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ESTIMATION OF INFLUENCE OF PSYCHOPHYSIOLOGICAL CONDITION OF THE DRIVER
ON SAFETY OF PASSENGER AUTOMOBILE TRANSPORTATIONS

The safety of road passenger transport depends on the main key elements that make up the system: driver-car-
road-environment. Failure of any element of this system increases the probability of its exit from the normal-functional
state, and most importantly, will increase the risk of an accident (hereinafter - road accident). Therefore, the search for
ways to reduce the likelihood of accidents during passenger road transport based on the analysis of the consequences of
changes in the psychophysiological states of the driver is an urgent task.

The purpose of the study is to develop recommendations for reducing the probability of accidents during
passenger road transportation based on the analysis of the consequences of changes in the psychophysiological states of
a driver. The study used the method of expert assessments and the method of "Failure Mode and Effects Analysis"
(hereinafter the method "FMEA"), which includes organizational, logical and mathematical and statistical procedures
aimed at obtaining from experts the assessment of hazards affecting the change the psychophysiological state of a driver
while driving a passenger bus, their analysis and generalization of the results in order to prepare rational decisions.

It is determined that changes in the psychophysiological state of a driver lead to errors in driving a passenger
bus and are the main catalyst, which together with various hazards when driving a vehicle and joint interaction of the
subject with the object - leads to traffic violations and further - to road accidents.

It is shown that in case of elimination of one of the listed components, the road accident will not occur. It is
established that the loss of concentration, changes in emotional state and intensity of the load are the main factors that
affect the psychophysiological state of a passenger bus driver. The dependence of the accident on the presence of the
catalyst, the hazard, and the interaction of the subject with it is determined. It is proposed to use the driver's reaction as
a catalyst, which depends on the change of their psychophysiological state while driving a passenger bus.

Keywords: driver, psychophysiological condition, passenger bus, hazard, interaction, catalyst.

INTRODUCTION

Road transport is a basic component of the state economy and meets the needs of the population to move
in space. Growing demand for road passenger transport contributes to economic stability, social development
and improving the financial condition of the transport company (TC). The effectiveness of this process depends
on:

- the level of road safety of automobile transportations;

- minimization of hazards and occupational risks (OR), which are associated with the human factor
(physical and psychophysiological state of health of the driver);

- minimization of logistical losses that TC will receive as a result of violation of traffic regulations (TR)
or the occurrence of road accidents (RA).

For example, TC's logistics losses are 9% of GDP for the United States; 11% of GDP for Japan; 12 %
of GDP for France, Korea, Germany [1, 2]. This requires TC professionals to make effective management
decisions that aim to increase the safety of the road passenger transport process and minimize the hazards and
ORs of passenger bus (PB) drivers. Thus, there is a need to solve an urgent problem, i.e. the study of various
hazards and assessment of OR, which occur during the performance of transport work by the driver and which
affect the change of the psychophysiological state. It should be noted that there are quite a significant number
of different incidents on the roads and RA that significantly increase both human losses and TC financial
losses.

According to [3], about 1.3 million people die each year as a result of RA. The damage suffered by most
countries as a result of RA reaches 3% of their gross domestic product. About 1.3 million people die each year
as a result of RA. Another 20 to 50 million people suffer non-fatal injuries, which in many cases lead to
disability. According to statistics [4] in the countries of the European Union in 2020, 18,800 people died in
RA. Compared to 2019, there was an unprecedented drop of 17% in the number of RA. This means that in
2020, almost 4,000 fewer people died on EU roads compared to 2019. The decline in traffic as a result of the
Covid-19 pandemic has had a clear, albeit incredible, impact on road deaths. Fig. 1 shows the data of deaths
as a result of RA on the roads of EU countries per million inhabitants for the period 2019-2020 (preliminary
data for 2020) [4].
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Figure 1 - Data on deaths as a result of RA on the roads of EU countries per million inhabitants for the
period 2019-2020 (preliminary data for 2020) [4]

For the conditions of Ukraine according to [5] in 2020 the total number of RA was 168107, in which
3541 people died and 31974 people were injured. For the period from 01.01-31.08.2021, the sad statistics
consist of the following data: the total number of RA was 15 613, in which 1914 people died and 19309 people
were injured. At the same time, most studies [1, 6, 7] show that security problems are inherent around the
world, which requires the construction of appropriate mathematical models that can predict developments,
including to reduce or avoid unnecessary hazards and OR.

ANALYSIS OF LITERARY DATA AND PROBLEM STATEMENT

It is known that the safety of road passenger transport depends on the main key elements that make up
the system: driver-car-road-environment (hereinafter - the "DARE" system). Failure of any element of the
DARE system increases the probability of its exit from the normal-functional state, and most importantly, will
increase the risk of RA.

Experts single out the driver as the most important element of the "DARE" system, who needs an
appropriate level of control of the psychophysiological state during the performance of professional functions
to reduce errors that occur when driving PB [6]. Thus, the study [7] indicates that failures in road transport
systems are mostly related to the behavior of the driver while driving a vehicle (V). As the "DARE" system
constantly exchanges information: from V technical condition and road conditions to the state of driver’s
health, who provides control commands and receives information about the results of their actions through
feedback channels and, according to changes in the situation, performs corrective actions [8]. Hence, the
reliability of the system depends on the ability to perceive and process information. The authors of the study
[9] assume that the root cause of errors is related to changes in the psychophysiological state. Correction of
this situation is seen in the strengthening of requirements for professional training of drivers [8]. Another study
[9] found that most road accidents are caused by a lack of awareness of drivers about the hazards and their
health consequences. The authors point out that the technical systems of the car do not often fail, and those
minor cases, again, are mostly related to the human factor. Thus, difficult situations on the road in which the
driver makes a mistake according to statistics occur once a month on average, which in the general sense leads
to an accident once every five years [10, 11]. It is proposed to correct this situation with the help of driver
behaviour planning theory, which is based on studies of traffic conditions, cultural habits, which allows finding
appropriate methods to supplement and adjust the driver's reaction to difficult situations [12].
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The authors of the paper [13] sought reasons for the errors using the method of "FMEA", which allowed
them to assess the driver's performance using a comprehensive indicator "transport operator specifications".
According to this indicator, you can determine the impact of all potential hazards during the transport process
on the probability of error. It is also possible to rank hazardous factors during road transportation of goods,
presented by the authors of the paper [14]. The authors based on a systematic approach to identifying the
hazards that occur during the transport process established the criticality of the system; after crossing it the
emergency occurs. On the other hand, an important component of the transportation process is to ensure the
reliability of logistics in the supply chain. The authors of the paper [15] showed the relationship between the
level of service and safety of the car based on the "FMEA" analysis method. This allowed the development of
recommendations to improve the reliability of transportation by reducing the number of failures, which is
calculated depending on the severity, occurrence and detection.

A radical solution to this problem of reducing the number of incidents in the "DARE" system is the
production by the industry of fully autonomous cars on artificial intelligence, which make independent
decisions based on the collection of the maximum amount of information about the environment. At the same
time, in order to strengthen the safety of such transportation, it remains possible to control the movement of
such V by transport operators [16].

From the analysis we can identify several main causes of RA, where the most significant share is the
change in physical or psychophysiological state of the driver during driving V (Fig. 2), characterized by:
fatigue from prolonged driving PB; deterioration of psychomotor reactions when driving PB from intense
changes in traffic intensity, the manifestation of fatigue from monotonous movements and being in a
monotonous working posture; change in emotional mood; loss of concentration; manifestation of aggression
towards passengers or other road users; dissatisfaction with the conditions of comfort in the workplace, etc.

94%

[ Road accidents that involve a change in the physical or
psychophysiological condition of a driver

B Road accidents that involve violations of traffic rules
and rules of operation of the vehicle

[l Other road accidents related to traffic violations by
pedestrians, passengers or due to unsatisfactory traffic conditions
Figure 2 - The groups of main reasons for committing RA

In addition, the deterioration of the physical health of the driver while driving V may change on the
basis of the symptoms of chronic disease, the sudden onset of a viral disease; residual signs of alcohol or drug
intoxication, from prolonged driving of PB without rest; the influence of harmful production factors during
PB driving: vibration, PB cab temperature, noise, dust, etc. [8-12].

AIM AND TASKS OF THE RESEARCH

The object of the research is the transport process of passenger road transportation.

The purpose of the research is to develop recommendations for reducing the probability of accidents during
passenger road transportation based on the analysis of the consequences of changes in the psychophysiological
states of the driver.

RESEARCH RESULTS

To assess the hazards, OR in the implementation of passenger road transport we will use the method of
expert assessments and the "FMEA" method. The use of this method is often the most economical, and
sometimes is the only possible way to assess the degree of OR for PB driver, in accordance with the
requirements [17-20].

Expert evaluation was performed by ranking, pairwise comparisons, direct evaluation of the constituent
factors of OR [17-20]. Ranking is the arrangement of objects (events, facts) in ascending or descending order
of OR. In pairwise comparison, experts compare all objects in pairs, select the best for each pair, then form

, 2022, Nel (18)




© Cheberyachko S., Cheberyachko Yu., Deryugin O., Tretyak O., Bas 1. 2022

new pairs and continue the comparison until one find the object with the best value. Pairwise comparison was
used in the analysis of a large group of objects. The evaluation was conducted by five experts. Three of them
are PB drivers with work experience 11, 17, 22 years respectively. And two other are scientists in the field of
transport technologies, with scientific degrees and experience of scientific work 18 and 28 years respectively.
After obtaining the results of expert evaluation of the factors that have the most significant impact on the
probability of RA, the average weight of the relevant indicators was determined by the relevant evaluation
criterion, the severity of the consequences of OR, by the formula [21]:

P=(Y,/2+Y, +Y, +...+Y, , +Y, 12)/(n —1) (1)

where P; is the average weight of the relevant expert evaluations of the relevant evaluation criterion; n; is the
number of expert assessments of the i-th group; Y1, Yo, ..., Yni-1, Yni are assessments that are determined by
experts in assessing the risk factors for RA.

The next step is to quantify the ORs that occur as a result of changes in the psychophysiological state of
the driver, while driving PB by the algorithm of the "FMEA" method, to identify possible inconsistencies and
causes of RA. The actions of experts according to the algorithm of the "FMEA" method (Fig. 3) are described
in detail in the standard [22].

'
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identification

|
\

v
Severity (S) Occurrence (0)
L |

Risk priority number
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Risk N Algorithm
matching g improvement [

\

Yes

Figure 3 - Algorithm of experts' actions during OR evaluation [22]

The group of experts assesses three main risk factors for the regime of possible potential hazards: failure
severity ("'S"), occurrence ("O") and detection ("D"). The product of these components "'S", "O" and "D" allows
you to determine the value of the priority rank OR ("Risk priority number", hereinafter "RPN") by the formula
[22]:

RPN=S x O x D, 2)

The OR point obtained by the "FMEA" algorithm continues until the "RPN" priority rank value is fully
identified, indicating the highest OR values. The most influential factors are those in which the value of "RPN"
exceeds 150 points [22].

DISCUSSION OF THE RESEARCH RESULTS

The analysis of the causes of RA showed that the presence of hazard during movement V, which is due
to both internal and external factors, in most cases is only one of the elements of influence that leads to a traffic
accident. In most cases, RA occurs if the following condition is met:

"RA"="Hazard" + "Interaction" + "Catalyst", (3)
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where "Hazard" is potentially dangerous phenomenon that may cause harm to humans (weather conditions,
road conditions, PB breakdown); "Interaction” is compatible action of the subject with the object in which the
result of the action of one of them can lead to a dangerous state; "Catalyst" is a certain phenomenon that sets
the event in motion.

It is impossible to get into RA if all three of these elements do not exist. Of course, to protect the PB
driver from an accident, it is usually easiest to eliminate the component "interaction”, i.e. to refuse to perform
transport work. It is more difficult to eliminate the "hazard" component, especially if it is related to external
factors (weather conditions, other road users, road conditions, etc.). However, the most difficult to predict is
the "catalyst" component as being related to the psychophysiological state of the driver, which may change
due to different scenarios during the driving PB. For example, if you ask about the increase in the number of
accidents during driving V in low visibility or difficult weather conditions, the answer requires additional
information about the training, experience and psychophysiological condition of the driver to calculate the risk
of RA.

Let's analyse different scenarios during the management of PB to determine the meaning of the term
"catalyst".

Common situations that can lead to a PB collision include:

- bypassing an obstacle that is located on the roadway, which requires a quick response of the driver;

- loss of attention at a crossroads due to driver distractions while driving PB;

- PB overtaking manoeuvre to the oncoming lane, which requires driver's clear understanding of the
technical capabilities of their and oncoming V, as well as the corresponding emotional state,

- failure of PB technical systems, which requires appropriate control over the emotional state of the
driver and a clear algorithm to stop V.

- collision with a pedestrian due to lack of visibility or delay braking reactions to its appearance on the
roadway.

Determination of the most influential psychophysiological state of the PB driver, which is most likely
to lead to RA by the "FMEA" method and the method of expert assessments are given in tables 1. The
mentioned determination of risk factors, which are given in tables 2 were carried out on the basis of the analysis
[23-26]. From the analysis of the calculations it can be concluded that the highest level of OR, including the
threat to health and life of the driver PB is:

- OR, which is associated with psychophysiological stress due to the fact that PB is V of increased risk,
manifestation of fear, anxiety, doubt, insecurity,

- performing discrete work, which is associated with frequent changes in the beginning traffic and stops
(congestion of a large number of cars, traffic light regulation, etc.);

- fatigue from prolonged PB driving without rest.

This allows the development of preventive measures that will increase the safety of passenger road
transport. Figure 4 shows a diagram of the OR profile of a PB driver.

Table 1 Results of expert assessment of dangerous actions of PB driver

Expert evaluation criteria
Failure Consequences Severity
Ne S = 5 A
; Risk factor for TR violation or RA - | « a -+ r — o n | <+ | w - o] = -+ v
wn 5155 |5|5/5/35/35/38/35/3/%5|/3|%|3
al & Bl & & B| &] &| &| & &| &] 8] &| &
"< # ted < ” < < k3 "< < b ” x< S <
Rl g p|a|d|n|  @d|ld|@|le|a|d|a|a|a
SVC! /S1 1cal stress o o (ac o sV TOAS 18 P rar "1
L Psychophysiological stress due to the fact that PB is V increased risk., manifestation of fear, 6 7 7 7 7 3 9 9 8 9 3 3 7 8 8
anxiety, doubt, insecurity
2 Performing discrete v\url\‘“\whu.h is i with freq ges at start and stops (a 5 6 6 7 7 9 9 9 8 9 7 7 - 8 6
large number of cars, traffic light regulation, etc.)
3 Change of ps,\-’clmph}_/s‘mlorm_cal state as a l’Csll}l of PB dm‘mgl in the conditions of the 7 7 6 6 7 9 9 9 9 9 - 7 6 6 5
imposed rate and deficit of time (execution of the schedule of movement)
4 Change in psychophysiological state as a result of the temperament of the character of the 6 5 6 7 7 3 3 9 3 9 3 6 7 3 3
PB driver
5. The results ‘f' lhg mfluence &]I ham}lul production factors during the PB driving on the 2 4 5 3 3 3 3 3 8 3 - 6 6 7 6
psychophysiological state of the driver
6. Umugc.s in the psychophysiological state as a result of a sense of high responsibility for the 3 3 7 6 5 3 9 9 9 9 - 8 3 7 3
lives of passengers
7. | Manifestations of fatigue from prolonged PB driving without rest 6 8 8 7 7 9 8 9 9 8 9 9 9 7 9
8. | Deterioration of psychomotor reactions to changes in traffic intensity 5 6 5 4 4 8 8 7 8 8 7 7 6
9. Manifestation of fatigue from monotonous movements and staying in a monotonous 3 3 3 3 3 7 719 7 9 3 4 3 2 5
working posture for a long time
10. Flmnge in emotional mood as a result of aﬂcomrmm and high degree of readiness for action 3 6 3 3 3 6 7 5 9 9 4 4 i 4 5
in casc of an uucxpcclcd change in the traffic situation
11 | Loss of concentration due to uneven flow of information 5 6 5 4 4 8 8 7 8 8 6 7 6 7 6
12 | Dissatisfaction with the conditions of comfort in the workplace 3 3 3 3 3 7 7 9 7 9 3 4 3 2 5
13 C h:{ugc:‘ in psy‘clm.physwloglcul state as a ms’\}h f»l‘ active search for missing information 8 6 6 7 6 6 - 5 9 9 7 7 8 8 7
during PB driving in poor visibility (at night, in fog, rain, snow).
A change in the psychophysiological state due to the lack of PB driver’s confidence in that
14 | in the next moment there will be a pre-known element and there will be a pre-known traffic 5 6 5 4 4 8 8 7 8 8 6 7 6 7 6
situation.
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Table 2 The results of the evaluation of drivers’ OR by the "FMEA" method

Failure Reason Consequences ("RPN"-"§"x"Q"x"D")
’ =
The item S 3 g
: ‘5 | Description Description -
being 2 "S - "y npe | ngpe | Priority
eviluated 2 of = Reason description 0 of D RPN dtiions
symploms consequences
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= é‘o é .E: 6 Change in psychophysiological state as a result of the temperament of the 3 azardousie 7 380 B
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Figure 4 - The OR profile diagram of the driver PB figures from 1 to 14 correspond to the risk factors for
occurrence / violation of RA shown in table 1, 2

Without road safety measures it is impossible to reduce injuries caused by RA. In general, RAs occur
due to insufficient driver qualifications, carelessness, and inability to organize safe traffic due to the specifics
of PB driving, which is a complex problem that can be reduced by raising the awareness of road users. Thus,
most of the world's transport companies to address this issue implement various traffic safety management
systems (programs), which are based on three steps: plan, act, check that meets the requirements of the standard
[28].

Identifying the hazards associated with driving a car and assessing the associated ORs are key road
safety planning measures. These steps allow you to set priorities to ensure appropriate security measures. This
process should begin with the formation of the driver's understanding of the importance of anticipating certain
developments of situation, followed by the choice of tools that will avoid accidents or at least reduce OR. This,
in turn, will allow you to plan resources, actions, identify those responsible, control dates and track the
implementation of tasks.

From the above analysis it can be concluded that obtaining a driver's license is not a sufficient condition
for PB safe driving, it is necessary to check at least three other indicators: attitude, behaviour and understanding
of the dangers the driver will face while driving PB and the ability to avoid them. To do this it is recommended
to implement a program to monitor the effectiveness of solutions aimed at improving the safety and comfort
of PB drivers for the timely implementation of corrective decisions based on the assessment of intensity and
intensity of work.

Based on the analysis for determining the psychophysiological hazardous conditions of the PB driver,
the authors developed a checklist (Fig. 5) to assess the accumulation of fatigue through the definition of an
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integrated assessment of the severity of work. Improving working conditions slows down the development of
fatigue of employees and improves their productivity.

STEP 1.
HAZARD
IDENTIFICATION

STEP 2.
DETERMINING
THE RISK LEVEL

RISK LEVEL

[k Low [ i [
I N S B

1.1 Number of hours of driving
per day, hours <4 6-7 K >9

STEP 3.
RISK CONTROL

Actual Defined
Value score

HAZARD FACTORS

1.2 Number of hours of driving

per week, hours 50

1.3 The driver’s job is subject to a
clear and understandable work
schedule

In most cases
Partially
There are certain sings
No schedule
Only in the daytime
In most cases
_ Only in the evening
Only in the daytime and in the evening
Irregular work (evening shifts)
Unforeseen at any time

12-13 <12
hours | hours

Hazard identification Determining the risk level Risk control
i Results
Defined

score

1.4 Work shifts occur (variability)

™1 Actual

value
EM PP H

Inconspicuous
Obviousl:

Hazard factors

1.5 Rest time between work shifts,
day (hours)

The magnitude of the force

> In summer, normal temperature
compared to the maximum value,%

In summer, temperature > 28°C
In autumn, In spring

1.6 The driver’s job is subject to a
clear and understandable work
schedule In winter, normal temperature
In winter, temperature » -30°C
Relaxed
Slowly
Normally
Quickened
With intensit

Perception of effort

Very Heavy | 1.7 Task speed
LOAD DURATION
Duration of effort for one working 1.8 Monotony of work: duration |
shift, (hours / per shift) of repeated operations, s
1.9 Number of movements per 3

| hour

Normal work
Completing of a simple (typical) task

Completing of difficult tasks

Speed of operations in comparison 110 Work intensity. Unforeseen

with the maximum value

Completing of difficult tasks in
conditions of time
Special responsibility
(there is time shortage)

Perception

Intense rhythm
Unbearable rhythm
WORK TIME

Load duration, (hours per shift) nmmu

TOTAL SCORE

WORK INTENSITY INDEX

The overall estimate of the intensity rate is determined by the formula.
According to the integrated indicator we determine the category of intensity of
work (IW) in compliance:

1.12 Exercise, kgxm/min
1.13 Vibration, MPC <

114 Noise, dB
115 Illumination, MPC m

1.16 Temperature of working
<
M

environment, °C
TOTAL SCORE
PSYCHOPHYSIOLOGICAL LOAD

Integral assessment of of psychophysiological load (PL), which involves
determining the impact of various harmful factors on the loss of ability to work

75-80 | 80-90
15-2,0 [three time
c

29-32/|33-35,
13-14 | 8-12

0
nes |
MPC
-35/

1.17 Concentration of toxic
substances, MPC

IW=L+LD+PW=+R+WT,

where L is load; LD is load duration; PW is pace of work; R is rate; WT is work time.

After calculating the JSI index, we obtain a general index of work intensity, the
interpretation of which is carried out using the appropriate criteria:

according to the following formula:
PL =19,7x - 1,6x%,

where x is the average score of all significant harmful factors in the workplace,

1. 18-27 - points: the production task is unlikely to lead to occupational diseases;
2. 28-44 - points: the production task will contribute to the gradual development
of occupational diseases;

which can be ranked based on the table. According to the integrated indicator,
we determine the category of psychophysiological load in accordance with:

3. 45-54 - points: the production task will probably cause occupational 1. < 18 points; 2.19-33 points; 3. 35-45 points;
4. 46-54 points; 5.55-59 points; 6. > 59 points.

diseases.
a) 0)
Figure 5 - Checklists to determine the psychophysiological state of a PB driver from the intensity and
intensity of work of drivers:
a) checklist to determine the intensity of work;
b) checklist to determine the psychophysiological load (developed by the authors)

CONCLUSIONS

1. It has been determined that the psychophysiological states of the PB driver in most cases lead to errors
and are the main catalyst, which together with the influence of hazard during the PB driving and the joint
action of the subject with the object to the incident. It is shown that in case of elimination of one of the given
components RA will not occur. Analysis of the causes of RA showed that the most likely catalyst for their
occurrence is the overestimation of their capabilities by the PB driver.

2. It is established that the psychophysiological stress, which is due to the fact that PB is the V of
increased risk, manifestation of fear, anxiety, doubt, insecurity; performing discrete work, which is associated
with frequent changes in the start of motion and stops (accumulation of a large number of cars, traffic light
regulation, etc.); change in the psychophysiological state as a result of PB driving in the conditions of the
imposed pace and lack of time (execution of the movement schedule) and manifestations of fatigue from
prolonged PB driving without rest.
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3. Checklists are offered to check the psychophysiological condition of the PB driver from the stress
and intensity of drivers' work, which take into account the influence of dangerous physical and
psychophysiological factors. They will provide for the provision and implementation of measures aimed at
eliminating and reducing the psychophysiological load, the emergence of occupational risks of the driver in
the performance of production activities.
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C.I. Yebepsiuko, 0.I. Yedepsiuko, O.B. Jleprorin, O.0. Tperak, L.LK. bac Ouinxka ennuey
ncuxoqhizionoziunozo cmany 600is Ha 6e3NeKy RACANHCUPCLKUX ABMOMOOILTbHUX nepese3eHb

Besneka aBTOMOOITBHUX MACAKUPCHKUX MTEPEBE3EHB 3AIEKHUTH BiJl OCHOBHUX KIIFOYOBUX €JIEMEHTIB, SIKi
YTBOPIOIOTH CUCTEMY: BOJIH-aBTOMOO1JIb-IOpOTa-HABKOJMIIHE cepejoBulle. BiMoBa Oyb-sKOTO €IEMEHTY
i€l cucTeMu 30UTbITyE HMOBIPHICTH BUXOJY 11 3 HOPMaJbHOTO-(DYHKIIIOHAILHOTO CTaHy, a TOJIOBHE, CIPSIE
MiABUIICHHIO PU3UKY BUHUKHEHHS JOPOXXHBO-TpaHcopTHOI npuroau (mami — ATII). Tomy momyk muisxis,
AKi CHpSMOBaHI Ha 3HIKEHHA WMOBIPHOCTI BMHHMKHEHHs aBapiiHMX CHTyalidl M yac MacakKUPCbKHUX
AaBTOMOOUIFHMX IepeBe3eHh HAa OCHOBI aHANI3y HACHIJKIB 3MIHM IICHXO(]Ii310J0TIYHUX CTaHIiB BOJIis €
AKTYaJIbHUM 3aBJIaHHSIM.
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MeTo10 ToCTiIKEHHS € po3po0Ka peKOMEHIAIIIH 010 3HKEHHS WMOBIPHOCTI BHHUKHEHHS aBapiiHIX
CUTyaIliil TiJ dYac MacaKUPCHKUX aBTOMOOUTRHHX TIEPEBE3CHb HAa OCHOBI aHANI3y HACTIIKIB 3MiHH
rcuxo(izioNoriuHuX CTaHiB BOJis. [|Jis IpOBEACHHS JOCIiXKEHHS BUKOPUCTAHO METOJ €KCIIEPTHUX OILIHOK
ta metox "Failure Mode and Effects Analysis" (nani metox "FMEA"), sikuii BKiIt04a€e opraHi3aiiiiHi, JOTiuHi
1 MaTeMaTHKO-CTATUCTHUYHI TPOIIETyPH, IO CIIPSIMOBaHI Ha OTPUMaHHS BiJ ()axiBIiB-€KCIIEPTIB OIIHKH TIPO
(akTopn HeOe3meKkw, SKi BIUIMBAIOTh Ha 3MiHY IMCHXO(i310JOTIYHOrO CTaHy BOMIS MiX 4Yac KepyBaHHS
MacaXUPChKUM aBTOOYCOM, iX aHalli3 1 y3araJlbHEHHS OTPHMAaHUX pE3yJbTaTiB 3 METOK IiTOTOBKU
palioHATBHUX PIllICHb.

Busnaueno, o 3MiHu mcuxo(i3ioNorivHOTO CTaHy BOJIiS MPHU3BOAATH 10 3AIHNCHEHHS TIOMUJIOK MPH
KEepyBaHHI TAaCAKUPCHKUM aBTOOYCOM i SIBJISIFOTHCSI OCHOBHUM KaTasli3aTOPOM, SIKHI Pa3oM 3 pi3HOMaHITHUMHU
HeOe3neKkaMy Mij Jac yrnpasiiHHS TPAaHCIIOPTHUM 3acO000M Ta CYMICHOIO B3a€MOJI€I0 Cy0'ekTa 3 00'€KTOM -
MPU3BOJIUTE A0 MOPYIIEHHS MPaBHI JOPOXKHBOTO pyxy i B momambmomy - g0 JTIIL. ITokaszano, mo y pasi
YCYHEHHsI O/IHi€l 3 HaBeAeHUX ckianoBux, /I TII He BinOyneThcs.

BcranoBiieHo, 110 BTpaTa KOHIIGHTpAIlii yBard, 3MiHA EMOIIMHOTO CTaHy Ta IHTCHCUBHICTH
HaBaHTAKCHHS € OCHOBHUMH (DaKTOpaMH, SIKi BIUTMBAIOTH Ha TICHX0(1310JIOTTYHAN CTaH BOMIS MACAKUPCHKOTO
aBToOycy. Busnaueno 3anexxnicts BunukHeHHs [ T1I Bix HasBHOCTI KaTamizaTopa, HeOe3MmeKH, Ta B3aEMOJIT 3
Helo cy0’ekTa. 3alponoHOBaHO, B SIKOCTI KaTali3aTopa BUKOPHUCTOBYBATH PEakIilo BOis, IO 3aJIeKUTh Bij
3MiHH HOTO IICHX0(i310I0TTYHOTO CTaHy il Yac KepyBaHHS MACAKUPCHKUM aBTOOYCOM.
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KartajizaTop
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EFFECT OF THE 2-ETHYLHEXYL NITRATE DOPED RAPESEED OIL AND AVIATION jP-8
FUEL ON THE COMBUSTION PROCESS AND EMISSIONS OF A DIESEL ENGINE

The COP26 Clime Summit brought together Heads of state and ministers from over 200 countries to take urgent
actions and protect the planet by limiting global warming to 1.5 degrees Celsius. Low-carbon rapeseed oil (RO) and JP-
8 fuel (JF) could be used for diesel engine powering to reduce the climate change. However, at first, too low cetane
number related drawbacks of these fuels should be removed to improve the ignition process and achieve efficient and
clean combustion. The purpose of the research was to evaluate the cetane improve-made effects on the ignition delay,
combustion parameters, thermal efficiency, smoke, and emissions. A naturally aspirated, DI diesel engine operated on
the undoped RO and JF to identify the baseline parameters for full (100%) loads corresponding to Indicated Mean
Effective Pressures (IMEP) of 0.844 and 0.738 MPa at the most usable speeds of 1400 and 2200 rpm. Then, the engine
was fuelled with the cetane improver 2-EHN doped fuels 0.10 (RO-10), 0.30 (RO-30) and 10 (JF-10), 24 vol% (JF-24)
to obtain new results important for evaluation of all the benefits and detriments that the use of alternative fuels suggest.
It was found that the ignition delay is 10.3% and 44.6% shorter, the Indicated Thermal Efficiency (ITE) is 6.1% higher
and 1.2% lower, the NOx emissions are a little and 10.3% lower with the doped RO-30 and JF-24 fuels at rated speed of
2200 rpm. Also, the fuels RO-30, JF-24 produce smoke opacity and CO emissions 42.1%, 32.1% and 11.6%, 2.7%
higher, THC emissions 1.9 times higher, and 28.6% lower for the respective speeds. The enhanced cetane number
differently affects the ignition delay, combustion parameters and emissions because the differing fuel properties play a
vital role in the injection, evaporation, and combustion processes. Analysis of the combustion attributes, heat release
characteristics, ITE and the NOx-smoke trade-off presents new knowledge that is one of the goals of the study.

Keywords: Diesel engine; Rapeseed oil; JP-8 fuel; Cetane improver; Combustion process; Cyclic variations

INTRODUCTION

Extensive usage of traditional fuels in power plants, industry, and the transport sectors reduces natural
oil resources and increases the greenhouse effect and global warming leading to the climate change that can
damage the nature. The simplest and the most cost-effective way for reducing human-made ecological
footprints is a partial or full-scale substitution of fossil-origin fuels with low-carbon, renewable energy sources.
The diesel engine tests conducted with vegetable oils, or biodiesel of various origins [1], fossil fuel, and
various-vegetable oils, biodiesel, ethanol, n-butanol, and diethyl ether (DEE) blends under steady [2] and
transient [3] conditions shoved that using of revvable biofuels is feasible and more friendly to nature. However,
the experiments also disclosed the existence of differentiation in the ignition delay, the combustion process,
maximum heat release rate, thermal efficiency, cyclic irregularity, smoke, and emissions produced by the
combustion of biofuel blends.

The Directive (EU) 2018/2001 of the European Parliament and of the Council includes the Union’s
binding target to cut emissions by at least 40% by 2030 and increase the use of energy derived from renewable
sources [4]. That is a motivation why scientists around the world focused attention on cost-efficient, sustainable
biofuels and low-carbon alternative fuels, which become a research topic dealing with the main items of
sustainability: economic, environmental, and social welfare. Environmental life cycle assessment of RO
produced in Latvia, located in the Zemgale region, revealed that total greenhouse gas (GHG) emissions from
rapeseed cultivation to processing vary within the range of 203.7-354.7 kg CO; eq./t in Slovenia to 828.5-
5904.2 kg CO; eq./t in Italy depending on the vegetable type, life cycle inventory methods (LCI) and various
factors [5]. However, rapeseed possesses a high 37-50% oil content [6] and, therefore, its use in diesel engines
is an economically feasible and environment-friendly contribution to the lower CO, emissions in a global
cycle.

Le et al. [7] investigated the effects of a cetane improver 2-Ethylhexyl nitrate on the two-stage ignition
delay (ID) in experimental studies within a rapid compression machine (RCM) assisted by kinetic modelling-
works with a mixture of toluene and n-heptane at the doping levels of 0.1 and 1% on a molar basis. The
researchers revealed that 2-EHN generates a promoting effect on the surrogate reactivity over the whole
temperature range, and the impact is higher the higher are the doping levels of the fuels. This advantageous
feature suggests the molecule of 2-EHN containing a weak N — O bond, which breaks rapidly into radicals
releasing NO- that promotes reactivity of the fuel. Also, the researchers noted that the 1% dopped-fuel ensures
higher compression temperature, suppresses the negative temperature coefficient behaviour, and lowers both
1st - stage ID and the main ID of the surrogate fuel.
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Erman et al. [8] investigated the influence of the ignition delay and fuel properties on the combustion
process and emissions in a single-cylinder, naturally aspirated DI diesel engine. The fuel ignitibility was
controlled in two different ways: naturally, using seven fuels possessing various cetane numbers and
artificially, with an CN improver 2-EHN blended into a single base fuel. The researchers made an important
conclusion that the change in a natural cetane number has a much wider influence on combustion attributes
and exhaust emissions than additive-boosted cetane alone, even though the two types of fuel have the same
value cetane number. The valuable findings revealing the ignition delay’s behaviour, the in-cylinder pressure,
combustion process, PM formation, smoke, NOy, CO, and THC emissions are of importance when dealing
with low-cetane fuels related issues.

The auto-ignition and clean combustion of rapeseed (canola) oil as potential diesel fuel extender related
issues are not fully examined even though its production and the use are popular in Europe, North America,
and Canada. The two factors determined the fuels taken for the experiments. At first, the CN ratings of both
alternatives are slightly too low but of similar value that still can be accepted by a diesel engine. Secondly,
analysis of the results obtained with fuels of different origins, nature and the widely differing chemical-
physical properties allows to look deeper at the processes trying to extract information helpful for revealing
the correlated relationships between the combustion parameters and the factors affecting them. The purpose of
the research was to evaluate the cetane enhancer-made effects on the ignition delay, combustion attributes, the
coefficients of cyclic variations (COVs) of the IMEP, the in-cylinder maximum pressure, its increment rate,
the ITE, smoke, and exhaust emissions. Analysis of the results may provide a new knowledge and essential
help in solving the problem how to reduce the existing drawbacks and increase the share of veg.-oils as a
cheap, locally available, and safe to handle, green-energy source to accomplish “decarbonization” of the power
sector.

ENGINE TEST FACILITIES, MEASURING APPARATUS AND METHODOLOGY OF THE
RESEARCH

The research was carried out in the Engine testing laboratory, Department of Mechanical, Energy and
Biotechnology Engineering at Faculty of Engineering of Vytautas Magnus University-Agricultural Academy.
The tests were conducted on a fully instrumented, four-stroke, DI, naturally aspirated, 60 kW at 2200 rpm
diesel engine D-243 with a bore 110 mm, piston stroke 125 mm, displacement 4.75 dm?, and compression
ratio of 16.0:1. The in-line, injection pump type PP4M9P1g-4201 with plunger diameter x stroke of 9 x 8.5
mm supplied the fuel at the needle-valve lifting pressure of 19.0+0.5 MPa through a five-hole injector with the
nozzle type DOP122S532-4164 MP 5 x 0.34 into the toroidal-shape combustion chamber in a piston head. The
static fuel delivery advance angle was fixed at 25 crank angle degrees (CADs) before TDC and was kept the
same for the various 2-EHN additions to the fuels tested at full (100%) engine loads and the two ranges of
speed.

The experimental test setup consists of a diesel engine, an engine testbed, the air- and fuel mass
measuring tools, a gas analyser, and a smoke meter for the exhaust. A high-speed indicating system, an angle
encoder 365C with an accuracy of £ 0.1° CAD and pressure sensor GU24D with an accuracy of + 0.1 bar
coupled to an AVL indicating amplifier IndiModul 622 are used for the recording, acquisition, and processing
of fast crank-angle and time-based gas pressure traces in the first cylinder. Start of injection (SOI) was defined
using the injector nozzle-needle-valve lift history, which was recorded using the position sensor ASMB
470004-1 with an accuracy of = 0.5% in the needle-valve lift range of 0-0.28 mm. The position sensor is
connected to the Kistler charge amplifier-module 5247 mounted on the signals conditioning platform-compact
2854A. The needle-valve lift signals from Signal Conditioning Platform (SCP) proceed to the AVL IndiModul
622, a fast data acquisition and processing system, which is connected to a PC equipped with the AVL Indicom
Mobile software. The data post-processing software AVL CONCERTO advanced edition 4.5 increased
productivity and improved the accuracy of the results.

The engine torque was measured using a 110 kW AC stand dynamometer KS 562-4 with a definition
rate of £ 1 Nm and speed with AVL crank angle encoder 365C installed at the crankshaft’s front-end with an
accuracy of £ 0.2% of the measured value. The air mass flow was measured with an AVL air mass meter
installed downstream of the air filter in front of the air tank to reduce pressure pulsations. This method
guarantees the stability of the airflow and accuracy of + 1% of the measured value. The fuel mass-flow was
measured by weighing 100 g on the AVL dynamic fuel balance 733S flex fuel with an accuracy of + 0.10%.
The engine power, ISFC and ITE values were identified with the respective =1 (kW), 0.1 (g/kWh) and £1.5
(%) uncertainties.

The auto-ignition delay as a time interval between the SOI and the start of combustion (SOC) was
determined with an accuracy of + 0.1° CAD. Here the SOI represents the crank angle at which the injector-
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needle-valve moves up about 5% of its total lift. Whereas the SOC represents the crank angle at which the heat
release rate crosses the zero-line and changes from the negative to the positive value. The heat release rate was
calculated using the in-cylinder pressure traces versus crank angle as the input data average during the 100
consecutive combustion cycles, the instantaneous cylinder volume, and their first-order derivatives along the
crank angle for every load-speed setting point.

Emissions of nitric oxide NO (ppm), nitrogen dioxide NO; (ppm), carbon monoxide CO (ppm), dioxide
CO; (vol%), and total unburned hydrocarbons THC (ppm) were measured using the electrochemical sensors
installed into Testo 350 XL flue gas analyser. The total nitrogen oxide NOx emissions were estimated as a sum
of both NO and NO components with an accuracy of + 5 ppm. The exhaust smoke (%) was measured with a
“Bosch” RTT 110 opacity-meter, the readings of which are provided as Hartridge units (% opacity) in a scale
range of 0—-100% with an accuracy of & 0.1%. The temperature of the exhausts was measured with a K-type
thermocouple and an indicator N20 that guaranteed the accuracy of £0.2 °C within the temperature range of
0-650 °C.

The experimental tests started by registering load characteristics running an engine alternately on the
undoped rapeseed oil (RO) and JP-8 fuel (JF) to identify the combustion characteristics, smoke and exhaust
emissions at a maximum torque speed of 1400 rpm and rated speed of 2200 rpm. The engine operation-related
data with the reference fuels were taken at first to identify the baseline parameters for full (100%) engine loads,
IMEP = 0.844 and 0.738 MPa at these speeds. Then, the doped both rapeseed oil-sets RO-10, RO-30 and JF-
10, JF-24 fuel-sets were prepared by adding 0.10, 0.30 and 0.10, 0.24 vol% of 2-EHN into fuel containers and
the engine tests were repeated with all the doped fuel-sets under the same test conditions to accomplish the
stated tasks. Mixing of RO with 2-EHN is vital to maintain the homogeneity of the doped fuel-sets because oil
possess higher molecular weight, density, viscosity, and pour point that requires careful handling of the
samples.

RESULTS AND DISCUSSION

Cold-pressed, decanted, and safely filtered RO was brought from the oil refinery Orlen Lietuva
(Mazeikiai). Rapeseed oil is renewable, sustainable, economically feasible, environmentally friendly, low-
sulphur, non-toxic, and safe for transportation. However, it possesses lower volatility and net heating value
due to fuel-bond oxygen in the molecular compared to JP-8 fuel. Chemical-physical properties of the fuels of
both origins were found at the oil refinery’s Quality Control Centre according to the ISO and ASTM test
methods as listed in Table 1. It is evident, the density, viscosity, flash- and initial/final boiling points, the
cetane number, iodine number, acid value, C/H atoms ratio, and other data are all the fuel-composition related
properties.

The main drawbacks of RO are the high molecular weight, density, viscosity, initial/final boiling points
that may clog the fuel filters, feeding lines and affect the injection quality leading to incomplete combustion
at light loads and low speeds. Whereas the injectors coking and piston rings sticking may occur due to the
higher density, viscosity, and lower volatility of RO even though the temperature in the cylinder is high enough
at the high loads. Also, the air and still liquid oil-droplets mixing quality is vital for starting characteristics of
an engine. Molecular formulas of RO and JP-8 fuel were used to calculate the fuel-oxygen mass content, C/H
atoms ratio and stoichiometric air/fuel ratio.

Table 1. Basic properties of rapeseed oil and aviation turbine JP-8 fuel

Property parameters Test methods of RO and JP-8 RO JP-8 (JET A-
1)
Chemical formula - Cs7H10506 Ci0a7H19.01
Density at 15 °C, kg/m?® EN ISO 12185:1999 / ASTM D 4052-09 0.916 797.2
Kinematic viscosity, mm?/s EN ISO 3104:2000 at 40 °C / ASTM D 38.0 4.0
445 at -20 °C
Flash point, open cup, °C EN 1SO 2719:2003 / ASTM D 56-05 220-280 40.0
Initial/final boiling points, °C EN ISO 3405:2011/ - 340/375 | 145.4/258.7
Auto-ignition temperature, °C - 320 238 [45]
Cold Filter Plugging Point, °C EN ISO 116/AC:2002 / - +15 -60.4
Cetane number EN ISO 5165:1999 44-48 42.3
lodine number, J,g/100 g EN 14111:2003/ - 111 -
Acid value, mg KOH/g EN ISO 14104:2003 / ASTM D 3242-11 2.0 0.001
Oxygen content, max% - 10.8 -
Polycyclic aromatics, % EN 12916 / ASTM D 1319-10 > 36vol% 17.5vol%
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Sulphur content, mg/kg EN ISO 20846:2004/ASTM D 5453-09 2 9.3
C/H atoms ratio - 6.5 6.1
Net heating value, MJ/kg EN ISO 8217:2007/ASTM D 4529-01 36.87 43.23
Stoichiometric air/fuel ratio - 12.63 14.85
Latent heat of vaporisation - 209 [9] at | 343[8]at 20
(Enthalpy), kl/kg (Thoit.) °C
Ash content, mass-% - 0.01 0.007
Total contamination, mg/kg EN 1SO 12662:2014/- 25 0.2

Whereas JP-8 fuel, which satisfies the MILDTL-83133E specifications, is a kerosene-type, the civil fuel
Jet A-1, which includes special additives: a static dissipater additive, corrosion inhibitor, lubricity improver,
and fuel system icing suppressant. The aviation turbine JP-8T fuel is produced in a crude oil refining process
and its price fuel is inherently lower than that of petroleum diesel because it does not require any enhancement
of the cetane number. The boiling points of JP-8 fuel are between those of gasoline and diesel fuel. This fuel
is lighter than diesel fuel and retains lower viscosity than RO that suggests real advantages in evaporation and
the air-fuel mixing processes.

If the ignition conditions are improved, the rapid premixed combustion and the mixing-controlled
diffusive-flame burning of the fuels will proceed smoother with a lower engine noise and less harmful
pollutants. Thus, the ignition delay plays an essential role in a Cl engine operation, depending on the in-
cylinder temperature, fuel chemical-physical properties and engine load-speed conditions. The fuel CN
value, iodine number, and latent heat of vaporization impact the ignition delay. It was noted that the 2-EHN
doping level enhanced up to 0.12 vol% reduces the ignition delay, improves premixed combustion, engine
efficiency, and the in-cylinder pressure, retains the CO production, but increases the level of NOx-smoke
trade-off and THC emissions [10]. Kumar et al. [11] used additives such as nitrates, peroxides nitrates,
aldehydes, and tetra-azoles to enhance the cetane number of the fuel.
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Fig.1. Ignition delay (CADs) as a function of the doping level of rapeseed oil (RO) and JP-8 fuel (JF)
for full engine loads, IMEP = 0.844 and 0.738 MPa, at speeds of 1400 and 2200 rpm

As can be seen in Fig.1, the ignition delay for the undoped RO and the doped oil-sets RO-10, RO-30 is
3.2° (42.1%) and 3.6° (50.7%), 4.2° (65.6%) longer than those values of 7.6° (JF) and 7.1° (JF-10), 6.4° (JF-
24) CADs obtained with jet fuel sets at a speed of 1400 rpm. It was unpredicted and not completely understood
why the ignition delay decreased by 1.9% only even though the highest doping level was applied in the fuel-
set RO-30. Most likely that the reduction in the ignition delay is not as large as could be expected because of
dissimilar chemical composition and the high-molecular-weight of RO, smaller spray cone angle, poor
atomisation of oil droplets, and thus imperfect air-oil-vapours mixing quality. The high density, viscosity, and
initial/final boiling points of RO minimised the expected effect of the 2-EHN on the ignition delay.

It was showed that the spray length of a JP-8 fuel is 16% shorter, but its cone angle is 15.9° wider than
that of diesel fuel at the injection pressure of 30 MPa [12]. The wider spray cone angle contributes to a larger
surface area of the fuel spray plume exposed to the hot-in-cylinder air charge. This promotes the evaporation
process and improves the air-fuel-vapours mixing quality leading to a lower local equivalence ratio. This fact
can be one of the reasons why the ignition delay of the undoped JF and the doped jet fuels is almost always
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shorter than that of RO, and it diminishes rapidly with increasing doping level of the fuel. The ignition delay
decreased with a different rate of intensity even though the doping level for both fuels was identical of 0.10
vol% and even higher in RO-30 case. The ignition delay was affected by the higher initial/final boiling points
and lower heating value of rapeseed oil. Also, the high iodine value of RO indicates the high number of double
bonds and thus unsaturation degree in oil components that does not contribute to a better quality of rapeseed
oil.

The ignition delay of the dopped fuels JF-10, JF-24 decreased by 6.6%, 15.8%, and 18.7%, 44.6%
compared with 7.6 and 11.2 CADs needed for ignition of the undoped fuel JF at speeds of 1400 and 2200 rpm
(Fig.1). Analysis of the results shows that the chosen doping level (0.24 vol%) of JF-24 fuel is even too high
and the ignition delay time is already too short to prepare the air-fuel mixture of the highest quality during an
extremely limited time left for evaporation and mixing, less than 0.0005 seconds at speed of 2200 rpm. On the
contrary, the ignition delays of the doped RO-10 and RO-30 were only 0.7 (6.0%) and 1.2 (10.3%) shorter
than that value of 11.6 CADs (about 0.0009 seconds) during which straight RO ignited at this speed. The
estimated effect of the CN improver to RO was negligible therefore the ignition delay decreased by only 0.2
CADs (1.9%) even with the doped (0.30 vol%) RO-30 oil-set at a speed of 1400 rpm. Thus, if fuel properties
are not truly ideal for a diesel engine, the cetane improver is no longer as active as can be expected and comes
with only a little help in reducing the ignition delay even though the temperature inside the cylinder is very
high under full-load conditions.
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Fig.2. Changes of the in-cylinder pressure and heat release rate (HRR) versus crank angle from
combustion of rapeseed oil (RO) and jet fuel (JF) as well as the dopped oil-sets RO-10, RO-30, and jet fuel-
sets JF-10, JF-24 recorded for a full (100%) load, IMEP = 0.738 MPa, at speed of 2200 rpm

Superimposed illustrations in Fig.2 present an average heat release rate (HRR) and the in-cylinder
pressure traces during consecutive 100 engine cycles from combustion of the undoped and the doped rapeseed
oil (RO) and jet fuel (JF) versus crank angle. Since the ignition delay converted to be shorter and the SOC took
place earlier before TDC with increasing doping level of the fuels, the HRRmax in the premixed combustion
phase decreased by 5.0% (RO-10), 19.0% (RO-30) and 10.8% (JF-10), 25.5% (JF-24) at a speed of 2200 rpm.
Whereas the angle AHRRma shifted less (RO) or more (JF) towards constant-volume combustion (Fig.2). The
decrease in HRRmax was reasonable but not proportional to the ignition delay’s changing behaviour (Fig.1).
Reduction in the HRRmax matches well with the differing chemical-physical properties of the fuels and the
mass of the air-fuel mixture taking an active part in the rapid premixed combustion. The HRRmax and the
resulting in-cylinder pressure depend on the fuel distribution in the combustion chamber volume and near the
parietal zone (near-wall mixture formation process) on which the rapid premixed combustion relays, but not
always on the duration of ignition delay and even on the fuel mass injected during mixing of the fuel and air
prior to ignition process starts up [13].
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Fig. 3. Indicated Thermal Efficiency (ITE) as a function of the 2-EHN doping level of rapeseed oil

(RO) and jet fuel (JF) for full (100%) engine loads, IMEP = 0.844 and 0.738 MPa, at speeds of 1400 and
2200 rpm

The combustion of the doped oil-sets RO-10 and RO-30 developed the ITE a bit 0.2% and 0.5% lower
than that efficiency of 0.406 measured with the undoped RO at a speed of 1400 rpm. Though the engine thermal
efficiency converted to be 4.2% and 6.1% higher with these oil-sets than that value of 0.379 the combustion
of the undoped RO has produced at speed of 2200 rpm (Fig.3). The ITE of an engine increased with increasing
doping level of a dense and viscous RO, most likely, due to the small (not too much) reduction of the ignition
delay and, consequently, the SOC occurred a bit earlier at the end of the compression process (Fig.2). The
earlier SOC suggest more time available to preheat, evaporate, and burn RO-30 completely during the limited
combustion cycle. On the contrary, in the JF fuel case, even a lower doping level of 0.24 vol% was already too
high and the SOC started too early before TDC with a resulting loss in engine power. That is the answer to the
guestion of why the engine ITE decreased, and smoke opacity increased with the increment rate higher, the
higher engine speed (Fig.4b). This occurred due to too short ignition delay time to premix and burn the fuel
completely during a limited engine cycle. Because the doping level of the doped fuels JF-10 and JF-24 was
slightly too high for given test conditions, the ITE was 1.8%, 3.4% and 2.5%, 1.1% lower than those values of
0.382 and 0.353 the combustion of the undoped jet fuel developed at speeds of 1400 and 2200 rpm.
Unfavourable changes in the SOC advanced AHRRmax and reduced the HRRmax late in the compression stroke
that, in turn, triggered too early growth of the in-cylinder pressure requiring more negative work to complete
the cycle (Fig.2).
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Fig. 4. The NO, emissions (a) and smoke opacity (b) as a function of the 2-EHN doping level of
rapeseed oil (RO) and jet fuel (JF) for full (100%) engine loads, IMEP = 0.844 and 0.738 MPa, at speeds of
1400 and 2200 rpm

The doped jet fuels suggested NOy emissions like that RO-sets produced varying from 4.5% higher (JF-
10) to 7.6% lower (JF-24) compared with 1570 ppm, which the combustion of the undoped JF fuel generates
at a speed of 1400 rpm (Fig.4a). Overall leaner air-fuel mixtures of A = 1.26 (RO) — 1.20 (JF) suggested
emissions high enough for both fuels because peak NOyx occurs at slightly lean conditions, where the
combustion temperature is high and there is an excess of oxygen to react with hydrogen [14]. NOyx emissions
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from combustion of the doped, oxygen-free JF-24 fuel were lower and demonstrated the reduction tendencies,
while these emissions almost did not change for most doped RO-30 at both engine speeds. The enhanced cetane
number of jet fuel reduced the ignition delay and the air-fuel mass premixed for the combustion that suppressed
the production of NOy, especially at high speeds. The matter is that a little NO will form during the fuel-rich
premixed burning phase; almost all the NO will form in the mixing-controlled diffusion-flame burning process
[14]. Therefore, as the ignition delay decreases (Fig. 1), so do NOx emissions due to the lower maximum
pressure (temperature) inside the cylinder, on which the NO formation mainly depends.

The high doping levels of a denser and more viscous RO neither reduced the ignition delay nor
effectively suppressed NOx emissions at both engine speeds. Even though the maximum pressure and hence
the in-cylinder temperature were somewhat higher at a speed of 2200 rpm (Fig. 2), the NO, emissions did not
increase due to the homogeneous air-jet-fuel mixture and the temperature evenly distributed in the cylinder.
As shown in Fig.4a, the doped jet fuel sets are more effective in reducing NOx emissions. The NOy production
decreased by 4.3 % (JF-10) and 10.3% (JF-24) compared with that value of 1160 ppm (JF) that produces less
damage to nature. As the doping level of jet fuel increased to 0.24 vol%, much shorter ignition delay (Fig.1)
and lower the in-cylinder pressure (Fig.2) contributed to the reduction of NOx at both engine speeds. Therefore,
the cetane enhancer 2-EHN is a more effective in reducing NOy emissions from combustion of jet fuel rather
than RO. However, the NO reduction does not occur for free, - an engine consumes more jet fuel in grams per
unit of energy developed due to slightly lower ITE (Fig.3).

The combustion of oxygenated RO and all the doped RO-sets produced more transparent smoke-flow
for full-load operation at both speeds (Fig.4b). This advantageous feature emerged even though the content of
polycyclic aromatics and the ratio of the C/H atoms in oil composition are higher than in jet fuel-sets, The first
reason is that the molecule of RO possesses fuel-bond oxygen, which is always on the spot ready to accelerate
the oxidation reactions when availability of air-bone oxygen is limited in the mixing-controlled combustion
phase. Also, the combustion of RO proceeded at a bit higher air-fuel ratio of A = 1.26 than that of A = 1.20, at
which jet fuel burned at a speed of 1400 rpm. Finally, the combustion of jet fuel generated more soot (PM)
due to more sulphur in JP-8 fuel composition (Table 1). As a result, the smoke increased by 43.8% (RO-10)
and 20.9% (JF-10) reaching maximum values of 46% and 52% at a speed of 1400 rpm. The increment rate in
smoke opacity decreased for both fuel types as the doping level increased to 0.30 (RO-30) and 0.24 vol% (JF-
24) at this speed.

Though, this strategy did not work at a higher speed because even a bit shorter ignition delay (Fig.1)
does not contribute to cleaner combustion during the short time available to complete each engine cycle [10].
The combustion of fuels RO-30 and JF-24 continued longer due to the poor air-fuel mixture quality. As a result
of undermixing, the smoke increased by 42.1% and 32.1% against those values of 19% and 28%, which the
burning of the undoped fuels suggested at a speed of 2200 rpm (Fig.4). The enhanced cetane rating shortened
the ignition delay and reduced the heat release rate in the premixed combustion phase together with NOy, but
increased smoke, as an unavoidable penalty. Since the ignition delay was too short to improve the quality of
air-fuel mixture, even the earlier SOC (Fig.2) does not manage to cope with a delicate task. Therefore, it is
difficult to overcome the smoke-NOy trade-off, which is the most useless and disappointing problem in diesel
engines [2].
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Fig. 5. The CO (a) and THC (b) emissions as a function of the 2-EHN doping level of rapeseed oil (RO)
and jet fuel (JF) for full (100%) engine loads, IMEP = 0.844 and 0.738 MPa, at speeds of 1400 and 2200 rpm
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Despite the combustion of oxygenated RO sets should demonstrate cleaner exhaust, but this did not
occur. In general, CO and THC emission were always higher than the combustion of oxygen-free jet fuel sets
produced for the same doping levels, loads, and speeds (Fig.5). This drawback can be caused by a deficiency
or excess of the air-borne oxygen in some local combustion chamber zones and incomplete burning due to
poor evaporation of oil droplets and undermixing or overmixing problems. Too much shortened ignition delay
converted the combustion conditions to be even worse. Therefore, CO and THC emissions increased 1.8 (RO-
10) and 3.1 times (RO-30) against 600 and 420 ppm, at which the combustion of straight RO ends up at a
speed of 1400 rpm.

CO and THC emissions increased with increasing doping level to 0.30 vol% (RO-30) reaching the
highest values of 530 ppm (11.6%) and 1050 ppm (1.9 times) compared with those emissions of 475 and 560
ppm emanating from combustion of the undoped RO at a speed of 2200 rpm. The higher emissions of unburned
hydrocarbons can be a reason (among others) why even the high doping level did not improve energy
conversion efficiency from combustion of the fuels (Fig.3). Interestingly, CO emissions from combustion of
jet fuel were 10.8% lower, while THC emissions converted to be 2.4 times higher (JF-10) than those values of
370 and 140 ppm measured with the undoped JF fuel at a speed of 2200 rpm. Nevertheless, the combustion of
a lighter jet fuel emitted comparably lower THC emission levels at both engine speeds.

CONCLUSIONS

1. The ignition delay almost did not change with the doped RO, neither at maximum torque speed of 1400
rpm nor at 2200 rpm, while it was 5.8% and even 44.6% shorter with the doped JF-24 fuel at these speeds.
Since RO properties are not truly ideal for a diesel engine, the cetane enhancer is a little helpful in reducing
the ignition delay even with the high doping level of 0.30 vol% applied.

2. The maximum heat release rate was 19.0% (RO-30), 25.5% (JF-24) relatively lower and the angle
AHRRmax took place closer to TDC due to the shorter ignition delay at a speed of 2200 rpm. However,
when using fuel JF-24 the HRRmax Was 15.9% higher than in RO-30 case showing its strong dependence
on the fuel mass burned rapidly near TDC rather than on the ignition delay.

3. The ITE with the doped RO-30 was 0.5% lower than that of 0.406 (RO) at a speed of 1400 rpm but it
converted to be 6.1% higher against that value of 0.379, which RO suggested at a speed of 2200 rpm.
Whereas the ITE decreased by 3.4% and 1.1% with the doped (too much) JF-24 fuel against that efficiency
of 0.382 and 0.353 achieved with the undoped JF fuel at both speeds.

4. Maximum NOy and smoke were 3.9% and 43.8% (RO-10) or 4.5% and 20.9% (JF-10) higher than, 1555
ppm and 32% or 1570 ppm and 43%, the combustion of straight RO or JF fuel emits at 1400 rpm. NOy
emissions did not change, and smoke was 42.1% higher with RO-30, while NOx converted to be 10.3%
lower and smoke 32.1% higher with JF-24 fuel at a speed of 2200 rpm.

5. CO and THC emissions were 1.8 (RO-10) and 3.1 times (RO-30) or 2.0 (JF-24) and 7.0 times (JF-10)
higher with the doped fuels than, 600 and 420 ppm or 415 and 50 ppm, the combustion of RO or JF fuel
emitted at 1400 rpm. While both pollutants were 11.6% and 1.9 times higher (RO-30) or converted to be
10.8% lower and 2.4 times higher (JF-10) at a speed of 2200 rpm.
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INVESTIGATION OF DYNAMICS OF A SYSTEM WITH TWO SIDED IMPACTS

| 1|
B enemenTax MaHIIyIsATOpIB Ta pOOOTIB MAIOTh MICIIe pi3HI BUIM yJapHUX B3aeMOJii. Y TOMY YHCII 9acTo

CIIOCTEPIraroThesl IBOCTOPOHHI yaapH. [y iXHBOTO MOCHIIKEHHS MPOIOHYETHCS CIelliajibHa YHCENbHA MPOLEexypa.
Ilomano umcenbHi pe3yNpTaTH A THUIOBHX IMapaMeTpiB IOCTIHKYBAaHOI CHCTEMH 3 OIJHHM CTYIIEHEM CBOOOMM.
IIpencraBneni Ta B3aEMHO MOPIBHAHI pe3ynbTaTu 0€3 3aCTOCYBAaHHS Li€l MPOLETYPH Ta 3 HEIO.

Bynu oTpumani pe3ynbTaTi pi3HHX 3HaueHb KoedilienTa B's13k0oro AemryBaHHs 1 KoedilieHTa BiIHOBICHHS.
Bonn npeacraBneni TppOX THIIOBHX HaOoOpiB mux mapaMeTpiB. [lepmmii Habip THIIOBUX 3HAYEHB MAPAMETPIB OMUCYE
PYX JOCTIIPKYBaHOI CHCTEMH 13 TBOCTOPOHHIMH yJapaMH, IO BiANOBIZAIOTh Haro/i KOHCEpBaTHBHUX ynapis. [pyruii
Ha0lip TUMIOBUX 3HAYCHB ITAPAMETPIB OMUCYE PYX MOCITIHKYBAHOT CHCTEMH 3 IBOCTOPOHHIMHE yIapaMH, 10 BiIIOBITal0Th
BUITA/IKy KOHCEPBAaTHBHHUX MDKYAApHUX pyXiB. TpeTiii Habip THIIOBUX 3HAYEHb APAMETPIB OIHCYE PYX TOCIIIKYBaHOT
CHCTEMH 3 IBOCTOPOHHIMH yJapaMH, 10 BiJIIIOBIJAOTh BUIIAJKYy OBHICTIO JUCHIIATUBHOI AUHAMIKH.

ITomano TuMyacoBy miarpamy 3cyBY, TAMYACOBY AiarpamMy OIBHIKOCTI Ta AWHAMIKY CUCTEMH IIPH IBOCTOPOHHIX
yaapax y ¢asoBiii minomuHi. OTpumani rpadidHi ySBICHHS MOKAa3yIOTh IEPEBard BAOCKOHAJICHOTO PO3PaxXyHKY
YAapHUX B3aEMOIiH.

PesynpTaté 3acTOCOBYIOTBCS TPH MPOEKTYBaHHI €JIEMEHTIB MAaHIMyJSATOPiB Ta POOOTIB 3 JBOCTOPOHHIMH
yaapamu.

KnrouoBi cioBa: HenmiHIHHICTE yJapHOTO THIy, FApMOHIYHE MOPYIICHHs, ABOCTOPOHI yAapH, HeNiHilHi
HepexiHi mporecH, rpadidHi 300pakeHHsI.

INTRODUCTION

In the elements of manipulators and robots, various types of impact interactions take place.

Among the most typical impact interactions two sided impacts are often observed. For their investigation
a special numerical procedure is proposed.

Numerical results for typical parameters of the investigated system having one degree of freedom are
presented. Results without application of this procedure and with it are presented and mutually compared.

Dynamics of essentially nonlinear system is investigated in [1]. Impact motions are analyzed in [2].
Theoretical basis of vibrating systems with impacts is described in [3]. Vibrations and impacts in transmissions
are presented in [4]. Systems with impacts are investigated in [5]. Applications in the field of manipulators
and robots are presented in [6]. Industrial robots are investigated in [7]. New types of mechanisms are presented
in [8]. Essentially nonlinear problems of dynamics are analyzed in [9]. Robot with impact interactions is
described in [10].

First the model of the system having one degree of freedom with two sided impacts is described. Then
the procedure for calculation of impact interactions is presented. Graphical results for typical parameters of
the system without application of this procedure and with application of it are compared.

MODEL OF THE SYSTEM WITH TWO SIDED IMPACTS

The investigated system having one degree of freedom with two sided impacts is described by the
differential equation:

X+2hx+x= f sinwt, (1)
where x is the displacement of the system, h is the coefficient of viscous damping, f is the amplitude of
harmonic excitation, w is the frequency of harmonic excitation, t is the time, and the upper dot denotes
differentiation with respect to it.

If the following conditions are satisfied:

x<a, 2
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where a denotes the lower limiting value at which impacts take place, and

X <0, (3)
then it is assumed that:
x—a (4)
and
X" =—Rx", 5)

where R denotes the coefficient of restitution, the superscript minus denotes the value of velocity before the
impact and the superscript plus denotes the value of velocity after the impact.
If the following conditions are satisfied:

X>b, (6)
where b denotes the upper limiting value at which impacts take place, and
x>0, (7
then it is assumed that:
x=Db 8
and
X" =—RX. 9)

IMPROVED DETERMINATION OF IMPACT INTERACTIONS IN THE SYSTEM WITH
TWO SIDED IMPACTS

The following notation is introduced: T is the time step, the subscript 0 denotes the value at the initial
moment of a time step and the subscript T denotes the value at the final moment of a time step.

If the following condition is satisfied:

X <a, (10)

then the reduced time step is calculated in the following way:

a—X
T=T—, 11
X %, (11)
and it is assumed that:
XTr = a’ (12)
; , SN
X, =%+ (% = %) (13)
PN
%, =%+ (% =% ) (14)
If the following condition is satisfied:
X >b, (15)
then the reduced time step is calculated in the following way:
T oTR=X (16)
' X =% ,
and it is assumed that:
X =D, (17)
. , SN
X, =%+ (k=% ) (18)
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N 2V
X, :XO+(XT_XO)?' (19)

INVESTIGATION OF BEHAVIOUR OF THE SYSTEM WITH TWO SIDED IMPACTS
Typical parameters of the investigated system with two sided impacts were assumed:

w=1f =1 a=-0.8 b=038. (20)
Calculations from zero initial conditions are performed:
x(0)=0, %(0)=0. (21)
Results for the following time step are presented:
2z
__@ (22)
100

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. Further they are presented for three typical sets of those parameters.

INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0.5 R=1

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of conservative impacts.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 1.

In Fig. 1, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 2.

In Fig. 2, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.

WARAL T
TYVVY JUNNN

25.1327 25.1327

a) Time history of displacement b) Time history of velocity

x

—
=

0
-0.8167 0.8209

c¢) Dynamics in the phase plane
Figure 1. Dynamics of the system with two sided impacts without application of the improved calculation of
impact interactions
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-+

0.6831
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a) Time history of displacement b) Time history of velocity

X

—
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-0.7514
0
-0.8000 0.8000

¢) Dynamics in the phase plane
Figure 2. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions

0.6777

INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0, R=0.5

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of conservative inter impact motions.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 3.

In Fig. 3, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 4.

In Fig. 4, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.
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25.1327 25.1327

a) Time history of displacement b) Time history of velocity

0
-0.8421 0.8666

c¢) Dynamics in the phase plane
Figure 3. Dynamics of the system with two sided impacts without application of the improved calculation of

impact interactions
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24.9420 24.9420

a) Time history of displacement b) Time history of velocity

0
-0.8000 0.8000

¢) Dynamics in the phase plane
Figure 4. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions

1.0890

-1.0677

INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0.5 R=0.5

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of fully dissipative dynamics.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 5.

In Fig. 5, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 6.

In Fig. 6, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

X X
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25.1327 25.1327
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a) Time history of displacement b) Time history of velocity

)
e

0
-0.8288 0.8302

c¢) Dynamics in the phase plane
Figure 5. Dynamics of the system with two sided impacts without application of the improved calculation of
impact interactions
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a) Time history of displacement b) Time history of velocity
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¢) Dynamics in the phase plane
Figure 6. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions

0.7445

-0.7910

It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.

The obtained graphical representations show the advantages of the improved calculation of impact
interactions.

CONCLUSIONS

In the elements of manipulators and robots, various types of impact interactions take place, among the
most typical impact interactions two sided impacts are often observed.

First the model of the system having one degree of freedom with two sided impacts is described. Then
the procedure for calculation of impact interactions is presented. Graphical results for typical parameters of
the system without application of this procedure and with application of it are compared.

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. They are presented for three typical sets of those parameters. The first set of typical values of
parameters describe the motion of the investigated system with two sided impacts corresponding to the case
of conservative impacts. The second set of typical values of parameters describe the motion of the investigated
system with two sided impacts corresponding to the case of conservative inter impact motions. The third set
of typical values of parameters describe the motion of the investigated system with two sided impacts
corresponding to the case of fully dissipative dynamics.

Time history of displacement, time history of velocity and dynamics of the system with two sided
impacts in the phase plane are represented. The obtained graphical representations show the advantages of the
improved calculation of impact interactions.

The results are applied in the design of elements of manipulators and robots with two sided impacts.
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of dynamics of a system with two sided impacts.

In the elements of manipulators and robots, various types of impact interactions take place. Among them
two sided impacts are often observed. For their investigation a special numerical procedure is proposed.
Numerical results for typical parameters of the investigated system having one degree of freedom are
presented. Results without application of this procedure and with it are presented and mutually compared.

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. They are presented for three typical sets of those parameters. The first set of typical values of
parameters describe the motion of the investigated system with two sided impacts corresponding to the case
of conservative impacts. The second set of typical values of parameters describe the motion of the investigated
system with two sided impacts corresponding to the case of conservative inter impact motions. The third set
of typical values of parameters describe the motion of the investigated system with two sided impacts
corresponding to the case of fully dissipative dynamics.

Time history of displacement, time history of velocity and dynamics of the system with two sided
impacts in the phase plane are represented. The obtained graphical representations show the advantages of the
improved calculation of impact interactions.

The results are applied in the design of elements of manipulators and robots with two sided impacts.

Keywords: nonlinearity of impact type, harmonic excitation, two sided impacts, nonlinear transient
processes, graphical representations.
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OIIHKA CTABIVIBHOCTI XAPAKTEPUCTHUK I'AJIBMOBOI'O YIIPABJIIHHA
ABTOMOBLIIB

MeTo10 IOCTIPKSHHS € OIiHKa IMOKa3HWKIB CTa0UIBHOCTI rajgbMiBHOrO ympasiuineas T3. CraTTs npucBsueHa
JOCIIUKEHHIO BIDIMBY CJIEMEHTIB TaJIbMIBHOTO KEpyBaHHS JICTKOBHX aBTOMOOLUIIB Ha CTaOUIBHICTH IX TaIbMIBHHX
BJIaCTHBOCTEH. BUKOHaHO aHaNi3 BIUIMBY HEPIBHOMIPHOCTI TajJbMiBHUX CHJI Ha Kojecax OJHi€l oci aBTOMOOLUIIB Ha
BIIXWJICHHSA PO3MOIINTY TalbMIBHHUX CHJI MDK OCSIMH CBOTO PO3PaXxyHKOBOTO 3HaueHHA. [IpM OWIHII MOXHOKU
pETyJIIOBaHHS PO3MOALTY TJIBMIBHHX CHJI MK OCAMH aBTOMOOLNIB BPaxOBYBAJIHUCS TPU KOMIIOHEHTH: TEOpPETHYHA
noxubka, OOyMOBJIEHa HEIOCKOHATICTIO OOpaHOro crnocoOy peryaoBaHHA (BIAMIHHICTH OifiCHOI pO3paxyHKOBOL
XapaKTepPUCTHKU PETYITIOBAHHS BiJ ifeabHOT), MOXHOKa, CTBOPIOBAaHA 32 PaXyHOK HECTaOUIBHOCTI CITIBBITHOIIECHHS
TaJbMIBHAX CHJ Ha HepeqHiX OOyMOBIICHa HEPIBHOMIPHICTIO TalbMIBHHUX CWJI Ha KoOJecaX OKPEMHX OCeH.
HecrabinpHIiCTh TaIBMIBHIX MOMEHTIB Ha IEpeHIX Ta 3aJHIX KojecaX, 00yMOBJeHa 3MiHOIO KOe(illieHTiB TepTs
(GpUKLIHHKUX TTap, TPU3BOANUTH HE TUTBKH 0 3MIHM PO3MOALTY TaIbMiBHUX CHJI MiXK OCSIMH T OKPEMUMH KOJIECaMH, alie
i1 3HIDKCHHS €()eKTHBHOCTI TalbMyBaHHs aBTOMOOLIIB B yMOBaxX eKCILUTyaTallii.

3amponoHOBaHO METO, KU JO3BOJISIE MPOBOAUTH OILIHKY SIKOCTI PEryIIOBAaHHSA PO3MOIUTY TAIbMIBHUX CHII
MDK OCSMH aBTOMOOLIIS 3 ypaXyBaHHSIM HECTaOIIbHOCTI TAIBMIBHEX CHJI Ha KOJIECaX.

KurouoBi ciioBa: aBTOMOOLIB, TPAaHCIIOPTHI 3aCO0M, XapaKTEPUCTHKA, CTAOUIBHICT, TaJbMiBHE KEPYyBaHHS,
raJbMiBHI BIACTHBOCTI, TaIbMIBHUH MeXaHi3M, KOe(il[ieHT TepTs, pO3IOIil rajJbMIBHUX CHII.

BCTYII

CraOiIBbHICT TaJILMIBHHX BJIACTHBOCTEH NPOTIArOM YChOTO MEpiofy eKcIulyartalii 3a0e3mnedye
HEOOXiMHWH TEeXHIYHWH piBEHbh KOHKYPEHTOCIPOMOXKHICTh TpaHCHOPTHHX 3aco0iB (T3, aBTOMOOLNTIB).
BinmoBigHIiCTh IUX BIACTUBOCTEH BUMOTaM, IO BUCYBAIOTHCSA, MOXHA 3a0€3MEUNTH P MPOTHO3YBaHHI Ha
CTaJil MPOEKTYBaHHs PO3BUTKY BUMOT JI0 TaIbMiBHUX BIACTHUBOCTEH sk HOBUX T3, Tak 1 T3, 110 3HaXOAATHCS
B EKCILTyaTallii.

[lapamerpu, m0 BH3HAYAIOTH CTAOIIBHICTE IMOKA3HWKIB €(PEKTHUBHOCTI TambMyBaHHS. 13 MOBUHHI
3a0e3rneuyBaTH HEOOXiHI MOKa3HUKHM TajbMiBHUAX BIACTHBOCTEH HE TIJIBKM Ha TMOYATKY, ajie¢ W MPOTATOM
YCBhOTO TIepiofy eKcIutyarallii, mpu OyJ/ib-SIKOMY MO€JHAHHI 30BHIIIHIX BIUIMBIB Ta BHYTPIMIHIX 00ypeHb y
raJlbMiBHOMY YITPaBITiHHI.

BryTpinHi 3Miau (00ypeHHs) y TaTbMiBHOMY YIPaBIiHHI MOXKYTh OyTH 000pOTHHMU 1 HEOOOPOTHUMH,
a TaKOX — YCYHYTHMHU B pe3ylbTaTi TEXHIYHOTO OOCIyroByBaHHS a00 peMOHTY. Jlo 00OpOTHHX 3MiH, IO
BIUIMBAIOTh Ha €(eKTUBHICTH rajibMyBaHHA 13, BiiHOCUTHCS 3MiHa KoedillieHTa TepTs rajdbMiBHUX nap [1, 2,
3, 4]. le mog's3aHO 3 HarpiBaHHIM (PPUKIIHHUX MMap B Pe3yibTaTi iHTEHCUBHHUX, YaCTUX a00 TPUBAIUX
ralbMyBaHHSA, a TaKoX — IMOMajaHHs BoJord 1 Opyay. OLiHKY 34aTHOCTI TaJlbMIiBHOTO YIpaBJIiHHSI
aIanTyBaTHCS JI0 3a3HAYEHHUX 3MiH IPOBOJATH MPH TANBMIBHUX BUNPOOYBaHHAX [4]. OmiHKy e()eKTHBHOCTI
TaIbMyBaHHS TPH HArpiTHX TaibMax 3MiHCHIOITH y mporeci BunpoOyBanb tum | Tta II. Kpim Toro,
nependaueHo CreliaJbHUi eTan BUNPOOyBaHb — BH3HAUEHHS TEPMOHABAHTAKEHOCTI 1 e()EeKTUBHOCTI
OXOJIOJKCHHSI TaJibMiBHUX MexaHi3MmiB T3. ¥V cranmapti [4] nepenbadyeHO TakoX eran BUIPOOYBaHb, IO
MOJISITA€ Y BU3HAYEHH] 3AJIMIIKOBOI €()eKTUBHOCTI Ta BIAHOBIIIOBAHOCTI «MOKPHX» ralbMiBHUX MexaHi3miB T3.
Jlo HeoOOPOTHMX 3MiH, 110 BIUIMBAIOTh Ha €(DEKTUBHICTH rajibMyBaHHS, BIIHOCSATBHCA 3MiHA BIACTHBOCTEH
poGouoro Tiia (piguHU a00 MOBITPs), 10 BUKOPUCTOBYIOTHCS B raiIbMiBHOMY NMPHUBOII. 11 3MiHU BIUIMBaIOTH
30UIBIICHHS] Yacy CIIPallbOBYBAaHHS TaJbMIBHOTO TPUBOJY, 3HIKCHHS MPHUBOAHOTO THUCKY 1 TaJlbMiBHHX
MOMEHTIB Ha Kojiecax. 3MEHILIEHHS MepeaaBalbHOl (PYHKLIl TaJbMiBHOTO NMPHUBOLY MOXKE OYTH BHKIIMKAHE
YTBOpEHHSIM TIpOOOK, BifKIaJeHh ab0 BM'SITHH Ha BHYTPIIIHIX TOBEPXHAX TpyOompoBoaiB. s
MTHEBMATHYHOTO TaTEMIBHOTO TIPUBOJTy CTAHOBHTH HEOE3IIeKy YTBOPEHHS KOHJ/ICHCATY.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMU

Kpurepisimu ouiHku €eKTUBHOCTI TabMyBaHHS BiAMOBITHO A0 CTaHAAPTY [4] € ranpMiBHUNA NUISX St
i cepe/lHE YIOBUTBHEHHS Jycr. | IbMIBHUIA IUISAX, JO3BOJISE CYJUTH MPO TrajbMiBHY cucTeMyT3 B 1mijomy, i
VIOBUIbHEHHS, IO XapaKTepU3ye TaJbMiBHI MEXaHi3MHM - HaHOiIbIl HecTaOlTbHI €NEeMEHTH TajlbMiBHOI
CHCTEMH.
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lanemiBaM MUIIX T3 3aI€KUATH K BiJl TOYaTKOBOI IMIBUAKOCTI TAIbMYBaHHS Ta JOPOXKHIX YMOB, TaK 1
Bil TPHBAJIOCTI JAWHAMIYHOI CTajii MPOIECy TalbMyBaHHsI. YTOBUIBHEHHS HE 3aJICKHUTH BiJl TOYATKOBOI
LIBUKOCTI TAIbMYBaHHS 1 XapakTepHu3ye 30aTHICTh T3 CTBOPIOBATH MaKCUMAJIbHY TabMiBHY CHITY.

B nanwmii yac Ha T3 karteropii M1 (cerment C, D, E. F) BcTaHOBITIOIOTBCS IUCKOBI TajIbMiBHI MEXaHi3MHU
(ATM), o MaroTh Kpaimry cTablIbHICTh MMOKAa3HUKIB epeKTUBHOCTI ranbMyBanHs [ 1, 2, 3, 4]. Ha nerkosi TC
(cermentu A, B) MoxyTh, sk BapiaHT, BcTaHoBmoBarucs J|TM — Ha mepenHi koneca, 6apabaHHI TajdbMiBHI
MmexaHizmu (bTM) Ha 3a1H1 KoJeca.

["ampMiBHI MeXaHI3MU € HAHOUTBIT HECTAOITFHAM €JIeMEHTOM TaJIbMiIBHOTO YIIPABIiHHS, IO 3a0e3medye
MOTJIMHAHHS Ta po3citoBaHHs eHepril T3 mpu ransmyBanHi. HecTaOinpHICTS raTbMiBHIX MOMEHTIB Ha KOJIecax
HE iICTOTHO BIUTMBA€E Ha 3HIKCHHS 3arajbHOl TanbMiBHOI cuiM (eeKTHBHOCTI TalnbMyBaHHS) 3a HasBHOCTI
MiACHITIOBAYiB y IPUBO/Ii, aJie 3HAYHO BIIMBAE Ha CTIHKICTh T3 MpH rabMyBaHHI, OCKITbKH BUKINKAE 3HAYHY
3MiHy Koe]imieHTa po3MmoIiTy TadIbMIBHIX CHII MK OCSIMH Ta TOSIBY X 60PTOBOI HEPiBHOMIpPHOCTI. 5, 6, 7].

CrabinbHICTh BETMYMH MOMEHTIB, CTBOPIOBAHUX TaIbMIBHUMH MEXaHi3MaMH1 BILUIMBAE SIK Ha BETMYUHY
raJbMIiBHOTO HUISXY, a Ha cTilikicts T3. HepiBHOMIpHICTH raibMiBHEX MOMEHTIB Ha KoJecaxX pi3HUX OOpTiB
MIPU3BOJIUTE IO TOSBU JOAATKOBOTO MOMeHTYy 13, mo posroprae, B miuomuHi moporu [1, 2].Jlnst ominku
cTabiTPHOCTI BUXIJHUX IMMOKA3HUKIB TAIbMIBHUX MEXaHi3MiB [2, 3, 4] BUKOPHUCTOBYETHCA TaK 3BaHa raJlbMiBHA
XapaKTepUCTHKA, 1[0 BUPaXKa€e 3aJISKHICTh BHYTPIIIHBOTO NEepeIaBAbHOTO YK CTia FaIbMiBHOTO MEXaHi3MY BiJ
KoedimieHaTa Tepts 1. KpurepismMu 9yTiauBOCTI TalbMiBHIX MEXaHi3MIB O 3MiHM Koe(imieHTa TepTs € Taki
MMOKa3HWKH SK KOE(]IIiEHT YyTIMBOCTI, BiHOCHA YyTJIMBICTh, KOE(DIli€HT CTaOIMFHOCTI TaIbMiBHOTO
MOMEHTY, KOeQillieHT 3MiHM TaJbMiBHOTO MOMEHTY, HaBeJeHa ¢(peKTUBHICTH T'ajbMiBHOTO MEXaHi3My Ta
JesiKi 1.

BukoHaHHS HaWOIMBII JKOPCTKMX BHMOT MDKHApOJHMX Ta HAMIOHANBHUX CTAaHJApPTIB OO
e(peKTHBHOCTI ranbMyBaHHS T3 Ta HEpPO3pHBHO MOB'A3aHE 3 HEOOXIAHICTIO MiJBHILEHHS CHEPrOEMHOCTI
ragbMIiBHHX MeXaHi3MiB. [liT eHeproeMHiCTIO TalbMiBHUX MEXaHI3MIB pPO3YMIEThCS 3[aTHICTh OCTaHHIX
po3citoBaTu HaifOinbIIe eHeprii 3araabMoByBaHoro T3 0e3 3MeHIIEHHS TOKa3HHUKIB e()eKTHBHOCTI
TAIBMYBaHHS JI0 MIiHIMAIBHO JOMYCTUMOTrO piBHA. HaamipHuii HarpiBaHHS TaJdbMIBHHUX MEXaHI3MIiB
MPU3BOIUTH JI0 3MEHIICHHs KoedimieHTa TepTs PpUKIiHHUX MOBEPXOHB 1 MiIBUIIEHOTO 3HOCY (QPPUKIIIHIX
HaKJIaJI0K.

Haii6inpIn pamioHaTEHAM TUTIOM TaTbMiBHOTO MEXaHI3MY € TaKuil, B SKOMY y3TO/KEHO PO3IOILT TEPTS
TeIlla, M0 IEHEPYEThCSA IO MOBEPXHIi, 3 HANpPSMKaM{ TEIUIOBUX IOTOKIB, IO BIiBOAATHCS BiJl HarpiTHUX
MOBEPXOHb. SIKIIO Ha eTari MPOeKTyBaHHs HEB1IOMI TEILUIOBI IOTOKH, TO HEOOXiTHO MPAarHyTH IO PiIBHOMipHOI
reHeparlii Teria 1mo moBepxHsax tepts [1].

VY poborax [5, 6, 7] po3risHyTO BIUIMB HECTaOiIbHOCTI TalbMiBHUX MEXaHi3MiB Ha 3MiHY PO3MOILITY
TaJbMIBHUX CHJI MK OCSIMU Ta KypcoBY cTilikicTh T3 npu ranpmyBanHi. [IpoBe/ieHHd CTATUCTHYHHAN aHAII3
[5] 3minm koedimienTiB tepts JTM Ha mpuxnani T3 cermenta C (moBHOIO Macoro 915-945 kr) ta 3miHa
raapMiBHOTO MoMeHTy 3aaHix BTM T3 103BonMB BH3HAYMTH XapaKTEPUCTHKH DPO3MOATY 3a3HAYCHHX
BUTIAJIKOBUX BenuunH. [Tpunyckaroun, mo nepenHi ranesmiBHi konoaku TC, 110 po3risgaroThes, MAIOTh OJWH
1 TOH ke Marepian QpUKIIHHUX HAKIaJ0K, BUKOHAHA CTATHCTHYHA OI[IHKA 3MiHH PO3MOALTY raJbMiBHUX CHIT
MIX HOTO OCSIMHU.

OIJIb TA 3AJAYI JOCJIAKEHHS

MeTor0 JOCIIKEHHS € OLliHKA MOKa3HUKIB CTaOUILHOCTI TajbMIBHOTO KepyBaHHs T3.

PE3YJIbTATHU JOCIIIKEHDb

[Ipunyckaemo, 1mo y nepennii i 3axHii ocsax T3 BigcyTHS HEpiBHOMIPHICTH rajJbMIBHHX MOMEHTIB,
T00TO. KOe(illi€eHTH TepTs Ta raibMiBHI MOMEHTH Ha JIIBUX Ta MPaBUX KoJIecax BIAMOBIIHUX OCel PiBHI Mix
coboro. Tosti 3MiHa pO3MOIUTY TaTbMIBHIX CHII MK OCSIMH BU3HAYAETHCA 3alexHIicTIO 1 [5, 6, 7].

AP, AR,
— B InpA 1
P, P, 00 11 Poo @

ne AB',, - BIAXUIEHHS AificHOro KoedillieHTa po3Mo IiTy ralbMiBHOI CHJIN Ha IEPEIHIO BiCh, 3yMOBJIEHE

AB'y =
HECTa0IIbHICTIO CMIBBIIHOIIEHHS P, / P, ;

PT 9 PT2 - FaJIbMIBHI CHJIM Ha KoJiecax MepeAHbOI Ta 33 IHbOT OCEH BiIOBIIHO;

P . o .
A[PTz] - BIIXHWJICHHSA CII1BB1JHOIIICHHA F’T2 / Prl BLI pO3pPaxyHKOBOI'O 3HAUCHH.
L
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ITepenani AWCKOBI TalbMIBHI MEXaHI3MH € TaJbMaMH{ IPSIMOTO BIUIMBY, TOOTO. CTBOPIOBAHWUN HUMH
MOMEHT MPOTMOPLIHHUN KOS(IIIEHTY TEPTA MK HaKIaJKaMH 1 AUCKOM. TOMy BiJHOCHA 3MiHA raJIbMiBHOI

ARy JIOPIBHIOE BiTHOCHIN 3MiHi KoedilienTa Tepts ou. Panime, y po6oTi [5]

CHJIM Ha TIEpeHii oci §P,, =
T1

BHU3HAYEHO CTATUCTUYHI XapaKTEPHCTHUKU aOCONIOTHOI 3MiHM KoedilieHTa TepTs MiX (QpUKIIHHUME

HaKJIaJKaMH 1 raJbMiBHUM JWUCKOM, IO BHHUKA€ MpPU HarpiBaHHi ranpma. HaiiGinpm WMOBIpHI 3HaUEHHS

a0COJIOTHOT 3MiHM Koe(iIlieHTa TepTs

Ap=m,, to, =-017+0,08, )

CraTucTHYHI XapaKTEPUCTHKH MaKCHMaIbHOTO 3HAa4YeHHS KoedirieHTa TepTs (A1 MOBEPXOHb, IO
MIPOMIIIIIN TePMIYHUH TPHUPOOITOK) TaKOXK BU3HAYEHI B poboTax [5, 6, 7] 1 MarOTh Taki YHUCENbHI 3HAYCHHS:
Houmax=0,47, 6.umax=£0,075. OTxe, HAMOLIBII HMOBIPHI 3HAYCHHS TOYATKOBOTO (MaKCUMAIILHOTO) KoedilieHTa
TepTs epedyBaroTh Y MeKax

g =My £ 0 =0,47+0,075, (3)

BinHOCHA 3MiHa ranbpMiBHOI CHJIM Ha TEPENHIN oci (P PiBHUX TaIbMiBHIX MOMEHTaX Ha JIIBOMY Ta
MpaBOMY KoJjiecax)

Au 0,1750,08
SP.=06u= =— . 4
oA Ly~ 0,47+0,075 @
OueBuUIHO, IO

SP. _ 0,17+0,08 — 0,633

Timin 0 470,075

OP e = _ 0177008 _ 4 g5,
0,47 +0,075

JlJis OILHKM 3MiHM TajJbMIBHOIO MOMEHTY 3aaHboro BTM T3, mo po3risiiaeTbcs, BU3HAYAEMO
CTATUCTUYHI XapaKTEPUCTUKU BiJTHOCHOT HOTO 3MiHH MPH IHUKIIYHUX TAIbMYBaHHSX, 1[0 CYMPOBOIKYIOThCS
HarpiBaHHAM (PPUKIIIHHUX TOBEPXOHB
— AI\/ITZ

M

oM, =m,,_ *o, =-0,406+0,171, (5)

T max
VY poboti [5] BU3HAYEHO PO3PaxyHKOBE 3HAYEHHS IMOYATKOBOrO IIHCHOTO KOe(illi€HTa PO3IMOIiITy

TaJIbMIBHUX CHIJI, SIK€ JIOPIiBHIOE 5),—0,617. Takum umHOM, MifCTaBIsIIO4M y criBBigHOMIEHHs (1) oTpuMaHi
YHCeNbHI 3HAaYEeHHS BUBHAYNMO

AB' e =(—0,406—-0,171+0,165)-0,617-In0,617 = 0,123

AB' i =(-0,406+0,171+0,633).0,617-1n0,617 =—0,119

I'pannyni 3HaUeHHS KoedilieHTa AIMCHOTO PO3NOALTY TajJbMiBHUX CHII MiXK OCSIMH
By = Bo +AB',. . =0,617+0,123=0,739; (6)
Booi =By +AB',, . =0,617—0,119=0,498. 7)

[Ipunyctumo, mo koediieHTH TepTs GPUKLIHHUX MOBEPXOHB T'ajbM Ta rajJbMiBHI MOMEHTH Ha JIIBHX

Ta NpaBUX KoJjiecax He OJHAKOBI. lle BUABIAETHCS y MOSBI J0AATKOBOI 3MiHU Af 5; KoedilieHTa PO3MOALTY
TaJbMIBHHUX CHJI MiJK OCSIMH, 1110 BU3HAYAETHCS SIK [2]
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1 Pr. P
By =7 Py '{A(p:z ’A(%) : 8
11

3Biacwy, 3 ormany Ha Te, o (Pri;=Pri2; Pr2i=Pr2) 3 oTpuMaemo

AR, AR
A= [% _%J = 0P, =Py, (9)
T12 Ti1
AP AP
Azz( PT22 - PTle:5PF22_5P|'21’ (10)
T22 T21
toni (8) mpuitMae BUTIISA
" 1
AB = _Eﬂoo '(5PT12 — 0P, 0P, + 5P721) : Inﬂoo : (11)
HpI/IfIMa€M01 OPr11= 5,[1112 —0,633; OP71= 5/1122—0,165; OP7r1 = 0Mp; = — 0,406 — 0,171 =— 0,577; OPr2>
= OMrp; = =0,406+0,171= — 0,235. Ilincrapnsroun 3a3HaveHi 4McioBi 3HaueHHS (opmyny (12) [2],
OTPUMAEMO
" 1
Ap i _E ﬂoo (5P712 - 5P711 - é‘Przz + 5P721) In ﬂoo (12)

AB", = 1 0,617-(-0,633+0,165+0,577-0,235)-In0,617 =-0,019
2

I'pannuHi 3HadeHHA KoedillieHTa pO3MOMITY TaJdbMIBHHX CHJII MDK OCAMH 3 YpaxXyBaHHIM
HEpIBHOMIPHOCTI ralbMiBHIX MOMEHTIB Ha KOJIecax OJHi€l oci

By =Boo + AL o+ AB", =0,617+0,123—0,019=0,720 ;
Bowin =Boo+AB' L +AB" =0,617—-0,119—-0,019=0,479.

