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the influence of the established factors on the change in the concentration of PM;, and PM, 5 solid particles in
emissions from car tire wear was determined. It was found that an aggressive driving style contributes to a
significant increase (by 78 times) in the concentration of solid particles in emissions during tire wear. An
increase in the level of emissions is also influenced by an increase in the load on the tires and an increase in the
speed of movement. It was determined that new car tires are characterized by an increase in the concentration of
particulate emissions, which is explained by a certain period of their running-in. An increase in the concentration
of solid particles was also established when using studded winter tires compared to non-studded and summer
ones. Possible steps for deepening research on the problem of solid particle emissions from tire wear and their
impact on the environment are proposed. Among them: clear compliance with the load index when choosing
tires, compliance with speed regimes, ensuring compliance of tire materials with wear resistance standards,
taking into account the specifics of the impact of materials and the limit sizes of their components on the wear of
automobile tires when designing coatings for new automobile roads and modernization of existing ones.
automobile tire, tread abrasion, emissions from tire wear, PM,, and PM, 5 particulate matter
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JlocnaiaxkeHHs TaJIbMIBHOI JUHAMIKH aBTOMOI3/1a

VY craTTi NpOBENEHO aHajli3 JAWHAMIYHUX XapaKTepPUCTHUK TAJIBMIBHOTO IIPOLECY IBOJIAHKOBOTO
CiZIeNIbHOTO aBTOMOi3/1a MiX Yac NPSAMONIHIHOrO Ta KpHUBOJIHIHHOTO pyxy. Onep)kaHO 3aleXHOCTI s
PO3paxyHKy 3HaYCHHS HOPMAaIBHHUX PEaKIii, 0 Aif0Th HA KOJIecax TPaHCIOPTHOro 3aco0y. BeranosneHo, mo
Mg 9ac 3MiHM BEJIMYMHW MacH HaIliBIIpHYENa BiOyBaeThCs HAOULIbIIE MOBAaHTa)KCHHS HA BIiCh HAITIBIIPHYETIA,
HaliMeHIIle — mepeaHbol oci aBToMOOUII-TsAra4a. [lig 9ac rampMyBaHHS B MpOIIECi MPSAMONIHIKHOTO PYyXyY, IpH
i ABUIICHHI IHTEHCHBHOCTI TaIbMyBaHHS 311ICHIOETHCS 3MEHIIICHHS! HABAHTaKEHHSI 3aTHBOI OCI Tsraya, a TakoX
ocell HamiBIpHUENa 3a paXyHOK 3017IbIICHHS HAaBAaHTAXKCHHSA Ha IEPEIHIO Bich aBTOMOOLII-TsArada. HeobxigHO
BIIMITHTH, III0 OJTHOYACHO 13 PO3BAHTAXCHHSAM OCEH HaIliBIIpHYeIa BifOyBaeThCs 301IbIICHHS] HABAHTAKEHHS Ha
OIMOPHO-3YIMHUI TMPUCTPIH TPaHCIIOPTHOrO 3aco0y, pe3yJIbTATOM YOro, B CBOIO 4Yepry, € MiJABHUIICHHS
HABAaHTAXCHOCTI Oced Tsarada. [ajgpMiBHA JMHAMIKa aBTOIOI3a y KPHUBOJIHIHOMY pyci MOKasye, II0
Mi/BUILIECHHS IHTEHCHBHOCTI TaJibMyBaHHS CYIPOBOJDKYETHCS MEPEPO3NOIUIOM BEIWYNH HOPMAJIBHUX OIMOPHHUX
peakuiii Ta JOBaHTaXEHHs NepenHboi oci Tsarada. Pazom 3 Tum, Oiiplla BeMMYMHA HOPMaJbHOI peakuii €
XapaKTEepHOIO JUIsl KOJIiC, 10 NepeOyBaloTh HAa 30BHIIIHBOMY KOJIi BiJIHOCHO IEHTpPY moBopoty. [anuii edekr
MOSICHIOETBCSL BIUIMBOM BIIIEHTPOBHX CHJI. MakcHMallbHa BEJIMYMHA OOPTOBOTO BiIAXMIEHHS HOPMAJIbHHUX
OTIOPHUX PeaKIiif CIIoCTepiraeTbes Ha 3aHIH OCi TATaya.
cTilKicTh, TrajJbMyBaHHf, [BOJAHKOBHH aBTOMNOi3l, HOpPMaJbHI peaknii oONOpPHOI MOBepXHi,
NPAMOJIiHIHUN pyX, KPHBOJIIHIHHMI pyx

IHocTanoBka npodsaemu. IliBUIIEHHS MONUTY HA BaHTaXKHI MEPEBE3EHHS aBTOMOOLTBHUM
TPAHCIIOPTOM O€3MOCEPEIHbO BIUTMBAE HA TEHACHINIO MO0 3POCTAHHS MIBUAKICHUX PEXKUMIB
PYXy Ta 30UIbIICHHS PiBHS 3aBaHTA)XEHHS Cy4acHHX aBTOMOI3iB. Lle B cBOIO uepry Bumarae
HiBUIICHHA O€3MeKH iX BUKOPUCTAHHS Ta TOKPAIICHHS EKCIUTyaTaliiHUX BIIACTHBOCTEH.

