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RELIABILITY CRITERION AND A MODEL
FOR DETERMINING THE OPTIMAL SPEED OF MOVEMENT
ON AUTOMOBILE ROADS IN WINTER SLIDING CONDITIONS

Abstract. The article presents a model for establishing the optimal speed of movement on highways, taking into
account the determination of the braking distance in winter slippery conditions. According to the research results, it
was established that the main criterion for the formation of road accidents on highways in winter slippery conditions
is the drivers' underestimation of the adhesion qualities of road surfaces.

The main criterion of the model under consideration is the interaction of the car wheel (braking distance) with
the road (adhesion coefficient) and is a complex that characterizes the stability of the car rolling over on slippery
surfaces and the driver's actions in making an effective decision and the duration of the reaction time. In the proposed
mathematical model, the accident rate on a slippery road is estimated by the coefficient of adhesion of icy road
surfaces, the value of the load or the average wheel pressure. Also, the frequency of load application, the amount of
deflection of the coating (at an air temperature above +20 © C), rolling resistance, the coefficient of adhesion of the
car wheel to the coating. One of the main characteristics of the model is a subsystem - the average pressure p = Q /.S
(S is the area of the imprint of the wheel, cm?), etc. Thus, in the process of analyzing the results of the causes of road
traffic accidents, the factors of the driver's reliability and the decisions made will be taken into account, which
depend on the speed of vehicles in any condition of the road surface.

Key words: icy road surface, coefficient of adhesion, road traffic accident (RTA), reliability criteria, braking
distance.

Introduction. One of the critical periods for choosing the optimal speed on highways is winter,
especially when the friction coefficient drops below 0.3. With such values, the choice of means of dealing
with ice or other types of slipperiness is not always effective. Under such conditions, road and municipal
services, in agreement with the Road Patrol Bodies, are often forced to limit the speed of vehicles to a
critical level, i.e. up to 40 km / h and below. In this case, drivers select a driving mode based on an
analysis of information on road conditions. The safe speed in this section, depending on the conditions
(geometric parameters of the road, means of regulation, traffic intensity, roadside space), during the
movement varies within wide limits. The reliability of the driver's work and his efficiency can be
maintained at the required level only if the volume of incoming information, i.e. the level of slipperiness is
within optimal limits. Thus, the level of information determines the emotional state of drivers, on which
traffic safety depends. From the data obtained by the researchers [1], it follows that about 80% of road
accidents occur due to the emotional instability of drivers (intense excitement, irritation, anger), leading to
erTors.
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Based on the foregoing, driving a modern car makes high demands on the psyche of the driver. In
such cases, the driver is required to be objective in order to quickly perceive road conditions, evaluate and
react to their changes and perform all the actions necessary to drive a car [2-4].

Traffic safety on the roads depends on the trouble-free operation of all links of the "driver - car - road
- environment" complex (VADS). The reliability of the operation of this complex must be ensured, on the
ong hand, by the technical reliability of the vehicle, the technical perfection of the road, and, on the other,
by the reliability of the driver's actions in various road traffic situations. The reliability of the driver as an
operator of the VADS system, which depends on the amount of information load, changes during the
working day not only from the increase in fatigue, but also under the influence of road conditions and the
situation [2,4-6].

There are three main groups of factors that determine the reliability of the driver at high speed on
slippery surfaces.
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Figure 1 — Driver reliability factors at high-speed driving mode

The interaction of the car and the road is a complex, the analysis of which allows one to assess the
stability of the car, the influence of the external environment on driving conditions and mechanical effects
on road clothes. The accident rate on a slippery road is estimated by the coefficient of adhesion of icy road
surfaces, the value of the load or the average pressure over the area of the wheel imprint. p; load
application frequency; deflection (deformation) of the coating I; rolling resistance f; Coated wheel grip ¢.
One of the main characteristics of the interaction of the subsystem is the average pressure p=0/S, where S
— wheel footprint area, sm” etc.

Distinguish between the area of the imprint of the wheel along the contour in the form of an ellipse
and along the tread protrusions. When determining average pressure, it is common to take into account the
arca of the indentation over the tread ridges. In calculations p=K,p, when calculating p the arca of the
print is conventionally taken as a circle with a diameter D, equal to the area of the ellipse.