PosrnsitHemMo mapamerpu TaibMIBHOTO ympaBiiHHA asamizoBaHoro TC. IgeanbHi 3a ymoBamu
MaKCUMaJIbHOTO BUKOPHCTAHHS 34ilTHOI Bard aBTOMOOLIS MIPU rajibMyBaHHI TaIbMiBHI CHIIM Ha TIepeHid Ta
3a1H1Ni ocax T3 BU3HAUYAIOTHCS SIK

b h .
—0-G | —+d-— |=6-G-B ., 13
P =¢-G (L+¢ L) $-G-B., (13)

Praw =G24 1 |=4-G-(1- 1), (14)

rmue PTz ; PTZ - TAJIEMIBHI CHJTH Ha KOJIecaX MepeHbOl Ta 3aIHOI OCeil aBTOMOOIIIS BiIIIOBITHO;

b — BiacTaHb Bij 3aHBOT OCI 70 MPOEKIIii IIEHTPY MAc aBTOMOOIJISI Ha TOPU3OHTAIIBHY TIOIIHHY;
h — Bucora 1ieHTpy Mac aBToMo01Is;
L — xomicHa 0a3a;
@— Koe(iLieHT 349eTIeHHs KOJIiC i3 JOPOroo.
IneanpHi MUTOMI raJIbMiBHI CHJIM Ha MEPEIHIN Ta 3aIHIH 0CAX aBTOMOOLIS OYyTh AOPIBHIOBATH

P

Yo = Té‘ua =@ P (15)
P

}/Zu() = -Z"() :¢.(1_ﬁu()) (16)
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3HaYeHHS TEOMETPUYHUX ITapaMeTpiB aHamizoBaHoro T3 [2] piBHi:
- Y CHOPSIIHKEHOMY CTaH1

=0,460; %:0, 236;

,_
| o

- TIOBHICTIO 3aBaHTAKEHOI'O

b 04582 205421 0 229.
L L L

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHb

Ha pucyHky 1 HaBeCHO 3alNEKHICTD Y240=2uo(Y1u0) JUTS CTIOPSAIKEHOTO Ta TIOBHICTIO 3aBaHTa)keHOoro T3.
Ha mpomy x rpadiky HaBemeHO MIHCHI 3aJeKHOCTI MK MATOMHAMH TaJbMIBHUMH CHJIAMHU Ha TIEpeAHid Ta
3aJIHIN 0CsAX

1—
7/2():710'#' (17)
V2 6 / 57
j\/ ‘&//Q\
o ¥ >
0 4 &l Qn A
, N4 /4 Yy
¥ Qg %
R 4 Q¥
5/
03 g1 s 5
] 7 4 @il
/2 0,7 7

0,2

0,1

0 01 02 03 04 05

Pucynok 1 — XapakTepuCcTUKH PO3IOALTY TATbMIBHUX CHII MiXK OCSAMH aBTOMOOLIS: 1, 2 — ineansHuit
PO3MO/IN raTbMIBHHX CHJI TIPH TMOBHICTIO 3aBaHTa)XEHOMY Ta criopsypkeHomy T3; 3 — milicHHUN pO3NOILT
TaJbMIBHHX CHJI MK OCSIMH, IIIO BIJITIOBIJIa€ PO3PaXyHKOBUM 3HAYCHHSIM KOe(DilliEHTIB TEPTS MEPEeIHIX Ta
3aJIHIX TAIbMIBHAX MEXaHi3MiB; 4, 5 — MOCTIMHUN PO3IOALT TalbMiBHIX CHII MK OCSIMH 33 3MiHH
KOeili€HTIB TEPTS MEPEHIX 1 38 JHIX TaIbMiBHUX MEXaHI3MIB y MEKaX OJTHOTO CEPEeTHHOTO KBa[PaTHIHOTO
BiJIXWJICHHS;, 6, 7 — MOCTIHUH PO3IO/LT TAIbMiBHHX CHJI MK OCSIMH, L0 BPAXOBYE 3MiHU KOe(illi€HTiB
TepTS NepPeIHIX Ta 3aJHIX TaJIbMIBHHX MEXaHI3MIB Y MeXaX OHOTO CEPEeAHBOTO KBaIPATHIHOTO
BiJIXVJIEHHS, & TAKOXK HEPIBHOMIPHICTh TMIEPE/IHIX Ta 33 HIX TaIbMiBHUX MEXaHi3MiB

Jlamana 3 BiAMOBiIa€ PO3PaXyHKOBIN XapaKTEPUCTHUII TraIbMIBHOT CUCTEMH (TIpH IEPETHHI B1IMOBITHOT
KPHUBOI 1/I€aIbHOI XapaKTEPUCTHKK BiOYBA€ThCS BKIIOYEHHS PEryisTopa TaIbMIBHHX CHI). PerysstopHa
YacTUHA JIHCHOT XapaKTepUCTUKU CBOS JJIsl KOKHOTO 13 3aBaHTakeHb T3 (TOYKa BKIIOYEHHS perynisropa
raJIbMIBHUX CHJI 3aJICKUTh BiJl BEPTUKAIBHOIO HABAHTAKCHHS Ha 3aJHIO Bich). [Ipsmi 4, 5, 6, 7 (puc. 1)
ITIOCTPYIOTH 3anexHicTh (17) mpu BigxwileHHsSX KoedimieHTa poO3MONily TalbMiBHUX CHI s BiJ CBOTO
PO3PaxyHKOBOTO 3HAYEHHS, OOYMOBIIGHUX HECTaOIMbHICTIO TabMiBHHX MeXaHi3MiB. 3 puc. 1 BWIHO, IO
HECTaOUBHICTh TATBMIBHIX MEXaHI3MIB MPU3BOJINUTH 10 30UIBIICHHS KyTa HaXMIy JIIHCHOT XapaKTePUCTUKH
1o oci 07. Lle 3011bl1ye HMOBIPHICTD BUIIEPEIKAIOYOr0 OJIOKYBaHHS 3aHIX KOJIIC, III0 MOXE MMPU3BECTH 0
3aHECEHHS aBTOMOOUIA mpu rajbMyBaHHi. J[is 3a0e3rneueHHs CTIHKOCTI aBTOMOOILAS MpH TrajibMyBaHHI
HEoOXIiTHO MparHyTu A0 TOro, o0 BUKOHAJIACS YMOBA

AB=PB,— P, >0. (18)
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3aranbHe BiIXWUICHHS Koe(]imieHTa po3MmoAiLTy TATbMIBHAX CHII MiXK OCSIMH BH3HAYA€THCS 3aJICKHICTIO

(19) [2, 5].
AB = APy + AB' + AB" (19)

ae Af3, - TeOpeTH4YHa MOXMOKa, 0OyMOBJIE€HAa HEIOCKOHANICTIO OOpaHOro CrocoOy peryaroBaHHsS
(BiAMIHHICTB AIMCHOI XapaKTEPUCTUKH PETYIIOBaHHS BiJ 1/1€abHO1);

Ap', - TIOXMOKa, IO CTBOPIOETBCA PAaXyHOK HECTAOIIBHOCTI CIIBBIJHOIIEHHS TajibMiBHUX CHJ Ha
TIepeaHiX 1 3aIHIX KoJecax;

A", - 10AaTKOBA OXMOKa, 3yMOBJIEHA HEPIBHOMIPHICTIO raJbMIBHUX CHJI Ha KOJIECAX OKPEMHX OCEH.

VY nmanomy Bumagky Afe>0 ns toro, mo0 YHHUKHYTH BUIEpEIXarouoro OJOKYBaHHS 3aJHIX KOJIC
aBTOMOOLIISI IPU TaJIbMYBaHHI [TPH BiAXUIIEHH] AiiiCHOTO Koe(illieHTa pO3MOAiTY TalbMiBHUX CHJI MiX OCSIMU
Bil PO3PaxXyHKOBOTO 3HAUEHHS 3a paxXyHOK HECTaOUIBHOCTI TalbMIBHAX MEXaHI3MIB HEOOXiTHO
3a0e3meuyBaTH BUKOHAHHS YMOBU

Aﬂo 2 _(Aﬂ 'a1+ Aﬁ "al) . (20)

3aHeceHHsT HAHOUTBII HeOe3NmeYHe Ha CIW3BKIA J0po3i, TOOTO. MPH MaIMX 3HAYCHHSIX KoedilieHTa
34YeTUIeHHS KOJIic 3 Joporoio. Kpim Toro, npu Manux 3HaYeHHAX KoeilieHTa 3YETICHHS, KO PEryIIOBaHHsI
TaJIbMIBHUX CHJI III€ HE TI0YAJIOCs, CITIBBIIHOIICHHS MK TaJIbMiBHUMU CHUJIAMH Ha TIEPEIHIN 1 3aJHIA OCSIX
3aJUIIAETHCS BEMUINHOO mocTiiHoi. [Ipu ciopsmkenomy TC HaBaHTa)XKeHHS Ha 3aIHIO BiCh MiHIMalIbHE, 10
TaKoX 30UTBIIye HEOE3MEKy BHIIEPEKAI0Y0oro OJ0KyBaHHS 3aaHiX Koiic. [lpu copsimxenomy T3 (puc. 1)
perymnroBaHHs mounHaeTbes mpu ¢=0,3.

OCKiNTbKM BBAXAEThCS, IO MiHIMaNbHe 3HaUYeHHs KoedillieHTa 34erenHs cTaHoBuTh @=0,2 , TO pH
¢=0,2 — 0,3 30uTBIIYyEThCS HEOE3ICKa BUMIEPEKAIOYOr0 OJIOKYBaHHS 3a{HIX KOJIIC Ta 3aHeceHHs 3.

Jus T3, mo anamizyeTses

b h
ABy = Poo = Py =0,617 = =4 (21)
Hmst copsipkenoro T3
ApB,=0,617-0,540—-¢-0,236=0,077—-0,236-¢ . (22)
J1y1s MOBHICTIO HaBaHTaXkeHOTo T3
AB,=0,617—-0,458—-¢-0,229=0,159-0,229-¢ . (23)

AHami3 rpadikiB, HaBEICHUX Ha MaJIOHKY 2 TOKa3ye, mo y T3 MonmBe OTpHMaHHS 3HAYHHX 32
a0COJIOTHOIO BETMYMHOIO HETATUBHUX 3HaYEeHb AfS, 1110 CBITYUTH PO BUCOKY (PYHKI[IOHANBHY HECTaOIbHICTh
TaJbMIBHOTO YIIPaBIIiHHS.

AP 4
™
1>
0,20 ~
N ~ J? \ ~,
Ameax ~
" ~

\\¥¥5¥€Z

0,10 5
\ ABs \
.
O oy N
=0,2 0,4 0,6 Q|
S ]
AB,
s 3" \ \\ 4" B 1
010 >~ >~

AB'z)lmin

-0,20

Pucynoxk 2 - 3anexnicts AB=AB(p): 1 — Teopernuna moxubka Afo s 3aBanTakeHoro T3; 2 —
TeopeTndHa moxuoka Afo s cnopsypkenoro T3; 3', 3” — rpannyHi 3Ha4eHHs Af 11st cnopsypkenoro T13; 4/,
4” — rpaHn4Hi 3HaYeHHS Af Il TOBHICTIO 3aBaHTakeHoro T3
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HecrabinpHICT, TaabMIBHMX MOMEHTIB Ha TMEpedHIX Ta 3agHIX KojiecaX, OOYMOBIEHA 3MIHOIO
KOeQIIIEHTIB TEPTS PPUKLIHHUX Tap, IPU3BOAUTE HE TUILKH JI0 3MIHH PO3IOLIY FaJIbMIBHHX CHJI MK OCSIMU
Ta OKPEMHUMHU KOJIeCaMH, ajie i 3HIKEHHS e(peKTUBHOCTI ranbMyBaHHs T3.

KoMnieHcyBaTH 3MEHIIICHHS 3arajbHOI TaibMiBHOT ciiti Pr (I CTBOPEHOTrO HEI yrnoBiibHEeHHs T3 | )
MOXKHa PaxyHOK 30iNbIIEHHS MPUBOTHOTO THUCKY p. OmHak y merkoBux T3 mimcwiroBadi B raibMiBHOMY
MIPUBOJII MAIOTh HEINHIHHY XapaKTEPUCTUKY, 1[0 0OMEXY€e BETHINHY MaKCHMaIbHOTO TUCKY NMPUBOIY. ToMmy
oAb aHani3 Oyae noOyAoBaHUN y IEpeAyMOBi MOCTIHHOTO MPUBOAHOTO TUCKY (Oepyun Horo 3HaYeHHS
PIBHUM PO3paxyHKOBOMY).

BinHocna 3miHa 3arampHOi TalbMIBHOI CHIM, OOyMOBJEHAa 3MIHOIO TalbMIBHHX CHJI Ha OCSAX
(mpuiiMaeMo, TO TaJbMiBHI CHJIM Ha JIIBOMY Ta MPaBOMY KoJiecax OJHi€l oci piBHI MK cO00I0)

SP _5j_APT _APTl_l_API'Z :APTan AP LR,
T = = + =
P P R PPy FroPr (24)

= ﬂao '5PT1 + (1_1800)'5PT2 = ﬂoo '(5P71 _5PT2) +5PT2

3 ¢opmynu (24) BUIHO, O Y BUNAAKY
OP, =6R,. (25)
5P, =R, =5, (26)
KoedimieHT aificHOT0 po3moaily TaTbMiBHUX CHIJI MIXK OCSIMHU

B = Py + AP, _ P _ (27)
 P,+AP,+P,+AP, P .p 1+06R,
Tl T2
1+0PR,

3a ymoBu (25) fo=L0. BuzHaunMo 10mycTuMe 3HUKEHHSI 3arajibHOI TajbMIBHOI CHJIU (YIIOBLIBHEHHS,
10 BcraHoBmtocs) TC mpu 3011bIIEHH] 3 IITMHOM Yacy MiHIMAIBHO JOMTyCTUMOTO CEPETHBOTO BCTAHOBJICHOTO
YIOBUIbHEHHSI (BUKOPUCTOBYIOUH 3aJIekHICTh (2.2 [2]). JomycTume BiHOIICHHS 3HMXECHHS CEPEIHBOTO
YIOBITbHEHHSI

Cy ) R S U R @8)
Jmax ¢ g
Ha puc.3. naBezeni kpui (28) ans T3 xareropii M1 npu BunpoOyBanssx 0, |, 1 Ta mig yac mepeBipku

rajJbMiBHHUX BJIACTUBOCTEH JIerKoBUX T3, 110 3HAXOIATHCA B KCILTyaTaLlii.

KpuBa 3MiHu Jj ans mepeBipkH ranbMiBHHMX BiactuBocTed T3 kareropii Mi, mo 3HaxonsaTbes B
eKcIuTyaTarlii, 30iraeTbcs 3 KpuBOw Ui BunpoOyBanb |. lle mom'sizano 3 tum, mo B1=1,424+0,094, a
By=1,428+0,146.

Bouesunp, 1m0 HeoOXigHO 320€3MeYnTH BUKOHAHHS YMOBH 0 PT =0 J > [5 J] , TOOTO.
Bo = (0P, +6P,,) +SP,, > —exp(—BA). (29)

UyTnuBiCTh TaldbMIiBHOTO KepyBaHHS T3 70 3MiHM TalbMIBHHX CHJI Ha OCSX BU3HAYAETHCS 3a
3aJIeXKHICTIO

oR) _ 45 - 30
aopy P 0
O6R) 4 45 31
ooRy) T P ()
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Pucynok 3 - 3anexHicTh JOMTyCTUMOTO 3MEHIICHHS 3arajibHOI TalbMiBHOI CHITH (YTIOBUILHEHHS, IO
BcraHoBmiocs) T3 kareropii M1 Bix gacy: 1 — mpu BunpoOyBaHHsX 0 («X0IOmHI» TanbMa); 2 — IpH
BUTIpoOyBaHHsX | Ta B ekcimryartarii; 3 — mpu BunpoOyBaHHsX |1

Ockinmbkn uis nerkoBux 13 f,0>0,5, To BIUIMB HECTaOIMBHOCTI TEPENHIX TalbM Ha 3HIDKEHHS
e(eKTUBHOCTI TAIbMyBaHHS OLITBII BIIYyTHUH, HIXK BIUIMB HECTAOITHHOCTI 3a/THIX TATBM.

Jns nepenHix ranpMiBHEX MexaHi3miB T3 cermeHTa C 00yMOBIIOEThCS HWXKHSI Meka KoedilieHTa
TEPTS JUIs1 XOJIOAHUX TATbMIBHIX MEXAHI3MIB fLx min=0,33, a IpH HArPITHX TaJIbMiBHUX MEXaHI3MaX - U min—0,3.
[Ipu po3paxyHKax raibMiBHAX ME€XaHi3MiB HAOyBalOTh 3HAYECHHS KOeillieHTa TepTs tpac,=0,3 — 0,35.

BUCHOBKH

BukonaHo aHani3 BIJIMBY HEPiBHOMIPHOCTI TaJbMiBHUX CHJI Ha KoJiecax OJHi€l O0Ci TPaHCTIOPTHHX
3ac00iB Ha BIAXWICHHS PO3MOIUTY TATbMiBHIX CHJI MIX OCSIMH CBOTO PO3paxyHKOBOTO 3HadeHHs. [Ipu omiHti
MMOXUOKHU PETYIIOBaHHS PO3MOALTY TAIbMIBHAX CHJI MK OCSMH TPAHCTIOPTHHX 3aCO0IB BPaXOBYBAIIUCS TPH
KOMIIOHEHTH: TEOpETHYHAa MOXHMOKa, OOYMOBJIEHAa HEJOCKOHATICTIO OOpaHOro CIOCO0Yy peryJtoBaHHS
(BiIMiHHICTB JIHCHOT PO3PaxyHKOBOI XapaKTEPUCTUKU PETYIIOBAHHS Bif| iZieaibHOT), MOXMOKa, CTBOPIOBaHA
3a paxyHOK HECTaOiIbHOCTI CITiBBiTHOMIEHHS TaTbMiBHUX , 00YMOBJIEHA HEPIBHOMIPHICTIO TaJIbMiBHUX CHUT Ha
KoJjiecax okpemux oceli HecTaOuibHICTh raJisMiBHUX MOMEHTIB Ha MEPEIHIX 1 33JHIX KoJiecaX, 00yMOBJICHA
3MIHOK0 KOe(ili€HTiB TepTs QPUKLIHHUX Map, MPU3BOJAUTH HE TUIHKU JI0 3MIHH PO3MOALTY TAIbMIBHUX CHIT
MDXK OCSMHU Ta OKPEMHUMH KOJIeCaMH, alie 1 3HIKEHH e()eKTUBHOCTI ralbMyBaHHs TPAHCIIOPTHUX 3ac00iB B
YMOBax eKcIuryararlii. BctaHOBIEHO, M0 JUIS «XOJOJHUX» TajdbM KOe(illieHT TepTs (PUKIIHHUX Tap, M0
3HaXOAAThCS B Mexkax ux=0,46+ 0,10, a nus «rapsaux» ranbeM — 1r=0,340+0,068. Lle o3naugae, mo npobiaema
3HIDKSHHS 3arajibHOT TaJIbMIBHOT CHITH ISl TPAHCTIOPTHUX 3aC00i1B, IO PO3TIISIIAI0THCS, HEAKTyalIbHa.
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V. Volkov, I. Gritsuk, V. Onyshchuk, I. Taran, T. Volkova. Evaluation of the Stability of the braking
Control characteristics of vehicles.

The article is devoted to the study of the influence of the brake control elements of passenger cars on
the stability of their braking properties. An analysis of the influence of the uneven braking forces on the wheels
of one vehicle axle on the deviation of the distribution of braking forces between the axles from its calculated
value was performed. When assessing the error in regulating the distribution of braking forces between the
axles of vehicles, three components were taken into account: the theoretical error due to the imperfection of
the chosen method of regulation (the difference between the actual calculated control characteristic and the
ideal one), the error created due to the instability of the ratio of braking forces on the front and rear wheels,
additional error, due to uneven braking forces on the wheels of individual axles. The instability of the braking
torques on the front and rear wheels, due to a change in the coefficients of friction of friction pairs, leads not
only to a change in the distribution of braking forces between the axles and individual wheels, but also to a
decrease in the braking efficiency of vehicles under operating conditions. The instability of the braking torques
on the front and rear wheels, due to a change in the coefficients of friction of friction pairs, leads not only to a
change in the distribution of braking forces between the axles and individual wheels, but also to a decrease in
the braking efficiency of vehicles under operating conditions.

A method is proposed that allows to evaluate the quality of regulation of the distribution of braking
forces between the axles of the car, taking into account the instability of the braking forces on the wheels.

Keywords: automobile, characteristic, stability, braking control, braking properties, braking
mechanism, coefficient of friction, distribution of braking forces.
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TI'anmzrox M.O., boxak B.1.
Jhyybkuti HayioHanbHULl MEXHIYHUL YHIgepcumem

MO/IEJIIOBAHHS IMHAMIYHOI B3AEMO/IIT TAHOK MAJIOTOHHAYXHOT O
ABTOIIOI3/IA IIPU TAJIbMYBAHHI

[MuTanHsIM yAOCKOHAICHHS €KCIUTyaTalliiHUX BIACTUBOCTEH BaHTaKHUX aBTOIOI3/iB, TAK CaMo SIK 1 po3po01i
KOHCTPYKILi# Ta BUOOPY MapaMeTpiB 34ilHUX NPUCTPOIB, IPUCBSYEHO YMMAJI0 HAYKOBHX IIpaIlb.

BukopucTanHs JIeTKOBUX aBTOMOOUIIB B SIKOCTI TArada y CKIaAi aBTOINOi3]a, IPH BCIX CBOIX MO3UTUBHUX
edekrax, MoB'sI3aHe 3 HM3KOI0 TEXHIYHUX TPYAHOINIB, ITOB'SI3aHMX, 3AEOLIBIIOrO, 3 BIACTHBUMU MAaJIOTOHHAXHUM
H0i371aM 0COOIMBOCTSIMH.

MaJsoToHHaXHI aBTOMOI3/1 (PaKTHIHO BUIMAIH 3 OIS 30py BUSHHX, OCOONMBO y Hamiil kpaini. Po6oTu B wiit
rajy3i HEYMCIICHHI Ta CIPSIMOBaHI Ha BUBYCHHS Ta BIOCKOHAJICHHS KOHKPETHHX EKCIUTyaTallifiHUX BIAaCTHBOCTEHl, He
TOPKAIOYHCh TIPU LbOMY IUTAHHS JUHAMIYHOI B3a€MOJII JAHOK MaJOTOHHa)KHUX aBTOIIOI3/iB Ha BCbOMY CHEKTpi
PEKUMIB pyXy Ta BUOOPY HapaMeTpiB 3YIMHUX MPUCTPOIB. 32 KOPAOHOM HAKOIMYEHO MEBHHUN OCBII y MPOEKTYBaHHI
Ta BHPOOHMITBI NPHYEIIB IS JIETKOBHX aBTOMOOLIIB, OHAK NaHUX IO METOAMI BHOOPY IapaMeTpiB, SKHUMH
KOPHCTYIOTBCS IHO3€MHI BUPOOHHKH TIPH MPOEKTYBAaHHI 3YIIHUX IIPUCTPOIB, Y BIIKPUTOMY JOCTYII HE 3yCTpidaeThCsl.
V 3B'I3KY 3 4MM, JOUUIGHO JOCTIPKYBaTH BIUIMB KOHCTPYKTUBHHMX Ta EKCIUIyaTallifHMX HapaMeTpiB 3YilTHOTO
NPUCTPOIO Ha JUHAMIYHY B3a€MOJII0 JIAHOK MaJOTOHHAXXHOTO aBTONOI3[a HA PI3HUX PEKUMaxX pPyXy 1 BH3HAYHTH
3aKOHOMIPHOCTi 3MiHH IIOKa3HUKIB TMHAMIYHOT B3a€MO/Ii{ JAaHOK MaJJOTOHHa)KHOTO aBTOIIOI3/1a Ta HA OCHOBI OTPUMAaHHUX
BUCHOBKIB, PO3POOUTH MpPaKTHYHI PEKOMEHAAII] 11010 BUOOPY MapaMeTpiB 3UiMHUX MPUCTPOIB I MATOTOHHAKHUX
aBTOMOI3/IB.

Haii6inpm xapakTepHUM, 3 TOTJSILY AWHAMIYHOI B3a€MOI JTAHOK, € PEXHUM TallbMyBaHHA. TOMY HIDKYE
OinTpIIe TOKIATHO 3yMUHUMOCS Ha MOZETIOBAHHI caMe I[bOTO PEKUMY.

MaJoTOHHaXHUH aBTONOT3/1 ABJIsIE COOOI0 CKIIATHY MEXaHIYHY CHCTEMY, L0 CKJIAJa€ThCs 3 BEJIMKOT KUTBKOCT1
CJIEMEHTIB, 3'€THAHUX PI3HOTO poAay 3B'I3KaMH. JlOCHi/UKEHHs pyxXy aBToONOi3/la 3 YypaxyBaHHSAM YCiX 3B'S3KiB
HEMOXJIMBO, TOMY B pOOOTi peabHUI aBTOIOI3/1 3aMiHEHIH Ha pO3PaXxyHKOBY MOJEIb.

KnrouoBi ciioBa: MaloOTOHHa)XHUH aBTONOI31, MPUYIlIHA JIAaHKA, KOHCTPYKTUBHI IapaMeTpH, eKCILTyaTaIliiHi
nmapamMeTpy, TaJbMiBHUH PEXUM, TaIbMIiBHI CHIIHM, MiAPECOPEHI YACTHHHU, HEMiIPECOPEHi YacTUHH, >KOPCTKICTB,
JUHAMIYHA B3a€EMOJIS.

BCTYII

Sk BimoMO qUHAMIYHA B3a€MOIIisI JJAHOK aBTOIOI3/]a HAO1IbIII BUPA3HO MPOSIBIIIETHCS HA HEYCTATICHIX
peXHMax pyxy, TAaKUX SK PO3TiH, BKIIOYAIOUM PYIIAHHS 3 MICII, Ta TaJbMyBaHHS, a TaKOXK IiJ 9ac pyxy
aBTONOI3/1a 10 HepiBHOCTSX gopord [ 1]. [Ipuyomy HalO1TBII XapakTepHUM, 3 TIOTIISILY JMHAMIYHOT B3a€MOJIIT
JIAHOK, € PEXHUM ralbMyBaHHA. ToMy HIDKYe OUTbINE JOKJIAAHO 3YMUHUMOCS Ha MOJIEITIOBAHHI caMme I[bOTro
PEeXKHUMY, THM OiITbIIIE PIBHSHHS, IO OMUCYIOTH PyX MaJOTOHHA)KHOTO aBTOIOI3/1a Ta JUHAMIYHY B3a€EMO/IIIO
HOro JIaHOK MpH TaJbMyBaHHi, MOXYTh OyTH BHKOPHCTaHi, 3 JACIKHMMH 3MiHAMH Ta JIONOBHEHHSMH, MPH
JOCII/PKEHHI 1IHIIUX PEXHUMIB PYXY.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMU

VY pobori [2] Oyno gocnimkeHo poOoyi mpouecy B 3U€MHHUX MPUCTPOSIX NMPH HASIBHOCTI B TalbMiBHIN
crcTeMi aBTOMOOLIS-TSATa4a aHTUOIOKYBaJIbHOT CHCTEMH, TaK CaMo OYJIO JIOCIi/IKEHO BIUTUB KOHCTPYKTHBHUX
Ta eKCIUTyaTaliifHuX (PaKTOPiB HA TAIbMIBHY TUHAMIKY Ta CTIMKICTh MaJOTOHHA)XHOTO aBTOIOI3/a.

Po3rnsparoun BIUIMB KOHCTPYKTHUBHHX (DaKTOpIB, aBTOpP BHUJIUIAE CHIOBE NepelaBajbHE YHCIIO
iHepIifHO-T1IpaBIiyHOi TadbMiBHOI CHCTEMH i Ta IO3JOBXHIO JKOPCTKICTb 3YilTHOTO MPUCTPOI C_ SK
HaWOIMbIn 3Hauymi mapameTpu. llpu mocHiDKeHHI BIDIMBY eKCIDIyaTallifHUX (QakTopiB, HAWOLIBII
3HAYyIMMH NPUIAHATI KOeDILI€HT 34EIUIEHHs IOBEPXHI JIOPOTH ¢, 13a30p y 34iMHOMY NIPUCTPOi &, .

3araipHa METOJMKA TPOBEIEHHS  JIOCHI/DKEHHS TIPYHTyBajacs Ha  JOCHIPKEHHI  BIUIMBY
KOHCTPYKTUBHHX Ta eKCIUTyaTallifHuX (aKkTopiB Ha TOKAa3HUKU SIKOCTI TPOIECYy TallbMyBaHHS
MQJIOTOHH2)XHOTO aBTOMNOi3/1a. 3a TOKAa3HUKHM SIKOCTI MPOLECY TalbMyBaHHS Yy poOOTI Oyno NpUHHATO:
rajibMiBHUH IUISX S, , KpUTEPil CTIMKOCTI 77, , MaTeMaTUYHE OYiKYBaHHS BEJIMYMHM 3YCHIUIA B 3Yillli Ta
KoediuieHT ii Bapianii v, .

VY poborti [3] mocnmimKyBaBcsi BIUIMB KOHCTPYKTMBHHMX Ta €KCIUTyaTalidHHX (pakTopiB Ha poOOTy
peKynepaTHBHOI aHTHOJOKYBaJIbHOI CHCTEMHM Ha KoJiecaX MpudYera MaJOTOHHa)KHOTO aBTomoi3ma. byma
po3poOiieHa TmporpaMa (QOpMYyBaHHS ONTHMAILHOTO AQITOPUTMY VYIPABIIHHS JUIA pPEKylepaTHBHUX
AHTUOJIOKYBIBHUX CHUCTEM NPHUYIMTHUX JIAHOK MaJOTOHHAXKHOTO aBTONOI3Ja 1 BUABJIEHI KOHCTPYKTHBHI Ta
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eKcIuTyaTariitHi (akTopu, IO BIUIMBAIOTh Ha TIOKA3HWKH SIKOCTI TaJIbMYBaHHS 3 PEKYIEPAaTHBHOIO
AQHTUOJIOKYBAILHOIO CUCTEMOIO Ta CTBOPEHUI aTOPUTM KepyBaHHS.

Y poborti [4] Oymu mocmimkeHi TaabMiBHI BIACTHBOCTI MaJOTOHHA)KHOTO aBTOIOI37]a Ta MOKJIMBI
METOJIM iX TOKpalieHHs. BCTaHOBJIGHI 3aKOHOMIPHOCTI PEryJIIOBaHHS TaJlbMIBHOI CHJIM Ha OCl IpHUYena,
JOCJTIJPKEHO BIUIMB 3MIiHU MacOBO-TEOMETPUYHHUX TapaMeTpiB TArada Ta IMpuderna Ha MpoIec TalbMyBaHHS
aBTOTIOI3/1a TIPH PI3HOMY PO3MOILTI TATBMIBHUX CHIJI MK Horo ocsiMu. OT[iHEHO BILTUB CTYTICHS BHKOPUCTAHHS
34inmHOi BarW 3aJHBOI OCI TATraya MaJOTOHHAKHOTO aBTOINOI3/la HA HWOTO CTIMKICTh NMpPH TaJbMyBaHHI Ta
MOXUTMBICTD 3HMKEHHS HEPIBHOCTI TAIBMIBHUX CHJI Ha OCSAX aBTOTOI3/a.

B pe3ynbTati qociKeHHS, TPOBEACHOTO 3 BUKOPUCTAHHAM MAaTEeMaTHYHOTO MOJICITIOBAHHSI TA METOIIB
IUIAHYBaHHS CKCIEpUMEHTY, OyJia po3po0JicHa METOAMKA pEryJIOBaHHS TallbMIBHUX CHJI Ha OCSX
MaJOTOHHa)XHOTO aBTOIOI3/]a: HA 33JHBIH OCi TSAraya B 3aJIeKHOCTI BiJi BEPTUKAIBHOTO HABAHTAXKEHHS Ha
34IMTHUIN TPUCTPIif; Ha TPUYEIll B 3aJIKHOCTI BiJl HABAHTAXXEHHS HA MOT0 BiCh 3 ypaxyBaHHIM pPeajbHOTO
PO3MOIUTY TATBMIBHUX CHJI MK OCSIMH TATaua.

Y pobGoti [5] Bmepuie BuBYeHI cnenu@idHi sBUINA, [0 BUHHUKAIOTH y 34YiMHOMY HPUCTPOi Ta
1HEpHUIHHOMY TaJIbMIBHOMY IIPHBOJI MpHYena, BHACTHIAOK IUKIIYHOI 3MiHM TaJbMIBHIX MOMEHTIB Ha OCSX
TATa4a, 00JIaTHAHOTO aHTHOIOKYBAIBHOIO CHCTEMOIO, Ta BCTAHOBJIIEHO iX BIUIMB HA TaJbMiBHI BIaCTHBOCTI
aBTomnoi3za.

CdopmynpoBaHi TeOpeTHYHI OCHOBH BHOOPY AOMYyCTUMOI MacH OJHOBICHHUX MPHUYEIIB Ta ONMTHMI3aIii
nmapaMeTpiB iHepIiiHOI ranbMiBHOI crucTeMu. Po3po0IeHo Teopito po3MoAily Ta PeryIioBaHHS TaJbMiBHUX
CWJI Ha OCSX MAJOTOHHKHOTO aBTOMOI3[]a, BKIIOYAIOYM METOJWUKU BHOOpPY MapaMeTpiB PEryJIOHYUX
npucTpoiB. Po3po0iieHO TeopeTHYHI OCHOBH PO3PAaXyHKY Ta MPOCKTYBaHHS iHEPIIHUX TaJbMiBHAX CHCTEM 3
CJICKTPOMATHITHUM KEPYBaHHSIM.

HIJIb TA 3AJAUYI JOCIIIXKEHHS

MeTow naHOi pOOOTH € BCTAaHOBJICHHS 3aKOHOMIPHOCTEH 3MIHHM MOKa3HUKIB JTUHAMIYHOI B3aEMOJIl
JIAHOK MaJIOTOHHA)KHOTO aBTOMOT3/[a MPU TaTbMyBaHHI.

PE3YJBbTATHU JOCIIIKEHDb

HasiBHICTh y TSATOBO-34iMHOMY NPHUCTPOi aBTOMOI3/Ia MPYXKHHUX, NEeMI(DYIOUNX €JIEMEHTIB 1 3a30piB
00yMOBJIIOE MTOSIBY B MPOIIEC] PYXY BIAHOCHUX MO3IOBXKHIX 1 MOTICPESYHUX KOJIMBAHb JTAHOK, TOJIOBHUM YHHOM
B TOPH3OHTANBHIN mmomuHi. [lomepeuni KoMMBaHHS HETaTHBHO BIDIMBAIOTH HA CTIHKICTH aBTOMOi3/a, aje
MPAKTUYHO HE BIUIMBAIOTH HA 3HOC 1 Aedopmallito Aetanei 3uimHoro npuctpoio [1]. [To3moBxHI %k KOJIUBaHHS
JIAHOK HE TUIHKU 3HAYHO 30UNBIIYIOTh HaBAHTAXKCHHS Ha 34IMTHUHA MPHCTPIH Ta arperaTd XOJI0BOI YaCTHHU
aBTOMOO1JIA, aJie ¥ MIKI/UTMBO BILUTMBAIOTH HAa JIIOJCHKUH opraHisM. ToMy Hagai oOMeXHMOCs TOCIiKEHHIM
MO3J0BXHIX KOJIMBAHb JIAHOK 1 MO3J0BXHBOI CTIMKOCTI aBTONOI3/1a.

ABTOMOI3]1 SIBJISIE COOOKO CKIIAJIHY MEXaHIUHY CHCTEMY, II[0 CKJIAJIAEThCS 3 BEJIUKOI KIJIbKOCTI €JICMEHTIB,
3'€IHAHUX PI3HOTO POy 3B's13KamMu. J[OCTiKEHHS pyXy aBTOMNOI3/1a 3 YPaxyBaHHIM YCiX 3B'13KiB HEMOXKJIMBO,
TOMY pEaJbHHN aBTOMOI3]l 3aMIHIOETBCA HAa PO3PaxXyHKOBY Mojenb. CKIaJHICTh MOJEN BHU3HAYAETHCS
3aBJIaHHSAMU JOCIIIDKSHHS Ta MOXKJIMBICTIO BU3HAYCHHS KIJIbKICHUX TIOKa3HMKIB, 110 aJICKBATHO BiJITBOPIOIOTH
peasibHU# mporiec. Y TOH ke 4ac MOJIeJIb IOBUHHA OyTH JOCTAaTHBO MPOCTOXO 1 JOCTYITHOKO JUIS TOCIIIPKEHHS,
110 mepeadaYae NPUHHATTS ACIKUX MPUITYIICHb.

PosriisHeMo mpoliec rajibMyBaHHS MajJOTOHHAXKHOI'O aBTOIOI37a y CKJIAJl JIBOBICHOTO aBTOMOO1JIs-
TArada Ta OJHOBICHOIO Ipu4Yerna, o0JaJHAaHOr0 rajibMIBHOIO cucTeMoro. Hanaii, mpudin, a0 KOJIC SIKOTO
MPUKIAAIOThCA TaNbMIBHI a00 TATOBI 3yCHJUIS, HA3WBATHMEMO «aKTHBHHUMY», B IHIIOMY BHUMAIKy -
«ITACBHUM.

Po3paxyHkoBa cxema aBTOMNoi3/71a MoKa3aHa Ha pUCYHKY 1.

h

Pucynok 1 - PozpaxyHkoBa cxeMa MaJOTOHHaKHOTO aBTOIOI3/1a AJIsl aHAITi3Y MO3/10BXHBOT
B3a€MOJIi1 HOT0 JIAHOK ITPH TaIbMYyBaHHI
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IIpuiiMeMo Taki IPUITYIICHHS:
- pyX aBTOMOI3/1a BIMOYBAETHCS 110 PiBHIH TOPU3OHTAIBHIN TOBEPXHI;
- BIJPUBH KOJIC BiJ] JOPOKHBOI MOBEPXHi BiICYTHI;
- 34ilHi BJaCTUBOCTI JOPOKHBOI MOBEPXHi MOCTiKHI 1O JOBKUHI JOPOTH;
- MIpecopeHi MacH JaHOK aBTOIOI3/1a - TBEP/i TiJia, [0 MAIOTh MO3IOBXKHIO TUIOMIMHY CUMETDii;
- HEMiIpeCOopeHi MacH TATada i Mpuyena pyxarThCs B TUIOMIKHI MTO3OBKHBOI CUMETPIi BiAMOBITHIX JIAHOK
aBTOIOI3/a;
- Y CHCTEeMI JIfOTh CHJIH OTIOPY, MPOTIOPIIiHHI TIEPITiil MOXigHIH B BIANOBIIHUX NIEPEMIIICHB;
- KyTOBI TIEpEMIIIEHHS MiAPECOPEHNX Mac JJAHOK aBTOIIO13/1a BiAOYBAIOTHCS BiJTHOCHO Bi/IMIOBIIHMX IIEHTPIB Mac;
- KoJleca OfiHi€] OCi MarOTh OJTHAKOBI PaJlyCH Ta MOMEHTH iHEpLIii.
Cknagemo audepeHiabHI PIBHSAHHS PYXy aBTOIOI3/1a, BUKOPUCTOBYIOUM piBHAHHS Jlarpamxka Il pomy

E g _8_T:_6_H_6_CD:Q(T) (1)
dtl oq ) g oq o '

Je T =0,5aq? - KIHeTUYHA €Hepris CUCTEMU;

17 =0,5¢g? - IOTEHLIIIHA €Hepris CUCTEMU;

@& =0,5/g> - IMCUNaTHBHA (QyHKIIIS;

a, ¢, 3 - NO3UTHBHI MOCTiHI KOe]ilieHTH;

q, - y3arajbHeHi KOOp/JMHATH;

Q(t) - y3aranpHeHa cuuta, IO BiAIOBiNae KOOPAMHATI () .

Sk y3araipHEHI KOOPAHHATH MPUIMAEMO:

Sa, Sn - IIJISXH, 10 POXOIATH IIEHTPAMH Mac Tsrava Ta MpU4era Bifl IeSKOT0 BUXiTHOTO TTOJI0KEHHS
(mo4aToK BiIJIIKY);

Za, Zn, &, - BEPTUKAJIbHI EPEMILIIEHHs IEHTPIiB Mac MiPECOPEHNX 1 HEMIPECOPEHUX YACTUH JIAHOK
aBTOIIOI3/a;

o, , a, - KyTH JuQepeHTy MiJpecOpeHHX YaCTHH TAraya Ta npuyena.

2

3aMiHMMO 3B'SI30K MiX JJAaHKaMH aBTOMOI3/1a Mi€I0 BIAMIOBIAHUX peakiiil 3B'a3Ky. Tomi po3paxyHKOBI
CXEMHU aBTOMOOIIA-TATa4a Ta MPUYIEIia MOXHA TTOIaTH Y BUTIISAI PUCYHKA 2.

CritanemMo audepeHItialibHi PiBHAHHS PyXY JJAHOK aBTOIOI3/1a Ta 3alUIIEMO BUPA3H JUIS BU3HAUCHHS
Ty, I, DaTa Q(t)

Bignik BeprukansHuX aedopmarii IpyKHAX €JIeMEHTIB MiABICKM Ta IMIMH OyJeMO BECTH BiJ[ CTaHy
CTaTMYHOI PIBHOBArd BiJMOBIIHUX YaCTHH JIAaHOK aBTomoi3aa. Toxi

L=7,+aa, —&;
1 b 4)
Zl - Za - naa _52’
Je a,, b, - BiacTaHi BiJl LEHTPY Mac MiJPECOPEHUX YACTHH TATaya JI0 EPEHBOI Ta 331HbOT OCEH.

BenuurHa koe(illieHTIB C,, 3aJIC)KUTh BiJI THITY IIABICKHU Ta BUIY KOJUBaHb (BEpTUKAIbHI 200 KyTOBI),
TOMY PO3DI3HATUMEMO BEPTHKAJIbHY C; 1 KyTOBI ¢, JKOPCTKOCTI IiJIBICKH, @ TAKOXK JKOPCTKICTh HPY>KHOTO

CIIEMEHTA Cpp, 3HAYCHHS SIKMX MOXKHA BU3HAYHUTH 32 BifoMuUMH (hopMyinamu [6].
HucunatuBHa QyHKIIS D,, 3 ypaxyBaHHIM NPUHHATUX BUILE TPUITYILECHb

@, =0,5(k, 22 + Sh,22 + Sk, E2 + 3k, ,E2) (%)
ae ¥k, Tk . - mpuBeeHi KoedillieHTH HEeMpY>KHOTo OIOpY B MiJBIiCII Ta IIMHAX TATaya;

Z.1 = Za + andu - gl’ (6)

Z‘1:Z'a_bna‘a _§2’
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Pucynok 2 - Po3paxyHKOBI cxeMH KOJTHBaJIBHOT MOJIENI JJAHOK aBTOMOI3/a

3HaiiieMo 4acTKOBI moxinHi Big 7y, I1, Ta @, 3a BIANOBITHUMHY y3araJbHCHUMHU KOOPIWHATAM Ta iX

noxigHUM. J1Jis KIHETUYHOT CHepTii:

% oT, 6Ta_%_%_8Ta_6Ta -0
S, 0Z, oa, o0& 0& oay Oa,
Jnst moTeHmiiHoi eHeprii:
oll oll.
& =37 +2C,2Z,; & =-%ca,z +2c,b,z,;
0z, oa,
oll oll
acff =-2G7 + zcmlgl; af: =-2C,Z, + Zcmzé:z-
Jnst muccunatuBHOT QyHKIT:
0D, oD
2 =%k 2, +2K,Z,; 2 =-%ka, z +2k,b, z,;
0z, oa,
0D, . oD .
2 =-2k 2, +2Kk,&; —2=-2K,Z2, + 2K ,&,.
0%, o5,

IMpomudepenuioemMo BUpasu 3a 4acom:

dfa, =M,S,; da, =M, Z,; a4 dTa =J"d,;
dT | ds, atldz, )~ =% dTda, )

d (dr,)_ .. d(dT,)_
d_T(délJ_mléglv dT(dfzJ ngz'

LA TESIIIA P £ AAA LA IE LA LR ALY TA TEA L
m CYUHACHI TEXHOANOMNM 8 MAWNMHOBYAYBAHHI TA TRPAI
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36yproroui crmu Qi(t) st BiAMOBIAHMX y3aradbHEHHX KOOPAMHAT
QSa :_PTl - PTZ - Pfl_ sz +PR;

Qaa = (Pl'l + PTz)hga - Pk (h;a - hk) _Zo (bn + Ic); .
Qza :_ZO;

le = ng =0,

1€ P, ,- TaJbMIBHI CHIIH, IO JIFOTh HA KOJIECAX BiAMOBIJIHUX OCEH TAraya

b

Pf 2= Rzlyzf - CWJIU OTIOPY KOYCHHIO;
R

.., - HOpMallbHi peakiii Jopory, o AiTh Ha KOJIeca BiANOBIAHOI OCl TAraya;

f - KoedirieHT OMmopy KOUEHHIO;
P« Zo - TO3MOBXKHS Ta BEPTUKAIbHA CKJIAA0BI 3yCHIIIS B 34ITHOMY IPUCTPOT aBTOMOI3/1a;
n

hga, h, - BiACTaHi BiJ LEHTPY Mac MiAPECPEHHMX YaCTHH TAraya Ta Bijl 34iIHOTO MPUCTPOIO 10
ITOBEPXHi IOPOTH.

[TizcTaBUBIIM 3HAYEHHS BCIiX CKJIAAOBUX B piBHSAHHA (1) 3 ypaXyBaHHSM NEPETBOPEHb OTPHUMAEMO

CHCTEMY HeNiHIHHUX AudepeHiabHUX PiBHAHB APYTOro MOPSIKY, IO OMUCYIOTh PyX LHEHTPY Mac Tsrada i
KOJIMBAaHHS HOTO IMiAPECOPEHNX Ta HEMiPECOPEHUX YaCTHH

Maga :_Rxl - RXZ + Pk’

M, Z, +Zk 2, +2K,2, +2CZ +2C,2, =Z,;

Jnd, +3ka,z - 3k,b, 2, +Zca,z, - 3c,b,z, = P!, — P (h, —h) = Z, (b, +1.); (7)
mlgl + zkmlél - Zklzl + zcmr’:l - zclzl =0;

ngz + kazééz _Zkzzz + ZCMSZz _Zczzz =0,

zie Rxl = PTl + Pf 1 sz = PTZ + sz - CyMapHi JOTWYHI peaxilii, 10 Mif0Th Ha KOJecax BiJMOBITHAX
ocel Taraya.

Cxnazemo nudepeHLianbHi pIBHAHHA pyXy npudena. Bupasu and BH3HAa4YeHHA KiHETHYHOI T, ,
NOTEHNIHHOT /7, eHeprii mpuyena Ta AMCUNATUBHOI QYHKII] @ 3amMIIEMO Y BUTIISII

T,=0,5(M,S? +M,, 22 + 3" a2 + mé2);
I1,=0,5(Zc,z> +2c,,E2);

(8)
@, =0,5(Zk,z. + 2k, ,E0),

ae M, , M, , m, - Macu puyena, #oro miJpecopeHnx Ta HEeliIPECOPEHNX YaCTHH
J n

yn = MOMEHT IHEPIIIT MAPECOPEHNX YACTUH NPHYIETIA;

b

>c,, 2C,, - Koe]ilieHTH )KOPCTKOCTI MiIBICKHU Ta IIUH IPHUYENa;
>Kg, 2k, , - KoedilieHTn AeMnQyBaHHs y MiABICII Ta IMHAX.

3ycmist Qi(t) aust BiAMOBIIHUX KOOPIUHAT (i TIpHYera

Qs" =—P;-P;—R;
Q, =-1,;

n

Qan = thgn + Pk (hn - hk) _ZO(In —d),

gn

ne P, Pf3 - TaJIbMIBHI CHJIM Ta CHJIM OTIOPY KOYEHHIO, 10 JII0Th Ha KOJIecax OCi IpUYera;
n .
hgn v he L, d - KOHCTPYKTHBHI HapaMeTpy IIpHYena.
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IIpomudepeniiiroBapmuin piBHsSHHSA (8) 3a BIAMOBIAHMMH Yy3araJbHEHHMH KOOpPAMHATAMH Ta iX
TIOXITHAMHM 1 TJCTAaBUBINK Ii BUpa3d B piBHAHHA Jlarpamka, Mmiciis NMEPETBOPEHL OTPUMAEMO CHCTEMY

HEJIHIHHUX TudepeHnianbHuX PiBHIHB, IO OMUCYIOTh PyX IpUyena:
MnS.n = _Rx3 - Pk’
M, Z, +2KZ, +2C,2, =—Z,;
35, +2kdz, +Zc,dz, = Pshy + P (hy —h)—-Z,(, —d);
msgs + kasés - Zkazs + chsfs — 202, = 0,

9)

ze Rxg = PT3 + Pf3 - CyMapHa JOTUYHA PeaKilis, o Ji€ Kojecax Oci mpudera.

BusnaunMo nuHaMiyHi Ta KiHEMaTH4HI MapaMeTpd pyxy JaHOK aBTomoizna. [ameMmiBHI cuian Ha
KoJIecax TArada BUpa3uMo Yy (yHKIIIT KoedimieHTa 34eryIeHHs Ta HOPMaJIbHOTO HaBaHTAKEHHS Ha KOJIECO

Rri = P,y (Sxi) (10)
J€ @, - HOTOYHE 3HAYEHHS KOC(IlI€HTA 3UETITICHHS.

BenuunuHa ¢, MOJETIOETBCA 3a METOIMKOIO [2], B OCHOBY SKOI IOKJIAJEHO OIMC 3aJEkKHOCTI

Koe(illieHTa 3YCTUICHHS BiJ MPOKOB3YBaHHS 3a IOMOMOroro riuaakux (yHkitii F(Sx) Ta kopekii #oro 3a
HIBHJIKICTIO 3 BUKOPUCTAHHSIM HACTYITHUX BUPA3iB

Pyi = PoF (S )A—K,V,);
Sxi (11)

F(Sy) = ,
(Sx) a,Sg +b,Sy +c,

1€ ¢, - Koe]iLlieHT 34enyIeHHs Mij 4ac pyxy Kojeca I030M;

kq, - KoeiIi€HT KOPEKIIii 3a MBUAKICTIO;
S, - BIIHOCHE ITPOKOB3yBaHHs KOJleca;

a,, b(/, , C, - xoediuienTn anpokcuMallii, 10 BUSHAYAIOTh THII ITOBEPXHI.

IIpokoB3yBaHHs Kojeca

Znm
S =1- R (12)
a
1€ ¢, - KyTOBa HIBUJIKICTb KOJIECA;
r, - BUIbHHI pajiyc Kojeca.
KyToBy mBuiKicTh KoJieca 3Haii1IeMO, IPOIHTETPYBABILIHU BUPA3
R,.o.r, —M._.
- X[ Ti |
O = , (13)
i
3a popmyoro
h V
0< =, + [dydt<==, (14)
r

0 A
ne J,, - MOMEHT iHepllii Koeca;
M, - raJabMiBHUI MOMEHT Ha BiINIOBIHOMY KOJIECI;
@, - KyTOBE IIPUCKOPEHHS KOJIeca.
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BenuunHa ransMiBHOTO MOMEHTY, IIO MIPHUKIAAAETHCS A0 KOJeca, 3aJeKUTh BiJl TUCKY B KOJICHHX
raJbMIBHUX LWIIHApPaX Ta KOHCTPYKTHBHUX IIapaMETPiB TrajibMiBHUX MexaHi3MmiB. J[jas aBTOMOOLTIB 3
TiIpaBIIYHUM TaTbMIBHUM TIPUBOJOM, 3 JOCTAaTHBOIO JUIS NMPAKTUYHUX PO3PAXYHKIB TOYHICTIO, MOXHA
NPUAHSATH

My = AjF (Pa — Po) (15)
ae A, - TEOMETPHUYHUH (aKTOp raJbMiBHOTO MEXaHI3MY;
F - IUIOIIA IIOPIIHA KOJNICHOTO I'aJbMiBHOTO HUIIHAPA,
p, - OTOYHE 3HAYEHHS THCKY y BiANOBIIHOMY KOHTYPI rajlbMiBHOI CUCTEMH TATava;
P, - THCK, III0 BUTPAYa€ThCs Ha MOJI0JIAHHSA ONOPY CTSKHUX HPYKHH.

Ha cyyacHux aBToMoO1IIsIX 17151 3a1100iraHHs OJIOKYBaHHIO KOJIiC 33AHBO] OCi B ii raTbMiBHOMY KOHTYpi
BCTAHOBJIIOIOTh PETYJIATOP TajbMIBHUX CHJI, KM 3MiHIO€ CIIIBBIJHOIIEHHS MDK THCKaMu p, 1 p,, Npu

JOCATHEHHI JEIKOr0 THCKY p,, 3 YPaxyBaHHAM BaroBoro CTaHy aBToMoO11s. ToMy 0 MOMEHTY BKJIIOUYEHHS

peryyisaropa MOKHa TPUHAHSATH, IO TUCK TaJbMIBHOI PITUHM B 000X KOHTYpax OJHAKOBHIN 1 3MIHIOETHCS
MPOTNOPLIHHO 0 Yacy raibMyBaHHS

pal = paZ = pa = nptp, (16)

A€ p, - TUCK HiCJIs FOJOBHOTO TaJIbMIBHOTO IIMIIIHAPA;

n, = Gp/ ot - remn 3minm THUCKY B TAJIbMiBHOMY TIPHBOJII TATAYa;

tp - yac BiJI MOYATKy raJlbMyBaHHs O MOMEHTY CIIPallbOBYBaHHS poOOYOi TabMiBHOI CHCTEMH.

Konn THCK y raipMiBHOMY NPHBOAI JOCATHE BEJIMYHMHHU [, BKIIOYAETHCA PETYJIATOP 1 MOAANIbINA

3MiHa THCKiB B TaJIbMiBHHX KOHTypax Oyje BinOyBaTHCS 3a Pi3HUMH 3aKOHaMH. J{MHAMIiUHI peryistop i3
MPOMOPIIIHHUM KJTaITaHOM, sIKi 3aCTOCOBYIOTHCS Ha CYYacHHX JICTKOBHUX aBTOMOOUISX, 3aJal0Th HACTYITHI
3aKOHH 3MIiHHU THCKIB

pal = np(tﬂ _tp)1
Paz = Py + kp(pal - p10)1

Ae t, -dac JIMHAMIYHOT CTaail Mpolecy rajibMyBaHHS;

17)

kp - koeilieHT nepenayi perystopa [8].

TpuBanicTs AMHAMIYHOI CTaAil 1 aBTOMOOLITIB i3 TiAPaBIIYHAM TaIbMiBHUM MPHBOJIOM CTAHOBHUTH
03 - 05 c. Ilicns mocsrHEeHHsST MaKCUMAalbHOTO THCKY B TallbMiBHOMY TNPHBOJI HACTa€ CTaTHYHA CTajis
rajibMyBaHHs, IPOTATOM SIKOi TUCK p,, 3aJIMIIA€ThCA HE3MIHHUM, PIBHUM P, .

Bu3HaurMo HOpMalbHI peakilii Ta 3yCHsIs Y 34ilTHOMY MPUCTPOT aBTOMOI3/1a.

Hopmanbhi peaxmii Ha ocsfiX JIAaHOK aBTONOI3[]a 3 ypaxyBaHHSIM NepEpO3MOALTYy BEPTHKAIBHHX
HaBaHTaXXEHb Y MPOLIEC] FaTbMyBaHHS BU3HAUYUMO 32 QOpMyTIaMH

Rzl = Rzlcm + kmlgl + kullgl;
RZZ = RZZCm + ku12§2 + ku42§2; (18)
R23 = Rz3cm + km3§3 + km3§3’
Je R, =~ - HOpMallbHi pPeakiii Ha Kojecax Taraya Ta Ipuyerna y CTaTHYHOMY CTaHi.
Peakuii R, BM3HAYalOThCs 3 PIBHAHb CyMH MOMEHTIB CHJI BITHOCHO TO4OK (A, B, D) KoHTaKTy KoJtic
i3 1oporor (pucyHokK 1)

RZlcm = Mangb/ La + mlg - Mnnglcd /lnLa;
RZZcm = Manga/ La + ng + Mnng(La + Ic)d /InLa; (19)
RZScm = Mrmg(ln - d) / In + mSQ’
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Benmmunay 1o3710BXHBOI CKIaI0BO1 Py 3yCHIUIA B 34iIII BUPa3UMO Yepe3 XapaKTEPUCTUKH 3UIITHOTO
MIPUCTPOIO Ta 1ehOpMaILIio Sy MPYKHOTO eIeMEHTa

R =c,S, +7.,S, + F,signS, , (20)
ne c,,, 1, Fp - KOEDIIIEHTH )KOPCTKOCTI, IEMIIDYBaHHS Ta CyX€e TEPTA B 3UIMHOMY IIPUCTPOI.

[IpyxHa XapakTepUCTHKA 3UIMMHUX MPHUCTPOIB 0araThb0X Cy4YaCHUX AaBTOMOOWUIIB Ma€ CYTTEBY
HEIHIHHICTB 1 MOXe OyTH, 3 TOCTATHHOIO JIJISl PAKTUKU TOYHICTIO, aIPOKCHMOBAHA TIOJIIHOMOM BHITY [9]

Csl{ = Cqu - Zlgsn (21)
e c,, - KOe]imieHT >KOPCTKOCTI NPYKHOIO €JIEMEHTa 3YiNKH NpH Malmux JAepopmamisax
(s, <0,02S, )

S, N - eMmipuyHi Koe(iieHTH, 10 XapaKTepU3yIOTh HETIHIHHICTh MPY>KHOI XapaKTEPUCTHKH.

VY pasi «apoboro» 3uemieHHS a00 3acTOCYBaHHS Ha aBTOMOI3[I YKOPCTKOi 3UENKH, HaNpHKIa]
«KyJnbOBOi», BelMuYMHa KoedimieHta ¢, OyAe BH3HAUATUCA MO3J0BKHBOK >KOPCTKICTIO IACi JIAHOK

aBTOMOI3/a.
Jlist BU3HAYCHHS JUHAMIYHOI CKJIaZ0BO1 Zo BEPTUKAIBHOTO 3yCHILISA Z¢ B 3UITHOMY IIPUCTPOI MOXKHA
BUKOPHCTOBYBATH OJIHE 3 PiBHAHBb cucteM piBHAHB (7) abo (9). Tak, KO BUpa3sUTH KyT JUDEPEHTa «,

TiJpecopeHoi MacH MpUYeria Yepe3 BiAMOBIIHI epeMillieHH IMiIpecopeH0] MacH Tsrada

1
=)

TO, BUKOPUCTOBYIOUH TPETE PiBHAHHS cucTeMu (9), OTpUMaeMo

—L,—Q, (bn + Ic)] ) (22)

1 n n e . . .
ZO (I d)[(Pr:;‘I'Rf(S)hgn +Pk (hgn _hk)_\]ynan _knaan —anZn _Cnaan _anzn +k3d§3+c3d§3:|(23)

Toxi cymapHa BepTHKaIbHA PEAKLIis

Z, =272, +Z,, (24)

3 cm

ae Z, =M gd/| -BepTHKallbHA CKJIAJ0Ba 3yCUJUIS y 34iIllli y CTATHII.

[lepeiizemMo 10 TaIbMIBHHUX CHJI Ha KOJIeCaxX MpHUYeTa.

Sk yxe 3a3Haya’oCs paHille, HAa OJHOOCHOBHUX MpPHUYENaX 0 JIEKOBHX Ta MaJOTOHHAKHHX
BaHTKHUX aBTOMOOLUIIB HaiOinblIe 3aCTOCYBaHHSI OTpHMAaa iHEpIiiiHa raibMiBHa CHCTeMa, IPUHIMI il
SIKOT 32CHOBAaHWH Ha MEPETBOPEHHI 3yCHIUIA HAKAaTy TpUYena Ha Tsrad B rallbMiBHI CHITM Ha KOJIecax MpHYerna.
InepuiitHa ranpMiBHA CHCTEMa BKIFOYA€E TPH TPYIIU MIPUCTPOIB: MIPUCTPIN YIPABIiHHS, TaIbMIBHHI IIPUBOJ Ta
KOJTiCHI ranbMa. 3 OrJIsiy Ha Te, 0 Ha IpUYernax 3acTOCOBYIOThHCS CTaHJapTHI TalbMiBHI MEXaHi3MH, po0oTa
SKHX OIUCYETbCS THUMH CaMUMH DPIBHSHHSAMH, 10 W y Tsrada, JOKJIaJHIIIE 3yMUHUMOCS JHIIE Ha
MOJIETIOBaHHI POOOTH JBOX IEPLIMX MPUCTPOIB.

[pucTpiii ynpaBiiHHS CIYyXKUTh JJIs Tiepenadi 3yCHIUIs HaKaTy Bifl 34IITHOTO NMPHCTPOIO HA TPHBOJ
rajJbMiBHOI ccTeMH npuuena. Bin Bkitodae B cebe moporosi i temndytodi npuctpoi. [Toporosuii npuctpiit
MPU3HAYCHUH A5 3arm00iraHHsl MUMOBIJIBHAM CITPAllbOBYBAHHSAM 1HEPIIHHOI TaIbMiBHOI CHCTEMH TIPH PYCi
aBTOIO{3/1a MO HEPIBHMUX JOporax, a AeMIdyrouuid - i TaciHHA KOJIMBAaHb y NPUCTPOI KEepyBaHHS Ta
raJbMIBHOMY TIPUBOJII Iipuyena. B naHuii 4ac 3acTOCOBYETHCS JICKUIbKA TUIIB MOPOTOBUX IMPHCTPOIB, IO
BIJIPI3HAIOTHCS KOHCTPYKTHBHO Ta MarOTh pi3HI BHXIiNHI XapakTepucTuku. Ha pucyHky 3 mokazaHa
pPO3paxyHKOBa CXeMa IPHUCTPOI0 YIPABIiHHA, SKa J03BOJISE, 38 PAaXyHOK 3MiHM PO3MIpPHUX Ta CHIOBHX
napameTpiB eJIeMEHTIB CXeMH, MOJICIIIOBATH POOOTY MOPOrOBUX MPUCTPOIB pi3HOTO THIY [7].
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Pucynok 3 - Po3paxyHkoBa cxeMa IpUCTPOIO YITPABIIHHS 1HEPIIIHOO TaTbMiBHOIO CHCTEMOIO
1 - pyxomuii IITOK; 2 - MOPOTOBUN MPUCTPIH
3anmmemMo piBHIHHSA PIBHOBArd CHJI, IO AIFOTh HA MITOK | TPUCTPOIO YIIPaBIiHHS

I:)k - F(SH ) _77H1,ZSH _Cy (SH - 5)() _/UZB sgn SH a mySH - Rc =0, (25)
ae F(S,) - GyHKILisA 5KOPCTKOCTI HOPOrOBOIO IPHCTPOIO;
S, - HepeMillleHHs IToKa 1;

Ny - koedinienTn onopy aemndepa npu X0l CTUCHEHHS Ta Biaiadi;
M, - Maca pyXOMHX 4acTHH MPHCTPOIO KEPyBAHHS;

R, - PeaKIis raIbMiBHOTO IIPUBOJY Ha IUTOK 1;

C, - xoediuieHT KOPCTKOCTI HOBOPOTHOI IIPYKHHH;

S, - BUIBHMH XiJ] IITOKa;

A - KoedillieHT TepTs.

Bun QyHkmii KOpPCTKOCTI 3aleXHTh Big TPHUHHATOI PO3PaxyHKOBOI
KOHCTPYKTHUBHHUX ITapaMeTPiB HOPOTOBOTO IMPHCTPOIO [ 5]

A
F(Su) = Fuori +12( 8 = B3 + A o l-=2=, (26)
«/bH + A
ne F,, =(0,02—-0,05)G, - MOYaTKOBUH MOPIr CpalbOBYBaHHS IHEPLIHHOI raabMIBHOI CHCTEMH;
7, - cxeMHuil koediuient (y, =0;1);

CX€MH Ta 3HaAa4YCHb

a,, by, d,, - KOHCTPYKTHBHI IapaMeTPH IIOPOTOBOI0O MPUCTPOIO;
A =d, =Sy,
C,, - KoeQillieHT )KOPCTKOCTI MPY’KHOTO €JIEMEHTA.

KoediwieHT y,, BpaXxoBye CTPyKTypHY CXeMY IPaHUYHOTO IPUCTPOIO.

Bupaz (26) mo3Bossie MOJIENIOBATH TIOPOTOBI MPUCTPOi pi3HUX TUMIB. Hampukian, sKIo NpuidHATH:
7y =1, a,=d,, b,=0 T1a c,=05c,, To orpumaHa (QyHkuis F(S,,) BiANOBiNAaTUME IPYXKHIiH
XapaKTEPUCTUIIl TOPOrOBOTO MPUCTPOIO 3 [ICHTPAIBHOIO MTONEPEIHHO CTUCHYTOI MPYKHHO F, =F,, +c,S,-

Posp'szaBmmm piBHAHHA (25) BIHOCHO S, OTPUMAEMO BHUpa3, L0 OMKUCYe POOOTY NPHUCTPOIO
YIpaBIIiHHS 1HEPLIHHOIO TaTbMIBHOIO CUCTEMOIO

Sy = m_[Pk =150 =R (S) —¢,(Sy = 6,) —uZgsgn S, —R . (@7)

y
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B ocHOBYy Mopem TipaBidHOTO TaJbMIBHOTO IMPHUBOAY MpHUUYEIa TOKJIAICHO NWHAMIYHY CXEMY
TipaBIIivyHOI CHCTEMH (PUCYHOK 4) 3 MOJATIMBICTIO Yy BUTJISAI «T1ApaBIidHOL IpYKUHW» [7].

1 1

T I

Pucynok 4 - JIlunamiuaa cxeMa TiIpaBiIiyHOi CHCTEMH TaJIbMIBHOTO IIPUBOY ITpHUeTIa
1 - MasITHUKOBUH Ba)K1JIb;

213 - TONIOBHUY Ta KOJNICHI TAIbMIiBHI IIMITIHAPU

[Ipu ckiaganHi piBHSAHB, IO OMUCYIOTH POOOTY TadbMIBHOTO TiAPABIIYHOTO MPUBOY MpHUYEIa OyiH
MPUAHATI TPUMYILIEHHS: TTapaMeTpy poO0YO0l PiIMHHM 32 Yac ralbMyBaHHS 3AJIMIIAIOTHCS TOCTIHHUMHE; MiCLIEB1
TiJipaBiIiyHi ONOPH BPaXOBYIOTLCS J10JATKOBOIO JOBKHHOI Marictpaii |, =(£d; )/ A, ,

ne & - KoedilieHT MiCLIEBOTO OIIOPY;
d, - BHYTpilIHil JiameTp TpyOOnpoBoay;
A, - 6e3po3MipHuii KoedilieHT onopy TepTs;

KOeQiIiEHT MOMATIMBOCTI TiAPaBIiYHOT CHCTEMHU NPUHAMAETHCA TMOCTIHHUM, PIBHUM CEepEeIHbOMY
3HAYEHHIO 3aJIeXKHOCTI yw(p) = f(p,);

CHIIOBa XapaKTepHCTHKA 00'ekTa KepyBanHs miniitna P(Z) = CopZ,

e Gy, - koedilieHT KOPCTKOCTI raTbMiBHEX MEXaHi3MiB;
Z - IepeMilleHHs TIOPIIHSA BUKOHABYOTO HIMJIIHIpA.
3 ypaxyBaHHIM IIUX MPUMYIICHD PIBHSIHHS PyXy PiIMHU y MaricTpali MiX FOJOBHAM Ta KOJICHUMHU
raJbMiBHHMH [MJIIHIPAMHA Ma€ BUTIIS]]
nol, F .  27,5npvl F,

f Zl+ f2 Zl+ pn = pFr (28)
mp mp

Jie P, V - TyCTWHA Ta KiHeMaTHU4HA B'SI3KICTh TaIbMiBHOI PiIHU;

lmp , fmp - IpUBEJICHA JIOBXKHMHA Ta IIJIOMIA Iepepi3y ralbMiBHOI MaricTpali ( |mp = |0 + Ie );

|, - KOHCTPYKTHBHA JIOBKHHA MaricTpaii;

F, - IUIOIIA TOPLIHSA KOJIICHOTO IajlbMiBHOTO IIMITIH/IPA;
N - KUTBKICTh KOJICHUX TaJIbMiBHHX IHJIIHJPIB;

z, - TIepeMillleHHs PiAMHU 003y TOPIEBUX CTIHOK KOJIICHOTO IajlbMiBHOTO LIUJIIHAPA;
P, P, - TUCK PIJIMHH B FOJIOBHOMY T'aJIbMIBHOMY LHJIIH/PI Ta KOJICHOMY IajJbMiBHOMY LIMJIIHJIPI.

Bupasumo nepeMimieHHst z, B QyHKIII NepeMiIleHHs z MOPLIHSA KONICHOTO TajibMiBHOTO IMTiHIpa
JUi1st IbOTO CKOPUCTAEMOCH PIBHSHHAM OaJIaHCY CHJI, IO JiIOTh Ha MOPIIEHb

m,Z+ksz+P(z)+ R sgnz—2P =0,
J€ m, - Maca PyXOMMX YacTUH, IPUBEIEHA 10 TIOPLIHS,

(29)

K, - KOe]illieHT B'I3KOT0 TepTs HOPIIHS 00 CTIHKM LMIIHIPA;
P, - cuja cyxoro TepTs;

P(z) - cunoBa XapaKTepHCTHKA FaIbMiBHOI'O MEXaHI3MY;
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2P - cyma akTMBHMX chi, IO JiFOTh HA TOPIIEHb KOMiCHOTO TaJbMiBHOTO IITiHIPA.

Jl1st TimpaBaidHOl CHCTEMH 3 TTOAATIIUBICTIO Y BUTJISAI «T1APaBIigHOI IPY>KUHI CYMY aKTHBHUX CHIT
MO’KHA BUPA3UTH Yepe3 NPYKHY JAehopMallito yMOBHOI MPYKUHH, BBEJCHOI B KOJICHUI raJIbMiBHUN IHITIHID

>P=c,(z,—2), (30)
ne C,. = Fk / (V pl//( p)) - CyMapHa >KOpPCTKICTh TAJIbBMIBHOI PIAMHU Ta 1HILIUX €JIEMEHTIB T1APaBII4YHO]

CUCTEMH, TIPUBEJICHA JI0 TIOPIIIHS;
Vv, - IIOYaTKOBHiT OOCST PIIMHMA Y T1APOCUCTEMI;

w(p) - KoedilieHT MoJaTIMBOCTI TiAPABIIYHOI CHCTEMH.

SIkmo 3HEXTyBaTH CWJIAMH 1HEPIIl PYXOMHX YaCTUH KOJIICHOTO TalbMIBHOTO IHJIIHApA, CHJIAMU
CYXOTO Ta B'SI3KOTO TEPTs, TO piBHAHHS (29) HaOyxe BUTIALY

c.z2=(z z)—F2k (31)
np& —\f1 )
V,w(p)
ne c, - JKOPCTKICTh €JIEMEHTIB TaJbMIBHOIO MEXaHi3My (KOJIOJOK 3 HaKJIaJKaMH 1 TajJbMiBHOTO
Oapabana).
Posp's3zaBum piBHsAHHA (31) 010 z, , OTPUMAEMO
z, =K,z (32)
1+Cnpvpl//(p) .. .. . RV . .
ne K, = T - Koe(ILiE€HT MOAATIMBOCTI TiAPONPUBOLY IHEPIIHHOT rabMIBHOI CUCTEMHU.
k

Slkmo He 3BaKaTH Ha MOAATIHBICTD TiAPABIIYHOI CHCTEMH, TO k,=1,42=2.

Bupasumo nepemirieHHs nopiHs z B pyHKLI] TUCKY PiJMHM B KOJICHOMY TraJIbMiBHOMY LIMJIiIHZAPI

F
7= k pn , (33)
Cnp
Toni
k F
2, = ”’C—kp” . (34)

np

[Mpomudepentnitoemo (32) i migcraBUMO OTpuMaHi BUpasu B piBHIHHAA (28)

b, +B,p, +B,p, —B.Q=0, (35)
27,5v foCw B
re B= s B = B
np pn v ok r

F,. - IUIOIIA IIOPIIHS FOJIOBHOTO I'albMiBHOTO LIWJTIH/IPA;
Q - 3ycuis, 1IO Ji€ Ha IITOK TOJIOBHOTO TAIbMIBHOTO HUTIH/pa 3 00KY IPUCTPOIO YIPABITiHHS.

3ycusuis
Q:Rcin :(Pk _Pc)in’ (36)

Je P, - onip HOPOroBoOro Ta JAeMiQyro4oro NpucTpois;
- TiepeiaTHE YKCIIO0 TATBMIBHOTO TIPUBOTY 1HEPIIIMHOT TajbMiBHOT CHCTEMHU.

In

3ycumiss P, 3HalaeMo 3 PiBHAHHSA PIBHOBArd CUJI, NPHKJIAJEHHUX J0 IITOKA IPHCTPOIO yIPaBIIiHH
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P.=mS, +1,,S, +F (S,)+C,S, +uZzsgnS,,, (37)
ae S,, = (5, +Yi,) - HepeMillleHHs IITOKA IPUCTPOIO YIPABIiHHS;
S, - CyMapHMi 3a30p B €JIEMEHTaxX TaJbMiBHOIO NPUBOJAY Ta rajbMiBHUX MEXaHI3MaxX, yMOBHO

MPUBEACHUH JI0 IITOKA MIPUCTPOIO KEPYBAHHS;
Y - mepeMilIeHHs OPIIHS TOJIOBHOTO TAJIbMIBHOTO IHJIiH/IpA.

Bennunny Y 3HalineMo, BUKOPUCTOBYIOUH PIBHSIHHS 0OajlaHCy MHUTTEBUX O0'€MHHMX BUTpAT PiIMHU B
raJIbMiBHIN CUCTEMI

nF2k
y=—-"p,. (38)
FFCnp
Tomi
SH:AH+kan; SH:kan; S‘H:kHijn' (39)

Ac kn :(anzkgyin)/(FlCnp)-

[MincTasusmm (39) no pisasians (37), oTpuMaeMo

P= mka B, + 77, Ky P, + F,(Sp) + C, Ay +kyp, —Sy)+uZgsgn p, - (40)
BusnauuBmu P, Ta P, 32 popmyiioro (36) 3Haiinemo sycumna Q Ta 3 piBHsAHHA (35) THCK p,, a IOTIM
- TAIIbMIBHAY MOMEHT Ta TaJIbMiBHI CHJIM Ha KOJIecax Ipuderna

MTi = AJFk(pn - Po);
Prs =K Rys0¢ (Sx),

ae k;, - KoediienT, 10 BpaxoBye HassBHICTb I'aJIbM Ha IPUYEIII;

(41)

A, - TeOMETPUYHUIA (aKTOp raJbMiBHUX MEXaHI3MiB;
R, - HOpPMaJIbHI PeaKIlii, IO III0Th Ha KoJieca OCl mpuYerna.

Ha 3akiH4eHHS pO3IJISTHEMO OCOOJMBOCTI B3aEMOJIII JTaHOK MaJIOTOHHAKHOTO aBTOIOI3[a y MpoIleci
rajgpMyBaHHs. BBaxkaTuMeMo, 1110 CIIOYATKy aBTOIOI3]] pyXaBcs y BUIBHOMY PEXUMI 31 IIBUAKICTIO V, , a HOro

JIAaHKW TIepeOyBaH y PO3TIATHYTOMY CTaHi, y SKOMY BiJICTaHb MiXK IIEHTPaMH Mac JIAHOK

Sa_SH :IO +§X l

AC Iy =(b+I1 +1,—d);

£, -3a30p y 34iTHOMY IPHCTPOI aBTONOI3/a.

Hexait y meBumii MomeHT vacy (t = 0) Tsrad mouynmHae rajgbMyBaTd i Ha HOTO KoJiecax 3'SBISIOTHCS
ranpMiBHI cui Py, . Lleif MOMEHT BiAIOBila€ OYATKy MEPLIOro eTally, MPOTAroM sIKOro Bil0yBaeThcs BUOIp
3a30py B 3uinui. [Ipu iboMy S, Ta P, piBHI HyJIIO, rajlbMiBHA CUCTEMA IIPUYEIa HE MPALIOE, a BiH IIPOJIOBKYE
pyxaTHCs HE3aJIeXKHO BiJ TArava Iij JI€ CUIM iHEepIlii. YMOBa 3aKiHUCHHs HEPIIOro eTany Mae BHIJISIL
S, -S, =I,.

Ha npyromy erami MiX JaHKaMu aBTOIOI34a BCTAHOBIIIOETHCS KOHTAKT, SIKUHM 3IIHCHIOETHCS depe3
npyxHuil 3B's130Kk. IIpu npomy BenmuuHa P, Bu3Ha4aeTbcsd 3a dopmynowo (20), a S, =S, —S —I,. Ha
ApPYroMy eTami HepeMillleHHs MITOKa MPUCTPOI0 KepyBaHHS S,, =0, OCKUIbKH, 3TiHO 3 alrOpUTMOM il
iHepLiiiHOI raJbMIBHOT CUCTEMH, IPUCTPiN KepyBaHHs CHPALbOBYE TUIBKM B TOMY BHUIAIKY, SIKIIO 3YCHIUISA
P, TEepEBUIMTH BEIMUMHY nopora F . JIpyruii eTan 3akiHuyeThCs, KoM P, cTae piBHUM F .

Ha tpervomy erami P, > F,

- »» TOMY IOYMHAE PyXaTUCs IITOK NPHUCTPOIO YNPABIiHHA 1 BiIOyBaeThCs

BUOIp 3a30piB y NMPHUCTPOi yNpaBlliHHS, TalbMIBHOMY NPHUBOJI Ta TrajdbMiBHHX MexaHizmax. Ilpu npomy
rajpMiBHI CHJIM Ha Kojecax mpuyena P, =0. Ha mpomy erami P, BusHauaeThes 3a (opmynoro (20), a

S, =S, -S, — I, —1,, . 3akinuyeTbCA €TaIm, KONMu S, =4, , A€ &, - CyMapHHH 3a30p B €JIE€MEHTAX IHEPLIHHOT
rajbMiBHOI CUCTEMH, YMOBHO IIPUBEIEHUI O IITOKA IPUCTPOIO KepyBaHHs [5].
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UeTBepTrii eram  BIONOBiZa€ TMeEpiogy AaKTHBHOTO TallbMyBaHHS mpuderna. [lpu  1pomy:
S,—S,<ly; BR>F, S, >0,; Sx =S,—S, —l,—1,. 3aKiHUCHHsA €Tamy 3aBepllye IPOLEC TalbMyBaHHS
aBTomnoi3za.

Sxmo npuyin He 00MagHaHUI POOOYOIO TaTbMIBHOIO CHCTEMOIO (ITACHBHUIT), TO POLIEC TATbMYyBaHHS

aBTOIOI3a BKIIFOYAE JBA NEPIMNX €TaIun 1 3aKiH‘Iy€TBC$I, KOJIX BUKOHYETBCS YMOBA V, = Sa =0.

Bupimenns audepeHuialbHUX pPIBHAHR MaTeMaTHYHOI MOJeNi aBTOMNOI3Ja MOXXE BUKOHYBATHCH
METOAOM YHUCENbHOTO iHTerpyBaHHs Pynre-KyTra 3 aBTOMaTHuyHMM BHOOPOM KpPOKY B 3aJICKHOCTI BiJ
TOYHOCTI BU3HAYCHHSI TOTO M 1HIIIOTO TTapaMeTpa.

OBI'OBOPEHHHA PE3YJIBTATIB JOCJIAKEHDb

lanbMyBaHHSI € OJHUM 13 OCHOBHUX PO3PaXyHKOBUX PEXHMMIB IPH BU3HAYCHHI MMapaMeTpiB 34ilTHOTO
MIPUCTPOI0 MAJIOTOHHAKHOTO aBTOMOI3/1a ¥ CKJIa/i TBOBICHOTO aBTOMOOUIS-TSATada Ta OJJHOBICHOTO TIpHYETNa.
3 METOIO OIliHKH BIUTUBY JESIKNX KOHCTPYKTHBHHX Ta €KCIUTyaTaliifHNX (DaKTOpiB HA BETMYHHY HaBaHTaKEHb
y 34ilHOMY MPHUCTPOI MaJOTOHHAXKHOTO aBTOIOi3la BCTAHOBJIEHO 3aKOHOMIPHOCTI 3MiHHM TOKa3HHKIB
TUHAMIYHOI B3a€MOZil HOro JaHOK Ta po3po0ieHa MaTeMaTHdHa MOJENb, IIO OIHCYE TIPOLEC PYyXy
MaJIOTOHH&)KHOT'O aBTOMOI3/1a TP TaJIbMyBaHHI.

Bupimenns piBHSHb MOJENi A03BOJISIE MPOBOJWTH IEPEBIpKYy BUOOpY eTamy ralbMyBaHHS i, B
3aJIeKHOCT] BiA IIbOTO, 3a BIANMOBIIHUMH PiBHSHHAMH Ta (GOpMylaMH BH3HAYaTH 3HAYCHHS CHIIOBHX Ta
KiHEeMaTHYHUX TTapaMeTpPiB NPOLeCy rajJbMyBaHHS aBTOIOI3/1a Ta HOTO JIAHOK.

BHUCHOBOK

JocnipkeHo BIUIMB KOHCTPYKTUBHUX Ta eKCIUTyaTalliiHUX apaMeTpiB 34ilTHOTO MIPUCTPOIO Ha
JUHAMIYHY B3a€MOJIIFO JJAHOK ITPH TAIbMyBaHHI MaJOTOHHAKHOTO aBTOIOI3/1a y CKIIai IBOBICHOTO
ABTOMOO1IIIA-TSTa4a Ta OJJHOBICHOTO MpHUYEIa, 00JIaJHAHOTO TATEMIBHOIO CHCTEMOIO.

B pesynbrati aHamizy niTepaTypHHUX JKEpea BCTAHOBJICHO, IO MUTAHHS JUHAMIYHOI B3a€EMOIiT JTJaHOK
MAQJIOTOHHa)KHOTO aBTOINOI371a BUBYCHO HEJOCTATHHO IOBHO, a ICHYIOUi METOAWKHM BHOOpY MapameTpiB
34IMTHUX TPHUCTPOIB PO3POOIISITHCS U BAHTXKHUX aBTOMOI3/iB, 3 KoedimieHToM HaBaHTaxeHHs ['an=1,6+1,8
(m1st ManmoToHHaXXHWX aBTomoizaiB [am = 1,2+1,35). PazoM 3 TUM icHYIOUYi METOJMKH HE BPaxOBYIOTbH
0CO0JIMBOCTI, BIACTUBI MaJJOTOHH)KHUM aBTOTOI3[]aM, a TAKOX MOXKIHUBICTh MPOOOI0 3YiNKH (0OMEKEHHS
MaKCHMaIbHOI Aeopmarii mpy>KHOTO elleMeHTa).

Po3pobiiena B pobOTi MaTeMaTH4HA MOJIENb, IO OMKCYE MPOIEC PYyXy MaJOTOHHAXKHOTO aBTOIOI3/a
NpU TalbMyBaHHI, JO03BOJIIE TPOBOAUTH IOCTI/KCHHS EKCIUTyaTalliiHUX BJIAacCTUBOCTEH aBTomoi3ma y
3a3HAYCHOMY PEXHMi pyxy. PiBHAHHS, IO OMHCYIOTH PyX MAaJOTOHHA)XHOTO aBTONOI3[a Ta IMHAMIYHY
B32€MO/IIFO HOTO JIAHOK ITPH TaJIbMyBaHHI, MOXKYTh OyTH BUKOPHCTaHI, 3 AESIKUMH 3MIHAMH Ta JOTIOBHEHHIMH,
MIPU JIOCITIKEHH] 1HIIUX PEXUMIB PyXY.
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M. Handziuk, V. Bodak. Simulation of dynamic interaction of low-level train links under braking

Much scientific work has been devoted to improving the performance of freight trains, as well as the
development of designs and selection of parameters of couplings.

The use of cars as a tractor in a road train, for all its positive effects, is associated with a number of
technical difficulties, mostly related to the peculiarities of light trains.

Low-tonnage trains have actually fallen out of sight of scientists, especially in our country. Work in
this area is small and aimed at studying and improving specific performance properties, without touching on
the issue of dynamic interaction of low-tonnage trains on the full range of modes of operation and the choice
of parameters of couplings. Some experience in the design and manufacture of trailers for passenger cars has
been gained abroad, but data on the method of selecting parameters used by foreign manufacturers in the design
of couplings are not publicly available. In this regard, it is advisable to study the influence of design and
operational parameters of the coupling device on the dynamic interaction of low-tonnage train links in different
modes and determine the patterns of changes in the dynamic interaction of low-tonnage train units and on the
basis of conclusions for light-duty road trains.

The most characteristic, in terms of dynamic interaction of the links, is the braking mode. Therefore,
below we will dwell in more detail on the simulation of this mode.

Low-capacity road train is a complex mechanical system consisting of a large number of elements
connected by various connections. It is impossible to study the movement of a road train taking into account
all the connections, so the real road train is replaced by a calculation model.

Keywords: low-capacity road train, trailer link, design parameters, operational parameters, braking
mode, braking forces, sprung parts, unsprung parts, rigidity, dynamic interaction.
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®OPMYBAHHS METOJIY 3ABE3INIEYEHHSI HOPMYBAHHS ITOKA3HUKIB I KEPYBAHHSI
MMAJIMBHOIO EKOHOMIUHICTIO TPAHCIIOPTHOI'O 3ACOBY Y 3MIHHUX YMOBAX
EKCILTYATAIII

B crarTi po3msiHyTO cydacHMil miaxing no (opMyBaHHS MeTOXNy 3a0e3ledeHHs HOPMyBAaHHS NMOKA3HHKIB i
KepyBaHHS IAJMBHOIO EKOHOMIUHICTIO TPAaHCIOPTHOTO 3aco0y y 3MIHHHX yMOBax eKciuryatamil. JlocmimkeHHs
MPOBEICHO Ha OCHOBI CHCTEMHOTO MHiaxoAy. B OCHOBY cHCTEMHOTro MiAXOAy I/l TEOPETHYHHX JOCIiIXKECHb
BUKOPHCTOBYBAJMCH HACTYITHI METOJH 1 TMOJIOKEHHS 3 TEOpii aBTOMOO1IA, Teopil aBTOMOOLTBHUX ABUTYHIB, METOAN
TEOPETUYHUX JOCHI/DKEeHb JUHAMIKH aBTOMOOLTIB, pO3paxyHKy HOPMATHBHOI BHTpaTH IalKWBa, METOIH
MOP(OJIOTIYHOTO aHAMi3y, TeOpil MHOXKHH, MATEMaTUYHOI CTATUCTHUKH, Teopii iHpopmamii Tomo. ExcnepuMeHTanbHi
JOCII/UKEHHS, 33 IIOJIOXKEHHSMHM CHCTEMHOTO IiJXOJAy, BHKOHYBAINCH i3 3aCTOCYBAaHHSM METOJIB IUIAHYBaHHS
EKCIIepHMEHTY i CTAaTUCTHYHOT 0OPOOKH OTPUMAaHHX pe3yNIbTaTiB, M0 0a3yIOThCS Ha TEOpii MOXUOOK Ta HEBU3HAYECHOCTI
BUMIpPIOBaHb, TOPOKHIX BUNPoOyBaHb T3 B yMOBax eKcILTyaTarlil.

Metoro poboTH € po3poOka CydacHOro METOAY 1 3aco0iB ioro peanmisaiiii, IO JO3BOJISE UCTAHINITHO
3IHCHIOBaTH HOPMYBAHHS MMOKAa3HHKIB 1 KEpyBaHHS MATHBHOI €KOHOMIUHICTIO TPAaHCHOPTHOTO 3aco0y y 3MIHHHX
YMOBaX eKcILTyaTartii.

3amponoHOBaHO 3arajbHUN MiAXix 10 GpopMyBaHHS MeTOLy 3a0e3NeueHHs] HOPMYBaHHA OKA3HUKIB 1 TAJTMBHOT
€KOHOMIYHOCTI TPAHCIIOPTHOTO 3ac00y KaTeropii y 3SMIHHUX YMOBaX E€KCILTyaTamii 3ac00aMi OIepaTUBHOTO KOHTPOJIIO
Ha OCHOBI IHTENEKTYyaJbHUX TPAHCHOPTHHX CHCTEM. PO3IIISIHYTI OCHOBHI CKIaIOBi 3a0e3MedeHHs pO3po0IeHOro
METOJy, Cepei HHX IPOBEIeHHS MOP(OJIOTIYHOrO aHami3y, CTBOPEHHS CTPYKTYPHO-JIOTIYHOI CXEMH CHCTEMHOI'O
BUpIIICHHS 3ana4 3a0e3Ie4eHHs] HOPMYBaHHS ITOKAa3HUKIB i KepyBaHHsS NaJIMBHOIO eKoHOMiuHicTio T3 1 po3polOka
0e3mocepeTHO METOAY JOCHIPKEHHS 1 HOPMYBaHHS TIOKa3HUKIB Ta MaJMBHOI eKOHOMIYHOCTI T3 y 3MIHHHX yMOBax
eKCIUTyaTanii 3aco0aMi ONEPaTUBHOTO KOHTPOJIO HA OCHOBI iHTEJEKTYyaJbHHUX TPAHCIOPTHUX CHCTeM. Peamizamiro
3aIpONOHOBAHOTO METOY MMOKa3aHa Ha MPHUKIIAAi TPAHCIIOPTHUX 3ac00iB KaTeropii N3.

B kinneBoMy mizcymKky 3poOiieHHH BUCHOBOK, IO 3aralbHUM MiAXix A0 GopMyBaHHS METOAY 3a0e3MeUeHHS
HOPMYBAHHS ITOKa3HHKIB 1 MAJIMBHOI eKOHOMIYHOCTI TPaHCIIOPTHOTO 3acO0y KaTeropii y 3MiHHHX yMOBAax €KCILTyaTarii
no0pe pearizyeThbest 3ac00aMu ONEPaTUBHOTO KOHTPOJIIO HA OCHOBI IHTENIEKTYalbHUX TPAHCIIOPTHUX CHUCTEM.