© ILb. Iporwiit, [I.I1. [Torrosuy, O.B. YopHa, P.I. Posym, M.B. Bypsik, B.B. biptounacekuii, M.P. bamynekuii, 2024
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OpHiel0 13 HaWBaXJIMBINIMX TEXHIKO-EKCIUTyaTallliHUX XapaKTEPUCTUK TPAHCIIOPTHUX
3ac00i1B, SKiI XapaKTepU3yrTh 0E3MEeKy PyXy OCTaHHIX, HA HAIly TyMKY, € CTIMKICTb, TIEpII 3a
BCE IMiJ 4Yac TalbMiBHOIO pexuMy. OCKIIBKM BTpaTa CTIHKOCTI aBTOIOI30M MOXeE
CIPUYUHUTH BUHUKHEHHS 10POKHBO-TPAHCIIOPTHOI MPUTO/IH, 110, B CBOIO YEpry, IPU3BOIUTH
JI0 MaTepiaibHUX 1 HeMaTepiadbHUX BTpaT.

JIst ToJTiMIIIeHHsT eKCIUTyaTaIliiHAX BJIACTUBOCTEN aBTOIOI3/11B HEOOX1THE BUBUCHHS
BIUIUBY BCi€i MHOXMHHM (akTOpiB, SKI BHHHMKAIOTh B pEaJbHUX YMOBaxX iX pyXxy.
ABTOMOOUTPHUN TIO3]] 1€ CKJIaJHA MEXaHIYHA CHCTEMa, SKa MICTUTh BEJIUKY KUIbKICTh
€JIEMEHTIB, II0 B3Aa€EMOIIOTh OJWH 3 OJHMM. B 3BS3Ky 3 LIMM, NPOBENCHHS IOCIHIKCHb
JTUHAMIYHUX XapaKTEPUCTUK TAIbMIBHOTO TIPOIECY € CKIAJHUM 1 TPYAOMICTKUM.

AHaJi3 ocTtaHHiX xociigxenb i myOaikauniii. [loseneno [1-10], mo HaiOiIBIINN
MOKAa3HUK €(PEKTUBHOCTI TaJIbMIBHOTO MPOIECY aBTOMOI3/]a CIOCTEPIraeThCs i Yac MOBHOTO
3aBaHTAXKEHHS yCiX Oceil, TOOTO, TOAl KOJHM yCl Kojeca OJHOYACHO 3HAXOAATHCS Ha MEXKi
onokyBaHHs. [Ipu 11bOMy, CTIHKICTH pyXy aBTOIOI3/a B TAIbMIBHOMY PEKUMI 3aJI€KUTH BiJ
NPOMOPLUIHHOCTI TaJbMIBHUX 3yCWJIb BEIMYMHI HOPMAJIBHUX PEaKLid Ha KOXKHOMY KOJIECi Ta
XapakTepy B3aeMOIl JIAHOK B OMOPHO-3YIMTHOMY MPUCTPOi. AJDKE BIIOMO, IO PyX
aBTOMOOIIBHOTO MOi37a y TalbMIBHOMY PEXHUMiI MOXXE CYIPOBOJKYBAaTHCS BUHUKHEHHSM
JIOTATKOBUX PEAKIliii B OMOPHO-3YIITHOMY MPUCTPOi Ta CYTTEBOIO 3MIHOIO OTIOPHOI peaKIlii.
Po3BUTOK KOJIICHUX TPAHCIOPTHUX 3ac00iB 3 1XHBOIO TpaHCPOPMALIED Y CKIAIHI
MEXaTPOHHI CUCTEMHU CIPUYMHSIE TE, IO HEOOXITHUM € Tieperyisg 0a30BUX IMIIXOIIB 8 TAaKOXK
OKpEMHUX I0JIOKEHb BIJIOMOT Teopii eKCILTyaTaliifHiX BIaCTUBOCTEH aBTOTPAHCIIOPTHHUX 3aCO0IB.

IocTanoBka 3aBaaHHsA. Bu3HaunTu HOpMalbHI peakilii Ha KoJiecax Oced aBTOIoi3aa
y TAJIbMIBHOMY PEXHMI 3 YpaxXyBaHHSM 1X MEpepo3NOILTy PH MPSIMOJIHIMHOMY Ta KPUBOJIIHIHOMY
pycCi, IPOBECTH aHaJ3 iX 3MIHM 3QJIEKHO BiJl 3aBaHTa)XCHHS aBTOMOI3/la Ta 1HTEHCHBHOCTI
rajJbMyBaHHs, JOCIIIUTH XapaKTep B3a€MOIi1 JJAHOK aBTOIOI3/[a B OTIOPHO-3YIITHOMY IPUCTPOI.

Buxknan ocHoBHOro marepiajay  aociimkeHHsi.  I[lpoBegemo  gociimKeHHS
JIBOJJAHKOBOI'O CiACIBHOTO aBTOMOI3/1a, B SKHH BXOAUTH JBOBICHHH aBTOMOOILIL-TATay 1
TPUBICHUM HaMIBIPHUYEI, MiJ Yac MpOIeCcy TajJbMyBaHHS. 3 METOI0 PO3PAaXYHKY BEIHUYUH
HOPMAJIBHHUX OMOPHUX PEAKIIii, aHAIori4HO 10 [1], yMOBHO pO3MiIMMO aBTOMOI3/1 HA JTAHKU
Ta BiOOpa3WMO CWJIM iX Al HA OMOPHO-3YIMHUK MpHUCTpPiil 1o oci Z (puc. 1). dopmyemo
CHCTEMY DIBHSHb DIBHOBaru Ta MOMEHTIB CWJI, SIKI BHHMKAIOTh Y JIaHKaX aBTOIOi3Aa IO
BEepPTUKAIIbHIN oci. OTpuMaemo.
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Pucynok 1 — Po3paxyHkoBa cxeMa aBTOMOI3/a ITiJ] 4aC PEKUMY TaIbMyBaHHS
Lorcepeno: [10]

