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ABSTRACT

Kashkanov AndriiThe concept of assessing and reducing uncertainty in the
tasks of automotive technical expertise of road accider@aialification scientific
paper, manuscript.

Thesis for a Doctoral Degree in Engineering in specialty 05222.0
Automobies and tractors. Kharkiv National Automobile and Highway University,

Mi ni stry of Education and Science of

The dissertation research deals with solving the problem of assessing an
reducing uncertainty in the problems of auton®ttechnical expertise of road
accidents. Establishing the circumstances of the road accident is a multidisciplinan
task designed teeconstruct the causes of the accident and its course. This requires
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in addition to extensive knowledge in various tachhfields, the application of
skills of analysis of research results from other fields of natural sciences (medicine
psychology, tokcology, forensic genetics, etc.) and decismaking in conditions

of incomplete information, i.e. in conditions of urianty.

The lack of a unified methodological approach to assessing and minimizing the
impact of uncertainty on the results afitomotive technical expertise of a road
accident can lead to a significant error in determining the studied parameters (so th
relative difference between maximum and minimum values of braking and
maneuvering is in the range of 8216, and coverage leivef possible cases with
the use of current techniques is&3%). The methodological basis of the thesis is
the consistent apglation of a systematic approach, analytical and experimental
research methods, modern scientific and technical means at gds std the
reconstruction of a road transport accident. The concept of the dissertation researc
is that the decisiemaking proess in the automotive technical expertise of road
accidents should be considered not only as deterministic, but also asaststcanid
uncertain process that requires the application of synthesis of deterministic,
probabilistic, regression and netftzzy models for taking into account most of the
factors that affect the reducing uncertainty in the formation of expert opinions.

Solving the problem of quality assessment of the variant of auto technical
examination conducting based on the model of referemrmgarison in combination
with models of absolute and compromise solution reflects the full range of
interaction of participais in this process and allows to take into account the
necessary components of quality assurance system: component of analysis ar
evaluation of activities (audit) and component of standards or reference system o
indicators (standards).

Based on the theetical analysis for the first time a general concept for assessing
and reducing uncertainty in the problems of automotive teahaipertisef road
accidents based on the application of the methods of the theory of fuzzy sets an
neural networks, the mphological method and modular synthesis technology has

been created. The high flexibility of the automotive technical expestsgem is
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provided when its operating conditiomhangeand conditions to reduce the
uncertainty of expert assessment of the laacsm of emergencies have been
created; a method has been developed and an information model has been built f
assessing the qiity of investigations and conducting automotive technical expertise
of road traffic accidents, on the basis of which algarghfor adaptive decisien
making processes with deterministic and probabilistic characteristics are synthesize
and the technologyf choosing the optimal alternative under uncertainty is
substantiated.

The application of the methods of the theory of fugeis, neural networks and
experimental research methods has improved the method for estimating the
coefficient of adhesion of cavheels with a road surface, which, unlike existing
ones, allows to determine the value of the coefficient of adhesion fatearamge
of modern cars more accurately, which, in turn, improves the quality and reduce:
the subjectivity of establishing thecteical ability to avoid a traffic accident; a
method for assessing the distance of visibility of objects when driving a ta in
dark, which, unlike the existing ones, makes it possible to simplify the time
consuming procedures for studying safe modesiomovement in the dark, reduce
the time spent by an automotive expert for adepth analysis of road accidents,
increaseaccuracy and expert opinions objectivity.

Based on the methods of differential and integral calculus, mathematical statistics
probability theory and regression analysis, methods for assessing the distance travels
by a car have been further developedictviiake into account the influence of the
design of the braking system and the psychology of driving a vehicle on emergenc
brakng indicators in the investigation of road accidents; methods for analyzing car
maneuvering by taking into account uneven maet (maneuvering with braking).