Figure 2 presented a model for determining the length of the stopping distance of vehicles depending
on the condition of the coatings using the theoretical foundations given in the sources [7-10].
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Figure 2 — Model for determining the length of the stopping distance of transport means and factors acting on its level
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Consider another example on this nomogram, where at the speed of a car 60, 80, 100 km/h and the
value of the adhesion coefficient, which is also ¢ = 0.4, the braking distance corresponds to different
braking distances: 29 m, 40 m u 46 m respectively. However, in places where an accident occurs, traffic
police officers do not often pay the necessary attention to such details. In the places of the accident, they
first measure the length of the stopping distance, then estimate, i.e. determine the value of the speed of
movement. Indeed, at the same time, they did not take into account one of the main indicators affecting the
length of the braking distance, these are: the total weight of the car, the type of cargo, the drag coefficient
and the elasticity of the rubber of the car wheel.

Summary. Thus, the main criterion for the formation of road accidents is the drivers' underestimation
of the adhesion qualities of road surfaces. This primarily occurs during winter slipperiness. In addition,
when accounting for road accidents in places of their commission, employees of the Traffic Police often
make mistakes in determining the reasons for their commission.

For example, when the road is slippery, the employees of the Traffic Police in the accident card mark
them as "ice", but in fact slipperiness is classified into several types: loose (dry, wet, wet) snow, snow roll,
glassy ice, etc. ... The values of adhesion coefficients for different types of slipperiness are different and
the length of the braking distance depends on this indicator, which is absent in the accident protocols. In
addition, it should be noted that even a high reaction of the driver does not allow shortening the braking
distance with a low coefficient of adhesion of the coating.
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BEPIKTIK KAFHJIACHI )KOHE KbICKbI TAUFAK AT JAUBIHJA ABTOMOBHIIb
KOJJAPBIHIAFEI OHTAMIEI JKBIIIAM/BIKTEI KABBLIJIAY YJITICI

AnHoTanmmsi. Makanaza KbICKbl TalfaKk KE3iHICTI ABTOMOOWIIBIIH TEKEY >KOJNBIHBIH Y3AKTHIFBIHA KATHICTHI
OHTAIIIBI KBLTAAMABIFBIH AHBIKTAY YATICI KeaTipinreH. 3eprrey HoTmkenepi Oofibmma JKKO TybIHAAYBIHBIH HETIRT1
KaFHaJapsl, SFHA aNaTThIK KAFIAH KK JKYPTi3yIIiCiHiH *O0J O¢TiHe TYCKCH TYPJIi TalfFak TypiHe THICTi Oara Oepe
ATMAHTHIHIBIFBI AHBIKTAIIIBL.

Byriane KazakcTaHHBIH aBTOMOOWIB >KONJAPBIHAA TYBIHAAN, KBICKBI TAMFAKTAFBl JKOI-KOTIK OKHFAJAPBIH
(KKO) capamay MCH TipKCy aBTOKOJ CAJNACHIHAA 63CKTI MOCENCre alHAIAel. OUTKCHI, Oy sKaFmaiina amar TybIH-
JAybIHA KeJecl eKi (pakTop TiKeIeH acep eTei: KoK KypPaJJapblHBIH TCIKEY KOJBIHBIH ACHICHI MCH >KYPIi3yIIiHIH
aTaJFaH YaKbITTa KYPJCJl MCUXO(PH3HOIOTHUIIBIK KBICBIMFA TYCYl. AJlalaa KO amarsl OPBIH aJFaH TEMIMJICTI amar-
THIK XaTTaMa TOITHIPY COTIHAC >KOFAPBIAA aTAJFaH CKi (DAKTOP CCKCPLIMCH Kamaasl Ja, amaTThIH HETIsTi ceOemkepi
SKYPrizyImi OOJIbIN KaIazpl.