ZF(Z) :Z1+ZZ—G—Z:0,
XMy y=2Z,L-Ga-Z(a+c)+Fh, =0; (1)
ZMBI :F;hg—ZIL‘FGb‘i‘Z(b_C):O
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Jlnist HamiBpuuena:
ZMBzz = Glb2 +F}1hg1 —ZL2 = O, (2)

DMy = Fi1hg1 -Gy +2,L, =0.

ne Zi, Z, — BEIMYMHU HOPMAJIBHHX OMOPHHUX PEaKIliii Ha TEPEeIHI0 Ta 3aJIHIO BiCh
TAraya, BiAIOBI1AHO;

7, — BeTWYMHA HAaBaHTA)XEHHS Ha OC1 HAIIBIIPUYENa;

7 — 3HaYeHHS BEPTUKAIBHOI CKJIaJOBOi HABAaHTA)XCHHS Ha OTIOPHO-3YIMHUMN MPUCTPIN;

G, G| — cuna TSOKIHHS,

Fi, Fi; — BenuuuHu cuJ 1HepIii MiJ yac ralbMyBaHHS aBTOTSradya i HariBIpUYerNa B
IpoIIeCi MPSAMOIIIHIHHOTO PyXYy, BiIIOBITHO;

hg, hy| — BHCOTa po3MILIEHHS LIEHTPY Mac aBTOTAraya i HaliBIpUYena, BiANOBIIHO.

[Ipuitmaemo, MmO HABAaHTAKEHHS, SIKE /i€ Ha HamiBOpuden Z, € pPIBHOMIPHO
PO3MOIIIEHUM IO HOT0 OCsIX. 3BiJICH:

1
Z3:Z4:ZSZEZG' (3)

I3 piBusap (1) Ta (2), 3 ypaxyBaHHsaM (3) oJepKyeMO PIBHSHHS Ui PO3PaxXyHKY
BEJIMYMHU HOPMAJIbHUX OMOPHUX PEaKLii, 10 JIF0Th HA OC1 aBTOMOi3/1a:

Gb+Z(b—c)—Gth

Zl = L g ,
V
Ga+Z(a+c)+G—h,

Z, = - g . “4)

Vi
Gy (aq +E1hgl)

Z3:Z4225:§ L
2

BenuunHy BepTHKanIbHOI CKJIAJOBOI HAaBAaHTAXEHHS, IO Jl€ Ha OMNOPHO-34IMHMMA
HPUCTPIN PO3PAXOBYEMO HACTYITHUM YHHOM:

”
Gy(by ——hyy)
8

Z= L . (5)

B mporeci 3MiHM 3aBaHTaXEHOCTI TPAHCHIOPTHOTO 3aco0y, BiAMOBIAHO, BIIOYBAETHCS
3MiHa BEJIMYHMH CHUJI, SIKi TIFOTh SIK HA OTIOPHO-34IMTHUI MPHUCTPIii Tak i Ha Horo oci, 110, B CBOIO
Yepry, 3yMOBIIIOE MEPEPO3IOALT HOPMAIBHUX OMOPHUX PEaKIIii 1Mo KOXHii 13 ocel. ['padiuna
3aJISKHICTh BETMYMHU HABAHTA)XKEHOCTI OCEH Ta OMOPHO-3YIITHOTO MPHUCTPOIO TpU Pi3HIiH
3aBaHTa)XEHOCTI TPAHCIOPTHOrO 3aco0y IOKa3aHa Ha PUCYHKY 2. 3 JaHOI 3aleXHOCTI MU
0aunuMo, IO B TMpoLECi 3MIHM BeIMYMHM MacH HaliBIpHuYena BiIOyBaeTbcs HalMEHIIe
JIOBAaHTA)XEHHsI TIEPEIHBOI 0CI TPAHCIOPTHOTO 3ac00y, a MAaKCUMaJIbHE — OC1 HalliBIpHYeTa.
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Pucynok 2 — I'padik 3MiHH BeTHIHMHN HABAHTAXKEHOCTI OCEH Ta OMOPHO-39IlTHOTO MPUCTPOIO
IIPH Pi3HiHA 3aBaHTaKEHOCTI TPAHCIIOPTHOTO 3aC00y
Locepeno: pospobaeno agmopamu

