BicHuk
HYBIM

MALLMHO3HABCTBO
YOK 628.862.3

Cepinko J1. C., K.T.H., poueHT, Tumenuyk 0. 10, K.T.H., AOLEHT,
Cepinko [I. J1., K.T.H., acucteHT (HauioHanbHUI yHiBEPCUTET BOAHOIO
rocnogapcTBa Ta NPUPOAOKOPMCTYBaHHS, M. PiBHe)

AOCIKEHHS PYXY YHACTUHOK CUMKOro MATEPIAJTY NO
LUIHOPUYHIN NOBEPXHI, IKA 3AIMCHIOE KOJIMBAJIbHUU PYX
B30BXX OCI CUMETPII

B po6oTi HaBeaeHi pe3ynbTaTu TEOPETUHHUX AOCHIAKEHb PYXY YaCTU-
HOK CMNKOro Marepiasny no uuMaiHApUYHIN NOBEpXHi, iIKa 3AINCHIOE KO-
NUBaNbHUA PyX B3A0BX 0Ci cuMeTpil. BuUsHayeHi 3Ha4YeHHSs BiAHOCHUX
nepeMilleHb Ta WBUAKOCTEN YaCTUHKU B 3aNIeXKHOCTI Bif paaiyca uvni-
HAPa, KoedilieHTa TepTA, YacTOTU Ta aMNAITYAU KOJINBAHb.

KnroyoBi cnnoBa: konuBanbHUM pyX, CUMKUIA MaTepian, uMniHApMYHa
noBepxHsA, KoedilieHT TepTA, YacToTa amnaiTyaa.

Bi6pauiiHa TexHika B Hall 4ac € raays3i MawWMHOOyAyBaHHS, sKa
PO3BMBAETLCS WBUMAKMMKU TeMnamu. 3a cnosamMu l.I. BnexmaHa, BoHa
NPOBOANTb TEXHOMOrYHY PEBOJIOLIID B PI3HMX rany3sx NPOMUCIIOBOCTI.
CborofHi BaXKko ysaBuTK 6e3 BibpaUiHMX MalIMH NignpuemcTBa no 36a-
rA4YeHHK KOPUCHUX KONanwuH, BUPOBGHUUTBY OyaiBenbHWMX MaTepianis i
KOHCTPYKLLiN, No nepepobui 3epHa Towo [1].

BibpauiHa B3aeMogis, 3a TBepaxeHHaMn K.H. ®ponoea, B gecar-
KW Ta COTHI pa3 iHTEHCUDIKYE Pi3HI TexHoNorivyHi npouecun. besymoBHoO,
Lie NporpecrBHa TEXHOJIOTIA, AKa HanpaMaeHa B ManbyTHe [2].

B po6orTi N.M. 3aiku [3] po3rnsapgaeTbea pyx YaCTMHOK CUMKOro MaTtepiany
MO 30BHILWHIN NOBEPXHI UMNIHAPA, SKUW 3AIMCHIOE KONMMBANBbHUA PYyX B3A0BX
CBOEI OCi. HaBopsATbCA 3anexHOCTi WBWAOKOCTI PyXy YaCTUMHOK MaTtepiany Big,
reoMeTpPMYHUX NapaMeTpiB UMIiHAPA, NOro 4YacToTu i aMnAiTyau KonmBaHb, Ta
KoediLEHTY TEePTA YAaCTUHKM MaTepiany no NoBepXHi uuniHapa.

B po6oTi [4] po3rnapgacTbcsa pyx YaCTUHOK CUMKOro Martepiany BHY-
TPILWHIA NOBEPXHI TOHKOCTIHHOIO UWIIHAPA, KWW 3OINCHIOE KONMUBab-
HUW PyX B3O0BX CBOEI OCi.

MeTolo AaHoOi po60TK € BU3HAYEHHSA LWBUAKOCTI Ta TPAEKTOPII pyxy
MaTepianbHOI TOYKM NO BHYTPIWHIM NOBEPXHI LMAIHAPA, KU 3A4INCHIOE
KONIMBaNbHUN PyX B3J0BX CBOEI OCi CUMETPIl N0 3aKOHY z, = Asin kt .

Po3rnaHeMo pyx 4acTMHOK CUMNKOro Martepiany no BHYTPIWHIN no-
BEPXHi umniHapa paaiyca R nig pieo cunm TaxiHHG P, HOpManbHOT peak-
uiit N, cunun tepta Fri cunu iHepuii @, sKa BUHMKAE BHACMNigOK KonnBa-
NbHOrO pyXxy umniHapa.

