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AnHoTauuA. [JuHamuyeckue racuteny konebaHui WMPOKO MCMONb3YIOTCA AN CHUKEHWUS HArpy3oK B pasnnyHbIX
MexaHu3Max W WHXEHEpHbIX COOpyXeHusX. [ns KpynHorabapuTHbIX COOPYXEHWA: OMopbl BETPOINEKTPUYECKMX
YCTaHOBOK, BbICOTHbIE 3A4aHUs, aHTEHHbI W T.4. — XapaKTepHbl HU3KOYACTOTHbIE COBCTBEHHbIE konebanus (MeHee 10 I,
a Hepeako 1 MeHblwe 1 'u). B aTOM cnyyae NpUMeEHsIOT racutenn konebaHuin ¢ Tenammn KaueHusi, KoTopble UMEIT
NPOCTY0 KOHCTPYKLMIO U BbICOKYO HAAEXHOCTb.

PaccmoTpeHa 3afaya O COBCTBEHHbIX HEMMHENHbIX konebaHusx abCoMOTHO XKECTKOro nonywapa Ha
rOPWU30HTaIbHOM NNOCKOCTW B NPEANONIOXEHUN OTCYTCTBIS AMCCUNALMM SHEPrN, NPOCKab3biBaHUS U ONPOKMAbIBAHNS
Ha OCHOBaHWe nosyliapa. [lokaszaHO BaxHOE NpaKTUYECKOe 3HaYeHWe 3adadyn Ans pacyeta AMHAMUYECKUX racutenen
HM3KOYaCTOTHbIX Konebanui (meHee 10 ', a Hepeako 1 mMeHblue 1 Tu). WccnegoBaH oauH U3 MPOCTENLWNX racuTenei,
KOTOPbIA BbLINOMHEHHLIN B BUAe monylapa. Ero konebaHus ONMCHIBAIOTCS HENMMHENMHbIM AuddepeHumanbHbIM
ypaBHeHueM. [ins HaCTPOiKW racuTens Ha YacToTy 6rn3Kyto K 4acToTe OCHOBHOMO TOHa konebaHMin COOpYXeHUs BaHO
3HaTb COOCTBEHHYI yYacToTy racutens konebaHuit. Ee, kak npaBuro, onpedensiotT B MPeAnonoXeHun O ManocTy
amMnanTygsl konebaHuit, YTO MO3BONSIET NMHEAPU30BaTb YPaBHEHWE [OBWKEHWS. YMCNEHHble MeTOAbl, KOTOopble
NPUMEHSIOTCA NS PELIeHUs HEMUHENHbIX AuddepeHLmanbHbIX YpaBHEHUA OBWKEHWS npyu Bonblwmx amnivTyaax,
NO3BONAKOT HAWTK TOMbKO YaCTHble peLleHUst Ans KOHKPETHbIX yCrnoBuid. BosuukaeT HeobxogumocTb B 0600LieHNM
YacTHbIX peleHnid. MokasaHo, YTO OTHOLLEHWE COBCTBEHHOM 4acTOTbl NMHEAPU30BAHHOW CUCTEMbI K COBCTBEHHOM
4acToTe HenWHENHOW CUCTEMbl He 3aBWUCWUT OT MacChl W paguyca nonywapa. OTOT BblBOL CAenan BO3MOXHbIM
0600WWMTb pesynbTaThl YaCTHbIX YMCMIEHHLIX PELUEHUA W NonyuuTb OpMyny ANns onpedeneHus paluoHanbHOro
paguyca racutens konebaHuit, KOTopas YYWTbIBAET BIMSHWE amnnuTygbl Ha COBCTBEHHYK 4acTOTy HENMHENHbIX
konebaHui.

MonyyeHa opmyna Ans OnNpeaeneHns pauuoHanbHOro paguyca racutens konebaHwi, BbINMOMHEHHOTO B Buae
nonyLapa, kotopas y4uTbIBaeT BNSHUE aMNANTYbl HA COBCTBEHHYH YACTOTY HEMUHENHBIX KonebaHun.

KntoyeBbie cnosa: nonywap, paguyc, HenuHeiHble konebanus, cobcTBeHHas vacToTa.

