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BU3HAYEHHS PAHIOHAJIBHUX ITAPAMETPIB I'ACUTEJIA
HU3BKOYACTOTHHUX KOJIUBAHBb BEJIMKOI'ABAPUTHUX
IH’KEHEPHUX CIIOPY]]

AHortauis. CrarTsa cropsMoBaHa Ha BH3HAYCHHA paLiOHANBHHUX IapaMeTpiB
racuTens HHU3bKOYACTOTHHX KOJMBAHb 3 TIaMH KOYEHHS, SKi MaioTh HPOCTY
KOHCTPYKIIIIO i BUCOKY HamilHicTh. [lapameTpu racuteist MOBUHHI OYyTH TaKUMH,
mo0 foro gacrora Oyna GIM3bKa 10 Y4aCTOTH OCHOBHOTO TOHY KOJIMBAHB CIIOPYIH.
Jlns bOTO BH3HAYAIOTH BJIACHY YACTOTY IacUTENsl KOJIHMBAHb y NPHUITYLIICHHI PO
JCLIUII0 aMIUTITYAM KOJIMBaHb, 10 JO3BOJISE JIiHEapU3YyBaTH PiBHAHHA pyxy. Ilpu
BENMKUX aMIUTITyJaX HeNiHiHHe OudepeHIialbHe PIBHAHHSA PYyXy BHUPIIIYIOTH
YHUCENbHUMU METOJAMH, SIKi J03BOJIIOTH 3HANTH JIMIIE NMPHUBATHI PIlICHHS UL
KOHKpPETHHX YMOB. BuHMKae HEOOXiqHICTh y3arajJbHEHHS MPUBATHUX pimeHsb. s
I[bOTO PO3MNISIHYTO OJWH i3 HAaWIPOCTIIMX TAacWTENiB, SKHH CKJIaiaBcsi 3
OJIHOPITHOTO MNWIiHIApa Ta NOMMONeHHS (O0Ci LWIIHApa Ta TMOTJIUOJICHHS
napasenbHi). [lpumymieHo, mo BiACYTHI [HCHIIALis €Heprii Ta MPOCIH3aHHSI.
Hwuaiaagp  poOWTH  BiBHI  KOJHMBAaHHS, SKi  OMHCYIOThCS  HENIHIHHUM
IuepeHIialbHAM PIBHSHHSAM JPYroro TIopanky. B pesynbTari oO4mCIeHB
BHU3HAYCHO BJIACHY 4YaCTOTy Ta TMepiof BIACHUX KOJHMBaHb JiHEapU30BaHOI
cucremu. IloTiM i3 ymoBH 30epexeHHs eHeprii BU3HAUYEHO BJIACHY YacTOTy 3
ypaxyBaHHSM HENiHIHHOCTI cucTeMH. B pesynbraTi 4ncenbHOTO iHTETPYBAaHHS
metooM HeprotoHa-KoTeca oTpiMaHO 3aJIe)XHICTh BiTHOCHOI BJIACHOT YacTOTH Ta
NOXUOKH, 3yMOBJICHOI JliHeapH3aliero JudepeHIiaTbHOro pIiBHSIHHI PyXy
IWIIHApPAa BiJ aMIUNTyAu. AHaNi3 3al]eKHOCTI JEMOHCTPYE XapakTepHY
BJIACTHBICTh HENIHIHHHUX CUCTEM — HEi30XpoHHicTh. [Ipu niHeapu3anii 301bIIeHHS
aMIUTITYAM KOJMBaHb IPU3BOJANUTH [0 KBAaJAPaTHYHOTO 3POCTAHHS BiTHOCHOL
moxuOku. B pesynbraTi ampokcuMmariii 4HMCeNbHHUX pe3yNbTaTiB B IHTEpBai
3HaueHb KyTa, KW BiApaxoBYBaBCs BiJ BEpTHKAi, IO MPOXOAUTH Yepe3 ICHTP
KPUBU3HY 3anaguuu, Bix 10 1o 90° oTpuMaHo 3a1€KHOCTI BU3HAYEHHS BiJIHOCHOT
BIIACHOI YacTOTH 1 MOXUOKH. 3 METOI BH3HAYEHHS TOYHOCTI OJepiKaHUX
3aJe)KHOCTeH BMKOHAHO MOPIBHSHHS 3 alpOKCUMALisSIMH, OTPUMaHMMH iHIINMH
METOJaMH. 3 TOPIBHSHHSA BWILIMBAa€E, M0 MaKCHMajbHa BIJHOCHA TMOXHOKa
0,216039 oTpumaHOi 3aJIC)KHOCTI MEHIIe, Hi)K Y OTPUMAHUX IHIIUMH METOJaMU —
0,272803, npu uboMy oOuHCIIeHHs nmpocTinie. B pe3yiprari 004ncieHb Ta aHamizy
BCTAHOBJICHO HACTyNHe. BIUIMB aMIUIITYAM BiIbHUX KOJMBaHb Ha YacTOTY
XapaKTepH3y€eThCsl BiTHOCHOKO BJIACHOK YaCTOTOIO, IO MOKAa3ye Yy CKiIbKM pa3iB
YacTOTa BJACHMX KOJMBaHb JIiHEApH30BaHOI CHCTEMM Oinblla 3a YacToTy
KOJIMBaHb HENIHIAHOI cucTeMU. BilHOCHA 4YacToTa 3aJIEKUTh TIIBKU Bij
aMILUTITyId KOJHMBaHb. [Ipy HeNiHIHMX KONMBAaHHSAX MaTEeMaTHYHOTO MasTHHKA i

