. CoxonoBcekuit, €. M. I'pinuenko, A.Sl. Kanunoscpkwmii, O.M. SIkoBiie

Posenanymo numanHa GUKOPUCMAHHA MEXAHIYHOL cucmemu 3 NPOWOIKYAHHAM 8 AKOCME 000amK0o8oi 8i6p0O3axucHoi cuc-
memu npu 3aCMOCYBAHHI HA MPAHCHOPMHUX 3AC00AX, NPUSHAYEHUX Ol MPAHCROPMYBAHHA Hebe3neunux eanmaoicie. Ha ocnosi
NPoBe0eH020 2apMOHIIHO20 AHANI3Y OUHAMIYHUX 61ACMUBOCmell 8IOPO3AXUCHOI cucmemMu 3 BUKOPUCTNAHHAM THIMESPAnIbHO20 ne-
pemeopetts @yp'e 06epYHMOBAHO MONCIUBICID 1T 3ACMOCYBAHHSA, A MAKOIC NPOBEOeHA OYIHKA iT eheKMUBHOCMI 3 GUKOPUCMAH-
HAM Koeiyienma 6iopoizonayii.

Kniouogi cnosa: 6ibposaxucm, mexamiyna cucmema, 2apMOHIYHULL GHATNI3, AMATIMYOHO-YACMOMHA XAPAKMEPUCHUKA,
mpancnopmuuil 3acio.

EFFICACY OF MECHANICAL SYSTEMS WITH FLIPPING
FOR PROTECTION AGAINST VIBRATION IN VEHICLE

S.A. Sokolovskiy, E.N. Grinchenko, A.J. Kalinovskiy, A.M. Jakovlev

Address the use of a mechanical system with flipping as additional vibroprotection system when applied to vehicles used
for transporting dangerous goods. On the basis of harmonic analysis of the dynamic properties of vibroprotection system using
the Fourier integral basis to justify its use, and an assessment of its effectiveness at a rate of vibration isolation.

Keywords: vibroprotection, mechanical systems, harmonic analysis, frequency response, the vehicle.
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