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BU3HAYEHHS TAPAMETPIB JIBOCTOPOHHBOI PE3OHAHCI—IOi IIOKOBOI
JPOBAPKH TA PO3PAXYHOK BIBPOI3OJISALII

AHOTALIA: 30iiicneni po3paxymku MoOMeHmi I[Hepyii CKIa0osux elemenmie GiopayiuHol
woK080i Opobapku, yeHmpie iHepyii ma HcopcmKocmi cucmemu 8 yinomy. Busnaueni amnaimyou KOJueaus
yeumpy mac Opodapxu 6 HANPsAMKY KOOPOUHAMHUX ocell. Bcmanoenewi konosi wacmomu 61aCHUX
HOCMYNAIbHUX | 00EPMATbHUX KOIUBAHb 8 HANPAMKY 8I0N06iOHux ocell. Hagedeno ananiz ma po3paxynox
Memanesux ma 2yMosux 8i0poizonAYiliHUX eleMeHmis.

Knrouoei cnosa: inepyis, sicopcmkicmo, 6i06poi3onsayis.

SUMMARY: The implemented calculations of moments of inertia of constituent elements of the
vibration jaw crusher, the center of mass and stiffness of the system as a whole. Are determined amplitude
oscillations the center of mass of the crusher in the direction axes. Mounted circular frequency of own
translational and rotational vibrations in the direction of the corresponding axes. The performed analysis
and calculation of metal and rubber of the vibration isolation elements.

Key words: inertia, stiffness, vibration isolation.

Beryn. BceraHoBieHo, 110 aMIUITy/a BUMYLIEHMX BEpPTHKAJIBHUX KOJIMBaHb BiOpamiiHuX
MallliH 3aJIeKUTh B OCHOBHOMY BiJI BEJTMUYMHHU MacH 1 MOMEHTIB iHepIlii, ToMy NOTpiOHO 3HATH
JIHACHI 3HAYeHHS ITUX BEJIMYMHU 111 9ac poboTu Mamumuau [1], [2].

B 3B’s3ky 3 MoximBICTIO poOOTHM JociimHoi BiOpamiifHOT IIOKOBOI Jpo0Oapku B
OKOJIOPE30HAHCHOMY DEXHUMi, a TaKOXX MPOXOMKEHHSIM IEpIIOr0 PEe30HaHCy, HOTPiOHO
3a0e3MeunTH HaJIeKHY BiOpoi3ossmito MamuHU. {15 11b0ro Tpeba BBECTH B KOJIHMBAJIBHY CHCTEMY
JOJTATKOBUH MPYKHUHU 3B'SI30K, SIKUW Oyzie MepelkopkaTy nepeaadi Biopaiii Ha pyHIaMEeHT.

AHaJi3 nonepeaHix gocaimkenb. B nyonikanisx [1], [2] HaBexeHi po3paxyHKu BiOpOi30JsIIil
st uentpudyru. B mxepeni [3] gaHi OCHOBHI 3alleKHOCTI O PO3PaxXyHKY I1HEPILIHHUX
napaMmeTpiB JIpoOapkH, SKa BIJHOCHUTHCSA /10 IpyNH BIOpaliMHMUX IIOKOBUX APOOApPOK 3 JBOMA
PYXOMHMMH LIOKaMH 1 IPUBOJIOM LK.

Hlono mocmiuKeHHs 1HEpIIMHUX MapaMeTpiB Ta BiOPOI30JALil pe30HAHCHOI JABOXCTOPOHHBOI
Bi1OpaliifHOl IOKOBOT IpoOGapKH, TO TaKl TOCIHIKEHHS BIICYTHI.

Mera. [luHamika Ta KiHeMaTWKa BiOpaliiiHOT LIOKOBOI JpoOapku TICHO TIOB’s3aHa 3
1HepUiHUMH napaMeTpaMu. ToMy 3 METOI0 OIIIHKM HaJIHHOCTI Ta JOBTOBIYHOCTI MPOBOJAATHCS
pO3paxyHKM MOMEHTIB iHepuii MamuHU. [lomambmii po3paxyHKu BiOpoi30JsLii JpoOapku
3ayieXxarh BiJl il IHEpLIMHUX MapaMeTpiB TaKOX.

Marepiajim Ta pe3yJabTaTH A0CTiIKSHHS.