"@ynoamenmanvii ma npuxaaoui npooaemu wopnoi memanypeii”. 2023. Bunycxk 37
"Fundamental and applied problems of ferrous metallurgy". 2023. Collection 37



579

MWIIHApa 1X BIHOCHI BJACHI YacTOTH ONHUCYIOThCA Tiel kK QyHkuiero. lle
JO3BOJIMIIO JUISl IWJIHIpa BHKOPHUCTOBYBAaTH METOAM alpoKCHMalii, po3poOieHi
JUIl MasTHUKA. BiJHOCHY BJacHy 4acTOTy KOJMBaHb LWJIIHIpa BH3HAYCHO B
pe3ynbpTaTi ampoKCcHMAIlii YHCENBHOTO 1HTEIpyBaHHSA, a TaKoX METOI0M
rapMoHiifHoro OamaHcy. MakcuManbHa BiZHOCHa NOXHOKa IEpIIOTO METOIy
(0,22%) menma, Hix y apyroro (0,27%), mpu 1bOMy OOUHCIEHHS NPOCTilIe.
IToxubka, sxa oOyMmoBIeHa JiHeapH3alico MuQepeHIiaJbHOr0 PIBHAHHI PYyXYy
IMJIHPA, KBaIPAaTHIHO 3pOCTAE 31 30UIBIIEHHSM aMIUTITY U KOJIMBAHb.

KmiouoBi cioBa: racuTens HH3BPKOYACTOTHHX KOJIMBAaHb, BENMKOTa0apUTHI
IH)KCHEepHI CIOpYIH, YHCEeNbHI eKCIHepHMEHTH, palioHaJbHI MapaMeTpH TacHTels,
BJIACHA YaCTOTa IaCUTEJIS KOJIMBAHb, aMILTITy 1a KOJIUBAHb.