[MonoXXeHHSA TOYKM Ha Ui NOBEpPXHi BU3HAYAETLCSA KOOpPAMHATaMMU
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@ Ta z B UMNIHAPUYHIN cucTeMi koopaumHart (puc. 1).
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Puc. 1. Po3paxyHKoBa cxeMa pyxy 4YaCTMHKW CUMNKOro mMaTepiany no
BHYTPILLHIA NOBepPXHi uuniHapa

3rigHo 3akoHy KynoHa, cuna teptda 6yge piBHa F.=fN, Be f — KO-
edilieHT TepTa YaCcTUKKU NO NOBEPXHi uuniHgpa;, N — HOpMasibHa CKna-
AOBa peakuil noBepxHi. OCKiNbKM cuna TepTa 3aBXAM HanpsiMieHa B
NpoTUNEeXHUn BiK Big WBUAKOCTI pyXy, TO MPOEKLil Li€El CUAN Ha oci 7 Ta
Z ByanyTb piBHi:

\% \%
F=—F.-2—-—_mwn-2. 1
T TV fNV’ ()

\% \%
F =-F, % =— -z, (2)

=B =N

Ae V,=R¢ - TpaHcBepcajbHa CKNafoBa WBWAKOCTI pyXy YaCTUHKMK MO

noBepxHi uuniHapa; V, =z — npoeKuia WBUAKOCTI PyXy YaCTUHKK Mo Mno-
BEPXHi UMNiHApa Ha BiCb Z.

Cuna iHepuii @ =m z = mAk” sinkt .
Toai piBHAHHA pyXy YacTUHKW NO MOBEPXHI UMAIHAPA MaTUMYTb BU-
rnag;

B HalwoMy BMNaaKy, 3 BpaxyBaHHSM, WO r = R = const, 6yaemMo Ma-
™:
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mR(pzmgsin(p—ﬂVL;

. 2 *
(R¢J +7°
mR(p2 = N +mg cos @;

mz=—fN -+ mAk * sin kz.

. 2 .
(R¢J +72

Br3HauMMo 3 opyroro piBHAHHSA cucTeMm (4) HopManbHy peakuito N
i NiACTAaBMMO B NepLue i TPeTE PiBHAHHS.

N=mR¢;2—mgcos¢). (5)

< _gsing f(Rqo-—gcosco)qo

’ \/(R.(D)z v | (6)

(R(J;Z—g cos (ojz

(R.(DJ + 7’
3 piBHAHHSA (5) MOXXHA BU3HAUMTM MiHIMaJsIbHE 3HAYEHHS MOYATKOBOI Ky-

TOBOI LUBUAKOCTI @), = @, NPU AKIN MOXJIMBUMA PYX BHYTPILLUHBOIO NMOBEPXHELD
uuniHgpa.

T = Ak*sinki— f

R, — g cosp=0; (7)

@, :1/%?8(”. (8)

Ha pwuc. 2 HaBemeHo rpadik 3anexXHoCcTi MiHIManbHOI KyTOBOI
LWBMAOKOCTI YaCTUHKM MaTepiany, sika 3abe3nedye pyx NOBEPXHEK LWUJIiH-
Apa.

-1
w,c 5

30 45 I 60 I 75 So ¢ °
Puc. 2. 3anexHicTb MiHiManbHOI NOYATKOBOT KYTOBOI LBUAKOCTI YaCTUHKM Bifl
reoMeTpuYHMX NapaMeTpiB LMNiHApa:

1-R=0,4M;2-R=0,6 M;3-R=0,8M
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OcKinbKu cucTeMa piBHAHb (6) CYyTTEBO HeNiHiHA, TO BOHA He MOXe
6yTV npoiHTerpoBaHa B KBagpaTypax i Il NepioAnyYHMN po3B’'sA30K HE MO-
e 6yTn 3HangeHUM B 3aMKHYTIN GOpMi.

. dp - db

BpaxoBytouu, wWwo p=" = 3aMiHuMO cucteMmy (4) cuctemoto
YOTUPbOX PIBHAHb
o= flpzt)
= L@ zt);
¢ (g z:1) 9)
2= flp o),
2= fps 1)

MouaTKoBi yMOBM PYXy ¢, =@,; ¢, =0; z,=V, =0; z,=0.

HabnwxeHi 3Ha4YeHHS ¢, ¢, 7,z OOUYMCNIOTHCS 33 PEKYPEHTHUMMU
dopMynamu:

0. =9, hf (@5t
@i =@ +hf (@ z31)
%m =;i+hf3(¢7,z;t);
Z =2+ W (i zit)

Ae h — KPOK iHTerpyBaHHS.
Ha puc. 3-6 HaBepeHi rpagiyHi 3aneXHOoCTi BiAHOCHUX KyTOBUX
LWBMOKOCTEN | NepeMilleHb YaCTUHOK CUMKOro MaTtepiany no uuiiHgpuy-
Hi NOBEPXHIi 3a/1eXHO Bif Yacy 1, Ta KyTa ¢ , NpY Pi3HUX 3HAYEHHAX KO-

ediuieHTa TepTa f, yacToTn k Ta aMNNiTyAM KONMBaHb A.
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Puc. 2. 3anexHicTb BiGHOCHOIO 0CbOBOM0 NEPeMiLLeHHSI YaCTUHKU CUMKOro

