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bumps, installation of traffic lights with adjustable timers, additional road signs, high-visibility and illuminated
pedestrian crossings, and the use of surveillance cameras to monitor compliance with traffic rules and identify
violators. Moreover, the study emphasizes the importance of developing and implementing methodologies for
predicting accident rates using statistical methods and conflict zone analysis, as well as calculating accident-
related economic and environmental losses to evaluate the effectiveness of proposed measures.

This study underscores the urgent need for improved road safety measures in the Ternopil region.
Implementing the recommended strategies and methodologies will significantly reduce the number of RTAs,
enhance overall road safety, decrease the risks of injuries and fatalities, and lower the economic costs associated
with road traffic accidents. These findings provide a clear roadmap for policymakers and road safety authorities
to take actionable steps towards a safer road environment.
road traffic accidents (RTA), road safety, causes of RTAs, accident reduction, traffic injuries, traffic
violations, accident prediction
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Jlo BU3HAUYEHHSI CIIOCOOY PEryIIOBAHHS FajJbMIBHUX CHII
IIPUYIITHOI JIJAHKW aBTOIIOI3/1a

VY crarTi mpoaHami30BaHO CIOCIO MOKpalleHHs TaJIbMIBHOI IWHAMIKH aBTOMOI37a. 3amporOHOBaHO
METOJl PEryJIIOBaHHS TIBMIBHUX CHJI Ha KOJiecax MPHUYINHOI JIAHKU Ul yCyHEHHs1 OOpTOBOI HEPiBHOMIPHOCTI
npu il BUSIBJIEHHI B MpPOLIECI CEPBICHOrO OOCIYrOBYBaHHsI T'ajbMIBHOI CHUCTEMH TpPaHCIIOPTHOTO 3aco0y.
HaBeneHo 3anexHICTh MiX BEJIMUMHOIO I'aJIbMIBHOTO MOMEHTY Ha KOJIEC] Ta IUledeM NPHKIIaJaHHs 3yCHIUIS Bif
rajJbMiBHOI KamMepH [Uisi 0apabaHHMX TajbMIBHHX MEXaHI3MIiB 3 NHEBMAaTHYHUM INpHBOAOM. OOIpyHTOBaHO
croci0 peryiaroBaHHS TaJbMIBHUX CHJI, NPUKIAAEHUX JO0 KoJieca, 3MIHOIO IEPeAaTOYHOr0 BiJHOLIEHHS
TaIbMiBHOTO MEXaHi3My, 3a paXyHOK 3MiHU IIeda MPHUKIAIaHHS TalbMiBHOTO 3YCHIUIS Bill TANbMIBHOI KaMepH
JI0 BaKeIIs IOBOPOTY PO3THCKHOTO KyJIadKa.
rajJlbMyBaHHSl, PO3MOiJI rajJbMiBHMX CHJI, OOPTOBa HEPiBHOMIpPHICTh rajJbMIiBHMX CHJ, NepeAaTO4YHe
BiIHOLIEHHS TAJIbMiBHOI0 MeXaHi3My

IlocranoBka mnpodaemu. [3 BpaxyBaHHSM YMOB Cy4yacHOro (DyHKIIOHYBaHHS
€KOHOMIKH CIIOCTEPIraeTbCcs 3pOCTaHHS pIiBHS BaHTAXOINEPEBE3E€Hb 13 BUKOPUCTAHHAM
ABTOMOOUTBHOTO TPAHCIIOPTY. 30KpeMa, BIAMOBITHO 10 JaHWUX, HaBEJACHUX MIHICTEpCTBOM
iHpacTpyKTypH YKpainu, npubiuzno 60% Bix yciX BaHT@XHHUX IepeBe3eHb B YKpaiHi y
2021 pori 3aiiCHEHO aBTOMOOUTEHUM TpaHCIOPTOM [1]. 3rigHO 13 CTATUCTUYHUMHU JAHUMU
nogauuMu B 2023 poui JlepkaBHOI0O CIy>KO0I0 CTaTUCTUKKM YKpaiHU, YacTKa IMEpeBE3CHb
BaHTa)XHUMH aBTOMOOLISIMU cTaHOoBMIIA 36,4% Bi ycboro ekcopty Ta 71,2% Bix 3araibHOTO
o0cATy IMIIOPTY MPHU TPAHCHIOPTYBaHHI TOBapiB [2].