B mpomeci pyxy aBTOTpaHCHOPTHOrO 3aco0y BiOYBaeThCS 3MiHA BEIWYHHU
HOpMaJbHHUX peakIliii y Kosecax. Takoro poay 3MiHM 3YMOBJIEHI HH3KOI 30BHIIIHIX
YUHHUKIB, 70 SIKUX BITHOCATBCS: CTAH JIOPOKHBOTO MOJIOTHA, PEKUMHU PYXY TPAHCHIOPTHOTO
3aco0y, HOro KOHCTPYKTHUBHI OCOONMBOCTI ToImlo. Bimomum € QaxT, 1mo mig 4ac po3rony,
raJlbMyBaHHS 200 KPUBOIIHIHHOMY PyXY, IPOXOAUTH MEPEPO3NOIia BEINIUHN BEPTUKATBHAX
HAaBaHTAKEHb MK OCSAMH Ta OOpTaMH €JIEMEHTIB aBTomoi3na. Tak Juis mpuKiIay, B mporeci
PYXy MO KPYTOBiii TPaeKTOpii, y 3B 43Ky 13 BIUIMIIOM CHJI iHEpIii 3'SBISIOTHCS BiALIEHTPOBI
CHJIM, TOYKA NMPUKIAJaHHS SKAX 3HAXOIAMTHCS B LEHTPI MAC KOXKHOI JIAHKH TPAHCHOPTHOTO
3aco0y Ta HampaBJICHI B CTOPOHY BiJ IieHTpa moBopory [1-7]. Hacmigkom doro crae
Hepepo3NoIiT BEIMYMH HOPMAIBHUX ONOpHUX peakuiid. 11lo, B BCBOIO uepry 3yMOBIIOE Te,
IO 30BHIIIHI, BIAHOCHO WEHTPY KPYroBOro pyXy, Kojieca OTPUMYIOTH JOJaTKOBE
BEPTHKAJIbHE HABAHTAXKCHHS, @ BHYTPIIlIHI — PO3BAHTAXKYIOThCHL.

BignoBimHo g0 [6] mpoBemeMo po3paxyHOK JOAATKOBUX 3yCHIB IO  OCSX
TPAHCIIOPTHOTO 3ac00y, 3yMOBJICHI JII€I0 BIAUEHTPOBUX CHII:

PF=mvo; P =myvo,

133 = m3Vi, 5 P4 = m4V1a)l; P5 =msV9i; , (6)

e my, my, ms, My, Ms — 3HAUEHHS Mac, 10 IiI0Th Ha BIAMOBIIHY BICh.
3HaueHHsT OIYHUX 3YyCWJIb, 3YMOBJICHHX JI€I0 BIAIIGHTPOBHX CHII PO3PAXOBYEMO
HACTYITHUM YHHOM:

(Br+0)+(Br+6,")).

Pty =P1005((9_§1);(0_51 )jQ Pjy =P, cos > )
Py, = Pycos (B3 +53)+2(ﬂ3 +385") Py, = Pycos (ﬂ4+54)+2(ﬂ4+54) :
Pys, = Py cos (Bs +55)J;(ﬁ5 +05') . o

BpaxoByoun yMOBY CTaTHYHOI PiBHOBarW TPAHCIIOPTHOTO 3ac00y, Ta KOPHUCTYIOUHCH
JUHAMIYHUMHU 3aJIeKHOCTSAMHU, OTPUMAEMO PIBHSHHS AJI PO3PAaXyHKY BETUYMH HOPMAaTbHUX
OTIOPHUX PEAKIIiH, 0 JIF0Th Ha KOJiecax.

139



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Co1.9(40), Part I

[TpoBenemMo po3riis pyxy TPaHCIOPTHOTO 3ac00Y Y PEKKMI ralbMyBaHHSI BPaXxOBYIOUU
JII0Yl CUJTM THEPIT i Yac MOCTYMaJbHOTO M KojoBoro pyxiB. Ilo anamorii 3 [3, 6, 7, 10] B
IpoIleci OMUCY PYXY ITHOPYEMO CHJIAMM OIOPY TMOBITPS, TaK SIK B MPOLECI eKCIUTyaTarlii
MOMEHTH BiJl JaHUX CHJI € HAJ3BHYAHO MaJMMH Yy MOPIBHAHHI 13 IHITUMA MOMEHTAMH CHJI,
10 JiF0Th HAa TPAaHCHOPTHHM 3aci0. Takox ITHOPYEMO MOMEHTaMH, [0 BUHHUKAIOTh BiJl CHI
OTIOPY KOYCHHS.

BpaxoByroun npuitHATI NpUMYIIEHHS OJIEPKUMO HACTYITHY CUCEMY PIBHSHB!

It Tsrada (puc. 3):

ZFZ:O:Zl‘f‘Zl"i‘Zz‘f‘Zz'_G_Z:O'

Ymomy, F;=0:(Zy +Z,")L-Ga—Z(a+c)+Pyh, =0;

Pyhg +Z(b—c)+Gb—(Z,+Z,")L=0; (8)
Zmom F 0: 221 Hl GHI leh O
JUTst HartiBripu4dena (puc. 4):

DF;=0:Z3+Z3+Z4s+Z4y'+Z5+Z5'-G,+ Z =0
Ymomy, F; =0:Giby + Py hgy —ZLy —(Z3+ Z3')(by —by) +(Zs + Zs")(bs —by) = 0;
h G1a1+(Z4 +Z4')L2 :O,

Jlx

szmoyﬂ :0:223'H3_G1H3 j3yh =0. (9)
/ Pix C Pjy

L [s

G
il Zi[y] 4]z

Al a b B He | Hr

L

Ioicepeno: [10]

SN

Pucynoxk 4 — Cxema cuit, o JifOTh Ha HAIIIBOPUYIIT
Jlicepeno: [10]
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[Ticns mpoBeneHHS 00YNCIIEHHS Ta MEPETBOPEHH crcTeM piBHAHS (8) 1 (9) omepkyemo
CHUCTEMYy DPIBHSHB JUIsl PO3PaxyHKy BEJIMYMHA HOPMAJIBHHX pEakiii Mo KOXHIA 3 ocei
TPaHCHOPTHOTO 3ac00y:

_ h, (b—c h h
leGi-FGlM'FPﬂXM-F jx_g_ jly_g;
2L ‘211, 2-L-L, 2L 2H,

— h, (b—c h
Zl'=Gi+G1M+Pj1xM+ jx_g+Pj1y_g;
2L ' 2-L-L, 2-L-L, 2L 2H,
h,(a+c h h
Z2:Gi+G bZ(a+c) gl( )_ g g

2L ‘201, M o2L.L, "MoL TV¥oH,

22'=Giml%wﬂx%—gxi—?gzy%;
Z3 :Glnglz_lex :i ~ Py 2h§3 ;
Z3':Gl6ale_Pj1x :i +Pp3, 2h§3 ;
Za :GI:le_PJ'lx :i =Py ;54 ;
Zy'= Gngle—lex :i +Py, 2h1§14 :

h h
a gl gl
Z:'=G —L -P;,—+P, ——. 10

BenuunHy HaBaHTa)KeHHS, IO i€ Ha OMOPHO-3YIMHHUM MPHUCTPIA TPaAHCHOPTHOTO
3ac00y BH3HAYUMO 32 JIOTIOMOT OO PiBHSIHHS:
b hyy
7 =G —2+P; .
FARY
L,

L (11)

BuxopuctoBytoun cucremy piBHsAHb (10), Oepyunm mo yBaru 3anexknocti (6), (7)
NPOBOJUMO PO3PAaXyHOK BEJIMYMH HOPMAJbHHUX ONOPHHUX peakiiii Mo KOXHIM 3 ocel
TPAHCIIOPTHOTO 3aco0y (Tabin. 1) B mporieci raabMyBaHHs MiJ 4ac MPSMOIIIHIHHOTO PyXy Ta
OyayeMo rpadivHi 3aIeKHOCTI BEIMYHMH HOPMAITLHUX PEaKIlii, 0 JIFOTh Ha KOJIeca OCeH, BiJ
BEIMYMHM  CHOBUIBHEHHA. B mpomeci  po3paxyHKy  KOPHCTYeMOCS — TE€XHIYHMMHU
XapaKTepUCTHKAMH TPaHCIOPTHOTO 3acoly, mo ckiamaerses i3 Tsarada DAF XF 95.430 i
HamiBnpuuyena KRONE SDP 24, 3naueHHs Macu aBToOmoi3na MNpUHMAEMO PIBHOIO
cnopsipkeHomy crany (14390 kr).
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Tabmuus 1 — Po3paxyHOK HOpMaJIbHUX peaKiliil

. Hopwmansna peakis, H
D 1 2 3 4 5 -
Z, 7 7, 7, 73 Z5 Z4 74 Zs Zs' ’

0 | 14390 | 14390 | 27393 | 27393 | 9600 | 9600 | 9600 | 9600 | 9600 | 9600 | 141166
) 28780 54786 19200 19200 19200 141166
1 | 17517 | 17517 | 26219 | 26219 | 8949 | 8949 | 8949 | 8949 | 8949 | 8949 | 141166
)y 35034 52438 17898 17898 17898 141166
3 12377123771 | 23871 | 23871 | 7647 | 7647 | 7647 | 7647 | 7647 | 7647 | 141166
) 47542 47742 15294 15294 15294 141166
6 | 3315233152 | 20346 | 20346 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 141166
)y 66304 40692 11390 11390 11390 141166

Joicepeno: pospobneno asmopamu

Ha puc. 5 BimoOpaxeno rpadiyHi 3aeXHOCTI 3MIHU BETMYMHU HOPMAJIBHUX peaKiii
M0 OCSAX TPAHCIIOPTHOTO 3aco0y B MPOIECl TAIbMyBaHHS IMiJ 9ac MPAMOJIHIHHOTO PyXy. 3
MaHUX 3alie)KHOCTeH OauyuMo, IO TPH MiABUIIEHHI 1HTEHCHUBHOCTI TaJlbMyBaHHS
3MIMCHIOETHCS IOBAHTAXEHHS Ha MEPEIHIO BICh TATAYa Ta PO3BAHTAXKEHHS MOT0 3aHBOI OC1 1
oceii HamiBIpuyerna. MakcuMallbHe PO3BaHTAKEHHS CIIOCTEPIraeThCs Ha OCSX HaIliBIIPUYETIA.

65000 4
60000 e
33000 -

50000 b S L

45000 - —_—

400001 =t =
35000

30000

Lmicd
— = nepedHA §ick MAZQHA —— ~—— 3AdHA §iCk MAZAHA
OCi AV enpLYena

Pucynox 5 — 3anexxHiCTh HOpMAJIBFHUX Peakiliii OMOPHOI ITOBEPXHi HA OCSAX aBTOIOI3/1a
BiJI CIIOBUTBHEHHS Y MIPSMOJIIHIKHOMY pyci
Joicepeno: pospobneno asmopamu

35000+
300004
45000 -
ZH 40000 - =i
330004 e e
/
30000+ - —
25000 o e
[
T T T T T T T
0 1 2 3 4 3 ]
Lmicd
| oct HavienpuHena — = cidentwnul npx{cmp{'ii|

