CyyacHi mexHonozii ma memodu pospaxyHkig y bydisHuymei. [lyusk, JTHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

YK 625.7/8 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-22

BnuinB koJiiiHOCTI HA MOKPUTTI ABTOMOOILHOI JOpPOrH HA 0e3leKy
PYXY mijl 4Yac BUKOHAHHSI MaHEBPiB aBTOMOOIIAIMH

Influence of rules on the road surface on traffic safety during
maneuvers by vehicles
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B pe3ynomami 6naugy pizHuX YUHHUKIG HA AGMOMODIILHUX 00PO2aX YMEOPIIOMbCs
xonii. Konii He minvku nocipuwyioms ecmemuyHuil ueisd Nokpummsa oopoeu, a U
cmanosname Hebesnexky 0nsa agmomodinig. Ouesuono, wo nio uac onaodieé 8 KOLifAx
HAKONUYYEMbCsL 800d, WO MOJice Npueesmu 00 AKANIAHYBAHHS | 6MpPamu CMiuKocmi
aemomobinem. Ha cyxux nokpummsx KonitiHicmes maxodic Modice Cmanogumu Hebesnexy,
KONU a8mMoMOOIb GUidicONCAe 31 C8OET cMyau OISl BUKOHAHHS MAHesPY 0020HY Yl iIHUL020
Mmaneepy. Konii npuzeodsims 00 000amrosux KOIUEAHb NIOGICKU, PO3XUMYEAHHS KY306d,
empamu KOHMAKMy Koaeca 3 NOKpUMmsM, Wo He2amugHo NO3HAYAcmbCsl Ha besneyi pyxy.
B cmammi nasedeno pesynmbmamu 00CIONCEHHS. WOOO OYIHKU MaKo2o eniugy. Taxooic
HABEOCHO PeKOMEHIaYii Wooo 8PAXySaHHsL YbO2O BNIUGY.

The influence of different factors leads to rut formation on roadways. Ruts not only
diminish the aesthetic appearance of the pavement but also cause danger to vehicles. It is
obvious that during precipitation water accumulates in ruts potentially leading to
hydroplaning and loss of vehicle stability. On dry pavements, rutting can also be
hazardous when a vehicle leaves its lane to perform an overtaking maneuver or other
maneuvers. Ruts cause additional suspension oscillations, body sway and loss of wheel
contact with the pavement, which negatively affects traffic safety. In 2022, Ukraine
introduced rut depth requirements for roads in operation for the first time. However, it
must be understood that non-compliance with these regulatory standards does not
immediately result in resolving such issues through repair work. The reasons are evident
— a significant lack of funding currently exists and is likely to persist for quite some time.
From the moment of problem identification until its resolution, the road will remain in
operation. This article presents the results of a research evaluating the effect of rut-
affected pavement on a vehicle performing a maneuver. For this purpose, pavement models
with varying rut parameters were created within the following ranges: rut depth from 0
mm to 100 mm, rut width from 300 mm to 1500 mm and rut base from 1700 mm to 2100
mm. The cross-slope of the roadway was set at 25%o, with a dual-slope cross-section
profile. Surface modeling was conducted using RutGenerator software developed by
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KhNADU. The Kristy model was chosen to calculate the parameters of lane-changing
maneuvers as it provides the most accurate representation for modern vehicles. The
primary distinction of this methodology from Illarionov's approach lies in limiting the
maximum lateral lane displacement based on the vehicle's sideslip condition, rather than
its overturning condition, which better aligns with the characteristics of modern vehicles.
Using RutGenerator software, vehicle trajectory simulations during a lane-change
maneuver were carried out for speed ranges from 50 km/h to 130 km/h. Basing on the
calculated trajectories, pavement profiles along the vehicle's path during the maneuver
were constructed. The resulting set of profiles was analyzed using the ProVal 3.51 software
package developed by The Transtec Group. The developed methodology can be used to
plan measures to ensure road traffic safety in areas with rutting. Such measures may
include speed limits, restrictions on overtaking and others.