Hocunanns ans  wuryBanus: Jlanmms €. C., IlleByenko O. 1. BusHaueHHs

parioHaIbHHUX napamerTpis racuTes HHM3bKOYaCTOTHHX KOJIMBaHb
BEIUKOTA0APUTHUX IH)KEHEPHHUX CHOPYA. DYHOaMeHmAanvHi ma  NPUKIAOHi
npobiemu yopHhol Memanypeii. 2023. Bum. 37. C. 578-587.

https://doi.org/10.52150/2522-9117-2023-37-578-587

CyvyacHuii cTaH npodjemu. J[MHAMIYHI TacUTEN KOJHBAHb IIUPOKO
BUKOPHCTOBYIOTHCS JUIsl 3HW)KEHHS HABAaHTAKEHb y PI3HUX MeXaHi3MaxX Ta
imkeHepHUX cmopynax [l]. Jis BemumkorabapUTHUX CHOPYZH: OIOPH
BITPOCIIEKTPUIHUX YCTAHOBOK, BUCOTHI OYIMHKH, aHTCHH, PaJioTeIeBi3iitHI
BEXi, TUMOBI Ta BUTSDKHI TPYOH, IEPEKPUTTS, TPUOYHH, MIIIOXiTHI MOCTH i
T. I. - XapaKTepHI HU3bKOYACTOTHI BiIacHI koimBaHHsA (Mmenme 10 I'm, a
Hepinko i mexmre 1 I’ [2, 3]). YV mpoMy BHIanKy 3aCTOCOBYIOTH TaCHTEINI
KOJIMBaHb 3 TUIAMHM KOYEHHS [2—-], sIKi MalOTh NPOCTYy KOHCTPYKILIO i
BUCOKY HafiifHicTh. IXHiit orysan naBeneno B po6otax [2, 6]. IlapameTpu
racHUKa IOBHMHHI OyTH TakumH, 100 Horo wacrora Oyna Onu3bKa 10
9acTOTH OCHOBHOTI'O TOHY KOJHBaHb cropyau [2]. I Tomy BaknuBo 3HaTH
BJIaCHY 4YacCTOTy TacHTelNisi KOJHMBaHb. BiacHy 4YactoTy, $K NpaBHIIO,
BU3HAYAIOTh Y MPHIYUIEHHI PO JENMII0 aMIUNTYAX KOJHBaHb, IO
JI03BOJISIE JIIHEapH3yBaTH pIBHAHHA pyxy. I[lpM BeIMKHMX aMILTTYJax
HeNiHifiHe IudepeHIliaabHe piBHAHHA PYXY BHPIMIYIOTH YHCEIEHUMH
METOJlaMH, SIKi, TIPOTE, JO3BOJIIIOTh 3HAWTH JIMIIE MPUBATHI PIICHHS IS
KOHKPETHHX YMOB. BuHHMKae HEOOXiAHICTh y3arajdbHEHHS IPUBATHHX
pillIeHb.

MeTo10 po6oTH € BU3HAYECHHS PalliOHAJIBHUX [TapaMeTPiB TUHAMIYHOTO
racuTess KOJIMBaHb, BUKOHAHOTO Y BUIJISJI IMJIIHAPA, 10 3HAXOJUTHCS B
norMOJIeHH], o 3a0e3MeuyoTh HeOOXiHy BIAaCHY 4YacTOTYy HENiHIHHHX
KOJIUBaHb.

OcHOBHI pe3yJbTaTH HAYKOBHMX 0CHiIkeHb. PosrisHemo omuH i3
HaUTPOCTIMNX TaCHUKIB [6], MO CKIIAAAE€ThCS 3 OJHOPiAHOTO HmumiHapa 1 i
norymbneras 2 (puc. 1). Oci numiaApa Ta TOraTuOJICHHS TapaeNbHi.

[Ipunycrumo, 1o BiCYTHI AMCHUMALLS €HEpPTil Ta MPOCIU3aHH.
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Pucynok 1 — Po3paxyHkoBa cxema racuTessi KOJIMBaHb:
1 — muniaap; 2 — noraTUOIeHHS.

Humiagp 3nificHIOE BiTBHI KONMBAHHSA, MO ONMHCYIOTHCSA HENiHIHHIM
JqudepeHIianbHUM PIBHSIHHSAM IPyroro mopsaky [7].