Pucynok 6 — ['padiuHi 3aJIe:KHOCTI 3MiHMA HABAHTA)KCHHS Ha OCI HaiBIIpHYea
Ta OTMOPHO-34iMTHUM MPUCTPIH i Yac ralbMyBaHHS TPAHCIIOPTHOTO 3aC00y
Licepeno: pospobneno asmopamu
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Ha puc. 6 mokazano rpagiyti 3a1eKHOCTI 3MIHM HaBaHTa)KEHHs Ha OC1 HaIliBIIpUYerna
Ta OTMOPHO-34IMHUIN MPUCTPIN 1] Yac TaIbMyBaHHS TPAHCIIOPTHOTO 3aco0y. 3Bijicu OaunMmo,
1110 3MEHILIEHH HABAHTA)KEHHS Ha OC1 HaMiBIpUyera 3a0e3Meuy€eThCs 3 PaXyHOK IiIBUIIICHHS
HAaBAHTAKEHOCTI  OMOPHO-3YIMMHOTO  MPHUCTPOIO, HACCIIAKOM 4YOro €  TIABUIICHHS
HaBaHTAXXCHHS OCEH Tsraya.

3 METOI0 TPOBEICHHS JOCIIIKEHHS OOPTOBOTO PO3MOJITY HOPMAJIBHHX OIOPHHUX
peakiiii Ha KOXHIM 13 oOcell TpaHCHOPTHOro 3aco0y B Mpolleci TraJbMyBaHHS IIiJ] 4ac
MPSIMOJTIHIHHOTO pyXYy, BUKOPUCTAEMO TpadidHi 3aJeKHOCTI, BiToOpakeH1 Ha pucyHky 7. Ha
JTAHOMY PHUCYHKY I10 TOPHM30HTaJIi BiZI0Opa’keHO OCi TPAHCIIOPTHOTO 3aco0y, MOYMHAIOUH 13
MepeaHbOi 0C1 aBTOMOOLISA-TATa4a, 1HACKC I BKa3ye Ha KoJjeca mpaBoro 6opry. [IpuitasaTo, mo
Maca TpaHCHOPTHOTO 3aco0y € piBHa cropsmkeniii mMaci (14390 kr). I3 3anexxHocteld Mu
0a4rMo, 0 B TMPOIIECI TATbMYBAaHHS TPAHCIIOPTHOTO 3acO0y i Yac MPSAMOJIHIHHOTO PyXy
BiZIOyBa€ThCS pIBHOMiIpHE HABaHTAXKEHHsI KOJIC SIK IPABOT0 TaK 1 JIIBOro OOPTiB.
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PucyHoxk 7 — I'padiuni 3aie:KHOCTI 3MiHM HOpMaJIbHUX ONIOPHUX PEakKIii Ha KOXKHIiH 13 ocer
TPaHCIIOPTHOTO 3ac00y B MPOIeCi TAIbMYBAHHS I11]1 Yac NPSMOIHIIHOTO pyXy
Loicepeno: pospobaeno agmopamu

Ha pucynky 8 BigoOpakeHO BEIMYMHY 3MIHM HOPMAaJbHUX pEakilii, SKi JIIOTh Ha
KoJieca Ocel TPaHCIOPTHOTO 3aco0y, B MPOLEC] ralbMyBaHHS M1 Yac KPUBOIIHIHHOTO PyXYy.
Ha nmanomy pucyHKy 1o ropu30HTaIl BiZ0OpakeHO OC1 TPAHCTIOPTHOTO 3aC00Y, TOYMHAOYH 13
nepeaHbol 0ci aBTOMOOLISA-TATavya, iHAEKC I BKa3ye Ha KoJieca npaBoro 6opty. [Ipuitasaro, mo
Maca TpaHCIIOPTHOTO 3aco0y € piBHa criopsipkeHin maci (14390 kr).
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Pucynoxk 8 — I'pacdiuni 3a1eHOCTi 3MiHN HOpMaJIbHUX OTIOPHUX PEeaKiii Ha KOXHIiH i3 ocel
TPaHCIIOPTHOTO 3ac00y B IPOLECi TaIbMYBaHHS i/l 4aC KPUBOJIIHIHHOTO pyXy
Hoicepeno. pospobaeno asmopamu

143



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Co1.9(40), Part I

Sk 6aummo, 13 onxepkaHUX AAaHUX (pHC. 8), Y BUMAAKY MiABHIIEHHS 1HTEHCHBHOCTI
raJbMyBaHHS TPOXOJUTHh TEPEPO3NOIT HOPMAIBHUX OMOPHUX PEaKIii MDK OCSIMH Ta
O6opTaMu TPaHCIOPTHOTO 3aco0y. BinOyBaeThes HoBaHTaXXKEHHS NEepeAHbOI OCl TAraya, 1110, B
CBOIO 4Yepry, 3yMOBJIIO€ 30UTBIICHHS BIAMOBIIHOX OMOPHMX peakilii. Pazom 3 Tum, BuIe
3HaYeHHsS HOPMaJbHOI peakilii € XapakTepHUM I 30BHIIIHIX KOJIiC (BIZIHOCHO WEHTpa
nmoBopoTy). HopmanpHa omopHa peakiiiss Ha TMEepeaHhOMY BHYTPIITHBOMY KOJIECI € TPOXH
MEHILIOI0, TIPY TOPIBHSAHHI 13 PEKUMOM TaJbMyBaHHIM i 4ac MPSAMOJIHIMHOIO pyxy, ILIO
MOXXHa TIOSICHUTH WOTO PpO3BAHTAKEHHAM 33 paxyHOK BIUIMBY BiALIEHTPOBOI CHIIM.
Haii6inbpmmum 60pTOBUM BiIXMICHHSIM HOPMAJIbHUX OTMIOPHUX pEeakiliil € Ha 3ajHii oci TAraya.
VY 3B’sA3Ky 13 BIUIMBOM BIJIIIGHTPOBOI CHWJIM, 3IIHCHIOETHCS 3MIMICHHS HaBaHTAKEHHS 13
BHYTPIIIHBOrO KoJyieca Ha 30BHimHE. [loaiOHi mporecu BiaOyBaroTbcs MK KojecaMHu Ocei
HaIliBIpHUYeIa.