Bapro 3a3HaumTH, 1m0 3HAYHY YacTKy B TPAHCIOPTHUX BaHTAXOIEPEBE3CHHSIX B
YkpaiHi 3MIHCHIOIOTH 13 BUKOPHCTAHHSM JBOJIAHKOBUX CIIETFHUX aBTOMOOITBHUX MOI3MIB,
OCKUIBKA BOHHU CKJIQJalOTh OCHOBY aBTONApKy OUIBLIOCTI BaHTa)KoNepeBi3HUKIB. s
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e(EeKTUBHOTO BUKOPUCTAHHS aBTOMOOUIBPHMX TIOi3/iB B YMOBax IX MaKCHMAaJIbHOTO
3aBaHTaXCHHS, HEOOXITHO 3a0e3MeunTH TOTPUMAHHS HUMU OCHOBHUX EKCIUTyaTaIliiHUX
BJIACTUBOCTEH, 1110 BIUIMBAIOTH HA O€3MEKy pyX, OCOOIUBO B raJbMiBHUX peXHUMax. 30Kpema,
OCHOBHY yBary CJIiJi 3B€pHYTH Ha 3MIHM TE€XHIYHOTO CTaHY aBTOIIOI3/liB, SIKI BUHHKAIOTh B
yMOBax iX eKCILTyaTarfii.

AHami3  ocTaHHiX Jgocaimxkenb, i myOuaikamiii. [IpoGrmemi  mokpameHHs
eKCIUTyaTalliiHUX BJIACTUBOCTEH aBTOMOI3/IB, IUIIXOM BpaxyBaHHsS 3MiH TE€XHIYHOTO CTaHy
pI3HUX CHCTEM B YMOBaX iX EKCIUIyaTarlii MPUCBSAYEHO Oarato poOiT. AHami3 HAyKOBHX
JOCTiKeHb [3-6] 103BOJUB 3’5CYBaTH, 1110 3HAYHA YaCTKA BiJIMOB, SIKi BUHUKAIOTh y TAradax
Ta TPUYINTHUX JIaHKaxX aBTOMOi3/iB B yMOBax eKCIUTyaTallii, MpHIaJae Ha TaJIbMIBHY Ta
xoqoBy cucremu. Cepell OCHOBHHX HECIPABHOCTEH TalbMIBHOI CHUCTEMH HAHOUIBII YacTo
BUOKPEMIIIOIOTh MOPYIIEHHS ONTUMAJbHUX T[OKAa3HHUKIB PEryJIOBaHHA Ta PO3MOALLY
TaIbMIBHUX CHJI TIO OCsiX Ta Ooprax aBromoizna [7-9]. IlosBa Takux BiJIMOB MOK€ 3HAYHO
BINTMHYTH Ha CTIMKICTh pyXy aBTOMOi3AIB Ta Oe3meky ix BukopuctanHsi. Came ToMmy, B
IpoIeCci CEPBICHOTO OIJISIy MNPHUYIMHUX JIAHOK AaBTOMNOI3MiB, HEOOXIAHO 3a0e3medyuTH
TOTPUMAaHHS ONTUMAJIbHUX MOKA3HUKIB PO3IMOAUTY TajdbMIBHHUX CHJI IO OCSIX Ta KoJjecax
TPaHCHOPTHOTO 3aco0y. 30Kkpema, OUIBII JeTaJbHOrO aHamizy mnorpedye mpobdiema
peryJitoBaHHS TaJbMIBHUX CHJI Ha KOJIeCax aBTOMNOI3/la TIPH BHUSBICHHI OOPTOBOI
HEpIBHOMIPHOCTI TaJbMIBHUX CHJ B IIPOLIECI CEPBICHOIO OOCIYrOBYBaHHS TPAHCIIOPTHHUX
3aco0iB.

IloctanoBka 3aBaaHHsi. OOrpyHTYBaHHS crocoOy peryioBaHHS — OOpPTOBOI
HEPIBHOMIPHOCTI TaJIbMIBHUX CHJI TPUYIMHOT JJAHKH aBTOIIOi3/1a.

Bukiaag ocHOBHOro marepiajay aociifkeHHs. B sKocTi 00’€KTy JOCHIIKEHHS
obepemo TpuBicHuii HamiBnpudin KRONE — SDP 24. Ileii mamiBnpuvin OCHAIICHHH OCSIMHU
BUpoOHHUIITBa KomnaHii BPW, sxi matoTe GapabaHHi ranbMiBHI MexaHizmu Ty "Simplex" 3
MHEBMaTUYHUM MPUBOJIOM. {7151 Kpaloro po3yMiHHS IPUHILIUITY POOOTH TaJbMIBHOT CUCTEMH,
Ha pUCYHKY | mpencTaBiieHa cxema 6apabaHHOTO TaJbMIBHOTO MEXaHI3MY.