KapacTeIpsLIb OTHIPFAH MATCMATHKANBIK YTiAC AaBTOMOOWIb (TEKSY KOJIBIHBIH Y3BIHIBIFBI) MCH KO (1TiHIC
KO3(HUIMCHTIHIH ICHTCHI) HETI3T1 Karuaa OO KAOBIIIAHAIBI >KOHE 0J1ap TAWFAK KOJ KAMBUIFBICHIHIAFBI ABTOMO-
OMIbIIH ayJapBUIbI KETYiHE TEKEy OOJYBI JKOHE JKYPTi3YIIIHIH OPEKET €TY YAKbIT MIAMACHIHAAFbI OHTAWIbBI Imapa
KaOBLIIay bl APKBLIBI CHIATTAIATHIH 6TC KYpACH mpouecTepai Ounmipeni. Ochuiaiiinma MaTeMATHKAJIBIK VITiAC TaHFaK
SKOJIIAFhI allaTKA Colikec 1miHIC K03 duimenTiMeH, OiTKKE TYCETIH )KYKTEMEMEH HEMECE TOHTEICKTETI OPTa KbICHIM-
JTAFBl OHBIH >KAMBLIFBI 13IMCH aHBIKTANAAbl CON CHAKTHI OYJI MPOLCCC >KAMBUFBIHBIH CEPIILUTIC MOAYIIMCH (aya
Temmeparypacsiusie +20 °C-TaH Karapel Ke3iHAC), TCPOCICKE KAPCHUIBIK KOA(DDHUIMCHTIMEH, SKOJ MEH JOHICICK
apachIHIArsl 1miHIC Ko3(duuueHTiMeH ne cumarranansl. OcChl apanblk JKyHeAe AOHIECK IMIHACTT aya KbBICHIMBI
p=0/S epHEri apKbLIBI cCENTEIe (MYHIAFHl S — TOHIC/ICK TAOAHBIHBIH YOI OCTiHE TYCKCH i3iHiH ayIaHbL, CM°) KOHE
1.0. Cetirim, >xox TeniMiaae opbiH anFaH JKKO-HbIH ceOenTepiH aHBIKTayAa Ke3 KEIreH KYHAe sKaMbLUTFbI OCTIHICT]
JKYPTi3yIIiHIH JAHBHABIFB MCH KAOBLTIAHFAH IICINIMI CCCTIKS AJTBIHATBL.

Amnar neHreii, KOFapblIa KOPCETINTCHACH, KBICKbI TAWFAK YKOJ KaMBLFFBLIAFHI LTiHIC K03 duimeHTiMeH Oara-
JAHATBI KOH COHBIMCH Karap, OUTIKKE TYCCTiH JKYKTCMCMCH HEMECC JOHICICK KBICBIMBIMCH p, KO3FAIBIC KC3iHIC
JKYKTEMEHIH 3Cep €Ty KHLTNIrIMEH, KO TOCEMiHIH CEpIMMIIK MOAYTIMEH, TEHCENICKE KAPCHI TYPY [ KOHE 1LIiHIC
K03 PHIHCHTTePIMCH ¢ AlKBIHAAIATBL

Maxanaga YCHIHBUIBII OTHIPFAH MATEMATHKAJBIK AJTOPUTM HETI3IHAC AHBIKTAJFAH HOTIDKETEP LmiHIC kK03(hdu-
IUCHTI MEH TEXKCY >KOJIBIHBIH Y3bIHABIFBI apPACBIHIAFBI KATHIHACTHI KON KAMBUFBLIAPBIHBIH KBICKBI TAWFAK Kyl
HCTI31HACTI JKBUIIAMABIK IAMACHIHA Opall aHBIKTayFa MYMKiHIIK Ocpmi. Ocerran opaii, asropmap KKO capanay mMcH
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TIPKEY KE3iHJE >KOFApBIIA aTajfaH KePCETKIIITEP MIHACTTI TYPAC €CKEPIIyi THIC CKEHAITIH YChIHAMBI, ce0edl omapra
KATBICTHI AMATTHIH CAHBI MCH ayBIPTIAJIBIFEI OCATLICHEXl. MBICAJIBI, KCHUT KOJIK YIIiH KBUTIAMIBIFBL V), =80 xm/caz.
JHCIHE medHcey HCONbIHIH Y3bIHObIbL L, , =40 M 60NaMbIH HCA0ATOGZBL HCOTl HCAMBLIZLICHIHGIY IHIC K0P uyuenmi
¢=0,4, an 2KKO myemoayvina Kamvicmel mayexendix oeyeeii C,=3 60onadv (ininic koadduuuenti ¢=0,79 xaraiina
C,=1). )KYK KoTiriHiH KeIIIaMIABIFEL V,,=60 KM/CAFaT JKOHE TEHKEY JKOIBIHBIH Y3BIHABEHI L, ,~42 M *KaFraaiia iginic
camachl MCH TOYCKSIMIK KO3(D(DHUIIHCHTI JKCHIT ABTOMOOHIIBACT] JKaFxaiira TCH 00JIaIbl.