KarwouoBi cioBa: TpaHcmopTHHi 3aci®, HOpPMYyBaHHs, MMOKAa3HUK, BUTpaTa MaliBa, HIBUIKICTh, YMOBH
eKCIUTyaTalii, MOHITOPHHT

BCTYII

JocTaTtHpo 0arato yBaru B MPakTHII €KCIUIyaTallii TPaHCHOPTHUX 3ac00iB B YKpaiHi MPUIISETHCS
BU3HAYEHHIO 1 OTPUMaHHIO TapaMeTpiB BUTpATHU MajuBa, 3a0e3NEUEeHHI0O HOPMYBAHHS ITOKa3HUKIB 1
TEXHIYHOTO CTaHy Ta MIBUAKOCTI pyxy TpaHcrmopTHHX 3aco0iB (T3). Ilpu npomy, mmpoxko aBTOMaTu3oBaHe
JMCTAHIIIHE TIO€HAHHS OTIEPATHBHOTO HOPMYBaHHS IOKA3HHUKIB, KOHTPOIIIO BUTPATH MaJIMBa 1 3a0e31eYeHHS
naymuBHOI ekoHomiuHocTi T3 B omHOYacHIW peamizallii 32 yMOBaMH €KCIUIyaTallii, TeXHIYHHUM CTaHOM,
peXuMaMu poOOTH OomepaTopiB, iX (i3MYHMM CTAaHOM TOINIO Ie He 3JiHCHIOBanock. be3 TouHoi iHpopmarii
Opo BUTPATy MNajiMBa Ta MIBHAKICTE pyxXy T3 BaKKo mpoaHami3yBaTH 3MiHY pOOOYMX TIapaMeTpiB
TPaHCHOPTHOTO 3aco0y 1 3IilcHIOBaTH 3a0e3leueHHs HOPMYBaHHS TOKa3HUKIB 1 KEpyBaHHS MaMBHOIO
€KOHOMIYHICTIO TPAaHCIIOPTHOTO 3aco0y. Sk mpaBuiio, TEXHIUHI CIyOW aBTOMIINPUEMCTB 1 TPAHCIIOPTHUX
KOMIIaHill OTPUMYIOTh BKa3aHy iH(OpMaIlil0 TOCTYNOBO, 31 3HAYHWUM 3almi3HEeHHsIM. ToMy B MpakKTHUIl
eKCIUTyaTallii TPaHCIIOPTHI KOMIIaHii BUKOPHCTOBYIOTh JIMIIE OKPEMi IIOKA3HUKHU CBOET pOOOTH y TIOETHAHHI 3
BIJITIOBIJTHIMH TIapaMeTpaMH TPaHCIOPTHOTO 3aco0y. CriocTepekeHHs Ta aHalli3 MOKa3HUKIB HOPMYBaHHS,
MAJIMBHOI €EKOHOMIYHOCTI 1 IIBUJIKICHOTO PEXXUMY B peasIbHUX EKCIUTyaTalliiHUX YMOBaX 3/iHCHIOETHCS BXKE
micJIsl TOBEpHEHHs TpaHCHOpTHOro 3aco0y. llpakTuka ekcrutyaTtamii TpaHCIIOPTHOTO 3aco0y BHMAarae
3a0e3MeUeHHs] PalliOHATLHOI BUTPATH TAIMBa Ta NMapaMeTpiB CTaHy TPAHCIIOPTHOTO 3aco0y 3 ypaxyBaHHIM
BIJITIOBIJTHUX YMOB €KCILTyaTallii, OTPUMaHUX UUIIXOM JHCTAHIIMHOTO OINEPAaTHBHOIO KOHTPOJI. Takum
YMHOM, TEMAaTUKa CTAaTTI NMPHUCBSYEHOI (OPMYBaHHIO METOAY 3a0e3leyYeHHs HOPMYBAaHHS MOKAa3HHKIB 1
KepyBaHHS ITaJJMBHOIO EKOHOMIYHICTIO TPAHCIIOPTHOT'O 3ac00Y Y 3MiHHHX YMOBAaX EKCIUTyaTallii € aKTyaTbHOIO
Ta Ma€ BaroMe 3HAYCHHS IS MIABHUINEHHS e(EKTUBHOCTI €KCILTyaTallii aBTOMOOIJIbHOIO TPAHCIIOPTY.
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Mertoro poOoTH € po3podKa CydacHOTO METOMY 1 3ac00iB foro peaizaiiii, o T03BOJSIE TUCTAHITIHHO
3MIMCHIOBATH HOPMYBaHHS ITOKa3HUKIB 1 KEPYBaHHS ITaJJUBHOIO €KOHOMIYHICTIO TPAaHCIIOPTHOTO 3aco0y y
3MIHHUX YMOBaX eKCIUTyaTalii

AHAJII3 JTITEPATYPHUX JAHUX TA IOCTAHOBKA IMNPOBJIEMU

BupimrerHss HayKOBO-TIpHKJIaqHOI 3amadi 3a0e3nedeHHs HOPMYBaHHS TOKA3HHKIB eKCIUTyaTamil i
MMIIBHUINCHHS TATMBHOI E€KOHOMIYHOCTI TPAHCHOPTHUX 3acO0IB MUISXOM BHKOPHUCTAHHS OIIEPATHBHOTO
MOHITOPHHTY, KOHTPOJIIO BHTpaTH TailuBa 1 3aco0iB IHTENEKTyalbHHX TPAHCIOPTHUX CHCTEM,
PEKOMEHIY€ThCSI 3IIMCHIOBATH HAa OCHOBI 3araJlbHONPUHHATOI METOROJIOrI] IIPOBEAEHHS HAayKOBHX
nochipkeHs Ha TpaHcnopti [1-3]. [ns BupimeHHS MOCTaBIEHWMX 3aBAaHb JOCTIDKEHHS Y SKOCTI
METOJIOJIOTIYHOT OCHOBHM BUKOPHCTOBYBABCSI CHCTEMHUH Minxia. CUCTEMHICTIO Yy JOCHTIKCHHI, 32 PI3HUMHU
JpKeperaMu, IPUHHITO HAa3UBATH CYKYTHICTh B3a€EMOTIOB'SI3aHUX €JIEMEHTIB, SIKi B3a€EMOAIIOTH Mi’K COOOI0 /IJIst
JOCSATHEHHsT MOcTaBieHOi MeTd [2, 4]. B OCHOBY CHCTEMHOTO MiAXOMy Ul TEOPETHYHHX OCII/DKCHb
BUKOPHCTOBYBAJIMCh HACTYIIHI METOAM 1 MOJIOKEHHS 3 Teopil aBToMOOI, Teopii aBTOMOOITBHUX ABUTYHIB,
METOAM TEOPETUYHUX JOCHIPKEHb AWHAMIKH aBTOMOOITIB, pO3paxyHKy HOPMAaTHBHOI BUTpaTH MaJIMBa,
MeToIi MOP(OJIOTIYHOTO aHalli3y, Teopii MHOXKHH, MaT€MaTUYHO! CTaTUCTHKH, Teopii iH(opmarii Tomro.
ExcrieprMeHTanbHI TOCIIKEHHS, 32 MMOJIOKEHHSIMH CUCTEMHOTO TiX0/1y, BUKOHYBAIHCH 13 3aCTOCYBAaHHIM
METOAIB TJIAaHYBaHHS €KCIIEPUMEHTY 1 CTaTUCTUYHOI OOpOOKM OTPHUMAaHUX Pe3yNbTaTiB, MO 0a3ylOThCS Ha
Teopii MOXHOOK Ta HEBU3HAYEHOCTI BUMIPIOBaHb, JOPOXKHIX BUMTPoOyBaHb T3 B yMOBax eKcCILTyaTarlii.

HIJIb TA 3AJAYI JOCJIKEHHSA

3aranpHul MiAXig A0 (GOpMyBaHHS METOAY 3a0€3MEUYCHHS HOPMYBaHHS IMOKA3HUKIB 1 HaJUBHOI
€KOHOMIYHOCTI TPaHCIIOPTHOTO 3acO0y KaTeropii y 3MiHHUX YMOBax €KCIUTyaTalii 3acodaMu onepaTuBHOTO
KOHTPOJTIO Ha OCHOBI IHTENEKTYaIbHUX TPAHCIIOPTHUX CHUCTEM BKIIOYA€ B ceOe NeKiIbka OCHOBHHUX ETalliB.
Cepen HUX MpoBeneHHS MOP(OJIOTiYHOTO aHamily, CTBOPEHHS CTPYKTYPHO-JIOTIYHOI CXEMH CHCTEMHOTO
BUpIIICHHS 3a/1a4 3a0e31e4YeHHs] HOPMYBAHHSI MTOKA3HUKIB 1 KepYBaHHS MTATMBHOIO eKOHOMiUHICTIO T3 1 po3pobka
Oe3rnocepeTHhO METOMy AOCTI/PKEHHsSI i1 HOPMYBaHHS IMOKa3HUKIB Ta MAIWBHOI eKOHOMIiYHOCTI T3 y 3MiHHHX
YMOBaXx eKCIUTyaTalii 3aco0amu OrepaTHBHOTO KOHTPOJIIO HAa OCHOBI IHTENEKTYalIbHUX TPAHCIIOPTHUX CHCTEM.
Peanizariro 3anpornoHOBaHOTO METOAY MOKKEMO Ha MPUKIIA/li TPAaHCIIOPTHUX 3ac00iB KaTeropii Na.

Cucmemamusayiss cxem eapianmie 3a0e3NeyeHHs HOPMYSAHHA NOKA3HUKIG eKcnayamayii i
niosuweHHs nanusHoi exonomiunocmi T3. Peanizariito 3arrponoHOBaHOTO METOY BiJMIOBIIHO 0 METOIUKH
HAYKOBOT'O JIOCII/DKEHHSI CHCTEMAaTH30BaHO Yy BUTJISII MOXIMBUX BapiaHTIB 3a0e3MeYeHHST HOPMYBaHHS
MOKa3HMKIB i CHCTEMH KOHTPOJIIO 1 YIPaBIiHHS BUTPATOIO MMAIKMBa TPAHCIIOPTHUMH 3ac00aMu Kateropii N3 Ha
OCHOBI MeToy MOpdOJIOTiHHOTO aHami3y (Tadm. 2.1).

Merton dhopMmyBaHHS MOP(OIOTIYHOT MATPHIL — TEXHIYHA CHCTEMA, SIKa JIOCHIKYEThCS, JUIMTHCS Ha
OCHOBHI (DYHKITIOHAJIbHI eleMeHTH (MOp(]OIIoriuHi 03HaKW), XapakTepHi i Hei. KoxeH 3 UX eleMeHTIB
(03HaK) MOTPiIOHO OKJIATHAM YHHOM OTHCATH 33 IOTIOMOTOI0 HABEJICHUX O3HAK Yy TEXHIYHOMY BUPaKEHHI y
pi3HEX BapiaHTax [3, 5, 6].

IMpu mpomMy st TOrO, MO0 JOCATHYTH OCHOBHY MeTy (YHKIIIOHYBaHHS CHUCTEMH B YMOBax
eKCIUTyaTallii HeoOXiJHO TOYHA XapaKTePUCTUKA PEKUMIB pOOOTH CUCTEMH, B3a€EMO/Iii BY3IiB Ta MEXaHi3MiB
1 Take iHIIIE 32 IOTIOMOTOO KOHOT MOP(OIOTiuHOT 03HAKH, BUILICHI OCHOBHI (DYHKITIOHAIBHI €JIEMEHTH Ta iX
ckiagoBi (Tabm. 2.1): ocHamenHs T3 3acobamu 1ist 3a0e3MeUueHHS ONEPaTHBHOTO HOPMYBAHHS 1 KOHTPOJIIO Ta
YIpaBJIiHHS BUTPATOIO MaJIMBa 1 OCHAIIEHHS 1HQpacTpyKTypH 3acobaMu jisi 3a0€3MEeUYCHHST OIIePaTUBHOTO
KOHTPOJIIO 1 yrpasiinas [1 - 5].

byno ckmameHo mepenik BapiaHTiB (Bim 2 A0 7) TexHiuHoi peamizamii juis 11-u OCHOBHHX
MOpP(}OJIOTiYHUX O3HAK (PYHKIIOHAILHUX EJIEMEHTIB CHCTEMH, BiJI SKHX 3QJICKHUTh NOCATHCHHS IUIeH 1i
¢dyHKIioHyBaHHS B mioMy. KokHa 3 BKa3aHWX MOP(QOJOTIYHHUX O3HAK XapaKTepH3YEThCs (PYHKIIIEO,
KOHCTPYKTUBHHMM DIlIEHHAM a00 CHCTEMOIO, PEXMMOM POOOTH Ta CTAaHOM CHCTEMH, (OPMOIO B3a€MOZIl
CKJIaJIOBUX CHCTEMH, BiJl SIKMX 3aJIeKUTh BUOIp MOXIIMBOTO BHPIIICHHS 3a7adi OMEepaTWBHOTO KOHTPOJIIO,
HOPMYBaHHA MTOKa3HUKIB 1 yIPaBIiHAS BUTpaToio nanusa 13.

Tabmuis 2.1 — Mopdoiioriyda MaTpHIIs €JIEMEHTIB CHCTEMHOT B3aEMOJIIT MOXKJIMBUX CXEM BapiaHTIB
MiIBUIICHHS TAIMBHOI €KOHOMIYHOCTI TPAaHCIIOPTHHX 3ac001B KaTeropii N3 y B3aeMoIil 3 iHPpacTpyKTyporo
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l'hioc‘;“a 1ilé fo 1200 | 2,000 | 80m0 14010 | 20,010 | Binbme
o 2,0T. 8,0 T. 14,0 T. 20,0 T. 40,0 T. 40,0 T.
2. HasiBHICTE B .
T3 OBD- 2.1.13 O6m.mHaHHH OBD- 2.2. T3 ne obnagranmii OBD-po3HiMaHHIM
: PO3HIMaHHIM
PO3HIMaHHSI
3.4. Tpexep—
3. 3acobu 3.1. lratne 3.2. ffpelcepf 3.3. OBD — ckaHep | KOMyHiKaToOp Ta
. oOJaiHaHHS JUTS | KOMYHIKaTop JUIst .

MOHITOPHHTY . . JUTSE MOHITOPHHTY OBD - ckanep
mapameTpiB MOHITOpUHTY MOHITOPHHTY IapaMeTpiB CTaHy | JJIS MOHITOPUHTY
crany T3 f1apameTpin M1apamMeTpis CTany T3 napaMeTpiB CTaH

y crany T3 T3 P %)3 y

4. OcHamrenns EBY 1
0a30BUMU TATYNKAMHA

4.1. Ipuryn T3 ocnamennit EBY i
0a30BUMU JATYHKAMU

4.2. lpuryHn T3 ocnamennit EBY i
0a30BUMU JATYHKAMU

OcHamenns T3 3acobamu s 3a0e3meueHHs
OTIENATURHATO KOHTNOJY 1 VITNARTHHY RUTNATOK) MATURA

5.1. KonTpons 5.2. Kontpons 5.4. KonTpons
5. OcHameHHs POJIE. P 5.3. KonTponn p
BUTPATH NAJINBA 13 BUTpaTH BUTpATH [AJINBA 32
T3 3acobamu BUTPATH MAIMBA
3aCTOCYBAaHHIM HaJIuBa 3a JOIIOMOT 010
KOHTPOJIO 3a JOIOMOTOI0 .
OOPTOBUX CHCTEM JTIOTIOMOT OO . 3ac00iB
BUTpaTH . BUTpaTOMipa- .
KOHTPOJIIO (Uepe3 | JaTyvka piBHS . BUMIPIOBaHHSI MacH
najvBa JYAIBHUKA
CAN-mmny) najusa (JIPII) ajJnuBa
= 6.3. b
= 6.1. 6.2 Bincimiao 6.4. BigcmiakoByBaHHS 6.6. He
> 6. YMoBu | Bincnin Lo Biacninkos JIOPOXKHIX, B1JICJIIIKOB
() BincnigkoB | ByBaHHS )
S | eKcIulyaT | KOByBa YBaHHS TPaHCIIOPTHHX 1 YBaHHS
S yBaHHS aTMocdep
© amii T3 B HHSI AHCIIODT Ho KYJIBTYpH aTMocQepHo- YMOB
© ITS JIOPOKH R P . eKCIUTyaTal | KJIIMaTHYHUX YMOB | €KCIUTyaTa
i . HUX YMOB | KJIIMaTH4 .
) 1X YMOB 1 1 KyJIbTypH mi T3
= HUX YMOB
g ekcruryataiii T3
. 7.4. He
5 7.3. CninbHe
Z BUKOPHUCTAHHS
o 7. BUKOPHUCTaHHS .
= 7.1. 7.2. . e iH(hopMarrii
= Buxopucranns iHopMartii Bij ..
= . . Buxkopucranss Buxkopucranus . TPaHCIIOPTHOI
= Hopmalii B . . . TPAHCHOPTHOT .
iH(popMmalii Bl AHCIIOPTHO
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8 | indpacTpyKTypH . : 1HpPaCTPYKTYpH i ;
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3) . HO- KJIIMaTHYHUX YMOB | HT'Y YMOB
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11.3. B3aemomis B .
. 11.4. B3aemonisa B
11. Pexxumu 11.2. Bzaemomis yMOBax MOBAX
pobotu 11.1. Po6oTa Ha 3a JJOMTOMOTOI0 iH(opMaIiHHOT .Y .

. . iH(opMaIliiHo-
(B3aemoyii) OCHOBI KIHIIEBHX 3ac001B CHUCTEMH AHATITHAHOL
orepaTopiB 3BitiB (Off-line) | MobGinmeHOrO/pamio | AMCIETYEPCHKOrO EDVIOUO

CHUCTEMH 3B’SIBKY yrIpasiiHHs (0n- py
line) cuctemu (ITS)
PE3YJBTATU JOCJII)KEHb

s dhopmyBaHHS OCHOBHOI MOpQOiOrivyHOi (opMynn iHPOPMAIIHHOT CHCTEMH OIEPaTUBHOTO
HOpPMYBaHHsI TOKA3HHKIB 1 KOHTPOJIIO BUTPATH MalMBa BaHTAKHUMH TPAHCTIOPTHUMH 3ac00aMu kateropii N3 B
cUcTeMi JOCITiHKEeHHs Oy BUALICHI OKpeMi XapaKTepHi ISl Hel OCHOBHI XapaKTePUCTUKU (PYHKITIOHATBHIX
eneMeHTiB. Ix mpuitHATO Ha3MBaTH — MOPQOIOTiUHI 03HAKH. 32 KOKHOIO 3 HUX 6YJI0 MOMEPEIHBO CKIAIEHO
MaKCHMaJlbHO TIOBHMH Tepemik (Ha AyMKY aBTOpIB) PI3HOMAHITHUX BiIMOBITHHX BapiaHTIB (JIbTEPHATHB)
TEXHIYHOTO BHpPa3y HaBeACHUX BHIe o3HakK. [{ys koxkHOI 3 11 Mopdonoriuanx o3Hak Oynu oOpaHi 1 HaBeaeH1
XapakTepHi BIacTUBOCTI: Kimacuikamiii, ocHameHHs iHQPaCTPYKTYpPH, BiJl SKUX 3aJICKHUTh BUPIIICHHS 33124l
JOCIiIKEHHsI 0cOOMUBOCTEH, KoMIuiekTawist T3 (aBToMOOLI) 1 JOCATHEHHS TOJIOBHOT METH (YHKIIOHYBaHHS
JOCITiIKYBaHOI B yMOBax €KCILTyaTallil CHCTEMH.

Tax, cxema eneMeHTiB cucteMHO1 B3aemozii Bantaxkaoro T3 DAF XF 105.460 3 indpacTpykTyporo 3a
MOp(}OIOTIYHUMH O3HaKaMH 3 ypaxyBaHHSIM MapaMeTpiB BILUTUBY OCHOBHHUX (akTopiB (y (opMmymbHOMY
BUIJIS ):

X111
X112
X
X17 Xs.1 3
{(X16; X21; X345 Xa1; X52) + (Xes; 11.4)} (1)

X10.2

X103
ez Xas X104
X33 '

X105

To6To e T3, noBHa Maca sikoro ckiaaae Bix 20,0 1o 40,0 T B 6a3oBOoMy BapiaHTi (X16) a00 Olnblie
40,0 T y Bapiauiiinomy BapianTi (X17), ocHamenuii OBD-posnimannsm T3 (X2.1), obnagHanuii TpekepoM—
KoMyHikaTopoMm Ta OBD—ckanepom 111 MOHITOPHHTY mapameTpiB ctany T3 (Xs4) Ta BapiaTUBHO — OKPEMO
TpekepoM—KoMyHikaTopoM (X32) a00 OBD—ckanepom (X33), 3 IBUTYHOM OCHAIIEHUM IITATHUMH JaTYHKAMHU
i EBY (X41), ocHamienuii garaukoM piBHs manuBa (IPIT) (Xs2) Ta MOXIIHMBICTIO OCHAIIEHHS 3aCO0aMu
KOHTPOJIIO BUTPATH MalMBa 13 3aCTOCYBAaHHSIM OOpTOBMX cucTeM KOHTpoio (uepe3 CAN-mmny) (Xs1), 13
3aJy4eHHSIM 3aco0iB iHQPACTPYKTypH, a came: MOHITOPHHIY JOpPOXKHIX, TPaHCIOPTHUX 1 aTMoc(epHO-
KIIIMaTHYHUX YMOB 1 KynbTypH ekcrutyararii T3 (Xes5) 3 MOXKIHMBICTIO 3/iICHEHHS OKPEMOT'O MOHITOPUHTY
TOPOXKHIX YMOB (Xe.1), TPAHCIIOPTHUX YMOB (X6.2), aTMOC(HEPHO-KIIMATUYHAX YMOB (Xe3) Ta KYJIBTypH
excrutyartamii  (Xe4), CHIJIBHOTO BHKOPHCTaHHS iHGoOpMalii BiJ TpaHCIOPTHOI iHQpacTpykTypH i
iH}pacTpykTypu aBTOMOOUTEHMX Hopir (X73) abo BUKOpuCTaHHA iH(OpMalil TUIBKK BiJ TPAaHCIIOPTHOI
iHppacTpykrypu (X7.1), TUIBKH Bif 1HPPacCTpyKTypH aBTOMOOIMBHUX mopir (X72), 0€3 BHUKOpHCTAaHHS
iH(dopMarii TpaHCHIOPTHOI iHMPACTPYKTYypH i iHPpacTpyKTypu aBTOMOOUTBHHX HOpir (X7.4), 3 HASBHICTIO
1HpOpMAaIIHHUX 1 KOMYHIKAI[ITHAX TEXHOJIOT1H Jyist 3a0e3nedeHHs pyHKIIoHyBaHHs yuacHHKiB pyxXy (T3) Ha
0a3i rexnonorii [12V (Xs2) a00 KOoMOiHOBaHOT'O BapiaHTy 3aCTOCYBAaHHS TE€XHOJOTiH (Xg5), 13 3aCTOCYBaHHAM
MOHITOPUHTY JOPOKHIX, TPAHCIIOPTHUX 1 aTMOC(HEPHO-KIIMaTHYHHUX YMOB 1 Ky1bTypH ekcruryatamii T3 (Xos)
ab0 OKpeMO MOHITOPUHTY JAOPOXHIX YMOB (Xo.1), MOHITOPHHTY TPaHCHOPTHUX YMOB (Xg2), MOHITOPHUHTY
aTMoc(epHO-KIIIMAaTHIHUX YMOB (X9.3), 13 3aCTOCYBaHHSIM IIO3MIHHOTO OJIHOPA30BOTO MEJIMYHOTO KOHTPOJIFO
(X10.1), cCTEMH KOHTPOJIIO ITYJIbCY OnepaTopiB (X10.2), CHCTEMH KOHTPOJIIO TUCKY OmepaTopiB (X10.3), CHCTEMH
KOHTPOJIIO cTpecy onepaTopiB (Xi04), CHCTEMH KOHTPOJIKO BTOMIIEHOCTI omepaTopiB (Xios), 13 B3aEMOJIIEI0
orepaTopiB CUCTEMH B YMOBaX iH(popMarliiHo-aHamiTHuHOi kepyrodoi cuctemu (ITS) (X11.4), a0o poboToro Ha
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ocHoBi KiHrepux 3BiTiB (off-line) (X111), B3aeMoji€r0 3a JOMOMOIOH 3aco0iB MOOILIBLHOIO/pajiio 3B’s3KY
(X11.2), B3aEMO/II€I0 B yMOBax iH(GOpMAIIHOT CHCTEMH TUCIIETYEPCHKOTO yipaBminas (on-line) (X11.3).

Jiis 00’ eqnanHs MOPQOIOTIYHUX (GOPMYIT JOCTITHUX BapiaHTiB (POPMYIOTHCS OKPEMI CXEMH YCiX
03HAaK BiJIMOBIJTHO 10 KOHKPETHOTO BapiaHTy i3 BIaCTHBUMH HUM MOKa3HUKaMH. MeTo 1 JOCHTiKEHHS, 1110
6a3yeTncsi Ha MOp(hoIToTii 00’ €KTIB, TO3BOIISIE CHCTEMHO aHANI3YBaTH PI3HOMAHITHI CTPYKTYPH, IO
MOXOMATH 13 3aKOHOMipHOCTEH iX o0y 10BH. KiTbKiCTh MOYKIIMBHX CXEM CHCTEMHOI B3a€MO/Iii TPAHCIIOPTHUX
3ac00iB 3 IHPPACTPYKTYPOIO Y BUMAIKy BUKOPUCTAHHS JaHOT MOP(OJIOTIYHOI MaTpHLIi CKIIAAAE:

N=7-2-4-2-4-6-4-5-6-5-4=06451200 BapianTin(2)

3aBIsSKM PO3TIAHYTOMY MiAXOAY 3’SIBUJIACh MOXKIMBICTE CHCTEMHOTO JOCIIIKECHHS YCiX MOXKIHBHX
cxeM B3aemozii T3 3 iHQpacTpyKTyporo, B pe3yJbTaTi 4Oro BpaxoBY€ETHCS BapiaTUBHICTD CUCTEMH.

Ocobnusocmi 3abe3neuentss HOPMYBAHHA NOKA3HUKIE | NATUBHOI eKOHOMIYHOCMI MPAHCHOPMHO20
3acoby 6 ymoeax eKkcniyamayii 3acobamiu OnepamusHo20 KOHMPONIO HA OCHOBI [HMENeKMYalbHUX
Mpancnopmuux cucmem. Jis BUPIIICHHS TIOCTaBJICHHUX 3aBJaHb 3alPOINIOHOBAHA CTPYKTYPHO-JIOTTYHA CXeMa
(puc. 2.3) [2, 6 - 8] cucremMHOro BHpIIICHHS 3ama4 3a0e3MCUCHHsS HOPMYBAHHS MMOKA3HHKIB 1 MAJUBHOI
€KOHOMIYHOCTI TPaHCIIOPTHHX 3ac00iB KaTeropii Na.

DopMyBaHHI MeTOdy 3abe3lede HHsI HOPMYBaHHA ITOKa3HHKIB €KCILTyaTallil i KepyBaHHS ITaATHBHOIO
€KOHOMI"HiCTIO TPAaHCIOPTHOTO 3aco0y ¥ 3MiHHHX yMOBaX eKCILTyaTalil 3aco6aMH OIepaTHBHOIO
KOHTPOIIO HAa OCHOBI i HT@/IeKTyalbHHX TPAHCIOPTHHX CHCTeM

v T — =
= T 3 | I,:[ex—rer)ugamx IBHTYHA 1 T3. I0JATKOBHX

34 6;25:23:; r:.;n;r;laﬁélrg{}ﬁoro | JATIHKIB. 3aC00iB iHYPACTPYKTYPH ¥

; Ipouecax TPAaHCIOPTYBAHHA BAHTAXIB y
HOPMYBaHHS | BH3HAYCHHA |
BHTpATH I1a;IHBa Ta ITIapaMeTpiB : ™~
TeXHIYHOTO cTaHy T3 B mporeci
eKCILTyaTalil

L]

BHKOHAHHA OIle PATHBHOTO
KOHTPOTIO | 32CTOCY BaHHS METOIy

f

1

|

: . |
3MIHHHX yMOBaX eKCILTyaTalil. MOHi TOPHHT
ITapaMeTpiB TeXHIYHOIO CTaHy i BHTpaTH *

manuBa T3 (B TOMY HHCT y CKIaIi |

aBTOIIOI371a). HOPMYBAHHS IIOKa3HHKIB |

L eKCILTyaTari1 J |

|

<

|

- J

-

36upaHH i 30epiraHHsa pe3yabTaTiB
3a6e3IIesTe HEA HOPMY BAHHA #-| MOHITOPHHIY Ta BH3HA9eHHsI IapaMeTpiB T3
IOKA3HHKIB eKCILTyaTamiiTa L (B TOMy HHCII ¥ CKIaJi aBTOMNOI371a)
KepPyBaHHA ITATHBHOXO ] T e e e e e e e e e e e e e ]
€KOHOMIiYHIiCTIO TPAaHCIIOPTHOT O
3aco0y y 3MiHHHX yMOBax
eKCILTyaTaliHHO1 B3aeMOIii 3

Ol HKa TPAaHHYHHX 3Ha4eHb, GOpMyBaHHI
pamioHaTBHHX XapaKTePHCTHK i

I
|
iHpPaCTPYKTYpPOrO | | mnpormosyBanns mapamerpis TeXHiTHOTO
- — | CTaHy Ta BHIPaTH ITalHBA T3 y 3MiHHHX i
f ‘ | YMOBaxX eKCILTyaTalliHHOI B3aeMOIil 3
Cucrema | HGpacTH yRIYPOR
MOHITOPHHTY Ha Cuctema I = =
OCHOBI MOHITOPHHTY Ha Po3paXyHKOBO-aHaTiTHYHe 3a0e3nedeHHs

irdopMmarii OCHOBI HOPMYBaHHA i TaTHBHOL € KOHOMiIHOCTI

JaTaHKiB T3, iHbopMamii TPaHCIIOPTHOT O 3aco0y y 3Mi HHHX yMOBax
JOJATKOBHX JAaTIHKIB eKCILTyaTallil 3acobaMH oIepaTHBHOTO
JaTaHKiB T3, BHTPATH Ia.-THBA i KOHTPOIIO HAa OCHOBI i HTEI@KTyaTbHHX
3acoGiB moxoyxeHHT T3 TPAaHCIIOPTHHX CHCTEM )
iHQPACTPYKTYpH =

~
Moaynb ‘ Z i

|
|
|
|
|
|
(Oni HIOBaHHs BHTPATH INaaHBa T3 Ha' | PO3PaXyYHKY
|
|
|
|
|

Moaynse «T 3- Monynb
MapmIpyTi IIBH AKOCTI i Feporan PO3PaxyHKY
BHTDATH Manusa | | AHHAMIMHOIO HOPMaTHBHOIL

~ ~ 03paxyHKY

AGCOTIOTHA BHTpara Lompexnnax | | BOPASET e e

B aTa Ia a aIHBa y 1300BOTO OHKIY anuea B

HELN THEA | o { g o srigso ITpasun T3 YMOBax
Ha MapmpyTi {PEMOMY €EK OOH eKcrTyaTanii

(uakmi) | pexmMi \ -

BHTpaTta HIpala HalHBa
TaJHBA Y ¥ 3aMichKiH
MiCBKiH JaCTHHI |1 YA CTHHI
OKPeMOro OKPeMOro
MapII Mapin

T3 Ha MapmpyTi ’KiB 3 HaBaHTa)KeHHAM i 6e3 Hporo

|E3 npoueci pyxy | (B mponeci TpaHCHOPTYBaHHS Baﬂra-]
|

B YMOBax eKCIIIyaTanii 3 ypaxysanHaM iHdopmanii
Oui HIOBaHHs BHTPAaTH MaaHBa T3 3 AMCTAaHU I HOr O MOHITOPHHTY
HaBaHTa’KeHHsM i 6e3 HbOro L
A

| [Mou_vnb KOpeKTyBaHHS HOpM i HopmaTHBiB TO i ITP

3acTOCYBaHHs MeTOIy HOPMYBAHHA i 3a0e3Nede HHA

Burpata maiHBay| |BHTpara matHBay MIaTHBHOI @ KOHOMITHOCTI TPAHCIIOPTHOIO 3aCO0y ¥
9aCTHHI OKPEMOro| |YacTHHI OKPEMOTro 3MiHHHX yMOBaX eKCILTyaTallii 3aco5aMH
MapmIpyTy 3 MapmpyTy 6e3 OIle PATHBHOI'O KOHTPOIIO Ha OCHOBI i HTeIeKTyaTIbHHX
HaBaHTaKeHHIM HaBaHTA KeHH TPaHCIIOPTHHX CHCTEM

Pucynok 2.3 — dyHkmionangbpHa cxema (OopMyBaHHs MeTOTy 3a0e3MeYeHHs] HOpMYBaHHsI MOKa3HHKIB 1
KepyBaHHS HAJUBHOIO €eKOHOMIYHICTIO TPAHCIIOPTHOT'O 3ac00y KaTteropii N3 y 3MiHHHX YMOBax eKcILTyaTarlii
3aco0aMu OIepaTUBHOTO KOHTPOIIIO HA OCHOBI 1HTENEKTYaJIbHUX TPAHCHIOPTHUX CHCTEM

IIpomeck BHpIllICHHS IOCTABACHUX 3a7ady 0a3ylOThCS Ha peaji3aiii CHCTEMHOI B3a€MOJIi TPHOX
B3a€MOIIOB’I3aHHUX CKJIAJJOBHX: TIPOLIECHOT, IH(pOpMaliiiHOi 1 aHamiTHaHOT (puc. 2.3). s HopMyBaHHS OKAa3HHKIB
1 HiJBUIIEHHS MAIMBHOI €KOHOMIYHOCTI TPaHCIIOPTHHX 3aco0iB karteropii Nz i ()yHKUIIOHYBaHHs MPOLIECHOI Ta

m CUUACHI TEXHOAOM B MAUIHOB YA USAHHI TA TRAHCAOST!, 2022, Nel (18)




© I'punyk 1.B., Bonkos B.I1., Mask M.M., Ykpaincekuii €.0., Bonogapeus M.B. , Boakosa T.B., Puxosa B.10. 2022

AHAJTITHYHOI CKJIAJIOBHX Pealli3yeThes iH(popMalliiiHa, ska nependoadae 3a0e3neueHHs igeHTrdikarii 1purysa i T3,
JTOJTATKOBUX JIATYHKIB, 32C00iB iHOPACTPYKTYPH Y IPOIIecax TPaHCIIOPTYBAaHHsI BAHTa)KiB, MOHITOPHHT TIapaMEeTPiB
TEXHIYHOTO CTaHy 1 BUTPaTH NajIvBa TPAHCIIOPTHUM ABUTYHOM 1 T3 y ckiazi aBromnoi3na, 30upanHs i 30epiraHHs
OTpHMaHHX pe3yJbTaTiB B ymoBax ITS [1-3, 6-14].

Po3poOka meromy AOCiHKEeHHST HOPMYBaHHS TOKA3HUKIB 1 MMaJMBHOI €KOHOMIYHOCTI TPAHCTIOPTHUX
3ac00iB y 3MIHHMX yMOBax eKCIUTyaTamii 3aco0aMi OIepaTHBHOTO KOHTPOIO HAa OCHOBI IHTEIEKTYaThbHHX
TPaHCHOPTHUX cHcTeM. [y AoCHiKeHHS Ta OOIPYHTYBaHHS MapaMeTpiB HOPMYBaHHS 1 HaJuBHOI
ekoHOMIYHOCTI T3 Kareropii N3 y 3MiHHIUX yMOBaX eKCILTyarallii 3aco0aMi OlepaTHBHOTO KOHTPOJIO HA OCHOBI
IHTENIeKTyaIbHUX TPAaHCIOPTHUX cHCTeM OyB pO3pOOJEHWI 1 3alpOMOHOBAaHWA MeETO[ 3abe3redeHHs
HOPMYBaHHS TIOKa3HUKIB 1 BU3HAUEHHS 1 pO3paxyHKY BHTPATH MaJMBa TPAHCIOPTHHX 3ac00iB KaTeropii N3 B
YMOBax eKcIntyarariii (puc. 2.4).

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIIKEHb

Oco0UBICTD 3aIIPOMIOHOBAHOTO METOY TOJIATAa€ B TOMY, LIO BiH Mepeadaydae CriibHe BUKOPUCTAHHS
BCiX HasBHUX METOZIB i 3ac00iB oTpuMaHHA iH(opMauii mpo mporecu ekcruryaraiii BantaxHoro T3, mpo
HOPMH 1 HOPMATHBH, BUTPATY NaAJIMBA, TApAMETPH TEXHITHOTO CTaHy 1 MIBUIKICTb.

MeToz BH3HAYCHHS | PO3PAXYHKY BHTPATH IaTHBA BAHTAKHHX TPAHCIIOPTHHX 3aC00iB
KaTeropii N3 B yMOBax eKCILTyaTalil

A
Y

A
Y

A
Y

JIHCTaHIIi HHHH EKcriepHMeHTaIbHe P03paxyHKOBO
MOHITOPHHT JOCTi IZKeHHA TATHBHOL aHATiTHYHE
TPaHCIIOPTHOTO 3acoly eKOHOMi4HOCTI T3 JIOCTi UKEeHHA

A
Y

A
Y

A t
Y
BH3HaYeHHA MATHBHOI eKOHOMIUHOCTI i TapaMeTpiB TeXHITHOTO cTaHy T3

t | i

EKcriepHMeHTaIbHe P03paXyHKOBO-aHATi THIHE
JOCTi KEHHA JOCTi UKeHHA
TTapameTpH: TTapaMeTpH:
- BHTpATa [1aJIHBA - BHTpara [a;IHBa

-IIBHAKOCTI PyXy
- TeXHI4HOT 0 CTaHy
-ypaxyBaHHA KOHCTPYKLiHHHX
ocobrHBocTeH T3 i cTaHy omeparopa(i)

-IIBHIKOCTI PyXy
- TeXHI4HOT O CTaHy
-ypaxyBaHHA KOHCTPYKIIiHHHX
ocoGnuBoctel T3 i cTaHy omepatopa(i)
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; Moaynb po3paxyHKy
Sonys! JIBPOPATy Monyns «T3- y
PO3paxyHKY »| HOPMATHBHOL BHTPATH Zoporay Moznynb KOpeKTyBaHHS
LIBH IKOCT1 1 ( HalBBY B yMOBIX HHAMIYHOrO HOpM i HopMaTHBiB TO i
BHTDATH NATHEA eKCILTyaTanii PO3PaxyHKY IIP B yMoBax
T3 B pexuMax P eKcnyatanii 3
< il ' BIIACTHBOCT € yart:
1370BOTO LHKIY B npomeci T3 ypaxyBaHHAM iHpopManii
3rigHo [IpaBun ; 5 [IHCTAHO{HHOro
€EK OOH B nponeci TPAHCIOPTYBaHHA A A )
pyxy T3 BaHTAXKiB 3 MOHITOPRHLY
[} Ha HABAHTAKEHHAM i A
MapIpyTi 0e3 HpOTO

Pucynok 2.4 — ®@yHkuioHansHa cxema peatizamii Mertony 3a0e3neueHHss HOpMYBaHHs TOKa3HHUKIB,
BU3HAYEHHSI 1 PO3pPaxyHKy BUTPATH MAMBa TPAHCIIOPTHUX 3acO0IB KaTeropii N3 B yMOBax eKCIuTyararii

Otpumanns iHdopmarii, 3a0e3neueHHss HOpMYBaHHS TOKa3HHUKIB 1 BA3HAYCHHS TapaMeTpiB NaTUBHOT
€KOHOMIYHOCTI B Iporiecax excrutyarauii T3 kareropii N3 MOKJIMBE B pe3yJIbTaTi AUCTAHLIHHOTO MOHITOPUHTY
BUTpATH TMajHBa, MapaMeTpiB TEXHIYHOTO CTaHy, pEe3yJbTaTiB EKCIIEPUMEHTAIBHOTO JOCHTI/PKEHHS 1
Pe3yIbTaTIB PO3PaXyHKOBO-aHAI THYHOTO JOCIIIPKEHHS HA OCHOBI JJAHUX, OTPUMAaHUX 3 MEPIIUX ABOX HKEPeI
1 TEOPETUYHHX TTOJIOKEHb.
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BusHaueHHs, OIIHIOBAHHS, CITIBCTABJICHHS Ta aHaJIi3 TOKa3HUKIB HOPMYBaHHS 1 TapaMeTPiB BUTPATH
MajauBa, IMIBUAKOCTI pyXy, TEXHIYHOTO CTaHy, ypaxyBaHHS KOHCTPYKTHBHUX ocoOymBoctedt T3 1 crany
oreparopa B npouecax excrutyatanii T3 kareropii N3 341iCHIOETbCS Ha TIOAAJIBIINX €Tanax 3anpolOHOBaHOT
MeToaukH. OcoOIMBICTh IIOTO €TaIry PO3pO0JIeHOT METOJMKH MOJISIrac B HACTYHOMY. [lapamMeTpu i moKa3HUKU
JOCITIHKYBAHOTO IIPOIIECy, IO HEMOXIMBO BH3HAYWTH EKCIIEPUMEHTANBHO ab0o 3aco0aMu TUCTaHIIHOTO
MOHITOPHHTY,  MOXJIMBO  BH3HAYUTH  3aco0aMH  TPOTPaMHOTO  3a0e3MeUeHHs  pPO3PaxyHKOBO-
EKCIIEPUMEHTAJIBHOIO JIOCTI/DKEHHSI 3a aJalNTOBaHMMH METOAWKAMHM Ta MOJEISIMH 10 TOKa3HHUKIB 1
ocobnusocreii T3.

Jus peamizarii i pyHKIIIOHYBaHHSI METOy BU3HAYEHHS 1 pO3paxXyHKY BUTpPATH MaJMBa TPAHCTIOPTHUX
3aco0iB kareropii N3 B yMOBaX €KCILTyaTallii BUHUKA€ HEOOXIJHICTh Yy 3a0C3MECUCHHI €JUHUX MIIXOIB JUIs
peaizanii MeToy 3a0e3neueHHs] HOpMyBaHHS TTOKa3HHUKIB 1 HaJTMBHOI €KOHOMIYHOCTI TPAaHCIOPTHOTO 3ac00y y
3MIHHMX YMOBaxX eKCIUTyaramii 3a JOMOMOTOI0 OIEPATUBHOTO KOHTPONIO Ha OCHOBI IHTENEKTYaIbHUX
TPaHCTIOPTHUX cUCTeM (puc. 2.3) pi3HUMH cOCOOaMH y BiAMOBITHUX MOIYJSIX PO3PaXyHKOBO-aHATITUYHOTO
3a0e3neueHHs. [ mboro y HEoOXiTHO PO3pOOUTH aJIrOpPUTM PO3PaxyHKOBO-aHAJITUYHOTO 3a0e3NeyeHHs
MAIMBHOI €KOHOMIYHOCTI TpaHCIIOPTHOTO 3aco0y kateropii N3 y 3MIHHMX yMOBax eKcIDIyartarlii 3acobamu
OIIEPaTUBHOTO KOHTPOITIO HA OCHOBI IHTENIEKTYaIbHUX TPAHCTIOPTHHUX CHCTEM, fKa Oyae O0azyBaTHCs Ha OCHOBI
nosoxxeHs [1-3, 6-14]. Bubip i oiHIOBaHHSI MOKJIMBHX CXEM BapiaHTiB 3a0e3MeueHHs] HOpMYBaHHS MOKa3HUKIB
1 T IBUIIIEHHS TAIMBHOT EKOHOMIYHOCTI TPAHCTIOPTHHX 3aC001B ¥ B3aeMOIii 3 iIH(PACTPYKTYPOIO 3IMIHCHIOETHCS
Ha OCHOBI ITOKA3HUKIB, SIKi BUCTYIIAIOTh OKPEMUMH KPUTEPISIMU ITATMBOBUKOPHUCTAHHSL.

Jiis po3paxyHKiB B 4aCTHHI PO3PaxyHKOBO-aHATITUYHOI CHCTEMH, BPaXOBYIOUH 3MiHHHUI XapakTep
MpoIIeciB, MPUBEICHA HOPMa BUTPATH MaJkBa Ha JUISHI pO3pax0oByBalach:

HO| M HOpM pM
RO (1) = (g +Gp 1 O M ) Sij+G b 11 (8) Miayer j*Spanr 1) (1+0,01°K 7 (1))

Gnij 100 ()

HOPM HOPM

ne G, ; (t) — IpHBEJeHa HOPMa BUTpATH NauuBa /st i-i JistHke j-1 noisaku T3, (/100 km); Gy i —
0a3oBa miiHiitHa HOpMa BuTpaTu nanusa 13, (/100 km); G

HOpPM
np j
CHOPAHKEHOT0 HamiBpuyena i j-1 noizaku, (/100 T-km); m
— JIOBXWHA JUISHKY 1 114 j-i T0i31KH, (KM); GTH: l';:fﬁ i
(11/100 T°KM); My, —Maca BaHTAXY, 110 TPAHCIOPTY€EThCA T3 s j-1 mOi3AKH, (T); Spayr ;; — BIACTAHD MOT3IKH
3 BaHT)KEM Ha JUIAHII 1 j-1 moizaku, (kM); Kz ;;(t) — cyMapHUii KOPUTYrOuMii KOe(illi€HT, 110 BpPaXOBYE yMOBH
excruryaTamii T3 juis i-1 DisHKY j-1 moi3aKu.

BpaxoBytoun 3MmiHHMI Xapaktep mpoueciB ekcrutyatauwii T3 i, BiOmOBiAHO, BUTpaTH NajluBa Ha
JUISIHKAaX, IS OI[IHFOBAHHS MaJMBHOI €KOHOMIYHOCTI OyJIO 3alpONOHOBAHO 3aCTOCOBYBAaTH KOCQII[iEHT
MAIMBOBUKOPUCTAHHS, 1[0 BPaxoBye peskumu pyxy T3 Ha pinsakax mapupyty kPP (t) i koediuient criiikoi

nB ij
CKOHOMIT IMANMBA Keyay i (1)

(t) - HOpMa BATpATH ITaJIMBa HAa OJHY TOHY MacHu
np j — CHOPSKEHA Maca HaIliBIIpu4ena, (T); S;;
(t) — HOpMa ManrBa Ha BUKOHAHHS TPAHCIIOPTHOI poOOTH,

Gy

kpp ty=1- HOpM 4

nB l]( ) HLE‘ (t) ( )
6cm](t)_

A0 5)

k;; nast. j (t) :l 1€ iy ’ ( )

ne kPP (t) - koediuieHt HaJII/IBOBI/IKOpI/ICTaHHH, IO BpaxoBye pexumu pyxy T3 Ha i-il minsgHmi j-1

l'lB I.]
MTOT3/IKH; GrI ;j(£) — GakTiYHa BUTpaTa MalMBa HA JULHLI MapIupyTy Ha i-d JUISHLI j-1 TOT31KH; GI']“;}’M (t) —
HOPMATMBHA BUTpAaTa NajvBa Ha 1-d JUIAHII j-1 MOI3AKM; Kegna,; (t) — KOEQIIEHT CTIHKOI €KOHOMIT
BUKOPHCTaHHs NaJnBa s j-i IMOI31KHK; N — KUIBKICTh IUISHOK -1 MOi3aku; §Gp;; (t) — NpUBEAEHA EKOHOMIS
najaMBa IS i-i JUIsSHKY j-1 moizaku, 11/100 KkM; GS‘E?M
ni; (t)— HOpMa BUTpATH ManmMBa s i-i AinsHky j-i noisku, 1/100 km.
3acTocyBaHHS  3aPOINOHOBAHOIO METOAY TPM  BHUKOPHCTAaHHI  PO3PaxyHKOBO-aHATITHYHOTI'O

3a0€3MECYeHHs] CHCTEMH 3 YAOCKOHAJIEHHMMH MaTeMaTHYHUMHM MOZETSIMHM TOTPIOHO I JTOCIIJKEHHS
HOPMYBaHHS IIOKa3HHUKIB 1 MaJUBHOI €KOHOMIYHOCTI Ha MPHUKJAAl TPAHCIOPTHOro 3aco0y kateropii N3 y
3MIHHHMX YMOBAaX €KCILTyaTallii.

BUCHOBKHA

CdopmoBanuii 3aranpHuil miaxia 10 GopMyBaHHS METOAY 3a0e3NeueHHs] HOPMYBaHHsI TTOKAa3HUKIB 1
naymBHOI ekoHoMiyHocTi T3 karteropii N3 y 3MIHHMX yMOBax eKcIDTyaTallii 3aco0aMu OIepaTUBHOTO
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(t)— HOpMa BUTpATH MajuBa A i-1 AUISHKH j-1 TOT3/KH,
11/100 kM. j-1 moizmku, /100 km; G,
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KOHTPOJITIO Ha OCHOBI IHTEJICKTyaIbHUX TPAHCIOPTHUX CHUCTEM. PO3IIISIHYTI OCHOBHI CKJIaJIOBI 3a0€3TeUeHHS
pO3pO0JICHOTO0 METOTYy, Cepell HUX IPOBEICHHS MOPGOJIOTIYHOTO aHaJi3y, CTBOPEHHS CTPYKTYPHO-JIOTIIHOL
CXeMH CHCTEMHOTO BHpIIICHHA 337ad 3a0e3MeUeHHs] HOPMYBAHHS TOKa3HHWKIB 1 KEpyBaHHS NaIMBHOIO
exkoHoMiuHicTIO T3 1 po3poOka GeznocepenHbO METOAY IOCTIIKEHHS! i HOPMYBaHHS MOKAa3HUKIB Ta MAMBHOI
exkoHoMiyHOCTI T3 y 3MIHHMX yMOBaxX eKcCIDIyaTallii 3aco0amMu OmNepaTHBHOTO KOHTPOJO Ha OCHOBI
IHTEeNIeKTyaIbHUX TPAHCIOPTHHUX CHCTEeM. Peaizallito 3amporoHOBaHOTO METOy MOKa3aHa Ha mpukiam 13
kareropii Nas.
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Gritsuk I, Volkov V, Majak M., Ukrainskyi Ye., Volodarets M., Volkova T., Ryzhova V. Formation of
the Method of ensuring the Rating of indicators and management of the Fuel economy of the Vehicle in
variable operating conditions

The article considers the modern approach to the formation of the method of ensuring the rationing of
indicators and control of fuel economy of the vehicle in variable operating conditions. The study was conducted
on the basis of a systems approach. The system approach to theoretical research was based on the following
methods and provisions from car theory, car engine theory, methods of theoretical research of car dynamics,
calculation of standard fuel consumption, methods of morphological analysis, set theory, mathematical
statistics, information theory and more. Experimental research, according to the system approach, was
performed using methods of experimental planning and statistical processing of the results, based on the theory
of errors and uncertainties of measurements, road tests of vehicles in operation.

The aim of the work is to develop a modern method and means of its implementation, which allows remote
rationing of indicators and control of fuel economy of the vehicle in variable operating conditions.

The general approach to formation of a method of maintenance of standardization of indicators and fuel
economy of the vehicle of a category in variable conditions of operation by means of operative control on the
basis of intelligent transport systems is offered. The main components of the developed method are considered,
including morphological analysis, creation of structural and logical scheme of system solution of problems of
standardization of indicators and management of fuel economy of vehicles and development of direct method
of research and standardization of indicators and fuel efficiency of vehicles in variable operating conditions.
intelligent transport systems. The implementation of the proposed method is shown on the example of vehicles
of category N3.

In the end, it was concluded that the general approach to the formation of the method of standardization
of performance and fuel economy of the vehicle category in variable operating conditions is well implemented
by means of operational control based on intelligent transport systems.

Keywords: vehicle, rationing, indicator, fuel consumption, speed, operating conditions, monitoring
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CHUHTE3 YACTOCTI BUKOPUCTAHHS MEPEJIAY CXIJTYACTOI KOPOBKHU
INHEPEMUKAHHSA IIEPEJAY (KIIII) Y HPOLECI BIATBOPEHHSA TUIIOBUX LUKJIIB

PerpocnexTuBHuil aHami3 cuTyanii TPaHCIOPTHHUX MOTOKIB B YMOBaX MICHKHMX MEpEBE3€Hb CBIAYUTH IMPO
PI3HOMAHITTS BaHTaKHUX TPACHIIOPTHHUX 3ac00iB SK 32 BAaHTaXKHICTIO Tak 1 3a kiacoM. OKpiM IIbOTO TPaHCHOPTHHUH
MOTIK y BKa3aHUX YMOBaX XapaKTePU3Y€eThCs BEIMKOIO IIIIBHICTIO. BHIlle ckazaHe HakIagae HU3KY 0OMEKeHb, 30KpeMa,
Ha KOHCTPYKTHBHI ITapaMeTpH TPAHCIIOPTHUX 3aco0iB, 6a Oinblue, Ha BHOIp CHIIOBOI YCTAaHOBKH. 3HAaYHA YaCTHHA
TPaHCHOPTHHUX 3aco0iB, MO (GOPMYyIOTh TakWi TOTIK B yMOBaxX HAcelIEHHX ITyHKTIB, 30KpeMa, BEIHKHX OOJaCHUX
LIEHTPIB, OCHAIIEH]I CHIIOBHMH arperatamu y ckiazi JIB3 mexaniuna cxiqgacra kopoOka nepexad (MCKII). Bizomo, 1o
nporpaMa pyxy OKPEMOTO B3SITOTO TPAaHCHOPTHOTO 3aco0y OiM3bKa 10 IUKIIYHOTO (3a HASBHICTIO OKpeMuXx (a3).
BusnavanpHuM 1015t iqeHTH(IKaLIT TporpaM pyXy € aHali3 pealbHUX MapIIpyTiB ApiOHOTYPTOBHX IIEPEBE3CHb B yMOBax
Mmicta JIpBOBa, 110 XapaKTepU3yeThCs BapiaTUBHICTIO BiACTaHEH Ta TpuBanocTell ixHpoi peamizauii. JomiHyrounmu B
YMOBax MiCTa € TPaHCIIOPTHI 3aco0U OCHAIIeH], IEPEBAXKHO, 4 6-TH cXiguacTi TpacHcMicii. OOMeXeHHHS MBUIKOCTI 1
KOPOTKIi, 31€01IbIIIOTO, BiZICTaHI Mi>K ITyHKTAMH IUKJTY, JAIOTh MiJICTAaBH CTOCOBHO JOLULTBHOCTI BUKOPUCTAHHS B AKOCTI
eleMeHTa TpaHcMicii Oaratocximquactux MOCKII. Biarak moctae 3aBoaHHS CTOCOBHO JOCHI/DKCHHS KiTBKOCTI
HepeMUKaHb 32 PaXyHOK BH3HAueHHs 4acTocTi Tiei yn iHmoi nepexadi B MCKII B yMoBaxX MiCBKOTO TPaHCIIOPTHOT'O
pyxy. MeToo IOCHIDKEHHS € BHSBUTH JOLIJIBHICTh BHKOPHUCTaHHS YCIX Hepelad TPaHCIOPTHOTO 3acoly 3
KOHCTPYKTHBHOI TOUKH 30y AJI TPAHCIIOPTHHUX 3ac00iB, Ki 3a1isIHI B TAKMX YMOBaX €KCIUTyaTallii.

KuarouoBi ciioBa: kopoOka mepenay, 0a3oBuii Ta CKBIBaJCHTHHH i3[0BI LUKIN, PO3TaHAHHS, BHOIT,
CHOBUTbHEHHS, YaCTICTh Mepeadi.

BCTYII

Binmomo, 110 ekcrutyaTaniiiHa MpUIaTHICTh aBTOTPAHCIIOPTHOTO 3ac00y (AT3) 3a51e)KuTh HE TINBKH BiJ
HOT0 TOTEHIIIMHUX MOMIJIMBOCTEH, 3aKJIaJeHNX MpPH KOHCTPYIOBaHHI, ajie ¥ BiJ TOTO, SK Ii BIACTHBOCTI
peai3yroThCsl y KOHKpETHUX ymMoBax [1].

3HauHUM Pe3epPBOM IOKpAICHHS EKCIUTyaTalliiHux BiacTuBocTedl AT3 € oOrpyHTyBaHHS BHOOPY
KIIII, mapameTrpu sikoi XapaKTepU3YIOTHCS BEIMKUM PI3HOMAHITTAM. lle MO)KHA TOSCHUTH TPU3HAYCHHSM,
ymoBamu ekcinryatyBaHHs AT3 Ta qocATHEHHSAMH y Taly3i KepyBaHHS TPAHCMICI€I0 3 PI3HUMH ITapaMeTpamMu
Ta ctpykTyporo. Bubip KIIII permamentyerbcss Takumu pexumamu podotn AT3: posraHsHHS; pyX 3
yCTaJIeHUMH MIBUIKOCTSIMU; HaKaTyBaHHA (BHOIr); ranbMyBaHHs (croBinbHEHHs ). Cepenl HUX HalWCKaIHIIINM
JUIsL JOCIIDKEHb € PEXXUM PO3TaHsHHS, SKMH y MICBKUX yMoOBax 3aiimae 6ins 40% Big 3arajibHOi TpUBAIOCTI
[2].

Jiist BUpILIEHHSI TaKMX 3aBJaHb TPAJUIIHHO 3BEPTAIOTHCS /IO JOKYMEHTIB, pO3POOJIEHIX BCECBITHIM
KOMITETOM 3 TapMOHi3allii BUIPOOYBaILHUX MPOLENyp i340BOTO HUKITY [2, 3]. 3 METOI0 BU3HAYECHHS KUTBKOCTI
3actocoBanux cxonumHok KIIIT Ha Beix eramax 3ragaHux Bulle pexumax podotu AT3 mowminsHO mpoBecTH
imMiTaliiiHe MoJeTIOBaHHS PyXy aBTOMOOLIS Kareropii N, y MiChbKOMY i3/0BOMY IMKJIi Ta OTPHMATH

eKCIEpUMEHTAIbHE TiATBEPXKEHHS.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMHA

Bimomo, mo muTaHHS BHOOPY KUTBKOCTI mepenad Ta mnepexatHux uucen KIIIT rpyHTyerbes, B
OCHOBHOMY, Ha BHSIBIICHHI MIEBHUX TPAHUYHHX SIKOCTEH (ITOTeHmiany) aBroMoOus [4, 5]. [IpoTte BusBieHHS
TOTO X MOTEHIIANY Yy TUIIOBUX YMOBAaX €KCIUTyaTyBaHHS BBaXKA€ThHCS JOCIJHUKAMH MUTAHHAM JPYTOPSIAHUM
Y1 BeJIbMH YaCTKOBHM [5].

3HaYyHa YacTKa JIETKMX BaHTa)KiBOK €KCIUTyaTy€eThCs B yMOBaxX MicTa. BiacHe yMOBH eKCIUTyaTyBaHHS €
BU3HAYAIbHUM YHHHUKOM 151 OOTPYHTYBaHHSA BUOOPY MapaMeTpiB CUIIOBOrO MPUBOY, 30KpEMa, TpaHCMICil,
Ha eTarax MpoeKTyBaHHs Ta KOHCTpyroBaHHSI AT3 [6].

[Ipote ekcmtyarariiina npuaatHicTh TpaHcMicii AT3 100 IITKOM OKPECIeHUX yMOB/MapuIpyTiB
PYXY, 30KpeMma, THIIOBHX, HYacTO BHSBIIETHCA HENOCTaTHBOIO, SAKIIO ii JOCHIPKYBaTH TpaAULiiHUMHU
MeToaaMu. Bubip MeToniB IOCTiIKEHb B OCHOBHOMY 3BOJIMTBCS 10 HaJaHHS MEPEeBard aHaTiTUYHUM abo
HWMOBIPHICTHO-CTATUCTUYHUM METOAaM. 3BICHO, IMOMMJIKH, IOIYIIEHI Y KOXXHOMY 3 HHUX, OOOB’S3KOBO
«HaragaloTh mpo cebe» Mg Yac BUKOHAHHA  3aBEpIIATBHOTO W  OOOB’SI3KOBOTO  METOLY
JIOCTIDKEHB - EKCIIEPUMEHTAILHOTO [7].
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AHaji3 ToCHiKeHb BKa3ye Ha Te, M0 IpH 30umbmeHH] KimbkocTi mepenad KIIIT merkux BaHTaKiBOK
yacTKa BUKOPWCTAHHS BHINOI mepenadi csarae 75%, BIAMOBITHO s cepefHix Ta Baxkux - 50% [8]. Kpim
LBOTO, 301IbIIEHHS KITBKOCTI MepeAad 3MiHIOE CTPYKTYPY BUKOPHCTAaHHS BIIACHE KOXKHOI Iepeayi.

ABTOpaMu cTarTi [8] mpomoHyeThbcsl WMOBIpHICHHN 3aKOH po3mnoainy mnepematHux uncen KIIIT na
OCHOBI BIIOMHX CTaTHCTHYHHX JaHUX MpoOiriB aBromMo0iniB Ha BCix mepenadax KIIII. IIpote momitHO, 110
o0OpaHi MacHWBHU JaHUX «IIPOOIT - Tepenaday peaizyioTs yci, 0e3 BUHATKY, nepenadi KIIII. Trepmkenns npo
MpoBeneHi JocCiiKeHHS 3 pisHuMu mnepedatHumu uuciamu  KIIIT crocyeThcst nmine THMOBHX 3a
npusHaueHHsIM AT3 (JerkoBi, BaHTaXHI Ta aBTOOYyCH).

UnmMarno mpars MpHUCBsYeHI OOTpYHTYBaHHIO BHOOpPY THX YH IHIIMX KOHCTPYKTHBHHX pIlIeHb Y
MexaHizmax nepemukanus KIIII mix yac monmemroBanHs pyxy AT3, BiATBOPIOIOUYM Pi3HI CTaHAapTH30BaHI
i310Bi muKIK [9]. MeToro UX AOCHIKEHb OYJIO BUSBICHHS B3aEMOOOYMOBJICHOCT] MK TSTOIIBUIKICHUMH,
MTaJTUBOOIIATHIMHI ¥ E€KOJIOTIYHUMHU TIOKa3HWKaMH, a OTXKe, SKHAWKPAIIUX UM SKHATIPIINX IXHIX IMPOSBIB.
BuxopucroByBatu aHi IUKIIH, K TUTIOBI, HEMAa€ HiSIKOTO CEHCY. 3aJieKJIapOoBaHi JOCHiTHUKAMHU MOTEHITIHHI
sikocTi AT3 axk Hisk HE 37aTHI IPOSBUTH ce0e 3a YMOB IIIIBHOTO TPAHCIIOPTHOTO MOTOKY [10].

OpHak 1mo3a yBarorw AOCHITHUKIB 3aJUIIA€ThCs MUTaHHA CTpyKTypH nepenad KIIII y mocmimkenHi
gactocTi Bukopuctanmx mnepemad KIIII B ymoBax 0OMEXKEHOTO MIBHIKICHOTO PEXUMY IIUIBHOTO
TPaHCHOPTHOTO MOTOKY, LI0 BEIbMH aKTyalbHO.

OIJIb TA 3AJAYI JOCJILI)KEHHSA

Himmo naHoi poboTH € OOrpyHTYBaHS BHOOpPY TpaHCMicii aBTOMOOINS 3a pe3ylbTaTaMH CHHTE3Y
4acTOCTi BUKOPUCTAHHA nepefad MexaHiuHoi cxiguactoi KIII y 3agannx MicbKHX yMOBax mepeBe3eHb. J{ist
JOCSITHEHHSI 3a3HaYeHOT 11T 0YJI0 CHHTE30BaHO HU3KY THUIIOBHUX MiCHKHUX TPAHCIOPTHUX LUKJIIB, SIKi 3TOOM
BiJITBOPEHO MUIIXOM IMITAIIITHOTO MOZEITIOBaHHS Ta €KCIIEPHUMEHTAIBHO.

PE3YJbTATHU JOCIIIKEHHS

3aBIaHHA MapIIPyTH3allii IepeBe3eHb B yMOBaX MicTa EPEBaKHO CTABUTHCS Y ABOX BHJIAX: SIK «3aa4da
KOMIBOSDKEpa», KONMM st 00'i3My BCIX MYHKTIB Mae OyTH TOOYyMOBaHWIA JIHIIE OAWH MapIIpyT PyXy
BaHTA)XHOTO aBTOMOOIIIA, a00 K «3a/ada PO3BE3CHH», KON (DOPMYIOTHCS JEeKiTbKa PO3BI3HUX MapIIPYTiB,
3aMKHYTHX Ha OJIHOTO BiATPaBHUKA.

Jlns mocTaBlieHHMX 3aia4 Ciaijx Oyiao 6 JOCTHIUTH YacTKU BUKOPUCTAHHS Iepenad TpaHcMmicii (3a
MPOOIroM ¥ TPUBANICTIO YBIMKHEHHS ) HMOBIPHICTHO-CTATUCTHYHIUMH METOJJAMH Y€PE3 MOJICTIOBAHS THITIOBUX
13710BUX LUKJIIB B yMOBaxX M. JIbBOBa Ha IIJIKOM OKPECICHUX IIISTHKAX MapIIpyTy.

Binrak, MoJenorun iMiTaliitHuMu 3aco0aMu pyx BanTaxkHoro AT3 Ha 3aiaHuX JUISHKaxX 00paHoro
MapuipyTy, OTpuMaHa iHpopMaIlis Mpo YacTKy BUKOPUCTAHHS Iepenad TpaHCMICii Moxke OyTH BUKOpHCTaHa
1151 OOTpYHTYBaHHS BUOOPY TPaHCIIOPTHOIO 3aco0y HE JIMIIIE 3a TPaAUL[iHHUMH OKa3HUKAMHU XapaKTEPUCTHK
AT3 (BaHTaXHICTh, 00’€M Ky30Ba TOII0), aji¢ i OUIBII JETAIBLHO - 3@ KIJIBKICTIO Ta MIUIbHICTIO BUKOPUCTAHHS
nepenay, a oke, tuny KIII1 y ckmani TpaguiiiiHoi CUII0BOT YCTaHOBKH.

MosHa NOpUIYCTHTH, IIO0 HA CTPYKTYpPY BHKOPHUCTaHHS Iepelady TpPaHCMICi BIUIMBAaE TaKWUl
TpaJULIHHUN YUHHMK SIK JIOCBIJ BOJIisI, MaHepa BOJIHHS TOINO. BiloMO, 110 PIi3HUIIS B CTPYKTYypi/4acTiii
BUKOPUCTAHUX Tepeayd TPAHCMICii BOJISIMU 3 PiI3HUM JIOCBIIOM TOBOJIi 3HUKAE 32 YMOB 3HAYHOI LIIILHOCTI
TPAHCIIOPTHOTO MTOTOKY MICBKUX JOPIiT, a ocoOommBo M. JIpBoBa [10].

[TouaTkoBO¥O 1H(pOPMAIIIEO TSI TOCHIHKEHHS YaCTOK BUKOPHUCTAaHHS Tlepeaad TpaHcMicii OyB aHami3
BaHTAKHHUX JPIOHOTYPTOBUX TIEPEBE3CHb OJMHAALATH MapuipyTiB M. JIbBoBa, a camMe - MacuB 3HAa4YCHb
BiJICTaHel NIocTa4aHHsd S; Ta BIANOBIAHUX TpHBaocTel pyxy T; . Koxken MapuipyT ckiasaBces 3 JUISHOK, SKi

0o0OMeXeHi MICIIIMU pO3TalllyBaHHS KOHTPareHTa i TOUKaMu [MOCTaYaHHS BaHTaXIB.

3acTocyBaHHS TPAHCIIOPTHHX IMKIIIB Y CHCTEMHOMY acIeKTi € OJHUM 3 HaHOimbIl e(EeKTHBHUX
MiXOMIB IO aHaNi3y 1 CMHTE3Y YacTKOBOTO 3 mo3uiiil misnoro [3]. OcobmmBo eQeKTUBHUMH IS J000pY
napameTpiB i xapakrepuctuk AT3 4u HOTo CUCTEM, 30KpeMa, CHCTEMH «JIBUTYH-TPAHCMICish € BAKOPUCTAHHS
ONTUMAJIbHUX TPAHCIOPTHUX IMKIIB, SIKi BHCTYMAIOTh sIK 3aci® ixHeoro TectyBaHHs [5]. Ilpore mis
BUPIIIIEHHST OKPECJIEHOTO 3aBJIaHHS - HaJlaHHS [EePeBard ONTUMAIBHUM IMKJIaM Ha TPOTUBAry, MIPUMIpOM,
TUIIOBUM, 10TpeOye oOrpyHTyBaHHs. CHia 3a3Ha4YMTH, 10 HaBEJCHI TPAHCHOPTHI LHUKIM HE MAIOTh HIYOTO
CIIIBHOTO 3 IIMKJIAMH, SIKI MOJICJIOIOTD ITij] YaC BUPIIICHHS TPAAMIIIIHOT TPAaHCIIOPTHOT 3a1a4i.

JocmipkyBaTi TUNIOBUH TPaHCIOPTHUH LUK MICHKOTO MapuipyTy pyxy BantaxsHoro AT3 Bapto
posnouary 3 aHanisy (puc. 1) npocroro mukny [11] O a b'e «posrin — ycranennii pyx 3i msuakictio V
— TraJIbMyBaHHsS». 3a YMOBH SIKHAMiHTEHCHBHIIIOrO PO3raHSHHS H, BiAMOBIAHO, raJbMyBaHHS, LEH LMK
BBaXKAa€THCSI ONTUMAIILHUM ILI0JI0 ATMBOOIAIHOCTI, IPOTE AAJICKHH BiJ TUIIOBOTO.
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IIUKIT aBTOMOOLIIS 3arabHOI CTPYKTYpH aBTOMOOLIS

TUMOBMM MiCHKMM TPaHCIIOPHUM LMKJIOM BBXKAIOTh OUIbII y3aransHenui muki (puc. 2) [11] O a

b d e «po3rin - pyx 3 ycTanenoro msuakicTio V- HakaT - rajibMyBaHHS (IBUTYHOM/TaibMaMu)». Tunosuii
MICBKMH LUKJI BiJi ONTHMAIBHOTO MOXE BIAPI3HATHCS HE JUINE HASBHICTIO (a3 BHUOIry 1 raapMyBaHHS
JIBUTYHOM, ajle ¥ MEHII iHTeHCHBHUM po3raHsHHsIM. OOWIBa IUKIN peaNi3yloThCS Ha IUISHIN JOPOTH 3
HOCTIHHAM OMOPOM JOPOTH JOBKHMHOK 9 1 MAKCUMAIBHOK MIBUAKICTIO posransug V.. [5, 12]. Ouesuano,

1110 TPUBAJIICTh peaizallii ONTUMaIbHOTO LUKITY (puc.l) MeHIa BiJ TpuBaaocTi TUnoBoro (puc. 2) T; < T,.

max

Binrak, 3Hau€HHSA CepeHIX MBHUAKOCTEN HUKIIB CIIBBIIHOCATBECA V] > V.

Peasizariis mepioro nukiy 3 no3wuiliid eneprooiraaaocti AT3 e 6inbm gomineHO [5]. Ha3eimo nieit
K 6azoBuM. [IpoTe, B Mekax MmocTaBiIeHOl 3a/1a4i, 3aCTOCYBaHHS TAaKOTO MPOCTOTO TPAHCHOPTHOTO [TUKITY
IIJIKOM JIOCTaTHRO JUIS MIATBEPKEHHS TIlTOTE3W TPO OOMEKEeHE BUKOPHUCTaHHS CXOIWHOK MeXaHI9HOl
TpaHcmicii B ymoBax M. JIpBoBa. 3po3ymino, IO JOCTIIKEHHS BBaKATUMYTHCS HEMOBHUMH, SKIIO
O0OMEKUTHCH JIUIIIE BiITBOPEHHSM JJAaHOTO HUKITY. O0’€KTHBHO HEOOXiHO CHHTE3YBAaTH, a TIOTIM BiITBOPUTH,
TaK 3BaHUM €KBiBaJeHTHUH 1370BHi UK AT3 Ha J0p03i 3 MOCTIHHUM JOPOXKHIM OMOPOM PyXOBi. YMOBa

eKBiBaJIEHTHOCTI IIMKJIiB 00yMOBIIIOETHCS PiBHICTIO TIApaMeTpiB S i | eKBiBaTeHTHOro MUKITY 6a30BOMY.
Orxe, nns cuHTe3y 6a30BOro IMKIY BBAKATHMEMO Mporpamu posransuus J = J,(t), nakary
j=j,() iramemyBanHs j = j (t) AT3 Hanepen Binomumu. ITapamerpu 6a30B0ro NMKITy B3a€MOOOYMOBJIEHI

TaKUMH CITiBBIIHOIICHHIMH [5]:
v

P
vdv vdv vdv
jjp(f (2 -t)+ IJH(v) PRRO) @
Tt
v Vv
T=tb+ _—+ —, (2)
V£ WO i)
Vp
dv
= y 3
e !jp(v) ®

Je t, - MHUTb 3aBepiieHHs a3y posraHsHHsA (Touka a (puc. 2)); t, - MHUTh 3aBeplIeHHs (a3 pyxy 3
yCTAlIeHOK MIBUMJKICTIO (Touka b (puc. 2)).
3a yMOBH BiIOMUX 3HaueHb mapaMeTpiB S, | cuHTe3 6a30BUX HUKIIIB HOJSATAE Y BUSHAYEHH] 3HAYEHD
ta1ty,.
BHacijok onpaijioBaHHsS MacUBY JIaHHX 32 MaplIpyTaMH IepeBe3eHb 0YJI0 BUOKPEMIICHO J[BA THITH
6asoBux mukmis. [epmmii (Tun A ) ckmagaetses mumre 3 a3 po3raHsSHHA Ta BUOIryY (puc. 3, a). pyruit (Tum
B ), oxpim rporo, 3aBepiyerses Gazoro aKTHBHOTO rabMyBaHHS (pHC. 4,2).

Ha puc. 3,0 i puc. 4,06 HaBeJieHI €KBIBaJICHTHI I[UKJIM, BIAMOBIIHO 111010 0a30BUX THITY Ai TUITY B.
Ha Bigminy Bij 0a30BUX, €KBIBaJCHTHI MalOTh Y CBOEMY CKJIaZi a3y «pyx 3 yCTAJICHOIO IIBHIKICTION.
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Pucynok — 3. ba3ogi (a) i ekBiBaneHTHi (0) TPaHCTIOPTHI HUKIIH TUITY A

Ha mnepumii mornsa, CKIamaeTbess BPaKEHHs, MO JJisi 00’ €KTUBHOIO JIOCHI/DKEHHS YacTKH
BUKOPHUCTAHHS IIepeiay MeXaHiqHo1 TpaHCMicii 00paHOro TpaHCTIOPTHOTO 3aco0y B IAHUX JOPOKHIX yMOBAX,
HEOOXiTHO 3MOJIeIOBaTH yci, 0e3 BUHATKY, MOXJIMBI Bapiallii 0a30BUX TpaHcmopTHUX nukiiB. [loTpeda B
IbOMY BiZNaJe, SKIIO OKPECJIEHY BHILE 33/1a4y JOIOBHUTHU IIE OJAHIEI0 YMOBOIO: CHHTE3 Ta BiATBOPEHHS
LUKJIB, y TPOIECi SKUX YacTKa MaKCUMaJIbHO BHIIOI Iepenadi skHaiOinbina. Ilif momaTkoBiéi ymoBi
BiJIMOBIAIOTH BUOKPEMJIEH] 3 yCiX Bapiauiii, expiBanentni 6azoum, mukm: O @'a"hi O ¢' ¢ d (puc.
3,6), atakox mukan O @' b' ¢ 1 O d' e' f (puc. 4,6). YacTka BUKOpHCTaHHS MEPIIOT Ta APYyroi nepeaad
MeXaHI4HOI TpaHCMicii P BiITBOPEHHI BHIIE HABEICHHUX KB - HAWO1IbIIA.

JIOTpUMaHHS YMOBM DiBHOCTI mapamerpiB S i | eKBiBaleHTHHX LHKIiB 6a30BUM TpadiuHO
YHAOUHIOE PiBHICTH 3aIITPHXOBAHMX IUIONT JIAHOK, o6Mexennx kpusumu O' @' a ta O'a" b, Ta mmom
ninsHok, obmexennx kpusumu O" C'c Tta 0"C" d (puc. 3,6). AHanoriui AAHKH BHOKPEMJIEHO
HMITPUXYBaHHIM Ha puc. 4,0.

BinTBopenHst Oynp SIKOTO iHIIOIO €KBiBAIEHTHOrO WLHKIY, SIKMH BiINOBiZaTHME YMOBI PiBHOCTI
napamerpis S i 1 GasoBomy mukmy (tumy A um Timy B ) JIMILIE 3MEHIIY€E YaCTKy BUKOPHCTaHHS BUILLHX
nepeaay.

CYYACHI TEXHOAOM B MAWKMHOSYAYBAHHI TA TRAHCMAORT, 2022, Nel (18) m
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Pucynok — 4. ba3osi (a) i exBiBaneHTHi(0) TpaHCIIOPTHI LUKJIK TUIY B

ExcniepuMeHTallbHI  JOCHTIZKEHHS MHPOBEJEHO Ha aBTOMOOLN Kinacy N, Ha AUISHKAaX JFOYMX
MapuIpyTiB IpiOHOrypTOBUX HepeBe3eHb M. JIbBoBa. 3a momomororo udposoro kourposepa ZJ-LCD-M Ta
HoyTtOyka Panasonic CF-54 mpoBeneHno 3amuc mapamerpiB mukiiB. [Ipu 1ibomy oOpaHO AJsl BiITBOPEHHS
TinbKK 6a30Bi Ta ekBiBageHTHI TpaHcroptHi mukmy Ty A i B | axi nomaso Ha puc. 3 i puc. 4. Ha puc.
5 - CKpiH 3amucy MOKa3HUKIB MiJl Yac pO3TaHsHHS Ta BiITBOPEHHS MPOrpaMu pyxy HHKIy Tuny 4. Otpumani

pe3yIbTaTH IMITalliiHOTO 1 eKCIIEPUMEHTAIBHOTO JAOCIIIKEHb 3aCBIAYMIN AOCTATHIO 301KHICTH OTPUMAHHUX
pe3yibTaTiB.

CYYACH! TEXHOAOM B MAWWMHOBYAUYBAHHI TA TRPAHCHAORPT, 2022, Nel (18)
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F Funct ot User He
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Parameter | Value [ Unit |~ [I Me~s ['Wahicle Spesdfkn/h] Full Sawen | Gragh Type

J

Vehicle Speed | 74 | kmh 880

B

Input Revolution | 2838 | pm
740 \

MIL Status |_OFF | 0.0

Signal

Backup Engine |
Speed | | :
Accelerator Pedal

Angle | 100.0 | % / 4
Ciutch Position

(Current) | 39.007 | . v

2816 pm

1 2 3 K 5 6 7 8 9

(L::;ulaled Engine 98.03 % tecu | Input Revolution{rpm] Full Sgeen Graph Type ¥
$nglne Coolant 85 ¢ 41440
‘emperature | |
EngneRunTime | 2239 | s i
Engine Revolution | 2792.75 | rpm <o
Battery Voltage | 13691 | V 2
Drive Mile after 0 km 00
Malfunction = =
Running Time from | | | ecu [[Gear Position' (Target) T oz L 2
"9 0 min
MIL ON
Warm-up Cycle "
Cleared OTC | 2 |
Distance from DTC
Cleared | 21% | fm \ 3
Time after DTC 5781 i
Cleared | | |
Vehicle Speed ige | ks rers | Theoretical Engine Torque{Nm] Fuli Sowen i Orepi e )

Isecl 0
B =
Nid
Pucynok - 5. 3anuc mapameTpiB eIeMEeHTapHOTO TPAHCIIOPTHOTO IUKITY i/ Yac eKCIIEPUMEHTY:
1- mBuakicts pyxy AT3; 2— gactoTa 00epTiB Bally IBUTYHA; 3- YBIMKHEHA niepenada; 4 — 00epToBuit
MOMCHT JIBUT'YHa

OBI'OBOPEHHS PE3YJIBTATIB JOCJIAKEHb

JochimkeHo, mo B mporeci 3aiiicHeHHs MpiOHOTYpTOBHX MepeBe3eHb BaHTaXKHUMH AT3 B ymoBax
MicTa 4acTicTh BUKopucTaHHs nepenad cxigyactoi KIIIT cyTreBo pi3HUTHCS. AHaNI3 MapIIpyTiB Pi3HUX 3a
JOBXKMHAMH Ta OOMEXKEHSMH IIBHIKOCTEH pPyXy BHUSBWIM OOMexeHe BHKopucTaHux cxommHok KIIIL.
[Ipumipowm, iMiTartiiine MOAETIOBaHHS pyXy BaHTaxiBKH 3 11 AtucXigqyacTtoro KIIII mpu BigTBOpeHHI THITOBHX
MiCBKHUX 13I0BHX [IUKJIIB BUSBUAJIO BUKOPUCTAHHS JIMIIIE MIEPLINX TPhOX Nepeaad. OTpuMaHi AiarpamMu 4acTocTi
BUKOPHUCTAHHS Mepeaad MOKYTh OyTH BUKOPHCTaHi, SIK IPOTMO3UIIii pO3pOOHHKAM Ta eKCILTyaTalliiHIKaM.

BUCHOBKHN

1. J171st BU3HAUEHHSI YaCTOCTI BUKOPUCTAHHS Mepead MEXaHIqHOI CXi[9acToi TpaHCMicCii miATBepKeHa
JIOLIJIBHICTh 3aCTOCYBaHHS SIK TUIMIOBUX 0a30BUX Ta €KBIBAJICHTHUX 13/J0OBHUX IMKIIIB,

2. HaiiOinpmri 3Ha4YeHHS YacTOCTI BHKOPHCTaHHS Tepeaad JOCATaloThCA TN dac peamizarii
€KBIBAJICHTHHX 13/I0BHUX IHKIIiB. BiqNoBiTHO, HAliMEHIII — y TIpolieci peaizaiii 6a30BUX i3/JOBUX IHKIIB.

3. HouinbHicts 3actocyBanHa AT3 kmacy N, 3 5-cxiguacroro Mexaniunoro KIIIT nis BUKOHaHHS
ApiOHOTYPTOBUX IEPEBE3eHb Yy JaHWX YMOBaX EKCIUTyaTyBaHHS MOKHAa BBaKaTH CyMHiBHOIO. Tomy 3a

pe3ysIbTaTaMu MPOBEJICHUX AOCIIKEHb T MEPEkKi 00paHUX MapIIPYTiB OLITBHO BUKOPUCTOBYBaTH AT3 3
3-cxiguacroro mexaniunoro KIIIT.
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G. Gudz, M. Hlobchak, R. Pelo, P. Pelo. Synthesis of frequent use of stepped transmissions in the
process of reproducing typical cycles

Retrospective analysis of the situation of traffic flows in urban transport indicates the diversity of cargo
transport vehicles both in terms of cargo capacity and class. In addition, the traffic flow under these conditions
is characterized by high density.

The above imposes a number of restrictions, in particular, on the design parameters of vehicles,
moreover, on the choice of a power device.

A significant part of the vehicles that form such a flow in the conditions of settlements, in particular,
large regional centers, are equipped with power units as part of the engine-mechanical stepped gearbox system.

, 2022, Ne1 (18)
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It is known that the program of movement of a single taken vehicle is close to cyclic (according to the
presence of individual phases).

Decisive for the identification of traffic programs is the analysis of real routes of small-life
transportation in the city of Lviv, characterized by variability of distances and durations of their
implementation.

Dominant in the conditions of the city are vehicles equipped mainly with 4-6 stepped trasnsmission.
Speed limits and short, mostly distances between the points of the cycle, give grounds for the feasibility of
using multi-stage engine-mechanical stepped gearbox system as an element of transmission.

Therefore, the task arises regarding the study of the number of switches by determining the frequentity
of a particular transfer in the engine-mechanical stepped gearbox in urban traffic.

The purpose of the study is to identify the feasibility of using all vehicle gears from a constructive
point of view for vehicles involved in such operating conditions.

Keywords: gearbox, basic and equivalent driving cycles, accelerating, running out, slowing down,
frequency of transmission.
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2XepcoHchKa 0epocasia MopCbka aKademist

BUBIP TEXHOJIOT'TI IOKPAIIIEHHSA EKOJIOTTYHOCTI ABTOMOBLIISA

3abpynHeHHs aTMoc(epd TOKCHYHHMH PEYOBMHAMH BiANPAIlbOBAaHHX Ta3iB aBTOTPAKTOPHOI TEXHIKH —
HaJ3BUYAaifHO BakJMBa MpoOJieMa ChOTOJEHHS. € YMMago MeTOAIB 3MEHIIEHHS BHUKHMAIB IIKiAIMBUX PEUOBHH
aBTOMOO1TTIB. Ase BHOIp KOHKPETHOTO METOJa 3MAIHCHIOEThCS 3a3BUuail iHTYiTHBHO. IIpomoHyeThcst MeTOn BUOOPY
TEXHOJIOTii MOJIepHi3amii aBTOMOOULIS Ha OCHOBI CHCTEMHOTO MiJXOAy Ta OaraTOKpUTepialbHOI omTHUMi3amii 3a
KPHUTEPISIMH TEXHOJIOTIYHOCTI, €KOJOTiYHOI Oe3nekn Ta eKOHOMIYHOCTi. B poOOTi po3rimsmaeThesi MOKIUBICTH
MOKpAIICHHS eKOJIOTIYHHX MTOKAa3HHUKIB aBTOMOOLIS 3a paXyHOK BHKOPHCTAHHS albTEPHAaTUBHUX MOTOPHUX IauB. 3a
PO3pOOICHNM METOIOM BU3HAUYEHO JOLIBHICTh BUKOPHCTAHHS OCH3NHY, CKPAIICHOT0 HAhTOBOTO Ta3y Ta IIPHPOIHOTO
ra3y y BHIQJKY iX 3actocyBaHHA B aBTomMo0imi ['A3-3307. Kputepiil TeXHOIOTIYHOCTI BU3HAYAETHCS OLIHIOBAHHAM
eKCIUTyaTallifHUX MOKAa3HUKIB aBTOMOOIISI METOIOM MApHUX HOPiBHAHB. KpuTepiit ekonoriuHoi 6e3neku BU3HAYaeThCs
SK BIAHOLICHHS CyMapHOi TOKCHYHOCTI BiANpPalbOBAaHHX Ia3iB MpHU poOOTI IBUIYHA Ha PI3HUX BHIAX MAIUB IO
HOPMAaTHBHOTO MOKAa3HUKA CyMapHOI TOKCHYHOCTI. [IJi MOpIBHSAHHSA TOKCHYHOCTI BiPanbOBAHUX Ta3iB aBTOMOOLISL
BU3HAYAIUCS CyMapHi MUTOMI BUKHIH HOPMOBAHHX LIKI/UIMBHX PEUYOBUH 3 CEPIHHUM Ta MOJEPHI30BaHUM JBUTYHOM,
npuBeneHi mo okcunay Byriemo. CymapHa KUIBKICTh IIKIIJIMBHX BHKUAIB Oinbiia B OeH3uHy B 2,15 pasu Ta B
CKpaIIeHoro HaToBOro rasy B 1,57 pa3u B MOPiBHSAHHI 3 IPUPOIHUM ra3zoM. Kpurepiif eKOHOMIYHOCTI BU3HAYAETHCS
3 BpaxyBaHHsM 3MEHIIICHHS COOIBapPTOCTI MEPEBE3CHD Ta BEJIMYMHN BUTPAT HA MOJICPHi3allito aBToMoO1Is. [obanpHuit
KpUTepiii BHOOPY ONTHMAIBbHOTO METOJY BH3HAUYAETHCS AJUTHBHHUM 3TOPTAHHSIM YacTKOBUX KpHTepiiB. MoneibHi
npeacTaBleHHs (YHKIIOHYBaHHS aBTOMOOLIIS TO3BOJIMIIM 3BECTH 3aBIAaHHS BUOOPY HAHKpaIIoi JOCTYIHOI TEXHOJOTIi
MOJIepHi3aii 3 METOI0 MOKPAIIEHHS iX eKOJIOTIYHNX ITOKa3HUKIB, 10 ONTUMi3allii HapaMeTpiB eKCILUTyaTalliiiHOl CHCTEMH
«TEXHOJIOTiA-ABUT'YH-TPaHCIIOPTHAH 3acié» 3a BUOpaHUMH KpuTepisiMu. BusHaueHo, 110 HaiOinbpIne 3HAYECHHA
TI00ATBEHOTO KPUTEPIiIo Mae BUKOPUCTAHHS IPUPOJHOTO Ta3y B SIKOCTI MOTOPHOTO NajyBa B BAHTAKHOMY aBTOMOOLII,
HepeBaKHO BUKOPHCTOBYBAHOMY B MICEKUX YMOBaX.
KnarwuJoBi cioBa: ampTepHATHBHI NMaliBa, CKOJOTIYHI MMOKA3HWKU, CUCTEMHHN MiIXiJ, GaraToOKpuTepialbHa
OINTUMI3aLlis.

BCTYII

[IpoGsieMu 3aXUCTy HABKOJMIIHLOTO CEPEAOBUINA BiJ 3a0pyIHEHHsS] BUKUIAMHM IIKIIJTMBUX PESUOBUH
(LLIP) BimmpamnpoBanux ra3iB (BI') pi3HuX BUIIB TEXHIKH Ta CBITOBOTO AeilUTy HAPTH € OJHUMH 3 HAHOLIBII
aKTYaJIbHUX 3arajlbHONIOJICHKUX NMPOOJIeM HUHIIIHBOrO yacy. IIpoTe oHUM 13 NepCIEeKTUBHUX HANPSMKIB ii
PO3B’SI3aHHS € MOJICPHI3AIlisl TEXHIKHU 3a PI3HUMHU TeXHOJorisAMu [1].

Ha croroaninmxiii 1eHb y HaIIii AepkaBi € BEJTUKHHA MapK KOJMICHUX TpaHCTOpTHHUX 3aco0iB (T3), sxi
MPALIOIOTh HA NMAJMBaX HA()TOBOTO MOXOPKEHHS. AJie €KOJIOTiUHA CUTYyalis y BEITUKUX MicTaX KpaiHU BeCh
yac noripuryerbes. OTHUM 3 OCHOBHHX IUIAXIB BHXOIY 3 Ii€l CUTYyallii € MOAEpHI3allisl TeXHIKH 3 METOH
MOKPAIICHHS €KOJIOTTYHUX MOKa3HUKIB. OCOOJIMBO 116 CTOCYEThCS aBTOMOOLUTIB, SIKi 3HAYHY YaCTHHY 4acy
MPALOIOTh B MICBKUX YMOBAX.

B Toii ke 4ac, 3 oray Ha CKIIAHICTh i 0araToacleKTHICTh BUPIMIEHHS ITi€l MpoOieMu, HEOO0XiTHOO
YMOBOIO € BUKOPUCTAHHSI CHCTEMHOTO i IXO/Ty 1 MOYKIIMBOCTEH HOBITHIX iH(OpMAIiHHUX TEXHOJIOTIH [2].

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMH

3HaYHUN BHECOK y PO3BUTOK CHCTEMHOTO aHaNi3y Ta Teopiil npuitHaTTs pimens BHecau: O.1. Jlepnuen
[2], B.B. Ky3nenos [3], B.B. IloguroBckuii [4], T. Caatu [5]. Cepen HaiOLIbImI BiOMHX JOCHiIHUKIB
npoOJjeM TMOKpallleHHsT €KOJIOTIYHUX MOKa3HWKiB T3 cij BiJ3HAYMTH HAyKOBIIB 3 YKpaiHW 1 KpaiH
nocrpagsacbkoro npoctopy lO.I'yrapesuua [6], . AGpamuyka [7], C. I'ycakosa [8], C. dessnina [9], B.
€poxona [10] Ta iH. BupimenHio nux npodiieM NpUCBIYEHO W YMMaNO Hpalb 3aXiJHUX BUCHHUX, Cepell IKUX
A. Krishnasamy [11], A. Hochhauser [12], M. Karabektas [13], A. Murugesan [14].

Haii0inp NOMMPEeHUMH THTAaHHAMH, IO JOCIDKYBAINCH y JaHUX po0OTax BITYM3HSHUX Ta
3apyOi’KHUX BUCHHUX, € €KOJIOT1UHI MOKAa3HUKU ABUTYHIB Ta T3 mix yac poOOTH Ha aJbTEpHATUBHHUX MaJHMBaX
(AIl). Omnak, BUKNaJeHI y IUX poOOTax MiJXONIW, HE JNAIOTh YIiTKHX TIyMadyeHb BHOOPY TEXHOJOTIi
MOJIEpHi3allil B KOHKPETHIH CUTYaIlii.

OJIb JOCJIKEHHSA

Po3poOka MeTo10JI0T1YHIX OCHOB BUOOPY TEXHOJIOTI] MOJEpHi3aLii aBTOMOOIIBHOI TEXHIKH 3 METOIO
MOKpAIIIEHHsI €KOJIOTIYHUX TIOKa3HHUKIB.

PE3YJIBTATHU JOCIIIZKEHHA

, 2022, Ne1 (18)




© 3axapuyk B.I., AreeB M.C., 3axapuyk O.B., Cxamura M.M., Bepxmomuyk K.A. 2022

HeoOxinHo BHOpaTH TaKky TEXHOJOIiO (TE€XHIUHI 3aXOAM, YIPABIIHCHKI PIIICHHS), SIKi € HAHOUIbII
JIEBUMHU, 3 TOYKU 30pY JOCATHEHHS 3arajbHOTO BUCOKOTO PiBHS 3aXUCTy HABKOJUINHBOTO ceperoBuina. Ha
MPaKTHIl, MPH peai3alii IbOro MPHUHIUIY, MOXYTh BUHHKHYTH CHTYallii, B SKHX HE SICHO, SKa came
TEXHOJIOris OyJe 3a0e3nedyBaTH HAWBHINUN pPIBEHh OXOPOHHM HABKOJMUIIHLOrO cepenoBuina (HC) Ta
HaWOUTpIMil eKOHOMIYHHNA edekT (puc. 1). ToMy BHHHKAae HEOOXiTHICTH MPOBECTH IOTEPEIHIO OIHKY
TEXHOJIOTIH s ineHTHdiKAaIil, ska x Oy/e Halkpamoro. HaBeaeHi BUIe MaTepiaan XapakTepu3yIOTh BUXiIHI
naHi [u1st ineHTH(iKaii TeXHOOTI K Halikpamoi goctynHoi Texnounorii (HT), € Bukirouno cknaanumu. [1].