i

Pucynok 1 — Po3paxyHkoBa cxeMa raibMiBHOTO MEXaHI3My
Ioicepeno: [10]

l'anbmiBHE 3YyCWJUIA Ha OKpPEMHUX KOJIEeCax ocell MOKHa peryjiroBaTu MjIgXomM 3MIHHU
JOBXXHHH IIITOKA rajJbMiBHOI KaMepu abo micya, 0 SAKOIro MPUKIAACHC 3YCHUILIA raJbMIBHUM
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IIIHAPOM, TOOTO pO3TAallyBaHHS TOYKM KpIIJICHHA INTOKAa JO BaXels TalbMiBHOTO
MexaHi3Mmy. [Ipyu HaTHCKyBaHHI Ha TIeJa)Ib TaJlbM Y TaJbMIBHOMY MEXaHi3Mi 3 THEBMAaTUYHUM
NPUBOJIOM, CTUCHYTE MOBITPS HAAXOAWTH y TalbMiBHY Kamepy. LLITOKk kamepu BHXOIUTH,
npoBepTarouu Baxinb. Ha omHOMy Bady 3 BakeleM 3HAaXOAMTHCS PO3TUCKHHMM KyJIayoK
KOJIOJIOK TJIbMIBHOTO MEXaHi3My, SIKUH, IPOBEPTAIOYHCH, PO3THCKAE KOJOIKU Ta MPUTHCKAE
ix mo Gapabana. TakuM 4MHOM BiIOYBA€THCS 3arajbMOBYBaHHS Kosieca. JlJisi peryatoBaHHS
rajJbMIBHOTO 3yCHJUI Ha KoJieCl HEOOXiTHO 3MIHMTH KYyT NpOBepTaHHs Baxend. [locartu
IbOTO MOKHA 3MIHUBINM BUXIJ INTOKY TrajibMiBHOI Kamepw, abo BijacTaHb IB Bim oci
PO3MIPHOTO KyJlauKa 0 TOYKHU KPIMJICHHS Ha BaXKelli IITOKA raJibMiBHOT KAMEpH.

Jlnst peryimoBaHHSI TIEPIIUM CITOCOOOM, Y KOPIYCl BaKeJs 3HAXOAUTHCS YEPB'SUHUN
peryoBaIbHUNA MeXaHi3M. 3aKpydyl0ud I'BHHT-UYEPB'SIK UM BIIKPYUYYIOUH HOro, BiiOyBa€eThCs
peryaroBaHHS BUXOY IITOKY, a 1€ MPU3BOAUTH IO OLIBIIOT YM MEHIIOI CTYNEH1 IPOBEPTAHHSA
PO3MIPHOTO KyJadyKa Ta BIANOBITHO CHUJIBHIIIOTO YK CJIAOIIOrO MPUTHCKAHHS TalbMIBHUX
KOJIOJIOK 10 OapabaHa, SIK PE3yJIbTAaT, 3MIHIOETHCS TalIbMIBHE 3YCWUIS, MPUKIAICHE [0
KoJieca.

J1J11 MOKIIMBOCTI1 PEryJIIOBaHHS JPYTHM CIIOCOOOM, Ba)KUJIb BUTOTOBJICHUN 3 OTBOpaMU
JUTSL KPITUIGHHS IITOKA, SIKi 110 Pi3HOMY PO3MIIIEHI BIIHOCHO OCi. 3aBIsIKU Pi3HIN BiJCTaHi Bil
OCl OTBOpPIB JI0 OCI TPOBEPTAHHS PO3TUCKHOTO Kyjadka 3a0e3MedyeThcss MOKIMBICTh
pEryJItOBaHHS 3yCHJUIS TaIbMIBHOTO IIeiHApa IIISAIXOM 3MiHH JOBXKHHU IUIeYa MPUKIIaIaHHs;
JAHOTO 3YCHJUIS, 10 301TbIIy€e 200 3MEHIITY€ TaIbMiBHUH MOMEHT Ha KOJIECI.

[IpoananizyemMo 3B'I30K MK 3HAYCHHSM TalbMIBHOTO MOMEHTYy Mr, sKkuid
NPUKIAJAEThCS O KoJieca, Ta IjiedeM IB MpukiafaHHd 3ycwuist Frk, 1o cTBOPIOEThCS
raJIbMiBHOIO KaMepOIo.