(R—Oé+%gﬁn9=& 1)

ne Rir — pagiycu 3amaguuu Ta nuiniHapa; @ — KyT, KU BiAPaxoBY€EThCs
BiJl BEpTHKAli, IO MPOXOJUTh Yepe3 IEHTP KPUBH3HU 3alajuHu;, ( —
OPUCKOPEHHS BUTbHOrO majiHHs. Kpamka Hag niTepamMud  03HAYa€e

mudepeniiroBanns 32 wacoM. Ilouatkosi ymoBu: =6, i 6=0.
Ockiflbky  MCHMallis HE BPAaXOBYEThCS, TO @)y — aMIUIITyJa BIACHMX

KoyuBaHb. HeiHiliHicTh piBHAHHESA 00yMoBIieHa Sin & .
PiBHsHHS (1) 3amUmmeMo y TaKOMY BHTIISII
0+—ggmn0:Q 2
3R,
ne R, = R—r — paniyc KpMBU3HH TPAEKTOPIii HEHTPY Mac UUITIH/pA.
Biacna yacrora JgiHeapu3oBaHoi cucremu. HeniHiliHe piBHsHHS (2)
HE Ma€ aHaNITUYHOTO pimeHHs. J[ns foro miHeapu3arii MpUITyCKaOTh, 1110
KyT @ manwii i npuiimaroTs Sin @ ~ @ . B pesyabrati oaepxyroTs [1]
6+at0=0,
29
Je Wy = | -——— — BJacHa KPyrosa 4acToTa.

3R,

TO,Z[i qacToTa Ta HCpiO,Z[ BJIACHHUX KOJIMBaHb
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@ _ 1 129
]/0:7:7 —_—,
27 27\ 3R,
fye L or [
Vo Zg

Biacna yacrora HemiHiiiHOl cucTeMu. 3 yMOBH 30€pexeHHs eHeprii
MaeMo

E+U=U0, (3)

ne g :%chzéz — KiHeTHMYHa eHepris wiiHgpa [7]; U =-mgR, cos@ —

NOTEHLiHHa eHepris uuninapa [7]; y, — notenuiiina exepris npu 6, .

IToBHa MexaHiyHa eHepris LWIiHIpa Yy mpoueci pyxy 30epiraerbes i
JIOPIBHIOE ii TOYaTKOBOMY 3HAUCHHIO (HACIIJOK KOHCEPBATUBHOCTI).
3 (3) BU3HAYUMO IIBUIKICTD

. \/4g(cose—cos¢90) .

3R,
Limningp Bigxunsersca Ha KyT d @ 3a gac
at=39. @
o

Inrerpyroun obunBi yacTHHYU piBHAHHA (4) Ta BpaxoBywoud y =1/T,
BU3HAYMMO BJIaCHY 4acTOTy V 3 ypaxyBaHHSM He JIiHIHHOCTI

1

. 5
af’ 3R, d6 ©
0\ 4g(coséd —cosb,

Jlyist 001Ky BIUTMBY aMILTITYIH KOJHUBaHb OOYMCIMMO BiHOCHY BJIacHY
gactoty [9, 10]

V=

* VO 2 6, 1
Vo=—=— de.
v JO \/Z(cose —C0S6p) ©)

AKIIEHTYyeEMO yBary Ha TOMy, IO V  HE 3aleXWUTh BiJl pajaiyciB
IWJIIHpA Ta 3aManHH.