BBenenne. J[uHamMuyeckue racuteld KojaeOaHWUW IIMPOKO HCIOIB3YIOTCS IS
CHIKEHHSI Harpy30K B Pa3JIMYHBIX MEXaHU3MaxX M MHKEHEPHBIX COOpykeHusix [1].
JI71st KpynmHOTa0apUTHBIX COOPYKEHUMN: OTMOPHI BETPOIIEKTPUUECKUX YCTAHOBOK, BbI-
COTHBIC 37[aHHs, AaHTEHHBI U T.J. — XapaKTEPHbI HU3KOYACTOTHBIE COOCTBEHHBIEC KOJIE-
0anus (Mmenee 10 I'ti, a Hepenko u menbie 1 [ [2, 3]). B aTom ciayuae npuMeHstoT
racuTeNld KojeOaHWil ¢ TelnaMu KadeHus [2—6], KOTOpble HUMEIOT MPOCTYIO
KOHCTPYKITHIO U BBICOKYIO HaJIeKHOCTh. X 0030p mpuBeieH B padorax [2, 6].

[TapameTpsl racutesns JOJAKHBI ObITh TAKMMH, YTOOBI €ro COOCTBEHHAs 4acTOTa
Obla OJIM3Ka K 4acTOTE€ OCHOBHOTO TOHA KoyieOaHUU coopyxkeHus [2]. [ns storo
Ba)KHO 3HATh COOCTBEHHYIO YAaCTOTY raCUTEINs KOJIeOaHUH.
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CoOCTBEHHYIO YacTOTY, KaK MPaBUIIO, OMPEACIIAIOT B PEANOI0KEHUN O MAJIIOCTH
aMIUTUTY/IbI KOJIEOAHUM, YTO MO3BOJISIET JIMHEAPU30BaTh ypaBHEHUE ABMKeHUS. [Ipu
OONBIINX aMIUIMTYJaX HelnuHelHoe Iu@depeHIManbHOe ypaBHEHHE JBUXKEHUS
pelaroT YUCJICHHBIMU METOJaMHU, KOTOpbIE, OJIHAKO, IO3BOJISIIOT HAWUTH TOJIBKO
YacTHbIE PEHICHUS I KOHKPETHBIX YCIOBUH. Bo3HHMKaeT HEO0OXOIUMOCTh B
0000IIIEHNY YACTHBIX PEIICHHM.

[leas pabGoThl — oONpeneauTh palMOHAIbHBIE MapaMeTpbl JIUHAMHYECKOTO
racuTes KojaeOaHuid ¢ TEeJIOM KadeHusl, 00ecTeunBaroniiue TpedyeMyro COOCTBEHHYIO
YaCcTOTY HEJIMHEWHBIX KoeOaHui 1 0000IIeHe YUCIEHHBIX Pe3yIbTaToB.

IlocranoBka 3agaun. PaccMoTpuM oOAMH U3 TpoCTeHIuX racutenen [6],
BBIIIOJIHEHHBIM B BHUJE MOJylIapa |, COBEpIIAIOIIEr0 KOJeOaHWs Ha IUIOCKOCTH 2
(puc. 1). Ilpu pemennn psAna NPUKIAIHBIX 3a]ad, CBA3aHHBIX C BHUOPALIMOHHBIM
BO3JICICTBUSI Ha ChIMyuylo cpeay [4, 5], KojgebaHus Modyiiapa MOTYT CIYXKHUTh B
KaueCTBE MOJIEIILHOTO MPECTaBICHUS ABUKEHUS TBEPIBIX YACTHII.

1 — monymap; 2 — nI0CKOCTh
Pucynok 1 — PacueTHas cxema racurtens KoyieOaHmii:

[Tpy kayaHUM TOJIyIIapa MPEAIOIOKNIM, YTO OTCYTCTBYIOT JUCCHUTIAIUS YHEPTUH,
MIPOCKAaJIb3bIBAHUE U ONPOKHJIBIBAHUE HA OCHOBAHHUE.
VYpaBHeHue kojebanuii moaymapa [6, 9, 10]

| ,@+mlsinpcosp- ¢ +mglsing =0 . (1)

rac |p— MOMCHT HWHCPpHUHN TIIOoJIymiapa OTHOCUTCIBHO MI'HOBCHHOI'O IICHTpPA

CKOPOCTEeH; ¢— yroi, M- macca monymiapa; | — paccrosaue nenrpa macc C ot
ocHoBanus O mosymiapa; §— yCKOpeHHe CBOOOIHOTO TaJeHUSI.