Tyiiin ce3aep: CHIPFaK >KOJ >KAMBUIFBICHL, LmiHIC KO3(duuueHTi, skom-kemik okuramapel (JKKO), Oepikrik
Karuanapsl, TEKEY YKOIBIHBIH Y3bIH/IBIFbL.
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KPUTEPUI HAJEXHOCTH U MOJIEJb ONPEJEJEHUA OHTI/IMA.JIBI;IOI‘/‘I CKOPOCTH
ABUKEHHUA HA ABTOMOBWIBHBIX TOPOT'AX B YCJIOBUAX 3UMHEU CKOJB3KOCTH

Annotanmmsi. B HacTosmee BpeMs Ha aBTOMOOMIIBHBIX Aoporax KazaxcraHa BOZHHKAIOT MPOOJIEMBI, CBA3AHHbIC
C YUETOM JOPOKHO-TPAHCTIOPTHBIX NpouctuecTsuil (JITT]) Ha HOKPBITHAX C 3MMHEH CKOIB3KOCThIO. B Takux ciay4dasx
HA YPOBEHb ABAPMHHOCTH BIMSIOT ABAa (PAKTOPA: YIITHHCHHUE TOPMO3HOTO ITyTH TPAHCHOPTHBIX CPEACTB M IOBBIIIIC-
HHUE TICHXO()M3HOIOTHIESCKOTO HANMPSDKECHUS BoAUTEIL. OQHAKO IPH CYMICCTBYIOIMX METOAX 3aIOJHCHUS MPOTOKO-
JIOB HA MECTE MPOUCINECCTBHUS 3TH ABa (PAKTOPA MPAKTHICCKA HE YUUTHIBAIOTCS, IIO3TOMY I[JIABHBIM OOBEKTOM ITPHH-
Hbl JITTI ocraeTcs BOAUTE .

B crarbe npuBescHa MOAETH YCTAHOBJICHHS ONTHMAIBHOM CKOPOCTH JBIKCHHS HA AaBTOMOOMJIBHBIX TOPOTax C
YUYETOM OMPEACIICHUA JJIUHBI TOPMO3HON NMyTH B YCIOBHAX 3UMHEH CKOMb3KOCTH. [10 pesymbratam ucCiaeI0BaHUIA
YCTAHOBJICHO, YTO TIABHBIM KpurepueM oOpazoBanmsa JTT] Ha aBTOMOOWIBHEIX AOPOTaX B YCIOBHAX 3UMHCH
CKOJIB3KOCTH SIBIBICTCSI HEAOOLCHKA BOJUTEISIMH CIICITHOTO KAUECTBA JOPOKHBIX TIOKPBITHH.

maBHBIM KpHTEpHEM pPAaCCMATPHBACMON MOZCIH SABLICTCS B3aMMOJCHCTBHE KOJEca AaBTOMOOWI (IMHA
TOPMO3HOTO MYTH) ¢ AOPOTOH (KO3(PPHIHCHTOM CICTUICHHA) H MPSACTABIACT COOOH CIIOKHBIH KOMIUICKC, XapaKTCPH-
SYEOIIAHICA YCTOWYHBOCTHI0 ABTOMOOHIIA OMPOKHIBIBAHWIO HA CKOJIB3KOM MOKPHITHH, W ACHCTBHAM BOJUTCIA B
mpuHATHH 3()()EKTHBHOTO peIeHAI W MPOAOJDKUTEIBHOCTH BPEMCHH peakuuu. B mpemnmaraemoii MareMarndeckoi
MOZCTH YPOBCHb ABAPHHHOCTH HAa CKOJIB3KOH JOpOre OLEHHWBACTCA KOIPQUIMECHTOM CLEIUICHUS OJICACHEIbIX
JOPO’KHBIX TMOKPBITHH, BEIMYMHON HATPY3KH HIH CPESOHHM JABICHHEM KOJNeca. Takke YacTOTOH MPHIIOKEHH
HATPY3KH, BSIMYHUHOU mporuba HOKPHITHs (TmpH Temmeparype Bo3ayxa Beime +20 °C), COMPOTHBICHHEM KAUCHHIO,
KO3(PHUIMCHTOM CICIJICHHS KOJeca aBroMoOmm1 ¢ mokpbitheM. OOHOH W3 OCHOBHBIX XAPAKTEPHCTHK MOJCTH
NPHHATA MOJCHCTEMA — CpeaHee AasicHue p=0/S (S — mIomaap OTNCYATKH Komeca, cM°)  T.i. TakuM o6pasoM, B
MPOIIECCEe aHAMM3a PEe3yiabraroB mpwdwmH oOpazoBanust JTI1 Oyayr yurteHsl (DaKTOpBI HAJACKHOCTH BOJUTEII H
TIPHUHATHIX PEHICHUH, 3aBHUCSIINE OT CKOPOCTH ABIDKCHHS TPAHCIIOPTHBIX CPEJICTB HMPH TFOOOM COCTOSIHHH TOPOXKHOTO
TIOKPBITHS.