3riHO 3 MPUHHATUMHU YMOBaMH, PO3PaXy€e€MO BEJIMUYMHY TaJbMiBHOTO MOMEHTY, IO
Jlie Ha KOJIeco, 3a JonoMoroto piBHsSHHS [10]:

MZZI@'F;K'U'/J'(}I‘I—FI%)’ (1)
| d, - A

ne l, — BeNMYMHA TUIeYa TPUKIAJCHOTO 3yCHJUIS BiJ TadbMIBHOTO IETIHIpa 10
BaXKETIS, M;

F ., — cuna, 110 npuKIIajeHa raabMiBHEM HeniHapom, H;

[t — KOe(IIIEHT TEPTS TAIbMIBHOI CUCTCMH,

n — KK]I po3rucknoro kynauka, (0,6...0,7);

hj, hy — ITIYe IPUKITAICHOTO 3yCHIUTS BiJl KyJIadka JJ0 0Ci 000X KOJIOJIOK, M;

d, — TIeue Kysadka, M;

A — 3BeaecHUH KOEQIiEHT, MUTOMOTO THCKY HAaKIaJKM Ta KOHCTPYKTUBHHX
napameTpiB TAJIbMIBHOTO MEXaHI3MY.

BukopucroBytoun piBHsSHHA (1), MOKHA OOUMCIINTH IJIeue MPUKIAJAHHS 3yCHIUIS 10
Ba)KEJIsl TAIbMIBHOIO KAaMEPOI0, 3HAIOYH 3HAYCHHS TaJlbMiBHOI'O MOMEHTY:

;= M,-d, -A
’ FZK'U'ﬂ'(hﬁhz)'

2)

OTpumaHy 3aJ€XHICTh MOYKHAa BHUKOPUCTOBYBATU JUIsl PErYJIIOBaHHS PIBHOMIPHOCTI
raJbMiBHUX CHJI HA KOJIECaX OKPEMHUX OCel MPUYIIMHOT JIAHKW y BHIIAKy BUSBICHHS OOPTOBOI
HEPIBHOMIPHOCTI TaJbMIBHUX CHJ B TPOIECi CEPBICHOrO OOCIYyroBYBaHHsS TalbMIBHOT
CHUCTEMHU TPAHCIIOPTHOTO 3aC00Y.
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Po3rnsiHeMO BHMAgOK, KOJM TalbMiBHI CHWJIM HEPIBHOMIPHO BIUIMBAIOTh Ha OCI
HaIlBOpUUena, 1 X pi3HULA 3a pe3yibTaTaMu IarHOCTUYHOTO JOCIHIDKEHHs ckiamae 13%.
[Tpuitmemo, 10 A0 OJTHOTO 13 KoJeca MPUKIAIeHO OIIbIIHA MOMEHT M, a J10 1HTIIOTO Kojeca
JaHWi MOMEHT cTaHOBHUTH 0,87Mr. OTxe B JaHOMY BUTIAJIKy Ma)KHA CKOPHCTATHCh PIBHSIHHSIM:

! . .
! = 0,87M,-d, - A ‘ 3)
Eon-p-(h+h)
I3 piBHsHB (2) 1 (3) BU3HAYAEMO TIEpEJATOYHE BIAHOIICHHS BaKITLHOTO MEXaHI3My

MIPHUBOJTy PO3THCKHOTO KyJjlauka, sike 3a0e31euye pi3HUIII0 TAIbMIBHEX 3yCHIIb Ha KOJIecax
oxHiel ocl B Mexax 13%:

'/ =087; abo 1 =0871 . (4)

CKOpHCTaBIIMCh OTPUMAHUM 3HAUEHHSIM TIEPEIaTOYHOTO BiIHOMICHHS, PO3PaXyeEMO
JIOBXKUHY Baxens g, Ky NOTPiIOHO BCTAHOBHUTHU Ui TaJIbMIBHOTO MEXaHi3My Kojeca, Ha
SKOMY PO3BHUBAETHCS MEHINEC TallbMiBHE 3yCWUISA, IIOOM 30UIBIIMTH HOTO Ta 3BECTH 10
MiHIMyMy OOpPTOBY HEPIBHOMIPHICTh TaJIbMIBHUX CHIL.