Exonomika
/ €KOHOMIYHO
oOrpyHTOBaHa
MIHIMAJILHO
pruinBac Ha HC
TexnoJorist
MIPOMHCIIOBO
peanizoBaHa

Pucynok 1 — Cuctemsi akropu inertudikamii rexnomorii sk HAT

To06T0, HE0OXiTHOIO € Po3poOKa HAYKOBO-OOTPYHTOBAHOT'O METOJAMYHOIO 3a0€3MeUeHHs MOJICpHI3allii
T3, nepimuM etanoM sSKOTo cTano O BUpILICHHS 3aBAaHHs BUOOPY TexHouorii B sskocti HAT, 3 ypaxyBaHHIM
i1 TEXHOJIOTIYHOI MOXKITMBOCTI OYTH peari30BaHO0, €KOJIOTIYHOI Oe3eKH Ta €eKOHOMIYHOT JOITHHOCTI.

Bimomo 6araTo crnoco0iB 3MeHIIIEHHS IIKITMBUX BUKKUIB T3 B ymMoBax ekcrutyaraiii [8-12]. 3 anamizy
JITEpaTypHUX JKEPEI BCTAHOBJICHO, 110 JIO HAMOIIbII JIIEBUX BITHOCATHCSA KaTalliTUUHA HeWTpaiizamis BI,
3aCTOCYBaHHS CAKOBUX (iNBTPiB B Amu3ensx, nepexia Ha All ta in.

3axoau MaroTh pi3Hy eeKTUBHICTE. MOKIMBICTh 3aCTOCYBAaHHS MEBHOI TEXHOJIOTIT MoaepHizauii T3
BU3HAYA€ThCsl OaraTbMa YMHHMKaMH [2]. Y mpoleci NpUUHSATTS pillieHb, 3 OMJISAY Ha BENUKY KUTBKICTh
KpUTEPIiB, JOBOAUTHCS 3HAXOAUTH KOMIIPOMIiC MiXK Hai4acTilie KOHMIIKTYIOUUMH HiIiMu. [{J1s migBUIeHHS
e(eKTUBHOCTI YIIPaBIiHCHKUX PillIeHh PO3POOIICHO BEJIHMKY KiIBKICTh METOIIB 0araTOKpUTEPiaIbHOTO aHATII3Y
1 onrumizamii [4].

MeTtoponoriss  BuOOpy TexHoJorii MonepHizamii T3 BkiIrouae B ceOe BHU3HAYCHHS KPUTEPIO
TeXHoJoriuHOCTI K7 cCHCTeMH «TeXHOJIOTisA-1BUryH-13», kpuTepito exonoriuHoi 6e3neku Ke T3 Ta kputepito
E€KOHOMIYHOT €()eKTUBHOCTI SKCILTyaTallii K,

Kpurepiii Texnonoriunocti Kr BpaxoBy€ TEXHOIOTIYHI MOXKIIMBOCTI BOPOBaKEHHS. J[s BU3HAUSHHS
KPUTEPII0 TEXHOJOTIYHOCTI MOXJIMBE 3aCTOCYBaHHS METOJNy MapHUX MopiBHSIHE [5]. OuiHoyHMMH
MMOKa3HWKaMU € CKIIQJHICTh MOJIEPHi3allii, BIUIMB MOJAEPHi3allii Ha MajJuBHY €KOHOMIYHICTh Ta €HEepreTHYHI
MOKa3HHUKH JBUTYHA, BIUIMB Ha HA/IIWHICTD Ta pecypc JBUTYHA.

3a 3HaueHHSAMH cyMapHOi TOkcW4yHOCTi BI' BH3Ha4aeThcs Oe3po3MipHa BENMYMHA — KpUTEpii

ekoJioriugoi oesnexu Ke:

K, = —2, )

EBHOpM

ne EB, — nificHuii moxasHMK €Kooriunoi 6esnexu T3;
EB,opm — HOPMATHBHUI MOKA3HUK €KOJIOTiuHOi Oesnexku T3.
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s mopiBHsSHHES TokcwmuHOCTI BI' rasis T3 Bu3Hawamucs cyMapHi mutoMi BUKHIA HOpMoBaHux 1P 3
CepiifHUM Ta MOJEPHI30BAaHUM JBUTYHOM, IIPUBEIEHI 10 OKcuay Byrienio CO:

GCO:A'mCO+B'mCmHn+C'mN0x+D'mTq, (2)

ne Mg, M, 1, Myo,, My — NUTOMI BUKHIM BiIMOBIJHO OKCHIY BYTJIELIO, BYIJIEBOJHIB, OKCUIIB
a30Ty 1 TBEpANX YaCTUHOK 32 i3I0BUI IUKII, T/KM;

A, B, C, D — xoeditieHTH arpecuBHOCTI BiJIIIOBITHUX KOMIIOHCHTIB.

3HaueHHs KOedilliEHTIB arpeCUBHOCTI B CYYaCHHUX JIOCHIDKCHHAX [6-8] MPUIIMalOThCS HACTYITHUMHU:
Aco =1,B¢, n, = 3,16,Cyp, = 41,1, Dry = 200.

Toxcuunicts BI' T3 omiHIOIOTH 32 310BUMU IIUKJIAMH, SKi XapaKTepU3YIOTh PEXKUMHU PYXY B PEATbHUAX
YMOBaXx eKCInTyaTallii. Ae peasizallis i3J0BUX HUKIIIB B YMOBaX aBTOTPAHCTIOPTHHX IiATIPHEMCTB HEMOKITHBA
4yepe3 BiACYTHICTh HEOOXimHOro oOmagHaHHS Ta mpuialdiB. ToMmy Taki AOCHiIKEHHS B eKCIUTyaTalliitHHUX
YMOBaxX BUKOHYIOTHCSI pO3PaxXyHKOBAM METOIOM [6].

Haii6inpimn edekTrBHE, 3 €KOHOMIYHOI TOYKH 30Dy, PIlIEHHS 100 BUOOPY TEXHOJIOTIT MOAepHi3allii,
Oyze BiAMOBiIATH MiHIMYMY piYHHX [IPUBEACHUX BUTpAT B

Bpi = Ci —i- Ki i min, (3)

e C, — cobIBapTICTh MEPEBE3EHD, 3 BUKOPUCTAHHSM i - TO BUJLY TIAIIMBA, TPH;

i — TOCTii{Ha HOpMa TUCKOHTY;

K — xamitanoBkiaieHHs B iepeo0IaiHaHHs, TPH.

ExonomiuHa eQeKTUBHICTh 3aCTOCYBaHHS TEXHOJOTii MOJIEpHI3alil OLIHIOETECS KpPUTEPiEM
€KOHOMIYHOi €)EeKTUBHOCTI:

Bypi

Kex = (4)

Bpmax

Takum dnHOM BHOpaHO TpU KpuTepii BHOOPY pamioHaNbHOI TexXHONOTIi MoaepHizamii T3.
BaraTokpurepianpHa 3a7a4a 3BOJUTHCS 0 OJHOKPUTEPIATBHOT 32 METOAOM 3ropTanHs. O0 € JHaHHS OKPEMHUX
KpHUTEPIiB B 3araJbHUN KPUTEPill pallioHaJIbHOTO BUY MMajHBa 3JiHCHIOETHCS HACTYITHAM YHHOM:

K = @1Kr + 92K, + ¢3K,y, (5)

Ie 1, P2, P3 — KoedilieHTH BaroMOCTi MOKa3HUKIB TEXHOJIOTIYHOCTI CHCTEMH, €KOJIOTIYHOI Oe3MmeKu
Ta eKOHOMI4HOI epekTuBHOCTI excrutyararii T3 (3] ¢;=1).

Jiisi OIIHKM BaroMoCTi OKPEMHUX KpUTEpiiB OyJlM BHKOPHUCTaHI pe3yJbTaTH EKCIEPTHUX OI[iHOK.
Haii6inpima 3HaummicTs — y kputepito ekonoriunoi 6esneku (0,4). Jlemo menmi 3nadensas (0,3), MaioTh
KpUTEpil TEXHOIOTIYHOCTI Ta KPUTEPil €eKOHOMIYHOI €PEeKTUBHOCTI eKCInTyaTallii. J{ias npuidHATTS pimeHHs
I10/10 BUOOPY TEXHOJIOTIT MoJiepHi3ailii chopMoBaHa MijIboBa QYHKITIS.

OCKiNbKH B SIKOCTI PO3BI3HOT'O TPAHCIOPTY TOPTiBEIBHOI MEPEXKi BEIMKHUX MiCT BUKOPHUCTOBYIOTHCS
BaHTa)XHI aBTOMOOLITi 3 OEH3WHOBUMH JBUTYHAMH, TO aKTYJIIBHUM € TTUTAHHS TMOKPAIICHHS 1X €KOJIOTIYHHX
MOKa3HMKIB. 32 PO3pOOJICHOI0 METOJONOTIEI0 3 BHKOPHCTAaHHSM METOJly MAapHHUX IMOPIBHSHb BH3HAYCHO
KpUTEPIil TEXHOJIOTTYHOCTI BUKOPUCTaHHS OCH3MHY, CKparieHoro Hadrooro razy (CHI') Ta nmpupoasoro razy
(I1T) y Bumasky ix Bukopuctands B apromo0Oim ['A3-3307 (tabm. 1).

OIiHOYHUMH TTOKa3HHUKAMH KPHUTEPIF0 TEXHOJIOTIYHOCTI € TIOKAa3HWKW TaliBa Ta €HEPreTHYHUX Ta
MaJMBO-CKOHOMIYHUX BJIACTUBOCTEH JBUI'YHaA, sIKi HaBeaeHi B TaOmuii 1: 11 — mocraTHiCTh pecypciB Ta
MOJKITUBICTh MacOBOTO BHPOOHUITBA; [12 — eHepreTHyHiI MOKa3HUKH IBUTYHA TIPU POOOTI HA TAHOMY TTaJIUBI;
13 — netonauiiina ctiiikicts; [14 — eneproBurpatu BuUpoOHUITBA; [15 — exooriuHi SKOCTI nanuBa (BIUIMB Ha
HaBKOIMIIHE cepenoBuie); [16 — nanmuBHa ekoHOMIUHICTh BUTYHA; [17 — Ge3neuHicTh 3aCTOCYBaHHSI.

Haii0inpme 3Ha4eHHS Ma€e KpUTepiil TeXHOJOr1YHOCTI BUKOpUcTaHHs OeHsuny (0,367), nemo meHe
snaueHHs y [1I" (0,339) i natimene 3nauenns y CHI™ (0,294).
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Tabmumst 1 — 3HadeHHsT KPUTEPII0 TEXHOJIOTIYHOCTI BUKOPUCTAHHS PI3HUX BHUIIB IMAJIMB B aBTOMOOLITI
I"'A3-3307

Kpurepiii
Homepu noka3HukiB 111 112 113 114 I15 116 117 TEXHOJIOT1YHOCTI
BekTopu npiopureris X(xi) 0,14 | 0,14 | 0,24 | 0,11 | 0,16 0,15 0,16
CHI' 0,488 | 0,199 | 0,292 | 0,157 | 0,418 | 0,199 | 0,385 0,294
nr 0,312 | 0,312 | 0,292 | 0,294 | 0,378 | 0,312 | 0,385 0,339
Bensun 0,199 | 0,488 | 0,414 | 0,547 | 0,202 | 0,488 | 0,228 0,367
3= 1,00

Oninouni mokasuuky III" Ta CHI' (mpomnan-OyTtaHy) mpu iX BUKOpHUCTaHHI B OEH3WHOBHIX JIBUTYHAX
BaHTAQ)XHUX aBTOMOOLUTIB 3 JBOMAJUBHUMH CHUCTEMaMH >KHMBJICHHS N0Ope BUBYCHI, JCTaIbHO BUCBITIICHI Y
cneuianbHii niteparypi. Tomy TaOmuii mapHUX MOPIBHSIHB OLIHOYHHMX TMOKA3HHKIB JPYroro Ta TPETHOTO
PIBHIB B AaHii poOOTI HE HABOIATHCS.

[Ipu pospaxyHkKy Karteropii HeOe3leKH Ha OCHOBI JaHWX BHKOHAHUX BHIPOOYBaHb BUHHUKAE
HEOOXI/THICTh B OOYMCIICHHI KiIBKOCTEH BUKUIIB OKpeMHX peuoBrH M; nipu pyci T3 3a i3qoBumM nukiom. 3a
PO3pO0IEHOI0 METOAOJIOTIEI0 BUKOHAHA OIliHKA eKOJIOTigHOi Oe3mekn aBTomobins I"A3-3307 mpu poboti Ha
pisnux nmanuBax (tabdm. 2) [15].

Tabmuus 2 — Bukuau P (r/xm i r/c) aBromobinem ['A3-3307 npu poOoTi 1BUTYHA Ha Pi3HUX BUAAX
TaJINB

Kinekicts Bukunis 1P aBTomMo0inemM
Bun nanusa NOy CO CH caxa Bcroro
/KM r/c /KM r/c /KM r/c /KM r/c | T/kMm r/c
bensun 9,7 0,08 45 0,373 3,58 0,029 - - 58,3 0,482
I 8,4 0,07 15 0,124 3,69 0,031 - - 27,1 0,225
CHI 7,2 0,06 27,8 0,23 2,14 0,018 - - 37,1 0,308

Pesynpraru mocnimkens apromo0inst ['A3-3307 Ha TokcmunicTs Bl mig wac po6oTH Ha pi3HHAX ManuBax
nokazasi B Tabxa. 3. BI' aBromo0ins, nparrorogoro Ha I1I°, MIiCTSTh B TpH pa3su MEHIIIE OKCHIY BYTJICLIO Ta B
1,15 pa3u menme okcuiB a3oty. CyMapHa KiJbKiCTh HIKIIJTMBUX BUKHIIB Oifbia B O¢H3MHY B 2,15 pas3u. 3a
KUIBKICTIO IIKIIJTMBUX BUKHIIB HAWOIBII 3HAYMMUM KOMIIOHEHTOM € okcu Byriieiio CO. Pe3ynbTaTu oriiHku
piBH: ekosoriunoi 6e3nexu aBToMoOuIs 'A3-3307 npu poOOTi Ha Pi3HUX MANIMBaX 3BEACHI B TAOIULIO 3.

Sx BugHO 3 Tabd. 3, KpuTepiit exonoriynoi 6e3nexu [1I" Mae 3HayHO Oinble 3HAYEHHS Y TIOPIBHSAHHI 3
HeeTwioBanuM OeHsuHoM Ta CHI, mo oOyMmoBiieHO Horo eneMeHTapHHUM ckiagoM. Ha apyromy wmicui
KpuTepiii exosoriuHoi 6e3nexu CHI'.

Tabnmus 3 — Oninka exosnoriuyHoi 6e3nekn aBromo0ins ['A3-3307 npu poOOTi Ha pi3HUX NaTUBaX

Bun nanusa Kpurepiii exosnoriuHoi 6e3neku Ke
Bensun 0,27
I 0,41
CHI' 0,31

3a po3po0IIEeHOI0 METOANKOI BUKOHAHA OL[IHKA €KOHOMIUHOI e()eKTUBHOCTI eKCIuTyaTalii aBTOMOO1Is
I'A3-3307 sK TEXHOJIOTIYHOTO TPAaHCIOPTY Ha Pi3HUX NainuBax. Pe3ynpTatn po3paxyHKy HOKa3HHUKIB
EKOHOMIYHO1 epekTUBHOCTI ekcrutyarairii aBromo0ist [TA3-3307 na Al 3BejieHi B Ta0uI. 4.

3 tabn. 4 BUIHO, MO eKkoHOMIYHA edekTuBHICTh BuKopuctanas CHI™ B aBromo6ini 'A3-3307 € Bumioro
y mnopiBasHHi 3 III'. Lle moscHIOeTbcs MeHMmIOW BapTicTio ra3oBoi amaparypu st CHI. Texwiko-
eKCIUTyaTalliifHI TOKa3HUKU (BaHTAXOMIIHOMHICTh, 00'€M BHKOHAHOI TPAHCIOPTHOI POOOTH) aBTOMOOINS,
npairorodoro Ha 6en3uni ta Ha CHI' 3HaxonsThes MPUOIM3HO HA OJTMHAKOBOMY piBHi. [Ipn po3paxyHkax He
BPaxoOBYBaJIOCh 3MEHILIEHHSI BAHTAXOIIAHOMHOCTI aBTOMOO1Is ipu po6oTi Ha I1I" 3a paXyHOK BCTaHOBIEHHS
ra3oBux OajnoHiB. bymo mnpuiiHsaro, mo 3ampaBka aBTomoOins III' Oyxe BigOyBaTtuch Ha TepuTOpil
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MIPUEMCTBA. Y BHUNAAKY 3allpaBKA Ha MEPEKEBIid 3alpaBili B 3HAYHIN Mipi 3pocTae cepemrHbOI000BHUi
XOJIOCTHH TIPOOIr.

Tabnuus 4 — EkoHoMiuHa ehekTuBHICTh excruryaTamnii aBToMo0inst 'A3-3307 Ha All
All
nar CHI'

Kpurepiii exonomiuHoi epekTuBHOCTI BUKOpucTanHs AMII 0,45 0,55

IToxa3auk

PesynpTaTh  po3paxyHKIB 3arajlbHOTO KPUTEpI0 BHOOPY ONTHMAIBHOTO BHIY MaldBa JJIs
BHKOPHCTOBYBAHOTO B SIKOCTI TEXHOJIOTIYHOTO TpaHcHopTy aBToMo0ins 'A3-3307 naBeneHi B Tab. 5.

B pesynbTari nociijpkeHb BCTAHOBIICHO, IO HAWOULIBIIE 3HAUCHHS 3arajlbHOr0 KPUTEPiF0 BHOOPY
ONTUMAJIBHOTO BUAY manuBa Mae [11°, HaliMeHIIIe 3HaYCHHS B OCH3UHY.

Tabmuug 5 — 3HaueHHs1 3arajJbHOTO KpUTEpito BUOOPY ONTHUMATIBHOTO BHIY MalWBa AJS aBTOMOOINS
I'A3-3307

ITamuBo 3aranpauii KpuTepiit K BHOOpy ONTHMAEHOTO BHTY MTAJIHBA
Bensun 0,218

Inr 0,399

CHI' 0,377

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

CHI sBinsie coboro mpoayKT nepepoOku HadTH abo € cymyTHIM KomnoHeHToM BuaoOyTky [1I7. Pecypcu
CHI" oOMesxeHi, OCKITbKH BOHH 3HaYHOIO MipOIO MOB'sI3aHi 3 BUIOOYTKOM HaTH. Y COLialbHO-TIOOYTOBOMY
cektopi kpaiam CHI' BukopucTtoBye 3HauHa KinmbKicTh xuteniB. Kpim toro, CHI' sBmse coboro miHHY
CUpPOBUHY 118 XimMiuHOT mpomucioBocti. Tomy CHI' Ha aBTOTpaHCIIOPTI CITiJi BUKOPUCTOBYBATH TUTBKH JIJIS
BJIACHMKIB IHMBIIyaJIbHUX aBTOMOOIIIB JJIs1 ITOJIIIIIICHHS €KOJIOTTYHOI CHTYaIlil BETMKUX MICT i IPOMHCIOBHX
LEHTPIB.

TakuM 9MHOM 3 BHKOPHCTaHHSIM CHCTEMHOTO MiJXOIy METOIOM OaraToKpHTepiallbHOI OmTHMi3allil
3IACHEHO BHOIpP paIlioHaIbHOIO BUAY MAJIKMBA JUIsl BaHTaXXHOTO aBToMOO1Ist ['A3-3307, BUKOPUCTOBYBAHOTO
B SIKOCTi PO3BI3HOT'O TPAHCIIOPTY TOPTiBEIBHOT MEPEXkKi BETUKUX MICT.

BUCHOBKHN

Mopnenpai npencraBieHHs (yHKIioHyBaHHS T3 mM03BONMIM 3BECTH 3aBAAaHHS BHUOOPY HaWKpamioi
JOCTYITHOT TEXHOJIOTIi MOAEpHI3allii 3 METOI IMMOKPAIICHHS iX €KOJIOTIYHHMX IMOKA3HUKIB, JI0 ONTUMI3aIll
napameTpiB  eKCIUTyaTallifHOI CHCTEMHM «TEXHOJIOTifA-ABUIYH-13» 3a KpUTEpisIMH TEXHOJOTIYHOCTI,
€KOJIOT14HOI Oe3MeKH Ta eKOHOMIYHO1 e(heKTUBHOCTI eKCIUTyaTamii. 3a po3po0JIEHMM METOZOM BCTaHOBJICHO,
110 HalOIIbIIIe 3HAYEHHS 3aralibHOTO KPUTEPito Mae TexHooris Bukopuctanus [11, nemo MeHIe 3HaueHHs B
CHI'. TlokpallleHHS €KOJIOTIYHMX ITOKa3HUKIB OCOOJIMBO BaXKIIMBO JUJISI aBTOMOOLNIB, SIKI 3HAYHUN Yac
HPAIOIOTh B MICBKHX YMOBAaX.
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Contamination of atmosphere by the toxic substances of exhaust gases of motor-vehicle and tractor
technique is an extraordinarily important problem of present time. There are quite a bit methods of reduction
of extrass of harmful substances of cars. But the choice of certain method comes true usually intuitively. The
method of choice of technology of modernisation of car is offered on the basis of approach of the systems and
multicriterion optimization on the criteria of manufacturability, ecological safety and economy. Possibility of
improvement of ecological indexes of car is in-process examined due to the use of alternative agile fuels.
According to the worked out method the useing of petrol, condensated petroleum gas and natural gas is certain
in case of their application in a car GAZ — 3307. The criterion of manufacturability is determined by the
evaluation of operating indexes of car by the method of pair comparisons. The criterion of ecological safety is
determined as a relation of total toxicness of exhaust gases during a thruster-on on the different types of fuels
to the normative index of total toxicness. For comparison of toxicness of exhaust gases of car the total specific
extrass of the rationed harmful substances with a serial and modernized engine, resulted to the oxide of carbon,
were determined. The total amount of harmful extrass is for petrol 2.15 times higher and for condensated
petroleum gas 1.57 times higher as for natural gas. The criterion of economy is determined taking into account
reduction to the prime price of transportations and size of charges on modernisation of car. The global criterion
of choice of optimal method is determined by the additive rolling up of partial criterions. World-modeling of
the car functioning allowed to choose the best accessible technologies of modernisation with the aim to
improve their ecological indexes, to optimize the parameters of the operating system "technology - engine -
transport vehicle" according to the chosen criteria. Certainly, that the most value of global criterion has using
of natural gas as an agile fuel in the truck mainly used in municipal terms.

Key words: alternative fuels, ecological indexes, approach of the systems, multicriterion optimization.
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OBI'PYHTYBAHHS JOIIIBHOCTI YIOCKOHAJEHHS TPAHCMICII TACAXKAPCHKHX
ABTOBYCIB THUITY VAN HOOL ACRON 915 TA NEOPLAN N316/ 3 UL

V¥ poboTi nocmipkeHo npodieMaTHKy ekciuryaranii aBrooycie Van Hool 915 Acron Ta NEOPLAN N316/ 3
UL, 3amissHUX Ha MDKMICHKUX, & TAaKOX Ta MDKHAPOIHUX MEPEBE3CHHSX, JOCIIKCHHSIMH BCTAHOBIICHO 3017IbIICHUI
PO3XiJ MaIMBHO MAaCTHJIBHUX MaTepialiB CTOCOBHO NACHOPTHHMX HAaHWX IO ABAAILITH BIICOTKIB. B craTTi moBemeHO
TEXHIKO-eKOHOMIYHY JOIUIBHICTE PEKOHCTPYKIIT By3/IiB TPAHCMICII IUIIXOM 3aMiHM IapH IIECTEPEHb, a caMe, 3aMiHI
[iecTepHi BTOPHHHOTO Bajla Ha MEHIIy, a Ha IPOMIDXHOMY BaJli Ha O1IbIIy, 3 METOIO 301IBIIEHHS IepeIaTOYHOTO Yucia
KOJIIHYATOTO Bajy Ta 3MEHIIEHHS BUTPAT MAJIMBHO MACTHIBHHMX MaTepiaiiB. s mocmimkeHHsS 0OpaHO macaXupcehki
aBToOycu Van Hool 915 Acron, aeuryn D2866 LOH29 MAN, o6’emom 11 967,00 cm®, motyxuicts 280 kBT,
QM3eNbHUHN, BIAMOBIAHICTh ekonoriunuM HopMmaMm Euro-3, ta NEOPLAN N316/ 3 UL asuryn MAN 2866 LOH 29
o6’emom 12 000,00 cv®, motyxnicts 280 kBT, nu3enpHUiA, BiAMOBIAHICTH EKOJOTIYHMM HOpMam EUro-3, sxi
3IIHCHIOIOTH BiciMIecsT BiICOTKIB ycix nepeBe3ens Ha mianpueMctsi ©.0.I1. Crenuk T.B. Ha BkazaHuX TpaHCTIOPTHHX
3acobax OOrPYHTOBAHO YJOCKOHAJICHHS TPAHCMIcCii MUIAXOM MOJEPHi3allii MEeXaHiYHOiI BOCBMHUINBUAKICHOI KOPOOKH
nepemukanHs nepenady ZF 8s180. BpesynmpTari mpoBeneHOI MoJepHi3allii MOKpaIleHo MBHIKICHI XapaKTePUCTHKH
aBTOMOOLIIB, Ta JOCATHYTO 3HIDKCHHS CEpelHIX BUTpAT manbHOro. EQekTHBHICTH (YHKIIOHYBAaHHS YIOCKOHOJEHOL
TpaHCMicii mepeBipeHo Ha TpakTulli Ha MapmpyTax TeprHominb-KuiB, TepHomine-Xapkis, TepHOMiab-3amopixxKs,
TepHonine-1lenun, Tepronine-Ciyncbk, Tepromine-Kondxer. B craTTi BcTaHOBIEHO MiHIMAJIbHY Ta MaKCUMAJIbHY
€KOHOMIIO MAIMBHO MAacCTHIIFPHHX MarepiaiiB, a TAKOK TEPMIHH OKYMHOCTI Takoi yHiikamlii Ha HaWBUTiTHIIIOMY Ta
HaMEHIII BUTIJHOMY 3 TO3HMIII KiJBKOCTI MEPEBE3CHUX MACAKUPIB HA MapmipyTaX. BUXOIsM4u i3 pO3paxyHKIB Ta
MPAaKTUYHUX JIOCIIPKCHb, IEPEBI3HUKOM MiATBEPIKEHO AOIUIBHICTH IPOBEICHHS MOJICpHi3allii KOpOOKH MepeMUKaHHS
nepenay ZF 8s180 Ha aBoOycax Van Hool 915 Acron Ta NEOPLAN N316/ 3 UL. BcranoBneHo, 1o HaiiOinbIn
JOLJIBHYM € ITPOBEIEHHS TaKoi iHi(iKallil Ha TPAHCTIOPTHHX 3ac00ax, SKi MPAIOI0Th Ha MDKHAPOIHUX MapUIpyTax, e
nepeBakae MIBUAKICHA Tpaca, TOMY iX MOJEPHi3allis € IepIIOYeproBoOIO.
KirouoBi cjioBa: kopoOka IepeMHKaHHS Iepenad, MEepeiaToYHe YKCIIO, NPEBHHHMI Baj, BTOPMHHHUN Bal,
MIPOMIKHHI BaJl, EKCIUTyaTaliliHI XapaKTepUCTHKH MapIIPYTHOTO aBTOOYyCa, TPAHCMICis.

BCTYII

ITorpu mocTynoBU# mepexia A0 BUKOPHCTaHHS B aBTOMOOUISX albTEpPHATHBHUX JKEpesl eHeprii,
3HAYHa YacTKa aBTOMOOUIBHOTO TPAHCIIOPTY 3IMIIAETHCS OJTHIM 3 OCHOBHHX CIOXXHBa4iB HA()TOBUX MAJIUB.
Li BuTpatu B CTPYKTypi aBTOMOOIIBHUX MEpeBe3eHb 3aliMalOTh ICTOTHY YacTHHY. Tak, 3arajJbHOBIIOMO,
YacTKa BUTpAT Ha MaMBa MACTHIbHI Marepiann B coOiBapTocTi 1 T/KM Ha aBTOMOOITBPHOMY TPaHCIIOPTI
ckiagae 15...20 %.

OjHUM 13 MPOBITHHUX MIAMPUEMCTB 3aXiJIHOTO PETiOHY, SKi BUKOHYIOTH MIXXMICBKI Ta MIKHApOJIHI
nacaxupcbki nepeseseHHs € @.0.I1. Creuuk T.B. IlepeBe3eHHs 31i1HCHIOIOTHCS SIK 110 Y KpaiHi Tak 1 3aKOpOH,
3okpemMa y llomemry, Himewumny ta xpaiam bantii. ABromapk miampuemctBa Hamiuye monax 200
MacaXUPCHKUX aBTOOYCIB Pi3HUX MapoK Ta Mozesel. Halimommupenimumu MojensiMu aBTo0yciB € Van Hool
915 Acron ta NEOPLAN N316/ 3 UL, siki BUKOHYIOTb, 3a JaHHMH IepeBi3HMKa, Onm3bko 80% ycix
nepeBe3eHb. BeeperHpoMy Takuit aBTOOyC pOoOUTH 10 § peiiciB 3a MicsIlb, tonatoun 61m3bko 1650 kM 3a peiic,
a omxke omu3pko 12000 kM 3a MicsALb.

Taki yMOBM eKCIUTyaTallii MalliiHl TPU3BOIATH 0 Psily Tpo0iieM, 30KkpeMa 0 301IbIIEHHX BUTPAT
MAJIMBHO MACTHJIHHUX MaTepiamiB. Po3xin manvBa nepeBuIlye HOpMYy, 3TiTHO MACTIOPTHHUX JaHUX aBTOMOOLIA
Ha 20%. B yMmoBax nedinmuTy HalbHOTO Ta PIi3KOTO MiMHATTS I[iH, aKTyaJlbHUM € TMPOBEICHHS 3aXOJiB 3
MOJIEpHi3allil TPaHCHOPTHOI'O 3aco0y 3 METOK 3MEHINEHHS BUTpPAT MUIIXOM MOJIEPHI3allil KOPOOKH
nepemukanss nexad (KIIIT).

AHAJII3 JIITEPATYPHUX JTAHUX TA IOCTAHOBKA ITPOBJIEMUA

Buxopsiuu 3 aHanilzy CBITOBUX TEHJCHINIH PO3BUTKY TPAHCIIOPTHUX MOKHA 3pOOHTH BUCHOBOK, IIO
BJIOCKOHAJICHHSI TEXHIKH BiJIOYBa€ThCS Y HANIPSIMKY pECYpCcO30epexeHHs, eHepro30epeKeHHs Ta CTBOPEHHS
MAIlIUH 3 eKOJIOT1YHO Oe3neyHuMH napamerpamu. OTHOrO Cy4acHOTO ABHUIYHA, [l CTBOPEHHS! aBTOMOOLNIS 3
BUCOKHMH TSATOBUMH 1 €KOHOMIYHMMH MOKa3HMKAaMH HEIOCTaTHBO. TaKoXX BaKIMBUM € TNpOLeEC Nepeaadi
KPYTHOTO MOMEHTY Bijl JBUT'YHA JO TSATOBUX KOJIIC YK/Ta 3MiHA HOTO BIAMOBITHO 0 HABAHTAXXCHHS 1 YMOB
pobotu. Lo ¢pyHKIir0 BUKOHYE TpaHcMicis. Takox il 3aBmaHHSAM € 3a0€3MEYeHHs ONTUMAIBHUX TATOBO-
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IIBUAKICHUX 1 MAJIMBO-€KOHOMIYHHUX MOXIJIMBOCTEH aBTOMOOLUIS IpH 3aJaHii XapaKTEPHCTHUI[ IBUIYHA.
MexaHi4HI TpaHCMICil MalOTh BUCOKHH KOe(DIIEHT KOPUCHOT Aii Ta BiIPI3HSIIOTHCS MPOCTOTOO KOHCTPYKIIII,
TEXHOJIOTIUHICTIO BUTOTOBJNICHHS. [IpMHIIMT poOOTH MEeXaHiYHOT KOPOOKH mepenad 1o 3MiHi IepelaBabHOro
Yrcia Majo 3MiHUBCS 3 4aciB ii cTBopeHHs. Taki TpaHCMicii BIOCKOHAIOIOTHCS, Pa30M 3 THM BOHU MaroTh 1
Henonikd. BHUCOKI MOKa3sHUKM KPYTHOTO MOMEHTY, IOTYXXHOCTI Ta HUTOMOI BUTPAaTH MalMBa JIEKATh y
MOPIBHAHO HEBEIMKOMY Jialla3oHi 4acTOT oOepTaHHS KOJIHYACTOTO Bally JBHWTYHA. BimmomimHo, mo6 mpu
3MiHI HaBaHTaKEHHS POOOTa JBUTYHA TPAHCMICIS 3aJIMIIANACH Y Jiana30Hi HAWOUIbII e(heKTHBHOTO PEKUMY,
Tpeba 3MIHIOBATH TepeaaBaibHe Trucio. [1]

EneproedekTuBHOCTI TpaHCMICIH aBTOMOOLUTIB 1 TPAKTOPiB MOYKHA 3a0€3MEUUTH IPH MOACPHI3AIIiT 31
3MIHOI0 YMCIIa WIHAPIB IBUTYHA BHYTPIIIHBOTO 3ropaHHs [2]. Y pe3ynbTaTi IpOBEACHOTO TOCIiIKESHHS
BHU3HAYEHO YMOBH 3a0€3Me4YeHHS BiOPOCTIIIKOCTI MOTOPHO-TPaHCMICIHHUX YCTaHOBOK, pO3p00IeHO METO I AT
MIPOBEICHHS MTOPIBHAIBLHOTO aHAaJIi3y MOKAa3HUKIB €HepProePeKTHUBHOCTI MOTOPHO-TPAHCMICIITHIX YCTaHOBOK 3
pizHuM umcnoM mwiinapiB JBC, a Takok BKa3aHO MOJMJIMBI NUIAXH MiABUIICHHS €HEProeeKTHBHOCTI
MAaIIMHHUX arperaTiB aBTOMOOLIIB 1 TPaKTOPIB MPpH MOAepHi3alii 31 3MiHOO yncia mutinapis B3.

OgarM 3 HaAWOLIBII BaKJIWMBUX NUIAXIB IMJBUIICHHS TEXHIYHOTO piBHSA, MPOIYKTHBHOCTI,
€KOHOMIYHOCTI 1 €)eKTHBHOCTI BUKOPUCTAHHS aBTOMOOLTHPHOTO TPAHCIIOPTY € OMTHUMI3aIlisi KOHCTPYKTHBHHAX
napameTpiB aBToMoOina. TpaHCMicis € eneMeHTOM KOHCTPYKIii, mapameTpu sSKOi BH3HAYarOTh TEXHIKO-
€KOHOMIYHI TOKa3HUKH aBTOMOO1IISA, TOMY ii y/IOCKOHAIEHHS Ja€ MOXKJIMBICTh 3HU3UTH BUTPATH MTaJTNBA.

HIJIb TA 3AJAYI JOCJIKEHHSA

BpaxoByroun mepeposxif ManvBa, Lidb Ta 3a1adi AOCIIIKEHb OYyJlIO0 BH3HAYEHO SK po3polka i
OOTpyHTYBaHHsI TEXHIYHMX BJIOCKOHAJICHb BY3JiB 1 arperariB aBToOyciB Tumy Van Hool 915 Acron Ta
NEOPLAN N316/ 3 UL. Jlns OOCATHEHHS MOCTaBJIEHOT METH HEOOXiIHO OOTPYHTYBAaTH NMUIAXM yHidikamii
KIIIT ZF 8s180, Bpe3ynbTaTi 4oro 3a0e3neUUTH MOKPALICHHS IIBUAKICHUX XapaKTEPHCTHK TPaHCMIcii Ta
€KOHOMIT AJINBHO MAaCTUJIBHUX MaTepiaiB.

PE3YJIbTATHU JOCJIIIKEHb

3 MeTOI0 eKOHOMIi IMaJMBHO MAaCTHIIFHUX MaTepiajiB, mpoBeneMo yHi(iKIIio TpaHCMicii aBToOyca Ta
3pobumo ii Oimbm mBuakicHow. Tak sk mignpuemctBo @.O.I1. Cremux T.B., Ha sKOMy NpOBOIWIMCS
JOCTIDKEHHS, Ma€ yci HeoOX11Hi JIIIEH31i, sSIKi JI03BOJISIIOTh HA/IaBaTH MOCIYTH 3 TEXHIYHOTO 00CITyrOBYBaHHS
1 peMOHTY aBTOMOOLIBHOTO TPAHCHOPTY, & TAKOXK BCTAHOBIIEHHIO JOAATKOBOTO OONaTHAHHS, € MOXKIUBUM
MPOBECTH MOJICPHI3aLlil0 KOPOOKH MEPEMUKaHHS Tiepeiad Ta 3p00UTH 11 OB IIBHKICHOIO.

PexkomenayeTbes MoepHi3zallisi kKopoOku mBuakoctedt ZF 85180 nuissxom 3aMiHu Mapy IIECTEPEHb, a
camMe: Ha BTOPMHHOMY Bajly MOMIHSJIHM IIECTEPHIO HA MEHIIy, a Ha NMPOMDKHOMY BCTAHOBHWIIM OLTBIIY.
PexoHcTpyKIii miansTrany aBTo0yCcH MapKu:

Van Hool 915 Acron: uucio micis uis cuninas — 52; pik Bumycky — 01/2004; Bara — 15000 kr;
MaKcHMabHa MIBUIKICTE - 120 km/rox; auryn D2866 LOH29 MAN, BiANOBIIHICTh €KOJOTIYHUM HOpMaM —
Euro-3, o6’emom 11 967,00 cm?®, motyxHicTs 280 kBT, nu3ensHuil.

NEOPLAN N316/ 3 UL: uncnio micup s cuaiaas — 52; pik sumycky — 01/2000; Bara — 18000 «r;
MakcuMasibHa MBUIAKICTh - 120 km/rox; aeuryn MAN 2866 LOH 29 06’emom 12 000,00 cM®, MOTYXHICTh
280 kBT, nu3enpHMIA, BINOBITHICTh €KOJIOTITYHUM HOpMaM — EUro-3.

Buxinai nani kopooku nepempay ZF 8s180 (puc. 1): BiciM mBHAKOCTEH, TiepenaTouHi yncna 8,28 —
0,71, makcumansuuit kpyTHUA MoMeHT 1300 H.m.

CrannaptHa kopoOka nepenau ZF 8s180:

[Hecrepus npomixkaomy Bami N1 =23 3y01iB;

lectepHs BTOpUHHOMY Bauti N1=29 3yO1IiB.

MopnepHizoBaHa KOpoOKa:

[Hecrepus npomixkaomy Bami N2 =32 3yduiB Homep 3a katanorom 1304304636 [3];

lectepus BTOpHHHOMY Bai N;=26 3yOmiB HoMep 3a karaiorom 1250304135 [4].

OO0YHNCIMO XapaKTePUCTHKH JOCIHiPKyBaHOT KOPOOKH WIBHJIKOCTEH, 300pakeHOi Ha puc.l B
6azoBomy pimenHi. [Ipu BkimoveHii BocbMill mepeaadi my¢ra (puc. 1, 5) 3’eaHy€eThCS HANPSIMY i3 BTOPUHHUM
BaJIOM, TAKUM YHHOM OJIEP’KUMO TIpsIMY Tiepeiady BiJl JBUTYHA BHYTPIIIHLOTO 3TOPaHHS Ha KapJaHHUN Ball.
Taxum unHOM Masia Mictie npsima riepenada 1:1. [Micns yridikamnii KITI npsiMa nepeaaya craixa cboMoro, a Ipu
BBIMKHEHii1 BOCbMI lepeiadi KpYTHUH MOMEHT IepeJaeThCsl 3 IEPBUHHOIO Bajly Yepe3 3aMiHeHi IIEeCTEePHi Ha
MPOMIXKHHUM Ta HA BTOPUHHUHN Bajl

NOB = N1/n2, (1)
32/26 =1.23

m , 2022, Ne1 (18)
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ne Nos — 9anciio o0epTiB BTOPHHHOTO Bay.

TakuM YUHOM Ha BHXO/1 1 000pOT MPOMIXKHOTO BAITy IIOHH3HIIH 1 30UTHINNINA 000POTH Ha BTOPHUHHOMY

BaTy.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHHSA

Jns nepeBipkn eeKTUBHOCTI (DYHKI[IOHYBAaHHsS EKCIEPUMEHTANLHOI TpaHCMICIT Ha TMPaKTHIl
MPOBEJIEHO JOCIHTIKCHHS IJIs1 aBTOOYCIB, SKi BUKOHYIOTH MEpeBe3eHHsI Ha MapmipyTi TepHomiip—XapKiB Ta
PO3TISHYTO JUHAMIYHI XapaKTEPUCTHKH aBTOOYyca [0 Ta Micis MpoBeAeHHs MoepHizanii (Tadm. 1).

\

Pucynoxk 1. MexaHiHa KOpoOKa epeMHKaHHs repeaay ZF 85180

.
.
'y

4

S

6

1 — npomixkHHI BaJT; 2 —MIapa3uTHA MIECTEPHS; 3 — BTOPHUHHUI Ba; 4 —IIIECTEpHI, SKi MM UIAraloTh
3aMiHi; 5- Mydra; 6 - nepBUHHMHN Basl

Jiisi MOpIiBHAIIBHOTO aHali3y cepegHi pe3yabTaTH OOYMCIEHb BUTPAT MalbHOTO JIO Ta IMIiCHs
MOJIEpHi3allil TpaHCMIcCil JOCTIIHUX MallvH Ha Pi3HUX MapHIpyTax 3BeJeHO B TaOu. 2. BcranomieHo, 110
MaKCUMaJbHy €KOHOMil0 oTpuMaHO Ha MapupyTi TepHomine-lllenun, ne mepeBaxae IIBUAKICHA Tpaca, a
MiHIMaNbHy Ha MapupyTi TepHominb-XapKiB, e SKICTh AOPIT HWKYA TaK SK HAa TaKWH MapuipyT motpidHa

TArOBa, a HE NIBUIKICHA TPAHCMICIS.

Bapricts Takoi mopnepnizamii. L{ina 3amgactur ~ 30000 rpH. [5]. PoGota matictpa ~ 13 ron-280
rpu/rox = 3640 rpua. OTxe 3aranbHa BapTicTh MoaepHizauii cranoButh C=33000+3640= 36640 rpH.

Po3paxyeMo TexXHIKO-€KOHOMIYHI TTOKa3HHUKH.

BurtpaTu nanpHOTO TPAaHCIIOPTHOTO 32C00Y pO3paxyeMo 3a POpMyIIoro:

V1 =L/100'T1'C
V2=L/100'T2'C

Jie ¢ — IliHa Ha MMaJIMBO, I'PH;
L — moBKHHA MapIIPYTY, KM;

(2)
©)
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1 — cepenHiil po3xix majvBa A0 MoaepHizarii, 1/ 100kM;

I, — cepelHil po3xija manuBa micis MoaepHizaiiii, 1/100km;
V1 — BUTpaTH MaNbHOTO JI0 MOJACPHI3aIlil;
V,— BUTpaTH MaNbHOTO MiCIs MOAEPHi3awii

Tabmurs 1. [lopiBastHAS XapakTepucTtuk aBTodyca Van Hool 915 Acron o Ta micist MoepHizamii
TpaHcMmicii Ha MapuipyTi TepHonins — XapkiB

[IBunkicTh Van Hool 915 Acron NEOPLAN N316/ 3 UL [epenaua

PYXY, CepenHs KUTbKICTh 00epTiB CepenHs KUTBKICTE 00epTiB 00/XB

KM/TOJT 00/xB

JI0 MOJICpHi3aIlii micis JI0 MOJIepHi3artii micid
MOZepHi3arlii MOJIEpHi3aIlii

10 1551 1247 1550 1250 1
20 1549 1250 1545 1249 2
30 1552 1252 1550 1250 3
40 1553 1251 1554 1250 4
50 1555 1250 1550 1253 5
60 1547 1253 1555 1250 6
70 1247 1000 1252 998 7
80 1552 1250 1554 1250 7
90 1256 1000 1250 1002 8
100 1548 1250 1550 1255 8

Butpatu mansHoro Ha MapupyTi TepHonine-Xapkis. JoxuHa noisixy (depe3 M. KuiB) L=1800 km.
Lina Ha manuBO AJIS MIAIPUEMCTB ¢= 65 TpH/J, cepenHiil po3xia nmanusa, g0 ynockonarnensas KIIII ri= 36,3
11/100xM, micnst ynockoHaneHHs 2 =34,05 1/100xm. OTxe, Buxonsun 3 popmyi(2) i (3), BUTpaTH MAITBHOTO 10
MoJepHizanii V1=42471 rpH.,a BUTpaTu NaJbHOTO IiCNIs MOAEpHi3amii cTanoBIsATh V.=39838,5 rpH.

TakuM 4MHOM, 33 OJTUH PEHC MiAIPUEMEIL CKOHOMHUTH:

E=V1_V2

(4)

E =2632,5 rpH.

TepMiH OKYITHOCTI TaKO1 MOAEpHi3allii:

N =13,918 peiicib.

N=CJ/E

®)

Otxe ypockonaneHust KIIIT na mappyti TepHorminb-XapkiB oKynuTbes 3a 14 peiicis.

Po3paxyeMo TexHIKO-€KOHOMi4HI MOKa3HUKK Ha MapuipyTi TepHominb-lllennH. JoBkxuHa muisaxy
L=2250 kM. Cepenniii po3xin naiuea a0 yaockonaienus KIIIT ri= 34,05 n/100km, miciis yaoCKOHAJICHHS I
=32,05 1/100xm. OT>x€ BUTPATH MATBHOTO 0 MOJIEPHI3aIlii CTAaHOBIATH (2):

V1=49798 rpH.

Butparu najbpHOTO0 10 MOIepHi3allii CTaHOBISTH (3):

V>=46873,5 rpH.

Tabnuus 2. [TopiBHSHHS cepeHiX BUTpaT nankHoro aBrodycie Van Hool 915 Acron ta NEOPLAN
N316/ 3 UL no Ta micis MojiepHi3ailii TpaHCMicii Ha pi3HUX MapIIpyTax

MapipyT Van Hool 915 Acron NEOPLAN N316/ 3 UL
CepenHiii po3xij MajgbHOTO CepenHiii po3xig MaIbHOTO
11/100xMm 11/100xkM
JI0 MOJIepHi3arrii iCTIs JI0 MOJIEpHi3allil iCIIsS
MOJIepHizarlii MoOJIepHi3arii
Tepuomnine-Kuis 36,2 33,7 36 33,6
TepHomine-Xapkis 36,3 34,1 36,3 34
TepHoMiIb-3amopiOKS 36,2 33,6 36,1 335
Tepronine-Ulenun 34,1 32,1 34 32
Tepronine-Cayncek 34,2 32,2 34,1 32,1
, 2022, Ne1 (18)
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| Tepromine-KonGxer | 345 | 325 | 344 | 324 |

Takum 9UHOM, 32 OJUH PEUC MiAMPUEMENh CKOHOMHUTS (4):

E =2924,5 rpn.

TepMiH OKYITHOCTI TaKO1 MOAEpHi3allii:

N =12,53 peticiB

Otxe pexonctpykuist KIIIT na mapmpyti Teprominb-Iennn okynutscs 3a 13 peiicib.

BUCHOBKHA

Tak sk cepemHiii pO3XiJ MAIWBHO MAacCTWJIBHHX MatepiaiiB aBToOyciB Van Hool 915 Acron Ta
NEOPLAN N316/ 3 UL, xotpi 3aiiiCHIOIOTh TacakHpChKi mepeBe3eHHs Ha mignpueMctBi @.0.I1. Creruk
nepeBuInye macnopTHi Aani Ha 20%, Ta y 3B’S3Ky 13 3pOCTaHHSM IiH Ha HaJUBO, OYJI0 MPUHHATO PillIEHHS
YAOCKOHAIIUTH TpaHCMicii TpaHCTIOPTHUX 3ac00iB, 3 METOIO 3abe3rnedeHHsl ekoHoMii manmBa. Ilicns 3amiam
napy IIeCTepeHbh Ha BTOPHHHOMY Ta MPOMIXKHOMY Ballax kKopoOok mepenad ZF 85180 na aBroOycax Oyio
JOCSTHYTO 301NbIICHHST OOOPOTiB HAa BTOPMHHOMY Bali, Bpe3yJbTaTi 4YOro TpaHCMicia crama Oinbur
MIBUIKICHOIO. J[MHAMiuHI XapaKTepUCTHKH TPAHCHOPTHUX 3acO0iB MEpEeBIpEHO Ha MPaKTHII Ha Pi3HUX
MapuipyTax Ta BCTAHOBJICHO 3HIKEHHS CepefHiX BUTpaT nanvBa npuomm3ao Ha 10%. PozpaxoBaHo, 1mo Taka
MoOJIepHi3allisl OKynuTh cebe 3a 4 peiiciB Ha Mmapmuti TepHomiib-XapkiB, Ta 3a 13 Ha Mapiuti TepHOIiNb-
lenun. {oninpHICT TPOBEACHHS YIOCKOHAICHHS KOpoOKU nepemMukanHs nepeaady ZF 85180 Ha aBToOycax
Van Hool 915 Acron Ta NEOPLAN N316/ 3 UL migTBepIKeHO IepeBi3HUKOM.
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O. Zakharchuk, R. Rozum, M. Buriak, N. Falovych. Feasibility of improving the transmission of
passanger buses VVan Hool Acron 915 and NEOPLAN N316/ 3 UL.

The paper examines the operation of VVan Hool 915 Acron and NEOPLAN N31 6 / 3UL buses involved
in long-distance domestic and international transportation. Due to the conducted research, the consumption of
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fuel and lubricants was found to increase up to twenty percent in relation to passport data. The technical and
economic feasibility of reconstruction of transmission units by replacing a pair of gears is proved, in particular
the replacement of secondary shafts gear by a smaller one and intermediate shafts gear by a bigger one. Such
replacements allow to increase the gear ratio of the crankshaft and reduce the consumption of fuel and
lubricants. Van Hool 915 Acron passenger buses (engine D2866 LOH29 MAN, volume 11967.00 cm?, power
280 kW, diesel, compliance with Euro-3 environmental standards) and NEOPLAN N316 / 3 UL (engine MAN
2866 LOH 29 volume 12000cm?, power 280 kW, diesel, compliance with Euro-3 environmental standards)
were selected for the study, which provide 80% of transportation at the company of Stetsyk T.V. During the
study, the improvement of transmission by upgrading the mechanical eight-speed gearbox ZF 8s180 was
substantiated, resulting in improved speed characteristics and fuel economy. The efficiency of the improved
transmission has been tested in practice on the routes Ternopil-Kyiv, Ternopil-Kharkiv, Ternopil-Zaporizhia,
Ternopil-Szczecin, Ternopil-Slupsk, Ternopil-Kolbzheg. The minimum and maximum economy of fuel and
lubricants is considered in the article, as well as the payback period of such unification on the most profitable
and least profitable routes in terms of the number of passengers transported routes. Based on calculations and
practical research, the carrier confirmed the feasibility of upgrading the gearbox ZF 85180 on buses Van Hool
915 Acron and NEOPLAN N316 / 3 UL. In the article, the authors prove that vehicles operating on
international routes, where the highway is predominant, should be modernized first and foremost.

Key words: gearbox, gear ratio, tilting shaft, secondary shaft, intermediate shaft, performance
characteristics of the shuttle bus, transmission.
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Kamkanos A. A., ITlansueBcobkuii O. B.
Binnuyvkuii Hayionanenuti mexuiunuil yHigepcumem

MPOBJIEMU ®YHKI[IOHYBAHHS TPAHCIIOPTHUX CUCTEM BEJIMKUX MICT YKPAIHU
B CYYACHHUX YMOBAX

BaxnuBicTh MOCTIHOTO PO3LIMPEHHS ICHYIOUMX MEPEX TPAHCIIOPTHUX CHUCTEM AJISI Cy4aCHOTO CYCIiIbCTBA
€ HesanepeuHoro. OpHak, 100 3a0e3meynTy sikicHe (QYHKI[IOHYBaHHS TPAaHCIOPTHOT Mepexi, MOTPiOHO BpaxyBaTu
0e3nmid yMOB Ta 3aKOHOMIPHOCTEH, IO 3HAYHO yCKIagHioe ii peamizauito. OCHOBHUMH YMOBaMH € 3HIDKCHHS
HaBaHTaKCHHS Ha TPAHCIOPTHY CHCTEM, 3a0e3eYeHHs] HalBUIIOTO PiBHS OS3IIEKH Ta eKOJIOTIYHOCTI. BUKOHAHHS ITX
YMOB NOTpeOye 3HAYHNX BHUTPAT Ha IOJINIIEHHS TPAHCIIOPTHOI iHQPacTPyKTYpH, MEPEeTBOPEHH: i Ha BapiaTHUBHY,
6araTo(yHKIIOHAJBHY JIOTICTHYHY CHCTeMy. be3 BpaxyBaHHS IIMX yMOB IIPH IPOSKTYBaHHI TPAHCIIOPTHHX MEPEex,
IIaHC BUHUKHEHHS YCKJIaIHEHb IIPH IX eKCIUTyaTamii Haa3BHYaifHO BUCOKHIA.

B poboTi Ha OCHOBI CTAaTUCTHYHUX NAHHUX 332 OCTaHHI POKU OYyJO BHSBJIEHO CTAIWH PICT YHCEIBHOCTI
TPAHCIOPTHHX 3aCO01B Ta TEMIIIB aBTOMOO1Ti3a1lii, sIKi BUIIEpeKalOTh PO3BUTOK TPAHCIIOPTHOI IHYPACTPYKTYPH MiCT
VYkpainu. Lle cnpruunHse 3pocTaHHS PiBHS 3aBaHTAXXEHOCTI AOPIr, YHEMOXKIIUBIIOE €()EeKTHBHE IIEPECYBAHHS MiCTOM,
30UIBLIYE KUTBKICTh JOPOKHBO-TPAHCIIOPTHUX MPUTOA Ta OOCATH MIKIAIMBUX BUKUAIB O aTMocdepu. AHai3
pe3yIbTaTiB OLHEHHS BIUIMBY OKPEMHX €JIEMEHTIB BYJIMYHO-IOPOXKHBOI Mepexi Ha e(eKTHBHICTh oprasizarii
JOPOXKHBOTO PYXy IOKa3ye, IO HACIpPaBAi Ji€Bi PIlICHHS MO)KHA HAIPAIIOBATH JIMIIE Ha OCHOBI KOMIIJIEKCHOTO
nigxony. Bukonane mocmimKeHHs TO3BOJIMIO OKPECIUTH MEPCIEKTUBH PO3BUTKY (DYHKIIOHYBAaHHS TPAHCIIOPTHUX
CHCTEM BEIMKHX MICT YKpaiHH Ta 3alpONOHYBaTH IUIIXW MiJABUIIEHHS SKOCTI Ta HAAIIfHOCTI aBTOMOOUIBHMX
MepeBe3eHb 3 METOI0 MiHIMI3allil COiaTbHO-EKOHOMIYHHUX BTPAT KOPHUCTYBAUiB BYJIHYHO-TOPOXKHIX MEPEIK.

Ki1o4uoBi cjioBa: TpaHCIOPTHI CHCTEMH MICT, aBTOMOOUIBHHI TPaHCIOPT, €()EKTHBHICTH CHOIYYCHHS,
opraHizalisi JOPOKHBOTO PYXY, JOPOXKHS Ta CKOJIOTIUHA Oe3MeKa.

BCTYII

B VkpaiHi criocTepiraeTscst MOPIYHAN MPHUPICT KUTHKOCTI aBTOMOOITIB [1], 10 criprduHsE 3pOCTaHHS
PiBHS 3aBaHTAXXEHOCTI JOPIT, YHEMOXJIMBIIOE €(QEKTHBHE IMEpecyBaHHs MICTOM, 30UIBbIIYE KUIBKIiCTh
JIopokHBO-TpaHcopTHUX npuro (JTII) Ta obcsarn mxianTMBUX BUKUAIB 0 aTMocdepu. Bogii, qonatoun Ty
camy BiJICTaHb, 3MYIIIEHI CBIJIOMO BUTpayaTH JOJATKOBHN Yac Ta KOIITH, SKi MOTJIA O OyTH 3a0IaKeHi, Ipu
3aMpoBaKEHHI Cy4aCHUX MiAXO0/IB 3 OpraHi3allii JOPOKHBOTO PyXy Ta 3a0e3MeYeHHS MPOITYyCKHOI 3JaTHOCTI
BYJIUYHO-A0pOKHIX Mepexk (BIAM), mopoxkHboi Ta ekosoriyHoi O6e3reKkn Ha aBTOMOOUTBHOMY TPaHCIOPTI.
Came TOMy BHBYEHHS Ta pO3pOOKa HOBHX METOAMK IOAO ONTHMIi3alii poOOTH TPaHCIIOPTHUX CHUCTEM Ta
OIIIHEHHS SKOCTI iX ()YHKIIOHYBaHHS € aKTyalIbHUMH B TEOPETUYHOMY 1 IPAKTUIHOMY TUIaHI.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IMPOBJIEMHA

Po3BuTkOM Teopii opranizamii JOPOKHBOTO PyXy 3aliMaivcsi TaKi 3aKOpJOHHI Ta BITYM3HSHI
nocnigauku gk N. Gartner, B. Kerner, D. Drew, R. Herman, F. Haight, B. B. Cunbsiros, I'.1. Kninkosmiretis,
B.®. babkos, A.Il. Bacunbes, M.C. ®@imenscon, f.B. Xomsk, E.B. 'aBpunos, B.I1. [Tominryk.

B Ham uWac TeOopeTHYHMMH Ta MPAKTHYHUMHU TWTAHHSAMH, SKI TIOB’SI3aHI 3 OpraHizalieo pyxy
aBTOMOOUIFHOTO TPAHCIIOPTY, 3a0e3Me4YeHHAM IOPOXHBOI Ta ekosoriyHoi Oesmexku Ha BJ/IM, akTuBHO
3aiimatotbes R. Babit [2], K. Chen [3], R. Mahnke [4], T. Mathew [5], €.10. ®opranpunk, [.A. Moruna,
B.E. Tpymercokuii, B.B. TneBuu [6], O.0. Jlo6amor, O.B. Ilpacomenxo [7], O.T. Jlanomuii [8§],
0.0. bakymiu, O.I1. [I3t00a, B. 1. €pecor, B.II. Ioximyxk [9], Aynin B.B., I'onyo 1.B., I'punskis A.B.,
Jlucenko C.B. [10] Ta 6araro iHmuX.

Amnari3 octaHHIX MyOITiKalliii Ta pakTHIHOTo cTaHy 3a0e3IMeYeHHS aBTOMOOUILHUX MEpeBe3eHb Y MiCTax
VYkpainu mokazye, mo mpodiiemMa opraHizalii JOpPOKHBOTO PyXy B YMOBaX HACHYEHOCTI TPaHCIIOPTHHX
MOTOKIB aKTyali3yeThes 31 301IbIIEHHSAM YHCEIBbHOCTI TpaHCTIOPTHUX 3aco6iB (T3) Ta Temnis aBToMoO1Ti3aLil,
SKI BUIEPEDKAIOTh PO3BUTOK TPAHCIOPTHOI iHPPACTPYKTypH MicT. Pyx TpaHcmopTy B yMOBax HacH4eHHS
TPAHCHOPTHUX MOTOKIB XapaKTepU3y€eThCs IHTEHCHBHICTIO, CKIIQJIOM Ta IMIBUJIKICTIO PYXY, IHTEpPBaIaMH Mix
aBTOMOOUISIMH Ta IIIJIBHICTIO MOTOKY. BHacmigok B3aeMozil aBTOMOOUIIB B MOTOLI yCi i XapaKTEPUCTUKU
(YyHKLIOHAJIBHO TIOB’si3aHi oAHA 3 iHmoOM0. /Jlitoya, icropuyHO c(hOpMOBaHa, NOOPOXKHS Mepexa He
CTPABIISIEThCS 3 ICHYIOUMM HAaBaHTAXKEHHSM, IO TPHU3BOJUTH JIO CUCTEMHHX 3aTOpiB, a BIIMOBIIHO, JIO
BEJIMKUX BUTPAT YacCy CIIONYYCHHS Ha BIACHOMY YH CYCIIJIbHOMY TPaHCIIOPTI.

3 METOIO MiJIBUILEHHS €()eKTUBHOCTI IPOEKTYBAHHS Ta EKCIUTyaTallil TOPOXKHIX MEPEX 32 OCTAHHI POKH
pO3po0JICHI METOAMYHI pPEKOMEHJIAIll 3 MOJCIIOBaHHS TPAHCIIOPTHUX IMOTOKIB I Yac OI[iHIOBaHHS
e(eKTUBHOCTI MPOEKTHHX PIllIeHb I[0JI0 IOPOXKHLOT IHPPACTPYKTYpH, 3 OLIIHFOBAHHS BiJIIOBIIHOCTI iICHYIOUHX
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JIOPO’KHIX YMOB BUMOTaM O€3MEKH PYXY 3 YpaxyBaHHSIM IHTECHCUBHOTO PYXY Ta CKJIaTy TPAHCIIOPTHUX MOTOKIB,
3 BU3HAYCHHS 3arajibHOi COI[IaJIbHO-€KOHOMIYHOT e()eKTUBHOCTI (DiHAHCYBaHHS POOIT 3 HOBOrO Oy IIBHUIITEA,
PEKOHCTPYKIII Ta PEMOHTIB aBTOMOOLIBHUX JIOPIr 3araJbHOrO KOpHCTyBaHHS. BukoHaHO OaraTto HayKoOBO-
JOCHITHUX POOIT 3 OLIHEHHS BIUIMBY OKPEMHX EJIEMEHTIB, TAKUX SIK: MIMIOXIAHAN PyX Ta MILIOXiJHI HEPEXOIH,
pEeryIIbOBaHi TEepEeTHHAHHS MICBKHX BYIHUIh, TAPKYBAaHHS aBTOMOOUTBHOTO TPAaHCHOPTY, PyX MapIIpyTHOTO
TPAHCHOPTY 3araJlbHOTO KOPHCTYBaHHS, CTaH JOPOKHBOTO ITOKPHUTTS, KEPYBaHHS JOPOKHIM PYXOM.
JocnimkeHHss pe3ynbTaTiB OLIHKK BIUIMBY OKpeMHux enemeHTiB B/IM Ha edekTuBHicTH opranizamii
JOPOXKHBOTO PYXy, 0€3yMOBHO, Ba)KJIMBE 3aBJaHHS, SIKE JI03BOJISIE JIETAIBHO OINPAIIOBATH CTYIiHH BIUIUBY
OKpEMHX eJIEMEHTIB Ta 3aIIPONOHYBATH PEKOMEH/Ialii 11010 3HIDKEHHS iX HeraTHBHOTO BIUTUBY. AJle HACTIPaB/Ii
Ji€Bi pilIEHHS MOYKHA HAIpalfoBaTH JIMIIE HAa OCHOBI KOMIUIEKCHOTO MiAXOAY, SIKWil J03BOJSIE BpaxyBaTh
BIUTUB ycix enemeHTiB B/IM ogHouacHo.

HIJIb TA 3AJAYI JOCTIKEHHSA

BusiBieHHs IpUYMH 3HWKEHHS SIKOCTI Ta HaAiMHOCTI aBTOMOOITIBHUX TepeBe3eHb Y MicTax YKpaiHu i
(OopMyBaHHS HANPSAMKIB TOJAIBIIAX PO3POOOK MO0 MiHIMI3aIll COIiaTbHO-CKOHOMIYHUX —BTpaT
KopuctyBadiB BJIM.

PE3YJBbTATHU JOCJII)KEHb

[lix wac mpoBeneHHs aHamizy NpoOJieMH IMEpeHACHUYEHHS TPAHCIIOPTHUX Mepexk B YKpaiHi, Oymo
BHSBIICHO PSiI KPUTEPIiB, IO BKa3yIOTh Ha HEOOX1THICTh 3aCTOCYBaHHS 3aXO0/IiB i3 peopraHizaliii TpaHCIIOPTHOT
cucteMu OibIocTi MicT. Cepen ToCiKyBaHUX KPUTEPiiB OyII0 BUPIIIEHO 30CEPEAUTUCH HA PO3TIIS/IL TAKUX,
IO B JIOCTaTHIA Mipi OMUCYIOTH CTaH AOCIIIKYBaHOI MpoOiIeMH — 1e KiJIbKICTh JOPOKHBO-TPAHCIOPTHUX
MPUTO/, PIBEHb 3aBaHTAXKEHOCTI JIOPIr Ta MOKAa3HWUKM KUIBKOCTI IIKIIJUBUX PEYOBHH, SIKi BHAUISIOTH
aBToMoOLi. J[7s HalOimbIIoi 00’ €KTHBHOCTI aHalizy OyJ0 BHPIMIEHO PO3MNIANATH TOKAa3HWKH Ha OCHOBI
3i0paHux qanux y micti KuiB, 1mo 00yMoBIeHO HaOUIBIIOK iHGOPMATHUBHICTIO HASIBHUX JaHUX.

Amai3 aBapiitHOCTI Ha goporax YKpaiHu 3a cTaTUcTHYHUMH AaHuMu [latpynsHoi nominii [11] y 2014-
2021 pokax BKazye Ha noBinsHE 3pocTanHs Kimbkocti ATII (puc.1).
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Pucynok 1. 3aranpna kinbkicts JTII B YkpaiHi Ta perioHu 3 HaiO1IbIIO0 aBapiiHICTIO

Sk BugHo i3 rpadiky (puc. 1), miniManbHa kinekicTs JTTI, 3a octanHi 8 pokiB, crocTepiraiach y
2015 poui, a makcumansHa — y 2021 poui. Kpim Toro, 3aranbHa aBapiliHICTh i3 TUIMHOM 4Yacy TiIbKH
30inbIyeThesi. OCHOBHOIO NMPUYMHOIO IIBOTO € 30iblIeHHs KibkocTi T3 Ha moporax, 110, B CBOIO 4epry,
MPU3BOANTH 0 BUHUKHEHHS HU3KM 1HIIMX mpoOsiem. Hanpukian, BUHUKHEHHS BEJIMKOI KiJIBKOCTI 3aTOPiB
MPU3BOJIUTH 10 MAapHOI BUTPATH MAJMBA Ta 4acy YYaCHUKIB JOPOKHBOI'O PyXy, MiJBUIIEHOI 3ara30BaHOCTI
OKPEMHX JIIJITHOK JIOPiT.

HeraTuBHOIO TEHIEHIIEI OCTAaHHIX POKIB € MOCTYIOBE 3pOCTaHHS KUIBKOCTI yacy, He0OXiTHOrO Ha
MOJIOJIAHHS OJTHOTO 1 TOTO K MapuipyTy. LI TeHeHIIis Ha mepIiuii MoTis T MOKe 3/1aTHCh HECYTTEBOIO, TIPOTE,
SIKIIO MOPaxyBaTH Ky YacTKy CKIIQJa€ MPOCTi y MpoOKax BiJi 3araibHOTO Yacy TOi3JKH, 0JIpa3y BHHUKAE
PO3YMIHHS TOTO, IO 1€ € CBiAUEHHSIM Hee(eKTUBHOro (PYHKIIOHYBaHHS TPAHCHOPTHOI Mepexi MicT i
cuTyarlis notpedye BUPIMICHHS Ta KOPETYBaHHS ITiJl Cy4acHI YMOBH.

Jnst mpukiany posriisiHeMO cTaH npoOsiemu y Micti KuiB, cuTyarliss B sSIkoMy HaWKpamuMm YUHOM
BiJOOpa)ka€e TEHICHLIIIO MPOrPECYBaHHS Y MEHIINX MICTax YKpaiHH, B SIKMX, XOY 1 HE B Takiil Mipi, aje Bxke
CTa€ BiJUYyTHUM 1€ sBHLIE. 3a JaHUMH MOHiITOpUHroBoro cepsicy TomTom [12], memkanui Kuesa yepes
3aropu, y 2021 potii, B cepeiHbOMY BUTpadaiu Ha 56% Oiibliie yacy y Moi3/ii, HiXk BOHM O BUTpavaliv 3a ix
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BigcyTHOCTi. ToOTO, /I Tpoi3may Mo MapmpyTy, po3paxoBaHoro Ha 30 XBWIMH, MOTPIOHO BUTPATHTH
17 nonaTkoBUX XBHIJIMH Ha TOJOJAHHS 3aTOpiB. Y 3i0paHMX CEepBICOM JIaHUX 3a OCTaHHI 5 pokiB (puc. 2),
HalMEHINNH piBeHb 3aBaHTaXeHOCTI cTaHOBUB 44% y 2017 pori, a HaliBumwmii — 56% y 2021 pori, npu bomMy
B TOJIMHHU «ITIK» PiBEHb 3aBaHTaKeHOCTI Onu3bkwii 10 100%.

RANKBY WORLD
RANK Y

FILTER

Istanbul
& rureey

Moscow region (obla

- iz

Kyiv

= Ukraine

Bogota

= colombia

Mumbai
= gl

Odessa
= Ukraine

TIME LOST
PER YEAR

CONGESTION  CHANGE CHANGE
LEVEL2021¥ FROM2019Y FROM 2020V

142 hours 62% >
140 hours 61% >
128 hours 56° >
126 hours 55% 3 13%p >
121 hours 53% I >
117 hours 51% >

52%

50%

48%

46%

42%

40% -

!

2017 2018

2019 2020

2021

12:00 AM

02:00 AM

04:00 AM

06:00 AM

08:00 AM

10:00 AM

22%

28%
3%

12:00 PM
02:00 PM 32%
3%
04:00 PM 29%
06:00 PM
08:00 PM 21%
18%
1%
6%

10:00 PM

2019

. Best time to avoid

17%

8% N%

56%
50%
43%
38%
33%
27%
22%
18%
13%
9%

Pucynoxk 2. Cepennst 3aBaHTa)eHicTh Jopir y micti KuiB Ta iioro micue y cBiToBOMy peHTHHTY

Sk 1y BUMAAKy i3 3arajbHOI0 aBapiiiHICTIO, MOKA3HUK 3aBAaHTAXXEHOCTI JOPIr BKAa3ye HA HE3AATHICTh
ICHYIOYOi TpPAHCIIOPTHOI MEpEeXi MiCTa CHpPAaBIATHCS 13 MOCTIHMM 3pOCTaHHSIM KUIBKOCTI YYaCHHKIB
JIOPOXKHBOTO pyxy. CyMyTHBOIO JI0 MONEPEAHIX ABOX (haKTOPIB € MpobdieMa HETaTUBHOTO BILIMBY 3aTOPiB HA
EKOJIOTIuHY cutyamio. [Iporecu mnycky JIBHIYHA Ta AaKTHUBHOTO 3HIDKGHHS IIBHUIKOCTI aBTOMOOILIS
MPOAYKYIOTh IHTEHCHUBHIIlIE BUBUIbHEHHS LIKIAJMBUX BUKUIIB, HUK 1342 Y HAJIEKHOMY PEXUMI — 31 CTAIOI0
mBUAKICTO. L{i BUKMIH, SIK yCiM BIJIOMO, € TOBOJII IIIKIIJTMBUMH, Ta CTAHOBIIATE 011 55% BiJ yChOro 00csry,
IO MOTPAIUIAIOTh Y HaBKOJIMIIHE cepenopuiie. OAMH i3 pe3ysbTaTiB 300py CTATUCTUYHUX JIAHUX TPYIOIO
JIOCITTHAKIB MPO KijmbKicTh aBToMoOumiB y micti Kui [13], Ta piBeHb BHKH[IIB, 10 BOHH BHIUISIOTh,
BitoOpaskeHo HIx4e (Tadi.1).

Tabnuns 1. PiBeHs 3a0pyiHeHHS HABKOJIMITHBOTO cepeoBuia y M. Kuis 3a 2009-2018 p.

Buxkwuanm Bin 3aTopiB B M. Kuis, T KinpkicThb
. AHrigpun AT3B
Pix Oxcun Byrnesonni Oxcuan cipqaflo'l' Anpnerinu | Caxa | Ceunens | M. Kuis,
BYTIICIo a0ty KHCJIOTH THC. IIT.
2009 6064 340 407 117 22 71 7 906
2010 6312 354 424 122 23 74 7 936
2011 6569 369 441 127 23 77 7 951
2012 6838 384 459 132 24 80 8 1026
2013 7117 399 478 138 25 84 8 1064
2014 7407 415 497 143 26 87 8 1055
2015 7709 432 518 149 28 91 9 1048
2016 8024 450 539 155 29 94 9 1051
2017 8352 468 561 161 30 98 9 1052
2018 8692 488 584 168 31 102 10 1060
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Jlana TabauIls UTFOCTPYE 3aKOHOMIPHICTH 3pOCTaHHS KUTFKOCTI IIKIJUTMBUX PEYOBHH, IIIO TTOTPAIUISIOTH
Y HaBKOJIUIITHE CEPEIOBHIIE JI0 3aralbHOI KITBKOCTI aBTOMOO1ITIB 10 MicTy. JlocmiHukamMu O0yio BU3HAYCHO,
110 30iMbLICHHS] BUKUAIB B 3aTOpax 3ajJeKuTh Ha 82 % Bix 3poctanHsa aBromapky B Kuesi. Kpim Toro, 6yno
BUSIBJICHO, IO 32 | KM HUISIXY OJAHUM CEPeIHBOCTATUCTUYHUM aBTOMOO1IeM BUIIAeThea 30 T yaqHOTO Tazy,
SIKUH yTHITI3Y€ThCS AyKe TIOBUIBHO, 4 T OKCHIIB a30Ty 1 2 T oTpyiHuX 13 ByrneBoaniB. Pa3zom i3 Tum, depe3
4acTy 3MiHy peXHMy pyxy (TOOTO — «XOJOCTHH XiI», MPUCKOPEHHS, TAIbMyBaHHS) BUHHUKAE TOJAaTKOBE
3HOIIYBaHHS 1 pPyHHYBaHHs JAeTayieii, BY3IiB Ta arperaTiB, IO NPHU3BOAMTH IO MOTPEOM y PEMOHTI Ta
00CITyTOBYBaHHI TPAHCIIOPTHOTO 3200y .

TakruM 9WMHOM, HIUTBHUN B3a€MO3B’SI30K IUX OKPEMO B3ATHX MPOOJEeM, SIKU TPOCIiTKOBYETHCS y
3i0paHuX JaHUX, BKa3y€ Ha HE3JATHICTh KOPEKTHOTO (YHKI[IOHYBaHHS TPAHCHOPTHOI CHCTEMH B YMOBax
cy4acHoi Hacu4deHocTi Tpadiky. Yci i (hakTopH BIUIMBAIOTH HA MOOYT HE TiNBKH YYaCHUKIB PyXy, a H YChOTO
HACEJICHHS, IePXKaBH 3arajioM, 110 Ma€ BUPAKEHHSI HE TUIBKHU Yy 4aci, SIKUil JIIOAW BUTPAYalOTh HA JOPOTY, UM
kimpkocti JTII, abo >k exonoriuHiii cuTyalii, HACTHiAKA HEXTYBaHHS SIKOIO 3MYCATH KOJIMCH 3BEPHYTHUCS JI0
LBOTO MUTAHHS TEPIIOYEProOBO, - 1€ BUPAKAETHCS IIe 1 B eKOHOMiIYHOMY IUTaHi. KoMiuiekcHuil edekrt Big
HaKJIaJIaHHs OJIHI€T TPOOJIeMH Ha 1HITY, TPU3BOAATH IO €KOHOMIYHUX BTpart. BiCyTHICTD Mi€BUX MiTXOMIB Y
KOPHUT'YBaHHI Ta BUIPABIEHHI WX MpoOeM y HaiOmmxdi 10 pokiB mpu3Bee 10 JOCUTh CYTTEBUX HACIIKIB,
AKi Oyze 1e cKiIaaHilIe BUPIllyBaTH, KOJIM BOHU CTaHYTh KpuTHYHUMHU. CaMe ToMYy, K i B YKpaiHi Tak i B yce
O1BIIOT KITBKOCTI KpaiH CBiTYy, BUHHMKA€ MoTpeda y Mi€BUX 3axX0jax MIOAO0 ONTHUMI3aIii Ta peopraHizarii
TPAHCIIOPTHUX CUCTEM MICT, IO CTUKAIOThCA 13 MEPEHACHUCHHSM TPAHCHOPTHUX MEPEX Y4YaCHHKaMHU
JIOPOXKHBOT0 pyxy. PO3B’s3Ky MOCTABJICHOT 3a/1a4i II0ICHHO PUCBIYYIOTh CBOI POOOTH Bee Oijbllie HAYKOBIIIB
Ta, Oe3mocepeanbo, (axiBmiB y 1id obmacti. OCHOBHY YacTKy IIMX POOIT MOKHa YMOBHO TOAUIMTH Ha
(yHIaMEeHTanbHI METOAWKH, METOIAWKH OOMEXEHHS pPyXy Ta METOAWKH 3aCHOBaHI Ha BUKOPHCTAaHHI
iHTeNneKkTyanpHuX TpancnoptHux cucteM (ITC).

dyHIaMeHTaTbHUHN MiIXi]l 3aCHOBYETHCS HA KOHCTPYKTUBHUX 3MiHAaX iICHYIOUHX MEpex, abo 3K po3pooiri
Ta 3a0y/10Bi HOBUX. BuKopucTaHHS HOTO € HAHOYEBUIHIIIAM Ta HaW3aTpaTHIIMM. TeopeTHYHO, 3aCTOCYBaHHS
TakOTO METOAYy Ma€ Ii€BO OOpOTHCS 13 3aTOpaMH, Ta PO3MOIUIATH HABAHTAXKEHHS 3 OJHUX [UISTHOK
TpaHCTIOPTHOT Mepesxi Ha iHmm. [IpoTe, JOCBiA BEMMKOI KUTBKOCTI KpaiH, SIKi BUPINIYBAIHU 11 MUTAHHS TaKUM
YUHOM, CBIIYMTH PO HEMI€BICTh (YHIAMEHTAIBHUX METOJUK, SKa IMOJArae y BIJKIAJACHOMY IOIMUTI
(1HITyKOBaHOMY TIOTTHT1).

[HIMM MiAX010M 10 BUPIIIEHHS TOCTABJICHOTO MUTAHHS € MEPEPO3NOALT TPAHCIIOPTHOTO HABAHTAKCHHS
3 IPUBATHOTO TPAHCIIOPTY HA TPOMAJCHKUIA. TeopeTHYHO, TPaHCIOPT, SKUH Ma€ MepelHsITH Ha cebe OinbIry
YacTKy Maca)XupiB, TOBUHEH IMOEJHYBATH Y COOl MIBUAKICTH MepeBe3eHb, MACAKUPOMICTKICTh Ta HANMEHIITY
BennuuHy iHBecthiiii. [lpum HeoOXimHOCTI y 30iNBIIEHHI NPOBI3HOI 3MATHOCTI TPAHCHOPTHOI Mepexi
TPOMaJICEKUM TPAHCIIOPTOM 3BEPTAIOTHCS 10 BApPiaHTIB y BUTIISII METPO, IIBUIKICHOTO TpamBato abo aBTodyca.
3a HasBHOCTI Y MIiCTi METPOIIOJITEHY, iICHYIOUY MEPEXY MOXKHA po3IHUPHUTH. [IpoTe, po3mmpeHHs NpoTsHKHOCTI
Mepexi morpedye 3HAYHWX BKJIAJIeHb, KOIITIB Ta 4Yacy Ha 3a0ymoBy, a edeKT BiJ Takoi iHBecTHIi Oyne
MIiHIMQJIBHUM. 3a Ti X KOIITH, 10 OyJd BUTpPAueHI Ha TaKe PO3LMIMPEHHS, MOXXHA 30YIyBaTH MEpEKY
MIBHJIKICHOTO TPaMBalo Ta IIBHJKICHOTO aBTOOYcCa, 110 3MOXKYTh 3a0BOJILHUTH TOMHUT Yy OLIBIIIA Mipi, HiX
mo0yToBa aHAJIOTIYHOT MPOTSHKHOCTI Mepeki MeTpo [14]. [lieBoto komOiHAIli€l0 MOXE CTaTH yTBOPEHHS
e(peKTUBHUX IEPECaHUX BY3JIB, IO JO3BOJIATH IHTETPYBAaTH MIX COOOK JEKUIbKAa BHIIB IPOMaJCHKOIO
TPaHCTIOPTY. BaXkMBOO CKIIaI0BOIO € 1 3aMiHa MapIIPYTHHUX TAKCl Ha OUTBII MPAaKTHYHI aBTOOYCH, MICTKICTh
Ta KOM(MOPT SKUX € OUTHIIMMHY, a MAaHEBPEHICTh MaiXe iZJEHTUYHOI, 0COOJIMBO B YMOBaX TPAHCIIOPTHOTO
noToKy. Buzinenns okpemoi cMyru mizx noTpeOu rpoMazchbKOro TPAHCIIOPTY € HaI3BUYAHO TIEBUM 3aX0JI0OM.
TuM He MeHI, JUIsi KOPEKTHOTO (DYHKIIIOHYBaHHS BUIIEHOI CMYTH BOHA Ma€ MOBHOIIIHHO KOHTPOJIOBATHCH,
00 HE KOPHUCTYBABCS BHKJIIOYHO I'POMAJICBKUM TPAHCHOPT, & PYXOMHH CKiajg OyB y HaJICKHOMY CTaHi,
KUJIBKICTB SIKOT'O ITOBHICTIO 3a/10BOJIbHsIA OM ONUT Ha HHOTO. Takoxk (axiBii po3risAaloTh 3aX0J1 YaCTKOBOT'O
pilleHHs TPOOJeM, HANpPHKIAA, 4Yepe3 OpraHi3aiilo «IepexXOIUTIOBATBHUX MAapKiHTiB», ab0 X IJIaTHOTO
MapKyBaHHS Ta B’13/y J0 IEHTPY MiCTa, 110 JO3BOJIMIN O 3BUTBHUTH JIOPOTHU Bijl MPUBATHOTO TPAHCIIOPTY, Ta
PO3MOIUINTH YYaCHUKIB PyXy cepell rpOMaicbKoro TpaHcopty. IIpore, mist peanizarii Hux MeToAiB NOTpiOHA
e(eKTHBHA Mepexa TPOMaJICbKOT0 TPAHCHIOPTY, a0 HA/IaTH MOXKJIMBICTH BOJII€BI Ta MacaXUpaM MPUBATHOTO
TpaHCTIOPTY 0e3 TUCKOMQOPTY MepecicT! Ha IHIIU BUJ] TpaHCTIOPTY. TOOTO, OJJHI€IO 13 TOJOBHUX LLIEH JaHOTO
MiAXO0Ay 13 peopradizamii TPaHCIIOPTHOI CHCTEMH € 3a0XOYECHHS HaWOINBIIOI KiNBKOCTI BOJIIB, SIKi ILOJHS
MEPECYBAIOTHCSl NMPUBATHUM TPAHCIOPTOM, [0 KOPUCTYBaHHS TPOMAJCbKMM TPAHCHOPTOM, THM CaMHUM
PO3BaHTAXYIOUYH TPAHCIIOPTHY MEPEXKY.

Huni HaiOinmbm  e(peKTHBHUM Ta TIONMYJSIPHAM METOJIOM BHPIIICHHS MpoOjeM opraHizarii
(yHKLIOHYBaHHS TPaHCHOPTHOI cucteMu € opranizauig ITC Ha Bxe icHyrounx mMepexax abo THX, sIKi TLIbKU

m , 2022, Ne1 (18)




© Kamkanos A. A., [TanpueBcekuii O. B. 2022

ma"yeTsest 30yayBaru [15]. Came mig Takux IICH, SIK TPABHUIIO, 3aCTOCOBYIOTHCS IPOTPAMHI KOMIUIEKCH
Makpo-, ME30- Ta MIKPOCKOIIIYHOTO MOJICIIOBaHHS JOPOKHBOTO Tpadiky Ta CYMyTHIX 3MiHHUX. Pe3ynbraTom
po0OTH B IaHMX NMPOrpaMHUX KOMIUIEKCAX € MOXIHMBICTH peanizalii ZOCTaTHRO e€()eKTHBHOI MOJeNi, IO
BUpILIYE MEpeBaXHY OUIBLIICTh BUXiAHUX 3amad. OOCSIT MOXKIMBOCTEH, SIKIi MICTATH y c00i KOMIUIEKCH
IMITaIifHOTO MOJIETIOBAaHHSA € Ha/[3BUYaiHO mupoKkuMi. Lle mo3Borsie BpaxoByBaTn Oe3MeXKHy BapiaTHBHICTh
JOPOXKHBO-TPAHCIIOPTHHUX CHUTYaIlil Ta iX HACHIIKH, IO HAJa€ IIbOMY CHOCO0Y MOJENOBaHHS HAHOUTBIIOL
peanictuunocTi. EdekrtuBni momeni ITC maroTh KepyBaTh TpaHCIIOPTHUMH MOTOKAMH 3aBISKH 300py
(haxTraHOi iHGOpMAIIii Ha yCIX AITITHKAX TaKOl Mepexi, PeryJIFOBaHHIO CBITIO(OPIiB, TUHAMIYHIH 3MiHI TapU)iB
Ha B’13]] UM MapKyBaHHS B 3aBAaHTAXCHHUX AUISTHKAX Ta 1HITNX CKIAJOBUX YIPABIIHHSA TOPOXKHIM pyxom [16].
TobTo, cuctema 30upae hakTHUHI JaHi BCepeIrHiI TPaHCTIOPTHOI MEpeKi, aHami3ye X, a Bike Micis, 3a ToTpedw,
KOpHUTY€E TMapaMeTpH, BHACTIJIOK YOro KPUTHYHA CHUTyalis ycyBaeTbes. Came 3actocyBanHHs MmetoniB ITC
MOTEHIITHO Hece B cO01 pIMIeHHS KOMIUIEKCY TpoOjeM — 3HIDKEHHS aBapiifHOCTi, 3HMKEHHS KITBKOCTI
LIKIUTMBUX BUKHUIIIB 10 aTMOc(hepH, 3HIKEHHs] EKOHOMIYHHX Ta YaCOBUX BUTPAT Ha TIOAOJIAHHS IILIAXY.

Cepen omy0OnikoBaHMX PoOIT MOXHa BUAIMMTU Taki [17, 18], mo 3MicTOBHO BiIpi3HAIOTBCS cepen
6imprrocTi. B cBoiit po6oTi [17] AGpamona JI.C. BUKOPHCTOBYE MPUHIIVITA ACTIEHTPATi3a1ii, aBTOMATH3AIIi Ta
iamm npuHIuny [TC sk ocHOBY MeTonuky. B 0CHOBI METOIWIKY JIEXKUTH OararopiBHEBa aBTOMAaTHYHA CHCTEMA
YIPaBIiHHS JOPOKHIM PYXOM, KOXHOMY PiBHIO NMPH3HAYAETHCS OKpPEME 3aBAAHHA i3 YNPaBIiHHS MEBHUM
MIPOIIECOM, TTicTIsI OOPOOKH PE3yIbTaTH CBOEI pOOOTH TIepe/Iae iHIINM, TIOB’I3aHUM 13 HUM, PIBHIM Ta 00’ €KTY
ynpaiiaag. O0’€KTOM yTIpaBIiHHS B JIaHil CHCTeMi BUCTYIA€E TOPOXKHiM pyx. PiBHI ympaBmiHHS CKIIaIaloTh
iepapxiuHy CTpYKTypy (pHc. 3), B 3aJIGKHOCTI BiJl MOCTABJICHOT IiJIi, 1 MOALISAIOTHCS HA JIOKAJIbHI, CTPATETIYHi,
TaKTHYHI Ta OMIEPATHBHI.

Ha noxamsHOMY piBHI YIIpaBIiHHS 00’ €KTOM MPUHHATTS PIllIeHb 3IHCHIOETHCS TEXHITHUMH 3aco0aMu
peryinoBaHHs (CBITIOGOPH, KEPOBaHi TIOPOXKHI 3HAKH, 3aCO0M KOHTPOJIIO 33 PyXOM Ta iH.), IO MPSIMUM YAHOM
BIUIMBAIOTh Ha JOPOXKHiM pyx. CHUTrHajIOM 0 KOPUTYBaHHS YMOB JOPOKHBOTO PYXY Ha JIOKaJbHOMY PIiBHI €
KOMAaH/Ia CUCTEMHU TaKTUYHOTO PiBHSL.

@DyHKIIOHYBaHHS TAKTUYHOTO PiBHS IPOXOAUTH 33 IPUHLIUIIOM CUCTEMH y3TOLKEHHS, KEPYIOUUii BIUTUB
SKOTO (DOPMYETHCSI HA OCHOBI BH3HAUYEHHX KEPOBAHMX 3MIHHUX IUIS 33/JIaHOTO ITOPUTMY ympapiiHusi. Ha
JAHOMY DiBHi 3[1IICHIOETHCS BUPIICHHS 3aBIaHb CHCTEM aBTOMAaTUYHOTO YIPaBIiHHS, AKi 0a3y€eThCsl HA OLIHII
3MiHH TTapaMeTpiB 00’ €KTY yIPaBIIiHHS Y Yaci.

CrpaTeriunuii piBeHb YIpaBIiHHS NPU3HAYCHUH U ONTUMI3allii TapaMeTpiB yIpaBIiHHS, Ha SKOMY
crcTeMi TOTPiIOHO BpaxXyBaTH MPiOPUTETH MiUIErTNX HOMY PiBHIB, peatizalis 4oro 3a0e3Mneuy€eThes CHCTEMOIO
MIPOTPaMHOTO YITPABIIiHHSL.

['onoBHUM 32 i€papXi€to € piBeHb MPUIHATTS pillleHb, 200 % OIepaTuBHOTO yIpaBiiHHs. [[pu3HaueHHIM
JTAHOT'O PIBHS € KOHKPETU3Allis 3aralbHUX IUIeH Y YiTKI 3a/1a4i Il HUKYUX PIBHIB YIIPaBIiHHS. 3MIHCHIOETHCS
1Ie y BIAMOBIMHOCTI JIO 3arallkHOTO KpPUTEpit0 e()EeKTUBHOCTI YIPaBIiHHSA AOPOXKHIM pyxoM. B 1minomy,
OIIEpAaTHBHUI PiBEHb NIPU3HAUYECHHUHN I y3arajJbHEHOI 0 KOHTPOIIO 32 (PYHKIIOHYBaHHSAM 00’ €KTy yIpaBIIiHHS,
Ta, 32 TOTpeOu, BUOOPi MipH BIUIMBY Ha 00’ €KT YIpaBIIiHHS.

Came Takuii croci® opranizaiii poOOTH CHUCTEMU YIIPABIiHHS JOPOXKHIM pPyXoM 3a0e3redye
30aTaHCOBaHMU PO3MOIT PECypCiB YIpPaBIiHHS cepell MiACHCTEM, MO0 Y CYKYIHOCTI, 13 TIOBHOIO
ABTOMATH3AI[I€}0 CUCTEMHU, JIO3BOJISIE MIABUIUTH IIBUJIKICTh Ta SIKICTh PUHHSATTS PIIlICHb.