BucHoBkn. Ha OCHOBI NMpoOBEEHOTO JOCHIKEHHS OTPUMAHO aHAJITHYHI PIBHSIHHA,
Kl ONMHUCYIOTh TaJbMIBHY JHWHaMIKy JBOJIAHKOBOTO CIJENhHOTO aBTomoizaa. OTpumani
PIBHSHHS JTO3BOJISIIOTh BU3HAUUTH BEIMYMHY HOPMAJbHUX ONOPHHUX peakUiid Ha Kojecax
aBTOMOI3/Ia 3 ypaxXyBaHHSIM IX TMIepepo3MOAUTy B TIPOIeci TrajabMyBaHHS I 4Yac
OPSMOJIIHIHHOTO Ta KPHUBOJIHIMHOTO pyXy, a TAaKOX 3’ACyBaTH XapakTep B3aeMoOjii JaHOK
aBTOIMOI3/1a B OMOPHO-3YIITHOMY MPHUCTPOI MPHU Pi3HINA IHTCHCUBHOCTI TaJIbMyBaHHS Ta 3MiH1
3aBaHTa)XEHHS TPAHCIIOPTHOTO 3aco0y. Pe3ynbraTu MpoBEAEHOTo MOCTiIKEHHS JO3BOJISATH B
MaliOyTHROMY 3I1MCHUTH OIIIHKY BIUIMBY 3MIHM HOPMaJbHUX PEAKIId OMOPHOI MOBEPXHI Ha
KoJIecax aBTOIOI3/1a Ta XapakTepy IX po3MoJLTy MO OCsAX Ta 60pTax TPAaHCHOPTHOTO 3aco0y Ha
HOTO CTIHKICTh Y TAJIbMIBHOMY PEKHMI.

Crcok mitepatypu

1. [pukiangua Teopis pyxy aBromoizna / Caxuo B. I1., [Tonsikos B. M., llapaii C. M., Bocenko B. M. K. :
HTY, 2016. 232 c.

2. Jlo BU3HAYEHHS MOKa3HWKIB cTiiikocti aBromnoizma / Caxuo B. II., Timxo O. M., T'ymentok I1. O,
@aituyk M. 1. Bicnux Hayionanonozo mpancnopmuozco ynigepcumemy. 2013. Bun. 27. C. 31-39.

3. KpaBuyk II. M., Hinmos P. 1O., ba6in 10. B. HopMyBaHHS ragbMiBHUX BIIACTUBOCTEH KOJICHUX

TPAHCHOPTHUX 3aco0iB B Ykpaini. Haykogo-eupobnuuuii scypranr AemomobineHuii mparncnopm: Y
peaniax midxchapoonozo npasa. 2014. Ne 2(238). C. 8-10.

4. Caxno B. I1., [TomsakoB B. M., TimkoB O. M. CTiliKiCTh CiIeTBPHUX aBTOIOI3IB 3 ypaXyBaHHSAM KyTiB
BCTaHOBJIeHHs ocell HaniBnpuyena: monorpadis. K. : LAMBERT Academic Publishing, 2018. 156 c.

5. Heavy Truck Axle Alignment Evolution — From the Truck Manufacturer to the User. URL:
http://papers.sae.org/933046.

6. ManeBpeHicTh 1 TaabMiBHI BiacTUBOCTI KomicHux mamud / [loxpuramo M. A. Ta iH.; 3a pen. M. A.
[onpurano. Xapkis : XHAZLY, 2003. 403 c.

7. [ligBuIeHHsT CTIHKOCTI Ta KEPOBAHOCTI KOJIICHMX MAIIMH B TaJIbMIBHUX PEXHMax : MoHorpadis /

Omnekcanapos E. E., Bonkos B. I1., Bononnesuu /. O. Ta in.; 3a pexn. J. O. Bomonnesuya. XapkiB :
HTYVY «XTll», 2007. 320 c.

8. [onpurano M. A. HoBe B Teopii ekclulyaTamiiHUX BIIaCTHBOCTEH aBTOMOOUIIB i TpakTOpiB
MoHorpadis. Xapkis. 2013. 220 c.

9. porniit II. b. [o anami3zy mporecy TajdbMyBaHHSA CiIEIBHOTO aBTOIOi31a 0e3 OJOKyBaHHA KOIIIC.
Ynpaeninna npoexmamu, cucmemnuii ananiz i nocicmuxa. 2014, Bun. 13. C. 139-146.

10. [porwiii I1. b. [MoninmeHHs CTifiKOCTI aBTOMOOITFHOTO MO1371a y TaIbMiBHOMY PEXHMI : THUC. ... KaHI.

TexH. Hayk : 05.22.02 / Kuis, 2016. 176 c.

References

1. Sakhno, V. P., Poliakov, V. M., Sharaj, S. M. & Bosenko, V. M. (2016). Prykladna teoriia rukhu
avtopoizda [Applied theory of road train movement]. Kyiv [in Ukrainian].