Buxonsun 13 KOHCTPYKIli TaJbMIBHOTO MEXaHI3My, IITOK TaJlbMIBHOTO UEIiHIApA
NO€HAHUH 13 BaXKeJleM PO3THUCKHOTO KyJiadka 3a JOMOMOTYIO OTBOPY 2 (puc. 2), 11e J03BOJIsIE
3a0e3neunTH N0BXKUHY Tieda (/;) piBHy 130 MM. 3anummmo 110 JOBXKHHY BaXKels JIJIs Kojeca
i3 OUTBIIMM TanbMiBHUM MOMEHTOM. J[loBkuHa Baxens [y, TOBHHHA OyTH 30iTbllIEHA
BIJIMOBI/THO 10 PO3PaX0OBAaHOTO MEPEAATOYHOTO BiTHOIICHHS, PIBHSAHHSA (4), a TOMY:

lgn = 130/0,87 = 149,4 mm.

it moBxkwuHI TpUOIM3HO Biamosimae oTBip Ne3 Ha Bakell MPUBOAY PO3TUCKHOTO
kynadka (150 Mm). 3MiHa TOYKHM KpIIUIGHHS INTOKAa TajdbMIBHOI Kamepu B oOTBopi Ne3
MOBOPOTHOTO BaXKeJsl JO3BOJIUTH 30UIBIIMTH TajJbMiBHE 3yCHJUISI Ha KOJeECl Ta 3MEHIIUTH
00pTOBY HEPIBHOMIPHICTh T'aJIbMIBHUX CHJI OC1 HaIliBIIpHYeINa.

Ob o o O

E ;
7
= 2
T

[_

Pucynok 2 — Cxema BakeJsl IPUBOAY PO3THCKHOTO KyJlauka
Iicepeno: [10]
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BucHoBkn. OOTpyHTOBAaHO CHOCIO PEryJIOBaHHS TaJIbMIBHUX CHJI MPHUYIMTHOI JIAHKA
aBTOMOI3/la B MpOIIeCi BUKOHAHHS CEpBICHOrO oOciyroByBaHHsS. Jlanuii cmoci® m03BosiE
perysioBaTd TaJbMiBHI 3yCHJUIA Ha KoyiecaX KOKHOI OCl HamiBOpW4Yena MUIIXOM 3MiHU
IepeAAaTOYHOr0 BIJTHOUIEHHS IPHUBOAY TajbMIBHOrO MexaHi3My. IIpu 1npoMmy BpaxoByeTbcs
raJibMiBHE 3YCHJUIS, IKE PO3BUBAE TaIbMIBHUI MEXaHi3M KOXKHOTO Kojeca oci. Takuil miaxin
JI03BOJISIE 3BECTH 10 MiHIMyMY HEPIBHOMIPHICTh TaJbMIBHHX CHJI 10 OOpTax MPUYIITHOL
JIAaHKH, SIKa MOK€ BUHMKHYTH B Pe3yJbTaTi BIIXWJICHb B pOOOTI ralbMiBHHX MEXaHI3MiB, 1110
BiZIOyBa€ThCS MiJl BIVIMBOM yYMOB €KCIUTyaTallii, HapuKJIaa 4yepe3 HEepiBHOMIpHE CTHpaHHS
raJbMiBHUX HAKJIAQJOK HAa OKPEMHX KOJecax YH IMOsBl BIIXWICHb y PETYJIOBAHHI MPUBOIY
raJIbMiBHUX MEXaHi3MiB.
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Research of braking dynamics of a road train

The article analyzes the ways to improve the operational properties of road trains, by taking into
account changes in the technical condition of various systems under their operating conditions.

It has been established that a significant proportion of failures that occur in tractors and trailer links of
road trains in operating conditions fall on the braking and running systems, and among the main malfunctions of
the braking system, violations of the optimal indicators of regulation and distribution of braking forces along the
axles and sides of the road train are most often singled out. The appearance of such failures can significantly
affect the stability of road trains and the safety of their use. That is why, during the service inspection of the
trailer links of road trains, it is necessary to ensure compliance with the optimal indicators of the distribution of
braking forces on the axles and wheels of the vehicle. A method of adjusting the braking forces on the wheels of
the towing link is proposed to eliminate the on-board unevenness when it is detected in the process of servicing
the braking system of the vehicle. The relationship between the magnitude of the braking moment on the wheel
and the arm of applying force from the brake chamber for drum brake mechanisms with a pneumatic drive is
given. The method of regulating the braking forces applied to the wheel by changing the gear ratio of the brake
mechanism by changing the arm of applying the braking force from the brake chamber to the cam rotation lever
is justified.

This approach allows you to minimize the unevenness of the braking forces along the sides of the trailer
link, which can occur as a result of deviations in the operation of the braking mechanisms, which occurs under
the influence of operating conditions, for example, due to uneven wear of the brake linings on individual wheels
or the appearance of deviations in the adjustment of the drive of the braking mechanisms.
stability, braking, two-link road train, normal reactions of the bearing surface, straight-line motion,
curved motion
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