Kniouoei  cnosa:  Konitinicmv, — aK6anIAHY6AHHs,  MAHeSpU  AGMOMOOLNLS,
Miscnapoacnuii Inoexc Pignocmi.

Keywords: rut, hydroplaning, vehicle maneuvers, International Roughness Index.

[1ig BIUTMBOM 111101 HU3KKM YMHHHKIB HA MPOI3HIA YaCTHHI aBTOMOOILTBHUX
JIOPIr a, 0COOJIMBO, Ha HEXKOPCTKHUX JOPOXKHIX OAArax, yTBOPIOOThC nedopmartii
Bizomi sik koutii [1]. Ha Ginbiocti opir YKpaiHu Koutis IPUCYTHS B Till UM iHIIIH
Mipi (puc. 1).

Puc. 1. ABromoGinpHa gqopora KuiB — XapkiB — JloBkaHChKHIA
KM 359 (o mpoBeneHHS pEMOHTHHX POOIT)

Sk mOKa3yroTh JOCII U aBTOPIB HAHOUIBIN 3HAYHI IehopMallii TOPOKHBOTO
MOKPUTTS y TIONIEPEYHOMY HAIpsIMKY YTBOPIOIOTHCSI CaMe Ha I0POTax 3 BEJTMKOIO
IHTEHCUBHICTIO PYXY, SIKUMH € MaricTpaibHi goporu. KomiifHicTs Ha qOporax He
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TLTBKY HE TINBKH 3HIKYE ECTETHIHUI BUTIIS TOKPHUTTS, @ i CTAHOBHUTH PEANIbHY
HeOe3MeKy 3 HaCTYITHHUX ITPUYHH:

— SIKIO IIOBEPXHS € BOJOHENPOHUKHOIO, Y KOJii 30MpaeThcst Boja Ta
MOJXJIMBE BHHUKHEHHS SBHUINA aKBAaIUIAHYBaHHSA [2] Kojic aBTOMOOiNS, mpu
SIKOMY YCKJIaIHSIETHCS. MOKJIMBICTh HOTO rajibMyBaHHs (pHc. 2);

Puc. 2. KomiiiHicTh Ha aBTOMOOUTBHIH q0po3i 11 kateropii, poTo 3podiecHe
yepe3 7 TOJMH MICIIs 3aKIHYESHHS JI0ILy

— i3 30inblIEHHAM TJMOMHU  KOJIi, YCKIaTHAETbCS  YIPABIiHHS
TPAHCIIOPTHUM 3aCO00M, [0 CTAHOBHTH J0JATKOBY HEOE3IEKY;

— B 3UMOBHI Tepio/i POKyY IIPH MEPexo/Ii TeMIepaTypH BHIIE HYJIsI B CMY3i
Hakary 30UpaeThCs BOAA, a IPU 3BOPOTHOMY IIMKJIi BOHA 3aMep3a€ i TAKUM YHHOM
BHUHHKAE BeJMKa HeOe3neKa pyxy aBTOMOOUILHOTO TPAHCIIOPTY.

Buxoasuu 3 BHUIIE HaBEJCHOTO, MiJ 4ac OOIPYHTYBaHHS MaKCHMalbHO
JIOITYCTUMOI TIMOWHY KOJii Ha aBTOMOOUTBHMX JI0pOTax CIIii BAKOPUCTOBYBAaTH
HaCTYITHI OCHOBHI KpHUTepii 3a0e3reueHHs 0e3neyHnX Ta KOM(POPTHUX YMOB:

1. MakcUMallbHE 3HIDKEHHS ab0 HENOMYyLICHHsS WMOBIPHOCTI BUHMKHEHHS
e(eKTy aKBalIaHyBaHHs B JOMYCTUMOMY Jiana3oHi MIBUIKOCTEH;