2. Sakhno, V. P., Timkov, O. M., Humeniuk, P. O. & Fajchuk M. 1. (2013). Do vyznachennia pokaznykiv

stijkosti avtopoizda [To determine the stability indicators of the road train]. Visnyk Natsional'noho
transportnoho universytetu - Bulletin of the National Transport University 27, 31-39 [in Ukrainian].

144



[SSN 2664-262X IlenTpanbHOYKpaiHChKHi HayKoBHH BicHUK. Texuiuni Hayku. 2024. Bur. 9(40), 4.1l

3. Kravchuk, P. M., Nilov, R. Yu.& Babin, Yu. V. (2014). Normuvannia hal'mivnykh vlastyvostej
kolisnykh transportnykh zasobiv v Ukraini [Standardization of braking properties of wheeled vehicles
in Ukraine]. Naukovo-vyrobnychyj zhurnal Avtomobil'nyj transport: U realiiakh mizhnarodnoho prava
- Scientific and industrial journal Automotive transport: In the realities of international law, 2(238), 8-
10 [in Ukrainian].

4. Sakhno, V. P., Poliakov, V. M. & Timkov O. M. (2018). Stijkist' sidel'nykh avtopoizdiv z
urakhuvanniam kutiv vstanovlennia osej napivprychepa [Stability of semi-trailer trucks taking into
account the installation angles of semi-trailer axles]. Kyiv: LAMBERT Academic Publishing [in

Ukrainian]

5. Fred Wheeler, Ellis Johnson Heavy (1993) Truck Axle Alignment Evolution — From the Truck
Manufacturer to the User URL: http://papers.sae.org/933046 [in English].

6. Podryhalo, M. A. et al. (2003). Manevrenist' i hal'mivni vlastyvosti kolisnykh mashyn [6.

Maneuverability and braking properties of wheeled vehicles]. Podryhalo M. A. (Ed).
Kh.:KhNADU [in Ukrainian].

7. Oleksandrov, E. E., Volkov, V. P. & Volontsevych, D. O. et al. (2007). Pidvyschennia stijkosti ta
kerovanosti kolisnykh mashyn v hal'mivnykh rezhymakh [Increasing the stability and controllability of
wheeled vehicles in braking modes]. Volontsevych D. O. (Ed.). Kharkiv : NTU «KhPI» [in Ukrainian] .

8. Podryhalo, M. A. (2013). Nove v teorii ekspluatatsijnykh viastyvostej avtomobiliv i traktoriv [New in
the theory of operational properties of cars and tractors]. Kharkiv [in Ukrainian].
9. Prohnij, P. B. (2014). Do analizu protsesu hal'muvannia sidel'noho avtopoizda bez blokuvannia kolis

[To the analysis of the braking process of a semi-trailer truck without locking the wheels]. Upravlinnia
proektamy, systemnyj analiz i lohistyka - Project management, system analysis and logistics, 13, 139-
146 [in Ukrainian]

10. Prohnij, P. B. (2016). Polipshennia stijkosti avtomobilnoho poizda u hal'mivhomu rezhymi
[Improvement of lorry convoy stability in braking mode]. Candidate’s thesis. Kyiv [in Ukrainian].

Pavlo Prohnii', Senior Lecturer, PhD tech. sci., Danylo Popovych?, student of higher education, Olha Chorna’,
Assoc. Prof., Ph.D of Economic sciences, Ruslan Rozum', Assoc. Prof.,, PhD tech. sci., Mykola Buriak',
Assoc. Prof., PhD tech. sci., Vitalii Biriuchynskyi', post-graduate, Mykhailo Bashutskyi', post-graduate
"Western Ukrainian National University, Ternopil, Ukraine

Ternopil National Medical University named after 1.Ya. Gorbachevskii, Ternopil, Ukraine

Research of braking dynamics of a road train

The article analyzes the dynamic characteristics of the braking process of a two-link road train during
straight and curvilinear movement. It has been proven that the greatest indicator of the efficiency of the braking
process of a road train is observed during full loading of all axles, that is, when all wheels are on the verge of
blocking at the same time, and the stability of the movement of the road train in the braking mode depends on
the proportionality of the braking forces to the value of the normal reactions on each wheel and the nature of the
interaction of the links in the support-coupling device. Dependencies for calculating the value of the normal
reactions acting on the wheels of the vehicle have been obtained. It was established that when the weight of the
semi-trailer changes, the largest additional load occurs on the axle of the semi-trailer, the smallest - on the front
axle of the tractor. During braking in the process of straight-line movement, with increased braking intensity, the
load on the rear axle of the tractor, as well as the axles of the semi-trailer, is reduced by increasing the load on
the front axle of the tractor. It should be noted that simultaneously with the unloading of the axles of the semi-
trailer, there is an increase in the load on the support-coupling device of the vehicle, which, in turn, results in an
increase in the load on the axles of the tractor. Braking dynamics of a road train in curvilinear movement shows
that an increase in the intensity of braking is accompanied by a redistribution of the values of normal support
reactions and additional loading of the front axle of the tractor. At the same time, a larger value of the normal
reaction is characteristic of the wheels located on the outer circle relative to the center of rotation. This effect is
explained by the influence of centrifugal forces. The maximum value of lateral deviation of normal support
reactions is observed on the rear axle of the tractor.
stability, braking, two-link road train, normal reactions of the bearing surface, straight-line motion,
curved motion
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