Po6ora xx bento JI. [18], 3acHOBaHa Ha JIelI0 paJUKaIbHIIIMX TPHHIUIAX OpraHi3alii CTPyKTypH
TPaHCIIOPTHOI CUCTEMH MiCTa, X04 1 BUKOpUCTOBYE nepeBaxkHo npuHuunu ITC. 3aranbpHa BiIMIHHICTD IOJISATAE
y 1i opieHTalii Ha TPAHCIOPTHI 3aCO0M i3 MOMIIMBICTIO YaCTKOBOTO KOPHWTYBAaHHS PYXY JONOMIXHHMH
CHUCTeMaMH aBTO, a00 X HasBHMM IMOBHHMM aBTONUIOTOM. MaiiOyTHe 3aCTOCYBaHHS METOJIUKHU Tependaydae
YacTKOBY MOJIEPHI3aIlil0 aBTOMOOINS - KOMIIOHEHTHY a0oO X IporpamHy, IO JO3BOJHMTH B TIOBHIH Mipi
1HTErpyBaTHCsl KOPUCTYBady TaKoi TPAaHCHOPTHOI CUCTEMH Y KepOBaHHH TpaHCIOpTHUH moTik. [Iporte, aBTOp
BpaxyBaB, y pO3pOOJIEHHX alrOpUTMax IiHTeNeKTyanbHoro ympapniaHsa Ttpadikom (ITM), MOXIHBICTH
3aCTOCYBaHHS HEMIATOTOBJIICHUX TPAHCHOPTHUX 3aco0iB, 3a YMOBM OOMEXKEHOI B3aeMOJIl 3 IHIIMMHU
yuacHUKaMH pyxy. Ha Binminy Bixg po6otn AGpamosoi JI.C., B wiii poOoTi Oinbllie yBaru mpuiijIeHO caMme
PO3po0IIi METOONOTIT JIJIsl YIIPABIIHHS PyXOM Ha mepexpecTsix. ABTOpoM po3podieHo anmroputMmu [TM, sxi
0a3yloThCsl HA TMPHHIMIN pe3epBYBaHHsS KIITHH MPOCTOPOBO-4ACOBOI MATPHIN, IO 3a0e3NedyloTh MPOoi3a
TPAaHCIIOPTHHUX 3aco0iB yepe3 mepexpecTs 0e3 3iTKHEHHS 3 1HIIMMH TPAaHCIOPTHUMH 3ac00aMM, OJHOYACHO
3MEHILIYIOYH 3aTPUMKY Ha MEpeXpecTi Ta BIUIMB Ha HABKOJMIIHE cepepoBuule. Komu tpancmopTHuii 3acid
B DKJPKAE y 3a3/1aJIeTi[b BU3HAUYCHHUH paJliyc KOHTPOJIIO, areHT iIHPPaCTPYKTYPH 3aITycKae BUHOPaHHH alrOpUTM
ITM. JI71s1 KOXKHOTO 3aIMTY BiJl TPAHCTIOPTHOTO 3ac00y, BUOpanuii anroput™ ITM renepye nuisix 6e3 3iTKHEHb,
3a IKUM OyJie pyXaTucs TpaHCIIOPTHHM 3aci0 mig yac nepeTuny nepexpects. LLnsax 6e3 3iTKHEeHb pO3KIIaIAEThCs
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Ha JBOBUMIPHUH TUIAX 1 IMOB’S3aHAN MIBHAKICHUN peXuM. JIBOBUMIpHUH NUIAX 1 IIBHIKICHHHA PEXUM
BHKOPHUCTOBYIOTBCS B TIPOIIEAYPl pe3epByBaHHS TPUBUMIPHOI MaTpHIli. TpUBHMIpHA MATPHUIII CKIATAETHCS 3
HaOOpy IIapiB, MO OJHOMY MIAPY Ha KOXKEH MOMEHT 4acy. KoxeH map momijeHuid Ha KITITUHKH, ¢ KOXKHA
KJIITHHKA TIPEJCTaBIIsie€ JBOBUMIPHHIA IPOCTIP Ha KapTi CLEHApIIO.

PIBEHb OITEPATMBHOT O YITPABJIIHHS

v

PIBEHb CTPATEI'TYHOI'O YITPABJIIHHA

Bubip mapameTpiB TpaHCTIOPTHUX MOTOKIB ABToHOMHUY pyX T3 mij Ji€ro BIacHUX
TIEPBUHHY MU ITPUCTPOS MU aNTOPUTMIB MO3HUITIFOBAHH S

Bubip kputepito e exTuBHOCTI () yHKIIIOHyBaHHSl TPAHCTIOPTHOT Mepexi

v

I( ITporao3yBaHHS 3MiHU TPAHCIIOPTHOTO MOTOKY Y 4aci )1

KoHTponb Ta opranizais ynpaBIiHHS JUISTHKaMA N .
. L. . N .. . | KoHTponb BUHNKHEHHS HaJ3BUUalHUX CUTyalliil B

B Me)KaxX BUIUICHUX paiioHiB U1l MiXKpalOHHHOI [€> . . .
. Mepexi Ta Iepepo3No/iJ TPAHCIOPTHUX NOTOKIB
KOOpAMHAI il TapaMeTpiB TOPOKHBOTO PYXY

3/1iicHeHH 5 3arajlbHOTO KOHTPOJIIO 33 TTapaMeTpaMu OpraHizauil J0pOKHBOro
PYXY B MIiCTi 32 00paHHMHU KPHTEPisiIMI €(heK THBHOCTI

¥

PIBEHb TAKTUYHOT' O YITPABJIIHHA

( 30ip iHdopMmarii npo mapaMeTpu TPaHCIOPTHUX MOTOKIB )

v

O6po06ka onepatHBHUX AaHUX Ipo ctaH BJIM

Po3paxyHOK mapameTpiB JOKATBHOTO Po3paxyHOK mapameTpiB KOOPIHHOBAHOTO
ympaBiiaHs pyxom T3 Ha BIM yhpaBJiHHS Ha Marictpansx BJIM

v v

( KoHTpob mparne3gaTHocTi TEXHIYHUX 3ac001B peTyIIOBaHHS )

v

(BBeﬂeHHﬂ CXEeM OpraHi3aiil pyXy B Mepexi IIJIIXOM 3MiHH 6araTon03uui171HMx>

JIOPOXKHIX 3HAKIB, YIPABJIIHH I PEBEPCU BHUMHU CMyTaM U PYXY

¥

PIBEHDb JIOKAJIBHOT'O VIIPABJITHHA

r( Bumip napamerpis TII nepBUHHUMYU IPHCTPOSMU )1

VYrpaBniHHs CBITIIO(QOPHOI CHTHATI3AIIE KouTpons BukoHanus [Ipasun nopoxuboro pyxy T3
Oprasni3zalist JOpOKHBEOTO PYXY Oprasni3zaris mnoxiJTHOTO PyXy

Pucynok 3. Cxema (yHKLIOHYBaHHS CUCTEMH YIIPABJIiHHS JOPOXKHIM PyXoM 3a MeToaukoro Adpamosoi JI.C.

Konnenmis maiOyTHROi Mepexi HacTynHa (puc. 4) — MITSIHKH i i37iB J0 MEepexpecTb Ta caMHux
nepexpectb OyayTh oONajHaHi Ha0OpPOM [AaTyMKIB, 30KpeMa JaTYMKaMH pyXy, SKi B CBOIO 4Yepry
TPaHCIIIOBaTUMYTh 3i0paHi JaHi 10 JIOKaJdbHOI cucTeMu ympapiiHHsA. Cama cucreMa aHami3yBaTUMeE JaHi
KOXKHOT'O YYaCHHKA PyXy, Ta OpPOHIOBATUME KOHKPETHY KIIITHHY ITPOCTOPOBO-YaCOBOT MAaTpPHUIIi. Y 3aJIeKHOCTI
BiJl HAJIAHOI aBTOMOOLIII0 CHCTEMOIO KITITUHH, TI0 BiJTHOIICHHIO JI0 HHOTO, Yepe3 PO3pO0IIEHY CUCTEMY 3B’ SI3KYy
aBTOMOOLIBb-iHppacTpykTypa (V2X), Oyme 3acTOCOBaHHMU OJMH i3 TPbOX anroputMmis. [leprmii anroputm
(WMITM) ynoBinbHioe T3 1 pe3epBye A1 HbOIO KIITHHY HACTYIHOT'O IIAPY IICIIs TOTO, SIK KIIITHHYU ITOTOYHOTO
apy MPOCTOPOBO-4aCOBOI MATpUIl OyAayTh ykoMmIuiekToBadi iHmumu T3. Hpyruii anroputm (EMITM)

m , 2022, Ne1 (18)




© Kamkanos A. A., [TanpueBcekuii O. B. 2022

YIHOBUIBHIOE TPAHCIOPTHHH 3aci0 1 pe3epBye€ BUIbHI KIITHHH HAWOULIBII paHHIX 13 JOCTYIHHUX IIapiB
MIPOCTOPOBO-dacoBoi MaTpuili. Tperiit anroput™ (FMITM) npuckoproe TpaHCTIOPTHHM 3aci0 1 pe3epBye BiIIbHI
KIIITHHY IIapy MpOCTOPOBO-4AaCOBOI MAaTpHUL MIBHALIE, HIX e Oyso O, AKOM TpaHCIIOPTHUI 3acid pyxaBcs y
3BUYaHOMY HIBUAKICHOMY PEXHMi.

ABroHomHHI pyx T3 mif fiero BiacHUX Bubip mapaMmeTpiB TpaHCIIOPTHUX MOTOKIB
QITOPUTMIB TIO3UIIIFOBaHH 5T MIEPBUHHH MH TTPUCTPOSI MU

v

OmnpaioBaHHs JaHUX 3 AT OPUTMOM
IHTEJIeK Ty aJIbHOTO YTIPaBIiHHS TpadikoM

v

Po3nonin xoxHoro T3 mo kiIiTHAM mapiB
MPOCTOPOBO-YACOBOI MATPHII 32 0OpaHUM CIICHAPIEM

—>< KowmyHikarist uepe3 po3poOiieHy cuctemy 3B’ 3Ky V2X
( Buxonanns T3 crienapito, 00paHOTO aIrOPUTMOM IHTEICKTYaJIbHOr 0 YIIPaBIiHHSA Tpadikom )
( D akTHYHUH MiAPAXyHOK BUKHUIIB Ta CIIOKMBAHHS MMajMBa B JaHOMY NEPUMETPi )7

Pucynok 4. CxeMa QyHKIIIOHYBaHHSI CUCTEMH YIIPABIIHHS JOPOXKHIM PyXoM 3a MeToiukoro bernro JI.

[No3uwitoBanHs Ta 3MiHa HampsMKy pyxy T3 Ha 10po3i BinOyBaeThCs 3a JOMOMOTOK PO3pOOICHOTO
OLIIHIOBaua TIOJIOKEHHs, 10 3a0e3neuye aBTOHOMHY HAaBIrallilo HaBiTh y BHUIAAKY BiZICYTHOCTI KOHTAakKTy i3
CHUCTEMOI0 YNIPAaBIIHHA IOPOKHBOTO CETMEHTYy. [HCTpyMEHT OIIHKHM MO3MINi TPaHCIOPTHOTO 3aco0y OyB
JOJIATKOBO PO3IIUPEHUH, 00 3a0e3MeYnTH 3’ €JHAHHS AaTYMKIB MK TPaHCIIOPTHUMH 3ac00aMu JIJIsi OLTbII
BHUCOKOi TOYHOCTI TNO3MIIIOHYBaHHs aBTOMOOLIA. Lle posmipeHHst BKIIIOYae JOTIOBHEHHS JIOKami3aiii yepe3
rio0anbpHy HaBiramiiHy CymyTHHKOBY cucteMy(GNSS) iHIIOI0 CeHCOPHOIO iH()OpMAITi€r0.

VY pamKkax 1poro JOCIiKEeHHs aBTop po3podus cuctemy ISR - Traffic Simulator (ISR-TRAFSIM) sik
CepeIOBUINe MOJICNMIOBaHHA. Takok Oysio po3poOiieHo Jekinbka anroputmiB ITM, chpsMoBaHMX Ha
MiHIMi3allil0 aBapiii, 3aTOPiB i, SIK HACHIIZAOK, CKOJIOTIYHUX BUTPAT NPH JOPOXKHBbOMY pyci. Lle mociimkeHHs
JNEMOHCTPY€, IO ICHy€ TMOTEHI[iall CKOPOYCHHS BHUKUAIB Ta ONTHMi3amii TOTOKY Tpadiky 3aBIsSKH
BUKOpPHUCTaHHIO IUX anroputMi [TM.

PesynbraTi mpoBeAEHOTO MOJETIOBAHHS Ta IMiPaXyHKIB IOKa3ylOTh, IO Ii MOKPAIEHHS € OibIl
3HAYHUMHM, KOJIM TPAHCHOPTHHH moTik 30inbmyerscs. o crocyerses BukpaiB CO2 Ta iHIIMX CYIYTHIX
€JIEMEHTIB, TO BOHM 3HAYHO 3MEHIIYIOThCA, A0 THX Mip MOKH pO3pobOJieHa CUCTEMa 3aTHA PO3NOAUISATH
TPaHCTIIOPTHHH MOTIK 0€3 3HAYHUX 3aTPUMOK.

«[IpoBenenuii anani3z 1BOX PO3MTITHYTHX POOIT MOKa3ye, 0 00CATY pO3pOOJIeHUX aBTOPAaMH METOJUK
JOCTaTHBO, MO0 B TIOBHIA Mipi BUKOHYBATH MOYATKOBO TMOCTAaBJICHI 3aBJaHHS. 3alpONOHOBaHI METOIUKH
BKIIIOUaTh B cebe aaroputMmu, eeKTUBHICTh SKUX, TEOPETUYHO, 3a0e3reuye JieBy poOOTY Ha YCiX PiBHSIX
yrpasiiHHS TpadikoMm, IO € HEBiJ’ €MHOIO YaCTHHOIO BiJ 3arajibHOT CUCTEMH yripasiliHHs. PoOoTa mi€ei cucremMu
€ HaJillHOI0 Ta IIKHAKOIO, IO HAJeKHUM YHMHOM pealli3yeThcs Yepe3 i€papXiuHUX PO3MOi ONepaTUBHUX
3aga4. Pe3ynpTaToM Takoro miaxigy € eeKTHBHE YIPaBIiHHS SK Ha JOPOXKHIN AUIAHIN, TaK i B MeKax Micra.
[Ipo e cBigUUTH i onTMMI3alis TPAaHCIIOPTHUX TMOTOKIB, HAa MO BKa3ye MOMITHE 3HIKCHHS aBapiiiHOCTI y
Mepexi. Takok BUSBIIEHO, 10 ONTUMI3allisl BIUIMBAE 1 HA PIBEHb BUKHUIIB /10 aTMOC(EpH, CKOPOUIYIOUH iX 00CsT.

OBI'OBOPEHHAA PE3YJIBTATIB JOCJIIKEHHS

Jiist ycminiHOro MPHCTOCYBaHHs JI0 YMOB CBOTOJICHHSI Ta pealiizalii yxke po3poOJieHHX Pi3HUMH
aBTOpaMu MeToAuK [15-18] morpiOHa Benmka KiIBKICTH pecypciB Ta yacy Ha IepeoOiazHaHHA abo
nepedynoBy. Lle 0OyMOBIIEHO CKIIQAHICTIO CaMHX METOAMK, Ta HEMOXIJIMBICTIO KOPUCTYBAaHHSI YacTKOBO
repeo0iaIHaHOK TPAHCIIOPTHOK CHCTEMOIO. JI0 TOTO JK, CHCTEMH B Ti¥ UM 1HIIIH Mipi HiAal0ThCS BIUIUBY
HecTpaBHOCTEH 4 3001B y poOOTI BUKOHABYMX BY3JIB Ta OCHAIICHHS TPAHCHOPTHUX MEPEX, IO IiJ] Yac
MaKCHUMaJbHOTO HACHYEHHS IOPIr MOKEe NMPHU3BECTU A0 HACTIAKIB y BUIVISII TPUBAJIMX 3aTOpiB abo x
Benukoi kKimbkocTi JITII. Ocranus meronuka [18], i3 po3rasHYTHX, X0U i CTPYKTYPHO HaWIpoCTimIa, ajie y
peadizariii € HalCKIIQIHIIIO, MPUHIMII 11 QYHKIIIOHYBaHHS YHEMOXKITUBITIOE IIBUJIKY aIaIITAIIII0 ICHYIOUHX
TPAaHCHOPTHUX MEPEX MiJl YMOBH MalOyTHHOTO BHKOPHCTaHHS, 4ac BIIPOBA/KEHHS SKOI CIIyryBaTHMe
3HAYHUM YCKJIaJHEHHSIM HOPMaJIbHIM HUPKyIALii TpadiKy Mo HUM. AJle, HaBiTh CUCTEMY TaKOi CKJIaqHOCTI
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MOJKHA BiZI0OymyBaTH €()eKTUBHO Ta 3 MiHIMaIbHHUMHM IIEPEIIKOIaMU MPH MePeodIaHaHHI, SKIIO 3aKIacTH Y
fl CTPYKTYPY MOKJIHBICTH IOETAIHOI MOJAEPHI3allii, 1110, i3 BIPOBAIKCHHIM HOBOrO (hYHKI[IOHAIBHOIO
MOJIYJISI, PO3IINPIOBAIIO OM HAO1p MOXKIMBOCTEH Ta e()eKTUBHICTH CaMOi CUCTEMH. THUM HEe MEHII, MOTEHITiIHI
CKJIQJIHOIIII PU BIIPOBAKCHHI MOAIOHUX CUCTEM BIAIMTOBXYIOTh BiAMOBIIHI CIIyKOW 1 OpraHu BiJ po3rIIsiLy
X SIK BUPIIIEHHS IOTOYHHUX MPOOIEM TPAHCIIOPTHOT CUCTEMH.

[MoTouHwMii cTaH TPAHCTIOPTHUX CHCTEM MICT YKpaiHu Iie TO3BOJISIE HE BIABATUCS 10 iX KapJUHATBHOT
nepedyI0BH, Ta 1a€ MOXKIIMUBICTD MOCTYIOBO BIPOBAIKyBaTH Ta EPEBIPATH Ha MPAKTHUII O1IbII MPOCTI, ajie
MIPUHIIAIIOBO OJM3BKIi A0 PO3TIISTHYTHX METOAMK, Tiaxoau. MojkHa cKa3aTH, o B JaHUX YMOBAX JIOIIEHOIO
Oyzne po3poOKka METOAMKH, sIKa BKJIFOYana O OCHOBHI MepeBard METOUK 13 paHille po3riIsHyTHX podiT, Ta
JO3BOJIWJIA OW YHUKHYTH HEJONIKIB, YaCTKOBO BHKJIMKAHMX CKIQJHICTIO TakuX NiaxofiB. Jns
BIIPOBA/XKCHHSI BOHA Ma€ OyTH CTPYKTYpHO MpPOCTOIO, Li¢ J03BOJMIO O iHTerpyBaTH il y Bke iCHyIOUi
CUCTEMH, Ta, 32 TOTpeOH, 3acTocoByBaTH. OOOB’I3KOBOIO € MOXKIIMBICTH MTOETAITHOI MOZAEpHIi3allii, mepioan
poOOTH Hal SKOK HAaMEHIIMM YHHOM BIUIMBaIM O Ha e(eKTUBHICTh (DYHKIIOHYBaHHS TPaHCIOPTHOI
CHCTEMH.

Oxpemoi yBarn moTpebye KOMIUIEKC BHUpIMIEHHS CHUTYyallill TOB’S3aHUX 13 HECHPaBHICTIO abo
BUBEJICHHSM 3 JIaJly IEBHOTO KOMITOHEHTY YM TPYITH KOMIIOHEHTIB TAKOi CHCTEMH YIPaBIiHHS Ta po3poOKka
ITOPUTMIB KOMILIEKCHOTO OL[IHIOBaHHS SKOCTi pOOOTH TPAaHCIIOPTHHUX CHCTEM SIK Ha CTaJil eKCIUTyaTarlii,
TaK i 3a pe3ynbTaTaMH MOJCTIOBaHHSA. BpaxyBaHHs IBOTO TEpeNiKy BHUMOT JO3BOJMIO OM CIIPOCTHTH
BIIPOBA/KCHHA TOMIOHOT IHTENEKTyallbHOI CHUCTEMH YIPAaBIiHHS Ta 3a0e3MeYuTH IMepexiy 10 iaeiHo
CKJIQJHIIIIOT CHCTEMH.

BUCHOBKHA

3pocTaHHA TOMUTY HA SKICHUN Ta epEeKTUBHUI MICHKHIA TPaHCHIOPTHHHA PyX TOCTPO BKa3ye Ha
HEOOXiZHICTh Y pedopMyBaHHI TPAHCHMOPTHOI CUCTEMH MiCT, MPUHLIUIHN POOOTH SKOi HE 3MIHIOBAJIHCH
BITPOIOBX Oarathox pokiB. [Ipo 1e cBiqunTh MpoBeeHNH aHalli3 OCHOBHHUX TTOKa3HUKIB 11 (yHKI[IOHyBaHHS,
SIKU BHSBHB TEHJCHIIIIO O MOpiYHOTO 3poctaHHs KimbkocTi JITII, 3aTopiB Ta MKiATUBUX BUKHIIB IO
aTMochepm.

Cepen o0Ocsary poOiT, CHpSMOBaHMX Ha JOCHTIDKCHHS I[HMTaHb HAJICKHOTO (DYHKIIIOHYBaHHS
TPaHCHOPTHOI CUCTEMH, 1110 MAIOTh MIPUHIUIIOBY PI3HUIIO Y METOAAX IX BUPILICHHS, OyJI0 00paHO HAHOIIbII
TpyHTOBHI Ta OaratodyHkiionanbHi. [lopiBHSHMI aHami3 mUX poOIT BKa3zye Ha BEIWKHHA MOTEHIAN 0
peaizaiiii po3po0eHUX CUCTEM y MicTaxX. Pe3ynbTaT MOJICIIIOBaHHS, SIKi IPOBOAMIN aBTOPH, 3a3HAYAIOTh
CYTTE€BE PO3BAHTAXCHHS TPAHCIOPTHOI CHCTEMH, CKOPOYEHHS O0CATY BHUKHAIB 1O aTMocdepu Ta
iBUIICHHS PiBHS Oe3mekn Ha qoporax. Sk 6aunMo, po3TIsTHYTI BUIIE MiIXOAHM PO3paxoBaHi HA poOOTY i3
PI3HUMH KOMIIOHEHTAMH TPAHCIIOPTHOI CHUCTEMH — TPAHCIOPTHOK MEPEKEI0, CTPYKTYPOI PYXOMOTO
CKJIaJly Ta PEryJIOIUOK CTPYKTyporo. HaBiTh MOOMMHIN, 3aCTOCYBAaHHS IUX MIJXOMIB € MOTEHIIIHHO
e(EKTUBHUMH, MPOTE JIEBUM PIIICHHSIM MOXKE CTATH YTBOPESHHS KOMIUIEKCHOT'O MiAXO/Y, SKHI OU BKITIOYAB
y ce0e IpUHIUIH JeKiTbKOX.
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A. Kashkanov, O. Palchevskyi. Problems of transport systems functioning of Ukraine large cities
in modern conditions

The importance of constantly expanding existing networks of transport systems for modern society is
undeniable. However, to ensure the proper functioning of the transport network, it is necessary to take into
account many conditions and patterns, which greatly complicates its implementation. The main conditions are
to reduce the load on transport systems, ensuring the highest level of safety and environmental friendliness.
Meeting these conditions requires significant costs to improve the transport infrastructure, turning it into a
variable, multifunctional logistics system. Without taking these conditions into account when designing
transport networks, the chance of complications during their operation is extremely high.

Based on statistical data in recent years, a steady increase in the number of vehicles and the pace of
motorization, which is ahead of the development of transport infrastructure of Ukrainian cities. This increases
the level of road congestion, prevents efficient urban movement, increases the number of road accidents and
the amount of harmful emissions into the atmosphere. Analysis of the results of assessing the impact of
individual elements of the road network on the effectiveness of traffic organization shows that in fact effective
solutions can be developed only on the basis of an integrated approach. The study allowed to outline the
prospects for the development of transport systems in major cities of Ukraine and suggest ways to improve the
quality and reliability of road transport in order to minimize socio-economic losses of users of street and road
networks.

Key words: urban transport systems, road transport, efficiency of traffic, traffic organization, road and
environmental safety.
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Kumyn B. A.
Jhyybkuti HayioHAALHUL MEXHIYHUL YHIgepcumem

BIJTHOBJIEHHSI TETAJIEN KJIAITAHA KEPYBAHHSI ITAJIMBHUX
®OPCYHOK BOSCH 3 IE3OEJEKTPUYHUM ITPUBOJIOM

Tlapamerpu manuBHOI (HOPCYHKH i3 11’€30€TICKTPUYHUM HPHBOIOM 3aJICKHUTh BiJ PO3MUIOBAaYa i KiamaHa
KepyBaHHS, TEXHIUHUIA CTaH SKUX CYTTEBO BIUIMBA€ HAa CKOHOMIYHI Ta €KOJIOTIUHI MOKa3HUKHA POOOTH ABHUIYHA. Y
BUIAJIKy BUXOMY 3 Jlaly UUX npeuusiitaux map, pipma BOSCH pexomenaye 3aminy minoi GpopcyHKH, a 1e miIBHILye
BapTICTh PEMOHTY.

IIpakTrka excruryaTarii mokasye, o IepIIOYeproBO PyHHYIOTECS TOJIKA 1 KOPIyC PO3MIIIIOBAda Ta KJIaraH
KepyBaHHS. Buxomsum 3 aHamily BHAY IONIKOMKEHb, CEPBICHI LEHTPH YXBAIIOIOTH PIMICHHS CTOCOBHO CHOCOOY
TOBEpHEHHs TapameTpiB (GOpPCYHKH MO HOPMAaTHBHHX. 30KpeMa, SIKIIO IIOTIpIISHHS PoOOTH (OPCYHKH BHKIHMKaHE
3HOILCHHSAM KOHTaKTHUX ITOBEPXOHB T'OJIKH 1 KOPITyca PO3MMIII0Baya, TO IPOBOIMIIACS PECTABpallis LHUX JAeTale.

Hatomicte, TexHomoOris BigHOBIEHHA KiamaHiB kepyBaHHA (opcyHok BOSCH He 3aBxkau Bigmosimae
3aBOJICHKIM, OCKUIBKU MOTpedye CHeLiaIbHOrO OOJaJHAHHsS, TOMY CTaHII 3 PEMOHTY HalHBHOI amapaTypH, KOXHa
CBOIMH METOJaMH, TPOBOJATH pecTaBpariro GpipMoBuxX (HOpPCYHOK. 3a3BHYali, BHKOPUCTOBYETHCS MPOIEC B3aEMHOTO
NPUTHPAHHS OITOKA KJIallaHa [0 CifJia, 0 MOYKe HAaBIIaKU BUBECTH (OPCYHKY 3 JIafy.

VY cTaTTi NPONOHYETHCST TEXHOJIOTIS BiJHOBJICHHS pOOOTO3aTHOCTI KJlallaHa KepyBaHHS HMAIUBHUX (OPCYHOK
BOSCH i3 1’ €30€1eKTpHYHIM HPHBOJIOM, SIKa Ha MPaKTHLI MiATBEpAMIa CBOIO e(eKTHBHICTh. [Ipoliec BiTHOBICHHS
CIPSDKEHUX IIOBEPXOHb KJIallaHa KepyBaHHS BinOyBaeTbcs IoeTanHo. Ha mepmomMy ertami IIPOBOXUTHCS
nepenutipyBaHHsS 000X KOHYCIB INTOKAa KJIAMaHa. 3 II€l0 METOI0 OyB PO3pOOJECHUI KOMIUIEKC, OCHOBOIO SIKOTO CTaB
CHeLiabHO CIIPOSKTOBAHUH 1 BUTOTOBICHUI NpUCTPiii st nepenuti¢pyBanHus. Ha npyromy erami MEeTogoM NpUTHPAaHHS
Ha yHiBepCaJbHOMY IMPUTHPOYHOMY cTaHKy MP-250 BiIHOBIIOEThCA MOBEPXHS CilUTa KiamaHa. 3aKIIOYHUNA eTar — e
nuTiyBaHHS MOBEPXHI NPUIITaHH CiAjia KiIanaHa A0 JPOCETIOY0l INIACTHHH.

3anponoHOBaHA TEXHOJIOTiS BITHOBJIEHHS KialaHa KepyBaHHsA HatuBHHX (opcyHok ¢ipmu BOSCH i3
I’ €30€JICKTPHUYHUM TPUBOJIOM JIO3BOJIE TIPOJIOBXKUTH 1X CKCILTyaTallilo i3 30€pPEeKCHHSIM TEXHIYHUX 1 CKOHOMIYHUX
MOKa3HMKIB pOOOTH Ta 36KOHOMHTH KOIITH Ha PEMOHTI.

Kmiouosi cioBa: nm’e3opopcynka BOSCH, wianan kepyBaHHS, IITOK i CIIUTO KJamaHa, CIIPsDKEHI IMOBEPXHI,
TEXHOJIOTIS BiJIHOBJICHH.

BCTYII

VY cBiTOBOMY aBTOMOOi/IEOyIyBaHHI BCe OUIBIIOTO MOIIUPEHHSI HaOWpae TEHASHINsT MPOEKTyBaHHS i
BUITYCKY eNIeKTpoMOoOiTiB. Pa3om 3 THM, BiZloMi aBTOBUPOOHUKH HE 3HIMAIOTh 3 KOHBEEPiB TPAHCIIOPTHI 3ac00U
YKOMIIJIEKTOBaH| Cy4aCHMMHU €KOHOMIYHUMH Ta JIOCUTh €(EKTUBHUMH JN3EILHIMH JIBUTYHAMH.

Cepen pi3HOMaHITHHX CUCTEM JH3EIHHOTIO JIBUTYHA HAHCKIIAHILIOK BBAXKAETHCS CUCTEMA KHUBJICHHS,
sKa Mae 3a0e3revyBaTi HU3bKY BUTPATy MAJLHOTO, 3MEHIICHHS NIKIIJTMBUX PEYOBHH y BUXJIOIIHUX raszax,
0€3IIyMHICTh pOOOTH JABUTYHA TOIIO. BIIBIIOCTI 1UX BUMOT BiAmnoBijgae najuBHa cuctema Common Rail,
YKOMILJIEKTOBaHA JM3EIbHUMHU (POPCYHKAMU 3 I’ €30€IeKTPUIHIM TIPHBOJIOM.

Hapniiinicts pobotH, y ToMmy urci, nanuBHOi 11’ e30¢opcynkun BOSCH 3anexuts Bij i mpenusitHux
map, a came pPO3MMIIIOBAYA i KIAlaHa KepyBaHHSA. IX TEXHIYHMI CTaH CyTT€BO BIUIMBAE HA €KOHOMiuHi Ta
€KOJIOT14HI MOKa3HUKU POOOTH An3enbHOro ABuryHa [1, 2]. OgHak CKIagHICTh KOHCTPYKLIT I’ €30(OpPCYHKH
BOSCH, Ha BigMmiHy BiJ €JEKTPOMAarHiTHOi, YHEMOXKJIMBIIOBAJla 3aCTOCYBAHHS 3aBOACHKOI TEXHOJOTl
BIJIHOBJICHHS B yMOBax HagiTh crietiianizoBanux CTO [3]. Tomy, KoJIH 11i Tapu CYTTEBO MOTIPIIyBad poOOTY
(bopcyHKH, BUAPOOHHK pajuB i1 3aMiHUTH, 1110, CBOEIO YEPTOK0, HETATHBHO BIUTMBAJIO HA BAPTICTH PEMOHTY.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

[lepeBakHOMY 3HOIICHHIO Y I1’€30()OPCYHII IiIA€ThCS, y MPOTHBAry EIIEKTPUUHINA, MEXaHiuHa
YacTUHA, 30KpeMa, PO3IIIOBaY 1 KJIallaH KepyBaHHs, 2 HAWYacTilla MPUYIMHA PEMOHTY — HIBHJIKE 3HOIICHHS
octanHboro (nuB. puc. 1) [2]. ¥ mpoueci excrutyaTaunii BifOyBaeThCsl KaBiTalliiiHe 3HOILIEHHSI ITOKA KJIaraHa,
a TaKoXX MIPOMHUBH CiJi1a mToka (auB. puc. 2) [2]. SIk HacHiOK, BTpadaeThes TiJpaBiIivyHa NIIBHICTE KiIanaHa
1, BIAMOBIHO, MOTIPIIYIOTHCS TEXHIUHI TapaMeTpu (OPCYHKH.

l"onoBHI MpUYKMHYM Ta BUAM PYHHYBaHb MIPEUN3IHHUX Map PO3NUIIOBaYa i KilaraHa KepyBaHHs
¢dopcyrkn BOSCH peranpHo posrisanucs y poooTi [4].

TexHosoriuHMI Mpoliec peMoHTy po3nuitoBada popcynok BOSCH moknanHo onmcanuii y podori [5].
CyThb pEeMOHTY MOJIATa€ Yy BiAHOBIIEHHI CHPSDKEHMX IOBEPXOHb PO3NWIIOBaYa HUISIXOM HpenuIipyBaHHS
KOHYycCa TOJIKM PO3NIIIIOBAYa, IPUTUPAHHS MOBEPXHI KOHYCa KOpITyca CeLialbHUM MPUTUPOM Ta B3aEMHOTO

TOHKOI'O IIPUTUPAHHSL.
, 2022, Ne1 (18)
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AHaJIOTIYHO, 3 METOI0 3a0e3MEeUeHHs TePMETHYHOI MIIIBLHOCTI IT €30(OPCYHKH, BUKOPHUCTOBYBABCS
METOJ B3a€EMHOTO IIPUTHPAHHS IITOKA 1 THI3A KIanaHa KepyBaHHs [2, 6]. Take BiTHOBIICHHS TOMYCKAEThCS,

a) 0)
0)
Pucynoxk 1 — Kimaman kepyBanus 1’ e3opopcynkn BOSCH: Pucynoxk 2 — 3HomeHHs KilanaHa
a — aertaii KianaHa; 0 — OyZoBa KilaraHa KepyBaHH:; KEepyBaHHS: a — KaBiTalliifHe
(1- cimno; 2 — mTok; 3 — npyxuHa; 4 — APOCeNbHA IIACTUHKA) 3HOILIECHHS IITOKA; O — MPOMUBH

cijga mroka

asie JMIe y BUMAAKy HE3HAYHOTO 3HOIIEHHS KiamnaHa. [Ipu cyTTe€BOMY 3HOIIECHHI, TPUTUPAHHS TOBEPXOHb
Mpenu3iiHOT Mapu KiianaHa pi3Ko 3MiHIOE€ TE€OMETPII0 CIIPSHKEHUX KOHYCIB. 301UIBIIYETHCS III0IIA KOHTAKTY, Y
pe3yIbTaTi 90T0 3MEHIIYETHCS MTUTOMUN THCK y 30Hi1, 3pOCTa€ TiApaBIiqHAN OITip KIanaHa, o BeJIe 10 3MiHH
napameTpiB QopcyHkn 3aramoMm. DopcyHKa MOXe 3MEHIINTH TOoJady MaabHOro abo B3araji mepecTaHe
($YHKIIOHYBATH.

CporozHi cTajga MOXIIMBOIO TEXHOJIOTIS BiTHOBIIEHHS B yMoBax crnemianizoBanux CTO He muire napu
«TOJIKa-PO3MUITIOBAY» ajie 1 Mpenu3iitHol mapy KiiamaHa kepyBaHHS 11 e€30¢popcynkun BOSCH.

HOIJII TA 3SAJAYI JOCIILAKEHHS

3aBmaHHAM JOCHIKSHHS CTala po3po0Ka TEXHOJIOTIYHOTO MPOIIECY PecTaBpallii CIPsHKEHUX JaeTanei
KJlanaHa KepyBaHHs manuBHOI ¢popcyHku ¢ipmu BOSCH i3 1’€30emeKTpuaHIM TIPUBOIOM, SIKUW JT03BOJINB
Ou BiTHOBUTH HEOOXiMHY 1 pOOOTO31aTHICTE.

PE3YJbTATHU JOCIIIKEHDb

Sk BxKe 3a3HavaNocs, TiApaBiIivyHA MIUTHHICTH KIIallaHa KEpyBaHHS 3HAHOKO MIpOI0 3alIeXKHUTh BiJl
reoMeTpii 3amipHuX KOHYCIB IITOKA 1 Ci/ijia KianaHa. Y SIKOCTi 00’ €KTa JOCHTiKyBaiacs najuBHa (OpPCYHKa 3
1’ €30€NIeKTpUIHNM TprBooM Bosch Ne0445115069.

Jliis BimHOBIIEHHS po0OOYOi MOBEPXHI MITOKA KilaraHa KepyBaHHS OyB 310paHUil OKpEeMHUIl KOMILIEKC,
SKHA CKJIAJAETbCs 3 HNPUCTPOIO Ui MepeuutihpyBaHHS 3alipHUX KOHYCIB KijamaHa |, eJeKTpOHHOro
MIKpPOCKOIIa 2, HaCTIHHOIO MOHITOpa 3 3 METOH BIITBOPEHHS 30HU 0OpoOKH 1 HMU(POBOro KyTOMipa s
BUCTaBIICHHsI KyTiB HUTiQyBaHHS mTOKa Kianana 4 (auB. puc. 3). 3a KOHCTPYKIEIO BiH aHAIOTIYHUN
KOMIUJIEKCY JUIsl BiZIHOBJICHHS 3allipHOTO KOHYCAa TOJIKM PO3NMIIIOBada OMUCAaHOro y poOoTi [6]. JomaTkoBuit
KOMIUIEKC 13 CHeIialbHO CIPOEKTOBAaHMM 1 BUTOTOBJICHHM IIPUCTPOEM I TepenuripyBaHHS 3aIlipHHX
KOHYCIB IITOKa JI03BOJIMB YHUKHYTH TIIOCTIHHOI TepeHanagkud oONaJHaHHS He 3aJIeXHO BiJ TOrO, MIO
BiTHOBJIIOETHCSI — FOJIKA PO3IMIIIOBAaYa UM MITOK KJlanaHa GOPCYHKH, OJHOYACHO YH MOPi3HO.

OCHOBOIO MPUCTPOIO Ul NepeuutipyBaHHs 3alMipHUX KOHYCIB KiamaHa CIYXUTb miura 1 1o sKoi
KpitusaThes pi3Hi By3nu (auB. puc. 4). Tak, Ha MIUTI BCTAHOBICHUN KOOPAMHATHHU CTU 2, SIKUA MOXKe
pyxartucs y IBOX HaIlpsiMax HIIIXOM 3aCTOCYBAaHHS I'BUHTOBHX Iap 3 KPOKOM Pi3b0H, 110 3a0e3mnedye mojiaqy
1,0 mm 32 06epT. Ha koopamHAaTHOMY CTOJI PO3TAIIOBaHWM I OJWH MOBOPOTHINM cronuk 3. Bin 3maTHuit
obepraTHCcs HABKOJIO BEPTUKAIBHOI oci. Ha Horo moBopoTHIH TUIMTI po3TramoBaHa cucteMa (ikcarii mroka
KJiamaHa 4 1 MexaHi3M MpUBOJA MITOKA 5 Ui HaJJaHHs oMy 00epTOBOTO pyXy (AHB. puc. 4).

Takox Ha TIMTI po3MimieHa ¢GopTtyHa 5 3 nutidpyBaabHUM KpyroMm. OCTaHHIM NPUBOIUTBECS y PYX
€JIEKTPOJIBUTYHOM, & YAaCTOTa HOro 00epTaHHS PEeryJIIOEThCS Yepe3 nacoBy nepenady (auB. puc. 4).

Jiist focsiTHeHHsT HEOOX1IHUX Pe3ysbTaTiB NpH NuTiQyBaHHI MarOTh OyTH 3a0e3IedeHi Taki mapaMeTpu
CTOCOBHO 4acTOTa 00epTaHHS:

— abpasuBHoro kpyra — 4500 xB?;

— mroka kinanana — 400 xs.

InidyBansHMA Kpyr BUTOTOBJICHUH 3 OLIOT0 eNeKTPOKOPYHIIy Ha KepamiuHii ocHOBi. BumiptoBaHHs
KyTa IuTipyBaHHS 311HCHIOETHCS 32 JOIOMOTOI0 €HKOAEPY 3 YHCIIOBOIO 1HAMKALI€ (TOYHICTH A0 2"), AKui
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BCTAHOBJIGHMH Ha OCi 0OepTaHHS MOBOPOTHOTO CTOJIMKA. /71 Bi3yaJlbHOrO KOHTPONIO KyTa, CHTHAN Bif
SHKOJIepa MepeaaeThes Ha MUPpoBHid KyToMip 4 (JuB. puc 3).

HeBenuki po3Mipu mrToka KianaHa KepyBaHHsS BHMarajidl CTBOPEHHs JOJATKOBOi OMpPaBKU AJISi HOTO
nornepeaHpoi ikcarii, TOMy IITOK KPIMUThCA Y CHeUiaNbHil HaH3i (IuB. puc. 5).

Pucynoxk 4 — Ipuctpiii ams nepenutihyBaHHS
LITOKA KanaHa: 1 — miuuTa; 2 — KoOpAWHATHUHA
CTUT; 3 — IOBOPOTHUIA CTONHUK; 4 — cUcTeMa
(hikcarii aHTH i3 MITOKOM; 5 — IPUBOJ ITOKA;
6 — dbopryHa i3 nuTihyBaTHLHUM KPYTOM

Pucynok 3 — Kommuiekc 1 BiJHOBJIGHHSI 3aIlipHUX Pucynok 5 — CrientianbHa namra i3
KOHYCIB IIITOKA KJIANaHa KepyBaHHs: |— mpucTpiii sy 33KPIIUICHAM IITOKOM KIlaraHa
nepenutigpyBaHHs; 2 — eJIEeKTPOHHUNA MIKPOCKOIT;

3 — HacCTIHHUH MOHITOP; 4 — UN(POBUIL KyTOMIp

BigHOBIeHHST poO0Y0T MOBEPXHI IITOKA BiIOYBAETHCS 32 paXyHOK INMEpelnTipyBaHHS JBOX 3amipHHX
KyTiB 77 Ta 126 Tpanycis (nuB. puc. 6, a; 0).

[Ipairroe mpUCTpiit TAKKM YMHOM: [[aHTA 13 IITOKOM KJlaraHa, o MiJIsTrae pecTaBpailii po3MillyeThest
y MpU3Max 1 NMPUKAMAETHCS JI0 HUX IACOM, SIKUM € OJHOYACHO MPHUBOJIHOIO JAHKOIO Bijl €JIEKTPHYHOTO
JIBUTYHA 3 penyKTopoM. Jlami BUCTaBIsS€TbCS HEOOXinHA BEIMYMHA KyTa, Ha KUK HEOOXigHO HulipyBaTH
LITOK.

BBiMKHEHHSIM €JIEKTPOIBUTYHIB I[aHTa i3 IITOKOM 1 aOpa3uBHHUN KPYT MPUBOIUTHCA Y pyX. [licist 1iboro
MEXaHi3MOM NEepPEeMILeHHS ITOK KJIanaHa MiIBOAUTHCS 10 a0pa3uBHOTO Kpyra i HITiQyeTbest 10 TOCATHEHHS
OJIHOPiHOI MOBEPXHI KOHYCA.

Be3nocepeHb0  TEXHOJIOTIYHMN TIPOIIEC BIJHOBJACHHA Ta SAKICTb OOpPOOJIIOBAaHOT IOBEPXHI
KOHTPOJIFOETHCA 32 JOTIOMOTOI0 €JIEKTPOHHOTO MIKPOCKOIA 300pakeHHS 3 SIKOTO /Ul POOITHUKA BUBOIUTHCS
Ha MOHITOp 3 MPHUCTPOIO (JUB. puc. 3).

BinHOBIIEHHS 3amMipHUX KOHYCIB IITOKA 1 CiJjIa KilalaHa KepyBaHHsS MMPU3BOAUTH 0 301JIBIIICHHS X0y
knamana h 10 hyew (TUB. puc. 7, a; 0), 10, Y CBOIO Yepry, 3MIHIOE TiJ[paBIiuyHy XapaKTepUCTUKY KJlalaHa Ta
3HWKYE ToAa4vy GOPCYHKH. 3a JONOMOTOI0 iHIUKATOPHOI TOJIOBKH IPOBOAMUTECS BUMIPIOBaHHS X0y KilarmaHa
micyisg 4oro HeoOXiTHO MOBEpHYTH HOTO 3aBOACHKE 3HaueHHsA, ske craHoBUTh 30 mMxMm. Kopekuis xomy
KJIarlaHa KepyBaHHS MPOBOIUTHCS IUIIXOM 3HIMAaHHSA [Iapy METATy 3 TIOBEPXHI NPHIISITaHHS Ci/ij1a KJIalaHa 10
JIPOCENIO0YO] MJIACTUHHU.

Orepattisi BUKOHY€EThCS 32 J0MOMOror mutidysanbHoro cranka GM-08 «Dieseland» [7]. s mporo
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CIJIJIO KJTallaHa BCTAHOBIIIOETHCS B YTPUMYIOUY OINPABKY 1 IPUMArHidy€e€ThCS IO MarHiTHOT TUTUTH (mmB.
puc. 8). Y mporeci nutidgyBaHHsS BepTHKajJbHA IMOJadya CKiaaae He Oiabine 10 MIKpOH 3a OJUH mpoxif i
3MIHIOETBCS MICIS IBOX MO3J0BXKHIX mpoxoxiB. Ilicnms mpoxopkeHHS UMKy nutihyBaHHS INTOK KilarmaHa
BCTaHOBITIOETHCS Y CLJIJIO 1 TIEPEBIPSAETHCS XiI.

[Ipu mposenmenHi unripyBaHHA MMOBEpXHI NPWISITAaHHS Ciajla KiarmaHa HEOOXITHOI YMOBOIO €
MIOTPUMAHHS TapaleTbHOCTI OMOPHUX TUIONIWH JUIA 3amO0ITaHHS MPOTIKaHHS MATbHOTO y HETePMETHIHHNA
CTHUK JBOX JleTaJyeH.

A >
b [ ALL “ D s
\ T A
\ ! s
( |
g | \
-:z % -:: \‘ ] |
2) 6) a) 6)
Pucynok 6 — llni¢pysanns kyra 77° (a) i Pucynok 7 — Po3pi3 xiranana 110 (@) Ta micis
126° (6) mroka knanana BijiHOBJICHHS (0) [2]

Po6ouy moBepXxHIO Cijta KianaHa BiTHOBIIOIOTH 3a JOMOMOTOI0 MPUTHPaibHOrO cTanka MP-250 [8].
Ciyto KiTamaHa BCTAHOBIIOETHCS B YTPUMYyBad 3 OTBOPaMH ITiJl YCTAHOBOYHI MTH(TH i pO3MINIyETbCS Ha
pobouomy croiti BepcraTa (IuB. puc. 9). B oTBip 3amipHOro mroka HAHOCUThLCS a0pa3UBHA IMACTa 3EPHUCTICTIO
5 MKM 3aMilllaHa Ha MOTOPHIH ONUBI. Y CaMO3aTUCKHUI MaTPOH IIITHHJEINS CTaHKA 3aKPITUTFOETHCS TIPUTHD 3
kyrom 124° i MaxoBMYKOM OCBOBOI MOjadi NPWKHAMACTBCA 10 POOOYOi KPOMKM cima kimamaHa. Y
CHeniaTbHOMY PEKUMI OCHWIIALIT, KOJM 00epTaHHS IPUTUPY BiIOYBAETHCS 3 BiOpaIli€ro MO3I0BK BIACHOT OC1
Ta MPUTUPATBHOI TTACTH 3 MOBEPXHI CiJyla KianaHa 3HIMAEeThCsl HEOOXIIHNH 1Iap Metaiy. SIk mpaBuio, — e
10...40 mxM abo 10 TOBHOTO YCYHEHHS CIi/TiB 3HOCY 3 poO0U0i MOBEPXHi cia.

A" dieselland

GM-08

Pucynok 8 — IlInidysansuuii Bepcrar GM-08 i Pucynok 9 — IIputupansauii cranok MP-250
uuTiyBaHHs MOBEPXHI NPWISITaHHS CiJyla KJIallaHa 1 BIJHOBJICHHSI CiaJia KijlaraHa

KonTtponb sikocTi 00poOKH POBOAUTHCS 33 JOIIOMOTOK0 MIKPOCKOTIA.

[lpu 3HAaYHMX CHpalfOBaHHAX JeTaliel cijyia i mToka (QOPCYHKHM KOJIM 3 Tijla 000X aeraneil mpu
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BIIHOBJICHHI 3HIMAETRCS Map MeTalry Oinbine 70 MKM, TiIpaBIidYHIN KOMIICHCATOP BUXOAMTH 32 MEXi CBOTO
pobouoro xoay, TOMy HEOOXIAHO BIJKOPHUI'YBaTH PO3Mip INTOKa KiamaHa. IJis 1boro, 3a JOMOMOIOIO
CJIEKTPOHHOTO0 MIiKpOMETpa BHMIPIOETHCS TOBIIMHA Ciljla KilamaHa Micis BiZHOBIEHHS xoxy. Pesymbrar
BUMIPIOBaHHS BIJIHIMAEThCS BiJl HOMIHAJILHOI TOBIIMHHM Ciyia, sika ckiagae 7,05 Mm; orpumane ducio Oyne
BEJIMYMHOIO KOPEKIIii IITOKA KJlanaHa.

Kopekmiss po3mipy ImTOKa NPOBOAUTHCS MNDIIXOM UDTiGyBaHHA WOTO TOPIS 3a JIOTIOMOTOIO
MPUTHPAITBEHOT TUTMTH Ha PO3PaxoBaHy BEJIMUUHY Y CcHeliaibHil onpasii. TouHicTs 00pOOKH NpW MpOBeACHH1
oreparlii 3HaXoIUThC y Mexkax 20 MKM.

[lepen cxmaganasIM HOPCYHKH, 3 METOIO JOTPUMAHHS PO3MIPHOTO JIAHITIOTa, HEOOXiTHO 32 JOIIOMOTOF0
OKpPEMOT0 MPHUCTPOIO MPOBECTH KaNiOpyBaHHS TiAPOKOMIIEHCATOPA.

3aranoM, onMcaHW TEXHOJOTIUHUHA mpouec peMoHTy 11’€30dopcynkun BOSCH Oyne cknanatucs 3
TaKWX eTalliB: mepeBipka (OPCYHKH Ha CTEHAl, po30mpaHHa (OPCYHKH, MUiiKa 1 medeKTyBaHHSA IeTajei,
BITHOBJIGHHS JeTaliell po3mWiioBaya 1 KjamaHa KepyBaHHS, CKJIQJAaHHS 1 perymoBaHHS (OPCYHKH,
BUNPoOyBaHHS POPCYHKH HA CTEHI.

OBT'OBOPEHHS PE3YJBbTATIB JOCJJIIAXKEHHS

Po3pobiiena TexHomoOTiST BITHOBIEHHS KiamaHiB KepyBaHHsA mnanmBHOI (opcynkn BOSCH i3
1’ €30€NIEKTPUYHUM TPUBOJOM Oyia 3ampoBakeHa y BUpOOHHUTBO Ha cremianizoBanii CTO BomuHchKo1
obxiacti. OTpuMaHi MO3WUTHBHI PE3yNbTaTH Al MOXJIMBICTh MiANPHUEMCTBY BCTAHOBIIOBATH IMiBPIYHHAN
rapaHTIiTHAUIA TEPMiH Ha BUKOHaHI pOOOTH, a KIIEHTaM CYTTEBO 3MEHIIIUTH BUTPATH HA PEMOHT.

BUCHOBKH

Po3pobieHnii TeXHONMOTIUHMIA NpoIleC BiHOBICHHS KJlalaHa KepyBaHHS MAIMBHUX (OPCYHOK (ipMu
BOSCH i3 m’e€30eNeKTpUYHAM TIPUBOIOM J03BOJsIE 3a0e3meduTH (OpPCYyHKaM, MPAKTUYHO, 3aBOJCHKI
napaMeTpH, MPOJAOBKUTH EKCIUTyaTalllF0 Ta 3a0IIaUTH KOIITH i1 Yac iX pEMOHTY.
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V. Kyshchun. Restoration of control valve parts BOSCH fuel injector with piezoelectric actuator.

The parameters of a piezoelectric fuel injector depend on the sprayer and the control valve, the technical
condition of which significantly affects the economic and environmental performance of the engine. In case
of failure of these precision pairs, BOSCH recommends replacing the whole injector, which increases the cost
of repair.

Operational practice shows that in the first place the control valve and the atomizer's needle and body
are destroyed. Based on the analysis of the type of damage, the service centers decide on how to return the
parameters of the injector to the standard. In particular, if the deterioration in the operation of the injector is
caused by the wear of the contact surfaces of the needle and the sprayer body, then the restoration of these
parts is carried out.

Instead, the technology of restoring sprayers and control valves of BOSCH injectors does not always
correspond to the factory, as it requires special equipment, so fuel equipment repair stations, each with its
methods, restore branded injectors. Usually, the process of mutual grinding of the valve stem to the seat is
used, which can, in turn, disable the injector.

The article proposes the technology of restoring the operation of the BOSCH fuel injector control valve
with a piezoelectric actuator, which has proved its effectiveness in practice. The process of restoring the
conjugate surfaces of the control valve takes place in stages. At the first stage, both cones of the valve stem
are reground. For this purpose, a complex was developed, the basis of which was a specially designed and
manufactured device for regrinding. In the second stage, the surface of the valve seat is restored by lapping on
a universal lapping machine MR-250. The final stage is the grinding of the surface of the valve seat to the
throttle plate.

The proposed technology for restoring the control valve of BOSCH fuel injectors with piezoelectric
drive allows you to continue their operation while maintaining technical and economic performance and saving
money on the repair.

Keywords: BOSCH piezoelectric injector, control valve, valve stem and seat, conjugate surfaces,
restoring technology.
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Kmumenko 1LYO., Becena M.A., Menbnikosa 1O.1.
Hayionanvruii mexuiunuti yHisepcumem «/[Hinposcvka nonimexuika», m. /[Hinpo, Yxpaina

HIABUIIEHHA EGEKTUBHOCTI ®YHKIIOHYBAHHS ITYHKTIB ITPOITY CKY YEPE3
JEPKABHHMU KOPJOH 3 BUKOPUCTAHHSAM TEOPII MACOBOI'O OBCJIYT'OBYBAHHSA

IIpoBeneHO aHaNi3 Cy4acHOTO CTaHy PO3BHUTKY MeEpeXi IYHKTIB HPOIMYCKYy dYepe3 ICep)KaBHUHA KOPAOH.
BusiBrieno, 110 icHyroua Mepe)a MyHKTIB MPOIYCKY XapaKTePU3YEThCs 3acTapilor iHPPaCTPyKTYpOIO, TPUBATIAM
4acoM IMEePETUHY KOPAOHY, HEPiBHOMIPHICTIO PO3MIIIEHHS ITyHKTIB IPOITYCKY, BUCOKUM PIBHEM HaBaHTAXXECHHS TOLIO.
HaiinoriuHimoro 1 HaHOYeBHIHIIIOO BiAMOBIIIIO0 Ha BUKINKY EPEBaHTaKCHHS KOPIOHY € CTBOPEHHSI HOBHX ITYHKTIB
HpoITycKy. ['0JIOBHOIO IPHYMHOIO HU3BKOI €(heKTUBHOCTI (pyHKITIOHYBaHHS IIyHKTIB IIPOITYCKY IIPH NEPETHHI KOPIOHY
€ JIOMyIIeHI Ha cTafii po3poOKH MpoeKTy OyAiBHUITBA IMOMIJIKH IOJO OLHKH OYiKyBaHOI IHTEHCHBHOCTI PyXy 3a
HUMH. [CTOTHHI BIIMB Ha BeNWYMHY (AKTHYHHX PO3MIpIB pyXy HAJalOTh HPOPAaXyHKH, IO BUHUKAIOTH IIPH
MPOEKTYBaHHI, Y BHU3HAYCHHI pAIliOHAIBHOI KUTBKOCTI IYHKTIB, iX PO3MIIIEHHS, CHOCOOIB 1 TEXHOJOTiH, IO
3acTOCOBYIOTHCS. CHcreMa OOCIYroBYBaHHS B 30HI IYHKTY MPOIYCKY MOXE PO3IJIATHCS SK CHCTEMa MacOBOIO
oOciryroByBaHHS 1 Moxe Kiacu(ikyBaTHCS 3a [EKUIBKOMa O3HaKaMH: KUIBKICTIO KaHajiB OOCIyroBYBaHHS,
JIUCLUILTIHOIO OOCITyrOBYBaHHS, CXEMOK OOCIYrOBYBaHHS 3asBOK Ta KUIBKICTIO €TamiB OOCITyroByBaHHA. [Ipm
NPOEKTYBaHHI CHUCTEMH ITyHKTY IPOIYCKy Ha aBTOMOOUIBHIM OpO3i BHKOPHCTaHO OaraTOKaHAJIbHY CHCTEMY
00CIIyroByBaHHS 3 OYIKYBaHHSIM, KOJIM TPAHCHIOPTHI 3aCO0HU 110 Mipi IPUOYTTS IO IYHKTY IPOIYCKY CTalOTh B Yepry,
SKIIO BCi KaHaAM OOCIYroBYBaHHS 3aHATI. YCi MOXJIMBI YMOBH (YHKIIOHYBaHHS OaraToOKaHaJIbHOI CHCTEMH
npencraBieHo y BUDLini  rpady. IlpuBeneHO MeTONMKY pO3paxyHKY XapaKTEepUCTHK (YHKIIOHYBaHHS
0araToKaHaIbHOI CHCTEMH MYHKTY MPOIYCKY 3 OYiKyBaHHIM Ta PO3PaXxOBaHO HMOBIPHOCTI 3HAXOKEHHS CUCTEMH y
KO’)KHOMY 3 CTaHIB 3aJIE)KHO BiJ KUTBKOCTI KaHaTiB OOCIyroByBaHHs. BH3Ha4ueHHs ONTHMalbHOI KiTBKOCTI KaHAIiB
00CITyrOBYBaHHS MYHKTY IIPOITYCKY IO3BOJIJIO MIHIMI3yBaTh dYac OYIKYBaHHA B Uep3i Ta 4Yac 3HAXOKCHHS
TPAHCIOPTHHUX 3aCO0IB B CUCTEMi B IIJIOMY, LI0 3a0e3Medye MiIBUILCHHS €()EeKTHBHOCTI (PYHKIIOHYBaHHS ITyHKTY
HPOITYCKY Yepe3 AepKaBHUI KOPIOH.

KmrouoBi cioBa: cucreMa MacoBoro oOCIyroByBaHHS, aBTOMOOUIBHHII TpaHCIOPT, ITyHKT HPOITYCKY,
GaraTokaHaJIbHa CHCTEMa MacOBOTO OOCIYTOBYBaHHS 3 OUiKyBaHHSIM, HMOBIPHICTb CTaHIB.

BCTYII

Be3BizoBuii pexxum Mixk YkpaiHoto Ta €sponericbkum Corozom (€C), cTBOpEHHS 30HU BUTBHOIT TOPTiBIIi
3 €C Ta MOTyXHWI TPaH3UTHUH MOTEHIan YKpaiHH € mepeayMoBaMy I OJANBIIOT0 3pOCTaHHs 00CATIB
Macakupo- Ta BaHTAXKOIMOTOKIB Uepe3 JIepKaBHUN KOpJoH Ykpainu. Ocobmusictio nomituku €C € He e
BUIbHE TMEPEeCyBaHHS MK KpailHaMH-WieHaMH, a ¥ CHOUIBHMH Miaxix 10 (YHKI[IOHYBaHHS Ta OXOPOHHU
30BHIIIHBOT'O KOPIOHY. 3arajibHa JOBKHUHA IIEHIEHChKO-YKPATHCHKOTO KOPIOHY ckianae 777 kM. Ha npomy
BiJIpi3Ky po3TamoBaHi 15 aBTOMOOUTBHHMX (3 HHX JIBa — aBTOMOOUIHHO-TIIIOXiAHI), 7 MacakKUPChKUX
3a;mi3HMYHUX (3 HUX | Hemitoumi) i 1 mimoxigawit nyHktd mnpomycky (ITIT). CepemHst miinbHICTH
aBToMoOUTEHUX [1I1 cki1agae mpubnu3Ho 1 Ha 52 KiIOMETpH MIEHT€HCHKOTO KOpIOHY, ofHak [1I1 po3ramosaHni
B3JIOBXX HBHOTO HEPIBHOMIPHO, a IiJI'i3HI IIJISXH MAOTh PI3HUW CTYIiHB SKOCTI, IO TOJATKOBO 3MEHIIYE
JOCTYITHICTh MyHKTIB mporycky. [1-3].

Mepexka TYHKTIB TpOIYCKY, MO (YHKIIOHYIOTh CHOTOJHI, XapaKTepH3YEThCs HEPiBHOMIPHICTIO
PO3MIIIEHHSI MYHKTIB MPOITYCKY, BUCOKHM DPIBHEM HABaHTa)KCHHS, TPUBAJIUM YacOM MEPETHHY KOPIOHY,
3acTapinor iH(GpacTpyKTyporo, Tomo. TOMY BIIOCKOHAJCHHS B)XK€ ICHYIOUMX Ta BIIIKPUTTS HOBHX ITyHKTIB
MPOIYCKY JTO3BOJIUThH MEPEPO3NOIIIMTH MMACAKUPO- Ta BAHTAKOIMOTOKH, a OTXe 1 30ajlaHCyBaTH BXIJHI Ta
BUXIiJIHI TOTOKH Ha BCii AUISHII JepKaBHOTO KOpIOoHy. [IpoTte aiisi eheKTHBHOTO (YyHKIIIOHYBAaHHS ITyHKTIiB
MPOITYCKY TIPH MEePETHHI KOPIOHY HEOOXITHO HA CTaii MPOEKTYBAaHHS SKOMOTa TOYHIIIE OLIHUTH OYiKyBaHY
IHTEHCHBHICTD PYXY 32 HUMH, IO JO3BOJHUTH BU3HAYUTH PalliOHAIBHY KiJIBKICTh KaHAJIIB 00CITyTOBYBaHHS Ta
MIHIMI3yBaTH MPOCTOI aBTOMOOLIIB B ITyHKTAX MPOITYCKY.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMU

3a ocTaHHI poku c(OpPMyBaBCs BUCXIAHUN TPEHJ LIOAO KUJIBKOCTI NEPETHHIB JEp>KaBHOTO KOPIOHY
VYkpainu, 1m0 TOCHIIOE HaBaHTakeHHs Ha icHyroui [II1, OinbmIicTh 3 SKUX HAa CHOTOJHI MOTPEOYIOTH
MOJIEpHi3aIlil Ta peKOHCTPYKIlii. PO3paxyHOK 3BEIEHOr0 MOKAa3HWKA HABAHTAXKEHHS Y PO3pi3i BCIX IUISHOK
KOPJOHY 3acBiI4MB, IO PO3BaHTaKEHHA MOTPeOYIOTH 1 YKpaiHCHKO-TIOJNBCHKA, 1 YKpaiHCHKO-YIOpChKa,
YKpaiHCBKO-CIIOBAIlbKA Ta YKPaiHCHhKO-PYMYHCBbKA JUISHKH KOPJIOHY, OCOOJIMBO Yy KaTeropisx aBTOOYyCiB Ta
BaHTa)XHHUX aBTOMOOLTIB [1, 4, 5].

3rigHo 3 Cy4acHMMHM BHUMOTaMH J0 ITYHKTIB HPOIYCKY BOHHM IMOBHMHHI 3a0e3neuyBaTH €(EKTHBHY
00poOKy MaHMX LIOAO BAHTAXKO- 1 MACAKUPONOTOKIB, BOJIOAITH 3aco0amMH il BHABJICHHS NOpPYILEHb 1
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CTBOPIOBATH MO3UTHBHE BPAXEHHS PO AEPKaBy. 3 EKOHOMIYHOT TOUKH 30Dy, HAHBAKITUBIIIOIO TTEPEyMOBOIO
BIIKPHUTTS ITYHKTY TPOMYCKY € TEepCIIeKTHBa 3a0e3redcHHs Oe3nmepe0iiHnX TPaHCIOPTHUX TIOTOKIB depe3
JTaHWi TyHKT IpOIycKy [6].

Mepexxy MYHKTiB NPOIYCKYy Yepe3 [epXKaBHUH KOPAOH CIiA pPO3TJSIaTH SK CKIAAHY CHCTEMY,
eJIeMEHTaMH SIKOi € 0€3IT0CepeTHBO ITYHKTH MPOITYCKY, TPAHCIIOPTHI MEPEXi Ta TPAHCIIOPTHI IOTOKH.

HeBignoBimHICTF MK KINBKICTIO TYHKTIB TPOMYCKY Ta TpadikoM MPHU3BOAUTH 10 3HAYHOTO
NepeBaHTAKECHHS MPUKOPAOHHOT iHppacTpykTypH [1]. CyTTeBa 4acTHHA MyHKTIB MPOITYCKY MPAIIO€ HAa MEXI
a00 X HaBITh 3 TIEPEBUIIICHHSM MPOEKTHOI MPOIMYCKHOI 3AaTHOCTI (Tabmws 1).

B mpencraBneniii Tabmuili TPOMYyCKHAa 3IaTHICTH IpeACTaBiIse cO00I0 CyMy CepeaHbOI000BOT
MPOMYCKHOI 3JaTHOCTI MYHKTIB MpOmycKy (3a maHumu Jlep:kaBHOiI TPUKOPAOHHOI CiyXOM YKpainn);
(hakTHYHMIA pyX — PiUHY KUTBKICTh MEPETHHIB Ha BIANOBIAHUX MYHKTaX MPOIYCKY 3a piK, moAijeHy Ha 365 (3a
MaHUMH cioBanbkoi momimii, [lpukopmonnoi cmyx6u Ilonpmii, IEHTPAIBHOTO CTATUCTHYHOTO Odicy
VYropmuHn).

Ta6muus 1. [ponyckna 3natHicts (I13) ta dhaxTuunuii pyx (OP) uepes nienreHcbkuit kopio [1]

H3, (DP, H35 CDP’
. . : : . |3, P,
Kopmon I13, oci® | ®P, 0ci6 | JerkoBi | JICTKOBI | BAaHTaXHI | BAHTaXHi
aBTOOYCH | aBTOOYCH
aBTO aBTO aBTO aBTO
YKpalHCEKO- | gogng | 5oEs5 | 20200 | 11200 | 1650 2063 717 448
IIOJIbCBKHNUN
YKPATHCEKO- | 49000 | 7288 | 4000 | 1295 600 257 50 61
CJIOBAllbKUM
YKpAIHCEKO- | Hq000 | 20420 9250 4206 530 449 180 54
YTOPCHKMM

HesBakatoun Ha majiHHSA TPaHCKOPAOHHOTO PyXy Y 3B’s3Ky 3 mangemiciro COVID-19 y 2019-2020
pOKax, B pyci uepe3 Ha3eMHHIH KOPJOH PETYJISAPHO CTAIOTHCA MiKH, SIKi CYIPOBOMKYIOThCS MIPOOIIEMaMu Ha
3pa30K Yepr, BiJICYyTHOCTI caHITApHUX YMOB (Y T.4. U NPOTUI] naHaeMil), Hee(heKTUBHUX MPOLETYP.

Bce me cBimuuTh mpo Te, IO PyX 4Yepe3 HA3eMHUH IICHIeHCHKUN KOPJIOH Ie 0araTo pPOKiB
3aJUIIATUMETHCS] IHTEHCUBHUM, a OT)KE, CUCTEMHI MPOOJIEMH, TIOB’s3aHi 3 TIepeBaHTAKEHHSAM MPUKOPIOHHOT
iH(PaCTPYKTypH Ta HEJOTIKaMU MEXaHI3MIB yIPaBIiHHS KOPIOHOM, 1 HaJalli MOTpeOyBaTUMYTh BUPIIICHHS.

OIJIb TA 3AJAYI JOCJIIAKEHHS

Metoto pobOTH € MOIENIOBAaHHS CHCTEMHM IIYHKTY IIPOIIYCKY 4epe3 MAEp)KaBHUHM KOPIOH SK
OaraTokaHaJbHOI cCHCTEMH OOCIIyrOBYBaHHS 3 OUiKyBaHHSM Ta BU3HAYCHHS ii OCHOBHHMX XapaKTEPHUCTHK, IO
3a0e3neuytoTh epekTHBHE (DYHKIIOHYBaHHS IIYHKTY TPOITYCKY.

PE3YJbTATHU JOCIIIKEHDb

Hafinoriunimoro i HalloYeBUIHINIOW BiIMOBIIII0 HA BUKIMKH MIEPEBAHTAKEHHS KOPAOHY € CTBOPSHHS
HOBHX MYHKTIB MPOMYCKY. B oQiliifHNX TOKyMEHTaX i1 3asgBax BiZJJOMYOT0, PETiOHATBHOTO, HAIIIOHAILHOTO 1
MiXKHApOIHOTO PiBHsI 3a ocTaHHi 10 pOKiB 3ragyroThcs MpUHANMHI 26 TEPCIIEKTUBHUX MTYHKTIB MPOITYCKY Ha
[IIEHT€HCHKOMY KOPJIOHI ISl IEPETHHY aBTOMOOLIEM, MIlIKH, aBTOOycoM, BaHTaxiBkoio [1]. TIpote mompu
HasIBHICTh TEMaTHKHU CTBOPEHHS MYHKTIB MPOITYCKY Yy KUIBKOX MPOrpaMHHUX JOKYMEHTaX HalliOHAIBHOTO Ta
pErioHaNBHOTO PiBHS, BIICYTHS €/IMHA JIepKaBHA IIporpama abo cTpareris 3 po30yI0BH IYHKTIB MPOITYCKY Ta
MPUKOPJOHHOI IHQPACTPYKTYPH, HEMAE Oprany, SKHi OM KOOPJUHYBAB 3yCHUIUIS Ta KOHLIEHTPYBAB PECYPCH Ha
LBOMY HaNpsIMKY, BU3Ha4YaB MPIOPUTETHICTH po30yaosu I1I1.

l'onoBHOIO TPUUMHOK HU3BKOI €(PeKTUBHOCTI (DYHKIIOHYBaHHS MYHKTIB MPOIYCKY IPH TEpPETHHI
KOPJIOHY € JIONyIIeHI Ha CTaaili po3poOKM MPOEKTy OyJIBHUIITBA MOMMJIKH IIOJ0 OI[IHKHA OYiKyBaHOT
IHTEeHCUBHOCTI pyXY 32 HUMH. [CTOTHUII BIIMB HA BETMYUHY (PaKTHUHUX PO3MIPiB PyXy HaJat0Th IPOPAXYHKH,
0 BUHUKAIOTH [TPH TPOEKTYBaHHI, y BU3HAUEHHI PalliOHAIBHOT KiJIbKOCTI ITyHKTIB, IX pO3MIllICHHS, CIOCO0IB
1 TEXHOJIOTIH, 110 3aCTOCOBYIOThC [7, 8].

BuxizHumMu JaHMMU A TPOEKTYBAaHHS IIYHKTIB TPOIMYCKY € TPOrHO30BaHa IHTEHCUBHICTH
JIOPOXKHBOTO PYXY, SIKY (POPMYIOTh TPaH3UTHI Ta MiCLIEBI TPAHCHOPTHI ITIOTOKH.

st mopenroBanHst onTHMaibHOi podotr 111 iX (yHKIIOHYBaHHS JOUUIFHO PO3IIISIATH SIK CHCTEMY
MacoBoro oociyroByBanHa (CMO), 1o 37iiicHIOE GaraTopa3oBe BUKOHAHHS OJHOTHITHUX omeparii [9].

OO0'eKTMBHUMH TiepenyMOBaMH (PYHKIIOHYBAaHHsS TakKoi CHUCTEeMH, AK 1 Oynb-sKoi 1HIIOI cCHUCTEMH
MacoBOI'0o 00CITyrOByBaHHS, € HasBHICTh HACTYIHHMX 11 eemMenTiB (puc. 1) [10]:
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- IeSIKOT KIJTBKOCT1 00CIyTOBYHOUHX MIPUCTPOIB — BIKOH JJIs1 OPOPMIICHHS Ta IIEPEBIPKU JOKYMEHTIB, sIKi
B Teopii CMO npuitHsITO Ha3UBaTH KaHajdaMH 00CITyrOByBaHHS,

- BXIIHOTO TIOTOKY 3asBOK — IIOTOKYy TpPAHCIOPTHUX 3aco0iB, L0 HAAXOIATh A0 CHUCTEMH
00CITyTOBYBaHHS IyHKTY MPOITYCKY (32 TOUKY ii MOYaTKy B MPOCTOPi 3a3BUYall MPUUMAETHCS MiCIe BUI3Iy Ha
IUTOLTY ITyHKTY TPOITYCKY) Ta 0OCIYrOBYIOTHCS HA IIUX IMyHKTAX;

- Yepru 3asBOK, IO YTBOPIOETHCS 3 aBTOMOOINIB, fKi OUYIKYIOTH Ha OOCITYrOBYBaHHS Ha ITyHKTax
MPOIYCKY;

- BUXIJTHOT'O TIOTOKY 3asIBOK — IIOTOKY 0OCITYXEHHX aBTOMOO1JTiB, IO MMPOUTILTN Yepe3 MMyHKTH IIPOITYCKY.

1
BxinHuii MoTiK [ToTik oOciykeHUX
aBTOMOOLITIB 2 aBTOMOO1JIIB
> | -
B’13x na III1 Buizn 3 T1I1
n

Pucynok 1 — Cxema cuctemMu MacoBOro o0CIIyroByBaHHsI IOTOKY TPAHCHOPTHUX 3aC001B B IMTyHKTI MPOITYCKY

CuctemMa oOOCITYroByBaHHS B 30HI IYHKTY TPOIYCKY PpO3TJINAETBCS SK CHCTEMa MacOBOTO
00CITyroByBaHHs 1 MOXe KJIacu(iKyBaTHCS 3a JCKUIbKOMa O3HaKaMM: KIIBKICTIO KaHaJIiB 00CIyroByBaHHS,
TUCTIMILIIHOIO 00CITYyTOBYBaHHS, CXEMOIO 00CITyTrOBYBaHHS 3aIBOK Ta KiJIbKICTIO eTammiB 00ciayroByBaHHs [11].

3a KUIBKICTIO KaHATIB (BIKOH OOCITyrOBYBaHHS) ITyHKTH MTPOITYCKY MOYKHA PO3/UIATH HAa OJHOKaHATbHI
Ta OaraTokaHanbHI (KinbKicTh BikoH 111 Ginbme abo mopiBHIOE 2). BukopucTtaHHs OJJHOKaHATBHOT CUCTEMHU
00CITyTOBYBaHHSI € €(QeKTHBHUM TiIBKH MpPU BIJIHOCHO HEBEJHKIM 1HTEHCHUBHOCTI pyXy. sl ydacHUKiB
TPaAHCIIOPTHOTO TOTOKY, SIKI MPOXOJATH Yepe3 MyHKT MPOIMYCKYy, HeoOXinHO mepeadadatn OaraTokaHaIbHI
cucremu. OnTHManbHa KUIBKICTh KaHamiB o0OciyroByBaHHs Ha [III po3paxoByeThcs 3a yMOBH, IO
posrisaaerscst CMO 3 O4iKyBaHHSIM.

[lepenbadaeThest, IO MOTIK aBTOMOOLITIB HAAXOINUTH HA TIYHKTH MPOIYCKY HE PETYJSPHO (depe3 MeBHi
MPOMIXKKM 4Yacy), a BHUMNAJKOBUM 4YHHOM (Hamepex HEBiIOMiI MOMEHTH 4acy), MpH I[bOMY 4ac ix
0OCITyTOBYBaHHSI Ha IUX IyHKTaX TaKOXX Ma€ BUIAJKOBHHA XapaKTep, OCKUIbKU 3aJieKUTh Bij OaraThox
(hakTopiB, IO HE MiIAIOTHECI TOYHOMY OOIIIKY.

3a mucruminoro obcmyropyBanHs CMO 3a3Buuail MOAINAIOTECS HA TPU KJIAcH: 3 BiJIMOBaMH, 3
OYiKYBaHHSM Ta 3MimiaHoro tuimy [12]. 3 po3risiny BullleHaBeACHHX KJIaciB 00CIyroByBaHHS OYEBHUIHO, IO
JUIS. IPOCKTYBaHHSI CUCTEMH IYHKTY TPOITYCKY Ha aBTOMOOINBbHIN JIOPO3i 3aCTOCOBYEThCS OaraTOKaHaJIbHA
cucTeMa 00CITyrOBYBaHHS 3 O4iKyBaHHSIM, KOJIM TPAHCIIOPTHI 3aCO0M 1O Mipi MPUOYTTS IO MyHKTY HPOIYCKY
CTalOTh B UEPry, SKIIO BCi KaHAIN 00CITYTrOBYBaHHS 3aHSTI.

Jnst GaraTokaHABHOI CHCTEMH IMYHKTY TPOITYCKY 3MOJETIOEMO YMOBH poOOTH. ABTOMOOiNB, IO
Ha/IAIIOB Y 110 CUCTeMY B MOMeHT, Koii BikHa I1I1 3aifHATi, cTae B uepry i uekae Ha CBO€ 0OCIYrOBYBaHHS,
siKe B Oy/Ib-KOMY BHITaJIKy 00OB'SI3KOBO BilOyIeThcs. Taka crcreMa MpoITycKy MOXe Mepe0yBaTh y pi3HUX
CTaHax 3aJIeXKHO BiJ] KIJIBKOCTI aBTOMOOLIIB, 110 3HaxoaThcsl y CMO sk y uep3i, Tak 1 Ha 00CIyrOByBaHHI:

S — y MyHKTax MpOIMyCKy HeMae aBTOMOO1IIB, 0Tke, Bci kaHanu [111 BibHI;

S1 —3aifadATOo nuie oxHe BikHO [1I1, perira kaHamiB y IMyHKTI MPOMYCKY BiJIBHI;

Sk —y cucremi II1 nepedyBae k aBromo6iniB (K<n), T00TO 3aiiHsATI K KaHAJIB IyHKTY MPOIYCKY, IHIII
(n-K) — BinbHI;

Sh — y cucremi nepebyBae N aBTOMOOLIIB, TOOTO 3aiHATI BC1 KaHANM Y MYHKTI MPOIYCKY, aje 4epru
HEMae;

Sn+1 — y cucremi mepebyBae N+1 aBTOMOOLIIB, TOOTO 3alHATI BCi KaHAIM MYHKTY MPOIYCKY Ta OJUH
aBTOMOOLUIL IepeOyBae y uep3i;

Sn+m— y cucteMi nepedyBae N+mM aBTOMOO1LIIB, TOOTO 3alHATI BCi KaHAJHM IIYHKTY MPOITYCKY Ta B Uep3i
3HAXOAATHCS M aBTOMOOLIIB.

Takum YUHOM, pOOOTa CUCTEMH MYHKTY MPOITYCKY MOKe OyTH mpejicTaBieHa OJHUM 3 N+m+1 cTaHiB,
3 SIKUX CTaHU So, Si, ..., Sk XaPAKTEPU3YIOTHCS THUM, IO IIPH X HACTaHH1 BIICYTHA Oy/Ib-AKa uepra aBTOMOO1IIiB.
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VYci MoxnuBi yMoBH (YHKIIIOHYBaHHS OaratokaHaibHOI cuctemu I1I1 npeacraBieHi Ha PUCYHKY 2.

A

—
<

Sn+m

nu

Pucynok 2 — MoknuBi yMOBH (D)YHKIIIOHYBaHHS 0araToKaHaIbHOI CHCTEMH MyHKTY mpormycky [10]

OYiKyBaHHSIM €:

1)
2)
3)
4)

5)

6)

7)

8)

9)

iHTEHCUBHICTE IPUOYTTS aBTOMOGIIIB 4, aBT/TOx;
IHTCHCHBHICTh OOCIIyTOBYBaHHS OJIHOTO KaHaly AL, aBT/TOg;
KUTBKICTB KaHaJIiB IPOITYCKY N, O7;

MOKAa3HHUK 3aBaHTAKEHHS CHCTEMH B PO3PaXyHKY Ha OJIMH KaHaI

Y (1)
u-n

HWMOBIPHICTh TOT'O, 1[0 BC1 KAHAH BLJIbHI
2 n-1 n -1
P, = 1+ 2 Y Y PRI A !
12l (n-1)! (n-1)! n—y

WMOBIPHICTb CTaHIB CHCTEMH
k

Pk:%PO, s k=1..n;

Wn+i (3)
Pn+i:ni‘n!P01 AJi 1:1,2
HWMOBIPHICTh OYiKyBaHHS aBTOMOOLIIB y uep3i
Pq = W_ . n . PO (4)
n! n—y

cepeqHs KUTBKICTh aBTOMOOLITIB Y Uep3i, aBT.
n+l

N, =5, 5)
e (n-y)

cepe/Hs KUIbKICTh aBTOMOO1JIIB Y CUCTEMI, aBT.
N, =N, +y (6)

10) cepenniii uac o4iKyBaHHS y 4ep3i, To1

N
t, =—" 7
== )
11) cepenniii uac nepedyBanus B CMO, roa
=t ++ ®)
)7,

(2)

OCHOBHAMH XapaKTepHUCTUKaMU (YHKIIIOHYBaHHA OaraToKaHAJIBFHOI CHCTEMH ITyHKTY IpPOITYCKY 3

3a TpUBENEHOI0 METOJHMKOI Oyno 3AiHCHEHO MOJENIOBaHHS POOOTH MPOIYCKHOTO IYHKTY NpH

3alTaHOBaHINA THTEHCHBHOCTI MPHOYTTS aBToMOOLmiB 40 aBT/roj, 1THTEHCHBHOCTI OOCIYrOBYBaHHS OJHUM
KaHaioM 6 aBT/TOA Ta KiNBKOCTI KaHaNiB 00cimyroByBaHHs BiZl 4 10 9. IMOBIpHICTh 3HAXOPKEHHS CUCTEMH B
KO>KHOMY 3 CTaHiB IIPH Pi3HIN KUTBKOCTI KaHaIiB 00CITYyrOBYBaHHS MPEJICTABICHO HA PUC. 3.
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PucyHok 3 — FIMOBIpHICTh 3HAXO/KEHHS aBTOMOGIIIB B ITYHKTi IIPOITYCKY B 3aJI€KHOCTI Bijl KiTbKOCTI
KaHaniB o0ciyroByBanHs: a) — CMO 3 4 kananamu obciyrosyBanss; 6) — CMO 3 5 kaHanamu
obciyroyBanHst; B) — CMO 3 6 kananamu oocnyroByBanHs; r) — CMO 3 7 kaHanamu
obciyrosyBanHs; 1) — CMO 3 8 kananamu o0cnyroByBanHs; €) — CMO 3 9 kananamu
00CITyroBYBaHHS

OBI'OBOPEHHS PE3YJIBTATIB JOCJIAKEHDb

[TpoBexenmii aHai3 Cy4acHOTO CTaHy PO3BUTKY MEPEXi IyHKTIB IMPOITYCKY Yepe3 JAepKaBHUH KOPIOH
JIO3BOJIMB BCTAaHOBHTH, IO ICHYIOYa Mepeka IIyHKTIB NPOITYCKY XapaKTEepU3YEThCS —3acTapilioro
1HPPACTPYKTYPOIO, TPUBAIUM YaCOM TIEPETHHY KOPJIOHY, HEPIBHOMIPHICTIO PO3MIIIICHHS ITYHKTIB MPOITYCKY,
BHCOKHM pIBHEM HaBaHTaXXEHHS ToOIIO. HailoriyHimor i HalOYEeBHHINIOW BIiAMOBIANI0 HAa BUKIUKA
NepeBaHTAKEHHS KOP/IOHY € CTBOPEHHSI HOBHX ITYHKTIB MPOITYCKY.

3a NpUBEACHOI0 METOIMKOI0 PO3PAXYHKY XapaKTEPUCTUK (DYHKI[IOHYBaHHS OaraTOKaHaJIbHOI CUCTEMHU
MYHKTY TPOITYCKY 3 OYiKYBaHHSM OyJO MPOBEACHO MOJENIOBAaHHA POOOTH TPOIMYCKHOTO MYHKTY IPH
MPOEKTOBAHIM 1HTEHCUBHOCTI MpHOYTTS aBTOMOOLNIB 40 aBT/ToA, iIHTEHCHBHOCTI OOCIYyrOBYBaHHS OJIHUM
KaHaJoM 6 aBT/TOJ Ta KUIBKOCTI KaHaiB oOCIyroByBaHHsS Bif 4 1o 9. 3a pesyibTaTaMu MOJCIIOBaHHS
CHUCTEMU IMyHKTY TPOITYCKY uepe3 JepKaBHUN KOPJIOH SIK 0araToKaHAIBLHOI CUCTEMHU OOCITyrOBYBaHHS OyIlo
BCTaHOBJICHO, IO NpH poOOTi 7 KaHaJiB OOCIYroByBaHHS HMOBIPHICTH OYiKyBaHHS aBTOMOOIIS B uep3i
6mu3bka 10 0, 1m0 cBiquuTh Mo eeKTUBHY poOOTY Ta 3abe3nedeHHs Oe3nepe0iifHIX TPAaHCIOPTHUX HOTOKIB
4epe3 NaHUi MYHKT MPOITYCKY.

BUCHOBKHU

['010BHOIO MPUYMHOI0 HU3BKOI €(PeKTUBHOCTI (DYHKUIOHYBaHHSA IYHKTIB NPOIYCKY NpPU TEpPEeTHHi
KOPIOHY € JONyIIeHI Ha cTaaili po3poOKHM MPOEKTy OYyIIBHUIITBA IOMHJIKM IIOJ0 OLIHKA OYiKyBaHOI
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IHTCHCHBHOCTI pyXxy 3a HuUMH. CrcreMa OOCIyroByBaHHsS B 30HI IYHKTY MPOIYCKy Oyjia PO3IVISHYTa SK
CHCTEMa MacoOBOTO OOCIYrOBYBaHHS. 3a pe3ysbTaTaMH MOETIOBAHHS CHCTEMH MYHKTY TIPOIYCKY 4Yepes
JepKaBHUI KOPAOH SIK OaraTOKaHAJbHOI CHCTEMH OOCIyTOBYBaHHS OYyJIO BCTaHOBJIEHO, IO MPH poOOTi 7
KaHaliB 0OCIyrOByBaHHSI MMOBIPHICTh OUiKyBaHHS aBTOMOOINS B 4ep3i Oim3pka 710 0, MO CBIAYUTH TPO
edexTuBHY poOOTY Ta 3a0e3nedeHHs Oe3mepebiifHNX TPAaHCIOPTHUX MOTOKIB Yepe3 JaHW MTyHKT HMPOIYCKY.
BusnauenHs onTUManeHOI KUTBKOCTI KaHANIB 0OCITYTOBYBaHHS IyHKTY MPOITYCKY JO3BOJIIIO MiHIMi3yBaTH
Yyac OUYiKyBaHHS B 4ep3i Ta 4ac 3HAXOKCHHS TPAaHCIOPTHUX 3aco0iB B CHUCTEMi B IJIOMY, 10 3abe3nedye
MiBUIICHHS €(eKTUBHOCTI (YHKIIIOHYBaHHA MTyHKTY HMPOIYCKY depe3 Iep>KaBHUH KOPJIOH.
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I.Yu. Klymenko, M.A. Vesela, Yu.l. Melnikova. Improving efficiency of border checkpoints while
using a queuing theory. The current state of border checkpoints has been analyzed. It has been identified that
the network is characterized by an obsolete infrastructure, time-consuming border crossing, irregular
arrangement of the border checkpoints, heavy workload etc. Establishing of new border checkpoints is the
most logical and obvious responses to the challenges. The mistakes, made at the design stage as for the
probable densities of traffic within them, turned out to be the main reason of poor efficiency of border
checkpoints. Defective design, incorrect determination of adequate number of such checkpoints, their
arrangement, and techniques and procedures applied influence heavily actual traffic density. Serving system
within a motor vehicle crossing point may be considered as a queueing system and classified depending upon
several factors: the number of service channels, service procedure, service pla,; and frequency of service
stages. Multichannel waiting service system has been involved while designing a checkpoint pattern for a
highway, i.e. while arriving at a crossing point, vehicles get in line no service channel is free. A graph
demonstrates all the possible operating procedures of such a multichannel system. A procedure to calculate
operating characteristics of the multichannel system of a border checkpoint with waiting has been represented:;
probabilities of the system being within each state have been defined depending upon the number of service
channels. Determination of optimum number of service channels for a border checkpoint has made it possible
to minimize waiting time as well as duration of a vehicle stay within the system. The abovementioned supports
the improved efficiency of a border checkpoint.

Keywords: queueing theory, motor vehicles, checkpoint, multichannel waiting service system, state
probability.
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Konecuuk B.O., Jlucenko b.I'., Hemra A.O., 3a6apa M.O.
CymcoKuil Oepoicagnutl yHigepcumem

JOCJILKEHHS BIIMBY PEKUMIB PI3BAHHSI HA IIOPCTKICTh OBPOBJIEHOI .
IHNOBEPXHI ITPU CBEPJIUIIHHI OTBOPIB Y ITAKETAX «BYTI'JIEIINIACTUK/ TUTAHOBUU
CIIJIAB»

B nmanmii yac cBepATiHHS MaKeTiB BYIJICIIACTHK / THTAHOBHH CIUIaB BCE IIE € OJHMM i3 HaWOIIbII IIHPOKO
BUKOPHCTOBYBAHUX METOJIB MEXaHi4HO{ OOpOOKM Ui BHTOTOBJICHHS OTBOPIB AJS KPIIJICHHS BY3I]iB Y LUBUIBHUX
mitakax. Hwusbka o0O0poOMIOBaHICTH MaTepianiB IakeTy OOYMOBICHAa IIO€IHAHHSAM aHI30TPOMHOI CTPYKTYpH
KOMITO3ULIHHOTO MaTepiary, BUCOKOI TBEPJOCTI Ta MITHOCTI TUTAHOBOTO CIUIaBy. Lle cTBOPIOE BUKIMKY Y MEXaHIYHIN
00pobui momibHuX 3’€IHaHp, IO HOB’S3aHO 3 TPYAHOLIAMH BHOOPY pamliOHAJIbHUX PEKUMIB Pi3aHHS SK VIS LIapy
BYIJICTUIACTUKY Ta i JJIA IIapy THTaHOBOTO cIutaBy. OJHAM 3 acHeKTiB MeXaHIqHOI 0OpOOKHM NaKeTiB BYTJICIUIACTHK/
TUTAHOBHH CIIJIaB € HEOOXiJHICTH 3a0e3IeueHH 3aI0BITbHIX IIapaMeTpiB MIOPCTKOCTI MOBEPXHI OTBOPIB. Y I1iif poboTi
JOCIIUKYBaINCS BIUIMB TEXHOJOTIYHHX (DaKTOpiB Ha MIOPCTKICTE 00poOieHoi MOBepXHI OTBOpIB. Y Xomi
eKCIIepHMEHTaJIbHE JJOCIII/KEHHS KOHTPOJIBOBAaHUMH ITapaMeTpaMu Oyin TemIieparypa CBEpIUIIHHS Ta IIOPCTKICTH
MOBEpXHi. BUMiproBaHHS TeMmIiepaTypyu CBEpUIIHHS 3IIMCHIOBAIOCS Yy PEXKHMI peaqbHOro 4acy 3a JOHNOMOTOIO
crerianbHO po3pobdnenoro npuctporo WICUTEM, o anapaTHO MO€aHy€e METO/ MITYYHOT TEPMOIIApH Ta TEXHOJIOTII0
Bluetooth st 6e3npoToBoi mepenaui nanux. KOHTPOIIs IMOPCTKOCTI 3/iHCHIOBABCS 32 JOMOMOTOI0 TpodisorpadiuHoro
mertoay Ha npodinorpadi SurfCOM 5000. ExcriepumeHTansHa ycTaHOBKA Oyiia peai3oBana Ha 6a3i 5 KOOPIHHATHOTO
(hpeseproro oo6podmroBanbHOrO IeHTpy DMU 85V. [InanyBaHHS eKCIIEPUMEHTY 31iHCHIOBAIOCS 32 METOJUKOIO Taryi,
Ha OCHOBI OPTOTOHAIBEHOTO MacHBY Ls, MIIIX0M BapiroBaHHs (paKkTOpiB MIBUAKOCTI pi3aHHS Ta MoJavi Ha TPHOX PiBHSX.
Pesynprat mokasywoTh, Mo mpu 0OpoOIl Iapy BYIJICIUIACTHKY 3HAYCHHS aHATI30BaHMX MapaMETPiB IIOPCTKOCTI
HiIOPSAKOBYETHCS TPEHAY 0 30UIBIICHHS TapaMeTpiB IpH 30LIbIICHH] T01adi, B TOH 4ac sIK IPU CBEPUIiHHI IIapy
TUTAHOBOTO CIIABY HABIIAKU JIO 3HIKEHHS, 32 BUHATKOM THX IO CTaJIH JIOKAJTBHIMH MiHIMyMaMH.