[Ipu po3paxyHkax BiOpoi30JsLli 10CHIIHOI APpOOapKU MOTPIOHO IPYHTYBATUCh Ha BUKOHAHHI
JIBOX OCHOBHHUX YMOB:

1) 3abe3neueHHs eeKTHBHOI BiOPOi30IIALii (3HIKESHHS aMIUTITYIH CUJIH, 3HHKCHHSI 3BYKOBOI

BiOpartii, TOII0);

2) 3abe3neveHHs] MiHIMATbHOT aMILTITYIH BEPTHKAIBHUX KOJIUBAHb

[Tpu po3paxyHKy MOMEHTIB 1HEpIIii €JIeMEHTIB KOHCTPYKIIT JpoOapKu, alpoOKCUMYEMO OKPEMO
TPU MacH JI0 IPOCTUX FreoMeTpHUuHuX (piryp puc. 1.

Buznaugaemo KOOpAUWHATU HEHTpa MaC CUCTCMU (I_I.M.C.) Xc' yc' z Bi,Z[HOCHO KOOpAWHATHUX

c?

ocent X, Y, Z:

imixi zn:miyi imizi
Xo=t——) Y= —— 7 = —, (1)
m m m

3ar 3ar 3ar
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Pucynok 1. Cxema 10 po3paxyHKy IIEHTPY Mac Ta IEHTPY )KOPCTKOCTI BiOpaIiitHOT IIIOKOBOT IpOoOapKy.

ne M, — maca i-oi cknajgoBoi BiOpoi3onboBaHoi cuctemu; X, Y;, Z; — KOOPJAUHATH LEHTPA MacC
OKPEMHX EJIEMEHTIB Ipo0apku B cucTeMi koopauHat X, Y, Z; N — 4YHCIIO CKIAJOBUX CHCTEMHU,

M, — 3arajgbHa Maca CUCTEMH.
[To oTpuMaHMM 3HAYEHHSM KOOPIMHAT LEHTPA MAac CUCTEMH BH3HAYAEMO il MOMEHTH iHEpIil

I =Z[Ixj+mi(yf+zf)}
ly :Z[ij+mi(zf+xf)]; (2)
1, :Z[Izﬁmi(xjﬁyf)}

- MOMCHTH iHEpIii |-rO eJeMEHTa BiJHOCHO BIAIMOBIAHUX OCEIi; X, Y Z;

BiTHOCHO oceit X, Y., Z, :

e gl

KOOPJMHATH I[EHTPa Mac J-TO eJIeMeHTa B CHCTEMI KOOpIUHAT X or Yor Zg-

Xj?

Busnauaemo cymapHi 00epTOBI MOMEHTH HAaBKOJIO ocell X, Y., Z,:

ZMX =_szyjl;
ZMy:FzXle_Fxxzjl; (3)
ZMZ = I:x ijl’

ne Xy, Yy, Zy — KOOpIMHATH ILEHTPA Mac BiOpONpHBOJA B CHCTeMi KoopauHat X, Y., Z;

F., F, —30yproBanbHi 3ycumis, siKi Ail0Th 110 Bi/ITIOBITHUM OCSIM.

Busnauaemo HaOmmkeHi 3HA4YeHHsS aMIUTITYJ KOJIMBAaHb ILIEHTPY Mac CHUCTEMH Ta KYTOBI
KosuBaHHs 0,,0,,0,:

F F
X, =—:X,=0; X, =—"—; (4)
mSaFX(D mSarX(D

eX:ZMx.e_zMy.e:ZMz (5)

20 Yy T 271 V2 2"
I, x® I, xo I, xw

3HAXOIMMO 3HAYEHHs CIBBiJHONICHHS KYTOBHX 4YacToT ®/my =K, 0o Bianosigaum

Kn = (YK, )+1, (6)

e k, =K, ; K, =X,/X, — koedimieHT eheKTUBHOCTI BiOPOi30IALii B HANPAMKY BiAMOBIXHHX

HanpsiMKaM OCell KOOpAUHAT:
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oceif; X — HOpPMOBaHE 3HAUEHHS AMIUIITYAM IEPEMIIEHHS LEHTPYy Mac Apodapku; X, —

po3paxoBaHe 3HAUYCHHS NMEPEMILICHHS [ICHTPY Mac APoOapKU MO BiAMOBITHIM OCSM KOOPAMHAT.
Po3paxoByeMo cymapHy KOPCTKICTh CHCTEMH IO BiJIIOBITHUM KOOPAMHATHHM OCSIM:

_ 2
C, =m, X0y, (7)
Busnauaemo cymapHi KyTOBi )KOPCTKOCTI CUCTEMH:

— 2 2.
CGX - Z(CZiYXS + Cinxs )’

_ 2 2\.
Cey - Z(Cxizys +Czixys )' (8)
. 2 2
Cez - Z(Cyixzs +Cxiyzs)'
HE Xy, Xy, Yysr- — KOODAMHATH TOYOK MPHKIAJCHHA PEaKiiil BIOPOI30NATOPIB B CHUCTEMI
KOOP/IMHAT 3 LEHTPOM SKUH € LEHTPOM JKOPCTKOCTI CUCTeMH; C,, C, C,— JKOPCTKOCTI i-MX

BIOpOI30JIATOPIB MO BIATIOBITHUM OCSM X, Y, Z, SIKI apajiebHi ocaM X, Y, Z, .
KoopanHaTtu eHTpy KOpCTKOCTI B3JIOBXK OCeil X, Y, Z:

z,, :iZcXi XZ;} Zyg :iZcyi XZ;
C, c,
1 1
Xzszc_zczixxi; yzszc_zczixyi; (9)

1
Zys :_Zczi Xz,
C,

ne X, Y;, Z; — KOOpJUHATH TOYOK IPUKIAJACHHS peakiiii BiOpoi30iIsITopiB.

Kpyrosi wyactoTu BIacHMX HOCTYHNAJIbHUX 1 OOEpTaJbHUX KOJIMBAaHb BU3HAYAEMO 3a
HAaCTYIIHUMHU (GopMyJaMHu, NpPU YMOBI, IO LIEHTPU >KOPCTKOCTI 1 Baru JiexaTb Ha OJHIN
BEPTHUKAJIbHIN NpsAMI:

2 C, . Cy . C, .
Wy = » Oy = » Og, = ,
m Y m ‘'m
3ar 3ar 3ar
(10)
C C C
2 Yex . .2 _ 6y, 2 _ VYoz.
Wgox = [ Wggy = L Wgp, = [
0x oy 0z

B iHmomy BUnNanky He3aleXHUMH OyAyTh BEPTHKaIbHI 1 00epTaibHI KOJIMBAHHS HABKOJIO
BEPTUKAJIBbHOI oci Z. POopMyiIM O BU3HAYEHHS KOJIOBHX YaCTOT 3B’S3aHUX KOJIMBAaHb B IUIOLIMHI
XOz HaBesieH1 B JpKepelti [TMHAMUYECKHUIA pacueT 3MaHui U COOPYIKECHHIA].

JUis 3HAaXO/DKEHHS MaKCHUMAaJbHHMX aMIUIITYJ KOJIMBAaHHS IIEHTPY Mac B PE30HAHCHUX

pPCKUMax 3HANAEMO MOIICPEAHBO 663p03M1pHI/II/I napameTp Ai .

p-fia_bia k.

T ST T
&X y@ Z§ )
AOXZE;AGy:g; GZZE'

Kopucryrouncs rpadikom puc. 2, 1O po3paxoBaHiil BeIMUYUHIA; Ta TONEPEIHBO
NPUHHATOMY 3HAYEHHI 7y, BH3HAYAEMO CHIBBIAHOWIEHHA ammityx X /X, B HampsMky

BIJIMOBITHUX KOOP/IMHAT.
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Pucynoxk 2. I'padik 10 Bu3HauUeHHsI BEMUYMHHU Koe(illieHTa HENPY>KHOI'O ONOPY Y , TA PE30HAHCHUX
aAMILTITYI.

Haiibinpm po3noBcromKkeHIMH BiOpOI3OIALIHHIMH €JIeMEeHTaMH BIOpOMAIIMH € CTaJeBi
PYKUHH, TYMOBI Ta TyMOMeETaJeBi onopu [6].

[TepeBaroro Mpy>KUHHUX BIOPOI30JIATOPIB € T MO X MOYKHA BUKOPUCTOBYBATH IS 130JISAIIIT
HU3bKHUX T4 BUCOKHX YacTOT, BOHU JOBIIE 30epiratoTh MPYyKHI BIACTUBOCTI Ta J00pe MPOTUCTOATH
Jii HaBKOJMUIIHBOTO cepenoBuiia. [IpyxuHHI BiOPOI30IATOPH MOLIIFHO BUKOPHUCTOBYBATH TPHU
MOPIBHSIHO HU3BKIM YacTOTI 1 3HAYHIM aMILTITY i KOJIMBaHb.