The proposed measures for assessment and selection ways to reduce tli
uncertainty of modern miebds of expert analysis of the circumstances of the
accident (their main types) can increase the objectivity of expert opjnions

particular:
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I in case of emergency situations, due to visibility reduction in the dark, the
potential of the narrowing rangd possible solutions is 68%, taking into account
the design features and operation of car headlights in modeling reduces th
probability of errors of the first kind by-88%, and errors of the second kirloly 6
42%:

I when assessing the interaction @ir dires with the road surface during
emergency braking of vehicles, the range of possible solutions is narrowed by 2.2
2.6 times;

i during the assessment of the sensorimotor phase of the driver's reaction, th
probability of occurrence of type | errorsadeases by 19% and type Il errersy
32%;

i when determining the effectiveness of car braking in the process of
investigatinga traffic accident the range of possible solutions narrows to 50%, while
the probability of errors of the first kind is reducey 2-19%, and errors of the
second kind by 43-68%;

i when analyzing the car hitting to a pedestrian, the range of posdibiates
is narrowed to 63%;

T when assessing the dynamics of emergency braking of the car and its trajecton
the range of posdimodeling error is narrowed by 39%;

i if necessary, the analysis of maneuvering with braking vehicles with modern
safety sysgms (ABS, EBD, BA, ESP, etc.), which allow to expand the range of possible
lateral displacements YM to 65%, change the coursée dag82% and reduce the
required longitudinal distance for performing maneuver CM to 25% while ensuring
movement stability.

Based on the method of fuzzy cognitive maps, it was proposed the model for
assessing the reliability and safety of a vehicle & dhvercarroadenvironment
system (DCRE), which allows for taking into account the mutual influence of factors
determining he reliability of a mammachine system, rank them and develop measures
for improving traffic safety. Possible areas of applicatdd the method are human

machine systems with a continuous nature of human activity (the DCRE systen
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belongs to them), in whicthere are no clear boundaries between the operations
performed, which makes it difficult to collect statistics on the prolviasilof their
correct execution.

To evaluate the effectiveness of introducing a new method for establishing a
particular paramnter in the technical expertise of road accidents is possible basing on
determining the difference in the uncertainty of the systetwo states A and B (A is
the state of the system when the current method is used, B is the proposed one). In i
case, tk efficiency criteria can be: the relative difference between the normalized
entropies in states A and B, the relative valuéefdecrease in the dispersion range of
the desired parameter, the relative value of the reduction in the probability obérrors
the first and second kind. The application of the proposed method of normalizec
entropy shows that taking into account stotibasd fuzzy uncertainty increases the
objectivity of decisions by 20% compared to the situation when only stochastic
processg are taken into account. Compared to the deterministic approach accountin
for stochastic uncertainty leads to an improvemethigrobjectivity of the examination
results by 4618%.

The proposed theory and concept of estimating and reducing unceirnatingy
tasks of auto technical examination of road accidents, presented in the work, creat
a methodology that, according to enp@&ntal data, allows increasing the accuracy
and objectivity of the investigation of the mechanism of car accidents. The main
results of the thesis can be used to increase the efficiency of the current system «
conducting and expert analysis of road dents in Ukraine.

The main scientific provisions, developments and recommendations offered in
the thesis are implemented:

i for using in practice of auto technical expertise of road accidents in the Kharkiv
Research Forensic Center of the Ministry of Ing¢rAffairs of Ukraine; Vinnytsia
Research Forensic Center of the Ministry of Internal Affairs of Ukraine; Zhytomyr
Research Fensic Center of the Ministry of Internal Affairs of Ukraine;

i when conducting individual and group classes, briefings, meesegsnars

on accident prevention, analysis of circumstances and causes of accidents in tf
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Road Safety Service of the Department of Armaments and Logistics of the Nationa
Guard of Ukrainein the Department of Energy, Transport and Communications of
Vinnytsia City Council; in the department for organization of domestic and
international passenger traffic of JSC "Ukrzaliznytsia"; in the Transport Department
of the Technical Department of PJ3@intStock Company "Kyivvodokanal;

T in the educational proce®f training of bachelors and masters in specialties
274 "Road Transport" and 275 "Transport Technologies (in autotransport)” at
Vinnytsia National Technical University.

The main effect offte implementation of the developed measures will allow us
to optimize the accident investigation process and approach solving the problem o
reducing accident rate in road transport by introducing modern requirements anc
technologies that systematicallyvaw all key aspects of road safety, in particular
human behaviothuman factor), road infrastructure, structural safety of vehicles,
and at the same time are considered at the stage of accident prevention, durir
accidents and thereafter in accordance thighapproaches generally accepted in the
world to the formulatia and implementation of road safety policy.

Key words: driver-carroadenvironment system, minimizing the uncertainty of
parameters, increasing the objectivity of decisimahicles, road safety, expertise

of road traffic accidents.
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yi=ri & (2), (2.28)

d
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HJTMiC Y dazinisTH{12., d}.