KiiouoBi cioBa: nakeTd BYIVICIUIACTUK/TUTAQHOBHH CIUIAaB; METOJ| IITYYHOI TepMOINapH, TeMIepatypa
CBEpJIIHHS; IOPCTKICTh MMOBEPXH.

BCTYII

CBepTiHHSA - 1€ HaWTIOIIMpEHilIa MeXaHigHa Ofepallis MPH BUTOTOBJICHHI OTBOPIB JIJIS 3’ €THAHHSI
KOMITOHCHTIB JITAJIbHUX anapariB. Xo4ya MUTAaHHS 3a0€3[ICYCHHS SKOCTI OTBOPIB Y MaKeTaxX BYIJICIUIACTUK/
MeTaJl 3HaXOJUThCS B LICHTPI JOCIKEHb MPOTATOM OCTaHHIX 15 poKiB, CBEpAJIiHHS OTBOPIB B MaKeTax 3a
OJIMH TIPOXIJI BCE IIE 3aTHINAETHCS CKIIAHIM 3aBAaHHAM. SIKICTh OTBOPIB y MaKeTaX BYTJICTUIACTUK/ TUTAHOBHI
CIIJIaB XapaKTEePU3y€EThCsl TAKUMH MTapaMeTpaMy: THTAHOBHIA CIUIAB - MIOPCTKICTh oBepxHi (Ra) [1], po3mipHa
TOYHICTh OTBOPY, T€OMETPUYHA TOUHICTH (BiXUJICHHS Bix Kpyriocti) [2], po3mip BuxigHoi 3amupku [3]; a'y
BYIJICIIACTHKY - Koedimienrom posmapyBanus (Fq) [4,5], 3HaueHHAM TepMiduHOrO pyHHYBaHHS Ta
koedirienTom mnorkomkeHHs (Qq) [6]. V excriepuMeHTaNbHUX TOCHIDKEHHSIX HaiyacTillie BUMIipPIOIOTHCS
ocwoBa cuia (F, H) [1,5], kpytauit Moment (Mc, H-Mm) [1,5], Temnepatypa pizanns (T, °C) [7-14], mexaHizm
dopmyBanus cTpyxku [14,15], a Takok Taki TexHiuHI mapameTpu, sk ¢packa 3HouryBaHHs [16,17] Ta nepiox
crifikocTi iHcTpy™Menty [18]. Buie3asHadyeHi mapamMeTpy SIK MPABHIO BUKOPHCTOBYIOTHCS UIsl MOSICHEHHS
¢bi3uuHOT IPUPOIU BILTUBY pexxkuMiB pizanus [3,19], reomerpii incTpymenty [20] Ta MaTepiany iHCTPYMEHTY,
a TAKOXX BIUTMBY TEXHOJIOTTYHUX cepenouill [7,21-23] Ha moka3HUKH SKOCTI 0TBOPIB. [Ipu cBepsIiHHI MakeTy
TUTAHOBHH CIUTaB/ BYTJICIUIACTHK/ alOMiHIEBUH ciuiaB Oyio BusBIeHO, mo nogada (0,05-0,15 MmM/06) mae
3HAYHUH BIUIMB Ha OChOBY cmily Ha piBHI 40% y TutanoBomy ciuiasi, 31% y Byriemnactuky Tta 20 % y
IIOMIHIEBOMY CIUIaBi, a TakOX Ha KPYTHUH MOMEHT Ha piBHI 72% B THTaHOBoMy cmiaBi 1 24% B
amominieBomy crutasi [3]. Tlpu mocimipkeHHI BIUIMBY PIi3HHX PEXHUMIB POoOOTH OyJI0O BCTaHOBJICHO, IO
CBEPUTIHHSI [TAKETy BYTJICIIACTHK/ THTAHOBHMH CIUIaB 31 MIBUIKICTIO pi3aHHs V= 45 m/xB Ta noxadeto f = 0,09
MM/00 CBEpJIOM 3 TOJIOBHUM KyTOM B Iu1aHi 130° Ta kyTom miaioMy rBUHTOBOI JiHii 20° 3a6e3me4nTs giaMeTp
otrBOpy BimnoBimHo g0 H9 1 Bigxunenusm Big kpyriocti 0,015 mm. Bysio Bu3HaueHO, 110 OCHOBHUM
3HAYYIIUMH (haKTOpaMH, IO BILUTMBAIN Ha PO3IIapyBaHHs BYIJICIUIACTHKY, € mojava [18,24,25] ta ronoBHuii
KyT y mwiani [19,25], xo4ya Ha po3mip 3aAMPOK y THTAHOBOMY CIUIaBi B OCHOBHOMY BILIMBAE XBUJIMHHA 10[a4a
[26], incTpymeHTanbHuii Matepian [26], Ta 3HOMmICHHS iHCTPYMEHTIB [17]. BB 3HOIICHHS iHCTPYMEHTY
MOe OyTH 3MEHIICHHH 32 JIOTIOMOTOI0 TEXHIKK Majioro 3marieHHs (MQL) [7,27,28], kpioreHHOro CBepUTiHHS
(LN2) [16,29], BiOpamiitnoro cBepmiinas (VAD) [21] ta ynprpa mBuakicHoro ceepaininns (UAD) [9,22]. 3a
nocipkeHHsM benesexa ta iH. [20], Oyno Bu3HAuYeHO, IO ONTHMAlIbHA FEOMETPIsl CBEpIIa it 0OPOOKH
MaKkeTy BYIJICIUIACTUK/AIIOMIHIEBHH cIUiaB ckianae - 2¢=135° w =30°. llle oqHuM BaKIHMBHUM (HaKTOPOM,
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SIKAY BIUTMBAE HA JiaMETp OTBOPY HE3AICIKHO BiJ MBHIKOCTI Pi3aHHA, € KOHCTPYKINS CTPIYKH JOTIOMI>KHOT
pizanbHOi KpoMKku cBepmia [23]. Byno BH3HAYeHO, IO CBEPUIO 3 MOTPIHHOIO CTPIYKOI0 MOKE CTBOPIOBATH
OLTBII TOYHI OTBOPHM 3a PaxyHOK 3MEHIIEHHs BiOpawiid uepe3 30iMbIICHHS KOHTaKTy 3 0OpOOIIIOBaHOIO
noBepxHero [14]. 3HauHuii iHTEepec s BUBYCHHS (i3MKH TPOLECY Pi3aHHs NPU CBEPAJIIHHI MAKETIB SBIISE
BHUMIPIOBAaHHS TEMIIEPATYpPH Pi3aHHs Ta TEMIIEPATYPHOTO TPATIEHTY.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMHU

Hapasi BimomMi cocoOu Ta METOAW BUMIpPIOBaHHS TeMIepaTypu pi3aHHS MOXHa Kiacu(ikyBaTd 3a
METOAaMH BHUMIpDIOBAaHHS Ha KajgopumeTpuuHi, Ttepmomapu [10,12-14,17], Ttepmorpadiuni Meromu
[7,10,11,13,15,21,22]. HalnomupeHIiMMH METOAaMH BHUMIPIOBaHHS TEMIEpPAaTypH pi3aHHs MpH 00poOIr
MakeTiB € TepMorpadiuyHuii METO1 Ta BUMIPIOBAHHS 32 IOTIOMOT'OI0 TEPMOMApH.

[lpy mMOpIBHSANBHOMY  AOCHIIPKEHHI  EKCIEPHUMEHTAJIbHOTO Ta YHCEIBHOTO  MOJENIOBAHHS
(pe3epyBaHHs ByIWIeIIacTUKa (ppe3aMu pi3HOrO THIy TepMmorpadidHUM METOAO0M OyJIo BHMIPSHO, IO
Temneparypa ¢pesu gocsrae 250 °C He3ale)XHO Bl THMY (pe3u, IIBUAKOCTI pi3aHHA Ta mopadyi. 3a
JOTIOMOTOI0 TepMOIapy, BOYZAOBaHOI B 3arOTOBKY BYIJICIUIACTHK, OyJI0 BUSBIIEHO, 10 jaumie 16% TemnoBoi
SHeprii mepeMiCTUIIOCs B 3aroTOBKY, Bix 30% mo 46% y ¢pesy, a pemrra Oyia BiABEAECHA y CTPYKKY Ta HOBITPS
[13]. TTix gac ¢pe3epyBanHs OAHO-HAIPABICHOTO BYTJICIIIACTHKA 3 Opi€HTAIi€0 BOJOKHA, Bix 0 ° 10 135 °, 3
chepuuHoo ¢pe3oro P10 MM 3 pizHOW MmBHAKICTIO pizanHs (200 - 375 m/xB) i momgauero (0,063 Mm/00),
TeMrieparypa ¢pes3u Oyia BUMipsHa 3a JonoMororo Tepmornapu tumy K. Jliamerpu cBepasiia KOJTUBAIOTHCS Bij
4,09 MM 10 12,94 MM, IIBUAKICTH pi3aHHS KOMWBaeThes Bix 38 M/xB mo 112 m/xB, mBuakicts moxadi 0,07
MM/06 1o 0,17 Mm/00. Byno Bu3HaueHO, IO MiABHILEHHS TEMIIEpaTypu CBEPAJIHHS NPHU3BOJUTH JI0
301IBbIICHHS BiIXUJICHHS PO3MIpy OTBOPY HE3aJC)KHO BiJ] BUCOKOI MOJadi Yepe3 MOTraHi YMOBH BHJIAJICHHS
crpyxku [11]. Byno BH3HaYeHO, 10 TemIepaTypa CBEPIUIIHHS 3HMKYEThCS 3aJ€KHO BiX momadi Juis
Byraemiactuky (122 °C - 85 °C) Ta 30unbmyeThes y mapi TutaHoBoro ciuiaBy (180°C - 260°C) [14], mio
OB’ 513aHO 3 HU3BKOIO TEIUIONPOBIIHICTIO TUTaHOBOTO cruiaBy [15]. [IpoananizyBaBiim pe3ynbTaTd HAYKOBHX
JOCTI/KEHB MPOLIECY CBEPUTIHHSA MAKEeTIB BYTJICIUIACTHK /TUTAHOBHH CIUTaB MOXKHA 3pOOWTH BHCHOBOK, IO
BILTMB PEXXHMIB pi3aHHS Ha MIOPCTKICTH IMOBEPXHI Y MIapax MaKeTy 3IHIIAETHCS MAJIO BUBUCHUM.

OIJIb TA 3AJAYI JOCJIAKEHHS

Mertoro pobOTH € AOCHiIKEHHS BIUIMBY PEXHMMIB pi3aHHS Ha HIOPCTKICTH OOpOOJIEHOI MOBEPXHi
OTBOPIB MaKeTaxX BYTJICIUTACTUK/ THTAHOBHIA CILIAB, IO JO3BOJIUTH OTIIHONTH PO3yMiHHS MOXKIIMBUAX PE3€PBiB
JUISL TEXHOJIOTIYHOTO 3a0€3MeUeHHsI IKOCTI OTBOPIB. Il JOCATHEHHS MOCTaBICHOI METU OYJIO PO3pPOOIJICHO
METOJIUKY €KCIEPUMEHTAILHOTO JTOCIIPKeHHS, 1110 J03BOJIHIIA 3a0C3MECUUTH BapiFOBAaHHS PEXHUMIB Pi3aHHS
3TiTHO MATpUIll TUIAHYBaHHS eKclepuMeHTy. KpiM Toro Oylio 3ampormoHOBaHO METOAWKY BUMIPIOBaHHS
TeMIIepaTypy CBEPIUIiHHS, 0 Oyla peanizoBaHa 3a JornoMororw 6e3aporosoro mnpuctporo WICUTEM, mo
JIO3BOJISIE Y PEXHMi PEaNbHOTO Yacy BiJCTEXKYBaTH Bapiallii TeMIlepaTypu CBEpUIiHHS B 3aJ€XKHOCTI BiJ
pexumiB pizanHs. lLlopcTkicTh MOBepXHI BUMIPIOBAIOCH MPOdiorpadivHIM METOIOM.

PE3YJIbTATHU JOCJIIKEHDb

ExcrniepiMeHTanbHe OCTIKCHHSI BIUIMBY PEXHMIB pi3aHHS Ha LIOPCTKICTh 0OpOOIIOBaIBHOT
MOBEPXHI 3/1IHCHIOBAJIOCS TPH CBEPUTIHHI TAKETY BYIJIEIIACTUK/TUTaHOBUH ciutas. [llap ByrieracTuky, mo
OyJI0 BUKOPHCTaHO Yy MaKeTax, CKiajzaBcsi 3 45 OoIHO-HaIpaBIEHUX LIapiB BYIJIELEBOro BoJOKHA IM7
toBimHOK 0,20 MM. ENOKcHAHOIO 3B’ SI3K010 MIapiB BYIIICIIACTHKY OyJia enokcuaHa cmoiy Larit (LR 285).
Byrnemnactuk Oyno BUTOTOBJIEHO 32 TEXHOJIOTIIO BaKyyMHOTO (hOpMYBaHHs 3 PYYHOIO YKIIaJKOIO HIapiB
BYIJIELIEBOIO BOJIOKOH 3a cxemoto 0°/90°. 3aranbHa TOBIIMHA IIApy ByriiemuiacTuka ctanosuiaa 9 + 0,01 mm i3
BMicTOM BosiokHa 60 %. MeTasneBuii map nakery 0yJa0 BUTOTOBJICHO 3 TUTAHOBOT'O CIaBy - Ti-2.5Al-2Mn i3
HACTYITHUMH MEXaHIYHHMH BJIACTHBOCTAMHU (Tabi. 1). GakTruyHuil XiMiYHHN CKJIaJ] THTAHOBOTO CIuiaBy: Ti -
96,42 %, Al - 1,92 %, C - 0,21 %, O - 0,19 %, Si - 0,17 %, Mn - 0,89 %, Fe - 0,20 %.

VY pesynbrari 3’€AHaHHS MIapy BYIJIEIJIACTUKY Ta THUTAHOBOTO CIUIABYy OYyJIO yTBOPEHO IIaKeT
3arajbHOI0 TOBUIMHOIO 17 MM.

Pi3anbHUM 1HCTPYMEHTOM JIjIsi 00pOOKH OTBOPIB OyiI0 00paHo cBepyio D10 MM 3 TBEpOro CIUIABY
WC9 3 nokpurtsim TiN - TIAIN (5510-R-RT100U Guhring). ¥V pe3yibraTi BUMIpIOBaHHS '€OMETPHYHHX
napameTpiB cBep/yUla Ha YHIBepcalbHIN aBTOMaTH4Hid BUMiproBanbHid MammHi Zoller Genius 3s, Oyno
BHU3HAYEHO: TOJIOBHMI KyT B miaHi (2¢ = 140,60 °), 3aguiit kyT (o0 = 7,50° — 8,26°), KyT HaXuj1y MOMEPEUHOT
pizanbHoi KpoMkH (Y =45,33° — 55,62°), KyT nigiioMmy rBuHTOBO1 JiHii (0 =29,81°—30,10°), niameTp cBepIa
(D, mm) 1 panianbHe OuTTa cBepana (Tadu. 2).

Tabmurs 1 - Mexaniuni BnactuBocTi ciwiaBy Ti-2.5Al1-2Mn
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Me:xa Mopnyiab - .
mimmocri  ma | npysmocri I'ycruna, Honor:xkenn | Temnomposignict | TBepaicTs,

9 3 ) .
pospus, (MITa) | (TTa) (xr/m°) s1 (%) b, (BT/(M'K) (HV)
735 115 4550 10 9.63 178

Tabmuis 2 - Teometpis ceepaia 5510-R-RT100U Guhring

I'eomeTpuyni Homep cBepaJia BiAnoBiaHo 10 HOMepY A0CTiAY
napamMeTpu 1 2 3 4 5 6 7 8 9
D, mm 10,008 | 10,003 | 10,003 | 10,003 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000

Panianbne  OMTIA, | (616 | 0012 | 0016 | 0,008 |0008 | 0008 |0008 |0008 |0.008

MM
Tabnuus 3 — Matpuns BapiroBanHs GakTopiB 3a Metoukoro Tarydi Lg
. KonyBanus Bignosinno no Taguchi Lg
Pisenn .
Kon | Ha3Ba ¢pakropy Homep pocainy
1 2 3 1 2 3 4 5 6 7 8 9

IllBraxicTs 15 | 40 65 | 1A | 1A | 1A |2A [2A |[2A [3A [3A | 3A
pizaHHs, V (M/XB)

B IMonaua, f (Mmm/06) | 0,02 | 0,05 | 0,08 | 1B 2B |3B |1B |2B |3B |1B | 2B | 3B

Ha ocHOBI opToroHabHOT0 MacuBy Lg 32 METOIMKOIO pabacTHOTO IJIaHYBaHHS OyJI0 OTPUMAHO TUIaH
SKCIIEPUMEHTY, 10 CKJIaJaBCs 3 BapilOBaHHI IBOX (akTopiB: MBHAKICTH pizanHs (V, M/xB) Ta momauyi (f,
MM/00), Ha TPHOX PIBHAX, LIO JO3BONMIO CPOPMYBATH MATPHUIIO KOAYBaHHS Ta TaOIHIO JIEKOTyBaHHS
(bakTopiB Ta ix piBHIB (Tabx. 3). MexaHiuHa 00pOOKa MaKeTy BYTJICIUIACTUK/TUTAHOBUH CILIAB IPOBOIUIIACH 3
MOCTIHMMU 3HAYEHHSIM PiBHIB (DakTOpiB y MeKax HOCHiLy Ui 000X IIapiB makeTy. s BUBUEHHS BIUIUBY
PSKHMMIB pi3aHHS Ha TEMIIEPATypy pi3aHHs OyJo 3alpONOHOBAHO IMPOBOJUTH BUMIPIOBAHHS TPAJi€HTY
TEMIIEPATypH Y Pi3AIbHOMY iHCTPYMEHTI METOZOM IITYYHOI TEPMOIIApH.

ExcniepuMeHTalibHA YCTaHOBKA OyJla pealtizoBaHa Ha 0a3i 5-ochoBOro (hpesepHoro nieHrpa DMU 85V
CNC (puc. 1). 3arotoBka BYIJIEIUTACTUK/TUTAHOBHHN CIUIaB OyIia 3aKkpiluieHa B MallMHHMX Jemartax Schunk
Konte'c KSC-F-125 3 moxu6koro 6a3yBanns 0,02 MM, siki OyJu 3aKpiIljieHi Ha cToJIi BepcTara. besnocepenano
y XOAi AOCIiy KOHTPOJbOBAaHMM IapameTpoM Oyia TemIiepaTypa CBepAIiHHA. Temmeparypa CBEpUTiHHS
BHMipIoBajach 3a jgomomorow 6Oe3naportoBoro mpuctporo (WICUTEM) metomoM mTYy4HO! TepMoIapw.
[Ipuctpiii OyB 3akpimnenuii Ha wnanroBiii ompasui HSK40, BcraHoBneHili y mmuHAENl Bepcrara.
OyHKIIOHYBaHHs MPHUCTPOIO 0a3yeThCsl HAa TOEAHAHHI BUMiptoBaHHS edekTy 3eebeka 3 KOMIICHCAIIIEO
XOJIOJTHOTO CTIAl0 Ta 0E3pOTOBOIO TIepeIayeto CUIHATY BijI TEpMOIIapH 3 BUCOKOIO YacToToto (2,4 I'T1r) uepes
kaHan Bluetooth. JXuBneHHs mnpucTporo 3milicHIOBaIOCS 32 JIOTOMOTOK) JITIH-IOHHHX aKyMYIISTOPIB.
BumiproBanbHUI 0JIOK MPUCTPOIO CKIIAJAABCS 3 TEpPMOMAapU Xpomenb-anomens (K-Tumy), miakirodeHol 10
MiICHITIOBaYa CUTHATY TEPMOTIapH, SIKUH MepeaaBaB curHain Ha Moayib Bluetooth 3 wactoToro nuckperusamii
200 I'm.
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Pucynok 1 — EkcriepuMeHTabHa yCTaHOBKA Ha 0asi (hpe3epHoro oopodroBanbpHOro nearpy DMU 85V
[30,31]

Curnan Hagxoaus Ha Bluetooth mpuitmau Mob6iTpHOTO IPUCTPOTO. 3aKC Pe3yabTaTiB BUMipPIOBAaHHS
Ta iX mojaibIInil ekcropt y daiin y dopmari *xIs 3miiCHIOBAaBCS 32 JOTIOMOTOIO CIIEHiaIbHO PO3POOIECHOTO
JIOJIATKY JIUIsl MOOUIBHUX MPHUCTPOIB Ha oreparliiHii cuctemi Andriod, 1mo 103B0JMI0 (ikCyBaTH Pe3yJIbTaTH
BUMIpPIOBaHHS TEMIIEPATypH CBEPUIIHHS y PEeXUMI peanbHoro vacy. [liama3on BumiptoBans Tepmomnapu K -
tumy cranoBuB Bif 0 °C mo 1036 °C 3 tounictio +1.2 °C. IligBux Tepmomnapu 10 3aAHBOIT TOBEPXHI CBEpIa
3nifcHIOBaBCs yepes Kanan st nogadi 30P cBepmia. 3 MeToro HaOIMKEHHST TEPMOTIAPH JI0 Pi3ajIbHOT KPOMKH
Ta 3aXHCTy CEHCOpa BiJ CTPYKKH TiJl 3aJHbOI0 TIOBEPXHEIO cBepyia 0y10 00poOIeHo KaHal, IO JO3BOJIMIO
po3MicTHTH TepMonapy Ha BigctaHi 1,3 MM Bif pixky4oi kKpoMku Ta 1,7 MM Bij BepinwHH cBepaia (puc.l).

zt,
Zts

Bbazoeas gnvHa

Pucynok 2 — Ilpodine MikpoHepiBHOCTEH 32 TapaMeTpoM Rq

MopctkicTs OTBOpIB BHMipIoBanack Ha mpodinorpadi Profilograph Surfcom 5000. KonTpoms
LIOPCTKOCTI 3[1HICHIOBABCS IO YOTUPHOM MapameTpam, a came Rq, Ri, Ry, Rsm [32]. 3HauenHs mopcTkocTi 1o
HaBeJICHUM TTapaMeTpaM BU3HAUYAIIOCA SIK Cepe/IHE apUPMETHYHE TPHOX BUMIPIOBaHb IO MEPIIOMY OTBOPY Y
KOXXHOMY 3 JIEB’SITH JIOCTIIJIiB.

[Mapamerp Ry — cepemHbOKBajpaTHYHE BiJXWJICHHS, IO BH3HAYAETHCA SIK CEpPEHE 3HAYCHHS
BUMIPSIHUX BIIXHIJICHb BiJl CEPEIHBOT JIiHIi, Ha 0a30Bii JOBKUHI BUMIpIOBaHHS. MOXe 3aCTOCOBYBAaTUCH IS
OLIIHKM YUCTUX TOBEPXOHb, ABJSIE COOOI0 CEepeIHbOKBAAPATUUHE BIAXUICHHS PO3MOALTY BUCOT MPOQIIIO i B
MOBHI# Mipi XapakTepu3ye nMpodijib, O PO3PaxoBYeThCs 3a hopmyJiowo (puc. 2, hopmyna 1) [32].
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1 i
R, = /;fo 72 xdx

ne |r — 6a3oBa JOBKMHA BUMIPIOBAHHS, MM

@)

Z — BifcTaHb M HAHOITBIIO BEPIIMHOIO Ta 3aMaHHOI0 MPOQLII0 MIKPO HEPIBHOCTI, MKM.
[Napamerp R;— moBHa Bucota npodinaro. Cyma HaiOiIbpII0T BHCOTH BUCTYITY 1 HAWOUIBIIOT TIMOWHY 3aIlaIMHA
npodimo B Mexax 6a3oBoi noexunu. [lapamerp Ri > R, ane B pa3si, Koinu BOHU PiBHI, PEKOMEHAYETHCS

3actocyBatu Ri (puc. 2., bopmyia 2) [32].

R = (Ry;) + max(Ry;)

ne Ry — HalOinbIIa rIMOWHA BIIATUHU, MKM;

Rp — HalibibIIa BHCOTA BEPIIMHH, MKM.

(2)

[Mapamerp Ry - MakcuManpHa rHOMHA 3anmaguHu Tpodinto Ha 0a30Bi JOBXKHHI, 3aCTOCOBYETHCS VY

BI/Ip06HI/IIITBi, TaK SIK TJIHOOKI 3alauHn 4aCTO CIIYXKaTb KOHHCHTPATOPAMU HAIIPYKCHb.

[Napamerp Rsm — cepemnst mmpuHa enemeHtiB npodimto. Lleli mapamerp BMMarae BUCOTHOI i KPOKOBOI
TUCKpUMIHAIii. SIKIIO He 0OroBOPIOIOTHCS OKPEMO, TO BHCOTHE OOMEXEHHS eJleMEHTa MPOQiIi0 ITOBHHHO
oyt 10% Bix R;, kpokoBi Mae cranoButu 1% Bix 6a3oBoi goBxuHH (popmyna 3).

1
Rsm = 2 X1, X,4(3)

VY X071l eKCIepUMEHTAIBLHOTO JOCIiKEHHsI OyJI0 MPOBEIEHO JIEB’SITh NOCHIAIB y Pe3yiabTaTi SIKHX
OyJI0 TIPOCBEPULIEHO IO OAHOMY OTBOPY UIA KOXHOTO Aociimy. CBep/UTiHHS OTBOPIB y KOXHOMY ITOCIiIi
3I1CHIOBAJIOCS HOBHM CBEpPJIOM, IO JIO3BOJIMJIO BHKJIIOYMTH BIUIMB 3HOIICHHS CBEpJUIa Bij IONEPEAHIX

JIOCJIIIIB.

AHai3 KpUBUX TEMIIEpaTyp CBEPIUTIHHS mpu 00podii oTBopy Ne 1 miist BCiX MOCTiAiB BUSBUB, IO
TeMIIepaTypa CBEPJIiHHS B Ipolieci 00poOKH ByTJemiacTUKy koiuBanacs Big 48,6 °C no 136 °C (puc. 3), a
JUTS IIapy TUTAHOBOTO criaBy - Bix 189,8 © C no 461.,4 °C (puc. 4).

TCO o

Pucynok 3 — Temneparypa cBepIiHHS Y IIapi BYTJICIUIACTUKY
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MakcumanbHi 3HaUeHHS TeMIepaTypH CBEpUIIHHS y BYIVICIUIACTUKY OYJIO BHMIPSHO NPU TaKHX
pexumMax pizanss V= 65 m/xB i f = 0,08 MM/00, TOi SIK Ui TUTAHOBOTO CIIaBy V = 65 M/xB i f= 0,05 MMm/00.
MeHIa MBUIKICT pi3aHHs CTBOPIOBAJIA OUTBIN CIIPUATIMBI YMOBH JIJIS IEPEXOY TEIlIa, IO YTBOPIOETHCS B

30H1 pi3aHHS B MaTepian 3ar0OTOBKH Ta CTPYKKY, HIXK Y CBEPAJIO.
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Pucynok 4 — Temmeparypa cBEpUTiHHS y IIapi THTAHOBOTO CILIABY

VY pe3ynpTaTi BUKOHAHHS EKCIIEPUMEHTAIBHOTO JIOCHIDKEHHS 10 BUBUYCHHIO BIUIMBY PEXHMIB
pizaHHs, Oyno OTpUMaHO AaHi MpO TIMOMHY Ta XapakTep MiKpoHepiBHOCTeH. J[OBKMHAa BHMipIOBaHHS
ckimagana 4 mm, 6azoBa gosxuHa 0,8 Mm. Otpumani pe3ynbTatd Oyium OOpoOJEHHI 3a JOMOMOTOIO
MporpaMHoro mpoaykTy Minitab 19, mo m03Bonmio oTpuMaTi Tpadiku 3aJIeXKHOCTI aHAIII30BaHUX ITApaMeTpPiB
OKpEMO ISl KOKHOTO IIapy MakeTy.

TakyuM YMHOM 3HAYECHHS HMIOPCTKOCTI MO MapaMeTpy Rq y Iapi BYrJemiacTHKy B 3aJ€KHOCTI BiJ
pPeXHUMIB pi3aHHS BapitoBajocs B miama3oHi Big 3 mo 13,5 mxwm (puc. 5 a). JlokanpHHMNA MiHIMyM 3HAYEHHS
napametpy Ry cmocrepirascs mist mogagi 0,05 mm/06. Brimus mBrakocti pizanas mist mogadi 0,05 mm/06 OyB
HE CYTTEBUM, TPO IO CBITYUTh HE3HAUYHI BiMIHHOCTI y 3HaueHHi mapameTpy 3,0 — 3,7 mxm. OmHak ams
KoMOiHaIii pexxumiB V = 15 m/xB — 65 m/xB, f = 0,02 MM/00 MIOPCTKICTH MOBEPXHI BapitoBajacs B Jiana3oHi
Rq 4,75 — 8,65 MKM, 301TBITYFOUNCH 31 3pOCTAHHSAM IIBUAKOCTI pi3aHHS. AHANOTiYHA JMHAMIiKa 30epirmacs i
JUTS PEXUMIB piszanHsa V = 15 m/xB — 65 m/xB, f = 0,08 Mm/00. Haif6inbIn He CIPUATIMBUAM, 3 TOUYKH 30Dy
3a0e3MeUeHHsT MiHIMAIbHOI MIOPCTKOCTI BUSBHJIKCS peskuMu V =65 m/xB, f = 0,02 MM/006 Ta V =65 m/xB, f =
0,08 MM/06. 3 ormsmy Ha Te, Mo mapaMerp Ry XapakTepusye MakcUMallbHy TIHOWHY 3amaavH Ha 0a3o0Biit
JOBXKWHI, Ta BPaxOBYIOUM IO TOMIOHI 3amagHA € KOHIEHTPATOpaMH HANpyXeHb, TO HaWOLIBII
parioHaTbHUM BUTIIAAAaE 00poOKa 3 pexxumamu V=40 m/xB, f = 0,05 MM/06. JIoKaTbHi MAKCUMYMH TTApaMeTPy,
y IOCIIPKYyBaHOMY Jialla3oHi peXXUMiB pi3aHHS OylH BHMIpSHI Ha PeXKMMaxX 3 MaKCHMAaJIbHOK MIBHAKICTIO
pizanns V=65 m/x8 ta f = 0,02 Mmm/06 Ta 0,08 MM/00 BiamosigHo (puc. 5 6).

147 v, M/XE * v, M/xB o
—— 15 S, 30— 15
124~ 40 J - 40 ;
-e- 65 / -~ 65
’ 254 3
104 :;
= g :
E 81 E 201 ;
B'.“ o
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4 -
104
2+ T T T T T T
0,02 0,05 0,08 0,02 0,05 0,08
Moga4a, (MM/00) IMozaua,( MM/05)
a) 0)

Pucynok 5 — lllopcTkicTh MOBEPXHI OTBOPY Y MIapi BYTIIETUIACTHKY 3a apameTpaMu Rgq, Ry Byriemiactuk

[Ipu anani3i 3Ha4eHbP MAaKCUMaJIbHUX BUCTYIIB Ta 3alaJliH, [0 XapaKTEPU3YIOThCS MmapaMeTpoM Ry,

MIiHIMYMH ITapaMeTpy, o BapitoBaiucs y niana3oni 21,86 — 24,22 mxm Oynu orpumai npu moaadi 0,05 Mm/00
3MEHIIYIOYHUCH 31 301IbLICHHSM IBUIKOCTI pi3aHHs (puc. 6 a). AJie B IIOMY NMO€JHAHHS BUCOKOI IBUIKOCTI
pi3aHHs Ta Mojadi NPU3BOIUTH A0 (POPMYyBaHHS HAHOUIBII HECHIPUATIMBOI KOMOiHAaLii BUCOTH BUCTYIIIB Ta
3ama e Ha Mikpopesbedi 00podieHoi moBepxHi csratoun 103,6 mkm mpu peskumi V =65 m/xB ta f = 0,08
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MM/00, 1110 € ITePeIyMOBOIO IJIs aOpa3UBHOTO BIUIMBY CTIHKHM OTBOPY Y IIapi BYIJICIUIACTHKY Ha 00JITOBE a00
3aKJIETIKOBE 3’ €JHAHHS 1 MOXE TIPU3BECTH JIO 3HIKCHHS pecypcy 3’ €qHaHHs (puc. 6 a).

1104
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3 z
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504 2504
40
304 2004
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Pucynok 6 — HlopcTKicTh MOBEPXHI OTBOPY V MIapi BYTIEIUIACTHKY 3a MapaMeTpaMu R, Rsm ByriemmacTik

CepenHa mupWHa eneMeHTiB npodinro 3MiHoBanmacs Bim 182 mo 400 MkM, IO XapakTepusye
XBWIACTICTh MiKpopensedy 00podienoi moBepxHi. UnmM Oinbliie 3HAYEHHS I[HOTO MMapaMmeTpy THUM OibIIni
nepiosl MOSIBM BIAJUH Ta BEPIIMH MiKpoHepiBHOCTeH (puc. 6 a). Benuki 3HaYeHHs LIIMPUHH €JICMEHTIB
npo(UI0 CBiYaTh MPO BHUTATYBAHHS BYIJICBOJOKHA 3 MATpHIl, IO € 3HAYHUM jaedekToM 00podieHoi
noBepxHi. Hatimenriie 3HaueHHs Rsm =182 MM Oyito orpumano mpu 06pobiti V=40 m/xB Ta f = 0,02 MM/00, B
Tol Yac sk HaiOibIe npu V =40 mM/xB Ta f = 0,08 MM/00. OiHaK, pO3IIISAYIOUH PO3CIIOBAaHHS PE3YJIbTATIB
BUMIpPIOBaHHS B LIJIOMY, CJiJ] 3a3HAYUTH IO TPYIMYBaHHS MiHIMyMYy 3Hau€HHs mapaMeTpy Rsm BimOyBaeThCs
Ha YMOBHi# niHii mogadi 0,05 Mm/00 3MiHIOIOUKCH B MeXxax Bif 212 mo 246 mxM (puc. 6 0).

Amnani3 1anux 1o napamerpy Ry sk i s nmapamerpy Rq 3acBiUMB JIOKANBHUI MiHIMYM Ha PEXHMaXx
pizanns 3 mogauero 0,05 Mm/00, 3MiHIOIOUKCH B Aiama3oHi Bix 8,7 mo 11,05 MM, X0o4ua MiHIMaIbHE 3HAYCHHS
Oy110 oTpuMaHo Ha pexkumi V=65 m/xB, f = 0,05 MmM/06 (puc. 7 a).

3HaueHHsS MOPCTKOCTI MO mapaMeTpy Ry y mapi THTaHOBOTO CIIaBy B 3aJIEKHOCTI BiJl PEXUMIB
pizaHHs BapitoBanocs B miamazoHi Big 0,91 mo 2,38 MM (puc. 7 6). JIokanbHUi MiHIMyM 3HaUYEHHS TTapamMeTpy
Rq B THTaHOBOMY CIIaBi, SIK y BYIUICIDIACTUKY criocTepiraBcs npu mogavi 0,05 mm/ 06. BrutuB mBuakocTi
pizanns st nogadi 0,05 MM/ 06 OyB CyTTEBUM, IPO IO CBIAYMTH BiMIHHOCTI y 3Ha4eHHI napametpy 2,0 —
2,19 MKM, 1110 3pOCcTaB 3i 301IBIICHHSIM IBUIKOCTI.

Onnak s KoMOiHamii pexumiB V = 15 M/xB — 65 m/xB, T = 0,02 MM/00 HIOPCTKICTH MOBEPXHI
BapiroBayiacs B Aiana3oHi Rq 2,22 — 2,38 MkM, 30UIBLIYIOYHCH 31 3pOCTaHHSIM IIBUAKOCTI pizaHHS. Takum
YIHOM TIpH 3MEHIIEHHI MoJla4yi MpW yMOBI 3POCTaHHS IIBUAKOCTI pi3aHHSA HE 3a0e3Medmiio MiHiMi3aIliro
3Ha4YeHHs mapamerpy Rq MikponepiBHOcTeil. 31 3poctanns nmoxaui 1o 0,08 Mm/00 3pocTaHHS MIBHIAKOCTI
pi3aHHS TPU3BOIWIO 0 3HIKCHHS 3HA4YeHHs mapameTpy a0 1,46 mMxm (puc. 7 a). 3HMKEHHS 3HA4YeHb
napametpy Rq BimOyBaocs 3a yMOB 3pocTaHHs Tojadi mpu V = CONSst.

MiHimanbpHe 3HaYeHHsI HalO1IbIIol rIMOMHY 3anaguan Ry=2,3 MKkM OyJ0 OTpUMaHO IpH CBEP.UTiHHI
Ha V=40 m/x8, f= 0,05 MM/00, X0ua y perITi JOCTi IiB 31 3pOCTAHHSAM IIBUIKOCTI pi3aHHs 3HAYCHHS [TAPAMETPY
3poctaio npu f =CONSt, 110 Bigpi3HsAE OTpUMaHi pe3yJbTaTi Bill pe3y/IbTaTiB BUMIPIOBAHHS Y BYIJICIUIACTHKY
(puc. 7 0).

[ToeHaHHS BUCOKOT IIBUIKOCTI pi3aHHS Ta MIHIMAJIBHOT 110/1a4i MPU3BEJI0 710 3pocTanHs Ry=4,87 MKM,
o KoJimBajocs y mianaszoHi Bix 3,89 mo 4,87 mkwm. Ilpm 3pocTaHHi monmavi JO MakCUMalbHOI BigOyiocs
3HW)KEHHS mapamerpy 1o (2,99-3,27 MKM) TakMM YMHOM, NPH OUIBIIMX 3HAYEHHSX IUBUAKOCTI pPi3aHHS
3MEHIIyBajacs riubuHa 3anaguau (puc. 7 0).
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Pucynok 7 — lllopcTKicTh MOBEpXHI OTBOPY y IIapi THTAHOBOTO CIUIABY 3a mapameTpoM Rg, Ry y THTaHOBOMY
CIIaBi

AHani3yroun 3Ha4eHHS Pi3HAII MaKCHUMAIBHUAX BEPIIMH 1| MAKCUMaJIbHUX 3amaan OyIIo BUSBIEHO, 110
MO€AHAaHHSI MiHIMAJIBHOT TO/1ai Ta IIBU/IKICTH pi3aHHs MPaKTHYHO HE BIUIMBAE HA 3HAYCHHS napameTpy R: mpu
CBEpJIiHHI IIapy TUTAHOBOTO CILIaBY, IO 3MiHIOBaBcs Big 13,95 mo 14,97 mxm. CrpiMke 3HmkeHHs Ry = 5,4
MKM Oyio orpumano mpu V = 40 m/xB, f = 0,05 mm/06 (puc. 8 a). Ciix Big3HAYUTH, 10 Y MOPIBHAHHI 3
pe3ynbTaTaMy BUMIPIOBAHHS y BYTJICIUIACTHKY, JI€ TIapaMeTp 3pOCTaB 3 30UTBIICHHSIM MTOAa4i, Y THTAHOBOMY
CIIaBi CTIOCTEPIraeThCs CTIMKUN TPEH]T 10 3HUKCHHS TapaMeTpy NMpy 301bIIEHH] oJadqi.
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Pucynok § — IllopcTkicTh OBEPXHI OTBOPY Y IIapi BYTJEIIACTUKY 3a TapameTpaMu Ry, Rsm THTaHOBHH
CIJIaB

CepenHs IMPHHA €JIEMEHTIB npodiito 3MiHtoBanacs Big 106,7 no 280,52 MkM, 10 XapaKTepU3YE
XBWIACTICTB MiKpopenbedy 00pobeHoi moBepxHi. Haiimene 3naueHHst Rsm =106,7 MkM OyI10 OTprIMaHO TIpH
06poorii v =40 m/xB ta f = 0,05 MM/00, B TO# uac sk HaiibOigemie mpu V =40 m/xB ta f = 0,08 MM/06.
MakcumarbHe 3HaueHHs nmapamerpy Oyio otpumano mpu V =40 - 65 m/xB Ta f = 0,02 MM/00. AHanizyrouu
KpHBI 3aJIS)KHOCTI 130JJbOBAHO OJ[HA BiJI O/THOI BIa/la€ B OKO CTaOUTBHICTH mapamerpy Rsm mpu 06poodmi V =15
m/xB Ta f = 0,02 - 0,08 MM/00, 1110 MOXe€ CBIIYMTH MPO JOCATHEHHs OajlaHCy CHJI pi3aHHSA Ta PeakIiii
00po0IrOBaNTEHOTO MaTepiany ((hi3MKO-MEeXaHIYHUX BIIACTHBOCTEN), X0Ua MOKa3HUKHU ITapaMeTpy Rsm pw 1ux
peXUMax € B CepeJHbOMY HalO1IbIII B MOPIBHSHHI 3 IHIIMMH pexuMaMu pisanns (puc. 8 0). [Ipu 06poodui v
=65 m/xB Ta f = 0,02 — 0,08 MM/00 3HaYeHHS MapameTpy Rsm MiAMOPSIKOBYIOTHCS TPEHIY 0 3HWKEHHS TPH
301IBIIEHH] [101a4i.

OBI'OBOPEHHA PE3YJBbTATIB JOCJIAXKXEHDb

Ha ocHoBI orjisiiy HayKOBOI JIITEpaTypy BU3HAYCHO JOIUIBHICTH MPOBEACHHS €KCIIEPUMEHTAIBHOIO
JOCHI/DKEHHSI, 100 BHSBICHHS MipW BIUIMBY PEXHUMIB Pi3aHHS Ha LIOPCTKICTH MOBEPXHI OTBOPIB NpH
CBEpJIiHHS TAKETIB BYIJICIUIACTUK/TUTAHOBHN cIulaB. Po3poOiieHa MeToauKa IOCHIDKEHHS TeMIlepaTypu
CBEpJUTIHHS JI03BOJIMJIA BU3HAYMTH JIialla30HM BHMIPIOBAHOTO TapaMeTpy y IIapi BYIJIEIUIACTHKY Ta
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THTAHOBOTO CIUTABY TIPH OJHOMPOXITHOMY CBEP/UIiHHI 000X IMIapiB MAKETy MPU OJTHAKOBHUX PEKUMAX Pi3aHHS
y Jiama3oHi MIBUAKOCTI pizaHHsA 15 M/xB — 65 M/ xB Ta momaui 0,02 MM/00 -0,08 MM/06. Bukopucranus
6e3npotoBoro npuctpoto (WICUTEM) nist BumipioBaHHsI TeMIlepaTypH CBEpAJIiHHA, IO IMOETHAB B coOi
METOJ IITYYHOI TePMOIapH, 110 BCTAHOBIIOBAJIACh Oe3M0CEPEIHBO Y CBEPAJIO B IPOLIECi MEXaHiYHOT 00pOOKH,
Ta TexHoioriro Bluetooth mis GesmepepBHOi 0e3apOTOBOI Iepemadi MaHUX, HO3BOIMIO 3a0€3IEeYNTH
Oe3nepepBHUIA 30ip Ta 0O0pPOOKY pe3yNbTaTiB BUMIPIOBAHHS BIPOJOBXK YCHOTO IMPOIECY OOPOOKH OTBOPIB.
Takum uuHOM, Oyll0 BHU3HAYEHO 3HAYCHHS TEMIIEpaTypH CBEPMIIHHSA Ui KOXKHOTO IIapy TWaKeTy
BYTJICTNIACTHK/ TWUTAHOBHMW CIUTaB JJIsi BapilioBaHWX pexuMiB pizaHHi. Ha oOCHOBI BHKOpHCTaHHS
npodinorpadigHOTO METOMy IOCHIKEHHS 0OpOoOIeHOI TOBEpPXHI OTBOPIB OylIO KINBKICHO BHU3HAYEHO
3HA4YeHHs MapaMeTpiB MOPCTKOCTI MOBEPXHi MIapiB nakeTy. BuBueHHs1 Mmikpopenbedy oOpobieHoT moBepxHi
SK B HIapi BYIJIEMJIACTHKY Ta 1 B IIapi TUTAHOBOTO CIUIABY 3[AIHCHIOBAJIOCH 32 YOTUPMa KPHUTEPisIMU
MIOPCTKOCTI, IO JO3BOJMIIO BIACTE)KUTH BIUIMB PEKHUMIB DPi3aHHA, SK HAa MIKPO TaK i Ha MaKpOpiBHI
00pobreHoi moBepxHi. byno 3’sicoBaHo, 110 mpu 30iNbIICHH] MOa4i BiIOYBaEThCs 301IbIICHHS apaMeTpiB
LIOPCTKOCTI y MIapi BYIJICIUIACTHKY, Ta 3MEHIIEHHS y LIapi TUTAaHOBOTO CIUIaBy. Y pe3yibTaTi oOpoOKu
pe3ynbTaTiB BUMIPIOBaHHA MapaMeTpiB MIOPCTKOCTI BU3HAYEHO JIOKAIBbHI MIHIMyMH Ui TapaMeTpiB
CEPEIHBOKBAAPATHIHOTO BiAXUIICHHS MPO(]1IIF0 MIKpOHEPIBHOCTEH, TTOBHOI BUCOTH MTPOQIITI0, MAaKCHMAITBLHOT
rMOVHY 3anaanH npodiiaro Ha 0a30Bii JOBXKHHI Ta CepelHBOI IUPHUHHU €IEMEHTIB MPOQiIIO.

BUCHOBKHA

Y pesynbraTi BHMIpIOBaHHS TEMIEpaTypd CBEPIJIiHHSI METOJOM INTYyYHOI TepMomapu Oyio
BHU3HAYEHO, [0 JIOKAJIbHWH MIiHIMyM BHMIPIOBAaHOI'O MapaMeTpy NpH 0O0poOlli Imapy BYIJIEIIACTUKY
TPYIYETHCS B Jiania3oHi pexxumiB pizanns V=15 m/xs ta f = 0,05 — 0,08 Mmm/00, a Mmakcumym V = 65 m/xB Ta f
= 0,05 MmM/06. JI71s1 THTAaHOBOTO CIUIABY TPYIyBaHHS JIOKAJIHHOTO MiHIMyMYy Ta MaKCUMyMY BiIOyBaiocs mpu
v =15 m/xB, f= 0,05 Mmm/06 Ta V= 65 m/xB, f = 0,05 06/xB, mocsraroun 220 °C ta 461 °C BiamosigHo.

AHaJi3 pe3yJibTaTiB BUMIPIOBaHHS 3aCBIUMB, 110 MiHIMaJIbHI 00 OJIM3bKI 10 MiHIMaJIbHUX 3HAUCHHS
CepeTHhOKBAIPATHYHOTO BiIXWJICHHSA MPOQLII0 MiKpOHEPIBHOCTEH, TOBHOI BHCOTH Mpodimo Rt = 5,4 MM,
MaKCHMaJbHOI TTTHOWHU 3amaavH npodino Ha 06a30Bild JOBXKWHI cTaHOBWIA Ry = 2,3 MKM, Ta cepeaHbOi
HIMPUHH eJIeMEHTIB podinto Rsm Big 212 mo 246 MkMm Oynu otpumai mpu V = 40 m/xB ta f = 0,05 MmM/006.

I'pynyBaHHs JOKaNbHUX MiHIMYMiB aHaNi30BaHHX MapaMeTPiB MIOPCTKOCTI 0OpoOIeHol moBepxi y
IIapi TATAHOBOT'O CILIaBY BiIOYBaJIOCsS HABKOJO 3HAYCHb OTPUMAHUX Mpu 00pobii 3 V = 40 m/xB ta f = 0,05
MM/00.

BuznaueHo, 1110 mpu 00poOlli M1apy BYTJICIUIACTHKY 3HAYCHHS aHATI30BaAHUX IMapaMETPIB IIOPCTKOCTI
M NOPSAKOBYETHCS TPEHY A0 301TBIICHHS MapaMeTpiB MpH 301IIBIICHH] TOadi, B TOH Yac sIK TPH CBEPUTiHHI
IIapy TUTAHOBOT'O CIUIAaBY HABIIAKHU JIO 3HIDKSHHS, 32 BUHATKOM THX IO CTaJIH JIOKAJIbHUMH MiHIMyMaMHu.

Byo Hao4HO T0BEICHO, 1110 KOMOIHAI IBUAKOCTI pizanHs 40 M/xB Ta moxayi 0,05 MM/00 103BOJISIE
3a0e3MeYn Ty MiHIMaJIbHI 3HAUEHHS aHAIIi30BaHUX ITapaMeTpiB Mikpopenbedy 00pobIIeHOT TOBEPXHI, SIK B IIapi
BYTJICTIACTHKY TaK 1 TATAHOBOTO CILJIABY .
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V. Kolesnyk, B. Lysenko, A. Neshta, M. Zabara. Investigation of cutting parameters influence the
roughness when drilling CFRP/ Ti alloy stacks.

Currently, the drilling of carbon fiber reinforced plastic (CFRP) / titanium alloy stacks is still one of
the most widely used machining methods for making holes for fastening assemblies in civil aircraft. The low
machinability of the materials which forms the stack is explained by combination of the anisotropic structure
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of the carbon fiber reinforced plastic, high hardness and strength of the titanium alloy. This poses challenges
in machining such joints, which makes it difficult to choose rational cutting parameters for both the carbon
fiber reinforced plastic layer and the titanium alloy layer. One of the aspects of machining of carbon fiber
reinforced plastic/ titanium alloy stacks is the necessity to ensure satisfactory surface roughness parameters.
In this work, the influence of technological factors on the roughness of the machined surface of the holes was
investigated. During the experimental study, the controlled parameters were drilling temperature and surface
roughness. Drilling temperature was measured in real time using a specially designed device WICUTEM,
which combines the method of artificial thermocouple and Bluetooth technology for wireless data
transmission. Roughness control was performed using the profilographic method on the SurfCOM 5000
profilograph. The experimental setup was implemented on the basis of the 5 coordinate milling machining
center DMU 85V. The experiment was planned according to the Taguchi method, based on the orthogonal
array L8, by varying the factors of cutting speed and feed at three levels. The results show that when processing
the carbon fiber layer the values of the analyzed roughness parameters are subject to the trend to increase the
parameters with increasing feed, while when drilling a layer of titanium alloy on the contrary to decrease,
except for local lows.
Keywords: CFRP/ Ti alloy stack, thermocouple method, drilling temperature, surface roughness.
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BUBIP CXEMU IMPUYIINTHOI'O ABTOBYCHOTI'O MOI31A 3A TOKAZHUKAMHA
TATIOBO-IIBUJIKICHUX BJJACTUBOCTEU

Y poGOTi pO3rIIHYTO MOXKJIIMBI CXEMH HMPUYIITHOTO aBTOOYCHOTO IMoi3/a, Mo MoXke ekciuryaryBaTucsa y BRT
CHCTEMax Ta IMPOBECHO IX OLIIHKY 3a MIOKa3HUKaMH TATOBO-IIBUIKICHUX BIACTHBOCTEH.

i 11b0TO 3ampONOHOBAHO YOTHUPU BapiaHTH aBTOOYCHHX MOI3IiB. BoHM ckiamaroThes 3 1BOX ab0 TPHOX
OJMHOYHUX aBTOOYCIB, KOXKEH 3 SIKUX Ma€ CBOIO OKPEMY CHJIOBY YCTAaHOBKY. Y BHUIAJKY, SIKIIO ABUTYH OKpeMOI JTaHKH
He TIpamloe, To Takuii aBTo0yC ABIIsIE 0000, TACHBHHUHN NPHYIIL.

Bubip ontumanbHOT cXxeMH aBTOOYCHOTO MO13/1a B 3aJIGKHOCTI BiJI KITBKOCTI CEKIIH Ta MPAIFOIOYNX JIBUTYHIB
3aIPOIIOHOBAHO 3iMICHIOBATH 32 MOKAa3HWKAMHU TSTOBO-IIBHJKICHUX BJIACTUBOCTEH 3 BH3HAYCHHSIM MaKCHMAJbHOI
HIBUJIKOCTI PyXy aBTOOYCHOTO MMOi3/a Ta 4acy i UUIIXy HOro po3roHy A0 MBUAKOCTI 60 KM/TOLI.

3anpornoHOBaHO MAaTeMAaTH4HY MOJENb U BH3HA4YCHHS IOKa3HUKIB TATOBO-IIBHAKICHUX BJIACTHBOCTEH
aBTOOYCHHUX MOi3/IiB PI3HUX CXEM.

BCTaHOBNICHO, IO cepel 3alpPOIIOHOBAHHX CXEM aBTOOYCHOTO MMOi37a 3a MOKA3HUKAMM TATOBO-IIBHJIKICHHX
BJIACTUBOCTEH MOLIIBHUMH JUIS eKCIUTyaTallil € CXeMH 3 Yy BHIJIII JBOCEKIIHHOTO aBTOOYCHOTO MOi3ha 3 JBOMa
NPaLIOI0YMMHI JBUT'YHAMH, TPUCEKIIHHOTO aBTOOYCHOTO 10i3/]a 3 TPhOMa IPALIOI0YMMH ABUTYHAMH Ta TPUCEKIIHHOTO
aBTOOYCHOTO TMOi37a 3 ABOMA IPANIOIOUMMH ABUTYHaMH. CXeMHu 3a MepIIMMH JBOMa BapiaHTaMH 3a0e3MeuyroTh
30UTBIIEHHST MaKCUMAJIBHOI IIBHUIKOCTI PyXy Ta 3HIDKCHHS 4Yacy i HUIIXY pO3roHy a0 mBuakocti 60 km/ron y
MOPIBHAHHI 3 OJMHUYHUM aBTOOYCOM, a aBTOOYCHHII MOi37 3a OCTaHHIM BapiaHTOM HE3BAKAIOUM HA MOTIpIICHHS
TATOBO-IIBUAKICHUX BJIACTHBOCTEH, 3a0e3meuye pyxX y BCbOMY Jiana3oHi MBUAKOCTEH BUKOPUCTOBYIOUH TLTBKU JBA 3
TPHOX JABUTYHIB, IO MPU3BEAE A0 MOJIMIICHHS HOTO MAJMBHOI €EKOHOMIYHOCTI.

KurouoBi cioBa: mpuuinHuid aBTOOyCHHH IO1374, MIBHIKICHHKA aBTOOYC, MeTpoOyc, TATOBO-IIBHUAKICHI
BJIACTUBOCTI, MaTeMaTHIHa MOJIEJIb.

BCTYII

Opranizallisi TPaHCIIOPTHOTO TPOIECY MNaCaKUPCHKUX IEpeBe3eHb, B TEpIly Yepry, MHOI[rae y
pamioHaTbHOMY BH3HAa4Y€HHI KUTBKOCTI aBTOOYCiB Ha MapHIPYTi, IX MaCaKUPOMICTKOCTi, PEXUMY Ta
TpUBAJIOCTI poboTH aBTOOyca Ha MapmpyTi. He BukimoueHHsM € i cucrema merpodyca (BRT — Bus rapid
transit), sika BiJ 3BHYalHUX aBTOOYCHUX MapIIpPYTiB BiAPIZHAETHCS HASBHICTIO BUIIIEHHX CMYT PYXY, SIKi
3a3BuYail (Pi3MYHO BIZOKPEMJICHI BiJi PEINTH MPOIXKIKOI YACTHHU, PyXOMHUM CKIQJOM, IO B OCHOBHOMY
CKJIAJIa€ThCS 3 aBTOOYCIB IMIJBUIIEHOI MICTKOCTI; CHCTEMH MOHITOPUHTY Ta YIPABIIHHS PyXOM, BKIFOYAIOUH
MOJJIMBICTh HaJaHHS aBTOOycaM NEpEeBXHOIO NpaBa Ha MEpeTHHAX JOpIr; 3aX0AW JJIs MPUCKOPEHHS
MOCAKH 1 BUCAJIKHU MTaCaXUPiB, TPUAOAHHS MPOI3HUX KBUTKIB.

[Tin6ip pyxoMoro ckiiagay CyTTEBO BILUIMBAE HA PIBEHb TPAHCIIOPTHOTO OOCIYrOBYBaHHS i €()eKTUBHICTh
BUKOPHCTAHHS aBTOOYCIB, a OTKe 3a0e31edye 00CIIyroByBaHHs HACEJICHHS 3 HAIMEHITMMH TPAaHCHOPTHUMH
BUTpPATaMH.

B cuctemi BRT BUKOPHCTOBYIOTECS B OCHOBHOMY aBTOOYCH OCOOJIMBO BEJIUKOTO KITACy JOBXKUHOFO 15-
18,5 M, macaxupomicTKicTh sskux cTaHoBUTh 150-200 4or., a moBHa Maca 0 28 1. [IpoTe mepcrieKTUBHIMH €
0araTojaHKOBI aBTOOYCH, 30KpeMa, TPWJIAHKOBI aBTOOYCHM JOBXKHHOK 10 30 M Ta MaKCHUMAaJIbHOIO
nacaxupomictkictio 10 300 wo. [1]

[IpoTe TprIaHKOBI 34JI€HOBaHI aBTOOYCH MAlOTh i TIEBHI Heoliku. BoHM OTpeOyoThCs MOAepHi3allil
JOPOXKHBOT 1HQPACTPYKTYPH, NUIAKOM PO3LIMPEHHS JOpIr Ta OYIIBHUITBA CIICIIAIBHUX €CTaKaj sl
po3BopoTiB. Lle MOB’s3aHO 3 TipLIOD MAaHEBPEHICTIO Ta CTIMKICTIO PyXy y MOPIBHSIHHI 3 JBOJAHKOBUMH Ta
onMHOYHNUMH aBToOycamu. KpiM TOro, B HACHIZOK 3MiHU ITAaCaXHPOIOTOKY MPOTATOM IHs, €()EeKTUBHICTh
eKCIUTyaTallii TaKUX aBTOOYCIB TaAKOXK MOXKE CYTTEBO 3MIHIOBATHUCH.

e oqarM cIOCOOOM 301ITBIIEHHSI TACAKUPOMICTKOCTI PYyXOMOTO CKIIaly MEeTpoOyca € BUKOPHUCTAHHS
JEeKIIBKOX OJMHUYHUX aBTOOYCIB y 3Uilllli, O aHAJIOT1i 3 MPUYIIIHUM aBTOIIOI3/I0M.

e y 1973 p. y M. Kuesi Ha 17 Ta 49 MapuipyTi npoBoAniIack 10ciiiHa eKcIutyartanis aBrooyciB JIA3-
695M vy 3uinmi (puc. 1). ITacaxxupomicTkicTh Takoro aBToOyCHOTrO MoOi3[a 30UIbIyBajachk y 2 pasu, y
MOPIBHIHHI 3 OJMHOYHUM aBTOOycoM. [Ipu 1mboMy KepyBaB HUM OJIMH BOJIiH, @ B pyX aBTOOYCHHH TOi3]
MPUBOJMBCS 32 PaXyHOK OJJHOTO 200 ABOX JIBUTYHIB B 3aJI€KHOCTI BiJI CTyIIEHs 3aBaHTAXEHOCTI. Y He MKOBUH
4ac, KOJIM KUIBKICTh MAacaKUpiB HE3HAUHA, BOJIN caM po3’€JHyBaB aBTOOYCH Ta MPALIOBAB Ha OAMHUYHOMY
aBTOOYyCi. [2]
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Taka KommoHyBambHa cXemMa aBTOOYCHOTO TOi37]a [O3BOJISIE THYYKO 3MIHIOBAaTH HOTO
MacaXUPOMICTKICTh B 3aJIeKHOCTI Bifl TIepiofy IOHS Ta IHTEHCHBHOCTI MAacaXUPOIIOTOKY. A po3’eqHaHi
OIMHUYHI aBTOOYCH, 3 METOI0 YHUKHEHHS IMPOCTOI0, MOKYTh €KCIUTyaTyBaTHCS Ha iHIIMX MapuipyTax ado
Ha/1aBaTH JOAATKOBI MMOCIYTH 3 TIEPEBE3CHb.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA ITPOBJIEMU

[IuTaHHIO MOCHIKCHHS EKCIUTyaTalliiHUX BiacTUBOCTEH aBTOOyCiB y cucrtemi BRT mpucesueno
6araro pooOir.

Taxk, B po0ori [3] 3amponoHoBaHO MapmipyT MeTpoOyca B MicTi KieBi Ta BUKOHAHO MPOTHO3YBaHHS
YJacy pyxy Ha I[bOMY MapiupyTi 3 ypaxyBaHHAM JaHHX OTpPUMaHHX 3 reoindopmariiitnoro ceppicy Google
Kaptu. Pyx aBToOyciB mo Buainenum mnojocam cucteMd BRT mo3Boinsie CyTTeBO 3HHM3MTH 4Yac pyxy Ha
MapIIpyTi 3a paxyHOK pyXy HiBEIFOBaHHS BIUIMB Tpadiky, aBapiiiHUX CHUTYyallill Ta JOPOXKHIX poOIiT Ha Yac
pyXxy.

MasneBpenicTh aBTOOYyCiB B cuctemi BRT mocnimkeno B podotax [4-7]. JociiKeHHS TPOBOIUIINCS, SIK
3 IIapHIpHO-3WIeHOBaHUMH [4-5] Ta i 3 mpuuinHUMHU [6-7] aBTOOycHHMMH moi3namu. BcraHoBieHo, 1o
TPUIIAHKOBI MIApHIPHO-34JICHOBAaHI aBTOOYCH HE BIMCYIOTBCA Y JOMYCTHMY CMYTY PYyXy Ta MOTpeOyIOTh
nepeOyIOBH  ICHYIOUOT JOpPOXKHBOI Mepexi. IlpuuinHi aBTOOYCHI MMOi3AM MarOTh Kpallli MOKa3HUKU
MaHEBPEHOCTI.

JochimkeHHs TOKa3HUKIB TATMBHOT €KOHOMIYHOCTI, PiBHS BHKHIIB IIKiJTMBUX PEUOBHH Ta BapTOCTI
eKCIuTyaTartii mpoBeaeHo B poborax [8-9].

TAroBO-MBUAKICHI BJIACTUBOCTI MPHUYINMHUAX aBTOOYCHUX MOI3IB JOCII/KEHI MEHIIEe HDK I1HII
eKCIUTyaTalliiiHi BIaCTHUBOCTI, Taki SK MAaHEBPEHICTh Ta MAJMBHA €KOHOMi4HiCTh. [IpoTe BOHM N0O3BOJISIOTH
OLIIHUTH Yac pyXy aBTOOYyCiB Ha MapLIpyTi, iX ONTHUMalbHI IIBUIKOCTI T4 BU3HAYATH KUIBbKICTH MPALIOI0YHX
CHJIOBHX YCTaHOBOK JIJISI TOJIOJIAHHS CHJT OIIOPY.

OIJIb TA 3AJAYI JOCJIIIKEHb

Bubip Ta 00rpyHTYBaHHS CXEMU MIPUUYITHOTO aBTOOYCHOTO 1013712 32 TOKa3HUKAMH TATOBO-IIIBUIKICHIX
BJIACTUBOCTEMN

PE3YJbTATHU JOCIIIKEHDb

st 3a6e3medeHHs] MOXKIIMBOCTI eheKTUBHOI excrutyaTanii Ha MapipyTi BRT npuuinauii aBTo0ycHuit
Noi3/1 MOBUHEH CKJIaJaTHCs 3 ABOX a00 TPhOX CEKLil, 3a0e3medyBaT MacaXupoMicTkicTs Ha piBHi 150-250
YOJI. Ta MaTH MaKCUMAJIbHY JIOBXUHY 10 28-30 MeTpiB.

Tomy, SIK CKJIaZ0Bi TAKOr0 aBTOOYCHOTO 11013718, 0yJ10 06paHo aBTo0ycu MA3-206, siKi MatOTh TOBXKUHY
8,8 M Ta macaXXxnpoMicTKicTh 72 YOI

ABTOOYCHMI 110131 MOXKE CKJIaJIaTUCS 3 IBOX (puC. 5, a) abo Tphox (pHC 5, 0) CeKIIil.

BpaxoByroun, 1110 KOXKHa CEKIIis — I1e OJMHOYHUIN aBTOOYC, SIKHil Ma€ CBOK OKPEMY CHJIOBY YCTaHOBKY,
TO B 3aJIE)KHOCTI BiJ yMOB pyXy Ta BEJIIMYMHU MACAKUPOIOTOKY Ha aBTOOYCHOMY IOi3i MOXKYTh
BUKOPHCTOBYBATHUCh, SIK BCI IBUTYHH OJJHOYACHO, Tak i 4acTWHA 3 HUX. [Ipu 1poMy, SKIIO IBUT'YH OKpEeMOi
CeKIlii He TpaIloe, TO TaKUid aBTOOYC sABJIsIE COOO0F0, MTACUBHUH MPHUYIIL.
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Pucynok 2 — Cxemu aBTOOyCHHUX TOT3/iB: @) ABOCENiHA; 0) TpUCEKITiiTHA

B pesynbrari 3ampomoHoBaHO 4 BapiaHTH aBTOOYCHHMX IMOI3/iB 3 PI3HOIO KIUTBKICTIO CEKIil Ta
MPAIOIYHX MBUTYHIB (Tabm. 2). Takox 11 MOPiBHSIHHS AOJAHO OJUHOYHHA aBTOOYC.

Tabmuis 1 — Bapiantu aBTOOYCHUX MOT3/1B

N KinbkicTh
Homep Kinpkicts
. e MIPAIFOI0YHX Cxema
BapiaHTy CeKIIH .
JIBUTYHIB
1 1 1
2 2 2
3 2 1
4 3 2
5 3 3

Bubip ontumansHOi cXxeMH aBTOOYCHOTO TOi3/]a B 3aJI€KHOCTI BiJl KUTBKOCTI CEKIIi Ta MPaIfOr0YrX
JIBUTYHIB JIOIIBHO 3IIMCHIOBATH 3a MOKa3HUKAMHU TSATOBO-IIBHIKICHUX BIACTHBOCTEH aBTOMOOLIS 3
BU3HAYCHHIM MaKCHMAaJIbHOI HIBUIKOCTI PyXy aBTOOYCHOTO IOI3[]a Ta 4acy 1 HUIAXY HOro pO3roHy J0
mBUaKOoCTI 60 KM/TOL.

BuszHauat 1 mocCmiKyBaTH TIOKa3HUKH TSATOBO-IIBUJKICHUX BIACTHBOCTEH JIOCHTh CKIIQJIHOI
MeXaHI4HOi cucTeMH "aBTOMOOINB" Ta aHai3yBaTH BIUIMB Ha Hei 30BHINIHIX YMHHHKIB (BOJISA, JOPOTH)
HalKpalie Ha MaTeMaTHYHIH Mozei, 1o 6a3yeTscs Ha AudepeHiaTbHOMY PiBHSIHHI MPSMOIHIHHOTO PyXy
[10, 11]:

dv .
E'Ma '506 = PK()J(\/)_ID(M(V7V2)iGa Sina
1)

e Ma — moBHa Maca aBTOMOO1IIS, KT

Ovs — KOC(DILIIEHT, KU ypaxoBye 00€pTOBI MaCH aBTOMOO1IIS;

Pr0.(V) — moBHa KoJIOBa cuIla Ha BeIy4nX Kojecax aBTomo0ins, H;

Pon(V,V?) — cyma cuit onopy pyXy aBTOMOGIs, sIKi 3a/eKaTh BiJl MBUAKOCTI ioro pyxy, H;
G. - sina — cuna omnopy migiiomy, H;

G, — cuima TSHKIHHS BiJ HOBHOT Macu aBTomMo01s, H;

@ — KYT T037I0BXXKHBOT0 HAXWITy MOJIOTHA JIOPOTH, TPaj;

V — MBUIKICTh PyXy aBTOMOOIIIS, M/C;
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av : /2
o TIPUCKOPECHHS aBTOMOO1IISL, M/C.

Jlns1 po3B'si3aHHS PIBHAHHS PyXY aBTOMOO1IS HEOOX1THO BUPA3UTH IMOBHY KOJIOBY CHIIY Ta CHIIH OTIOPY
PYyXy uepes JNiHiIHHY MBUAKICTh pyXy aBToMoOLa. [IoBHa KOOBa cuila Ha BEAy4uX Kojiecax BU3HAYAETHCS
napamMeTpaMHu JBUTYHA Ta TpaHCMicii aBTOMOOLIIS.

OpHak, B po3paxyHKax IOKa3HUKIB TArOBO-IIBUAKICHUX BJIACTHBOCTEH BAaXKIMBUM € HE TUIBKU
napamMeTpH 30BHIIIHBOT pOOOTH IBUTYHA, aJie i XapaKTep MPOTIKaHHS HOTO 30BHIIIHBOI XapaKTEPUCTHKH.

Jns  po3paxyHKy TOKa3HHUKIB TSATOBO-IIBUAKICHUX BIIACTUBOCTEH aBTOMOOLIS 3aCTOCOBYIOTH
aHaNITUYHY 3a1eXHICTh M. = f(w) KpyTHOr0o MOMEHTY BijJ KyTOBOI IIBUAKOCTI KOJIHYATOrO Bajia JIBUTYHA,
SAKa BH3HAYAEThCS UUIIXOM AamnpOKCHMAllii KpUBOi KPYTHOTO MOMEHTY MIBHIKICHOI 30BHIIIHBOI
XapakTepucTuku ABUryHa y Burmui [10,11]:

M, =a-o” +b-w+c

, )
Ie a, b, ¢ — koedilieHTH arpoKcuMallii KpyTHOrO MOMEHTY JIBUTYHA, OTPUMAaHOI CKCIEPUMEHTATLHUM
nursixoMm [11]:

M -M_
K.Max K.min
|VIN _Mx.min - '(a)N _a)min)
a= WDy — Dy .
- 2 2 !
oy — (a)M + a)min) "0y — Oy T (a)M + a)min) " Wi
b — Mzc.max — M

Wy — D

. _ g (a)M + a)min) 2

in?

©)

C=M, min
1€ @min, Mimin — MIHIMaJbHA KYTOBA IIBUAKICTH KOJIHYACTOTO BaJla IBUTYHA, paj/c, Ta KPyTHUH MOMEHT,
H-m, npu wiif KyTOBIH MIBHIKOCTI;

Mimax, @y — MaKCUMaJIbHUA KPYTHHH MOMEHT IOBUIyHa, H:-M, Ta KyToBa IIBHIKICTH KONIHYAaCTOrO BaJsia
JBUTYHA, paji/c, 0 HOMY BiIOBIaE;

Mn, on — KpyTHHH MOMeHT, H-M, Ta KyTOBa MIBUAKICTH KOJIIHYACTOTO BaJia JIBUTYHA, Pajly/c, 10 BiANOBIIAIOTH
HOro MakCHMaJIbHIH MOTYKHOCTI.

Ha aBToOycHOMY mOi3mi, MO CKJIANA€TbCA 3 CEKIid, SKi € OAMHOYHUMH aBTOOyCamH, MOXYTh
MpaIfOBaTH OJHOYACHO JICKIIbKA JIBUTYHIB, TOMY 3HaUeHHS KOe(DIilli€HTIB aliPOKCUMYIOUYOT0 MOJIHOMY a, b, ¢
(3) BU3HAYAIKCH ISl OJTHOTO, JIBOX Ta TPHOX MPAIIOIOYHX JIBUTYHIB.

Byno mpuiiHsATO IOMYyLIEHHS, IO ABUTYHU MNPALIOIOTh CHHXPOHHO y OJHAKOBOMY PEXHMi, TOMY
3HAYeHHsI KPYyTHOTO MOMEHTY (3) MpH YMOBi poOOTH AEKIIBKOX IBUTYHIB CyMYBAJIHCS.

VY tabnwuii 2 HaBeIeHO 3HAYCHHS KOe(iI[iEHTIB allPOKCHMYIOUOTO ITOJIIHOMY KPHBOT KDYTHOT'O MOMEHTY
a, b, ¢ (3) ans omHOTO, TBOX Ta TPHOX MpaImoYnX ABUryHiB Mercedes-Benz OM 924 LA V/2 Bu3HaueHi Ha
OCHOBI IIBH/IKICHOT 30BHIIITHBOI XapaKTEPUCTUKH (pHC. 6).

2
—a- Wy, _b’a)min'

Tabmums 2 — KoedimieHTH anpoKCHMYyHYOro TMOJIHOMY KpPHBOI KPYTHOTO MOMEHTY IS Pi3HOI
KUIBKOCTI nparorounx asuryHis Mercedes-Benz OM 924 LA V/2

KinbkicTh mpaiioroanx Koedimientn
JIBUTI'YHIB a b c
1 -0,01762 5,264 416,971
2 -0,03524 10,528 833,942
3 -0,05286 15,793 1250,913

J10 OCHOBHUX MapaMeTpiB TEXHIYHOT XapaKTEPUCTUKN aBTOMOO1IIS, BITHOCSTH MAaKCHMAJIbHY IBUJIKICTh
pyxy. Ll mBHUAKICTh BU3HAYAETHCSA SIK 32 EHEPIETHYHUMH MOXKIIMBOCTSIMU JIBUT'YHA, TaK 1 38 KIHEMaTHYHUMHU

napameTpamu TPaHCMICii.

MaxkcuManbHa MBWIKICTE PYXYy aBTOMOOLIS 32 €HEPreTUYHUMH MOXIIMBOCTSIMH BU3HAUYAETHCS 32

JIOTIOMOTOF0 PIBHSIHHS CHJIOBOTO OajlaHCy 3a METOMKO npuBeaeHoro B [10, 11]:
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P,=P +R+P,+P.=P +P,+P,
(4)

ne Pp — cuna Tsiru Ha Beqyuyux Kosecax aBromo0Oins, H;
Pt — cua omopy xodeHHro KoJic, H;
P — cuna onopy miaiiomy noporu, H;
Pw — cuna onopy nositps, H;
Pj— cuna onopy posrony (mpuseneHa cuia inepiii), H.
Cuna tarm Pp 3 [OCTaTHROIO IS MPAKTHYHUX PO3PAaXyHKIB TOYHICTIO 1 3 ypaxyBaHHSIM YyMOB
eKCIUTyaTallii CydacHUX TPaHCIOPTHHUX 3acO0iB JIOPIBHIOE MOBHIM KOJIOBIM CHIII HA BEIYyYUX KOJECax Py, :

Pp ~ PKo.v ' (5)

3 ypaxyBanHsaM 3anexxHoctedt M. = f(@) ta V = f(w) konoBa cuia Ha BeIy4nx Kojecax BU3HAUUTHCS SIK
[10, 11]:

=A-V’+ BV + C,

Kon.i

(6)

3 2

. p=a Ui g Ui o Ui, o

I P h

Ui — 3aranpHe Tiepe1aTouHe YMCII0 TPAHCMICii aBTOMOOLIS Ha i-1if Tiepeaayi;

1w — KoeilieHT KOPUCHOI Ail TpaHCMicii]

I, Ta I — AMHAMIYHUNA pajiyc Ta pajaiyc KOYeHHs Koyeca, M.

Koedimientn a, b, ¢ 3anexars Big 9acToTH OOEpTaHHS KOJIHYACTOTO Bay Ha KOXKHIA [UTSHII
anpoKcHMaIlii KpUBOI KPYTHOTO MOMEHTY, 8 BU3HAYAIOTHCS IIBUAKICTIO PyXy aBTOMOOLIS.

Cuna onopy noporu, H:

P, =P, +P.
®

PiBustHHSA (4) MOWITEHO PO3B’I3yBATH 32 JIOIIOMOT 010 Tpa0-aHATITHYHOTO CIIOCO0Y, UITXOM MTOOYI0BH
rpadiky cuiroBoro 6anancy. [10, 11]

3rpynyeMo B JiBili yacTWHI piBHAHHS cuiioBoro Oanancy (4) wienn P, 1 Pw, gki € QyHKIisIMU Bifj
LIBUIKOCTI V 1 HE 3aJIeXKaTh Bl JOPOXKHIX YMOB 1 npuckopeHHs. Otpumaemo Pp - Py =P,, ne P,Ha3zuBaeTscs
BUTBHOIO CHJIOIO TSTH.

3anexHnictb P,=f(V) npakTu4HO OJHO3HAYHO BHU3HAYAETHCS KOHCTPYKTHBHHUMHU IapamMeTpamMmu
aBTOMOOIsA, ockibku Pt = f(V) BH3HAYa€THCS 30BHILIHBOI) XapaKTEPHCTHKOIO JBUTYHA, MEPEIATOUHUMH
yuciamu Tpancmicii, 11 KKJI i qunamiuaum pamiycom koseca, a Py = f(V) - daxropom obtiunocti . Jlist
KOHKPETHOT'O aBTOMOO1JIsI Ha KOXHIil mepeaadi MoxkHa mooyayBatu rpadiuny 3anexHicts P, = f(V) - TaroBy
XapaKTepUCTUKY, HE3MiIHHY JJISl BCiX YMOB PYyXYy.

Ha meit ke rpadix HaHOCATH KPUBIi 3aJIKHOCTI BiJl IIBUIKOCTI YJIEHIB, IO BXOJATh B MPABy YaCTHHY
piBHsHHS (4).

Kpusa Ps = (V) 3 ypaxyBanusim 3anexxHocTi f = f(V) Mmorxxe OyTu npejicTaBieHa y BUIIIsiII KBaJPaTUIHOT
napabonu. Cuim Ph i Pj = f(V) He BpaxoByroThCst, 60 MakcHMajbHa HIBUJKICTh JOCSATAETHCS 32 YCTAICHOTO
PYXY Ha TOPU30HTAJIBHII 1OPO3i.

MaxkcuManbHa MIBHIKICT PyXy aBTOMOOLIISI 32 eHEPTeTHYHHUMH MOKIIMBOCTSIMU JIBUT'YHA BU3HAUAETHCS
13 Tpadika cuIoBOro OaNaHCy 3a YMOBH:

F:; :va
(9)
ac
F="F-R (10)
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P, =K, -F-V? (11)
P =M, -g(f, + K-V,
(12)
ne Kp— xoedimienT ooriunocti, H-c?/m?;
F — no6oBa ruromia, M2
M,— moBHA Maca aBTOMOO1JIs, KT
fo— KoedilieHT Omopy KOYEHHS MPH MaJIHX MIBUAKOCTSIX PYXY;
Kt — xoedirieHT, mo BpaxoBye 3MiHy KOe(ili€HTy OMopy KOYEHH MPH 301IBIIICHH] IIBHAKOCTI PYyXYy.
OcrarouHo, mifctaBuBIuM piBHSHHA (6), (7), (10), (11), (12) B piBHAHHS (9) OTpUMaEMO:
LJi3 ) 77/11

uz. u -
a.-— I _K,.F-M,-g-K, -V2+b-r’—r77'”-V+c-’r—77“”—Ma-g-f0:O. (13)
0 'k 0

rz) rK'
Posp’si3skom piBHsHHS (13) € MakcHManbHa MIBHAKICTh pPyXy AaBTOMOOLIS 3a EHEPreTHYHUMHU
MOXJIHBOCTAIMH ABUTYHA. ['padiuno - me Ttouka mepetuny kpuux P = f(V) ta P, = f(V) Ha ocranniii un
nepenocTanHii nepepayax (puc. 7).
Ha pucynky 2 HaBeseHO Tpadik cHIOBOr0o 0anaHcy Ajis aBTOOYCHOTO I0i3/ia 3 TPhOMa CEKIiIMU Ta
JIBOMA MPAIOIOYNUMH JBUTYHAMH.

70000 -

— Ps

R——
60000

50000 -

40000

30000 N\

20000 /-\
19990 ’——Rﬁ—é

0 5 10 15 20 25 30 35
LWeuakictb pyxy, m/c
Pucynoxk 3 — I'padik cunoBoro 6anancy aBToOyCHOTO 1Moi3/a TPbOMa CEKILIsIMHU Ta IBOMa MPALIOI0YUMHU
nsurynamu (BapianT 5)

BinbHa cuna taru P,, Cuna onopy KoueHHs Py, H

B tabnuui 3 mpuBeaeHO pe3ysbTaTH PO3pPaxyHKy MaKCUMaJIbHOT IIBUAKOCTI PyXy aBTOOYCHOIO HOi31a
y pi3HHX BapiaHTaX JJIs IOBHOT MacH Ta MacH, IO BiJIMOBi/Ia€ TIOJOBUHI TACAKUPOMICTKOCTI.

Yac Ta nuisix po3roHy aBTOMOOLTSI BU3HAYAETHCSI IIUISIXOM 1HTErpyBaHHs rdepenttianpHoro piBHsHHS (1).

VY BiONOBIAHOCTI 3 HOPMATUBHHUMH JOKYMEHTAaMHM ITOKA3HUKH TATOBO-IIBHAKICHUX BJIACTHBOCTEH
BU3HAYAIOTh HAa NPSMOJIHIMHUX JUISHKaX JOpord. XapakTepUCTHKH PO3TOHY BH3HAYalOTh Ha
TOPH3OHTAJBHUX JUISIHKAaX Jjopord (a=0°), ToMy nudepeHmianbHe pIBHSIHHS pyxy aBTomoOins (1)
3anucyerbes y Bursizi [10, 11]:

dv
—-M,-g=a-V>+b -V +c, (15)
dt a 1 1 I

ae
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aizA_KB'E blzBi_Kf'Ma'g’ Ci:Ci_fa'Ma'g-

(16)

Tabmuug 3 — PesynpTatu po3paxyHKy MaKCUMajbHOI LIBHIKOCTI pyXy aBTOOYCHOTO TOi3[a y Pi3HHX

BapiaHTax
MaxkcuManbHa IBUJIKICTh PYXY
Bapianat [ToBHa mMaca aBTOOYCHOTO TTO31a Maca, mo BUFIOBIIAC TOOBHHI
MACaXKUPOMICTKOCTI

M/c KM/TOJ M/C KM/TOJ

1 26,358 94,887 28,221 101,595

2 29,722 106,998 31,714 114,172

3 19,099 68,7564 21,033 75,717

4 31,050 111,781 26,834 96,604

5 24,627 88,656 33,097 119,149

[licng po3miny 3MIHHMX Ta iHTETPYyBaHHS MpaBOi 1 JIiBOI 4YacTWH IU(EpPeHLIaTbHOTO PIBHAHHS
OJIEP’KUMO BHPA3H ISl PO3PaXyHKY Yacy pO3roHy aBTOMOOUTS B Jliania3oHi BiJl MOYaTKOBOI MBUAKOCTI V, 10

kinneoi V, [10, 11]:

[InsX po3roHy BU3HAYAETHCS, SIK:

(18)

T:Ma'é‘oﬁ

\A
S=M,-3,-[

dv

\A
\;[ a-Vi+h -V

+c

vav

a-V?+h

Va

Ve

17)

Jlyis po3paxyHKy 4acy Ta ILISXY PO3rOHY aBTOMOOLIS 3 MiHIMajdbHO CTIHKOI IIBHIKOCTI Ha HIDKYIH
repenavi 70 MaKCUMAaIIbHOI IIIBUIKOCTI HA BUIIIHA Nepeaadi HeoOXiqHO 3HANTH 3HAYCHHS MIBHIKOCTEH, TpH
SIKUX MTOTPIOHO BUKOHYBATH MIEPEMUKAHHS Tlepead, TOOTO HeoOXiTHO 3HANTH MeXi iHTeTpyBaHHS B BUpa3ax
(17) Ta (18) Ha BCiX Hepenayax.

B ymoBax ekcrutyarartii 11i IIBUAKOCTI BU3HAYAE BOJiN a00 OJIOK KepyBaHHS poOOTOI0 aBTOMATHYHOI
TpaHcwMicii. [1pu ekcriepuMeHTaIbHOMY BU3HAYEHHI Yacy Ta IUIAXY PO3rOHY NepeMUKaHHS BiIOyBa€THCS MpU
MIBUAKOCTI VN, 10 BiIMOBITa€ HOMIHAJIBHINA KyTOBIN IIBUIKOCTI IBUTYHA (ON.

Yac nepeMukaHHs niepesad t, B Teopii aBTOMOOLIS TIOB’SI3YIOTh 3 KOHCTPYKTHBHAMH OCOOJIMBOCTSIMU
KOpoOKHM nepenay Ta kBajtidikaunieto Boais. Bin cknanae Big 0,5 no 5 ¢ [10]. ¥V pospaxynkax npuitasaro t, = 1

C.

B pe3ynbrati Oyiio mopaxoBaHoO 4ac Ta IUISIX PO3roHy J0 MIBUAKOCTI 60 KM/TOJ It aBTOOYCHOTO Moi3/1a
y pI3HHX BapiaHTaX JJIs TOBHOT MacH Ta MacH, IO BiJIMOBi/Ia€ TIOJIOBHHI TACAKUPOMICTKOCTI (Tadm. 5)

Tabmuis 5 — PesynbTatu po3paxyHKy 4acy Ta IUISXY PO3TOHY 0 MIBUAKOCTI 60 KM/To1 aBTOOYCHOTO

noi3zia y pi3HHX BapiaHTax

TosHa maca (13200 kr) Maca, 1o Bi.,Z[HOBi,Z[?.C IIOJIOBUHI
Bapiant nacaxkupomictkocti (10750 kr)
Yac posrony I posrory S, w Yac posrony Insx posrony S,
T,C T,C M

1 28,161 288,715 22,364 226,628

2 27,501 279,343 21,904 220,133

3 81,782 925,18 55,377 598,979

4 27,295 276,424 21,76 218,098

S 46,737 492,367 35,199 363,021

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIIKEHHSA
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Ha ocHOBI maHUX po3paxyHKiB IPHUBEACHUX B TAOIHUIl 4 MOKHA 3pOOUTH BUCHOBOK, IIT0O BUKOPHUCTAHHS
aBTOOYCHUX TO3AiB 3 BCiMa MpamioouuMu ABuryHamu (Bapiant 2 Ta 4) npu3BOAWTH N0 301IBIICHHS
MaKCUMalbHOI MBUAKOCTI pyxy Ha 12,7% i 17,8% nnsa noBuoi macu ta 12,4% i1 17,3% mist macu, 1o
BiJITIOBia€ MOJIOBHHI MACaKUPOMICTKOCTI y TOPiBHSHHI 3 0IMHMYHIM aBTo0ycoM MA3-206 (Bapiant 1). [Ipu
BIJIKJTIOYEHHI OJHOTO 3 JBUTYHIB MaKCHUMAallbHA IIBUAKICTH 3HIKYETHCS UIA TPUCEKIIHHOTO aBTOOyca
(Bapianrt 5) Ha 7% (ans moBHOI Mach) Ta 5,2% (1 MacH, IO BiAMIOBiAA€ MTOJIOBUHI MACAKUPOMICTKOCTI), a
1t neocekiiiHoro (Bapiant 3) — Ha 38% Ta 34,2% BignosigHo. Excrutyaraitis JBOCEKIIHHOTO aBTOOYCHOTO
moi3ga 3 OJHUM TIPAIIOIOYUM JIBUTYHOM CTa€ HEAOMUIBHOIO B HACHINOK CYTTEBOIO IOTipIICHHS
eKCIUTyaTallifHAX BIACTHBOCTEH.

Sk BUIHO 3 TaOMUIN 5 BUKOPUCTAHHS aBTOOYCHUX TOi3/1iB 3 BCiMa IpalforounMu ABUrynamu (Bapiant
2 ta 4) IpU3BOJUTH A0 3MEHIICHHS Yacy po3roHy 1o mBuakocti 60 km/ron Ha 2,3% 1 3,1% s noBHOT MacH
Ta 2,1% 1 2,7% nist MacH, 1o BiJNOBIA€ TTOJOBHHI MACAKUPOMICTKOCTI, MUIAXY po3roHy — Ha 3,2% 1 4,3%
JUTs TIOBHOI Macu Ta 2,9% 1 2,8% Iu1st Macu, 110 BiJAMOBiAa€ MOJIOBHUHI MMACAXXUPOMICTKOCTI Y TIOPIBHSIHHI 3
onuHUYHUM aBToOycom MA3-206 (Bapiant 1). [lpu BiAgKIIOYEHHI OAHOTO 3 JBUTYHIB 4Yac PO3TOHY JIO
mBUAKOCTI 60 KM/Tox 301IBITY€THCS IS TPUCEKITiitHOTO aBTOOYca (BapianT 5) Ha 66% (111 TOBHOT Macw) Ta
57,3% (mist Macu, O BiATIOBiZAa€ MONOBUHI MAaCaKUPOMICTKOCTI), a NUIAX posroHy — Ha 70,5% ta 60,2%
BignoBigHo. Takwuii 3HaUHMIA IpUpicT Yacy (Ha 16,2 ¢) Ta muisaxy (Ha 245,4 M) BinOyBaeThCs B OCHOBHOMY Ha
4-it mepenayi, Ha sAKii po3riH BinOyBaeThes B mianma3oni 48,8 — 60 km/rox. [IpoTe, BpaxoByroun oOMeKeHHS
MaKCHMaIbHOI IMBUIKOCTI pyXy B MicTi Ha piBHI 50 km/ron, Take MaAiHHA AWHAMIKH PO3TOHY B YMOBax
peasibHOI ekcIutyaTalii OyJe He CyTTeBOr. Yac Ta NUIAX PO3rOHY JO IBHAKOCTI 60 KM/Toa aBTOOYCHOTO
noi3aa no Bapianty 3 3umwxkyerbes Ha 190,4% 1 220,5% nns noBHo1 Macu ta 147,6% 1 164,3% st macu, 1110
BIJINOBi/Ta€ TOJOBHHI TMACaXHUPOMICTKOCTI BiAmoBiAHO. Taka pAWHaAMIKa € HE3aJOBUIGHOIO, TOMY
EKCIUTyaTyBaTH aBTOOYCHUH MMOT3]] 3@ TAKOIO CXEMOI0 HEJIOIILHO.

BUCHOBKH

B pesynbTati mpoBeACHOTO JOCTIHKEHHS BCTAHOBIIEHO, IO CEPE]] 3aIPOTIOHOBAHNX CXEM aBTOOYCHOTO
moi3fa 3a MOKa3HWKAMH TATOBO-IIBUAKICHUX BJIACTHBOCTEW IOUITBPHUMH JUIA €KCIDIyaTallii € cxemH 3a
BapiaHTamu 2 (IBOCEKUiHHMI aBTOOYCHWI TOI3] 3 JBOMa MpPALIOIOYMMU JIBUTYHAMH), 4 (TpHUCEKIiNHUI
aBTOOYCHHH MOi34 3 TphOMa MPALIOIOYMMHU JBUTYHaMH) Ta 5 (TpUCEKUiHHWIA aBTOOYyCHUU MMOi3a 3 JABOMA
MpampoYnMyA  IBUTyHamu). CXeMH 3a TMepmuMH  JBOMa BapiaHTaMu 3a0e3NedyroTh 30iTbIIeHHS
MaKCUMaJIbHOT IIBUAKOCTI PyXy Ta 3HWKCHHS Yacy i HUISXY PO3TOHY 0 MBUAKOCTI 60 KM/TOA Y TOPiBHSHHI
3 oguHUYHUM aBToOycoM MA3-206, a aBTOOycHMH TOi3[ 3a BapiaHTom 5 He3Bakarouum Ha MOTIPIICHHS
TATOBO-IIBUIKICHUX BIIACTUBOCTEH, 3a0e3redye pyX y BChOMY Jiala30Hi IMBHIKOCTEH BUKOPHUCTOBYIOUH
TIJTBKY JIBa 3 TPHOX JIBUTYHIB, 1110 TIPU3BE/IE JI0 MOJIIIIEHHS HOTO MaIMBHOI €KOHOMIYHOCTI.
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A. Korpach, O. Korpach, O. Timkov, D. Yashchenko, V. Bosenko. Selection of bus trailer train
scheme according to traction-speed properties.

The paper considers possible schemes of a bus trailer train for BRT systems and evaluates them
according to traction-speed properties.

Four variants of bus trailer trains are proposed. They consist of two or three single buses, each with its
own powertrain. If the engine of single buses does not work, it becomes a passive trailer.

Selection optimal scheme of bus train depending on number of sections and working engines is proposed
to be based on traction-speed properties, such as maximum speed, time and path of acceleration to 60 km/h.

Mathematical model for determining traction-speed properties of bus trains with different schemes is
proposed.

Determined that among the proposed schemes of bus train in terms of traction-speed properties are
optimal for exploitation schemes of a two-section bus train with two working engines, three-section bus train
with three working engines and three-section bus train with two working engines. Schemes of the first two
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variants increase maximum speed and reduce time and path of acceleration to speed of 60 km/h compared to
a single bus. The last variant of bus train, despite the deterioration of traction-speed properties, provides
movement in all speed modes with only two of three engines, which will improve its fuel efficiency.