Touka Haj OykBamu o3HaudaeT AuddepeHIupoBanrue Mo BpemeHu. HauanbHbie
ycnoBust: ¢ =@y U ¢=0. [lockonpky auccumanusi HE YYHUTBIBACTCA, TO @,—
aMIUIUTYy1a COOCTBEHHBIX KOJIeOaHMI.

Mowment nsepuun |, 1 paccrosaue | Bbraucisitores o Gpopmyam:

83 .o 3
I, =ml?| == +sin ==
P (45 (oj 8
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rA€ r — paauyc OCHOBaHUA MOJIylIapa.

CoOcTBeHHas1 4acTOTa JIMHEAapPU30BAaHHON cucTeMbl. HenuHeliHOEe ypaBHEHHE
(1) He uMeeT aHANUTUYECKOTO pereHus. s ero JuHeapu3aluy MpeanoiaraioT, YTo
yroJl ¢ Majl 1 IPUHUMAIOT

sinp~¢@, cosp=~1 .

B pesynbrare nosyqaror
l.p+mglp=0. (2)

83 .
rae |, =— mr?— MOMeHT WHEPIMHU MOJyIIapa OTHOCUTEILHO TOPU3OHTAIBHOU OCH,

320

MIPOXOJISIIIIEH Yepe3 IIEHTP MHEPIIUU U MIEPIICHIUKYIISIPHOM K MIIOCKOCTH YepTexka.
Paznenus (2) Ha |, momyuum

(b+a)g(p:0.

120
rae g = =9 coOCTBEHHasi KpyroBasl 4acToTa.

83r

Torma yactotra COOCTBEHHBIX KOJIEOAHUI

1 [120g
_ 1 [20g 3
"0=5 A\ 8ar )

N3 (3) onpenenum paaunyc, Ipu KOTOPOM IMOJYIIAp UMEET COOCTBEHHYIO YACTOTY
Vo
_309

r —E(m/o)_z. (4)

CoOcTBeHHAs1 YacTOTA HEJIMHEHOM cucTeMbl. 11 onpenenenuss coOCTBEHHOM
JaCTOTHI HEMTMHEHHBIX KOJIEOAHUI MOKHO IS KaXI0T0 KOHKPETHOTO 3HAYCHHSI I |
@p YMCIEHHO pelaTh ypaBHeHHUE (1), 0IHAKO, 3TO JENaeT TPyAOEMKUM 0000IIEHUE

pe3ynbTaToB. 3ajada YIpOIaeTcs,, €ClIN y4eCTh, YTO HAa OCHOBAaHWU TEOPEMBI 00
M3MEHEHUU KUHETUYECKOM SHEPIUH, MOJIy4eHa yriaoBas ckopocTh [10]

g(cosp—cosgy)

=4 3%8&45+mn2¢y

[Tomymap moBopauuBaetcs Ha yroin d¢ 3a Bpems

dt=92 (5)
¢

Wurterpupys o0e yactu ypaBHenus (5), ompenenum mepuoa T KoJeOaHUH U
COOCTBEHHYIO YaCTOTy V C YYETOM HEIMHEHHOCTU
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P 3r(83/45 +5sin? go)

T =
. g(cosp—cosgy)

¢, v=—. (6)

=

[Ipu wHTETpHpOBaHHM YYTEHA CHUMMETpHUS (Pa30BOr0 MOPTPETa OTHOCHUTEIHHO
ocell KOOpJAUHAT, YTO MTO3BOJIMIIO 3a4aTh npeneisl 0 U ¢q, a Ul NOIy4YeHUs IIEpuoia

pe3ysabTaT yBEJIMYUTH B YeThIpe pa3a. Ha puc. 2 NpUBENEH XapakTEPHBIA BH
(ha30BOro moprpera, KOTOPBIA MOJTYyYEH YUCIAEHHLIM MHTEIPUPOBAHMEM yPaBHEHUS
(1) metogom Pynre-Kyrra-®ans6epra nmopsiaka 4—5 mpu r =0,1 M, ¢ =5°, 10°, 30°,
60° u 90°. 3mech W Jaiec BBHIYMCIIECHHS BBHINOJHEHBI B MAaTeMaTHYECKOM IIAKETe