Cepen npyXHHHUX BiOPOI30JSATOPIB y MAIIMHAX 3 BEPTHKAIBHO HANPABICHUMH KOJIWBAHHSIMHU
IIMPOKOTO PO3MOBCIOKEHHS HAOYIM KOHCTPYKIII1, SIKi CKJIAJaroThes 3 IBOX MpYyxuH, puc.l. s
YHEMOXJIUBIIFOBAHHS PO3KPUTTS CTUKY, IPU KOJIMBAHHSAX MAIIMHU, KOXKHA 3 MPYKUH MOIMEPeIHbO
3aTAryeTbcs Ha po3mip nedopmamii. [lpu po3paxyHKax MKOPCTKOCTI MPYKUH KOPUCTYIOTHCS
HAaCTYITHUMHU 3aJIEKHOCTIMH [7]:

C C

2 2x,0 ' 2 2

1€ C,, C,- JKOPCTKICTh HMKHBOI Ta BEPXHBOI NpPYKXMHH BIJNOBIIHO; C, =C,+C,- 3arajbHa

C m C m
CI :_+_ng- C —___ng

: (12)

p

AKOPCTKICTb OJHOTrO Makera; M, =m, / n, -Maca, ska NpUMajae Ha OJWH MakKeT MPYKUH; N -
KUTBKICTh KOMIUICKTIB IIPYXKUH; X - aMIUIITy/[a KOJIMBAaHb IIPH PE30HAHCI.

CyMapHy >KOpPCTKICTh MPYKHHX OMOP BU3HAYAEMO 32 3aJekKHICTIO (7), IpU [OMY MOTPIOHO
BpaxoByBatd, w0 C,/C,=3 [6]. Amnamisytoun 3amexsocti (12) crae 3po3ymimum, w010
PO3paxoBYIOUYH KOPCTKOCTI BEPXHbOI MPYKUHH MOKHA OTPUMATH BiJl’€MHI 3HaueHHA. Tomy ams
JociiiHol 1pobapku Oynu noOynoBaHi rpadiky 3aJIe)KHOCTEN KOPCTKOCTI BEPXHbOT IPYKUHH Bij
PE30HAHCHOI aMIUTITYAX KOJIHBaHb puc.3,4. 3HAUYEHHS YaCTOTH KojuBaHb npuiiHsaro f=16,7, sk
Cepe/IHE 3HAUEHHS B Jllana30H1 €(PeKTUBHUX YaCTOT.

Ax 6auumo 3 rpadika IifCHI 3HAUYEHHS >KOPCTKOCTI BEpXHBOI MPYKMHM JIEKaTh B IHTEpBal
pe3oHaHCHUX aMIUIiTy X €[0.044,00). Takum 4MHOM MpU BXOPKEHHI B PE30HAHC cUCTeMa Oy/e
MaTH BEJIMKI BEPTUKAIBbHI IEPEMIIICHHS, K1 € He OaXaHUMU B TIpolieci ApoOeHHs MaTepiary. 3a
YMOBH ®/®, =3, AificCHI 3HAYECHHS pPE3OHAHCHMX aMIUNITY] 3HAaXOIAThCS B IHTEpBaii

X €[0.008,0) . B nanomy BHIa Ky 3HaYEHHS aMILTITYIU € Ha0araro MEHIINUM, aje MPU bOMY CIiJ
BpaxoBYyBaTH 3HM>KEHHA €(eKTUBHOCTI nepeayi BiOpaiii Ha pyHIaMeHT.
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Pucynok 3. 3anexHicThb )KOPCTKOCTI BiJ Pucynok 4. 3anexxHicTh )KOPCTKOCTI Bi/I aMILTITy T
aMILTITY/IM KOJIMBAHb IIPH YMOBI /@, =7 . KOJIMBAHb IPH YMOBi ®/®, = 3.

['ymoBi BiOpoi301ATOPH B OPIBHAHHI 3 IPYKUHHUMHU MaIOTh OUbIINi KoedimieHT BTpaT. B
OLTBIIOCTI BUIAJKIB TYMOBI BIOpOI3OJATOPH BHUKOPHUCTOBYIOTH KOJHM IOTPIOHO 301IBIIMTH
3aTyXaHHs BJIACHUX KOJIMBaHb a00 3MEHIIUTH aMIUTITYId PE30HAHCHUX KOJHMBAHb B MEPEXiTHUX
pexuMax.

Po3paxyHOK ryMOBHX BiOpOi30J1ATOPIB MPOBOIUTHCS B HacTynmHOMY nopsiaky [1],[2],[4],[5].