3a  gomomoror  (OpMyNM  KOCHMHyca IOJBIHHOTO  KyTa

.20
cos@ =1-2sin’ 5 BHpa3 (6) NepeTBOPHMO Ha BUIIL
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« 16, 1

== do.
0 (7)
i \/sinzé’O —sinz—g

OTpuMaHO eNINTUYHUKA IHTErpal MepLIOro POIy, SKUH BHpaXKaeThCs B
enemeHTtapaux ¢yHKOiAX [11]. Pesymprat umcenbHOrO iHTErpyBaHHS
muixoM Herorona-Koteca mpencraBneni Ha puc. 2. Tyt ke mokasaHi
BiTHOCHI MOXUOKH, 3yMOBJICHI JiHEapu3aIli€ro piBHIHHAS (2)

v

Vg —V 1
5=-9 -100%:(1—*)100%.
VO 14
1,2 ,
. s 5 14
v 4 5.%
A - 12
1,15 7
A 10
4
A
7 L
1,1 - 8
> - 6
Ak,
1,05 . - 4
_k
/" V [ 2
1 0
10 20 30 40 50 60 70 80 90
o’

PucyHok 2 — 3anexHicTh BiIHOCHOT BIACHOI 4aCTOTH (CyLiIbHA JIHis)
Ta IoXU6KH O (IMyHKTHp) BiJl aMILTITY K 00'

I'padik NEeMOHCTpy€e XapakTepHy BIIACTUBICTh HEJIHIHHMX CHCTEM —
Hei3oxpoHHicTh. [lpm miHeapw3amii 30UMBIIEHHS aMIUTITyIH KOJHWBaHb
MPU3BOAUTE 10 KBaJPATHYHOT'O 3POCTAHHS BiTHOCHOT MOXHUOKH.

Bracnimok ampokcuMmariii YMCENBPHHX pe3yibTaTiB B IHTEpBai
10° <6, <90° OTpUMaHI HACTYIIHI 3aJIEKHOCTI:

v*=259.10"-6¢ —4-107* . 4, +1,004

®)
5=19-102.6; -2-10*-4,-6,28-102.

3 MeTor BH3HAYeHHS TOYHOCTI ¢opmymn (8) TmoOpiBHAHO 3
anpOKCUMAIlisIM{, BUKOHAaHUMH [HIIMMH METOJAaMH, O0YHCIMMO BiJHOCHY
YacTOTY MaTeMaTHYHOTO MasTHHKA.

VY poborax [11-13] po3missHyTO BiIbHI KOJHMBaHHS MaTeMaTHYHOTO
MasTHUKa. OTpUMaHO TaKi 3aJIeKHOCTI:
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6+ 2,0 =0,
: \/29(cos€—cos€o)
6, = ,

|
e @ = f ?; | — JIOB)KMHA MasiTHHUKA.

InTerpyroun oOuBI yacTHHU piBHAHHS (4) Ta BpaxoByoun M .
CkopucTaBmuCh 3anexxHOCTAME (5) — (7), oTpuMaeMo

, zwozl\ﬁ
mo = or 22\ 1]

1
Vi = |
4" |———dl
IO \/Zg(cosa—coseo)
« Voo 146, 1
e T T e e
m sin ?O sin 5

TakuM YMHOM, HE3BA)KAIOYHM HA BIJIMIHHICTH BJIACHUX KPYTOBHX YacTOT
KOJIMBaHb IWJIIHIPA Ta MasSTHUKA, BITHOCHI BJIaCHI YaCTOTH Y HUX piBHi. Lle
JIO3BOJISIE 3aCTOCYBATH PE3YJbTaTH, OTpUMaHi st MasTHuKa [11] 1 Tomy
Jaii iHgeKc M He BUKOPHUCTOBYETHCS.