2. HeJONyIIEeHHS HMOBIPHOCTI BTpaTH CTIHKOCTi aBTOMOOUIEM IIia dYac
BHUKOHAHHSI MaHEeBPIB (0OrOHY, 3MiHH CMYTH PYXY TOIIO);

3. HOpMyBaHHS DPiBHA IWHAMIYHOTO BIUIMBY Ha TPAHCIOPTHHH 3acid Ta
BOJIiSl TiJ{ 4aC BUKOHAHHI MaHEBPIB B 3aJIEXKHOCTI BiJi BUMOT 1070 KOM(DOPTY
PYyXY;

4. BpaxyBaHHS OCOOJIMBOCTEH yTPUMAaHHS aBTOMOOIIBHUX JOPIT B 3MMOBHIA
Tepioj.
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BiTumsHsHI Ta 3aKOpIOHHI BUEHI TPUBAIUN Yac 3aiMarOThCA MPOOIEMOI0
OLIIHKY BIUIMBY BOJHOI IUTIBKH, II0 3HAXOJIUTHCS HA IOKPUTTI, HA YMOBHU PYXY
aBromoOins  [2-5]. B pesynpraTi  NpoOBeNeHHMX ~— TEOPETHYHHX 1
eKCIIEPUMEHTAIbHAX ~ JOCHI)KEeHb Oyl BH3HA4€HI YMOBHM BHHUKHEHHS
aKBaIIaHyBaHHS, Ta BU3HAYCHO Psi/I EMITIPUYHUX 3aJI€KHOCTEH MIBUAKOCTI, IPU
SIKif BUHUKA€ aKBaIUIaHYBaHHS; BU3HAYCHO 3aJIC)KHOCT] TITMOMHU CTOKY BOJHM BiJl
LIOPCTKOCTI, BUMIPSIHI 3HA4YeHHS KOC(ILIEHTIB 3YeNJIeHHS NpH Pi3HUX
IIBUIKOCTSX 1 PI3HUX TOBIIWHAX TUTIBKH BOJIH.

OCHOBHUM pe3yJbTaTaM INPOBEACHUX IOCITIHKEHb CTaJ0 OOIPYHTYBAaHHS
3HAYEHb IMOTIEPEYHOr0 yXWILY, [0 BUKOPHCTOBYETHCS y YMHHUX HOPMATHBHHX
JIOKyMEHTaX II[0JI0 IIPOEKTYBAHHS aBTOMOOLIbHUX J0pir [6].

B Vxpaini B 2022 Bmepmie Oyino BBEIEHO BHUMOTH J0 MaKCHMAllbHOTO
3HAUEHHS TTMOMHU KOJIl JUIs JOPIr, IO 3HAXOIATh B ekcrutyaTaiii [7]. B Toi
caMMi 4ac CIIiji pO3YMIiTH, IO HEBiINOBIAHICTb TOPOTM BUMOTaM HOPMAaTUBHHX
JOKYMEHTIB He TIPU3BEJIe 0pa3y N0 YCYHEHHS LIUX MPOOJIeM IUIIXOM BUKOHAHHS
peMoHTHHX poOIT. [IpryrHN 1IbOMY OUEBHHI — ICTOTHHH OpaK KOIITIB, SIKUH €
3apa3 1, oueBUIHO, Oyne AOCUTh TpuBaiauid 4ac. Ha Bech 4ac 3 MOMEHTY
BUSBJICHHS MPOOJIEMH 1 IO MOMEHTY 11 YCYHEHHsI Jopora Oy/ae 3HaXOIHWThCS B
excrutyararfii. ToMy 3amadero JOPOXKHIX ciayx0 Oyme 3abe3necucHHs Oe3meKu
pPyXy Ha TakuxX JiIIHKaX. BaXIMBUM € BpaxyBaHHS BCIX MpoOiieM, sKi
BHHUKAIOTh BHACIIIIOK HASBHOCTI KOJIiif HA TIOKPHTTI.