MaTepiany no UMNiHAPWYHIN NOBEPXHI Bif Yacy f:
1 -£=0,25; 2 - /=0,5; (R=0,06 mM; A=0,01 m; k=50 c™');
3-k=50c";4-k=75c" (R=0,06 m; A=0,01 m; f=0,35)
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Puc. 3. 3anexHicTb BiAHOCHOT KYTOBOI LWBUAKOCTI YAaCTUHKM CUMNKOIO MaTepiany

no UMNiHOPWUYHIN NOBEpPXHI Big Yacy &
1 -£=0,25; 2 - /=0,5; (R=0,06 mM; A=0,01 m; k=50 c™');
3-k=50c";4-k=75c" (R=0,06 m; A=0,01 ™; f=0,35)
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Puc. 4. 3anexHicTb BiAHOCHOI0 OCbOBOI0 NEPEMILLEHHS YaCTUHKUN CUMKOro
MaTepiany no UMNiHAPWYHIA NOBEPXHI Bif KyTa ¢:
1-A=0,01 M; 2 - A=0,05 ™; (R=0,06 ™; f=0,35; k= 50 ¢™');
3-R=0,06 M; 4 — R=0,12 m; (A=0,03 ™; /=0,35; k=50 ")
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0,00

®, pao

Ak BUQHO 3 HaBepeHux rpadikiB, HANbGINbLW CYTTEBO HAa BESINYUHY
0CbOBOr0 NepeMileHHs YaCTUHKM CUMKOro MaTtepiany no BHYTPIWHIN no-
BEPXHi uuniHApa BNAMBAE 4YacToTa KoMMBaHb (puc. 2) Ta amnniTypa Ko-
nuBaHb (puc. 4). Pa3om 3 TUM Ui napaMeTpy Mano BNANBAKOTb Ha BeuU-
YMHY BiQHOCHOI KyTOBOI WBMAKOCTI (puc. 3, puc. b).

OTpuMaHi 3aneXXHOCTi NapaMeTpiB Pyxy YaCTUHOK CUMKOro MaTepi-
any no UMNiHAPWYHIN NOBEPXHI MOXYTb OYTM BUKOPUCTaHI NpU NPOEKTY-
BaHHi Pi3HOMAHITHOT BibpaLiMHOT TEXHIKMW.
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Puc. 5. 3anexHicTb BiAHOCHOT KYTOBOI LWBUAKOCTI YaCTUHKM CUMKOO
MaTepiany no UMNiHAPWYHIA NOBEPXHI Bif KyTa ¢:
1-A=0,005m; 2-A=0,01 M; 3-A=0,015™; 4 - A=0,02 ™;
(R=0,06 ™; =0,35; k=50 ¢)
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STUDY OF LOOSE MATERIAL PARTICLES MOTION ON CYLINDRICAL
SURFACE, WHICH PROVIDES AN OSCILLATORY MOTION ALONG THE
SYMMETRY AXIS

The paper presents the results of theoretical studies of loose material
particles motion on cylindrical surface, which provides an oscillatory
motion along the symmetry axis. The relative displacement and
velocity of a particle depending on the radius of the cylinder, friction
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coefficient, frequency and amplitude are determined.

Keywords: oscillatory motion, loose material, cylindrical surface,
friction coefficient, frequency, amplitude.
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NCCNEAOBAHUE ABMXXEHUA YACTULLBI CbINMYYEro MATEPUAJIA O
LUMTMHOPUYECKOW MOBEPXHOCTU, KOTOPAS COBEPLUAET
KOJIEBATEJIbHOE ABUXXEHUE BAOJ1Ib OCU CUMMETPUU

B pa6oTe npuBeaeHbl pe3ynbTaTtbhl TEOPETUHECKUX UCCIeA0BaHUN ABU-
YKEHMA YacTuUL Cbiny4yero MaTepuana no UMaMHAPUYECKON NoBepXHOC-
TWU, KOTOpPas coBepLluaeT KonebaTenbHoe ABUIKEHMUE BAOJIb OCU CUMMET-
pvu, onpeaeneHbl 3HAYeHUS OTHOCUTEJSIbHbIX NepeMeLLLeHUn U CKopo-
CTel YacTuubl B 3aBUCMMOCTU OT paguyca uMnuHapa, koapopuumeHTa
TPEHMsA, YacTOTbl U aMNAUTYAbI KonebaHun

Knrwouespie cnioBa: konebaTenbHoe ABMXKEeHUe, Cbiny4Yui MaTepuan, um-
NUHAPUYECKas NOBEPXHOCTb, KO3IPPULMEHT TPeHUs, YacToTa, aMnaun-
TyAa.
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