VY pobori [11] mis anpokcumaliii mepiogy KOJUBaHb CUHYC 3aMiHCHHIA
psinoM Maxknopena

( D" oni
Z(2n +1)! ’

sin@ =

e N — L1l MO3UTHUBHI YKCIIA.
3aCcTOCOBYIOYH METOJl TapMOHIHHOTO OalaHCy, BH3HAYEHO IEPioj
HeJiHiHUX KomuBaHb [11]
T=T0(1+1 10 pu, 130 e, 13384 9§+.J- ©)
16 3072 737280 1321205760
Bpaxosyroun (9) i mo y =1/T, BiIHOCHY BIAaCHY YacTOTY 3aIllULIEMO Yy

602 +

BUTTISIAL Py

16 3072 737280 1321205760
Tyt iHgekc h cuMBomizye 3acToCyBaHHS METOLY TapMOHIHHOIO

OanaHcy.
VY rtabmumi 1 HaBemeHO pe3ynbTaTH PO3paxyHKIB BITHOCHHX BIACHUX
4acTOT, BUKOHAHUX 3a Gopmynami (8) Ta (10), a Takox 3a popmyIioro
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1, 11 ., 173 5 22931 4
v, =1+-—65 + Gy + Oy + oy +...,
e =167 T 307270 T 737280 ° 1321205760 ° 1D

OTPUMaHOI BHACIIJOK MOJAHHA ENNTAYHOTO IHTErpana y BHIJIAL pALy.
TyT e HaBeZEHO BiAHOCHI MOXUOKA A = (v: —v*)100/ V: y TIOpiBHAHHI 3

*

* v o .
Ve » IPUHHATOL B po0oOTi [11] sk «TOUHaY.

Tabmunst 1 — Pe3ynpratu o04MciIeHb BITHOCHHUX BJIACHUX YacTOT 3a (hopMyraMu

(8), (10)i (11).

0 0,
90 ) 1% * V;: V: A’ */0 A, */0
rpazyc (8) (10) (11) Vh 4

10 1,00259 | 1,00191 [ 1,00191 0,0 -0,06787
20 1,00636 | 1,00766 | 1,00767 0,0 0,129012
30 1,01531 | 101738 | 1,01741 [ 0,002949 0,206406
40 1,02944 | 103126 | 1,03134 | 0,007757 0,184226
50 1,04875 | 104957 [ 1,04978 | 0,020004 0,098116
60 1,07324 | 107270 [ 1,07318 | 0,044727 -0,00559
70 1,10291 | 1,10118 [ 1,10214 | 0,087103 -0,06986
80 1,13776 | 113569 | 1,13749 | 0,158243 -0,02374
90 117779 | 117712 | 1,18034 | 0,272803 0,216039

*

. HaBeJeHi y po6ori [11].

. * .
[Mpumitka: PesynpraT o6uncneHs vpiv

3 Tabnuill BUILIMBAE, IO MaKCHUMajbHa BigHOCHa moxuOka 0,216039
¢dopmynu (8) menme, Hik y dopmymn (10)— 0,272803, npu upomy
00YHMCIICHHS MTPOCTILIIE.

BucHoBku

1. BuMB amInIiTy 11 BUJIBHMX KOJIMBaHb HA YacTOTY XapaKTePU3YEThCs
BITHOCHOIO BJIaCHOIO YacTOTOO, IO TTOKA3y€e Y CKUIBKH pa3iB 4acTOTa BIACHUX
KOJIMBaHb JIIHEapU30BaHOI CHCTEMH OLTBINA 32 YaCcTOTY KOJWBAHB HEiHIHHOI
cructeMu. BimHOCHA YacToTa 3a1€KUTh TUTHKH BiJI aMIUTITYIH KOJUBAHb.

2. BcranoBneHo, MmO 3 HEJNIHIMHUX KOJMBaHHAX MAaTeMaTHIHOTO
MasTHAKA 1 OWIHApa iX BIAHOCHI BIIACHI YACTOTH OIKCYIOTHCS Ti€l X
¢ynkmiero. Ile mo3Bommiao aias UWIIHApPAa BUKOPUCTOBYBATH METOIH
anpoKCHUMaIlii, po3po0iIeHi s MasTHHKA.

