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J0 IUTAHHS OBTPYHTYBAHHS CIIOCOBY BU3HAYEHHS
KOE®INIEHTIB TEPTSI KOYEHHA TA NPUJIALY
JJI 1010 3JIMCHEHHA

0O.B. boromosos, B.M. Muxaiinos, O.0. boromoJios, E.B. Boiiko

Ob0TpyHmMOBaHo cnocib 6u3HaYeHHs KoepiyicHmie mepms KOYEHHs, 8 SIKOMY
cymuicms npoyecy U3Ha4eHHs KoeiyicHma KoueHnHs YacmuHKu noaseac y gikcayii
KYma HAxXu1y NOXU10i nIOWUHY, HA AKIl 3HAXOOUMbCA YACMUHKA, NPU NOCMYNOBOMY
11020 30IMbUWEHH] 00 NOYAMKY PYXY YACIUHKU, GU3HAYEHHI MAH2EHCA Yb020 Kyma i
MHODICEHHE 11020 HA padiyC YACMUHKU.

Knwowuosi cnosa: mepms, xoegiyicnm, cnocio, xouenus, 0OIpyHMYSaHHS,
npuaao.

ON THE ISSUE OF SUBSTANTIATION OF THE METHOD
FOR DETERMINING ROLLING FRICTION COEFFICIENTS
AND THE DEVICE FOR ITS IMPLEMENTATION

O. Bogomolov, V. Mikhailov, O. Bogomolov, E. Boyko

The paper considers the issue of substantiating the method for determining
the coefficients of rolling friction and the device for its implementation. The methods
for determining the coefficients of static, sliding and rolling friction are analyzed. The
relevance of the paper lies in the fact that the methods for determining the coefficients
of static friction are based either on determining the friction force using
dynamometers and on this basis determining the coefficient of static friction, or on
the use of inclined surfaces. The aim and objective of the research is to substantiate
the method for determining the coefficients of rolling friction and the device for its
implementation. The paper applies theoretical and computational-experimental
methods based on the provisions of theoretical mechanics and methods of statistical
processing of experimental data. Millet, rapeseed, pea and soybean seeds were used
to study the angles and coefficients of friction. It is shown that the proposed devices
for determining the coefficients of rolling friction of individual small particles, for
example grains, are complex in design and are not produced by industry. It is shown
that friction plays a significant role both in our lives and in many branches of
technology. It is present in everyday actions, in the use of transport and other means
of transportation, where friction is necessary to prevent slipping and ensure safety. It
is noted that friction can also be negative, for example, in various mechanisms when
the movement of bodies relative to each other is difficult, and sometimes the movement

176



TlporpecuBHi TeXHiKa Ta TEXHOJOTi Xap4OBHX BUPOOHHITB PECTOPAHHOTO TOCIOAAPCTBA
i Toprieii, 2025. Bum. 1(37) ISSN: 2312-3990X (Print), 2519-2922 (Online)

itself. The paper substantiates the method for determining the coefficients of rolling
friction, in which the essence of the process of determining the rolling coefficient of a
particle consists in fixing the angle of inclination of the inclined plane on which the
particle is located, with its gradual increase until the beginning of the particle's
movement, determining the tangent of this angle and multiplying it by the radius of
the particle.

Keywords: friction, coefficient, method, rolling, justification, device.

IMocTranoBka mpo6jeMu B 3arajdbHoMy Burisigi. Teprts Bimirpae
3HAYHY POJIb SIK y HAIIOMY XHTTI, TaK 1 B 0arathbox rajy3sx TexHiku. BoHo
NPUCYTHE Y MOBCSAKACHHUX [isIX, Y BUKOPUCTAHHI TPAHCIIOPTHUX Ta IHIIUX
3aco0iB, 1€ TepTs HeoOXimHe s 3armoliraHHs KOB3aHHIO Ta 3a0e3IedeHHs
6e3neku Tomo. OHAK BILTHB TEPTS MOXKE OYTH 1 HEraTHBHUM, HAIIPUKIIA, Y
PI3HHX MEXaHi3Max IMpH MEPEIIKOKaHHI PyXy TiJI OJHE BIJIHOCHO OJHOTO,
iHOAI ¥ camoro pyxy [1; 2, c. 229-243; 3, c. 33—-48]. [1pu koHTaKTI Hi3HIHUX
TiJ Ta TEPEUIKO/PKAHHI X PYXY OJHE BiJHOCHO OJHOTO BUHHKAIOTH CHJIU
TepTsi. PO3pI3HAIOTE CHJIM TEPTS CIOKOK Ta KOB3aHHA. MakcuMmaibHe
3HAUYCHHS CHJIM TEPTs, KOJIM BOHO I HE KOB3a€, HA3MBAIOTh CUJIOK TEPTS
CIIOKOI0, ii BU3Ha4aroTh 3a hopmyoro [4, c. 128-132]:

F=f"-N, (1)
ne f— koedirieHT TepTs crOKOMO;
N — cria IpUTHCKAaHHS OJTHOTO Tijia J0 iHIIOTO.