[Ipobnemi OWIHKH CTIHKOCTI aBTOMOOLNS IMiJ] Yac BUKOHAHHS MaHEBPiB Ha
MOKPHUTTSIX YPaKCHWX KOJIMHICTIO, NMPHUIUISETHCS 3HAYHO MEHINE YBAard HiX
aKBaruIaHyBaHHIO. [lepei3 KoecoM aBTOMOOLISI BUMIOPY MK KOJISIMH 1 32137 B
CYCITHIO KOJIiFO, 3 Tepei3ioM Ha CYCIIHIO CMYry pyxy, SKa TaKoX ypaKeHa
KOJIHHICTIO OYAyTh BUKJIMKATUA MOJATKOBHUU TUHAMIYHHUN BILIMB HAa €IEMEHTH
MiZABICKK aBTOMOOUTS. [ OIIHKK ILOTO BIUIMBY BHKOHAHO MOJICIHOBAHHS
MMOBEPXHI MOKPUTTS, YPAKEHOrO KONIWHICTIO, 31 3MIHOIO MapaMeTpiB KOil B
HACTYITHUX MEXax:

— raubuHa xouii Big 0 mm 10 100 MM;

— mmpuHa Kouii Bix 300 MM 10 1500 mwm;

— 0aza xoumii Big 1700 mm 10 2100 mm;

INonepeunuit yxun Npoi3HOI YACTUHM MNPUHHATO 25 %o, MONEpeYHUI
podiab — IBOX cKaTHUNA. MoJienoBaHHS OBEPXHi BiI0yBasIoCh 3a JIONIOMOTOI0
nporpamHoro 3abe3neuenHs RutGenerator po3poonenoro B XHALY. I'padiune
BiZIOOpaXXEHHSI MOJIETl TOBEPXHI IMOKPHUTTS YpaKeHOI KOJIE€I0 HaBEJEHO Ha
pHUCYHKY 3.

BiamoBigHO 10 TEOPETHYHHMX TIEPEAYyMOB, BUKIQJACHHX BHUIIE, OyIo
3MIHCHEHO PO3PaxyHOK TPAEKTOPIH pPyXy aBTOMOOUIS TiJ 9Yac BHKOHAHHS
MaHeBpiB. TpaekTopist, 0 OTpHIMaHa Il KOHKPETHOTO MaHEBPY, HAKIAHA€ThCS
Ha MOJENb JOPOKHBOTO MOKPUTTA. IlepeTuH TpaekTOpii 3 MOAEIIIIO MOBEPXHI
CTBOPIOE JIHIIO, SIKA € PO3PaXyHKOBHM IpodiieM — Ie JIiHif, 110 BU3HA4Yae
npodisb, KU Oy1e MPOXOJUTH il KOJIECOM aBTOMOOLJIA i/l 4ac MaHEBpY.
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Puc. 3. Monens minsSHKN MOKPUTTS JOBXKUHOIO 40 M 3 KOJISIMHU TTHOHMHOIO
30 MM

Jlnst po3paxyHKy HapaMeTpiB MaHeBPY 3MiHH CMYTH PyXy 0OpaHO MOJeib
KpicTi, OCKiIbBKM BOHAa € HaHOUTBII TOYHOIO UIA CYYacHHX TPaHCIOPTHUX
3ac00iB. OCHOBHOKO BIJIMIHHICTIO I1i€i METOJUKH BiJ MeTOIuKH LimapioHoBa €
0OMEKEeHHSI MaKCHMaJIbHOTO TOINEPEYHOro 3MIIEHHS CMYTH PYyXy 3a YMOBH
01YHOTr0 3HOCY aBTOMOOIJISI, @ HE 32 YMOBH HOTO ONMPOKHIYBaHHS, IO KpaIle
BIJINOBI/Ia€ XapaKTEPUCTUKAM CY4aCHUX TPAHCIIOPTHHUX 3aCO0iB.