Maple.
@ ,panlc / \
10 A//"\\

0 I

-10 N

@
NN

-1 0 | @ ,pan

Pucynok 2 — XapakrepHslii Buj (pa3oBoro noprpera koiedaHuii mosymiapa:
(r=01m, rnel1,2,3,4u5- ¢,=5°,10°30° 60°u 90°)

O0o0menne 4YaCTHbIX YMCJICHHbIX pewmeHuil. Haiinem  oTHOmEHue

COOCTBEHHBIX YaCTOT
P . 2
V*:V_OZE IEJ 83/45+sin (qu) | )
v 7 \837 \ cose—Ccosg

0

DTy BEJMYMHY HA30BEM OTHOCUTEIBHOW COOCTBEHHOW 4acTOTON. AKLEHTHPYEM

BHMMaHHE Ha TOM, UTO V HE 3aBUCUT OT MacChl U pajinyca MoJyliapa.
OTHOCHTEIbHAS MOTPELIHOCTh, 00YCIOBICHHAs JIMHeapu3aleil ypasuenus (1)

5:1/0—\/

. 4%%:@—fﬁm%.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna Mexanika. 2018. No 139 27

Ha puc. 3 KpyriblMu MapKepamH NpPEICTaBIEHbl PE3YJbTAThl YUCIEHHOTO
uHTerpupoBanusi merogoM HerotoHna-Koreca Boipakenusi (7), a TpeyroJbHbIMU —
HNOTPELIHOCTH.

1,4 -’ 35

1,2 & 30
A’

1 pe 2 25
0,8 et 20
0,6 e 15
0,4 Lot 10

Y
02 | ==
&~
0 0

20 30 40 50 60 70 80 ®..°

*
Pucynok 3 — 3aBUCHMOCTh OTHOCHTEIILHOW COOCTBEHHOM 4acTOThl V
(CIUTOLIHAS JIMHKSA) M OTPEIIHOCTH O (ILYHKTUP) OT HAYaJIbHOIO yriia ¢,

[Ipn ammnmutynax Oosbmie 60 TpamycoB morpemHocth npesbimaer 20 %.
JIuHUsIME N300paKeHbI Pe3yNIbTaThl anmnpokcuManuu QyHkimsMu (20° < ¢y < 90°):

v =3-107¢f +1,6-10 3¢y +0,9763; (8)

5=31-10"p5 +0,1621p, — 2,3747 . (9)

ArnmnpokcrManys BelojgHeHa B HHTepBaie 20° < ¢p < 90° METOI0M HauMEHBIINX

KBaJpaToB U OOECIEYMBAET BBICOKYID TOYHOCTh (KO3(PPUUMEHT AETepMUHALMU
0,999).

®opmynsl (8) U (9) MO3BOJSAIOT ONPENETUTh COOCTBEHHYIO YacTOTYy KOJeOaHU
noJTymiapa M MOTPENIHOCTh MU JMHeapu3alun ypaBHeHHs Kosebanuit. [lockomnbky,
KaK MOKa3aHO BHINIE V He 3aBUCHT OT MAcChl M pajuyca IoNyIapa, yauTsiBas (7) u
(8), mony4unM BBIpaKEHUE ISl OTPEACICHHUS COOCTBECHHON YacTOTHl HEITMHEWHBIX
Kose0aHui

-1
v=vy (3-10—%3 +1,6-10 30, + 0,9763) . (10)

®opmyna  (10) oOobmiaeT  pe3yabTaThl  YUCIACHHBIX  AKCIEPUMEHTOB,
HaIPaBJICHHBIX HAa MCCIEJOBAHUE BIMSHMUSA HAYaJbHOTO yINIa ¢, Ha COOCTBEHHYIO
gacToTy KoJyieOaHui momymapa. OHa TO3BOJISIET MO AHATUTUYECKU OIMPEEISIEeMOM
COOCTBEHHOI 4YacToTe vV, Ui MajblX HadalbHBIX YyJI0B (@, <20°) ompenenuth
4aCTOTY V IJIs HAYaIbHBIX YrIoOB 10 90 .