118
} totsB @7 fggsd L 20wy et H dzz ' BB Mytsedz MdRjdzdets s

L OHOY' B0l BOsdudzscets e tcOdlkzo O dzdaw
' o dzgtsj W jyCHs qrod@f@BdeiIse " o toj Oz’ L Oy’ R OEC
4.5 " dz2'Cbdnisig to° T, L dzOyJ dzdpvidgdd WROdef@ < Is § taydfl

S WM& ddd QP egdedats @p dgdsdgey s dafs™ dz’ " BC
" deW stcd3OIsdo dz' Mis! IsO ROLOSIjtdL iz Isi imw |
9 HsdBkz fttsyjHkztekz ddstedkzOd L Oy" "’ L d3 Ist
(9" Hie" LSk [ O0f BSls)e.L =gy ) dzsGdiplade | d3@z2oggz dz
-~ Ot P dfyflsd J O° dits:

yi: X- [0, (2.30)

HdX ={%,%,...%} TS ez’ " d2' ST OLOB ste'
5.5 tod Is j0c hiclss 7 O 10N Ojiaisa@® dg' dzk OFYf j tls* o
' dzls Iz T Hys fij of ' sl qu©'frplsttsdzd 306 st f oSG dzBL Uz BT
dz@ sy CHN Y Ji s tztizs yj Mk WikzdS y' sdzze Odzdzy @

yi :[ab- [01], (2.31)

HAT 3" dz' i30dz! dzgj vydmdzse j L dzOyJ dadew fd Mmls,
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123

m(x)z)—];é(‘ x| x1 ¥ (2.41)
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| K =y (2.43)
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y =-0,0002% + 0,0097% - 0,0808x + 1,39
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CChs odrhtsHdld L todf iz d dgghvpH M Bdzo j
Ogslsts B H te" ' Myw dzO’ if ksl aizp B jdgtfdijCdls H dzw
ofMlsOdetso dzj dats B jL 9 tcOR zo Bifizdsy i lxiE) soddfjL dded \ j
B Md® dBsydzdes' ysddhied Mdbkzoy’ ~ (tdh.

l.{tjLbkdz O fjtcjodhiz' G tc Odztf Yy dzjB ' Oztlz®
tesL hdtej dzgz dzj o L dzOyd dz' Mmis+ .
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jLEzdf s®fsodh 2 cGtOded ydzj L dzOyj dzdzw
oL h dioj dagz dzj o L dzgOyj dz' Myls .

3.1 4L klsz lst ptgOdzd ydetse s L dzOyJ dzdzv dzO
tetsL M dtgjodgla de@yJ dz' milss .

4. 1 jLEd SOl tc@def ygetse s OL dz® ) dzdzdzf dzizdz B

N
0O e~

=y

tetsL hqtej dgz dzj o L dzOy g dz' fMmls+ .
1 jtedy l I
CiEd @D 1
dgn o

1 2 3 4

{ jLixzIss { jLizdzleas { jLizdzleas { jLixzlsas
fitgjodh 2 fitgjodh 2 o u e

ez olg cteir g eegirilerscis eegurglerseis
Ld@yj ey d® Ld@yj ety d® Ld@yjdey d® LdByjde dP
ojdefdiz, ojdefdiz, ojdefdiz, odeurfdz,

B'dzh ZLO dzdz zLO dzdg zLO B'dzh ZLO
tdah dftgjdiz tdah dftgjdiz tdah dftgjdiz taah digjdiz

dgodLdyidaAs  dgedLdyidAls  dgedid@yjdAls  dgedLd@yjddrs
tdmEsias ¢ J odL dzOyd dz2' Mls! IsO o  HYf 9 ' H dz

Il JfOHtse 1 LodyO2des ' dzlsj toff toj lobrzjlsdztmiyls |
sz, o HES 2 dzj dBEOe Isj - dgd§dzakzls d d3teaPdzd 81tk f
odyOHBE 4 LoduO2dets " dzsjteftcjlskz® st mpw w
Istsdilz,o SHES 2 d309 Isj mdz’ ydzz sy dzdoe ' Mis! Iz
Lo dyo? dzts ftslstcjBlzE IsB dz] BB SBSESL G iz @ tzd
B .l zo Odzadzy L tHplstsld s oLdz’ dzadf eadd® tzts ¢ &3 ff P& O dz3 P



L O ez

I U &) 3@ tshdtse z tBflsOs ddzq

H dzW

O s REB

daz' o ,

G Odz' Bsojdd n@ Mist Odf Lo dz@ iz di3ts
s ®.8 &zdtyts j H f)ls Oo dzPdg’j dzdef ' H @O a3 Ists®

Uy

J

OHOff ss9 Odz

v OB dzdb Wi

etSL 6On 2dzS Iz

h
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r vl , HJ Is ©Odz
w ¢ d3@|5|51
dzv n, dzj B R’

HizW SO izt A Z&8L BSOIsd tetsL tcOn k2
&3 IstsH H izt & O 9 Is s ¢i3KLB55%zB 4RBS), SkodaOctavia( ABS), Audi
A6 ( ABSIs BA).