3. BimHocHy BilaCHy 4acTOTy KOJHMBaHb IWIIHApPA BH3HAYEHO B
pe3ynbTaTi anmpoKCHMAaIlii YHUCEThbHOTO IHTETPYBaHHS, a TaKOX METOIOM
rapMoHiifHoro ©Oamancy. MakcuManpHa BIJHOCHa MOXHOKa MeEpIIOro
metony (0,22%) menma, Hix y apyroro (0,27%).

4. Tloxubka, 00yMOBIeHa JiHeapu3amicro qu(epeHIiatbHOr0 PiBHAHHS
pyXy UWIIHApA, KBaJpaTHYHO 3pOCTae 31 30UIBIICHHAM aMIUTITYAN
KOJINBAHb.
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M. S. Poliakov Institute of Geotechnical Mechanics of the National Academy of
Sciences of Ukraine

DETERMINATION OF THE RATIONAL PARAMETERS OF THE
LOW-FREQUENCY OSCILLATION DAMPER OF LARGE-SIZED
ENGINEERING STRUCTURES

Abstract. The article is aimed at determining the rational parameters of a low-
frequency vibration damper with rolling elements, which have a simple design and
high reliability. The parameters of the damper should be such that its frequency is
close to the frequency of the main tone of the structure's vibrations. For this, the
natural frequency of the vibration damper is determined under the assumption of
small amplitude of the oscillations, which allows the equations of motion to be
linearized. At large amplitudes, the nonlinear differential equation of motion is
solved by numerical methods that allow finding only private solutions for specific
conditions. There is a need to generalize private decisions. For this purpose, one of
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the simplest dampers was considered, which consisted of a uniform cylinder and a
recess (the axes of the cylinder and recess are parallel). It is assumed that there is no
energy dissipation and slippage. The cylinder makes free oscillations, which are
described by a nonlinear differential equation of the second order. As a result of
calculations, the natural frequency and period of natural oscillations of the linearized
system were determined. Then, from the condition of conservation of energy, the
natural frequency is determined, taking into account the nonlinearity of the system.
As a result of numerical integration using the Newton-Cotes method, the
dependence of the relative natural frequency and the error caused by the
linearization of the differential equation of the cylinder's motion on the amplitude
was obtained. Dependence analysis demonstrates a characteristic property of
nonlinear systems — non-isochronism. With linearization, an increase in the
amplitude of oscillations leads to a quadratic increase in the relative error. As a
result of the approximation of the numerical results in the range of values of the
angle, which was calculated from the vertical passing through the center of curvature
of the depression, from 10 to 90°, the dependences of the determination of the
relative natural frequency and the error were obtained. In order to determine the
accuracy of the obtained dependencies, a comparison was made with approximations
obtained by other methods. The comparison shows that the maximum relative error
of 0.216039 of the obtained dependence is less than that obtained by other
methods — 0.272803, while the calculation is simpler. As a result of calculations and
analysis, the following was established. The influence of the amplitude of free
oscillations on the frequency is characterized by the relative natural frequency,
which shows how many times the natural oscillation frequency of the linearized
system is greater than the oscillation frequency of the nonlinear system. The relative
frequency depends only on the amplitude of the oscillations. In the case of nonlinear
oscillations of a mathematical pendulum and a cylinder, their relative natural
frequencies are described by the same function. This allowed the cylinder to use the
approximation methods developed for the pendulum. The relative natural frequency
of oscillations of the cylinder is determined as a result of numerical integration
approximation, as well as by the method of harmonic balance. The maximum
relative error of the first method (0.22%) is smaller than that of the second (0.27%),
while the calculation is simpler. The error, which is due to the linearization of the
differential equation of motion of the cylinder, increases quadratically with an
increase in the amplitude of oscillations.

Key words: damper of low-frequency oscillations, large-scale engineering
structures, numerical experiments, rational parameters of the damper, natural
frequency of the damper of oscillations, amplitude of oscillations.
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rational parameters of the low-frequency oscillation damper of large-sized
engineering structures. Fundamental and applied problems of ferrous metallurgy,
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