[Moacrasnss (3), (8) B (7) u pemiass OTHOCUTENBHO I, TOJYYUM paauyc, MpH
KOTOPOM TIOJIyIIIap UMEET COOCTBEHHYIO YaCTOTy V
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r= 3:—39(7Z'VV*)_2 : (11)

*

B d¢opmyne (11) B ommmuuu oT (4) NOpPUCYTCTBYET COMHOXHTEIb V ,
YUNTBHIBAIOUIUM BJIMSHUE aMIUINTYIbl ¢y Ha COOCTBEHHYI 4YacToTy V IpH

HEJIMHEHHBIX KOJICOaHMSIX.
BoiBoabl. [loaydenst dopmyisl (3), (6), onpenensionue BIMSHUE pagdyca
HoJylIapa Ha COOCTBEHHBIE 4YaCTOTBl V, M V Kak INpPU MaJbIX, TaK U OOJBLIMX

aMIUTUTYAax ¢y KojeOaHus. B mepBom ciyyae koneOaHus NuHEiHbIE, @ BO BTOPOM —
HEJIMHEHbIE, 3aBUCSIINE OT aMILTUTY/IbI.

*
[ToKa3aHo, YTO OTHONIEHUE YAaCTOT V =V/V HE 3aBHCHT OT Pajiiyca MOIylIapa.

3T0 MO3BONUIIO 00OOITUTH PE3yNbTAThl YUCICHHBIX IKCIIEPIMEHTOB M YCTAHOBUTH —
BIUSTHUE aMIUTHTYAbl HA OTHOCHUTEIHHYIO YacTOTY OMUCHIBAETCS MTOJIMHOMOM BTOPOM
crernenu (8).

[Tonyuyena dopmyna (11) anga ompeneneHus palMOHAIBHOIO paguyca TaCHTEIs
KojeOaHu#, BBIIIOJHEHHOTO B BHUJE TMOJyIIapa, KOTOpas YYUTHIBACT BIIHMSHHE
aMIUIUTYIbl HA COOCTBEHHYIO YaCTOTY HEJIMHENHBIX KOJICOaHUI.
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AHoTauif. [MHaMiuyHi racuteni KonmBaHb LIMPOKO BUKOPUCTOBYIOTHCSA ONS 3HWXKEHHS HABaHTaXeHb € PisHUX
MexaHiamax i iHxeHepHWx cnopydax. [ns senukorabaputHUX CNoOpy4: ONOpU BETPOENEKTPIYECHKIX YCTAHOBOK, BUCOTHI
OyaiBni, aHTEH i T.4. — XapaKTEPHi HN3bKOYACTOTHI BNacHi konmeaHHs (MeHwe 10 Iy, a Hepigko | MeHwe 1 Ty). Y ubomy
BUMNaZKy 3aCTOCOBYHOTb racUTENi KONWBaHb 3 TiNamu XWTaHHS, SKi MatoTb NPOCTY KOHCTPYKLiKO | BUCOKY HAZIMHICT.