3rizH0 3 00paHOI MOJEIUII0 JJIsl MaHeBpY 3MIHM CMYTH pYyXy,
PO3pPaxoBYEThCS TPAHUYHUI pajiiyc MOBOPOTY 30BHIIIHLO TOUKHA aBTOMOOLIS 3a
YMOBH 34€IIIICHHS KOJIIC 3 IOPOTOI0:

_ W
P 127

+0,5-B, 1)

ne @ — Kkoe(ilieHT 34eryIeHHs npu OiYHOMY KoB3aHHi, 0,8;
V, — MIBUAIKICTH TPAHCIIOPTHOTO 3ac00y, KM/TOJ;
B, — rabapuTHa IIUPUHA TPAHCIIOPTHOTO 3aco0y, 1,7 M.
MakcumasbHe ToTepevHe 3MILIeHHs PO3Pax0OBYETHCS 3a 3AIEKHICTIO (2):

2
y=2-Rnp—Ba—\/(2-Rnp—Ba) - 52, )
ne S,, — BiZcTaHb, [TOJI0JIAHA 32 9aC MaHEBPY.
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3a 3amexHIiCTIO 2 BiICTaHb, HEOOXiNHY Ui BUKOHAaHHS OE3MEYHOTrO
MaHEBpPY 3MiHU CMYTY PYXy MOKHa po3paxyBaTH 3a 3aJieKHIcTIO (3):

Su= 22 Ry =B) ¥ -2 @)

3 ypaxyBaHHAM HaBEICHOI 3aJI)KHOCTI 3a OTMIOMOTOI0 IIPOTPaMHOTO
3abe3neueHHs RutGenerator Oymo 3miHCHEHO MOAETIOBAaHHS TPAEKTOPIH pyxy
TPAHCIOPTHOTO 3aco0y I Yac MaHEBPY «3MiHA CMYTH PyXy» B Jdiama3oHi
mBuakoctel Bix 50 km/rox no 130 km/ron. Ha 0cHOBI po3paxoBaHUX TPAEKTOPIN
mo0OymoBaHO TMpodimi TOBEPXHI MOPOXKHBOTO TIOKPHUTTS IO MUIAXY PYXY
TPAHCIIOPTHOTO 3aco0y Wix Yac BUKOHAaHHA MaHeBpy (puc. 4). Otpmmana
CYKYIHICTh Tpo(uniB Oyja NpoaHai3oBaHa 3 BHUKOPUCTAHHSM HPOrPaMHOTO
komiutekcy «ProVal 3.51» pospobnenoro «The Transtec group» [8].

MM 12

10

0 1 L L 1 L 1 1 L 1 )
0 20 40 60 80 100 120 140 160 180 200 M

Puc. 4. TIpodini Mozeni TOKPUTTS JOPOTH IPU BUKOHAHI MaHEBPIB 3 Pi3HAMHU
IIBUIKOCTSMH JIJISI TPABOTO KOJIeca JIETKOBOTO aBTOMOOIIISA

Bkazane mporpaMHe 3a0e3leueHHS 3HAXOAWUTHCS y BIIBHOMY JOCTYII.
Po3paxyHok ToJiATaE 'y MOJENIOBaHHI MPOi3ay aBTOMOOLIS 31 CTaluMHU
CTaHAapPTU30BaHUMHU XapaKTEPUCTUKAMU IIABICKH (T.3. «30JI0THI aBTOMOOLIB)
10 3aJaHoMy NpOQUI0 3 peecTpalielo NapaMeTpiB KOJMBAHHS ITipecOpeHol
MacH (Ky30Ba aBTOMOG1IIs1) BigHOCHO HemiapecopeHoi [9-10].