1 dz0 y J dzdzw

fOLOd) st

5 cOd sk

=t

dzd
e Od

] R Hdzd2 OOy Ists
t, M t, fil t, fivg, €d |, W UA
1 0,2 0,1 |354344| 2,029 -6

OB &Y jbL SO oL cOR bk dSlz a0 HE & Qy

flssn Ofls d ydzs’

dzj o dL dzOyJ des s

¢ dzO dz' Is d Y dD10)KEHL) ¢ w3’ s Odgts ¥ j@@-Crash
1 Effdzi2 " g | Odz! disso d| 1 2 ddzedzed 2 | Odz d3tse
XKmin » Xmax XKmin 1 Xmax Kmin - Xmax Kmin 1 Xmax
1 ¢ 110557( B ABS)
368 5 88 59,1N1,5 |27,15N 075 49,4N1,4 (36,89\0,88/59,1A\1,52|24,29 (71|46,51,34
SkodaOctavia( ABS)
36, 85| 591N1,5 |27,15N 075 49,4\1,4 (36,83\0,88/59,1A\1,52|24,2 (71|46,51,34
Audi A6 ( ABSIs BA)
36, 85| 591N1,5 [27,15N 075 49,4\1,4 (36,83\0,88/59,1A\1,52|24,23 (71|46,521,34
c ¢ o dHdd L sOB d&zd y* 5. 2, H 8 yoO d3d
COdz B odats’ M f)lsnisdfzs k@ MisHfdzo Odzd = h d dz
JWJjClsdodztsdgiss, ® dzd®@j ¥ Or ftsH dz' C Olsj § tatig
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1 OMssmE it tsL tetsB dzj dzd 2 MdsE® jdrif@us{dBY, d2d), 2
HdzWw sy’ dz¥ 9 Odgdz?" HOdes'™ HBtesydz' 5° Mdlskz O

I OB ddy' 5.3 jfogH BB dzj tiif iste @ TAr diA
Hisfidz' HY Zaz@®apES * & s H j dzv o Odzdz" -dpj O HISEY" 2 ofiy
sy’ dz¥ o Odzdz® oL O BsH' ° Cdf HlsOGsEuEs ] Uk
G Odz! d3lz 9 O dzdz’

s OB dzdjY j D zdz IsOIsd Mt sp fc @rf HzgplEdivc s (ts dats o
By SEHdSCBECOR o OdzdzY d3 MislEE ©M Isdgjuaafl dz@ Q) dAy

[ BH J dz 1 ¢ 110557 SkodaOctavia Audi A6
Vo, S a3/ ¢ 35,4344
1 O9 Odzls O
C s s, 190 312 420
sdf 1 L d i3gse O, HtS 50% L dz
[ Btetsy dz° | vEtsyjdzd?2 Mmdz2' ¢ ' Mmdzv ¢
] Odzr di3° B gzl B JABS L ABS LABSIs BA
J min 0,1% 0,205 0,22
J max 0,2% 0,236 0,2%
jmin 5 1 3 09 1,0 1,1
imax > | 3 1.2 13 15

1] EtOnbko Oddz" - (lzNS h stesc d o

Il LOCOd dsBz odfOHSE OdEtizE®dsL a4t
LOBHI! MW HB od¢tsdzOdzdz? 1sOCdnm CtetsS ' o
1.1 dL dzOyj dedz? sdfbkz ' MOk HEEEy d2 Bt
2. ] MlsOdgtso dzj dgdz? Isdffz hddz SO tsy' dgs 9 Odz
hddz LO wWCiss o flsOdetmoddrsh jlsdzgdig™w. o ' HMSIES

3. [y dz¥t 9 Odedzv o j dzd yd dzd ° dizld faeHcOjqRee s
sfdse ' t©jCtsdjdHoOy 239 ftejHMs0s dzj dzd =k
























































































































































































































































































