Ko % TiJI0 BiKe 3pYIIMJIO 3 MICII, TO CHJIAa TEPTS 3MEHIIYEThCS,
SIKIIIO BOHO MiJTPUMYE PIBHOMIPHUN PYyX.

KoeoimieHTn TepTs i CIIOKOI0, 1 KOB3aHHS BU3HAYAIOTHCS 32 OJHIEIO 1
Ti€0 camMor0 (HOPMYJIIOH:

F

f=% @

Maemo Ha yBa3i cuity F — TepTs criokoro abo TepTs KOB3aHHSI.

AHani3 ocTtaHHiX Jociigxens i myOgaikamii. J(ns Bu3HAUeHHS
Koe(IIlieHTIB  TepTA CIIOKOI0  BHKOPHCTOBYIOTH TIPHIAAH  PI3HUX
KOHCTPYKIIi#, B SIKMX BUMIPIOIOThH a00 cuity Tepts [5; 6, ¢. 94-103], abo kyt
HaXWly MOXWIOL IJIOIMHU ¢, MiJ KM OYMHAETHCS KOB3aHHS YaCTHHKY, 1
Koeimi€HT TepTsS BU3HAYAIOTH 33 (OPMYJIIOIO:

f=tge. (3)

Ieit xe crioci6 omucano B matenti CHIA [7, ¢. 1-3].
Jnst BU3HAUeHHS KOe(iIlieHTiB TEepTs CIIOKOIO CHITKHX MaTepiaimiB i3
MIHIMBMMH 3HA4EHHSMU DPO3PAXOBYIOTH HOr0  CEpeJHbOCTATHCTHUHY
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BEJIMUMHY MDIIXOM OOYHCICHHS KOC(Imi€HTIB JUIi BEIHKOI KiTBKOCTI
YaCTHHOK, TOMY JUTSl ITiJIBUIIICHHS POJTYKTUBHOCTI 3alIPOIIOHOBAHO HPHJIA],
npezcTaBIeHui Ha puc. 1, omucanuii B [8, ¢. 9], abo OinbIn ymockoHaIeHH I

-89, c. 1-3].
s BU3HAuUEHHS KOEQIIIEHTIB TEPTS KOB3aHHS 3aCTOCOBYIOTH, SIK
IIPaBUIIO, HIUPOKO Bigomuii TIPOCTHH TIpUIIaz aKajeMika

XKemiroscekoro B.A. [10] abo npumaa ckmagHimol KoHCTpyKIti [8, c. 16],
CXeMy SIKOTO HaBeJIeHO Ha puc. 2. e mprtan At BU3HaueHHS KoedilieHTIB
TepTs MOOJUHOKHUX YaCTHHOK CKIIAHUI 38 KOHCTPYKII€IO; PyXoMa CTpiuka
MIpUIay Ma€ MiKpOKOJIMBAaHHS IMOBEPXHi, [0 3HWKYE TOYHICTh BU3HAYCHHS
KoeilieHTa TepTs.

I3 BU3HAUCHHAM KOoedilieHTa TepTs KOUEHHS I IPIOHUX KYJSCTUX
YaCTUHOK BHHHUKAIOTH MPOOJIEeMH, TOMY IO CHIy TEpTd 3a JIOMOMOTO0
JMHAMOMETPIB BUMIPSTH HEMOXIHNBO, 00 BOHA Jy)Ke Mana; 0 TOTO X BOHA
XO0Y 1 HA3UBAETHCS CHIIOK TEPTS KOYCHHS, MO CYTI € CHIIOK TEPTS CIIOKOIO,
TOYHIIIE CIOKOI-KOYEHHs, HE € 0e3pOo3MIpHOI0, K KOe(illieHT TepTs
CIIOKOO KOB3aHHS, @ BUMIPIOETHCS JIIHIHOIO BETMYHMHOIO MM 200 M.

TaxuMm 4uHOM, IO CyTi IPUIA/iB AL BU3HAUCHHS KOS(ili€HTIB TepTs
KOUYCHHS MOOJJMHOKUX JIPiOHUX YaCTHHOK HEMae.

Mera crati — OOIpyHTYBaHHS CIOCOOY BH3HAauYeHHsI KOE(]illi€eHTIB
TepTS KOYEHHS Ta TIPHUIANy JUIS HOTO 3 CHEHHS.