Cepen OCHOBHMX NapaMeTpiB, IO MiASrarOTh PO3PAXyHKY: CyMapHe
KOJIMBaHHS Ta rpadik ImepeMilleHHs IPOTATOM ITPOi3/1y IUISHKH, L0 OLIHIOETHCS.
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BuxopucTaHHS JaHUX MOZICTIOBAHHS Ja€ MOXKIIUBICTh 00’ €KTUBHO OLIHUTH CTaH
JIUISTHKY 3a PIBHICTIO Ta JIOKANIi3yBaTH OKpeMi HepiBHOCTI (puc. 5).

100

MM KM/rox

Puc. 5. 3anexxHOCTI OLIHKK MTOOYIOBAHHUX TPAEKTOPIi pyXy 32 MOKa3HUKOM
IRI Bix mIBHIKOCTI BUKOHAHHS MaHEBPY

HaBeneni 3aKOHOMIPHOCTI CTOCYIOTBCSI OOMEXEHHSI PIBHSI IMHAMIYHOTO
BIUIMBY Ha aBTOMOOLIb, SKMH BHHHKAa€ MPH HOro pyci MO CHOTBOPEHOMY
KONIHHICTIO ToriepedHoMy mpodimto. Tomy TepMiH «rauOWHA KOMii» B IIbOMY
KOHTEKCTI BU3HAYA€THCS, B IEpIIy Yepry, SIK MaKCUMaJbHE IEPEBUILCHHS
MIOTIEPEeYHOT0 NMpodisIto, sKe aBTOMOOUIB JI0JIa€ il 4ac MaHEBpPY, TOOTO Pi3HMIIL
MDXK BiIMITKaMU HU3Y KOJIiI Ta BEPXHBOIO TOYKOIO 11 JIIBOTO I'peOHSL.

3a HaBeZIGHNMH pO3paxyHKaMH MOXKHA 3pOOHTH HACTYITHI BUCHOBKH.

[Tpn BukOHaHHI MaHEBpY «OOTiH» MiA KyTOM 2° Ha MOKPHUTTI 3 KOJISIMH
rnubuHo0 50 MM, aBTOMOOIIb Oy/e OTpUMYBaTH HABAaHTAXXEHHS Ha €JIEMEHTH
MiBICKY, EKBIBAJICHTHE HABAHTAXXEHHIO BiJ[ TIOKPUTTS 3 HEPIBHICTIO 2,5 M/KM (32
nokasuukoM IRI). Taka piBHICTh HE BIAMOBiZa€ TPAHUYHUM 3HAYCHHSM,
BCTAHOBJICHUM JIJISI JIOpir BHUIIOI KaTteropii — 2 cm/kM. OOTriH mig kytom 2°
MOJJIMBHH JIMIIE 332 YMOB BITBHOTO PyXy TPaHCIOPTHOTO IOTOKY, IO € JyKe
pigkum. 3a3Bu4ait KyT oOroHy ckiaaae He MeHir 5°. Ilpu TakoMy KyTi 0OTiH Ha
TIOKPHTTI, ypakKeHOMY KOMisiMU ruOuHO0 50 MM Oyzme BiImoBigaTH pyxy IO
nokpurTio 3 piBHicTIO 7 cM/kM (3a IRI). ITokpurrs 3 Takor HepiBHICTIO
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NOTPeOyIOTh HEraifHoro peMoHTy. besneyHa MIBUAKICTE pyXy Ha TakHX
MIOKPUTTSIX cKiagae — 80 km/rox.

HaBeneHy MeToquKy MOXKHa BHKOPHCTOBYBATH JUISl TUIAHYBaHHS 3aXOJIiB
110710 3a0e3neyeHHs Oe3MeKu JOPOKHBOTO PyXY Ha JUISHKAX, /1€ IPUCYTHI KOJTii.
TakuMu 3axomaMu MOXKYTb OyTH: OOMEKEHHS LIBHIKOCTI PyXy, BBEICHHS
o0OMeKeHHs Ha OOTiH, TOIIO.
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