BuxigHuMu JaHUMH TpU  PO3paxXyHKY T'YMOBHX BiOpOI30JSITOPIB €: TBEPAICTH TyMH
pPO3paxyHKOBE CTaTH4YHE HANpPYKCHHS, IUHAMIYHUM 1 CTaTHYHMH MOXYyJb MPYKHOCTI Ta
KOe(]iliEHTH HENPY>KHOTO OTIOPY.

BusHnauaemo 1oy nonepeyHoro nepepizy BCix BiOPoi30naTOpiB:

s, = Nwd (13)
Gﬂ

ne § - OPUCKOPEHHsS BINBHOTO MaiiHHA; G, - JOMYCTHME CTAaTHYHE HAINpYKEHHA B IyMi,
c,= 4,9...39) x10° H/M? nna m’sixoi rymu (TBepaicts o Llopy mo 40 oxuHuIp).

Po6oua BrcoTa okpeMoro BiOpoizosiTopa, M:

h =—2 (14)
C

ne E - AMHAMIYHUA MOJYIIb MPYXKHOCTI TYMH, GepeThest 3 TAOIMIb B 3aI€KHOCTI Bil TBEPAOCTI
no opy [4], [5]; ¢, - cymapHa xopcTkicTs BibpoizonaTopis, H/m.

. . . 2.
Hnoma MOIICPEUYHOT O IIEPEP13y OAHOTO B16p0130n51T0pa, M.

Sy =—, (15)

ae N_ - KUIbKICTh BIOPO130IATOPIB.
Jist mpu3aMaTUYHUX BIOPOI30JISTOPIB pO3MIp CTOPOHH Oyl PIBHUM, M:

b=./S,. (16)

JiameTp Kpyriux BiOpoi3osaTopiB Oy/ie JOpiBHIOBATH:

D= J‘El. (17)
T

Jnst 3a0e3meueHHs CTIMKOCTI BIOPOI30IAIIii HEOOXITHUM € BUKOHAHHS HACTYITHOI YMOBH:
1,5h,<I,<8h,, (18)
ne | — reomerpuanmit po3mip Bibpoisomsitopa, M.

[ToBHa BHCOTa BiOpOi30/IsITOPA BU3HAYAETHCS 32 (HOPMYJIOH0:
h,=h,+0,125I.. (29)
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BB  Ttumy rymMoBoro  BiOpoi3ossiTopa  Ha  aMIUNTYAy ~KOJWBaHb  BU3HAYUMO

) F
BUKOPHCTOBYIOUH 3aJI€KHOCTI (poOo4a BUCOTA) Ta €, = —.!
X
Toni
Fh, 20)
X= .
E.S,
BucHoBok

Jlnst 3abe3rnieueHHs HaAiHOT poOOTH ApoOapKd, MpU BCTAHOBJIEHHI BiOPOI30JISTOpPIB
notpiObHO 3abe3meuynTH, m00 HEHTPH Baru Ta >KOPCTKOCTI CHCTEMH PO3MIIYyBAJUCh Ha OJHIN
BEPTHUKAJII.

Sk BumHO 3 TpadikiB puc. 3,4 mpyxkuHHI BiOpOI30IATOpPU € ePEKTUBHHUMU B IIJIaHI
BiOpoi30MsALii, MpOTe BOHM HE 3a0e3MeuyloTh JOMYCTHMUX 3HAYCHb AaMIUIITYJ KOJIMBAaHHS B
PE30HAHCHOMY PEXHUMI POOOTH ApOOaPKH.

3MEHIICHHS MaKCHUMaJIbHHUX aMIUTTY KOJMBaHb IPOOAPKH MOXKHA JOCSTTH 3HIKCHHS
YaCTOTH BJIACHUX KOJMBAHb 33 PAXyHOK IO€JIHAHHS MPYXKMHHUX BIOPOI30JATOPIB 3 Aemidepamu
B’SI3KOTO0 TepTs. [HIIMM METONOM € rajibMyBaHHA OOEpTaJbHUX JeTanel, TOOTO CTBOPEHHS
00epTabHOr0O MOMEHTY, SIKMH € MPOTUJIEKHUM I10 3HAKY MOMEHTY B poOodoMy ABUTryHY. Tpetiit
METOJ 3MEHIICHHS aMILTITY/l KOJIMBaHb, IIOJIATAE B 3aCTOCYBAaHHI YIapHUX TaCUTEIIIB.
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