Marepiaau Ta MeToAu. Y CTAaTTi 3aCTOCOBAaHI TEOPETHYHI Ta
PO3paxyHKOBO-EKCIIEPUMEHTANbHI METOIM Ha 0a3i IMOJI0kKeHb TEOPETUIHOT
MEXaHIKH Ta METOAU CTaTUCTHYHOTO OOpPOOJECHHS eKCIePUMEHTAIbHUX
naHux. s ToCipKeHb KyTiB Ta KOe]illieHTiB TepTs BUKOPUCTaHI HACIHHS
mpoca, pifnaky, Topoxy Ta coi.

Buknag ocHoBHoro Marepiany gociaimxenHsi. IlepeBaxHa
OUTBIIICT CIOCOOIB Ta MpWIAgiB AJIS BH3HAUCHHS KOCQILI€HTIB TepTs
MpU3HAYEH] JUIl HETIEPEKUIHUX YaCTUHOK, TOOTO I YaCTHHOK, 1O 3AaTHI
pyxaTucs 3 KOB3aHHAM M0 moBepxHi. OJJHaK 3Ha4YHA {X 4aCTUHA Ma€ KyJIACTY
¢dopmy 1 371aTHA 1O KOYEHHS N0 HAXWISHIH IUIOMUHI. Y 3B’S3Ky 3 UM
MPOIIOHYETHCS HAUTIPOCTIMINI CIIOCiO Ta MpHUial, Mo A03BOJISIE BU3HAYHTH
koeQilieHT TepTs KoueHHsS. Po3paxyHkoBa cxema crnocoOy Ta MpHiamy
roKa3aHa Ha puc. 1.
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1

Puc. 1. Po3paxynkoBa cxema crnoco0y BU3HaYeHHsI KoediuieHTin
TepPTA KOYeHHSI

IIporoHyeThCsT HaXWICHY IUIONIMHY BHKOHATH ITOBOPOTHOKIO 3
BUKOPHUCTAHHAM IPHCTPOIO JJISI 3aMipy KyTa Haxuiy. B ocHOBY poGoTu
IIpUIay MOKIaAeHi HACTYIHI MipKyBaHHS.

Posknagemo cuny P Ha cknanosi P;i P, npu TrpaHUYHOMY MOMOKEHH]
PIBHOBAr, KOJH @ = Q.

BunHo, mo pymriiina cuna Q = P; = P sin a4, a HOpMaibHa peakiis

N =P, =Pcosa,.
Binomo, 110 Q= gN, 4)
ne K — koedilieHT TepTs KOYSHHS, M;
R — paniyc 4acTUHKH, M.
Toni

Psina, = gcos aq, (5)
abo
K K
tga; = -, ay = arctg—, K = Rtga,. (6)

3i 3MeHuIeHHAM K 10 HyJst KyT o TakoX 3MEHLIYETHCS 10 HYJIS.
OueBHIHO, IO piBHOBAra 30epiraTuMeThest MpH OyIb-IKOMY KyTi o < a1.
Yactunka npu o<oq OyAe B CIOKOI, SKIIO OAHOYACHO KOe(DillieHT TepTs
ko4eHHs1 fo yacTHHKHM Mo TuToIKHI Oy/e TaKuM, o f > fga, TOOTO SKIIO fi >

K o . K
7 1O 3a3BUYAH 1 OyBae. SIKIIO X BHUSABHTBCA, IO fo < 7 TO Tpu &=y

YacTUHKA He OyJIe B CITOKOI Ta MIOYHE PYXaTUCS MO TUIOIIHHI.

TakuM uuHOM, Tpolec BU3HAueHHsA Koedimienta K mossirae B
¢ikcarii KyTa o1 IDIIXOM ITOBUTEHOTO 30UTBIICHHS KyTa o A0 TI0YaTKy PyXy
YaCTHHKH 1 BU3HAYCHHI Horo 3a hopmyIoro 6.

179



TlporpecuBHi TeXHiKa Ta TEXHOJOI] Xap4yoBHX BHUPOOHHITB PECTOPAHHOTO TOCIOAAPCTBA
i Toprieii, 2025. Bum. 1(37) ISSN: 2312-3990X (Print), 2519-2922 (Online)

Jns mpukmaxy Oymo BH3HAYCHO KOC(DIIIEHTH TepTd KOUYCHHS Ta
KOB3aHHS HaciHHS Ipoca Ta pimaky, ropoxy ta coi. Lleit Habip KynbTyp
XapaKTEepHUN OKPYIIICTIO HaciHHA. Po3Mipu mpoca Ta pinaky Maii Ta Maixe
OJTHAaKOBI, a TOPOXY Ta COI 3HAYHO OUTBII I TeX ONM3BKI MiX CO0OIO0 3a
po3mipamu. Y Tabnui 1 HaBeAeHO cepeHi KoedillieHTH Ta KyTH KOYEHHS Ta
KOB3aHHS IIUX KyIbTYp.