YpoBEeHs aBAPUHHOCTH HA CKOJB3KOHW JOPOTE OLCHHBACTCS KOI(P(PHUIMECHTOM CUEIUICHHS OJICICHENBIX TOPOXK-
HBIX TIOKPBITHH, BEIMYMHOH HATPY3KH HIM CPEIHHM JABICHHEM IO IUIOMIAAM OTICYATKA KOJNECa p, 4acTOTOH
MIPAJIOKCHUS HATPY3KH, MPOTHOOM (nedopMarmeii) OKPHITHS, COMPOTHUBICHACM KAUCHHUIO f, CHEIIICHHEM KOJIeca C
moKpsITHEM ¢. OTHA M3 OCHOBHBIX XapPAaKTCPHCTHK B3AMMOJICHCTBHS MOJCUCTEMBI — CpeaHee JaineHue p=0/S, tae S
— IUIOIMAIb OTIEUATKA KOJECA, CM” H T.II.

B crarbe Taxske MPHUBEICHBI PE3YIIBTATHl PACUCTOB, ONMPEACICHHBIC HA OCHOBE MPIJIAracMOM MOJCIH | MOJIyve-
Ha TpsMas 3aBHCHMOCTh MCKIY KOI(Q(HUIMEHTOM CHEINICHHS W JJIMHOH TOPMO3HOTO IIyTH ABTOMOOWIIL IIpH
JBIKCHUH TPAHCTIOPTHBIX CPEACTB, MPH PA3THYHBIX CKOPOCTIX ABIKCHIA. TakuM 00pazoM, aBTOpaMH MPEIaracTcs
mpu aHanmse JJTTI yuecTs BhIIENEPEUNCACHHBIC TOKA3ATENH, OT KOTOPBIX 3ABHCHT UX YHMCJIO H TDKeCTh. Hampumep,
TIPH CKOPOCTH JABIXKCHHS JIETKOBOTO aBTOMOOMIIA, paBHOM J/,=80 xm/4 ¥ JUIMHE TOPMO3HOHU yTH L, ,=40 M, k03(ddu-
LUEHT CUENICHHA MPUMET 3HaUeHHUe ¢—0,4, IpH 3TOM cTeneHb pucka cosepmennd A TII pasen C,=3 (npu ¢=0,79 —
creneHs pucka C,=1). 910 3HaYeHHe KOdPOHIMEHTA CUENIEHNA A4 IPy30BOro aBTOMOOHIA COOTBETCTBYET NPH
V,=60 KM/4 M ANHHE TOPMO3HOTO HyTH L, ,=42 M, TpH 3TOM CTENEHb PHMCKA OCTAETCA PABHBIM K JIETKOBOMY
apToMOOHmO, T.¢. C,=3.

KroueBnie cjioBa: 00CACHETOC MOPOKHOS MOKPHITHE, KOPPHUIHCHT CHCIICHHSA, JOPOKHO-TPAHCIOPTHOC
npoucmectsue (A TII), kpuTepuu HAACKHOCTH, JTHHA TOPMO3HOTO Iy TH.
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