Key words: bus trailer train, bus rapid transit, metrobus, traction-speed properties, mathematical model.
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CYYACHA EHEPTETUKA HA TPAHCIIOPTI

CBiTOBa TEHJCHIIISI PO3BUTKY TPAHCIIOPTY -- IIe Po3poOKa riOpUIHMUX eIeKTPOTSAT 1 Mepexis Ha eNeKTPOTATY.
Cy4acHa TeHAEHIIs PO3BUTKY €HEPreTHIHUX KOMIUIEKCIB Ha TPAHCIIOPTI IoJIsrae B O1IbII e)eKTHBHOMY BUKOPHCTAaHHI
MaTMBHO-EHEPreTHYHHX pecypciB. Oco0nMMBOro 3Ha4eHHS Ha0yBalOTh HAYKOBO-TEXHIYHI pO3POOKH, B IKUX OTPUMYIOTh
Koe(iLi€HT MepeTBOPEHHsI OAHOTO BHUAY eHepril B iHmuil Oinpmie oauHuLi. s mboro Beck OOPTOBUII eHEProOIOK
HEOOXiIHO MEPETBOPUTH Y BIIKPUTY CHCTEMY, KOJIHM NPH 3a0e3Me4eHH] BiANOBIAHUX YMOB IPH B3AaEMOJIi 3 1HIIMMH
EHEeProcUCTeMaMi, BHUHHMKA€ IOJATKOBHH KaHal OOMiHYy eHeprisMu. BaimBo Iiell NpUHIMII peati3yBaTH Ha
TPaHCHOPTHHX 3aco0ax, B IKHX 3aCTOCOBYIOTECS TEIUIOBI a00 eJIeKTPUYHI JBUTYHH Ta TEIUIOBI HACOCH.

HaBkonmmmiae cepenoBuIne HacHUeHE TEIUIOBOIO, EJICKTPUYHOIO Ta EJIEKTPOMArHITHOIO CHEpTi€l0 JOCHTh
BEJIMKOI BEIWYMHH. SIKIIO OpraHi3yBaTh KpyrooOir miei eHeprii 3 BHCOKMM KOe(iIi€HTOM IepeTBOPEHHS, MOXKHA
OTPHMATH €KOJIOTIYHO YHCTHI HPHPICT eHepril i BUKOPHCTOBYBATH LieH NPHPICT y BCIX cdepax eHeprocroXKHBaHHS.
PO3ristHyTO MeTOAM MifABHMINEHHS e(EeKTHBHOCTI BMKOPDHUCTaHHS INPUPOAHMX [DKEpEN EHeprii 3 BHKOPUCTAHHAM
TENIOBHUX HACOCIB.

TemnoBuii Hacoc 3IilicHIOE TepekadyBaHHsA eHeprii Bix oxHiei eHeprocucremu 1o iHmoi. [{o6 Take
nepeKavyBaHHs €Heprii BigOyBanocs, HEOOXiTHO Bi/I TPETHOTO HE3AIEIKHOTO JKEpelia EHEPTii BAKOPUCTOBYBATH IIEBHY
€HEepTilo Ta II0JI0JIaTH SHEePTil0 aKTHBAIlii.

Kiio4oBi c/10Ba: HaBKOJMILIHE CEpeNOBHUINE, JDKEPENO EHEprii, TEIUIOBI HACOCH, TPAHCHOPTHI 3acobH,
BIJIKpHTa CHEPrOCHUCTEMA, MOBITPSHUI NOTIK, KOe(ilieHT NepeTBOPEHHSI.

BCTYII

TpancropTHi 3aco0H, 30KpeMa aBTOMOOUIBHHI TpPaHCIOPT, € YacTUHOIO CBITOBOi TPaHCIIOPTHOI
cUCTeMH i OyIb-sIKOTO cycminbeTBa. Lleit TpaHCTIOPT € HANOUTBII TOCTYITHUM BHIOM TPAHCTIOPTY AJISL BCIX
BEPCTB HacelneHHs. |HTEHCHBHUI HOro pO3BUTOK, BHCOKI TEMIM PO3LIMPEHHS TPAHCIIOPTHOTO CEKTOPY,
301IBIIICHHS MTOTYKHOCTI JIBUTYHIB TPaHCIOPTHHUX 3aC0O0IB BEAYTh JO 30UIBIICHHS BUKHUJIB BiIIPallbOBAHUX
rasiB B aTMocdepy, AKi € TOKCHYHI Ta KaHIIEPOTeHHi. Y CBiTi KUTBKICTh TPAHCIIOPTHUX 3aC00iB 3 KO)KHUM JTHEM
30ITBIIYETECA Y TEOMETPUYHIA Tporpecii, MO MPU3BOAUTH 10 3a0pyITHEHHS aTMOC(EpHOrO TOBITPSL.
[IpoGyiiemMa 3a0pyAHEHHS TMOBITPS BiANpPalbOBAaHUMH Ta3aMH aBTOMOOLTIB € TioOanbHO. KinbKicTh
TPaHCHOPTHUX 3ac00iB 3 KOXKHUM POKOM 3pOCTa€ i B YKpaiHi, HE3Ba)KarouM Ha KPU30BE CTAHOBHUILE Ta
3MEHILEHHSI KIJIBKOCTI HACEICHHS.

OCHOBHMMHM TNPUYUHAMH, L0 CIPHUAIOTH 30UIBIICHHIO 3a0pyAHEHHS aTMOC(EpPHOro MOBITPS
aBTOTPAHCIIOPTOM, OCOOJIBO B HACEJICHHUX ITyHKTaX, €:

- 3pOCTaHHs NapKy JOPOXKHBO-TpaHCIIOPTHHX 3ac00iB ([ T3), oco6imBo nerkoBux;

- HU3bKUH TexHIYHUH piBeHb napky AT3;

- B eKCIUTyaTallii 3HaXOAUThCS BeIHKa KUTbKICTh T3 3 TeXHIUHO-HECTIPABHUMHU JIBUTYHAMH, 0COOJIHBO
1€ CTOCY€ETHCSI aBTOOYCHOTO MapKy Ta iHAWBIAYaIbHOTO TPAHCIIOPTY;

- BUKOPUCTaHHS HEAKICHOTo O€H3MHY, 1110 HE JO3BOJISIE BIPOBAKEHHS KaTaJliTHYHUX HEHTpaizaTopis;

- HU3bKWH piBEHb BUKOPUCTAHHS aJbTEPHATHBHUX BUJIIB MAJIMBA, 30KpeMa MPHUPOTHOTO ra3y;

- BIJICYTHICTh IPUCTPOIB JIJIS HelTpamizamii mkianmueux pedosut 3 BI' [IT3;

- HEIOCKOHAJIa CHCTeMa eKoJIoriyHoro kontpoiro J1T3.

AHAJII3 IITEPATYPHUX JJAHUX TA IIOCTAHOBKA INPOBJIEMH

[TigBuieHHs1 eHepPreTHYHOI Ta OE3MEKU eKOJIOTIT Ha TPaHCIIOPTI PO3POOIISIOTHCS HOBITHI TEXHOJOTIT Ta
1HHOBAIII] B TEXHOJIOTii BUTOTOBJICHHS, B YIIPABIiHHI TPaHCTIOPTOM, B HOPMAaTHBHOMY PETYJIFOBaHHI, 10 BE/Ie
10 3a0e3MeueHHs CTaJIoro PO3BUTKY TPaHCHOPTHOT ramysi [1].

[Ipoextom Emneprernunoi crparerii Ykpainu no 2035 poky Bim 25.09.2017 poky “besneka,
eHeproe()eKTUBHICTh, KOHKYPEHTOCITPOMOXKHICTE” [2] mepeadayaeThCs TOBEICHHS MOKa3HUKIB €HEPreTHUHOT
e(eKTHBHOCTI BCiX raiy3eil HallOHAIBHOI €KOHOMIKHM, BKJIIOYAIOUM TPAHCIOPT, IO PiBHS BiAMOBIIHUX
noka3HukiB €C Ta iHIIMX MPOMHUCIOBO-PO3BUHEHUX KpaiH.

B mpoekri ,,ExonoriuHo npuidHATHUN TpaHCOpPT”, SIKUH po3pobienuit npu miarpumii [Iporpamu
oxopoHn HaBkonuiuHboro cepenosuma OOH (UNEP), Opranizamii eKOHOMIYHOro CHiBpOOITHHLTBA 1
po3BUTKY Ta ABcTpilickkoro MiHicTepcTBa OXOPOHU HABKOJIMIIHBOTO CEPEAOBHUILA, PO3TIIAAAIOTHCS ClieHapil
3MIHM BUKH/IIB OCHOBHHUX IIKIJJIMBUX PEUOBUH B kpaiHax LlenTpansHoi €Bpornu 3 1994 poky no 2030 poky:
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1. Bukuanm OCHOBHHMIX 3a0pyAHIOIOUMX PEYOBHH MOXKYTh OyTH 3MEHIICHI B 3-6 pa3iB 3a paxyHOK
3aCTOCYBaHHS HAMHOBIIIMX TEXHOJIOTHM YIOCKOHAJCHHS KOHCTPYKIIH TOPOXKHIX TPaHCIOPTHUX 3aco0iB
(AT3) Ta pauioHaabHOTO yHpaBliHHS OTPeOaMH IIEPEBE3CHb.

2. IlpencraBuuku 35 kpaiH €Bpomu, BKIIOYaoyn YKpaiHy, migmucanu [exnapaunito i [Iporpamy
CYMICHUX [iii momo 3a0e3nedeHHs (YHKIIOHYBaHHA TPAaHCIIOPTHOTO KOMIUIEKCY Y BIAMOBIAHOCTI 3
MPUHIIATIAMH €KOJIOT1YHO MPUHHITHOTO PO3BUTKY [3].

AHani3 MaJuBHUX PECYPCiB Ta JOCATHEHb B CTBOPEHHI HOBITHIX BUTYHIB CBIIYHTH, IO MOPIIHEBi
IBUTYHH BHYTpimHBOTO 3ropanHs (/[IB3) me B ocsokHOMY MailOyTHhOMY 30€peXyTh CBO€ MPOBimHE
CTAaHOBHINE, 5K JpKepena eHeprii. [lominmieHHS eKOHOMIYHOI Ta €KOJIOTidHOI Oe3MeKH JTOPOXKHIX
TpaHCHOPTHUX 3ac00iB 3 /IB3 € 060B’s13K0BOIO CKJIAI0BOIO PO3BUTKY HAPOJHOTO FOCHOAAPCTBA 1 COLIaIbHOTO
PO3BHTKY.

3a cragmapramu ISO 14000 ortiHka >KUTTEBOTO ITUKITY aBTOMOOLIS TIOKa3ye, 10 Ha TTOYaTKOBIH cTafil
HWOro eKcIuTyaTallii BUTpaTH €HEprii Ta 3a0pyaHIOKYl BUKUIU B atMochepy ckianaroth 83-85% Bim Beix
BUTpAT SHEPrii 3a [HKJI, 110 MiATBEPAKYE BAKIMBICTh 3aX0/iB HA OKPALICHHS MaJIMBHOI €EKOHOMIYHOCTI Ta
€KOJIOTIYHMX IMOKa3HWKIB aBTOMOOITIB B €KCIUTyaTalliiHIX yMOBaX. BakimBe 3HAYEHHS ISl €KOJIOTIYHOTO
BIUIMBY TPAHCIOPTY Ha MOBKULIS Ma€ NPUMHATTS HOBUX HOPMATHBHUX JOKYMEHTIB, LIO0 OOMEXYIOTh
3aCTOCYBaHHS OKPEMHX BHIIIB MaJMBA i3 3MEHIIEHUM BMiCTOM OKCH[IB BYTJICIIO, a30Ty Ta BYIJIEBOJHIB Y
BiJIITPAIbOBAHUX T'a3aX aBTOMOOUTFHOTO TPAHCIIOPTY.

[Ipn BUKOpPWCTaHHI aNbTEPHATHBHUX BHUIIB TalWBa MNOTPIOHO BPaxOBYBaTH BapTICTh, 00 €MH,
JOCTYITHICTh CHEPropeCypCiB, CKOHOMIYHICTh Ta HEIIKIIJIMBICTh TX 3aCTOCYBaHHS Ha TPAHCIIOPTI, €KOJIOTYHA
1 excruTyaTamiiiHa ©Oe3reka, JIETKiCTh 3ampaBKU i 30epiraHHs, KOpo3iiiHa aKTUBHICTh A0 KOHCTPYKIIHHHX
MaTepiajiB, CTa0UIbHICTh Pi3UKO-XIMIYHIX XapaKTEPUCTHK 1 0arato iHIINX MOKA3HHKIB i BITaCTUBOCTEH.

HaBkonuirHe cepeioBuIlie HACHYECHE TETIIOBOIO, EIEKTPUYHOIO Ta €JICKTPOMArHiTHOIO €HEPTi€r0 IOCUTh
BEJIMKOI BEJMYMHHU. SIKIIO OpraHi3yBaTH KpYrooOir mi€i eHeprii 3 BUCOKUM KOE]illieHTOM MEepeTBOPEHHS,
MOXKHa OTPHUMATH E€KOJIOTIYHO YHCTHH TMPHUPICT €Heprii i BUKOPHUCTOBYBATH II€W MPHUPICT Y BCIX cdepax
eHeprocroxkuBanHs. [Ipu pyci aBToM0OLISI BUHUKAE B3a€EMOJiS 3 HABKOJIHIITHIM MOBITPSIHAM CEpPEIOBHUIIIEM.
OT1xe, aBTOMOOLJIb, 0 PYXAETHCS, 3 HABKOJUIIIHIM MOBITPSAM B3aEMOJIIE€ ICTOTHUM YHHOM. TOMY HE TiJIbKH
aBTOMOO1IIb, a i OyAb-SKWH 1HIINH TPAaHCTIOPTHHH 3aci0, 1110 pyXaeThes B 3eMHil aTMocdepi, CIlTijl po3risaaTH
SIK CKJIaIHY €HEPrOCUCTEMY BIJKPUTOTO THITY.

SIKImo Takor B3aEMOJIEI0 MOXHA 3HEXTYBaTH, TOJI TPAaHCHOPTHHH 3acid, IO PyXaeTbes, CHiX
PO3IJISAATU K 3aKPUTy cucTemy. JJis 3aKpUTHX CHUCTEM CIIpaBEeIJIMBI MEXaHI4YHI 3aKOHHM 30€peKeHHS, a
BIJIKpUTHX CHCTEM 3aKOHH 30epeKeHHS HE 3aCTOCOBHI, a 3aCTOCY€EMO 3aKOH IIEPETBOPEHHS €HEPTii, TKUN YiTKO
O0yB chopmynboBaauii JIOMOHOCOBHM.

VY mporeci B3aeMojii PyXOMOTO TPaHCHOPTHOTO 3aco0y 3 HABKOJMIIHBOIO aTMOC(HEpOr0 MOXKe
BimOyBaTucs abo mepenava eHeprii Bifg 00'ekTa, IO PyXa€ThCs, B HABKOJIMIIHE CEPeIOBHIIE, a00 HaBIAaKH
CepeIOBHILE NIEPEAA€ CBOIO CHEPrito 00'€KTY, IO PYXA€ThCs. Y MEPIIOMY BUIAIKY CEPEIOBHUILE € TACUBHUM,
a y JpyroMy BUNaJIKy HaBMakd € aKTUBHUM. AKTHBHA CKJIaJ0Ba JIOBKULIS BHKOPHCTOBYETHCS Y
BITPOCHEPTeTHIlI, TiJPOETICKTPOCTAHIIISNK, COHSYHUX IepeTBopioBadax. Lle mpupomHi Jukepena akTHBHOT
CKJIaZ0BOi TOBKIILISL. PeanizyBaTtu akTHMBHY CKJIaJI0BY JOBKIUJUISL MOXHA IITy4HO. [IpHKIagoM MoXe CITy>KUTH
aBialliiHUI MOBITPSHUI TBUHT SIK TEIUIOBHIA Hacoc [4] 1 poboTa TypOiH y TypOOpeakKTUBHUX JIBUTYHAX [5].

B nmanuit yac B eHEpreTHUIll BUHUKIIA TPAKTUYHO PEBOJIIOLIMHA CUTYyAIlis, KOJIU IMOYaJUC IHTCHCUBHI
MOLIYKM HOBHUX CIOCOOIB OAEp)KaHHs Ta HepeTBOpeHHs eHeprii [6]. Oco6inBOro 3HaYeHHS NPHUIUISETHCS
croco6aM OTpUMaHHA MaKCUMAIIBHOTO Koe(illieHTa MepeTBOPEHHS OJTHOTO BHTy €HEpTii Ha iHIITHA.

OIJIb TA 3AJAYI JOCJIAKEHHS

VY cyyacHMX yYMOBax €HEpPreTHYHa KpH3a JAeAajii YiTKille NOYMHAE HPOSABISTHCA Y 3B'A3KY 3
00MEXEHICTIO TIPUPOAHHUX BYTIIEBOHEBUX MalUB (TOpd, Byriyuid, HaTy, ra3) Ta HEYXWIbHE 3pOCTaHHS I[iH
Ha Il BUJM NanuBa. Y 3B'I3KYy 3 I[UM BHXIiJ| 13 CTAHOBHUIIIA HAMAralThCsA 3HAWTH B PI3HUX HanpsMkax. Humi
HaMITHJIHMCS TaKi NUISIXW BUPIIIEHHS EHEPTETHYHHX MPOOIIEM:

- 301pIIeHHS KoedilieHTa KOPHCHOI Jii eHepreTHYHUX MPUCTPOIB, IO BUKOPHUCTOBYIOTH MPHPOIHI
BYTJICBOJIHERBI MAJINBA;

- 3aMiHa BYTJICBOIHEBUX NAJIMB HA 1HIII BHJIM MAIWBA (SAEpHI JpKepena, Boja Ta iH);

- IOHOBITIOBAHI JUKepesa eHeprii;

- BUKOPUCTaHHS IPUPOJHUX JPKEPET eHeprii (CoHle, BiTep, piuku);

- BHUKOPHCTaHHS HH3BKONOTEHIIIWHOTO TeIia HAaBKOJMIIHBOTO CEpENIOBHINA 13 3aCTOCYBaHHIM
TEIUIOBHUX HACOCIB.

PE3YJIBTATHU JOCIIIKEHD
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Oco0mBa yBara KOHIIEHTPYETBCS Ha HAyKOBO-TEXHIYHHX pO3poOKax, 1€ B EHEPTCTUUYHOMY
CEPEIOBUII IMPHU TIEPETBOPEHHSI OJHOTO BUIY €HEPTii B iHIIMIA BUJ €HEprii KoedilieHT IpH IepeTBOPCHHI
CTaHOBHTH Oinbine onuHMLi. Lle BinOyBaeThCs y BUNAAKY KOJIU €HEPreTMYHHN OOpTOBHI OJIOK HEOOXiIHO
MEPETBOPUTH y BIJAKPUTY CHUCTEMY 3 JOAATKOBUM KaHAjIOM OOMiHY CHEPTisMUA 3 I1HIIUMHU BIIKPUTAMHU
eHeprocuctemMamu. lleil mporlec MoXHa peani3yBaTH Ha TPaHCIOPTI 3 3aCTOCYBaHHSM TEIUIOBHX abo
CJICKTPUYHUX JBUTYHIB.

HaBkonuimHe cepenoBuliie HaCHYCHE TEMIIOBOIO, EIEKTPUYHOIO Ta €JIEKTPOMArHiTHOIO EHEPTi€I0 JOCUTh
BETIMKOI BEMYMHU. SIKIIO OpraHi3yBaTH KPYrooOir mi€i eHeprii 3 BUCOKMM KOe(IIli€EHTOM IEepPEeTBOPEHHS,
MOKHa OTPHUMATH EKOJIOTIYHO YHCTHH TMPHUPICT €Heprii i BUKOPHUCTOBYBATH €W MPHUPICT y BCIX cdepax
eHEProCIOXUBAHHS. MIeThes o TemIoBi Hacocu. BaxImBoro 3HaueHHs HabyBae po3po6Ka yMOB CTBOPEHHS
KOMIUIEKCHUX eHeprocucteM. OcoOauBO, KON HAeThCs MPO BUKOPUCTAHHS TEIJIOBUX HACOCIB CILUIBHO 3
IHIIMMA TIEPEeTBOpPIOBaYaMH €Heprii. Y mporeci poOOTH TEIIOBUX HACOCIB peali3ylOThCS yYMOBH, KOJHU
CKJIaJIHA CHEPTrOCUCTEMA CTA€ BIAKPUTO. Y po0OOTi [7] moka3aHo, 1o Ipy poOOTi TEIIIOBOTO HACOCA JOBKIILISA
€ aKTUBHUM CEPEIOBHIICM.

TerutoBuit Hacoc Oye epeKTUBHIM 32 IIEBHUX YMOB: II€ BiIHOIIEHHS Pi3HUII TEMIIEpaTypu Ha BXOI
70 TeMIIepaTypyu Ha BUXOJi, TOOTO, KEPYEThCA MOTOKOM €HEprii B eHeprocucTeMi. BimHOMEHHS KOPHUCHOT
eHeprii Terwia, siIke mepeaaHe 40 CIOXKKWBaya, 10 EHeprii, 0 3aTpadyeHa Ha poOOTy CaMoro TEIJIOBOTO Hacoca
-- 1€ i Oyne xKoe(imieHTOM TeTUTONMPOTyKTHBHOCTI Hacoca.

[[{o6 amamizyBatH poOOTY TiOpHUAHOI €HEPrOCHCTEMH 1 MaTeMAaTWYHO OOTPYHTYBaTH ii, HEOOXiTHO
BUPIIIATH TaKi 3aBIaHHS:

- PO3TIISTHYTH 1 OLIHUTH SIKOCTi KO’KHOTO €HEeproOIOKy B TiOpHUIHIH cuctemi;

- aHATI3yBaTH ONTUMAIIbHI YMOBH POOOTH KOXKHOTO OJIOKY TETUIOBOTO HACOCA;

- BU3HAYUTH YMOBH IIOBHOT'O 3a0€3TICYEHHS €HEPTOCIIOKUBAHHS TPAHCIIOPTHUM 3aCO00M BiJI TEILIIOBOTO
Hacoca.

[IpuHIHIOBa cXeMa TaKoi TiOpUIHOI CHCTEMH Ha PUCYHKY 1.

D —
-\
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e

/

v (-

Pucynox 1 CxeMa BUXpOBOTO TETIOBOTO HACOCa Ha TPAHCIOPTI 3 NEKTPOTATor0: 1 - mracci; 2 - KopoOka
3MiHHU IIBUAKOCTEH; 3 — eNEKTPUIHUN MOTOP MOCTIHHOTO CTPYMY; 4 — aBTOMOOITEHII BEHTHIIATOD;
5 — kaHax U IPOXOJHKECHHS TIOBITPsI; 6 — BITPOBHUIT reHepaTop; 7 - BUNPSIMITIOBAY; 8 —aKyMYyJIATOP.

VY T1i0puaHil cXeMi eNneKTpOTATOBUI KoMIuleke 1-3 i TerutoBuid Hacoc 4-7 MpaIiolOTh SIK OJHE LIiIe.
Enextpuunnit akymynsatop 8 ciyrye JokepenoM eHeprii. KoskeH okpemuii 070K BH3Haya€ €KOHOMIYHY
e()eKTUBHICTh, a B [IJIOMy BU3HAYA€ EHEPTEeTHUHY €(PEKTHUBHICTh TiIOpHUIHOTO MPUCTPOKO. B ridbpumHii cxemi
MockHa 3aminuTy JIB3 Ha BuXxpoBuil TerioBuii Hacoc. ToOTO, BITPOBUIT T€HEPATOP CIIJIBHO 3 BEHTHISTOPOM
3HaXOJUTHCS B 3aMKHYTOMY ITOBITPSIHOMY IIPOCTOPI.

Konu aBroMoOinbHUHN TpaHCTIOPTHUHN 3aci0 pyXaeThes 31 WBUAKICTE 120 KM 3a TOAMHY, TO TEIUIOBUMA
HACOC MPH BXOJIi IO BEHTUIISITOPA, IKWI Ma€ YOTHPH JIONIATi 3 pajiiycoM 15 cM, BITpOBHIA reHepaTop MOBHICTIO
3a0e3neunTh MoTyKHIcTh B 150 kBT, 2 yactora obepranns jgonarei ckiane 4870 06/xB. BeHTHISATOp BUKOHYE
POJIb 3aXUCTY BiJ 3BOPOTHOTO OTOKY HOBITPS IIPH BiIOUTTI Bij JlonaTel i 3011bLIy€e BUAKICTH MPOXOHKEHHS
MMOTOKY IMOBITPS BiJl TEIIOBOI'O HAcoca MPH Pyci TPAHCIIOPTHOIO 3ac00y.

TennoBuit Hacoc 3MIHCHIOE ITepeady eHeprii Bij oaHiel eHeprocuctemu jo iHmoi. [1{o6 Taka nepenayda
eHeprii BinOyBanacs, HEOOXiAHO Bil TPETHOTI0 HE3AIEKHOTO JKEepea eHeprii BUKOPUCTATH NEBHY EHEPriio Ta
MOJI0JIaTH €HEeprito akTuBauii. SIKII0 BpaxyBaTH €HEepriro akTUBalii, KOJIM TEIUIOBHH HAcOC MpaloBaTUME 3
KOeIliEHTOM IepeTBOPEHHs OibIlle OJWHMUIN, CHTYaIlisi 3MIHIOETHCS, TOJAI TEIUIOBUH HACOC CIJIBHO 3
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CHEPrOCUCTEMaMHU TPEACTABISITIME BIIKPUTY CHCTEMY. ABTOMOOLTH, IO pPYXa€TbCS, B3aEMOIIE 3
HAaBKOJIUIITHIM TOBITPSIHAM CEPEIOBHIIEM 1 BAKIUBY POJIb ¥ IIHOMY IIPOIIECI BUKOHYE BEHTHIIATOP.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAXEHHSA

SKI0 po3rigaaTi OKpeMui eneMeHT dS, SKUii 1o BiTHOIIEHHIO JI0 MOBITPSIHOTO MOTOKY CIIPSIMOBAaHUN
M7 KyTOM O 1 pyXa€eThes 31 MIBUAKICTIO V, TO 3a gac dt Maca moBiTps, IO B3aEMOJIIE, CKIIae:

Am = pvdtcos(a)dS, 1)
a 3MiHa IMBUKOCTI
Av = 2vcos(a) - (2).

Ha mincrasi (1) i (2) cuna THCKY MOBITPSHOTO MOTOKY Ha aHali30BaHWN eJeMeHT moBepxHi dS

BIJIMTOBITHO JTO PYTOro 3aKOHYy HhIOTOHA BU3HAYMTHCS TaK:

AF = 2pv? cos® ()dS .
3)

3aranpHa cuiia B3aeMOIil

F =2pv2 j cos?(a)dS = 2C, pv?, (4)
S

ne Cx - xoedilieHT, SKUM BHU3HAYAETHCS PO3MipaMH 1 (OPMOIO TPaHCIOPTHOTO 3ac00y, MO PYXAETHCA.
BuTpaTHa MOTYKHICTh €HEPrOCHIIOBOT YCTAHOBKHU TPAHCIIOPTHOTO 32C00Y Ha MOJIOTAHHS TAKOI CHITH JOPiBHIOE

N =2C pv°. ©)

Tomy, BHHMKae MeTa: 3'ICyBaTH NPUHLIUI POOOTH BEHTWIATOPA, Ta B SKMX YMOBaX BiH MOXe
MPAIOBATH 5K TEIUIOBUIT Hacoc. 3 MOCTaBICHOI METH BUILTMBAIOTH TaKi 3aBIaHHS:

- pO3poOUTH 3arajbHy cXeMy pOoOOTH BEHTHIISATOpPA Ta OOTPYHTYBATH SIKUM YMHOM BH3HAYAETHCS
KOeilli€HT MEPETBOPEHHS TAKO1 BiIKPUTOI EHEPrOCHCTEMU;

- 3'sICyBaTH, AKi B3a€MO/Ii1 BUHUKAIOTH Y Tpo1ieci (hOpMyBaHHS BEHTHIIATOPOM IOBITPSIHOTO TIOTOKY;

- BU3HAYUTH YMOBH, 32 SIKUX BEHTWJIATOP MEPEXOJHUTh Y PEXKUM pOOOTH TEILUIOBOTO HACOCA;

BenTunsaTop — 1ie npucTpiii st CTBOPEHHS MMOTOKY MOBITPS y 3aJaHOMY HalpsIMKY.

BHUCHOBKHN

Ha 3akiHueHHS Takoro KOPOTKOTO OISy CTaHy BHPOOHHIITBA Ta TEPETBOPEHHS EHEprii ciix
3a3HA4YMTH, 10 B JAaHWI 4Yac 1HTEHCHBHO y BCIX HampsIMKax BEAyThCsS IMOIIYKH Yy peaji3alii BiAKpUTHX
€HEeproCUCTeM, SKi TPAIIOI0Th 3 OiMbIMMHU KoedillieHTaMu niepeTBopeHHs. Haiibinpm edekTnBHUN crociO
OTPUMAaHHS MaKCHMAaJIBHOTO Koe(iIi€eHTa MepeTBOPEHHS €Hepril - 1e 301IbIIeHAS MBUIKOCTI PyXy MOTOKY
MOBITPS 710 TIEBHOT MEXi

[Ipu xoedinieHTi NepeTBOpeHHs OiNbIIe OAMHUII MOXKJIMBHI BHIAJOK KOJIM YaCTHHA €HEpTii, Mo
MepeKayyeThCsl TEIUIOBUM HACOCOM, MEPEeNaeThbcs B CHEProOIOK i MpH [bOMY KOe(]ilieHT mparHe o
HeCKiHYeHHOCTI. [le 03HaYae, 1110 TEIUIOBUI HACOC MOXKE MPAIIOBATH sK "miepreTryyM mobOiie". OnHak, 1e He
Tak. SIKIIO BpaxyBaTH €HEPrif0 aKTHBallii, KOJM TEIUIOBUH HACcOC IMpalfoBaTUME 3 KOEQil[iEHTOM
MIEPETBOPEHHsT ONbIe OJMHMII, CUTYaIlisl Pi3KO 3MiHIO€ThCS. [IpM BeNWKiil €HEeproeMHOCTI CHCTEMH B
SIKOMYCh HaOJIMKeHHI MOYKHA pealli3yBaTH Koe(illieHT MepeTBOPEHHS. AJie TOJI TEIUIOBHA HACOC CITUTBHO 3
CHEepProCUCTEMaMU: HE3aJeKHUM JDKEPENIOM €HEprii Ta CIOXHBAalOUYOK EHEPrOCUCTEMOIO IPEJCTaBISITUME
BIJTKPUTY CHCTEMY 10 BiIHOLICHHIO /IO )KUBHIBHOT €EHEPIrOCUCTEMH.
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N. Kuts. Modern energy in transport

The global trend in the development of transport is the development of hybrid electric traction and the
transition to electric traction. The current trend in the development of energy complexes in transport is more
efficient use of fuel and energy resources. Of particular importance are scientific and technical developments,
which receive the conversion factor of one type of energy into another more than one. To do this, the entire
on-board power unit must be transformed into an open system, when the appropriate conditions for interaction
with other power systems, there is an additional channel of energy exchange. It is important to implement this
principle in vehicles that use heat or electric motors and heat pumps.

The environment is saturated with thermal, electrical and electromagnetic energy of fairly large
magnitude. If you organize the cycle of this energy with a high conversion factor, you can get an
environmentally friendly increase in energy and use this increase in all areas of energy consumption. Methods
of increasing the efficiency of natural energy sources with the use of heat pumps are considered. The efficiency
of the heat pump is determined by the ratio of the difference between the outlet and inlet temperatures to the
outlet temperature, ie, it is determined by how much less energy flows out of the service power system. The
heat efficiency of a heat pump should be defined as the ratio of the useful heat transferred to the consumer to
the energy expended to operate the heat pump.

The heat pump pumps energy from one power system to another. In order for such energy transfer to
take place, it is necessary to use a certain energy from a third independent energy source and to overcome the
activation energy.

Key words: environment, energy source, heat pumps, vehicles, open power system, air flow,
conversion factor.

KVI[b Haois I'pucopisna, KaHIUAAT TEXHIYHUX HAYK, JOICHT KadeaIpu aBTOMOOLTIB 1 TPAaHCTIOPTHUX
TexHonori#, Jlylpkuii HamioHaNBHMA TexHiuHMH yHiBepcuter e-mail:  kuts.nadia86@agmail.com
https://orcid.org/0000-0003-1934-7189

Nadiia KYTS, PhD in Engeneering, associate professor of Automobiles and Transport Technologies
department, Lutsk National Technical University e-mail: pred kuts.nadia86@gmail.com
https://orcid.org/0000-0003-1934-7189

DOI 10.36910/automash.v1i18.769

, 2022, Nel (18) 137


mailto:kuts.nadia86@gmail.com
https://orcid.org/0000-0003-1934-7189

© Posym P. I, Bypsix M. B., ITonnoBuu I1. B., IIporsiit I1. B., 3axapuyx O. I1. 2022

VIIK 621.436
UDC 621.436

Posym P. L., Bypsx M. B., Ilonosu I1. B., IIporsiii I1. b., 3axapuyk O. I1.
3axionoykpaincokuil HayionaneHutl yHigepcumem, Tepronine, Ykpaina

METOIOJIOI'TA JIATHOCTYBAHHSA ABTOMOBUJIBHUX JIU3EJIBHUX IBUI'YHIB

JliarHOCTYyBaHHsI 11¢ HE3MIHHUH aTpHOYT SIKICHOTO TEXHIYHOTO OISy Ta MPOBEACHOTO PEMOHTY. Y 3B’S3KY 3
LIUM, BIOCKOHAJICHHS ICHYIOUHX 1 PO3poOKa HOBHX METOIB JIarHOCTYBaHHS aBTOMOOIIBHHMX AWU3CIbHHUX JBHTYHIB
3QUIMIIAETHCS AKTYAIbHUM 3aBJaHHAM Cy4acHOCTi. IIEBHI €EMEHTH JW3ENbHUX arperatiB BOJOIIIOTh HE3HAYHUM
BIUTMBOM Ha POOOTO3ATHICTH JU3EIGHOTO ABUTYHA B IIJIOMY, IO JIO3BOJISIE IIPOBOJUTH IX JIarHOCTHKY Ta PEMOHT B
rapaXHUX YMOBAaX YM HaBiTh Y MOJbOBHX YMOBaX, IO ()akTy BUsIBIEHHS npoOiaemu. OHaK, HEOOXITHO BiIMITHTH, IO
IU3eNbHI IBUTYHH BOJIOAIIOTH OCTaTHHO OYEBUAHIMH O3HAKaMH, TI0sIBa KOTPHX BKa3ye Ha HEOOXIHICTh TEpMiHOBOTO
3BEpPHEHHS JI0 CIIeNialli30BaHOTO CepBICHOTO IEeHTpY. OCKUIBKH BiJl XapakTepy IPOXOKEHHS PoOOYHX IIPOIECIB Y
cepe/uHi IBUTYHA 3aJIeXaTh OCHOBHI MOKa3HUKHU HOro poOoTH (eKcIuryaTauiiiHi, TMHaMi4HI i eKOHOMIYHi). Y 3B'SI3Ky
13 YUM JIaTHOCTHLI POOOYHX MPOIIECiB MPUAUIIETHCS 3HaYHa yBara. AHai3 METO/IB AiarHOCTYBaHHs aBTOMOOLTBHUX
IU3ENbHUX ABUTYHIB MOKA3aB, 10 METOIH JIarHOCTYBAaHHSA aBTOMOOITBHUX TU3CIBHUX IBUTYHIB JOIOBHIOIOTH OJIUH
OJIHOTO, 110 3a0e3reuye 3HAWTH NPUYUHU PI3HOTHUIHMX BiAMOB. Tak, y BHIAJKy BHKOPHUCTaHHS OPraHOJENTHYHHX
METO[IB MO>KHA [TOOAYNTH IPHYMHH HaHOLTBII TpyOHX BiIMOB, HAIIPUKIIA], MIiCI TPOTIKAHHS OXOJOKYIOUHX PiHH.
A y BUIIQJIKy 3aCTOCYBaHHs IHCTPYMEHTAIEHUX METOMIB Y MOETHAHHI 3 KOMII IOTEPHOIO 1IarHOCTHKOIO 3a0€311e4y€eThCs
MOJXKJIMBICTh YCECTOPOHHBOI KOMITJIEKCHOT OLIIHKK poOoTo3aaTHOCTI ABHTYHA. 11]0 B CBOIO Uepry, € MOKJIMBHM JIMIIE Y
BUIIAJKy BUKOPUCTaHHS CIICI[iali3oBaHOTO OOJIaHAHHS, JILEH3IHHOrO0 TPOTPaMHOrO  3a0e3ledYeHHs Ta
BHCOKOKBaTi(hiKOBAaHMX ITPAL[IBHUKIB, SIKi BOJOAIFOTH HEOOXITHUM JOCBIIOM POOOTH.

Ku1ro4oBi c10Ba: 1u3enbHi IBUTYHH, aBTOMOOUIBHI IBUTYHH, J1aTHOCTYBAaHHS, METOIOJIOTIS JiarHOCTYBaHHS,
TEXHIYHUH OIS, PEMOHTHI poOOTH.

BCTYII

KoHkypeHIlis 11070 BHKOPHCTaHHSA B aBTOMOOUICOYIYBaHHI €JICKTPOJBHMIYHIB YW JBUTYHIB
BHYTPIIIIHBOT'O 3TOPSHHS Pi3KO 3arocTproeThes. Joyst aBTOMOOLTIB, SKi BUKOPHCTOBYIOTH CJICKTPOIIPHUBII,
MTOCTIHHO 3pocTac. I, B OCHOBHOMY, 1€ BiOYBa€THCSA 3a paXyHOK 3MEHITICHHS J0J1i aBTOMOO1JTIB, SIKi TIPAIIOIOTh
Ha JIu3eIbHOMY MaIbHOMY 1 BiKe mepeOyBae Ha piBHi 3 TiOpumamu [ 1, 2]. Taka TeHAEHIIIS MOSCHIOETHCS, ISP
3a BCE BEITUKOIO KUTbKICTIO PI3HOMaHITHHX 3a0X0YCHB 31 CTOPOHH JIepkaB 1 BUpOoOHUKIB. OTHaK HE0OXiqHO HE
3a0yBaTy MO BEJIHKY KiJTBKICTh iICHYFOUHUX TPAHCIIOPTHHUX 3aCO0iB, IO O0JIaqHAHI AU3ETFHUMH JBUTYHAMH,
SIKI HEOOXIJTHO MIATPUMYBATH Y BIAMOBITHOMY poOOYOMY CTaHI.

[IpoBeneHHs AiarHOCTYBaHHS € CKJIaI0OBOI0 TEXHIYHOTO OTJISIIy Ta PEMOHTY TPaHCIIOPTHHX 3ac00iB i
CIpsMOBaHe Ha IiIBUINEHHS SIKICHUX IMTOKa3HUKIB BUKOHAHHS TaHUX POOIT. Y 3B’S3KY 3 IIMM, BJIOCKOHAIIEHHS
ICHYIOUHX 1 pO3po0OKa HOBHUX METOJIIB JiarHOCTYBaHHS aBTOMOOUIBHHUX JHM3EIbHUX JBUTYHIB 3aIMIIA€THCS
aKTYaJIbHUM 3aBJIaHHSM CY4acHOCTI.

AHAJII3 JITEPATYPHUX JAHUX TA IOCTAHOBKA NPOBJIEMH

CBoe€dacHe Ta MpaBUIIbHE TIPOBEICHHS J1IarHOCTYBaHHS € 3alOPyKOK e()eKTHBHUX PEMOHTHHX POOIT,
SKIIO Y HUX BHHUKAE HEOOXiTHICTh. SIK MiHIMYM, y pa3i MpaBHIBHOTO Ta CBOEYACHOTO JiarHOCTYBAaHHS
CHCTEMH JKUBJICHHS JM3eIbHUX JBHUTYHIB yCi MPOQIIAKTHYHI Ta PEeMOHTHI poOOTH MOXHA BHUKOHATH i3
MaKCUMAaJIbHOIO OMEPaTUBHICTIO. B CBOIO Yepry, 3amopyKo MPaBHIBLHOTO MPOBEICHHS JiarHOCTYBaHHS €
npaBWIBHUE miAOip i MeToauKkH. Po3po0Kor0 HAYKOBHX 1 MPAKTUYHUX OCHOB METOJMOJIOTI JiarHOCTYBaHHS
JM3eNbHUX JIBUTYHIB 3aiiMainocs 6arato yKpaiHChKHX Ta 3apyOiKHUX BUeHHUX. HHUMU TpoBeneHo po3poOKy
TEXHIYHOI JOKyMEeHTallii Ta 3aco0iB IarHOCTyBaHHS, OUIBIIICTH omepamiid Komm roTepu3zoBaHo. OjHak,
HE3BaKAIOYM HA OTPUMAHHN MPOrpec y JiarHOCTYBaHHI JU3EIbHUX JBUTYHIB JOCITIPKEHHS MOKA3YIOTh, IO
OlJIBIIIE HIX MOJIOBMHA OCTAHHIX HAMPaBJISIOTHCS HA PEMOHT 13 HEMOBHICTIO BUKOPUCTAHUM MOTOPECYPCOM.
Jlana nipo0JiemMa CriocTepiraeThes He JIMIIE y HAac, a i y PO3BUHEHHX KpaiHax [3], y 3B 53Ky 3 UM BUHHUKAIOTh
JIOJTATKOB1 BUTPATH HA YTPUMaHHS aBTOMOOLIIB 00JIaTHAHUX TU3EITbHUMHY JIBUTYHAMH.

HIJIb TA 3AJAUI JOCIIIKEHHSA

Sk Bxke Oyio cka3aHo, Bii BUOOPY TOT UM 1HIIIOT METOMKH JIiarHOCTYBaHHS aBTOMOOITBHUX JIN3EIBHUX
JBUTYHIB 3aJICKUTh €()EKTHUBHICTH iX OOCIYroByBaHHsSI Ta PEMOHTY. Y 3B’SI3Ky 3 LM, METOI POOOTH €
MPOBECHHSI OTJISITY METOJIB 1 METOJIMKHU J1arHOCTYBaHHS aBTOMOOUIBHUX JU3CIbHUX JIBUTYHIB.

PE3YJbTATHU JOCIIIKEHDb

Jlu3enbHI NBUTYHU JJaBHO YBIWIUIM B HAIlle JKUTTS, YACTKOBO II€ TOSCHIOETHCS IX HAIIHHICTIO Ta
eKOHOMiuHicTIO. OIHAaK NpH LBOMY, SK MPAaBWIO JIIOAXM HEXTYIOTh JIOTIYHUM B3a€MO3B’SI3KOM MIX
MOKa3HUKAMHU HAJIIHHOCTI Ta BapTICTIO PEMOHTHHX POOIT y BHIA/IKy BUHHKHEHHS BiZIMOBH. Takox, 3 METOO
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€KOHOMI1 KOIIITIB, «3a0yBalOThy», TAPaHTIEI0 HOPMAIBHOI pOOOTH JBUTYHA € CBO€YAcHa 1 0e3BiKIaHA 3aMiHa
3HOIICHUX JeTajeil 1 By3JiB. 3a3BH4Yai, HECIOAIBaHI BiJIMOBH CTAIOTHCSA HAIA3BHUYAHHO pimko. I'oJoBHOIO
MPUYMHOIO BiIMOB € HEYBa)KHE CTABJICHHS Ta CBiJOME ITHOPYBaHHS BYACHOI J1arHOCTUKU Ta CEPBICHOTO
00CITyroByBaHHS.

IleBHI enmeMEHTH NIH3EIBHUX arperariB BOJOMIIOTh HE3HAYHHUM BIUIMBOM Ha pOOOTY IU3EITHLHOTO
JBUTYHA B IIUUIOMY, IIO JJO3BOJISIE TIPOBOIUTH IX MIarHOCTHKY Ta PEMOHT B TapaXHUX yMOBaX 4YHM HaBITh y
MOJIBOBHX yMOBaX, mo (akty. OgHak, HEOOXiIHO BIAMITHUTH, IO OHU3CIbHI ABUTYHH BOJIOAIIOTH JTOCTaTHBHO
OUYEBUIHMMHU O3HAKAMH, TTO5IBA KOTPHUX BKa3ye Ha HEOOXIAHICTh TEPMIHOBOTO 3BEpHEHHS 10 CTICIiaTi30BaHOTO
cepBicHOTO HeHTpy. OCKUIBKY Bl XapaKkTepy MPOXOIKEHHS pOOOYHX MPOIIECIB Y CepelnHi JBUTYHA 3aJIeKaTh
OCHOBHI MTOKa3HUKH HOTO poOOTH (eKCIUTyaTauiliHi, TMHAMi4HI i eKOHOMIYHi). Y 3B'A3KY i3 UMM JiarHOCTHII
PpOOOYHX MPOIECiB MPUALISETHCS 3HAYHA yBara.

€ 1Ba MeTOAW MPOBEICHHS JOCTIIKEHHS POOOYMX TPOIECIB: TCOPETHUHUN Ta SMITIPUYHHUN, OTHAK,
HEOOXiHO BiA3HAYMTH, 1110 )KOJICH 3 HUX CAMOCTIHHO He 3a0e3meuye OTpUMaHHs JOCTOBIPHUX JaHUX, a JIUIIEe
y MO€THAHHI.

B cygacHOMy HayKOBOMY CBITi BiIOyBa€ThCs OCTiHE BJJOCKOHAICHHS METOJIOJIOTII 1iarHOCTYBaHHS,
y TOMy 4YHCIi i aBTOMOOUTHHHX NW3eIbHUX ABHUTYHIB. lIlMpoke BIPOBaKEHHS CYy4acHHX KOMIT IOTEPHO-
iH(pOpMaLiHHUX TEXHOJOTIH MpH NPOBEICHHI iarHOCTYBaHHS JTO3BOJISIE 3201L/XKyBaTH 3HAYHI MaTepiajibHi
pecypcH, MOPiBHIOIOYH 13 EMIIPHYHIMH TOCIiPKeHHAME. TakoX, IpoBeIeHHS KOMII' TOTEPHOTO MOJIETIOBAHHS
3a0e3redye OTpUMaHHS IMOTTUOIEHOTO aHalli3y MPOIIECiB, SKI MPOXOAATh y MWITIHAPAX IBUTYHA B MPOOBK
pobouoro mukity. PazoM 3 TUM, HEOOXIAHO BIAMITHTH, IO MPOBEICHI TCOPETUYHI JOCIIPKEHHS MOXKYTh
3aCIIyrOBYBaTH Ha YBary TUIBKH TOA1, KOJIH MaTeMaTH4YHE MOJICIIOBaHHS IPOBOJAUTHCS HA OCHOBI eMITIPHYHIX
JOCTIDKEHb, IO JO03BOJSE OTPUMATH PO3PAXYHKOBI NaHi i3 BHUCOKHM CTYIIEHEM JOCTOBIPHOCTI, a iX
BiXWJIeHHS He OyJie MepeBUIIYBaTH BiIXMICHHS OTPUMAaHi eKCIIEpUMEHTATEHIMH METOJaMH.

CyyacHi MeTOIW IOCHIIKEHHS pOOOYHMX IMPOIECiB, MO0 NPOTIKAIOTh y JBUTYHAX BHYTPILIHBOTO
3rOpaHHs, B CBOil OLNBIIOCTI, 32 OCHOBY OepyThb MepIInii 3aKOH TepMOoIuHaMiku. PasoM 3 TuM, BiOyBaeThCs
Oe3nepepBHUIA TPOIeC BIOCKOHAIICHHS METOIWKH OLIHKHA TETUIOBHIIIJICHHS Yy TPOIECi 3rOpsSHHS MaJWBHOT
CyMillli, BU3HAYCHHSI 4aCy 3aTPHMKHM CaMO3aliMaHHS Ta IMOKa3HUKIB TEIUIONEpeaayi BiJl ra3iB 0 CTIHOK
HWTIHIPIB TOIIIO.

Emnipuuni MeTtoam NpoBeNeHHs MOCITIIKEHHS, B CBOIO UYEpry, MOKHA PO3IUIMTH Ha JBI TPyIH:
cy0’€eKTHBHI (OpraHoNenTHYHi) i 00’ €KTUBHI (IHCTPYMEHTANbHI).

Jlo mepuioi rpynu METOIB TOCHIHKCHHS. POOOTH TN3EIbHHUX JBUTYHIB HAJICKATh:

e OrIsAoOBI — MOmyK AedeKTiB BiAOyBaeThCsA 3a paxyHOK Bidyalizamii MEBHHX CHUMITOMIB (Micie
MPOTIKaHHS, KOJIP BHUXJIOMHHUX Ta3iB TOIIO), B TPOIECI IarHOCTMKH MOXIUBHI SK TPOCTUH OIS 3a
JIOTIOMOT'O0 OpPTaHiB 30pYy JIFOJMHU TaK 1 BAKOPUCTAHHS Pi3HOTO 00alHAHHS (€HAOCKOIIB, BiIEOCHIOCKOIIIB,
BiJICO30H/1iB, OOPOCKOITIB 1 T.]1.);

® Ha3BYK — po0OTa IBUTYHA CYIIPOBO/KYETHCSI IEBHUMHU 3BYKOBUMH SIBUIIAMH OIIIHKA SKHUX JTO3BOJISIE
TOBOPUTH PO HOTO CTaH, B MPOIIEC] 1IarHOCTUKU MOXYTh BHKOPUCTOBYBATHCS Pi3HOTO POJY CTETOCKOIIH;

® Ha JJOTUK — MPOBOAMTHCS BU3HAYEHHS MICIh 1 CTYNEHS HArpiBy, BiOpailii, JTUMKOCTI Ta B'S3KOCTI
PiOvH TOIIIO;

® Ha 3amax — BU3HAYEHHsI TPOTIKaHHS MaJIMBa, MiITOPSHHS €JIeKTPOIPOBIIHUKIB Ta THIIE.

Ho npyroi rpynu MeTOJiB BiJHOCSATBCS METOAM TPH SIKUX BiJOYBAa€ThCs JiarHOCTHKA MapaMeTpiB
JIBUTYHA 13 BAKOPHCTAHHSM 3aC0O0iB J1arHOCTHKH.

Krnacudikariito MeToiB JiarHOCTYBaHHS aBTOMOOLIBHHUX JU3EIbHUX JIBUTYHIB MOYKHA TIPOBOJUTH 3a
napaMeTpamu, peKUMaMu poOOTH, (PI3UYHUM 3MICTOM TOIIO. PO3rIIsIHEMO OUIBII IE€TAIbHO HAMIIOIIMPEHIIII
13 HUX.

OnHuM i3 MepuMx METONIB MPOBEACHHS MiarHOCTYBaHHSI POOOTO3JaTHOCTI ABUTYHIB BHYTPILIHBOTO
3rOpaHHs B IIUIOMY i IU3€JIBHUX 30KpeMa € eHepreTHyHuii Metoa. Jlanuii MmeTo]] 6a3yeThCcsi Ha BUMIpPIOBaHHI
MOTYXKHOCTI ABHTYHA. [TapaMeTpamu, 0 MiJAI0ThCS IarHOCTHII, TP [IbOMY, MOXKYTh CITYXKHTH BiOparis,
TUCK, IOYM, TeMIepaTypHi KoiuBaHHS Ta iHmm. Jlo cyyacHHMX BHIIB €HEPreTUYHOI'O METONy HalleXaTh
iHpopmauiiiHi 4vacToTHi TexHosorii. JlaHi TexHonorii 3a0e3meuyroTh MPOBENEHHS EHEPreTHYHOrO
JOCTI/DKEHHS. €JIEMEHTIB JIBUT'YHA 3a JIONOMOIOK BHJIUICHHS 13 IIMPOKOI I'aMHd BHUMIPIOBAHUX CHUTHAIB
CKJIaJIOBUX y TIEBHHX YAaCTOTHUX Jiana3oHax. 3acTOCYBaHHsS TEXHIYHHUX 3aco0iB JIarHOCTYBaHHS IpH
CHEePreTHYHOMY METOJI, Ha CTATUX PeXHMax poOOTH, 3abe3nedye MpOoBEACHHs TiarHOCTHUKH CTaHy CHCTEM
JIM3ENFHOTO JIBUTYHA, IO CIIOKUBAIOTh, MIEPEJAI0Th UM BUPOOJISIOTH €HEeprito. PO3pi3HIIOTh HACTYITHI BHIU
€HEePTreTHYHOT'O JIIarHOCTYBaHHSL:
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lanbMiBHHI METOX — D03BOJISE€ BCTAHOBUTH €(PEKTUBHY MOTYXHICTh, 110 BU3HAYAETHCS BEITHMIHHOIO
MEXaHIYHOI €Heprii, sIka OTPUMYETHCS BiJ 3TOpPSHHS NajMBa, Yepe3 BH3HAYEHHS PEAKTHBHOI CHIM YH
raabMiBHOTO MOMeHTy. Di3MYHOI0 BEIMYMHOIO, TNPH LBOMY, BHCTyNMae — po0oTa, a AiarHOCTHYHUM
napameTpoM — CHJIA.

[Napmianeauil Ta audepeHiadIbHIi METOON — € €BOIIOLICI0 METOAY BiAIMKHEHHS HMwmiHIpiB. [ani
METOJM MO)KHA 3aCTOCOBYBATH ISl TIPOBE/ICHHS JIarHOCTYBAHHS TU3EIbHUX JIBHUTYHIB, IO MAIOTh ITOHA
YOTHpHU LWIIHApa. Y BUMAAKY MapLiallbHOTO METOMY AiarHOCTYBaHHS IBUTYHA HMPOBOAMTHCS YaCTUHAMM,
OJTHAK TP TIOBHIW MOJad¥i MajJMBHOI CyMmimi y po0Oodi HWIIHAPH, BOAHOYAC HABAHTAXKEHHS IMPAMIOIOYNX
IWTHIPIB BiAOYBA€ThCS 3a paxyHOK TMPOKPYUYyBaHHS BiNIMKHEHHX NHWJIIHAPIB Ta MiAKIIOYCHHIM
HaBaHTakeHHs. [[py mapiianbHUX pexKUMaX CHIOBI XapaKTEPUCTUKH ABUT'YHIB BCTAHOBIIIOIOTH BiAIIOBIAHO A0
TPyl UWIiHAPIB, MO 3a0e3medye oAep:kaHHs OiLTbLI MOBHOI iH(pOpMaLii, B MOPIBHAHHI i3 TalbMiBHUM
MetosoM. Ha BiMiHY Bix mapiiadbHOTO METOAY NpH Iu(EpeHIiaTbHOMy METOJl 3aMiCTh BHKOPHUCTAHHS
JOAAaTKOBOT'O HABAHTAXKEHHSI MMPOBOJATH MiIKPYUyBaHHS JU3EIbHUX ABUTYHIB 10 HOMiHATBHUX MIBUAKICHUX
pexuMiB iX poOOTH 3a paxyHOK MpPHEAHAHHS J0 30BHILIHBOTO JDKepea eHeprii Ta MpoBOIATH (iKcaliro
TUHAMOMETPHYHUX XapaKTepruCTHK. Jlo HeTOiKiB mapIiarbHOro Ta TudepeHITiaTbHOTO0 METO/IB BiTHOCHTECS
Te, 110 BOHU HE 3a0€3MeUyI0Th MOXKITUBICTh MPOBEICHHS HEOOXiTHUX BUMIipPIOBaHHS IU3EIHHUX JABUTYHIB, SKi
XapaKTepU3YIOThCSl HECTIMKMMH peXHMamMu poOOTH TpU  BIAKIIOYEHHI IMIiHIApiB. Baxkkum, npu
BUKOPHCTaHHI JaHUX METOMIB, € BU3HAYEHH NIHCHOI MMOTYXHOCTI, 0 BUTPAYAETHCS HA MEXaHIYHI BTPATH Y
JBUTYHI.

BesraneMmiBHMIA METOJT IPYHTYETHCS Ha 3aCTOCYBaHHI SIK JOJATKOBOT'O HABAHTAXXCHHS IBUTYHA, TaK 1 Ha
MeXaHIYHUX BTpaTax y Horo cepenuHi. HalimpocTimum BapiaHTOM Takoi JiarHOCTHKH € OLiHKa
HEPIBHOMIPHOCTI 00epTaHHs KOJiHBasia. Bce MommpeHimnM cTae AHHAMIYHUNA BapiaHT JiarHOCTYBaHHS 11O
KyTOBOMY MPHUCKOPEHHIO KOJIIHBANA, IPH SKOMY OL[IHKY IPOBOJATS IIiJl 4ac BUTBHUX PO3TOHIB Ta 3yIIHHOK.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJIIAKEHHSA

BaxxnuBicTh 37iiiCHEHHSI CBOEYACHOTO JIarHOCTYBaHHS Ta TEXHIYHOTO OOCIyTOBYBaHHS IM3EIBHUX
JIBUTYHIB BaXXKO TiepeominnTi. OCKUTBKH, BUXIJ 3 TaJy Y HETpaBuiIbHEe (YHKIIIOHYBaHHS OyAb-SIKOi JeTali
(MexaHi3My) PU3BOIUTH IO MPUIIBHUIICHOTO 3HOLIYBAHHS HIINX JAeTaneil (MexaHi3MiB), HACIIIKOM 4Oro €
3M0POXKYAHHS PEMOHTHHX poOiT. [l mpuxiany, HempaBuibHEe (QYHKLUIOHYBaHHS MAIWBHOTO HAcoCy
CIIPHYHHSE HETOCTATHICTh TUCKY MAJIMBA PE3YJIBTaTOM 400 (POPCYHKHU HE 3a0e3reuaTb HOpMaIbHE JO3yBaHHS
Ta PO3MUIICHHS MMaJKBa, 10, B CBOIO Yepry, MPUBE/E A0 BiIXWIEHb POOOTH IBUTYHA BiJl ONTUMAJILHHUX HOTO
peKHMIB poOOTH. SIKINO 1€ IrHOpYBaTH, TO BiJOYBAaTUMEThCS NPHUIIBHALICHE 3HOIIYBaHHS CEJICMCHTIB
JBUTYHA, & OT)KE NIepeIYyacHUI 1oro peMoHT.

Meroau AiarHOCTYBaHHS aBTOMOOITBHUX JU3EIbHUX JBUTYHIB JONOBHIOIOTH OJAWH OJHOTO, IO
3a0e3reuye 3HANTH IPUYUHY PI3HOTUITHUX BiAMOB. Tak, y BUINIaJIKy BUKOPUCTAHHS OPTraHOJIENITUYHAX METOIiB
MO’KHA TI00QYWTH MMPUYNHU HAHOUIIBIT IpyOUX BiIMOB, HAIIPUKIIA, MICIIS MPOTIKAHHS OXOJIODKYIOUYHX PiIH.
A y BUIIAQJKY 3aCTOCYBaHHsS IHCTPYMEHTAIFHHX METOIB Yy IO€JIHAHHI 3 KOMIT FOTEPHOIO 1arHOCTHKOIO
3a0e3MeYyEeThCSI MOXKIIUBICTh YCECTOPOHHBOI KOMIUIEKCHOT OI[IHKH pOOOTO3/IaTHOCTI JIBUTYHA.

BUCHOBKH

OTxe, IPOBIBIIN aHAJI3 METOIIB JiarHOCTYBaHHA aBTOMOOUIBHUX NU3EIbHUX JBHUTYHIB 0a4MMO, IO
MPUYMH BUHUKHEHHSI BiIMOB y HUX € HA/I3BHYaiHO Oarato. Jleski i3 HUX BOJOAIFOTh HE3HAYHUM BIUIMBOM Ha
pOOOTY MU3ENBLHOTO JBUTYHA B ILIJIOMY, IIO J03BOJISIE TIPOBOAMUTH iX JIarHOCTHUKY Ta PEMOHT B Tapa)XHHX
YMOBaXx 4d HaBiTh Y MOJBbOBUX YMOBaXx, IO (axTy, iHII — BUMararTh MPOBEACHHS AKICHOI JiarHOCTHKH. 3
METOI0 BUSBICHHS JaHWX NPUYUH JOCTITHUKAaMH Ta HAyKOBISIMH pO3pPOOJICHO BENUKY KUIBbKICTh
PI3HOMaHITHUX METOJIIB JIarHOCTYBaHHs aBTOMOOUTLHUX JIU3EIbHUX IBUTYHIB. OHAK, HEOOXITHO BIAMITHUTH,
110 JKOJIEH 3 HUX CAMOCTIHHO He MOXe 3a0€3IeUnTH TPOBEICHHS SKiCHOI OIIHKH poO0TO3/IaTHOCTI ABUTYHA,
a JIMIIe 32 YMOBH KOMIUICKCHOTO 1X BUKOPHCTAHHS IIe cTa€ MOXUIMBHM. 110 € MOKIMBUM JIUIIE y BHIIAJIKY
BUKOPUCTAHHS  CIICHIATi30BaHOrO  OONajgHAHHS, JIICH3IMHOrO  NpOrpaMHOro  3a0e3leueHHS  Ta
BHCOKOKBaTI(PIKOBAHMX MPAI[IBHUKIB, SKi BOJIOAIIOTh HEOOX1IHUM JIOCBIZIOM POOOTH.
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R.Rozum, M. Buriak, P. Popovich, P. Prohnii, O. Zakharchuk. Methodology of diagnosing
automotive diesel engines.

Diagnosis is an invariable attribute of quality technical inspection and repair. In this regard, the
improvement of existing and development of new methods for diagnosing automotive diesel engines remains
an urgent task today. Certain elements of diesel units have little effect on the performance of the diesel engine
as a whole, which allows them to diagnose and repair in the garage or even in the field, upon detection of the
problem. However, it should be noted that diesel engines have quite obvious signs, the appearance of which
indicates the need for urgent access to a specialized service center. Because the main indicators of its work
(operational, dynamic and economic) depend on the nature of the workflow in the middle of the engine. In this
regard, much attention is paid to the diagnosis of work processes. Analysis of methods for diagnosing
automotive diesel engines has shown that methods for diagnosing automotive diesel engines complement each
other, which provides to find the causes of various types of failures. Thus, in the case of the use of organoleptic
methods, you can see the causes of the most serious failures, such as the location of the coolant. And in the
case of the use of instrumental methods in combination with computer diagnostics provides the possibility of
a comprehensive comprehensive assessment of engine performance. Which, in turn, is possible only with the
use of specialized equipment, licensed software and highly qualified workers with the necessary experience.

Key words: diesel engines, automobile engines, diagnostics, diagnostic methodology, technical
inspection, repair works.
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YK 629.113
UDC 629.113
B.I1.Caxno!, B.M Ionsxos!, B.B. Crensmannyx?, JI.M.ITonemum*
! Hayionanvnuii mpancnopmmuuii ynieepcumem
2 JIyybkutl HayionanbHull mexuiunuil ynigepcumem

J0 BUSHAYEHHSA CTIﬁKOCTI PYXY TPUJIIAHKOBOT'O ITPUYIITHOT'O
ABTOIIOI3JIA Y TAJIBMIBHOMY PEXHUMI

VY mpomeci eKCTPEeHOTo raJbMyBaHHSI HMOBIPHICTE IMOPYIIEHHS CTIHKOCTI aBTOIOI3/a 3pOCTae, 0COOIMBO MPH
HEpiBHUX TaJbMIBHUX CHJIaX Ha KojiecaX oceil aBTomoizzna. B poOoTi po3risiiaeThes CTIMKICTh aBTONMOI3Aa B PEXUMI
rajbMyBaHHS. 3BaKalOUM Ha Te, W0 y BHUIAJKY, LIO0 PO3IIAAAETHCS, CHIM B3a€EMOIi B TATOBO-3YIMHHUX MPUCTPOSIX
aBTOOYCIB HE BIUIMBAIOTH Ha MEPEPO3MOJIiT HABAaHTAXKEHb 110 OOpPTaM JAHOK aBTOMNOi3[a, JOCUTh CKIATHY CUCTEMY —
TPUIAHKOBHUi IPUYIIIHUI aBTOIOI3/1 MOXKHA PO3IIIAAATH K TPU CUCTEMH — TPH aBTOOYCH, 1110 FaJIbMYIOTh HE3aJIeXKHO.

IIpn mocmimKkeHH] CTIHKOCTI pyXy aBTONOI31a PO3TIIAAIOTS, SIK IPABHJIO, INTOCKONIApaNIeIbHUH PyX HOTo JIaHOK.
IIpn pomy BBaXaroTh, 10 HOPMaJIBbHI peakmii OIIopHOI TOBEpXHi Ha KoJIeca IPaBoro i JIiBoro 60pTy 0IHAKOBI. 3a Takoi
YMOBH CTIHKICTh PyXY PO3IIIIIAIOTH VISl INIOCKOT MOJIENi aBTOIOI3/a.

PosrsiHyTa uHAMiKa TalbMyBaHHS TPWJIAHKOBOTO MAacaKMPCHKOTO aBTOIOI3/a Yy CKIadi TPHOX aBTOOYCIB
MA3-206. Iloxa3zaHo, 0 BpaxyBaHHsS NEPEpO3NOIUTy HaBaHTaXKCHHSA MO ocsAM 1 OopTaM aBTOOyca 3a HEpiBHOCTI
TaJBbMIBHHX CHJI TI0 KOJiecaM HOro oceil mpu3BOAHUTH A0 cyTTeBoi 3Miau I'CP aBTOOYycHOTrO moiznma. Tak, skmo mpu
JKOPCTKUX TMiABICKaxX 1 MmMMHAX 3a MBHAKOCTI 15 M/c aBTOOyCHMI MOi3A 3a OJZHOCTOPOHHBOI HEPIBHOMIPHOCTI
TaJbMIBHHX CHJI BX€ BUXOJIUB 38 MEXI1 IOMTyCTUMOI CMYTH PYyXY, TO 3 ypaxyBaHHAM JIeOpMalliif miABiCKH 1 IIKH BiH 3a
1i€i MIBUAKOCTI 3aMIIABCs 1€ B MEXaX JOIYCTHMOI CMYTH pyXy. [10siICHIOETBCS 11 30UIBIICHHSIM KYTiB BiJBEICHHS
KOJIIC TEepeJHIX ocell y MOPIBHSAHHI 13 3aIHIMH, 0 3a0e3MeUmIo OUTBIIUI pajiyc TOBOPOTY TPaeKTopii aBToOyca, a
BIATIOBIHO 1 3MEHIIICHHIO BiXWJICHHS TPAEKTOPii aBTOOYCIB BiJ MPSIMOIIHIHHOI.

Kurouosi ciioBa: aBTo0yc, raJbMyBaHHs, HEPIBHICTh raJbMIBHHUX CHJI, CTiliKiCTh, rabapuTHa CMyTa pyXy

BCTYII

3actocyBaHHS aBTOOYCIB 3 MacaXUPCHKAMU MTPHYETIAMH JTO3BOJISIE€ 3HU3UTH €KOHOMIYHI Ta €KOJIOTiUH1
BUTpATH 32 PaxyHOK 3actocyBaHHs B rogunu mik [1C 3 mpuyernom, a B MikmikoBuii yac toro x [IC 6e3
npudena. ToOTo, aBTOOYCH 3 MPHYETIOM MOXYThb JaTH T€, YOr0 HE MOXYTh JaTd Taki ) IO MICTKOCTI
34IeHOBaHi aBToOycH. | aBTOOyCHI mpuyeny movanu noseprarucs [1]. Sk mpukma, macaxupchKuil mpudin 10
aBTOOYyCy, CIpoeKTOBaHWH HiMernpkor kommariero Goppel Bus. Tak, 3apa3, B XXI cTomiTTi BOHH B3sIH 1
CIPOCKTYBAJIM CaMUi 3BUYAHUN TpUYin. 3BUYaiHO, CYYaCHUH, 3 HU3HKOFO IMiJIOT0I0 1 CHCTEMOKO 3HIDKEHHS
Horo piBHSA 1Mo KoMaHAi Boisa (kHUTIHT). [Iprdin Mae noBxkuHy 8350 MM a6o 11090 MM, i pa3oM 3 aBTOOyCOM
(hopMye€eThCs TTOTST JOBXKUHOKO Bif 17,7 mo 22,65 metpiB. MoxkHa 3pobuty i Oijbie, ane cymMapHa JOBXKHWHA
noi3zia, pyx sSIKOTO JOIyCKAEThCs 110 IOPOTax 3araibHOr0 KOPUCTYBaHHS, 00MEKeHa.

Pucynok 1 — ABroOyc 3 mpuuenom [1]

OckinbKkH OCHOBHA Ipo0OJeMa TaKuX TPAHCIOPTHHUX 3aco0iB mossrae B ix Oe3newi, 1bOMy HUTAHHIO
1HKEHEepU NPUAUIMIIN MiABUIIEHY yBary:

— Ha TIpUYeNi BCTAHOBJICHI aHTUOJIOKYBalIbHA TaJibMiBHA CHCTEMA 1 eTIEKTPOHHA cUcTeMa cTabiIbHOCTI;

— Ha MpUYeni BCTAHOBJICHO BiJjeOKaMepy KOHTPOJIO JIBEpi, IO JIO3BOJISIE BOJMIEBI CriocTepiraTu 3a
MOCAAKOIO B IIPUYUII, 8 TAKOXK KOHTPOJIIOBATH CUTYalil0 B IPUYEIi i yac pyxy

Ha BigMiHYy BiJl MIPHYIMHOTO aBTOMOI3/a 3 TMACHBHUM IMPHYEIIOM OLIbII MEPCIEKTUBHUM MOXE OyTH
aBTOOYCHHH IOT3/1 HA OCHOBI JICKIIBKOX 1JIGHTHYHHUX aBTOOYCIB, 110 MPAIIOIOTh B 3UeIlieHHi. Tak, y poboTi
[2] po3riIsiHYTI IUTAaHHS MaHEBPEHOCTI 1 CTIMKOCTI PyXy TPHJIAHKOBOTO MPUYIITHOTO aBTOOYCHOTO IMOi31a Ha
OCHOBI TphOX aBT00YCiB MA3-206, 1110 NpaIforoTh B 34imii. [IpoTe rasMiBHI BIaCTHBOCTI TAKOTO aBTOMOI3/1a
HE PO3TIISIIAITUCS.
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AHAJII3 TITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMHA

Ilpn HasgBHOCTI B aBTOMHOI3Aa OiUIbIIE TPHOX JAHOK TPYJHONI BHHHKAIOTH Y TOMY, IO CYTTEBO
YCKJIAAHIOETHCS AOCHIIKEHHSL pyXy Takoro OaratonankoBoro AT3 3 mpuYMHH HEOOXiTHOCTI ypaxyBaHHS
BIUIMBY 3HaYHOI KUIBKOCTI ()aKTOPiB HA XapakTep pyxy ycixX JaHok. BpaxoBytoun Te, mo aBromnoiza sk AT3 €
3aco00M mMinBHINEHOI HeOe3NmeKw, MpH BUPIMIEHHI MpoOieM MIOA0 MOXIIHMBOCTI eKCIUTyartarii Tpu- Ta
0araToJaHKOBHX ABTOIOI3/IB y YHCII MEPIINX CIi POOUTH KPOKH Yy HANPSMKY TEOPETHYHHUX OCIIIKEHBb
raJbMIBHUX BJIACTHBOCTEW, pE3yNbTaTH SIKMX OyOyTh MIATPYHTSAM JUIsl BiAMOBiAI Ha OaraTo NHTaHb
TEXHIYHOTO, OPTaHi3aIlifHOT0, FOPUANYHOTO XapakTepy [3] .

besneunuit pyx Oyap-sIKOTO TPAHCIIOPTHOTO 3ac00y, y TOMY YHCII 1 aBTOOYCHOTO Mmoi3fa, Oarato B
YOMY BU3HAUYAETHCS Or0 TMHAMIYHUMH BIACTHBOCTSAMM 1, y 3HAYHIH Mipi, HOTO CTIHKICTIO 1 KEPOBAHICTIO SK
y TSATOBOMY, TaK i TalbMIBHOMY peXuMi. Y JaHMH Yac 3a7adya BU3HAYCHHS YMOB CTIMKOCTI BaHTa)KHHX
aBTOTIO3/IiB Y TATOBOMY PEXHUMI € I0CTaTHRO BUBYCHOIO. Tak, y podoTrax [4,5] mpoBeACHO CIIPOIICHNH aHaTi3
MaHEBPEHOCTI 1 CTIMKOCTI KOMOiHAIiil TpaHCIOPTHUX 3ac00iB, TAKMX AK TATa4 y MOEAHAHHI 3 OXHUM abo
JBOMa HamiBIpUuenaMu ado0 BaHTaXiBKa Ta MOBHHMH mpudin. KomOiHalii aBTOMOOINIB pO3IISIatoOThCs SIK
THIAHI TWHAMIYHI CUCTEMH 3 JJBOMA CTYIIEHSMHU CBOOOIH ISl KOXXHOTO ONOKy. PiBHSHHSA pyXy BUBEZCHI 3
ypaxyBaHHSIM BIUIMBY TajbMyBaHHS Ta IPHCKOPEHHS Ta OTPUMAHO XapaKTepHE DPIBHAHHA IS PyXy 3
MOCTIHHOIO MBUAKICTIO. Y po06oTi [6] po3pobieHi TpuBHMIpHI IMHAMIYHI MOJEIi aBTOMOOLIS Ta MpUYera,
Ha OCHOBI SIKHMX MOOyZOBaHa AWHAMIYHA MOJENb Toi3na. Ha ocHOBI Teopil HAOMMKEHHS IEPIIOTO TOPSAKY
3BHUAHUX AuQepeHIlialbHuX piBHAHB Ta Teopii Oidypkamii Xomda BHBUAETHCS IiHIAHA Ta HeNiHIMHA
CTIMKICTh KO)KHOT'O €JIEMEHTa Ta aBTOIOI3/Ia B IIJIOMY MpH MPAMOJIiHIIHOMY pyci. YuCeNbHI pe3ysibTaTH
MOKAa3yIOTh, IO JUIS HETIHIMHOT 1 IIHIHHOT MOJIENI KPUTHYHI IIBUAKOCTI MaJIo PO3PI3HSIIOTHCSI MK c00010. Y
po6oTi [7] piBHAHHS BEPTHKAIBHOI i OOKOBOI THHAMIKH JOPOYKHBOTO TPAHCIIOPTHOTO 3aC00Y 3 6 CTYNCHAMH
BIJILHOCTI 3BeJieHI 70 MaTtpuuHoi ¢opmu. JochmikeHo pyx Takoro 3aco0y y BepTHKalbHIH 1 OOKOBIii
wiomuHax. [lokazaHo, mo po3poOiieHui METOJ MOKe OYTH 3aCTOCOBAHWE JUISl aHANi3y CTIMKOCTI pyXy,
30KpeMa MACAKUPCHKUX TOI3MIB SIK y TATOBOMY, TaK i TaJbEMIBHOMY pexuMi Y poOoTi [8] posrisHyTO
OaratoBapiantHe posmmpenas meroxy D2-IBC (Data Driven - Inversion Based Control) Ta meraabHO
00rOBOPEHO MOT0 3aCTOCYBAHHS 11100 KOHTPOJIIO CTabIIbHOCTI pyXy aBTOMOi3/iB. Y poboti [9] mobynoBaHa
MOJIeJIb 1o13/1a 13 31 CTyneHeM BUILHOCTI 3a JIOTIOMOTOI0 MakeTy AutoSim, i ToKa3aHi HalPSIMKH MOJTIMIIICHHS
ctiiikocti moizaa. [lpu npomy mokasano, 1o #oro cTadiIBHICTE MOXKE OyTH 3HAYHO TTIOKPAIIEHA 32 JOIIOMOT OF0
iHepTepa, IKMi BBAYKAETHCS €)EKTHUBHUM IS T IBUILIEHHS CTA0IILHOCTI Ta MPOAYKTUBHOCTI OaraToJIaHKOBUX
noizaiB. OHaK SIK OKa3ye MPaKTHKA, BU3HAUCHHS XapaKTepy MOBOIKEHHS CHCTEMH B 00J1acTi HECTIMKOCTI i
BUSIBJICHHS TPUYMH iX BUHUKHEHHS JIOTETIEp HE BTPATUIIO CBOET aKTYaIbHOCTI.

VY poboti [10] mpoBeneHO cIpolIeHNH aHami3 CIPSMOBAHOCTI CTIMKOCTI KOMOIHALiN TPaHCIOPTHHUX
3aCc00iB, TAKMUX SIK TPAKTOP Y MOEIHAHHI 3 OAHMM a00 JBOMa HamiBIpUYenaMu abd0 BaHTaXKIBKA Ta TOBHUH
mpudin. Kom0inarii aBToMOO1TIB pO3TIIA A0 THCS SK JiHIHHI JHHAMIYHI CUCTEMH 3 IBOMA CTYIIEHSIMHU CBOOOIH
IUISL KOJKHOTO OJIOKy. PIBHSHHS pyXy BUBEICHI 3 ypaxyBaHHSM BIUIMBY TaJbMyBaHHS Ta NMPUCKOPEHHS Ta
OTPHMaHO XapaKTepHE PIBHSHHS JUIS pyXy 3 MocTiiiHOIO mBuaKicTio. Kpurepii Pyra posrinsaatorscs, moo
PO3PI3HUTH CTIMKICTh 1 HECTAOUTBHICTD, PO3TJISIIAI0YN KOJIMBAIILHI Ta anepuoryHi pyxu okpemo. OcobinBa
yBara MPHUIUIETECSA TIOBEHIHIII aBTOMOOUIA TiJ dYac TaabMyBaHHS 3 OOTOBOPEHHSIM BILTUBY Pi3HUX
KOHCTPYKTHBHHX apaMeTpiB Ta pO3MOJALTY TaJbMiBHUAX CHJI, IO JIIOTh Ha Kojieca. Haperuri, mpeacraBieHa
HOBa KOHCTPYKIIisl Ci/IEJIbHOTO MPUCTPOIO TSt cTabimi3anii KoMOiHaIii TpakTop-HamiBnpuyin. Y poooti [11]
MMOKa3aHo, [0 BaHTaXXHI aBTOMOO1II 3 BeNnKOoro KinbkicTio npudenis (MTAHV) nemoHCcTpyrOTh HecTabibHI
PeKMMHU PyXy Ha BHUCOKMX MIBHAKOCTSX, BKIIFOUAOYHM CKJIQJ@QHHS JIAHOK, PO3TOWMIyBaHHS NpHUYera Ta
nepekuaanus. Li HecTaOinbHI, HECTIPUSITIMBI PEXKUMH PyXy MOXKYTh IPH3BECTH A0 JOPOKHBO-TPAHCTIOPTHHX
npuroA. 3 iHmoro 60Ky, Ii TPAaHCIOPTHI 3acO0M MarOTh MOraHy MaHEBPEHICTh HAa HU3bKHUX IIBUAKOCTSX. Lle
BHMarae 3HaXOJUTH KOMITPOMiCHHUH 3B'SI30K Mi’K MAaHEBPEHICTIO Ha HU3bKUX MIBHIKOCTSIX 1 O19HOFO CTIHKICTIO
Ha BHCOKHX IIBUIKOCTSIX.

Ha BinmMiHy Bij IIapHIpHO-3’€HAHUX MaIlIMH, KiIHEMaTHYHA MOJIE/Ib IPUYIITHOIO aBTOMOI3/[a € OLIbII
cknagHoto [12]. Binmbin ckiamHi piBHAHHS NPUYIHOTO aBTOMNOI3Aa 3 KEPOBAaHUMH INPHYETIAMH MOKHA
THTEPIPETYBATH BIPTyalIbHUMH PYJIBOBHMH KOJIECAMHU, 0 PO3MIIICHI Ha MPUYeriax, 3 KyTOM IIOBOPOTY, IO €
HEJIIHIHUM 3BOPOTHHM 3B'SI3KOM BiJI BUX1JTHOTO cTaHy KoH(iryparii. JloctymHa 1uist 11i€i ocTaHHBOT cucTeMu
Oararonanuorosa popma Moxe OyTH BiIHOBJIIEHA TAKOXK JUIS 3arajIbHOr0 0araToJIaHKOBOTO aBTOIOI3/1a, SIKILIO
3aMiHUTH JIOJATKOBI BXOIM PYJIbOBOTO YIPABIiHHSA MNETISAMH 3BOPOTHOTO 3B'S3KY, OTPUMAaHHS SIKHX
npecTaBisie OO0 HOBY CKJIaIHY 3a/1ady. YCHiX y pillieHHI MOAI0HUX 3a/1a4 3aJIEXKHUTh BiJl TOTO, HACKIIbKH
BJIaJI0 O0paHa MaTeMaTHYHa MOJIENb 1 11 iCTOTHI apamMeTpH, IO OTIMCYIOTh MTOBOJPKEHHS IMHAMIYHOT CHCTEMHU
y pi3HUX pexUMax pyxy. Y po6oti [13] cknaneni nudepenuianbHi piBHAHHS IOCKONAPaIeIbHOTO PyXY A
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BH3HAYCHHS TIOKA3HWKIB MaHEBPEHOCTI i CTIHKOCTI pyXy, MpOTE Ii PIBHSIHHS MOXYTh XapaKTepU3yBaTH
cTiiikicTs AT3 TiNbKH y TATOBOMY PEXHMi i MPAMOIiHIHHOMY pyci. IX BUKOpHCTaHHS /IS OLIHKM CTiHKOCTI
AT3 y ranbMiBHOMY PEXHUMi MOXKE MPU3BECTH JI0 CYTTEBUX ITOXUOOK.

HIJIb TA 3AJAYI JOCIIIKEHHSA

VY 3B’3Ky 3 MM METOI0 POOOTH € TOCITIHPKEHHS CTIHKOCTI aBTOIOI3/1a Y TAIbMiBHOMY PEKHAMI Ta aHAI3
(hakTOpiB, M0 BILTMBAIOTH HA MTOKA3HUKHU T'aJIbMiBHOI THHAMITHOCTI.

PE3VJIBTATHU JOCIIAXEHbD

Y mpomeci eKCTPEeHOTO TalbMyBaHHS WMOBIPHICTh TOPYIIEHHS CTIMKOCTI aBTOIOi3[a 3pOCTae,
0COONTMBO TIpH HEPIBHUX TaJbMIBHHX CHJIaX Ha KollecaXx oceidl aBromoizga. ToMy po3rissHeMo CTIHKICTh
aBTOIOI3/1a B PEXKMI TaIbMyBaHHs. 3BaKalOUU HA TE, 10 Y BHUITAJKY, 110 PO3TIISIIAETHCS, CHIIU B3aEMOJIIT B
TATOBO-3YIITHUX TMPHUCTPOSX aBTOOYCIB HE BIUIMBAIOTh HAa MEPEPO3NOJALT HABAaHTAXKEHb IO OOpPTaM JIaHOK
aBTONOI3/1a, JOCUTh CKJIAJHY CHUCTEMYy — TPHIAHKOBUI MPHYIMHAN aBTOMOI37] MOKHA PO3MIAAATH SIK TPH
CUCTEMH — TPH aBTOOYCH, 1110 TATbMYIOTh HE3aJICHKHO.

[Tpu npuknaneHHi 10 Koneca pajiyca I TalbMiBHOrO MOMEHTY M BUHMKAE TajibMiBHA cuia [3]

M M
—, AaKkwo— < ¢Z
r r

9z, ﬂKLb[O% >¢Z

Je @ - KOehIIiEHT 3YSTUICHHS KOJIIC aBTOIO13/1a 3 OTIOPHOIO IIOBEPXHEIO;

Z — HOpMallbHA peakllis OTIOPHOI MOBEPXHi Ha KOJECO aBTOMOI3/1a.

[psaMoniHiiiHUH pyX aBTOMOi3/1a B PEXKUMi ralibMyBaHHsI OyJIeMO BBaYKATH MPAKTHYHO CTIHKUM, SKIIO
HIMPHHA KOPUAOPY pPyXy Oyze IOpiBHIOBATH TOJIOBHHI IIMPHUHU CMYTH PyXy. 3BiJIcH BHUTIKae, 10 OOKOBE
NepeMilIeHHs JIAHOK aBTOIOi3/[a He TOBHHHO TepeBuIyBatu 1,0 m.

[Ipu mocmimkeHHI CTIHKOCTI pyXy aBTOMNOi3/1a PO3TIIAI0Th, K MPABWIIO, TUIOCKOMAPANIEIbHUNA PYX
fioro naHok. [Ipy IbOMY BBa)KalOTh, 110 HOPMaIbHI peakiii OMmopHOi MOBEPXHi Ha KoJieca MPaBoOro 1 JiBOTO
00pTy 0HAKOBI. 32 TaKO1 YMOBH CTIHKICTh PyXy pO3TIISAAOTH U TUIOCKOI MO aBTOMoi3/1a.

l'aneMyBaHHS aBTOOYCHOTO T0i3/1a MOKE IMPU3BECTH IO CYTTEBOI 3MIHH PEaKIliii OMOPHOi MOBEPXHi Ha
KoJIeca MOTo JIaHOK, a IMPY HEPIBHOMIPHOCTI raJIbMiBHHX CHJI I10 KOJIECaM OCEH aBTOOYCHOTO 10i3/1a — JI0 3MiHH
HaNpsSMKY PyXy Bij IPAMOJIHIHHOTO 10 KpUBOJIiHIMHOTO. J{11st peanizaiiii KpuBOJIIHIHHOTO PyXy AMHAMIYHUM
croco6oM (i3-3a HEpIBHOCTI ralbMiBHHX MOMEHTIB Ha KOJIecaX OHI€l 0Ci) MOBUHHO 3a0e31meuyBaTucs NeBHE
CHIBBITHOIIICHHS KYTOBHX IIBUAKOCTEH KOJIIC pi3HUX OOpTiB Mamuuy [14]. Y pobori [15] 3a3Hauenuit crocid
MOBOPOTY TPAKTYETHCS SIK 3MiHA KPYTHIUX MOMEHTIB, IO MiABOAATHCS J0 KOJIC BiICTAIOYOT0 Ta 3a0iratoyoro
6oprtiB. Y pobotax [16, 17] orpumani piBHAHHS AWHAMIKH KPYrOBOTO PYXY MAaIlMHM MPU KOMOiHOBaHOMY
croco0i ympaBITiHHS TOBOPOTOM

L (My M) fg T [szl bdvxljtgzm
m-L{ r, 1, L L dt
d_a): ztgz | + Bz tga x My-My, M, -M,, -0
dt 1er +i, tg% 2L°m [ ry,
L2

(6)

SIK1I0 MPHITYCTUTH, IO TOBOPOT aBTOOYCa 32 paXyHOK Pi3HMX MOMEHTIB Ha KoJiecax 00pTiB aBToOyca
do . . .
€ yCTaJICHUM, TOOTO o 0, To mepumii 10OyTOK CUCTEeMH PiBHSHB (6) He Moke nopiBHIOBaTH 0, a Jumie

IpyTHii, TOOTO

1 Mk1+Mk2 + Bz tgax Mkl_Mkl_MkZ_MkZ _ E_'_f_?x(vle_'_bdv jtg al= (7)
m-L\ r, 1, 2L°m r, r, L dt
TTo3naunmo:
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f—?x(vle+b%j=a
L dt

B X(Mal_Mlld_ MIZZ_MILZJ:b
m Ta1 fa2

1 Mk1+Mk2 _Ezc
m-L{ r, r, L

Toni piBasHAS (7) MOXHA TIPEICTABUTH y BHTIISI

axtg’a—bxtga+c=0,
PO3B’S3KOM SIKOTO €

b++/b? +4ac

tga = a ,
ne O — cepedHiil KyT IIOBOPOTY KEPOBAHUX KOJIC;

b — BimcTanb Bix 3aaHBOT OCi 10 MPOEKIii eHTpy Mac aBToOyca MA3-206 Ha rOpU30HTAILHY TUIOIIHMHY,

b=1,54 m;

m — Maca aBTo0yca, m =12910 kr;

L — mo3noBxkHs KomicHa 6a3a aBTobyca, L=4,27 m;

M,,; M,, —CyMapHi rajabMiBHI MOMEHTH Ha KoJlecaX NepeHbOI Ta 3aHbOI oceil aBToOyca,

M, =Z, x@x Ty, M =11497 Hv; M, =20381 Hw;

mxbxg+P xh

Z, - HOpMaJlbHa peakllis OIIOPHOi MOBEPXHI HA KOJIECO aBToOyca; Z,, = =27373,8H

Z,, = w =48526,2 H
¢- xoedimient 34yereHus, ¢=0,6;
r,,; Iy, — AMHAMIYHI pajiycy NepeHixX i 3aaHix komic (r,, =r,, =r,=0,42 m);
f — koeoiuienT onopy Ko4eHHs Koiic aBTodyca, f =0,02;

h — Bucora nentpa mac aBrobyca, N=1,54 m;

i, — paziyc iHepuii aBTo0yca BiIHOCHO BEPTUKAJIBLHOI OCi;

V,, — JliHiliHa IBUJKICTh aBTOMOOLIIS y HANIPAMKY I103JJ0BKHBOI OCi;
M,,; M,, —rajlbMiBHI MOMEHTH Ha BHYTPILIHLOMY 1 30BHIIIHBOMY HEPEJIHIX KOJIecax;

M, =0.6My15; M7, =0,am,,,;
M I'(l= 6898,4 Hm; ™M I2124606,4 Hwm; |\/|l'(2 =12228,6 Hwm; M;z =8153,8 Hm.

(8)

HpI/I l"aJ'II:MyBaHHi aBTo6yca 3 MaKCHMMAaJbHOI I1HTCHCHBHICTIO rajJbMiBHA CHJIAa Ha Kollecax ocei

aBTOOYyCa BU3HAYUTHCS K

PZkZP(pk:ZkX(”,

)

HopmanpHi peakiiii omopHOi MoBepXHI Ha Koliecax IMepeJHbol 1 3aJHbOI Oci aBTodyca B mporieci

raJbMyBaHHA 0e3 ypaxyBaHHS nedopMallii MiIBICKH 1 IIMH BU3HAYATHCS SIK
G, xb+Ph, G,xa—-Ph,

le— y 22 B — I} (10)

L L

Je Pr— raipMiBHa cuiia aBToOyca.
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[IpuiimeMo, 1m0 rajapbMiBHI MOMEHTH Ha KoOJiecax OJHI€l oci aBToOyca He PiBHI MiX CO00I0, MpUIOMy Ha
MEPILIOMY 1 TPEThOMY aBTOOYCI M K13 = 0, 6M21,3 =0,6, M K13 = 0, 4M21]3 ,  Ha IPyroMy aBTo0yci M,, =0,4M _,
, M,,=0,6M_,. 32 TakuX 3HAa4€Hb TaJbMiBHHX MOMEHTIB CTBOPIOETHCS MOBEPTAILHUH MOMEHT, IO
MPU3BOJIUTE 0 KPHUBOJIHIMHOTO PyXy, paZiyc TPaeKkTOpii SAKOTO BHU3HAYAETHCA SK-OM KyTOM TOBOPOTY
KepoBaHUX KoJlic Ha KyT o.=5,05° 1y1st meproro i Tpethoro aBrodyca i a=-5,05° — g apyroro aBrodyca, To6TO
TPAEKTOPIis pyXy HEPIIOTro 1 TPETHOTO aBTOOYCa BIAXMIIAETHCS 10 IEHTPY MTOBOPOTY, a IPYTOro — HABIAKH Bif
LHEHTPY MOBOPOTY. [Ipu IbOMy TpaekTOpi€to pyxy aBToOycCiB Oyae nyra kona pagiycom R=L/tga = 49,65 M,
a raJbMiBHUI IIUIAX 32 IOBHOTO BUKOPHCTAaHHS CUJI 3UEIICHHS yCiX KoJlic aBTo0yca S =v?/2ge= 19,13 M,

IO MPU3BEJE 10 BiAXHUIICHHS TPAEKTOPIi MepIIoro aBTodyca BiA MpsMoOIiHilHOI TpaekTopii Ha A=1,65 M 10
LIEHTPY IMOBOPOTY, IPYTOro aBTo0yca — Ha TaKy K BEJTMYWHY BiJl IEHTPY MMOBOPOTY 1 TPETHOTO aBTOOyca — Ha
TaKy  BEJUYMHY JO LIEHTPYy MOBOPOTy. Ilpu 3MeHmenHi msuakocti g0 10 M/c tga =0,05241 0=2,95°,

R=81,49 M, S=8,06 m i A=0,446 M, 110 BKe 3anuIIac aBTO0yC y MeXax MOJIOCH PyXY.