PosrnaHyTo 3agavy npo BracHi HENMiHiMHWX KOMMBaHHSX abCOMKTHO XOPCTKOI HamiBKyMi Ha rOpU3OHTasbHIN
MOLMHI B NPUNYLLEHHI BiACYTHOCTI Aucunadii eHeprii, NpoCn13aHHs i nepekuaaHHa Ha nigctaBy Hanikyni. MokasaHo
BaXIMBe NPaKTUYHE 3HAYeHHs 3afadi AN po3paxyHKy AMHAMIYHUX racuTeniB HU3bKOYACTOTHUX konuBaHb (MeHwe 10
[, a Hepiako | MeHwe 1 ). [OCTiAKEeHO OANH 3 HANNPOCTILLMX racuTenis, KW BIUKOHAHWIA Y BUTNSAI Haniskymi. Woro
KONMMBAHHS! ONUCYIOTLCS HEMiHIMHUM AudepeHLianbHUM PiBHAHHAM. [nsi HACTPOWKM racuTens Ha 4actoTy 6nmabky Ao
4aCTOTU OCHOBHOTO TOHY KOMMBAHbL CTIOPYAW BaXNMBO 3HATW BMACHY YacTOTy racuTens KOmMBaHb. li, Sk Mpasumo,
BW3HAYalOTb B MPUMYLLEHHI NPO ManicTb aMnAiTyau KONuBaHb, LWO [03BONAE NiHeapu30BaTU PIBHAHHSA pyXy. YncerbHi
MeTOAM, SKi 3aCTOCOBYIOTLCS ANS BUPILLEHHS HEMHIMHUX AndepeHLianbHUX PiBHSHD PyXy MpW BENVKWMX amnnityaax,
[03BOMIAKTH 3HANTK NWLLE NPUBATHI PILLEHHS ANSt KOHKPETHUX YMOB. BUHWKae HEODXIAHICTb B y3aranbHEHHi NpuBaTHIX
pilleHb. MMokasaHo, L0 BiAHOLLEHHS BNIACHOT YacTOTH NiHeapU30BaHOi CUCTEMM A0 BNACHOI YaCTOTW HEMIHIMHOT cucTeMm
He 3anexuTb Big Macu i pagiycy Haniskyni. Llein BUCHOBOK 3p06WB MOXIMBUM y3aranbHUTK pesynbTaTi NpUBaTHUX
YnCenbHNX pillleHb i oTpumaT opmMyny Ang BU3HAYEHHS paLioHarnbHOro pagiycy racutens KonvsaHb, Ska BPaxoBye
BM/MB amMnAiTyau Ha BNACHY YacTOTY HENiHIMHNX KOUBaHb.

OpepxaHo chopmyny AN BU3HAYEHHS paLiOHanNbHOMO pagiycy racutens KonuBaHb, BUKOHAHOTO Y BUrMSAdi
HaniBKyni, Ika BpaxoBye BNUB aMNAiTyaN Ha BNAcHy YacToTy HEMIHINHUX KONUBaHb.

KntoyoBi cnosa: nonywap, pagiyc, HeniHiiHi KonvBaHHS, BflacHa Yyactota.

Annotation. The dynamic extinguishers of vibrations are widely used for the decline of loadings in different
mechanisms and engineering buildings. For great-overall dimensional buildings: supports of wild-power options, height
buildings, aerials and etc — low-frequency own vibrations are characteristic (less than 10 Hertzs, and quite often and less
than 1 Hertzs). The extinguishers of vibrations with the bodies of rolling, which have simple construction and high
reliability, apply in this case.

In the paper, a problem of finding intrinsic frequencies of nonlinear oscillations for completely solid hemisphere on a
horizontal plane is considered with the assumption that there is no energy dissipation and slipping or overturning on the
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base of the hemisphere. Practical importance of this problem is highlighted for the purposes of computing parameters
for dynamic dampers of low-frequency oscillations (with frequencies lower than 10 Hz, sometimes even lower than 1 Hz).
The authors consider one of the simplest types of hemispherical dampers, whose oscillations are described by nonlinear
differential equation. In order to tune the damper to frequency close to the main intrinsic frequency of oscillations of the
facility, it is important to know intrinsic frequency of the oscillation damper. This frequency is usually determined under
assumption of low-amplitude oscillations, which allows to linearize the equation of motion. Numerical methods, which are
used for solving nonlinear differential equations for high amplitudes, can provide particular solutions for concrete
conditions only. Therefore, this necessitates generalization of the particular solutions. It is stated that ratio of intrinsic
frequency of linearized system to the intrinsic frequency of nonlinear system does not depend on mass or radius of
hemisphere. This conclusion made it possible to generalize results of particular numerical solutions and derive an
equation for finding optimal radius of oscillation damper with taking into account effect of amplitude on intrinsic frequency
of oscillations.

A formula for determination of rational radius of the extinguisher of vibrations, executed as a semiball, is got, which
takes into account influence of amplitude on own frequency of nonlinear vibrations.

Keywords: hemisphere, radius, nonlinear oscillations, intrinsic frequency.
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