Tabmuus 1
Ioka3Huku TepTs N0 ¢aHepi TeXHiYHIl Pi3HUX KYJIbTYP

Kynerypa IIpoco | Pimak | I'opox | Cos

KyTu Ta koediienTn Tepts

KoegilieHT TepTst KOUCHHS, MM 0,38 0,32 1,08 1,46
KoedilieHT TepTs KOB3aHHA, MM 0,41 0,44 0,43 0,42
KyT TepTst koueHHs, rpaj 12,0 11,2 10,2 13,6
KyT Teptst koB3aHHs, Tpan 22,2 23,8 23,9 22,6

KyTu Ta koedilieHTn TepTs KOB3aHHS OYJIM BU3HAYECHI 3 JOTIOMOTOI0
npunany akagemika JKemirocskoro B.A.

OTpumaHi pe3ynbTaTH KyTiB Ta KOE(II[iEHTH TepTd KOB3aHHS
BUOpaHUX KyJbTYp MaioTh HE3HauHi PO30DKHOCTI. MiX KyTaMu TepTs
KOB3aHHs po30ixkHOCTI 1,6°, a xoedimientamu Tepts 0,03. Tpoxu Oinbiie
PO30DKHOCTI MiXk KyTaMH 01, IPH IKOMY YaCTHHKH IIOYMHAIOTH KOYEeHHS (el
KyT MOXHa Ha3BaTH KyToM koueHHs). KoediuieHTH TepTs KoueHHs Jis
00paHuX KyJIbTyp MaroTh iHIII PO301KHOCTI, 3pOCTAIOTh 1i PO301KHOCTI 31
301bIIEHHSM JliaMeTpa 3epHUH, M npocoM i pinakom — 0,06 MM, ropoxom
i coero — 0,38 MM. SIKIIO B3ATH CepeHe MK IIPOCOM 1 PiTaKkOM Ta TOPOXOM i
CO€0, TO Wi po30iKHOCTI 3Ha4HI i ckiaaawTb 0,92 MMm. TobTo koedilieHT
TEpTsl KOYSHHS 3HAYHO 3pOCTAE ISl 3epHa 3 OLIBIIMMH PO3MipaMH.

BucHOBKH. 3aipONIOHOBAHHMI METO/] BU3HAUCHHS KOS(ILi€HTIB TepTs
KOYCHHS BiJIPI3HSAETHCS MPOCTOTOI, HE MOTPEOYE CKIAJHUX MPUIALIB 1 32
JIOTIOMOT'OF0 TOXMJIOT IUIOIIMHU 3 (BiKCAIIE0 KyTa, IPH SIKOMY MTOYHHAETHCS
KOYEHHS, JI03BOJISIE BU3HAYATH KOSQIIIEHTH TEPTS KOUSHHSI.
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JO ITNTAHHSA OYMIIEHHSA TA COPTYBAHHSA
HACIHHS KPOITY

O.B. BoromoJios, B.1. Ipkiienko, I.O. Bouapuikos, O.1. Andepos

Haseodeni pesynomamu 00cniodtceHnss isuko-MexaHivHux xapaxmepucmux
ma cenapayii HACIHHA KpoOny 6i0 HACIHHS OYp SHUCMUX POCIUH, DPe3Vibmamu
COPMYBAHHSL HACIHHS KDONY MA BUSHAYEHHS CXOIHCOCME HACTHHS KOJICHOT (hparyii, wo
c8iduuUms npo akmyanvHicmo yici pobomu. OuuwenHs ma copmyeanusi HACIHMS
Kpony, npogedene Ha 1aOOPAMOPHUX pewilemax, [ nepesipKka HaA CXONHCICMb
OMPUMAHUX PPAKYIl NOKA3AU BUCOKY eEeKMUBHICIb OUUUJeHHS] MA COPMYBAHHSL
HACIHHA KPONY 30 POIMIPAMU, NPO WO UOembCsl Y 8UCHOBKAX 00 POOOMU.

Knwuosi cnoea: nacinms xpony, posmipu, HacinHs Oyp’aHie, cenapayis,
COPMYBAHHSL, CXONCICMb.

ON THE ISSUE OF CLEANING AND SORTING OF DENT SEEDS
O. Bogomolov, V. Irklienko, I. Bocharnikov, O. Alferov
The results of the study of the physical and mechanical characteristics and

separation of dill seeds from weed seeds, the results of sorting dill seeds and
182


mailto:bogomolov25@gmail.com
mailto:bogomolov25@gmail.com
mailto:oipxv@ukr.net