Jst peanibHOT KOHCTPYKIiT aBTOOYyCa 3B'130K MiXK MiAPECOPEHUMH 1 HEMiIPECOPECHUMH MacaMu 311HCHIOETHCS
3a IOTIOMOTO0 MPYXKHUX 1 AeMII(YIOUNX TMPUCTPOIB, a MK HEIiAPEeCOPEHIMH MacaMH 1 JOPOTOI0 — depes
IIMHA, SKi XapaKTepHU3YIOTHCS OJHOYACHO 1 MPYXKHUMH 1 AeMI(YIOYAMA BIACTHBOCTSIMH, TOOTO MOXKHA
MNPUIYCTUTH, MO MIAPECOPEeHi Mach 3IIMCHIOIOTh KOJMBAaHHA Ha NPYXHHUX EJIIEMEHTaX 3 IPHBEACHOIO
XKOPCTKICTIO. [Ipn 1ipoMy BBa)aeThCs TAKOXK, IO BiCh KPEeHY KOXKHOI JTJAHKW MapaielibHa OMOPHiN MOBEpPXHi,
a PyX JIJaHOK aBTOIOi3/la Y BEPTHKAIbHIN IIOMIMHI 110 KyTaM TaJIoyBaHHs (TaHTaxXYy, TUPEPEHTY) Ta KPeHY
BIUIMBAalOTh Ha  OOKOBUH pyxX, B IepHIy 4Yepry, i B OCHOBHOMY IIUISXOM  3MiHH BEPTHKaIbHUX
HaBaHTa)XCHb Ha KoJjieca, 3MIHIOIOUM TUM CaMHUM BEPTHKaJbHI peakilii OomopHOi MOBEpXHi, puc. 2. Y
BIIMOBITHOCTI O Tii€l KoHmemmii i Oyllo TMpOBEACHO PO3MEXYBaHHS PYyXiB aBToOyca Yy BEpTHKANIBHIMH,
MO3IOBXKHIH 1 monepeyHiil miomuHax. s KoKHOTO i3 IIUX PyXiB CHCTeMa PiBHSIHB ISl KOKHOTO aBToOyca
aBTOOYCHOTO 10i3/1a OyJia 3anmucana y Burisii [3]:

N

(H+s)tgy

Yo

H+e

}’—\I\N\

Pucynok 2 — Cxemu cuil, 1110 JIiFOTh Ha MEPIIUN aBTOO0YC

- IO 3MIHHIHA 71

n]lzl = _21(1) + %1[2221 - (Zal + Zel\l)] + Q12[221(;1 - (Zbl + Zél)];
-110 3MiHHIN ¥4

I1‘/'/'1 = C121 + a1q11[22:1 - (Zal + Za/u)] - blqlz[zzl())l - (Zbl + Zkl)l)] _[(xll + Xlll) + (X12 + X:L/Z)]Zl -
-X @ (Zol - 21) - Fai(sin 01 —sin ‘91/) - 5{q11[221(5in 91 —sin '91/) - (Zalsin 91 - Z.’le sin 6’1/)]}1

-TI0 3MIHHIH )1
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I x17'/'1 ==Y @ (Zol - 21) + (Hl + gl)qu(Ztl)l - Zbl) + qull(zalll - Zal) + 51{Fa01(00591 —COos 01/) +
+0,[27 (cos g, —cos 91/) —(z, c086, - Z:/al Cos ‘91/)]}+ [(Y_n + Y_li) +(Yy, +Y1/2)]21;

- 110 3MIHHIA Zp

m,z., =—2 @ 4 2¢,1[hey — 200 — b, (1Y, —t8YW,)]+ zW;
-110 3MiHHIH ¥

LW, =02, +(2c, — 2,,) X @ -Za,+X (1)(Zc2 —Z,)—
2b,0, [N, — Zc, —b, (tgw,, —tgw,)]— HZ cosw,tgy,c,,, Sin 26;;

- TIO0 3MIiHHIH

.. 2 2 1 .
oy 2 =y )(Zoz —Z¢,) — Hj cosy,tgy,Cpo,, +Y¢ )(ZCl —Z,4);
- 110 3MIHHIH Z3

2 3 / /AW
MyZe; = _Z( ) — m;g + (Fa3 + Fas) + (Fb3 + Fb3)!
-110 3MiHHIN ¥4

Ly = z®d — X(Z)(Zcz —24,) — (R + Fbls)ba —(X;+ xé)zca +[Fs(a; —&5sin ;) + Fals(as +&;8in 93{];

- 110 3MIHHIN 3

|x3773 ==Y ® (Zos - ch) + (H3 + ‘93)(Fb3 - Fbls) + Fas(Hs t+é&; COSH3)

1)
/ / va vai /
—F s (Hy+&,0086,) +[(Ya5 + Yas) + Yoz + Yozl Zcs-
VY cucremi piBHsHB (11 ) nIpuitHATI Taki MO3HAYECHHS:
l,i — MOMEHT iHepIIii JJaHOK aBTOMO{3/1a BiTHOCHO MOTIEPEYHOT OCi, 1[0 TPOXOJAUTH Yepe3 IEHTP X Mac;

Ixi - MOMEHT iHepIii TaHOK aBTOMOI3/1a BiTHOCHO MO3I0BXKHBO1 OCI, III0 MMPOXOTUTH Yepe3 IEHTP X Mac;
Cb21, Cb21w— BIJTOBITHO MKOPCTKICTh MiJBICKH 1 IIWH JAPYroro aBTo0yca;

F° Fbj - BEPTHUKAJIbH1 pCaKIll 1-01 IEPCAHBO1 1 J-01 3aJHBO1 OIIOP Ha KICTAK IIEPIIOro aBT06yca;

al

oi .
Zij - BEPTHKAJIbHA PCAKIIlA B TATOBUX IMMPUCTPOSIX;

Zij - BEpPTUKAJIbHA PeaKllisi OIIOPHOI MOBEPXHIi Ha KoJeca aBTOMOOITBHOTO 1M0i3/1a;

0ij — IpUBe/IeHa KOPCTKICTh MiJIBICKH Ocel aBTOMO13/1a;

Zoi — BUCOTA PO3TAIllyBaHHS TOYOK 3UiMKH JJAHOK aBTOMOT3/1a y CTATHIII;
Z.i — BUCOTA PO3TAIllyBaHHS LIEHTPY MaC JIAHOK aBTOIOI3/1a y CTATHIII;
he2 - BECOTa po3TallyBaHHS TATOBO-3YilIHOTO IPUCTPOIO;

H; — monoBuHa KoJ1ii BIAMIOBIAHOI OC1 aBTOIOI3/1a

& — 3MIILEHHS IICHTPY Mac JIAHKW aBTOIOI3/1a MpH Jii O1YHOT CHIIH.

IarerpyBanns piBHsiHb pyxy (11) 3aiiicHIOBaNIOCS 32 TAKUX MAapaMETPiB aBTOMOI3/a:
ai=2,73; bi=1,54; ¢i=4,92; m=12910; J;;=53100; J,,=19283; J=45587; a.=5337 mm; b2=1600 mm; q1;= 6000;
cb21= 800; cp21u =2400; kf =0,02; k1i=160000; k2i=320000; hi=30, H=3150 mm; hg=1,54 M; ¢i=0,6; 60 =0; 0i=00i
+koixn; kei=0.05; n=1,2...10; y =5,88; z°=45629; z2=1000; F?=41066; F°¢=68900; z,i=0,52; z.1=1,54;
he=0,45; H1=0,95; V=10, 15 m/c.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHHSA

Pesynbratu inTerpyBaHHsl cucteMu piBHSHB (9) HaBenmeHi Ha puc. 3 — 5. Tak, Ha puc. 3 HaBeseHi
rpadiku 3MiHM KyTa TaHraxy aBToOyca, puc. 3a, i HOpMallbHOI peaklii Ha KoJjiecax IMepeJHboi oci aBTo0yca,
puc. 30, npwu ioro ransmyBanHi 31 mBuAKocTi 101 15 m/c.
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AHani3 HaBeneHUX rpadikiB MOKA3ye, 10 IPOTIrOM MEPIIOT CEKYHIN MAa€ MiClle HalO1Ibla 3MiHa SIK
KyTa TaHTaxy (10 3,74°), Tak i HOpMaNILHOI peakxilii OOPHOT MOBEPXHi Ha KoJleca IepeIHbOI 0ci aBTobyca (10
36,5%) 3a mBuakocti 15 m/c, MmO CBiIYMTH TpPO IHTEHCUBHY pPOOOTY MiABICKW, AeMI(YBaHHS B SKid
MPU3BOAUTH 10 OUIBII IHTEHCHBHOTO 3aracaHHsl KyTa TaHTaXy Y MOPiBHSHHI 31 3MiHOI0 HOPMaJIbHOI peaKlii.
MPUYOMY IS 3MiHAa Ma€ KOJIMBaJIbHUM XapakTep. 3MEHIIIEHHS IT0YaTKOBOT IBUKOCTI TalbMyBaHHs 10 10 M/c
(8 1,5 pasu) npu3BOANTH MaiiXKe 10 MPOTIOPLIHHOTO 3MEHIIIEHHS K KyTa TaHTaXy, TaK 1 HOPMaJIbHOI peaKilii
OIIOPHOI TIOBEPXHi Ha KoJieca MepenHboi oci aBTo0yca. Take qoBaHTa)KEHHs KOJIiC epeAHbol oci aBToOyCa, a
BIJIMTOBITHO 1 PO3BaHTAXEHHS KOJIC 33JHBOI OCi MOXE MPHU3BECTH J0 CYTTEBOI 3MIHU Koe(ilieHTa Omopy
0iYHOMY BiJBEIEHHIO KOJIIC X OCEH, a pa3oM 3 THUM i1 J0 3MiHM MOKa3HHKIB CTIHKOCTI pyXy aBTOOyCa B
Mpoleci raJbMyBaHHSI.

4 40
35 |\ 35
2
3 g 30 |
o
g 2,5 z 25
§ YA g 20 “
Pl \/ = Ve o
£ z 15
E 1,5 7 ai“ii—__ ;; '\
i
a I~
o I
0,5 <
l 043
0r -1 1 3 5
0 1 2 3 4 5 4ac ranbMyBaHHS, C
yac nepexi.quro npouecy
\ =E=\/r=15 Mm/C awiwe\/1=10 M/C \ =8=\/r=15 m/c ===\/r=10 m/c

a) 0)
Pucynok 3 — 3MiHa KyTa TaHraxxy aBToOyca (a) 1 HOpMaJbHOI peakilii Ha Kojiecax
nepenHkoi oci aBrodyca (0) mpw iforo ramsMyBaHHi 31 mBUAKocTi 101 15 m/c.

Ha puc. 4 HaBeneni rpadiku 3MiHM KyTa KpeHY i O1YHOTO MPUCKOPEHHS MPH pyci aBToOyca Mo Iy3i
KOJIa B mporieci rajgpbMmyBaHHs. bidne npuckopeHHs Ha piBHi 0,32 g, X0 i 3abe3neuye CTIHKICTh aBTOOyca B
TaKOMY PEXHUMI, TPOTe MPHU3BOIUTH JI0 CYTTEBOI 3MiHM HABaHTAXKEHB 110 KOJiecaM Horo OOpTiB, 10 HEOOXiTHO
TaKOX BPaXxOBYBaTH TP BU3HAUCHHI TOKA3HUKIB CTIMKOCTI aBTOOYCHOTO M0i3/1a.

5 0,35
4 /)\\ 0,3
3 0,25
o / ® 0,2
g 2 5"; v \
I 1V ‘F g- 0.1 f
80 S s
= A 4 p =
. 0 2 3 4 § 20,05 { v
&1 5 \
5 \ ; 0 ===t ﬁQO}ixx,
- © 1 2 3 47 5 5 7
X 0_0’05 0 3 6 8
yac nepexigHoro npouecy, ¢ -0.1 )
Yyac nepexigHoro npouecy, ¢
—=V=18c  ——V=10wo | | e V=15 Ml =t V=10 G |
a) 0)

Pucynok 4 — 3mina kyta kpeny (a) 1 6iuHOrO0 mpucKopeHHs (0) mpu Horo
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rajbMyBaHHi 31 mBuakocti 101 15 M/c.
lanbMyBaHHS Ha TOBOPOTI MPU3BOJUTH TAKOXK JI0 PUCKAHHS aBTOOyca, pHuc. 5. XapakTepHUM I
LBOTO MPOLECY € Te, 10 MAKCHUMAIIbHI 3HAYEeHHS KyTa PUCKaHHS 1 KyTOBOI IIBHIKOCTI PUCKAHHS AOCSTalOTh
npoTsroM 2...4 ¢ Ha BiAMiHY Bifl 3MiHH KYTiB TaHTaXYy 1 KpeHy, 10 MOTipIIye CTIHKICTh pyXy aBToOycCa.

14 16
12 "\ 14
{ A L
10 ¢ *‘ g‘l 2
b . ( IAAAE A o 1 0
g8 { ¢
g [ z8
S 6 MNot. .| ©
& r} Y 56 -
I _— — ‘
5 4 ay 3 4
3 | ¢ 2 /\\
g_ 2 I " g 2 V ¢ Y
; 4 §[ 01 vy ,#"v"'jvvvv_w
x 0 ——— ] ( D 3 W x 6 7 8
I ] 3.2 £ { D D
L,0 1 2 3 4 5 6 7 8|g )
o
yac nepexigHoro npouecy, ¢ 5 “ac nepexigHoro npouecy, ¢
\ ==te=\/=15 m/C ==\/=10 M/c | \ =l=\/=15 M/C i \/=10 M/C \

a) 0)
PucyHok 5 — 3mina kyTa puckanHs (a)i KyTOBOI IIBHIKOCTI puckaHHs (0) aBToOyca
MpH TajbMyBaHHi 31 mBUAKocTi 101 15 m/c

OTtpumaHi 3HA4YEHHsI KyTiB TaHTaXYy 1 KpeHy, a BiAMOBITHO JOBAaHTaXXeHb (PO3BaHTaKEHb) MOKJIAICHI B
OCHOBY PO3paxyHKY KOpeKIlii Koe(illieHTIB Onopy BiJABEIECHHS KOJIIiC aBTOOYCa i MPUYCIIIB IS MOAAJIBIIOTO
pPO3paxyHKy MapaMeTpiB CTilikocTi aBToOycHOro moizma. Jlms mporo ckopucTaemocst 3alexHicTio J[.A.
AHTtoHoBa [19] mis Bu3HaueHHs OidHOi peakilii Ha KojlecaXx oceil aBToOyca mpu HOro pyci Mo TBEPAHM
OTIOPHHUM TIOBEPXHSIM

Y =a% ky035 (12)

1€ Kyo, - eKCTpeMasbHe 3HAUYEHHS KoedillieHTa OTopy BiJBEACHHS B 3aJI€KHOCTI BiJl HOPMAJIbLHOT
peaxiiii B KOHTaKTi KoJieca 3 OIIOPHOI0 TIOBEPXHEIO;
gn-Koe(illieHT BIUIMBY Ha BiJIBEICHHS MIEPEPO3IOIiTy HOPMAJIbHUX OTIOPHUX PEaKIliii;
gr-KoedillieHT BIUIMBY TATOBUX i TAIIbMIBHUX CHIT,
0 - KyT BiJIBEICHHSI.
KoedinienTn, mo Bxoasts y Bupa3 (12), BH3HAYAIOTHCS 3aIEKHOCTIMU:
- IS BEpTHKAJIBHOTO HABaHTAKEHHS

2 3 2
gy =1-0, 6[—ARRZ3 ] +0, 4(—ARRZS j - 0,1(—ARRZS J— 0,1[ ARRB ] sgnRo (13)
c]

Z Zo Z3 Z3 R23

ae
AR, =R, —R,,,
R; — HopManbHa peaxilisi OHOPHOI MOBEPXHI HA KoJieca BO3WKA HAITIBIPHUETa;
R., — HOpMarnpHa peaxilisi OIOPHOI MMOBEPXHi, IO BiOBIIa€ EKCTPEMATLHOMY 3HAUYEHHIO KOe(iIlieHTa Oropy
OIYHOMY BIZIBEICHHIO;
Hopmasbha peakiiisi OnopHOi MOBEPXHi, 1110 BIATIOBIAE€ EKCTPEMaIbHOMY 3HAUECHHIO KoedirieHTa
oropy 0iYHOMY BiJIBEJICHHIO BU3HAYAETHCS K [19]

2 2
Rz3=R7H,,M—0,0726(@) [Qj N8 (D2 —d?)?x|3,75R,, +15-1000] —"=_ |DB? fE ,(14)
o B B n - n_+10 H

o cn

Rzuom — HOpMaJIbHA PeaKilisi OMOPHOT MOBEPXHi, 10 BiJNOBIIa€ HOMIHAJILHOMY THCKY TOBITPS B IIIKHI;
H — Bucora npodins mmHy;
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D, d — 30BHIiIIHI} | BHYTPIIIHIi JiaMEeTPH IIMHY;
B — mmprHa ipodisis muHwY;
Nen — KUTBKICTD IAPIB KOPIY MIWHH.

KoeimienT BIumBy raibMiBHAX CHUIT Ha KOe(iIlieHT oropy O19HOMY BiJIBEIEHHIO Kouric 60pTy aBTOOyCa
BU3HAYAETHCS 3AJICKHICTIO!

Gh="""R " (15)
1+0,375—*
RZ
ne Ry —ranpMiBHa cuiia Ha KoJjiecax OOpTy BO3MKa HaliBIpUUENa.

3 BUKOPUCTaHHIM KOPEKTYIOUNX KOe(]IIi€HTIB Y TOJAIBIIOMY BU3HAYAIOTHCS O1YHI CHUIIH, IO JIFOThH
Ha 30BHIIIHI 1 BHYTPIllIHI Kojieca aBTo0yca y piBHSHHAX MJIOCKONapaieabHoro pyxy [13], iHTerpyBaHHs SKHX
MPOBEJICHO 3a BUXIIHUX JaHUX HaBeJeHUX y podori [20].

Ha puc. 6 HaBeneHi pe3ynpTaT po3paxyHKy rabaputHoi cmyru pyxy (I'CP) aBrobycHoro moizma 3a
HEPIBHOCTI TaTbMIBHUX CHJI Ha KoJiecax HOTro oceil 1 MBUIKOCTI, 3a sIKO1 3a0e3Meuy€eThCs CTIHKICT pyXy, TOOTO
aBTOOyC 3aMuIIacTbesi B Mexkax cmyrn pyx (3,5 ™). Apronoizmom Nel mo3HadeHwid aBTOMOiZN 3
OJTHOCTOPOHHBOIO HEPIBHOMIPHICTIO TAJILMIBHUX CHJI YCiX aBTOOYCIB, aBTOMOi310M Ne2 — 3a pi3HOCTOPOHHBOT
HEPIBHOMIPHOCTI TaTbMiBHHUX CHII.

AmHani3 gaHux, puc. 6, TOKa3ye, U0 BpaXyBaHHS MEPEPO3NOIiTy HaBaHTaXKEHHS MO 0csM 1 bopTam
aBTOOYyCa Mpu3BOAUTH 10 cyTTeBOi 3MiHM ['CP aBToOycHoro moi3na. Tak, sIKIOo TNpH KOPCTKUX MiJBICKax i
IIMHAX 332 IIBUAKOCTI 15 M/c aBTOOYCHUII MOi3/1 32 OTHOCTOPOHHBOT HEPIBHOMIPHOCTI TalbMiBHUX CHII BXKE
BHUXOJUB 32 MEXi JOIyCTUMOI CMYTH PyXY, TO 3 ypaxyBaHHIM JedopMaliiii maBicKH i IIMH BiH 3a i€l
HIBUJKOCTI 3aJUIIABCS MI€ B MEXaxX JOIMYCTUMOi cMyru pyxy. llosicHIoeThCsl e 301TBLICHHSM KYTiB
BiJIBEJICHHsI KOJIC TEpemHiX Oocell y MOpPIBHSIHHI i3 3aJHIMH, MO 3a0e3medymio OiMbIIui pagiyc TMOBOPOTY
TpaekTopii aBToOyCa, a BIiAMOBITHO i 3MEHIICHHIO BiIXUJICHHS TPAEKTOPIii aBTOOYCIB B/l MPSIMOIIHIHHOI.

5 9
.
8 /|
7
6
5
4 —
\/
3 i L
—
2
1
0
0 5 10 15 20 25 30
WBMAKICTb aBTONOI3ga, M/C
—&— [CP aBTOnoi3aa Nol, m ICP asTonoizga Ne2, m
ICP ponyctuma, m

Pucynok 6 — Jlo BU3HaYeHHSI MMOYATKOBOI LIBMJIKOCTI TalbMyBaHHSI aBTOOYCHOIO MOi3/a 3a
HEPIBHOCTI TaJbMiBHHMX CHJI Ha KOJIeCax MOro Ocel, 3a K01 3a0e31euyeThesl CTIHKICTh PyXY

BUCHOBKH

BcraHoBieHo, 110 HEPiBHOMIPHICTh TajbMiBHUX CHJI IO KOJIeCaM OCei aBTOOYCIB MPHU3BOAMTEH HE
TUJIBKH JIO MOTIPIICHHS TajbMIBHUX BIIACTUBOCTEH, a i JI0 MOTIPIICHHS CTIHKOCTI pyxy. Tak, 3a mBuakocTi 15
M/c ripu OOpPTOBI¥ HEPIBHOMIPHOCTI TaJIbMIBHUX CHUJI I10 KojiecaM oceld aBToOyciB B Mexax 1:1,5 mpoTsarom
TIEPLIOT CEKYH/IM Ma€ Miclle HalbiIbIIa 3MiHa K KyTa TaHraxy (10 3,74%), Tak i HOpMaIBLHOT peakilii OopHOT
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MTOBEPXHi Ha KoJjeca mepeaHsoi oci aBTodyca (1o 36,5%). 3MeHmeHHs T09aTKOBOT MIBHIKOCTI TalbMyBaHHS
1o 10 m/c (B 1,5 pasu) mpu3BOAUTE Maike 10 MPOIMOPIIHOIO 3MEHILICHHS K KyTa TAHTaXy, TaK 1 HOPMaIbHOI
peakiii onopHoi MOBEpXHI Ha Kojieca MepeaHboi oci aBToOyca. Take JAOBaHTaKEHHs KOJIC MEpeaHboi oci
aBToOyca, a BiJIOBITHO 1 PO3BAaHTAXKEHHS KOJIIC 3aIHBOI OCi MPHU3BOJIUTH JIO CYTTEBOI 3MiHHM KoedilieHTa
oropy OiYHOMY BiJIBeIEHHIO KOJIIC IIUX OCed, a pa3oMm 3 THM i A0 3MeHmenHs ['CP aBTomoizga B mporeci
raJbMyBaHHS.
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In the process of emergency braking, the probability of violation of the stability of the road train
increases, especially with uneven braking forces on the wheels of the axles of the road train. The stability of
the road train in the braking mode is considered in the work. Given that in the case under consideration, the
forces of interaction in the traction couplings of buses do not affect the redistribution of loads on the sides of
the road train, a rather complex system — three-link trailer can be considered as three systems - three buses
braking independently.

In the study of the stability of the road train is considered, as a rule, plane-parallel movement of its links.
It is believed that the normal reactions of the support surface on the wheels of the starboard and port sides are
the same. In this case, the stability of the movement is considered for a flat model train.

The dynamics of braking of a three-link passenger train consisting of three MAZ-206 buses is
considered. It is shown that taking into account the redistribution of load on the axles and sides of the bus for
the inequality of braking forces on the wheels of its axles leads to a significant change in the GSR of the bus
train. So, if at rigid suspension brackets and tires at speed of 15 m/ s the bus train at one-sided unevenness of
brake forces already went out of admissible lane, taking into account deformations of a suspension bracket and
tires it at this speed remained within admissible lane. This is due to the increase in the angles of the wheels of
the front axles compared to the rear, which provided a larger radius of rotation of the bus trajectory, and,
accordingly, reduce the deviation of the trajectory of buses from the straight line.

Keywords: bus, braking, inequality of braking forces, stability, dimensional lane
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J10 BABHAUYEHHS CTIMKOCTI PYXY TPHJIAHKOBHUX ABTOIIOI3/1IB

Cy4acHHH PO3BHTOK I'POMAJICBKOTO Ta BaHTQ)XKHOTO TPAHCIOPTY Bele N0 301IbIICHHS 3alUTiB BaHTaKHMX
TPaHCHOPTHHX 3ac00iB BETMKUX MICT 1 MiCBKIX aBTOOYCIB. LIst TeHeHIIist 0OTpYHTOBYE apryMeHTH eKOHOMIT eHeprii Ta
3HIDKEHHS PiBHS 3a0pyIHEHHS HaBKOJIHIIHLOTO CEPETOBUINA, 00YMOBIEHOTO OOMEKEHICTIO KITBKOCTI TPAHCIIOPTHUX
3aco0iB 1 BOJIiB, HEOOXITHUX JJISI TIEPEBE3CHHS BEIMKOI KUTBKOCTI BaHTAXIB 1 JroJei. SIK HACTIIOK, BHPOOHUKH
BaHTaXIBOK I MICBKHX aBTOOYCIB y HUHIIIHII Yac MPOEKTYIOTh KOHCTPYKIIT BETMKOI MICTKOCTI ¥ ()OpMi CHIJIBHUX Ta
0araToMaHKOBHUX, AK IpPaBUJIO, TPWJIAHKOBUX TpPAHCIOPTHUX 3aco0iB. lllapHipHe 3’€nHaHHS JAHOK POOHUTH MAOBTi
TPAHCIOPTHI 3acO0M YyHiBepCaTbHUMH Y BUKOPUCTaHHI 1 JOIMyCKa€ LIBHIKE MaHEBPYBaHHS HAaBiTh B HANpPYXCHOMY
MICBKOMY CEpEIOBHIII.

3acTrocyBaHHS aBTOOYCiB 3 MacaXUPCHKUMH TNPHYENaMH TO3BOJIIE€ 3HU3UTU EKOHOMIYHI Ta EKOJIOTidHi
BUTPATH 32 paxyHOK 3aCTOCYBAaHHS B TOJMHH IIK aBTOOyca 3 IPHUYENOM, a B MDKIIKOBHI Yac TOTO X aBToOyca 0e3
npudena. To6To aBTOOyCcH 3 HPHYENIOM MOXYTh JaTH T€, YOTO HE MOXKYTh JaTH Taki )k IO MICTKOCTI 3WICHOBaHi
aBTroOycH. [IpoTe muTaHHs CTifIKOCTI 6araToJaHKOBUX aBTOIOI3/[IB HA CHOTOIHI Il He 0 KiHI[I BUpilIeHO. ToMy MeToro
po6OTH € BH3HAYECHHS CTIMKOCTI pyXy TPHJIAHKOBOT'O aBTOOYCHOTO IOi3[a y CKiaii aBToOyc + HpHUilHA JIaHKa 3a
HaIiBIIPUYIITHOIO CXEMOIO + MPHUYIIHA JIaHKa 33 IPHUYITHOI0 CXEMOIO.

J1ns boro po3po0IICHO IPOCTOPOBY MOJIEIB PYXY aBTOOYCHOTO MO13/1a, 1110 JO03BOJIHIIA BU3HAYUTH [TapaMeTpH
CTIMKOCTI y pi3HHUX pekuMax pyxy. [lokazaHo, o CTIHKICTh pyXy aBTOIOI3/1a IPH BUKOHAHHI MAHEBPIB «IIepeCTaBKay
1 «pUBOK PYJIBHOBOTO Kojecay 3a mBHAKocTi 10 M/c He 3a0e3meuyeTbes 1 s 1 3a0e3nedeHHs] HeoOXiTHO 3MEHIINTH
MIBUJIKICTB aBTOMOi31a 10 8,5 M/c. BU3HaYeHO KPUTHYHY IIBHIKICTH MPSIMOJIHIHOTO pyXy aBTOOYCHOTO MOi3/a, siKa
ciana 30,25 m/c, mo nepeBuIye MakCUMalbHy JO3BOJIEHY IIBHIKICTh pyXy HaBiTh B cuctemi BRT, mo 3acBiguye
JIOUTBHICTE CTBOPEHHS TAKOTO aBTOOYCHOTO Moi3/1a.

Karwuogi ciioBa: aBTo0Oyc, mpuyin, CTiHKiCTh, NIBUKICTh, MAHEBP, MATEMATUYHA MOJICIb.

BCTYII

IcHyIOYl KOHCTPYKIii BaHTQXHHUX 1 MAacaXUPCHKUAX TPIJIAHKOBUX aBTOIOI3/[iB BUKOHAHI 32 JBOMa
yHiBepcaJbHUMU cxeMami. [lepiia: aBromnoisz chopmMoBanuii a00 3 TPUBICHOTO TATa4a + 5-BICHOTO MpHYeTIa,
BUKOHAHOTO Ha 0a3i cepiliHOTo 3-BiCHOTO HaIiBIIpHYera Ha JBOXBICHOMY ITiJKATHOMY Bi3Ky, a00 CiJelIbHO-
MPUYIMTHAN aBTOMOI3/, Je OO0 CEepifHOro HaImiBIpUYeNa NPUYIILIIOEThCS 2-BICHWN MNPHUYIIN, 3a3BUYaid 3
[IEHTPaIbHO PO3TANIOBAHUMH OCSIMH. [IpH 1IbOMY 30€piraeThCst MOAYIBHICTh KOHCTPYKIIII PyXOMOTO CKIIaTy
[1]. Apyra: aBTomnoi3x chhopMoBaHMii 200 3 TPHBICHOTO (ABOBICHOTO) TATaYa i IBOX OJTHO- , IBO- 200 TPUBICHUX
npuyenis, abo i3 CiIENBHOrO Tsraya 1 JBOX HAIIBIPHYCIIB. 3 METOI IMiJIBUIICHHS €(PEKTUBHOCTI
aBTOIIEPEBE3CHb, CKOPOUEHHS BUTPATH MAJIMBA 1 TOKCUYHOCTI BIANPALbOBAHUX ra3iB Ha OJAWHUIIIO BaHTAXY,
0 HepeBo3uThes, 3 1998r. ckanauHaBchki kpainu IlIBertis 1 OiHNsAHIIA 3MIHWIA BUMOTH 1O JOBXHHH 1
MOBHOT MacH aBTOMOi3AiB 70 25,25 M i 60 T, 30epiriu npu ibomy Bumoru Jupextusu 2002/7/EC no ocboBHx
HaBaHTaeHb [2]. J[03BojieHa eKciutyaTallis 2 KOMIIOHYBaJbHHUX CXeM aBTomoi3miB. Ilepria: aBTOMOi3q
chopMOBaHMIA 3 TPHUBICHOTO Tsraya + S5-BICHOTO MpHYera, BUKOHAHOTO Ha 0a3i cepiiiHOTo 3-BiCHOTO
HaMiBIpHYENa Ha TBOXBICHOMY MiIKATHOMY Bi3Ky. [Ipyra — npudinHuii abo CiZieTbHO-IPUYIMHAE aBTOTOI3]]
y CKJaai aBTOMOOuIA-TsArava (aBroOyca) i IBOX mpuueniB abo HamiBrpudeniB. [lpu mpomy 30epiraerbes
MOJIyJIbHICTh KOHCTPYKIIiT pyxomoro ckiaay [1].

[TosiBa TakMX aBTOIOI3/IiB, KOPUCHHUI 00'€M Ky30Ba SKUX ckiafae Outs 150 M3, Ha MiKHApPOIHMX
MEPEBE3CHHSIX OYiKyBajacs, ajie, Ha JKajb, JIOPOXKHE 1 TPAHCIIOPTHE 3aKOHOJABCTBA JIO KX Iip HE TOTOBI JI0
nporo B €C, okpim Bianosiauo Iserrii i @inmstamii.

SIKImIo 3a MepIIol0 CXEMOI BHKOHYIOTh, SIK NPaBHJIO, BAaHTAXKHI aBTOMNOI3IH, TO 3a APYIow — i
BaHTaXHi, 1 HacaXKUPCHKi aBTOMNOi311. TOMY PO3TIITHEMO TPHUJIAHKOBI aBTOMOI3/IH 32 IPYrol0 yHiBEpCaIbHOIO
CXEMOIO.

TpunaHKoBi MacaXMPChKi aBTOIOI3M 3HAWIUIM CBOE 3acTocyBanHsS B BRT — cucremax. MetpoOyc
abo HoBa cuctema aBToOycHOTO pyxy "LlBHakicuuit aBToOycHui Tpancnopt" (Bus Rapid Transport, BRT) €
pe3yiabTaTOM PO3BUTKY MeEpeki aBTOOYCHOTO CYCHUILHOTO TpaHcropTy, puc.l. VY TOpiBHSIHHI 3
METPOTIOIITEHOM IIeH MPOEKT Ma€e OYCBUIHI IMePEBard: HIKYIAa BaPTICTh MEPEXKI 1 PyXOMOTO CKJIaay, BUCOKA
MACaKUPOMICTKICTh Ta €(PEKTUBHI CUCTEMH OILIATH, 1110 3a0€3MeUyI0Th HeIOPOTHi MPOi3/]; BUCOKA IIBUAKICTh
PYXY /103BOJIsIE METPOOYCy MEPEBO3UTH 3HAUHY YACTKY MAaCAKUPONOTOKY, L0 CIPHSIE 3MEHILIEHHIO KITbKOCTI

, 2022, Nel (18) 155



© Caxuo B.IL., apait C.M., Myposanuii [.C., YoBua I.B. 2022

aBTOMOOWJIIB HAa IOporax MicTa 1 BIAMOBIAHO 3MCHIICHHIO BUKHIIB BiINPaIlbOBAHUX Ta3iB; PO3IMIHMpEHa
iHpopMaIriiiHa crcTemMa iHpOPMYy€E acCaKUPIiB PO PO3KIax MapuipyTis [3,4].

PcyHOK I- TpI:IJIaHKOBPIﬁ Merbo6yc

Takum unHOM, ocHOBHMMH niepeBaraMu BRT — cuctem € BiiHOCHO HeBenMKa BapTiCTh OyAiBHUITBA,
IIBUKICTh OyIBHUIITBA ITiHIi, JEMIEBU3HA aBTOOYCiB, MOXJIHMBICTb THYYKOi 3MIHH IacaXHpPOIIOTOKY 3a
paxyHOK IHTEHCHBHOCTI pyXy, MOXIIHBICTh YacTKOBO BuKopucToByBath JiHiF0 BRT mmsa  iHmmx
cremiani3oBaHUX TPaHCIOPTHHUX 3aco0iB. BiH MOXe BHKOPHUCTOBYBATH SIK OKpPEMi IMOJIOCH, TaK 1 YaCTKOBO
pyxaTHCs ICHYIOUMMH J0pPOramMu. 3 po3AUTbHUMH CMyraMy MOYKHA PO3BUBATH BUCOKY IBHUIKICTh y MicTi. Ha
ONHINA JiHII MOXYTh OyTH pi3HI MapIIpyTH, Ha BiAMiHY Bill MeTpomnoiiTeHy. CKopodye BHKOPHCTAaHHS
0COOHMCTOr0 aBTOTPAHCIIOPTY, MOKPAIIYE TPAHCIIOPTHY CUTYAIII0 Ta Ja€ MOXKJIMBICTD MMOBHICTIO BiIMOBUTHUCS
Bil MikpoaBTOOyCiB y MicTtax [3,4]. Lli mepeBaru NpOSBISIOTHCS, MEPII 32 BCE, NPU MAKCUMAJIbHOMY
BUKOPHCTaHHI IMacaXHPOMICTKOCTI MeTpoOyciB, TOOTO TpH 3acCTOCYBaHHI TPWIIAHKOBHX METPOOYyCiB Ta
MOXITHBOCTI 1X PyXy 3 MAKCHMaJIbHUMH IIBUIKOCTSIMU.

TpumaHKOBWIA BaHTaKHUI aBTOMOT3/1 HaBeAeHO Ha puc.2 [5].

PucyHnok 2 — TpuslaHKOBHM BaHTaKHHUI aBTOMOI3] [5]

[MutaHHsS MaHEBPEHOCTI TPUIIAHKOBUX BAaHTXKHUX ABTOIOI3/iB JETaIbHO PO3IIISHYTI B poboTax [6],
[7]. TIpoTe muTaHHsS BUPIMICHHS CTIHKOCTI PyXy TPUIIAHKOBUX aBTOIOI3/iB MOTPEOYE Il CBOrO BUPIIICHHS.
MerToro poOOTH € BU3HAYCHHS TIOKA3HUKIB CTIHKOCTI pyXy TPUIIAHKOBHX aBTOIOI3/1iB Ta aHai3 (hakTopis, 110
Ha HUX BIUIUBAIOTh.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHU

Y TpUIAaHKOBUX aBTOMNOI3[aX BHHUKAIOTh TPYIHOLII B TOMY, LIO BHBYCHHS pPYyXy TaKOIo
OararonankoBoro AT3 3Ha4HO YCKIIAIHIOETHCS Yepe3 HeoOXiTHICTh ypaxyBaHHs BIUIMBY 3HAYHOI KiJBKOCTI
(akTOpiB Ha XapakTep pyxy ycixX JIaHOK. B3aemopis cCyCifHIX JaHOK IpH PyCi aBTOIOI3Aa 3 YacoMm
PO3MOBCIOJUKYEThCS Ha BECh TPAHCIIOPTHHH 3aci0 i BUKIMKAE TEBHI BIIXWIEHHS CKJIAJIOBHX aBTOIOi31a
(MomymiB) Bil HampsIMKY pyXy, 3aJaHOTO TPOBIJHOIO JIaHKOIO (TsradeMm). BpaxoByrouw Toit ¢akr, mio
aBTornoi3a sk AT3 e 3aco00M MiABHIIIEHOT HEOE3MEeKH, IPY BUPILICHHI 3a/1a4 1010 MOYKJIMBOCTI €KCILTyaTarii
TpH- Ta 0araTOJIaHKOBHUX aBTOIOI3/1iB, CIiJl OAHUM 13 HEPIINX 3pOOUTH KPOKH JI0 TEOPETUUHHUX JOCITIHKEHb 1X
MaHEBPEHOCT] 1 CTIMKOCTI pyXy, pe3yJIbTaTH SIKHX CTaHyTh OCHOBOIO [UIs BIAIMOBIZCH Ha Oarato MUTaHb
TEeXHIYHOT0, OpraHi3aliifHOro, IPaBoBOro xapakrepy [6]. Tak, y npaiisax [8, 9] mpoBeIeHO CIPOIICHHUH aHaTi3
MaHEBPEHOCTI Ta CTIHKOCTI KOMOiHAIi i TPAaHCIIOPTHHUX 3ac001B, HAPUKIIA, TSrada B TIOEIHAHHI 3 OHUM ab0
JIBOMa HamiBOpuuenaMy ado BaHTaKiBKM 3 MOBHUM mpuuenoM. KombOiHauii aBTOMOO1NIB 3 mpuuenamu Ta
HaIiBIIPHYCIIAMH PO3TJISAAI0THCS K JIIHIHHI AMHAMIYHI CHCTEMH 3 JIBOMA CTYIEHSAMHU CBOOOIHU I KOXKHOI'O
O0noky. BuBeneHo piBHAHHS pyXy 3 ypaxyBaHHSM BIUIMBY YIOBUIBHEHHSI Ta NPHCKOPEHHS Ta OTPHUMAaHO
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XapaKTepPHE PIBHAHHS PyXy 3 MOCTIHHOIO MIBHAKICTIO. Y poOoTi [10] HaBemeHO pe3yabTaTH KOMILUIEKCHOTO
JOCITI/DKEHHST CTIMKOCTI JIiHeapu30BaHOI OJHOKOJIMHOT MONETl JBOCEKIHOI IMapHIpHOI MAaIlMHH IIPH
IUIOCKOIIapaneIbHOMy pyci. JIBi yacTuHM Mozeii aBTOMOO1IS 3'€IHAHI B TOYILI 34EIUICHHS 32 JOIIOMOTOIO
OpHTiHATBHOTO MIapHipy. PIBHAHHS pyXy BHBOISATBHCS B aHATITU4HIA (QopMi, IO TO3BONAE TOCTIKYBaTH
HeNiHIiHI Mojieni (HeTiHiiHI B'I3KONpyXHI XapakTepucTh4Hi QyHKI1 3'efHaHHs ). Bu3HaueHO HaliBayKIHBIIIi
MapaMeTpw, M0 KEPYIOTh HACTAHHIM MOPYIICHHS CTIHKOCTI pyXy, Ta POJb, Ky BiTITpalOTh €KBIBaJCHTHUH
KoeilieHT oOepTanbHOro AeMiipyBaHHS Ta €KBIBaJICHTHAa KPYTWIbHA JKOPCTKICTh, IO XapaKTEPH3YIOTh
3’€HAHHSA JUIA TONIYKY KPUTEPiiB Horo KOHCTpyKIii. Y po6oTi [11] nmpencraBieHo OqHOKOMIHHY AHHAMIYHY
MOJIETTh 34JICHOBAHOTO aBTOOYyca, sika 0a3yeThCsl Ha MPUITYIIEHHIX PO Maji Oi4HI IPHUCKOPEHHS MepeaHbO1
YaCTUHH Ky30Ba Ta KyTH IIOBOPOTY 3WIeHOBaHOTO aBToOyca. KpiM Toro, He BpaxoBYIOTHCS TEPTS 1 3a30pH B
mapHipHoMy 3uinui. Cuctema po3poOieHa Uit TOYHOTO OMHCY MOCTYMAIBHOTO Ta O0EpPTaJbHOTO PyXy
TPaHCIIOPTHOTO 3ac00y Ha OCHOBI In(hepeHIiadbHIX PIBHAHb KIHEMATHYHHX ITAPAMETPIB, IO MPEICTABISIOTH
3usieHoBaHi aBTOOycu. [l po3B’s3yBaHHs piBHSHB BukopucToByBaBcs Matlab-Simulink. Pesynberatu
MOJICJIIOBaHHS € (YHKUISIMH KIHEMAaTHYHHX Ta IUHAMIYHHAX [apaMeTpiB, L0 JO3BOJSIOTH BHU3HAYUTH
TPAEKTOPIIO Ta MHUPHUHY TPAEKTOPIl 3WIEHOBAHOTO aBTOOyca. OTpUMaHi pe3ylbTaTH € OCHOBOIO JUIS TOYHOI
OIIIHKY TWHAMIYHOT MOJIEJNI i BUBUEHHS AMHAMIKH 34JIEHOBAHOTO aBTOOyca Ha BUIIOMY Ta OLNBII CKIaHOMY
piBHi.

Y pob6orti [12] 3anponioHoBaHO yHI()iKOBaHY MOJENb, KA BKIIOYAE TUHAMIKY MTOBOPOTY HIapHIPHO-
3’€IHaHOT MAIIMHU Ta MOBOPOTY ISt Oynb -SIKO1 OCl SIK TATOBOTO aBTOMOOINS (aBToOyca), Tak 1 MpUUIMHOT
cekmii. Mozenb BKiItoyae B cebe BCi MOXKIUBI KOH(Iryparii aBToOyciB, BKIIOYAIOUYH IMapHipHE 3’ €AHAHHS,
pO3TallyBaHHSI CHJIOBOTO arperaTy Ta KOMIIOHYBaHHS aKTHMBHOTO maci. Taki JOCHiIKEHHS MOTHUBYIOTHCS
KITFOYOBHM THUTAHHSAM: SIK pO3pOOUTH YHi(IKOBAaHY MOJEINb, sika Oy/e iHKITIO3MBHOIO Ta HAJAIITOBAHOIO JIJIS
BHUIIIe3a3HaYeHUX KOoH(irypamiii Mammau? J{71st po3poOKu MOJeTi MpeCTaBICHO TPH MPOLIECH MO/ICTIOBAHHSI.
B3aemoqisi mMH 3 OMOPHOIO TMOBEPXHEIO OMHCYETHCS (OPMYIIOI0 3 YpaxyBaHHSM 3MiHHM BEPTHKAJIBHOTO
HaBaHTakeHHs. [llapHipHO-3’€MHAHMIT aBTOOYC TIPEACTABICHO Y BUTIISAAI CUCTEM MU(EepeHIIaTbHIX PiBHIHB.
Bapiarist Mmozeni mokasye IOIIIBHICTh, €(EeKTHBHICTh Ta 3pYUYHICTh 3alPOIIOHOBAHOTO IMiXO/AY, 0 MOKHA
HAJIAIITYBATH ISl Oy Ib-SIKOTO 3WIEHOBAHOTO TPAHCIIOPTHOTO 3acO0Y MPH BU3HAUEHHI TapaMeTpy CTIHKOCTI y
npsiMoiHiitHoOMy pyci. Y po6oTi [13] po3pobiieHo TpUBUMIpHY AMHAMIYHY MOJIETIh aBTOMOOLIIS Ta MpUYeNa,
Ha OCHOBI SIKMX ITOOy/I0BaHa JMHaMiuHa Moiesb. Ha ocHOBI Teopii HaOMMKEeHHS EPIIOTOo MOPSIIKY 3BHYAHIX
nrdepeHLiabHUX PiBHSIHB Ta Teopii Oigypkamnii Xonda BuBUaeTHCS JTiHIHA Ta HEiHIHA CTIHKICTh KOXKHOTO
€JIEMEHTa Ta aBTOMOI3a B HIJIOMY MPH MPIMOiHIHHOMY pyci. YUCIeHHI pe3ylbTaTH MOKa3yloTh, IO IS
HEJHIWHOT Ta JIHIHHOT MOjIeel KPUTHYHI IBUIKOCTI MalO BiApI3HSIIOTHCS OIHA Bif oxHOI. Y mpami [14]
PIBHSIHHSI BEPTHUKAIBHOI 1 OOKOBOI AMHAMIKH JOPOXKHBOTO TPAHCIIOPTHOTO 3ac00Y 3 6 CTYIMEHSMHU BIIBHOCTI
3BEJICHI JI0 MaTPUYHOI (POPMHU Ta JOCIDKEHO PyX y BEpTHKaIbHIM 1 OOKOBIH IUIONMIUHI. 3amponoHOBaHUMA
METOJ MOXe OyTH 3aCTOCOBaHMH [UIs aHAi3Y CTIHKOCTI PyXy, 30KpeMa MacaKMPChbKUX Moi3AiB. Y poborti [15]
po3risiHyTOo OararoBapianTHe posmmpeHHss merogy D2-IBC (Data Driven - Inversion Based Control) i
00rOBOPEHO MOT0 3aCTOCYBaHHS HPU KOHTPOJII CTaOLIBHOCTI pyxy aBTOMNOI3AiB. Y poborti [16] po3pobieHo
MOJIeJIb 1013712 13 31 cTyneHeM BUILHOCTI 3a JOMIOMOI00 TakeTy AutoSim, 110 noka3ye HanpsiMH MOJIIIICHHS
ctiiikocti moi3aa. Ilpu poMy mokaszaHo, MO WOTo CTaOUIBHICT MOXHA 3HAYHO MiABUINUATH 32 JTOTIOMOTOIO
iHBEpTOpa, SKAH BBAKAETHCA EQPEKTHBHUM JUIsL MiJBUIICHHS CTaOIBHOCTI Ta MPOAYKTHBHOCTI
OararonaHkoBUX NMOTATIB. [IpoTe, K Moka3ye NpakTUKa, BU3HAYCHHS XapaKTepy NOBEAIHKH CHCTEMH B 00JIACTI
HecTabiTbHOCTI Ta BUSABICHHS IPUYWH X BHHUKHEHHS HE BTPATHIIO aKTYaIbHOCTI i JIOCI.

VY pob6ori [17] nokazaHo, 10 BaHTa)XHi aBTOMOOLT 3 BeMMKOW KinbkicTio mpudernis (MTAHYV)
JEMOHCTPYIOTh HECTaOUIbHI PEKUMH PYXy Ha BHCOKMX IIBHUAKOCTSX, BKJIIOYAIOYM CKIIQJaHHS JIAHOK,
po3roiiyBaHHs npuyena ta nepexunanss. L{i HectabinbHi, HECHPUSATINBI PEKUMU PYXY MOXKYTh IPU3BECTH
710 TOPOKHBbO-TPAHCIIOPTHUX MPUToA. 3 iHIIOro OOKY, i TPaHCIIOPTHI 3aCO0M MalOTh MOraHy MaHEBPEHICTh
Ha HU3BKUX MIBUAKOCTSX. Lle BMMarae 3HaXOIWUTH KOMIPOMICHHUH 3B'SI30K MK MaHEBPEHICTIO Ha HU3BKHX
MIBAJKOCTAX 1 O1YHOIO CTIMKICTIO HA BUCOKUX IIBUIKOCTSIX.

Onuc MaHEBPEHOCTI i CTIMKOCTI pyXy aBTOTPAHCIIOPTHHUX 3aco0iB 3aleXHUTh Bil KOMOiHamii
eKCIUTyaTallifHuX, MaCOBO-TEOMETPUYHUX 1 KOHCTPYKTHBHUX MapaMeTpiB HOro MoayiiB (Juist MeTpoOyCiB 1ie
aBTOOYC 1 MpHUYEIH) 1 CUCTEM iX KepyBaHHs. baykaHi CriojiyueHHsI 3a3HaYCHHUX MTapaMeTpPiB 3 MOy CTIHKOCTI
OJTHOTO 1 TOTO X CaMOr0 TPAaHCIIOPTHOTO 3aco0y B Jiana3oHi eKCIUTyaTaliiHX HaBaHTaKEHb 1 IBUAKOCTEH
pyxy — He omHi W Ti X cami. lle cnpuuumHse cKIagHICTh OTPUMAaHHS Ha PaHHIX CTaJisIX CTBOPEHHS
ABTOTPAHCIIOPTHOTO 3aco0y HOro TOYHMX KOHCTPYKTHBHHX TapaMmeTpiB 1 KiJIbKICHUX TTOKa3HUKIB 3a
KPUTEPISIMU CTIMKOCTI pyXy. YCIiX y po3B’si3aHHI MOAIOHUX 3aBJaHb OOYMOBIICHHH THM, HACKUIBKH BIAJ0
nigidpaHo MaTeMaTH4YHy MOJeNb Ta ii iCTOTHI MapaMeTpH, 0 ONUCYIOThH TOBOAKEHHS IMHAMIYHOT CUCTEMH Y

, 2022, Nel (18) 157



© Caxno B.II., Hlapait C.M., Myposanuii 1.C., Youa I.B. 2022

PI3HUX pexuMax pyxy. Y nociimkeHHi [18] po3pobieHo mudepeHItianbHi PIBHIHHS MIOCKOIAPAIeIbHOIO
PYyXy A7 BU3HAYSHHsI TOKa3HMKIB MAaHEBPEHOCTI 1 CTIHKOCTI PyXYy, ajie Ili piBHAHHI MOXKYTh XapaKTepHu3yBaTH
cTilikicTs AT3 TiNbKH y TIpsAMOJiHiHOMY pyci. Ix BI/IKOpI/ICTaHHSI Ut OouiHKM cTiikocTi AT3 y mepexigHux
peXUMax pyxXy MOKE MPHU3BECTU A0 CYTTEBUX MOXMOOK. Y 3B’S3Ky 3 MM aHali3 MOKAa3HMKIB CTiIHKOCTI
TPUIIAHKOBUX aBTOTOI3/IIB Y TIEPEXiTHUX PeXXUMax pyX, a came — MPH pealtizaiii TAKHX MaHeBpIB, K «PHUBOK
PYTBOBOTO KOJIECa» 1 «IIepecTaBKay, HAJICKUTH JI0 aKTyaTbHHUX JTOCIIIKEHb.

PE3YJbTATHU JOCIIIXKEHHSA

VY poborti [19] 3anmcano cucteMy piBHSIHB IJIs1 HAMOUTBI 3arallbHOI CXeMH TPHIIAHKOBOTO MPUYIITHOTO
aBTOMOi31a, pUC.3, IO BKIIIOYA€ TPHUBICHUN aBTOMOOLIBL-TATAY i JBa TPUBICHI MPHUCIIH, 3 SKOI OTPHMaHi
PIBHSIHHS JIsl aBTOIOT3IiB, 10 PO3TIISAAA0THCS — IBOBICHUI aBTOMOOUTL-TAra4 200 aBToOYC (1aii Tsrav) i q8a
JIBOBICHI MPUYENH 3 LICHTPAIBHO PO3TAIIOBAHUMHE OcsMU. L{i piBHSHHS 3amucani y BUTIIAI:

¥

Mo p0f

Pucynoxk 3 — CxeMa HeycTaneHOro NOBOPOTY TPUIAHKOBOT'O aBTOMOI3/4a
-m@U +av)+Y, +Y,cosf, + X, sn6, —YB cosp, + XB sng, =0;
-m(V —au) - X, cosf, — X, +Y,snf, — XB cose, +YB sing, =0,
-1, w-a(Y,cosd +X,sn@)-bY,, —(c +d,)(Y, cosb, + X, snfg,)+(c +d, +d,)Y,, +c(YB cosg + XB sing) =
-l 2‘2)2 +d2YC _dl(YZI C03021 +X 2lsin '921) _dZ(Y3l Cosasl + Xslsin 931) _d21Y32 =0
- Sd’3+d1YD _dz(Y31C05031+X315in‘931)_b21Y32 =0 (D)

VY rtouni 3uinku "B" (mepmoro mpuyena 3 TsAradeM) Ha APYTY JAHKY Ji€ MO3MOBXHS cuna XB i
norepevna cuia YB; y rouni 34inku "C" (mepiioro i Ipyroro NpuyeniB) Ha TPETIO JIAHKY JTi€ TIO3I0BXKHS CHJIa
XC i nonepeuna cuna YC. Li cunu Bu3HaueHi y Takui crocio:

XD =my, -m,ou, + X ,, cosé,, + X ,, —Y,, Sné,;

YD =myu, + m,oy, —Y,, €0S6, —Y,, — X, SN0O,;

XC =my, —muoU, + X, €086, + X, =Y, Sinb,;

YC =my, + My, -Y,, cosb, —Y,, — X, sné,;(2)

VY cucremax piBHsHB (1, 2) NpUHHATI Taki MO3HAYSHHS:
V-TIO3JIOBXHSI CKJIa/I0BA IIBHKOCTI IEHTPY Mac TAraya;
a,b - BizcTans Big neHTpY Mac Tsrada 0 TOYOK KPIIUICHHS MEpeaHboi (KEpOBaHOI) 1 3aIHBOT OCi;
C- BiJICTaHb BiJI IIEHTPA MacC TATraya JI0 TOYKH 3UINKH 3 TEPIIUM IPUUSIIOM;
di-6i0cmans BijJ IEHTpa Mac MEPIIOro mpuyerna (APyroi JJAHKH) 10 TOYKU 3UIMKH 3 TAradeM;
d11-6i0cmans Bi 1IGHTpa Mac MEepUIOro mpuyena (Ipyroi JaHKW) 10 33JHbOT OCi;
d2-6i0cmans BiJ IEHTPA Mac Apyroro mnpuvena (TPeThoi JIAHKK) 10 TOYKH 3UIMKH 3 TePIINM Ipryernom; dai-
gidcmandb BiJ IICHTPA Mac APYroro mpuyerna a0 3aJHboi 0Ci;
m; J; (i=1,2,3) — Maca i IEHTpaJIbHUI MOMEHT iHEepLii TAraya, Nepuoro i APyroro npuyena;
Vi, U; — TIO3IOBKHS ¥ IOTlepedHa MPOEKI[il BEKTOPY MIBUAKOCTI IIEHTpAa Mac Ha OCI, MOB'I3aHi 3 TAradem,
MEPIINM 1 IPYTUM MIPHYETIOM;
@;— KyTOBa IBUKICTB TAraya, Mepuioro i Jpyroro Npuyeris;
61 — KyT IOBOPOTY KOJIiC KEPOBAHOT'O KOJIIC TATaYa);
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61,651 — KYT IOBOPOTY KOJIiC MEPLIOTO 1 APYroro Npuyena;
@1 — KyT CKJIaJIaHHsA MK aBTOMOOIJIEM TAraueM i IUIIEM IEPIIOro Mpuyera;
@ — KyT CKIIQIaHHs MK JUIIJIEM MIPHYena 1 HOTo KiCTSIKOM;
@3 — KT CKJIaJaHHs MK MEpPIIUM MPUYETIOM 1 JUIIIEM IPYroro Mpuyena;
@2 — KyT CKJIaJlaHHA MK AMIIIEM JPYroro mpuyerna i Horo KicTaKoMm;
X1, X11, Xai, Xai, Y1, Y11, Yai, Y3i - TO370BXKHI 1 ONIEPEYHI CHJIM HA KOJecax OCEH aBTOIOi3fa.
VY piBusHHES (1,2) BXOIATH KyTH CKJaJaHHA 1 MOBOPOTY KEpoBaHHMX Kojic aBToOyciB. Lli xytu
BU3HAYEH] y Takui crocio:

dﬂ+ Va _Vedg6, -0
dt | sn(z/2-¢,-a) a+b
sin(e, + ¢, + )
de, Ve, sSin(z/ 2-¢) V,sin(e, + o, + o)

dt B 2 Lsn(z/2-¢,—a)
&b e 2o —a)x L] F1 = g,
tg o, a +b,
%_vClén(¢l+¢2+al)><Llsin(¢l+(o4+a2)X
dt l,sne,sn(r/ 2-¢,-a,)
« sin(z/ 2-¢, - a)ctgd _ Ve, Sin(p, + 9, +ay) _
2 lsn(z!2-9,-a,)
— 1 2 2
LRIV 1+[d1 Cltgﬁoj il 9| dn(rl 2- ¢, - a)otgg
tg6, a +b sin(g, + ¢, + ;)
do, _ Vetgdisin(e, + ¢, + o) _VClSin((p1+(p2+0(1)Sin(¢l+(p4+a2) -0
dt a, +b I _c 2 l,sne,sn(z/ 2-¢, —a,) (3)
—“——2g9n(z/ 2-¢,-a,) x,|L+| 2—2tg0,
tg 4, a, +b,
Y cucmenmi pisnans (3) donomisicHi Kymu o, Q2, ¥ BU3HAYEHI 3AIeHCHOCTNAMU.
l,-c l,-c
a, =arctg| +—2tg6, |, a, =arctg| 2—=tgo, |;
a, +b a, +b,
l,sin(g, + ¢, + ) < 1 |
L,sn(z/ 2-¢, -« 2
1 sin( 0.~ ) Fn(ﬂ/ 2—(/)2—051)}2+1_{ sn(z/ 2-¢) T
4, = arctg 1 sin(g, +(/71+a.1) sin(g, + ¢, + )
szm(zr/ 2-9,-a)
sn(e, + ¢ + @)
[ L,sin(y, + 7, +a,) N 1 ]
l,si /12—y, - 2
28907 27, ~ ) {sin(;z/ 2—7/4—a2}2+1_{ sn(z/ 2-7,) T 4)
5 — arctg LSty a, SNy, + 7, + )

szin(fr/ 2-y,—a,)
Sin(y, +7; + a,)

VY cuctemax piBHAHB (1 - 3) NpUAHATI Taki MO3HAYESHHS:
Yi — KYTH CKJIaJIaHHS MK JJaHKaMH aBTOII0i311a, puc. 1;
i — KyTOBa LIBUIKICTh i-01 JJAaHKU aBTONOI3/a;
Lo=L1=L, — 6a3a aBToOyca, as Bcix aBToOYyCiB ogHakoBa, Lo=L1=L, =4270 mm;
l1=1,—BizcTaHb BiJ TOYKH 3YINKHK EPIIOTO aBTOOYCA 3 APYTUM, APYroro aBrodyca 3 Tpetim, 11=1,=3700 mm;
a=ai=a, — BiACTaHb BiJ LIGHTPY Mac aBTo0yca /10 Horo mepenHboi oci, a=a;=a;=2732 mwm;
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b=b1=b, — BixcTans Bix meHTPY Mac aBTOOYyCA [0 HOro 3aaHBOI Oci, b=b1=h,=1538 mwm;
C1=C — BIZICTaHb BiJ] IICHTPY Mac aBTOOyca /10 TOYKH 3YIMKH 3 HACTYITHUM, C1=C2=5750 MM. (4,5)

KyTu cknagaHHs TaHOK 1 TOBOPOTY KEPOBAHMX OCeil aBTOOYCIB IOMUIFHO BU3HAYATH 32 KOJIOBOTO PyXy
aBToMoOI3a. Y I[bOMY BUTIAJIKY PO3PaxXyHKOBI (GOpMyH JIsl BUBHAYCHHS KYTiB CKJIaJIaHHS 1 KYTiB IOBOPOTY
KEpOBAHMUX OCEH JAPYroro i TpeTboro aBTOOYCiB (IPUYEIiB) BH3HAYAIOTHCS TEOMETPHYHUMH TMapaMeTpaMu
JIAHOK 1 3aJlaHUM TIApaMEeTPOM — KyTOM TIOBOPOTY KEpPOBAaHWX KOJIC mepmioro aBroOyca. Tak, SKIo s
aBTOOYCHOTO TIOi3/1a y SKOCTI 3aJaHOr0 HapaMeTpy MPUHHITH KyT MOBOPOTY KEPOBAHUX KOJIC TEPIIOTro
aBToOyca, TO

LZ+c2-b? c L>—cZ+b? b
@, = arcsin 11 —arctg ——'¢, = arcsn i +arctg ———
2L, x |/L’ctg?d, +c; L.ctgd, 2L, x |L%ctg?g, +b? LCtgo,
2 2 2 2 2 2
@, = arcsin Ly +C, -y —arctg 0—21404 = arcsin L=+ +arctg b,
2L, x/L’ctg?0, +c2 L,ctgd, 2L, x \[LZctg?6,, +b/ Lctg by,

6,, = arctg LL 6, = arctg L
Ltgo, L,ctgd,,

KoHCTpyKTHBHI BIAMIHHOCTI BaHT@)XHHX 1 MACA)KUPCHKUX aBTOMOI3/1iB 0OYMOBIIEHI KITBKICTIO Oceit
BEy401 JIaHKK (aBTOMOOLISI-TsAra4a, aBTo0yca) i MPUYIMHOI JaHKH, KiJIbKICTIO KEPOBAaHUX OCEH Ta MicIeM ix
po3tamyBaHHs. Pa3zoM 3 TuM, i3 3alpONOHOBAHOI 3arajbHOI CXEMH TPHJIAHKOBOT'O aBTOIOI31a MOXHA
oTpuMmartu Oynb-sKy iHITY, TPUPIBHIOIOYN HYIO ab0 Macy i MOMEHT iHepiii oci, 00 KyT OBOpPOTY oci, abo
BIJIMOBITHI KOMIIOHYBaJIbHI TTApaMETPH.

JlociKyroun CTIMKICTh pyXy aBTOIOI3/1a PO3IIIAAAI0Th, K MPABUIIO, IJIOCKOMApAIeIbHUN PyX HOro
na”ok. [Ipu 11OMy BBaXKaroTh, 110 HOPMAJIbHI PEaKIlii OIIOPHOT TOBEPXHI Ha KoJieca MPaBoro i JIiBOro OOPTY
OJTHAKOBI. 3a I1i€1 yMOBH CTIMKICTh PyXy PO3TISIIAETHCS IS IDIOCKOT MOJIEITi aBTOIOI3/1a.

MasneBpyBaHHS y TPAaHHUYHHUX PEXKHUMaxX PyXy MOXKe MPHU3BECTH JO CYTTEBOI 3MiHM peakiiii omopHoi
MTOBEPXHi Ha KoJieca TaHOK aBTOMoi31a. ToMy He0OXiTHO PO3TIISIHYTH PyX aBTOIOI3/1a B TOTIEPEYHIN ITOTIHI.
[Ipu BUBYEHHI yCTaeHUX PYXiB 3a/1a4a 3BOIUTHCS 10 aHANI3y KiHIEBUX PiBHSAHB (BEIMYUHU KYTiB KPEHY 1
Mepepo3Mo/IiJl HaBaHTaXeHb M0 OOpTax MOCTIiHI). I KX pexXuMiB pyXy PiBHSHHS IJisi BU3HAUYCHHS KYyTiB
KpEHy Tsraya, Mepuioro i Ipyroro npuyemnis 3amnucani y Burisizi [18]:

- 76°0,5H #(du; +9s1) +Fi(zg" +hy) .
' ~F & +0,5H 2(q, +0g,)
/20,5H Xy, + Tpy) + Falz® +hy).
i ~F&, +0,5H J(q4, +0s>)
_ 7(53)0' SH 32(QA3 +0g3) + F3(Z(()3) +h,) 5)
—F4&,+0,5H J(Qas +0g3) ,

3

1 _ _Pnl(o’ 5H1 + 51) + Hl[(ll — Z(()l))(qu +qu) —qaMag / Cwn —45M5.9 / (CwlZ] .
ae ;/O - 2 ’
0,5H “(g,, +dg,)

(2) _ —PnZ(O, 5H2 + ‘92) + Hz[lz — 2152))(qu1 +q321) ~0952Mp 29 / Cle —Q5,M5,9 / szz] . (6)
7/0 - 2 ’
0,5H 2(q521+q522)

(3 _ _Pn3(0’ 5H3 + ‘93) + Hs[(la — Zg)(qu +q53) —Qa3Mas9 / Cus —954Mp39 / Cw3l]
7/0 - 2 .
0,5H 3(qA3 +q53)

JlMHaMmiuHi CKJIAZI0BI BEPTHKAIBHUX PEAKLiil B OMOpax, WO 00YMOBJICHI KyTaMu KpeHy y, 1,0 i

2 P €) .
Vo )51 Y,  (1OBaHTaXEHHS 1 PO3BAHTAKEHHS ), BASHAYUMO SIK:

2
AG1=CI1('Y1-7/(()1)) Hi/2 ; AGx=Q(y2- 7/5 ) YH/2; AGgPZQ3p(Y3-7/é3) YH3/2.
OTxe, TUHAMIYHI HABAHTKEHHS, 3 YpaxXyBaHHAIM OOPTOBOTO MEPEPO3NOILTy, TPUIAMYTh BUJT
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G,=G°-AG,; G/=G°+AG,; G,=G2-AG,; G, =Gl +AG,; G,=G{-AG, G.=G2+aG, (7

Jist TPUJIAHKOBOT'O TPHYIMHOTO aBTOMOI3Ja CHUJIM B3a€EMOMIl B TATOBO-3YIIHUX IPUCTPOSX HE
BIUTMBAIOTh Ha MEPEpO3IOIi HaBaHTAXXEHb M0 OOpTaM JIaHOK aBTomoi3aa. ToMy AOCUTH CKIalHy CUCTEMY —
TPUJIAHKOBUH TPUYIMHAN aBTOMOI37 MOXKHA PO3IIIAJATH K TPH CHCTEMH — aBTOMOOLUTb-TsATad (aBTOOYC),
MepIni 1 Jpyruil mpudeny, Mo KPEeHIThes He3alexHo. [Ipu 1iboMy BiCh KpeHY KOXHOT JJAHKH TapalielibHa
OTIOpHil MOBEPXHi, 1 pyX JaHOK aBTOMOI3a y BEPTUKAJIbHIN NONEPEYHi MIIONIMHI BIUIMBAE HA OOKOBUH PyX,
B MEpIIy Yepry, i B OCHOBHOMY, IUISXOM 3MiHM BEPTHKAJIbHUX HABaHTaXXCHh Ha Kkojeca. [Ipu mpomy
3MIHIOIOTBCS BEPTHKAIBbHI PEakKIlii OMOpHOi MOBEpXHI Ha Kojieca aBTOIOI3[a, M0 MPHU3BOAUTH 10 3MIHH
KoeillieHTIB OMOpY BiABEACHHS KOJIC TATadya 1 MPHUYEmMiB, i TUM CaMHM 3MiHi TOKa3HUKIB CTIMKOCTi. Y
BIJIMOBITHOCTI JI0 I1i€1 KOHIIEMIIii i OyJI0 MPOBEICHO JAOCIIHKCHHS pyXy aBTOMOI3/1a B MONICPEYHI TUIOIIHHI. 3
BUKOPHCTaHHS PiBHAHB (4) Oyny BU3HAYEHI KyTH CKJIaJaHHS JJAHOK aBTOIOI3/1a, PIBHSHB (6) — KyTH KpeHy
aBToOyciB MA3-206, piBHSAHB (8) — BENTWYHMH JTOBAaHTAXEHb 1 PO3BAHTAKEHBb KONIC MEPIIOro, APYroro i
TPEThOTO aBTOOYCIB, a TAKOXK BAaHTAXXHOTO aBTOIOI3[a y ckiaai aBToMmoOusa-Tsrada DAF XF 105 i gBox
npHYeniB 3 HabmkeHnMu ocamu Krone ZZ-18, puc. 6, mpu nosopoti Ha 90°3a mBuakocTi 15 M/C i pesKMMHOTO

KOoeQiIli€HTY TTOBOPOTY
[Kn = ﬂ} =0,01m .

Vl

OBI'OBOPEHHA PE3YJBTATIB JOCJIAKEHHSA

AHani3 maHux puc. 6 mokasye, M0 XapakTep 3MiHU KYTiB CKJIaJaHHS, KPEeHY, JOBaHTaXEHb KOIIIC
OJTHOTO OOPTY TSI TACAXKUPCHKOTO aBTOIOI3/a y CKJIali TphoX aBTo0yciB MA3-206 1 BAaHTaXKHOTO aBTOTIOI3/1a
y ckiani apromooisi-tsarada DAF XF 105 1 neox npudenis 3 Krone ZZ-18 3 HaOJIMKESHUMH OCSIMU OJTHAKOBHIA.
[Ipu upoMy KyTH CKJIaJaHHS i KpeHY MacaKMPCHKOTO aBTOIOI3/1a MEHIII y MOPIBHSHHI 3 BaHTaKHUM, IO
TIOSICHIOETBCSI HAsSBHICTIO KEPOBAaHMX JIAHOK Y BaHTa)KHOTO aBTOIOI3a, Pa3oM 3 THM JOBAaHTA)KECHHS KOJIiC
OTHOTO OOpTY BAaHTAXXHOTO AaBTOMNOI3[la MEHIIE Y TMOPIBHSHHI 3 MaCaXUPCHKUM 3a PaxyHOK OUTBIIOL
YKOPCTKOCTI TiJIBICKH TATa4a i MpUYeIIiB.
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Pucynok 6 — 3miHa KyTiB CKJIaJaHHS, KPEHY 1 1OBaHTaKEHb KOJIIC OAHOTO OOPTY:
a, B, 1 — 1151 aBTOOYCHOTO 1013112 y cKJai Tppox aBTo0yciB MA3 — 206;
0, r, e — JuIg aBToOMoOI3a y ckiaji aBToMo0usa-Taraua DAF XF 105 1 nsox npuuemnis 3 Krone ZZ-18

BennunHy nOBaHTaXEHb KOJIC OAHOrO OOpPTy, a TaKOX KYTH CKIJIQJaHHS MOKIAJAEHI B OCHOBY
PO3paxyHKIB IOKa3HUKIB CTiHKOcTi aBromoi3amiB. IIpu 1mpomMy BpaxoBaHO 3MiHY KO€(IlLi€EHTIB OHOPY
BIJIBEJICHHSI KOJIIC aBTOIOI3/1a BiJl 3MIHM HAaBaHTaKEHHS 3 BUKOpUcTaHHS MeTofuku JI.A.AuToHoBa [20]. Ha
puc. 7 HaBeJeHi 3aJeKHOCTI OIYHUX MPUCKOPEHB aBTOMNOI3/IB, 10 PO3IIISIAIOTHCS, IPH BUKOHAHHI MaHEBPY
«PHUBOK PYJILOBOTO KoJiecay 3a mBuakocTi 10 m/c.
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Pucynok 7 — 3miHa 61YHUX MPUCKOPEHB Y LEHTPI Mac JIAHOK:
a — JUIsl TaCaXUPCHKOTO aBTOMOI3/a, O — U BAHTa)KHOTO aBTOIOI3/1a

Amnani3 gaHux, puc.7, Iokasye, o O0i4Hi MIPUCKOPEHHS, IO Ail0Th Y LIEHTPi Mac JIAHOK aca)XMPChKOTO
1 BAHT)KHOT'O aBTOMOI3/iB MaiKe OJTHAKOBI, MPOTE € 1 CyTTEBa Pi3HHLS. I maca)kupchbKOro aBTOMOI3AA B
MMOYATKOBUI MOMEHT MaHEBpYy OiuHI MPUCKOPEHHS IPYTOTO i TPETHOTo aBTOOYyCiB HAaOyBarOTh Bil’€MHOTO
3HAYeHHS, [0 MOXE 3a 1HIIMX YMOB (HANpHUKIaJ, 30iTbIICHHS MIBHIKOCTI PyXy NPH BUKOHAHHI Pi3HHX
MaHEBpiB) MPU3BECTH A0 MOPYILICHHS CTIMKOCTI pyXy, 110 HE XapaKTEePHO Il BAHTAXKHOTO aBTomnoi3aa. Pasom
3 TUM, CTIHKICTh PyXy aBTOIOI3/[iB, [0 PO3TIISIAIOTEHCS, IPH BUKOHAHHI MaHEBPY «PHBOK PYIHOBOTO KOJIECA
3a0e3nedyeThesi (MakCUMallbHI TPUCKOpeHHS He  mepeBumiyiors 0,45 g). Ilpm mpomy MakcUManbHi
MPUCKOPEHHSI 3MEHITYIOThCS Ha 8,6% 3a BiJICYTHOCTI KPEHY Ky30Ba.

BUCHOBKHA

1. TokazaHo, O AJIT TPHJIAHKOBOTO TPUYIITHOTO aBTOIOI3[a CHJIM B3AEMOJIl B TATOBO-3YiITHHUX
MPUCTPOSIX HE BIUIMBAIOTH HA MEPEPO3NOIIT HABAHTAXKEHD 110 OOPTaM JIaHOK aBTOMOI3a 1 TaKUil aBTOMOI3]
MOJKHA PO3TIISIIATH SIK TPH CUCTEMH — aBTOMOOIIB-Tsirad (aBTOOYC), IepIIunii 1 ApyTruil MpUvery, o KPEeHITHCS
HE3aJIEHKHO.

2. BcraHoBJI€HO, 110 KPEH JIAHOK aBTOIOI3/1a MPU3BOANUTH JI0 3MIHM OIOPHUX pEakilii Ha Kojecax
pizHUX OOpTIB, IO MPU3BOIUTH JO 3MiHU KOE(IIIEHTIB ONOPY BiJBEACHHS KOJIC TATaya i IpUYeNiB, i TUM
caMMM 3MiHi TOKa3HUKIB CTIMKOCTI.

3. IlokasaHo, 110 XapakTep 3MiHU KYTiB CKJIQJIaHHS, KPEHY, IOBaHTa)XEHb KOJIC OJJHOTO OOpTY UIs
MacakKUPChKOro aBTOMNOI3[a y CKJIaji TphoX aBToOyciB MA3-206 i BaHTaKHOTO aBTOIOI3Ja y CKJai
aBromoOinsa-tsrada DAF XF 105 i qox mpuuenis 3 Krone ZZ-18 3 HaOnmmkeHIMH OCSIMU oTHaKOBHH. [Ipu
IbOMY KYTH CKJaJaHHS 1 KpeHy IacaKMPCHKOTO aBTOIOI3/la MEHINI y MOPIBHSHHI 3 BaHTAXXHUM, IO
MOSICHIOETHCSl HASIBHICTIO KEPOBAHMX JIAHOK Y BAaHTXKHOTO aBTOIMOI37[a, Pa3oM 3 THUM JIOBaHTaKEHHsI KOJIiC
OJHOTO OOpTY BAaHTAXXHOTO AaBTONOI3/la MEHIIE Y TMOPIBHSHHI 3 MACaXHUPCHKUM 3a PaxyHOK OUThIIOL
YKOPCTKOCTI T/IBICKY TATa4a i MPUYEIIiB.

4. biyHI MPUCKOPEHHS, IO IFOTh Y IEHTPI Mac JaHOK MTACaXKUPCHKOTO 1 BAHTAXKHOTO aBTOIIO13/1iB MaiiKe
OJHaKOBi. J[JIsl Maca>KUPCHKOTO aBTOMOI3/la B MOYATKOBUH MOMEHT MaHeBpY OiuHI MPUCKOPEHHS JIPyroro i
TPETHOTO aBTOOYCiB HAOYBAIOTH Bi/I’ €EMHOTO 3HAYEHHS, SIKE MOXKE MPU3BECTH JIO TIOPYIICHHS CTIHKOCTI pyXy,
IO HE XapaKTepHO JUIl BAaHTAXKHOTO aBTomoi3na. Pa3oM 3 THM, CTIHKICTH pyXy aBTOIIOi3IIB, IIO
PO3TIANAIOTECS, TPH BHKOHAHHI MaHEBPY «PHBOK pYIBOBOTO KoJjecay 3a0e3neuyerbes (MaKcHMallbHi
MPUCKOpEeHHS He TepeBuiytoTs 0,45 g). [Ipu nboMy MakcHUMaibHI IPUCKOPEHHS 3MEHIYIOThCS Ha 8,6% 3a
BiJICYTHOCTI KPEHY Ky30Ba.

Y npornoHOBaHOMY JIOCHIPKEHH] PO3TIISTHYTO MUTAHHS CTIHKOCTI TPUJIAHKOBOT'O aBTOIOI3/1a Y TATOBOMY
pexxumi. He MeHII BaXJIMBUMU B TIPOIIECI €KCIUTyaTallii aBTOIOI3/1iB € UTAHH, 1110 [TOB’SI3aHi 3 BUBYCHHAM
ix crifikocTi y ranbMiBHOMY pexumi. L{pomy OyayTh NpHCBSYEHI NOAAIBILI TOCIIIKESHHS.
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V. Sakhno, S. Sharai, I. Murovanyi, I. Tchovcha. To determination of stability movement three-
link road trains

The modern development of public and freight transport leads to an increase in the demand for freight
vehicles of large cities and city buses. This trend substantiates the arguments of energy saving and reduction
of environmental pollution due to the limited number of vehicles and drivers needed to transport a large number
of goods and people. As a result, truck and city bus manufacturers are currently designing large-capacity
structures in the form of joint and multi-link, usually three-link vehicles. Swivel hinges make long vehicles
versatile and allow you to maneuver quickly even in a busy urban environment.

The use of buses with passenger trailers allows to reduce economic and environmental costs by using
the bus with a trailer during peak hours, and the same bus without a trailer during peak hours. That is, buses
with a trailer can give what can not give the same capacity articulated buses. However, the stability of multi-
link road trains has not yet been fully resolved. Therefore, the aim of the work is to determine the stability of
the three-link bus train in the bus + trailer link on the semi-trailer scheme + trailer link on the trailer scheme.

For this purpose, a spatial model of the bus train movement was developed, which allowed to
determine the parameters of stability in different modes of movement. It is shown that the stability of the road
train when performing maneuvers "shift" and "jerk of the steering wheel" at a speed of 10 m/ s is not provided
and to ensure it is necessary to reduce the speed of the road train to 8.5 m/s. The critical speed of rectilinear

, 2022, Nel (18) 165


https://www.jstor.org/stable/i40190889
https://www.tandfonline.com/author/Zhang%2C+Yubiao
https://www.tandfonline.com/author/Khajepour%2C+Amir
https://www.tandfonline.com/author/Huang%2C+Yanjun
https://www.tandfonline.com/toc/nvsd20/56/9
https://www.researchgate.net/profile/Ren_Luo
https://www.researchgate.net/journal/0577-6686_Journal_of_Mechanical_Engineering
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3901%2FJME.2008.04.184
file:///C:/Users/V/Desktop/рабочий%20стол%200522/Cахно%20в.п/Статьи22/Тhe%20vertical%20motion%20lateral%20stability%20of%20road%20vehicle%20trains
https://trid.trb.org/view/112747
https://www.sciencedirect.com/science/article/pii/S2405896317309345#!
https://www.sciencedirect.com/science/article/pii/S2405896317309345#!
https://www.sciencedirect.com/science/article/pii/S2405896317309345#!
https://www.sciencedirect.com/science/journal/24058963
https://www.sciencedirect.com/science/journal/24058963/50/1

© Caxno B.II., Hlapait C.M., Myposanuii 1.C., Youa I.B. 2022

movement of a bus train was determined to be 30.25 m / s, which exceeds the maximum allowed speed even
in the BRT system, which may indicate the feasibility of creating such a bus train.
Key words: bus, trailer, stability, speed, maneuver, mathematical model.
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METOJIUKA JJOCJIKEHHS BILUIUBY KOJIMBAHB ITIJIPECOPEHOI YACTUHU
KOJIICHUX TPAHCIIOPTHUX 3ACOBIB HA CTIMKICTh PYXY

Jlnst KOJiCHUX TPaHCIOPTHHX 3aco0iB po3poOiieHa METOAMKAa MOCITIPKCHHS BIUIMBY BiHOCHHX KOJMBAaHb
MiApecOpeHOl YaCTUHH Ha CTIMKICTh PyXy B3IO0BXK KPUBOJIHIMHUX OIMISHOK HUIAXy. OCOOIMBICTIO BKa3aHUX KOJIMBAHb
€ Te, 1110 BOHU BPaXxOBYIOTh HEJiHIITHI CHJIOBI XapaKTEPUCTHKH Py HUX aMOPTH3aTOPiB Ta eMII(pepHUX MPUCTPOIB. 3a
YMOBH, LI0 AMHAMIYHMH NpoLeC BKa3aHOI YaCTMHM BinOyBaeTbcs y BEPTUKANBHIM IUIOMMHI, MOOYZOBaHO ioro
MaTeMaTu4Hy Mojenb. BoHa sBise o000 cucTeMy IBOX HEMIHIMHMX MudepeHIiadbHuX PIBHAHB IPYroro MOPSIKY.
BpaxoBytoun, mo mig 4ac pyxy KOJNICHHX TPaHCIOPTHUX 3aCO0IB MaKCHMalbHI 3HAYEHHS CHJI OHOpY JeMI(epHux
HPUCTPOIB € 3HAYHO MEHIIMMH 332 MaKCHMaJbHI 3Ha4eHHS NPYXXHUX CHJI aMOPTHU3aTOpIB, MOOYJOBaHO HaOJIIKEHUH
AQHANITHYHUHA pO3B’S30K MaTeMaTHYHOI Mopeni. BiH 0a3yeTbcsi Ha: iCHyBaHHI HOPMaJIBHHX (OPM KOJHMBaHb
He30ypeHOTo pyXy IiIpeCOPEHOl YaCTHHHI; BUKOPUCTaHHi nepioanunux Ateb-dyHkiii uis X onucaHHs; y3arajibHeHHi
OCHOBHUX ine#t Merony Ban-nmep-Ilons Ha piBHsSHHA 30ypeHoro pyxy. IlokazaHo, mo HopMaibHI (OpPMH KOJHUBAaHB
MiAPeCcOPeHOT YaCTHHHU, MAIOTh 10 OCOOJIMBICTH, IO 1X YaCTOTA 3aJEKUTH Bil aMILTITYIH, IIAPAMETPIB, SIKi ONMUCYIOThH
MPY>KHI BIIACTUBOCTI aMOPTH3aTOPiB Ta CHIIy Oomopy AemiepiB. 30KpeMa, Ul MPOTPECHUBHOI 3aJICKHOCTI MPYKHUX
BJIACTHBOCTEH aMOPTHU3aTOpPiB Bix Aedopmanii, BoHa A OUTBIINX 3HAYCHb aMILTITYyJH NpUiiMae OUTbIII 3HAYCHHS, a
Ui perpecuBHOi — MeHmi. OTpUMaHi OCHOBHI aHAJITHYHI 3aJIC)KHOCTI SIKI CTOCYIOTHCS HOPMAIbHHX KOJHMBaHb
HiIpecopeHol YaCTUHY Y MO€THAHHI i3 OCHOBHUMH IPHHIUIIAMI MEXaHIKH BUKOPUCTAHO IJIsi BA3HAYEHHS KPUTHYHOT 3
OISy Ha 3aHECEHHS HIBUAKOCTI CTIHKOrO pyXy B3ZOBXK KPHBOJIHIHHMX IUITHOK HUIAXy. [lokaszaHo, o BKa3aHa
BEJIMYMHA NIPUMae MEHIII 3HaYeHHs VIS OUTBIIMX BEJIMYMHY aMILTITYA KOJIMBAaHb Ta MEHIIMX BEJIMYHH IapameTpy,
SIKMI BKa3ye Ha BIAXWICHHS MPY>KHUX BIACTHBOCTEH aMOPTH3aTOPIB Bi JiHIMHOTO 3aKOHY 1 OMHOYACHO OUIBIII - IJIS
OLTBIIMX BEMYHUH iX CTaTUYHOI AedopMarii miapecopeHoi YacTHHH.

Pesyneratn pobotH MOkyTh OyTH 0a30r0 A BUOOpPY CHIOBHX IapaMeTpiB CHUCTEMH MiIBICKM 3 METOIO
MaKCHMAJIbHOTO 320€31eYeHHS eKCIUTyaTalliiHIX XapaKTePUCTUK KOJICHUX TPAHCIOPTHUX 3ac00iB, a IX TOCTOBIPHICTh
HiTBEPDKYETHCS BITOMUMU [UTSl TPAaHUYHHX BUITA/IKIB Pe3yIIbTaTaMHU.

KmrouoBi cioBa: migpecopeHa Ta HemiipecopeHa YacTHHY, HOpMaibHI (OPMHU KOJIMBaHb, CTiHKICTH PYyXY,
nedopMariisi, IMHAMIKA.

BCTYII

OCHOBHI eKcCIUTyaTalliifHi XapaKTepUCTHKH KOJICHHUX TpaHcrmopTHHX 3aco0iB (KT3) BH3HawaroThCsS
JMHAMIKOO mijpecopenoi ta Hemigpecopenoi yactunu (IT4Y ta HITY), a Takoxk cuimamu B3aeMOJii Kodjic i3
OTIOPHOIO MOBEpXHEr0. BkazaHi YMHHHUKHY € B3a€MOITIOB’sI3aHi 1 3HAYHOIO MipOI0 BU3HAYAIOTHCS HEPIBHOCTSIMH
NUISIXY Ta CHJIOBUMH Xapaktepucthkamu cuctemu miasicku (CIT) ta npyxkHux muH. s 6inemocti KT3
MPYXKHi aMOPTU3aTOPH (ITHEBMAaTHYHOTO, PECOPHOTO, MPY>KWUHHOTO THITIB) MAIOTh CUJIOBI XapaKTEPUCTHKH, SKi
OIMHCYIOTHCS HEMIHIMHUMU 3aJIKHOCTSMH BiJ 1X gedopmariiid, a aisl aJanTHBHKUX ITiBICOK IIE JTOJIATKOBO i
Bil mBHIKOCTI nedopmariii. Tomy maremarnyni Moxaeni nuHamikn [IY um cucremm migpecopeHa-
HETiJIpecopeHa YacTHHU € CHCTEMH HENHIMHMX AudepeHIialbHUX PiBHIHD JAPYTOTo MOPSAKY. AHAIITHYHE
JOCTIDKEHHS OCTaHHIX € CKJIaIHO0, TOUHIIIE Ka)XXy4l HePO3B’ S3aIbHO0 MPooieMoro. OTHOYaCHO HAWOLTBIIT
TOYHY Ta JOCTOBIpHY iH(OpMAIli0O PO OCHOBHI €KCIUTyaTalliiiHi XapaKTepUCTUKH MOXKHa OTpPUMATH i3
BUKOPUCTAHHSIM MaTeMaTHIHUX CITiBBIHOIIEHD, IKi ONMCYIOTh OCHOBHI nuHaMivHi npotecu [TY ta HITY. dns
YaCTKOBOTO BUpIlleHHs TpoOnemMu BrumBy nuHamiku [IY Tta HIIY Ha oOcHOBHI eKcIutyartaliiifi
XapaKTePUCTUKX PO3BUBAIOTHCS HACTYITHI METOM: a) JiHeapu3alii HeNiHIMHNX cruitoBUX XapakrepucTuk CII
Ta MPYXHUX LIMH, 10 TPU3BOJIUTH JIO JIHIHHUX MaTeMaTHUYHUX MOAEJNeW Ui SKUX JOCTaTHbO PO3BUHYTI
METOJM YHCENBbHOI CHUMYJALII YM aHAIITHYHOTO IHTErpyBaHHs PIBHSHBb PyXy; 0) MakcHUMaibHOro (st
KOHKPETHOTO BHUIAAKY AOCIHiIKEHHS EKCIUTyaTallifHUX XapaKTePUCTUK) CIIPOILEHHS PO3PaxyHKOBHX, a BiJ
TaK — MaTeMaTHYHUX MOJIeNiel; B) ekcriepuMeHTanbHui. KoxkeH 13 MeTo1iB Mae CBOi mepeBart Ta HeJOTIKH
nepen iHmmM. Tak, JiHeapu30BaHI MaTeMaTH4HI MOJIeNli He BPaxOBYIOTh HU3KU BIIACTHBOCTEH pealbHUX
MPOLECciB TUHAMIKH CUCTEMH IiIpecopeHa — HelliIPecOpPeHa YaCTUHH, 30KpeMa 3aJIeXKHICTh X BIACHUX YaCTOT
BiJl aMIDIITYyZA, a BiJ] Tak, OCOOJMBOCTI pe30HAHCHUX mNporeciB mig dac pyxy KT3 B3moBx nuisxy i3
HepiBHOCTsIMH. [loiOHI HENOMIKM XapaKTepHi 1 JUIS YUCENBbHOI CHUMYJIALIl HENHIHHMX MaTeMaTHYHHX
moxeneit. Illo crocyerbes mociijpkeHb MOOYIOBaHMX Ha 0a3i MaKCHUMajbHO CIPOIICHHX HENiHIMHUX
PO3paxyHKOBUX MOJENEH, TO BOHM Ui KOHKPETHHUX EKCIUIyaTallifHUX XapakTepUCTHUK J03BOJISIOThH
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BCTAHOBHMTU HHU3KY OCOOJHMBOCTEH, SIKI HE BIA€ThCS BCTAHOBUTH Ha 0asi JiiHeapu3oBaHHX Mozeieil. Tomy,
HaWO1IBITY MPAaKTHYHY IIHHICTh CTAHOBJIITH AHAJITHUYHI PEe3yJbTaTH OTPUMAaHI IJIS BITHOCHO CIIPOIICHHUX
HEJIIHIHHUX PO3PaxyHKOBHX MOJIENICH 32 YMOBU ypaxyBaHHS Y HUX THX YH iHIIUX 0COONHMBOCTEH JHUHAMIKA
CHCTEMH TiIpecopeHa-HeligpecopeHa YacTHHH, SKi BiAIrparoTh JAOMIHYIOUY POJib y AOCHIIKEHI CTIHKOCTI
PYXYy, IUIABHOCTI XOAY, K€pOBaHOCTI TOII0. Came TaKuil ImiIXi1 pO3BUBAETHCA ITPH TOCIIHKEHHI CTIHKOCTI pyXy
KT3 3a ymoBu HemiHiitHIX XapakTtepuctuk enemenTiB CII Ta y3arairbHEeHUX PO3paxXyHKOBHX MOJIENEH.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IMNPOBJIEMH

Bimomo, mo y KT3 y sxocti npyxnanx enementiB CII BHKOPHUCTOBYIOTH NpY>KWHHI (pecopHi),
ITHeBMATHYHI, T1APOMTHEBMATHYHI, TIIPaBIiuHI, €JICKTPOMAarHiTHI Ta iH. cuctemu [1-5]. Jlms 6inpmrocTi i3 HUX
BiJTHOBJTIOBAJIbHA CUJIA OTIMCYETHCS HETIHIMHOIO 3aIe)KHICTIO BiJT iX nedopmartii abo aedopmairii Ta mBUAKOCTI
nedopmanii (ouB., Hampukinax, [6-12]). ToMmy, HaBiTh Uil BHIIAQAKY, KOJH HEXTYEThCS MPYKHUMH
BJIACTUBOCTSIMU IIIMH, a PO3TIIAIAIOTHCS TUTHKH MOHOGOPMHI 9M CKiIamHi KonwBaHHA [1Y, MaTeMaTHIHOIO
MOJISIUTIO ii IMHAMIKH € HeJliHilHI AndepeHiaibHi piBHIHAA. [ HUX, y BUlIaAKy MOHO(OPMHHX KOJIHMBaHb,
i3 BUKOPUCTAHHIM aCUMIITOTHYHHX METOJIIB HemiHiiHOT MexaHiku [13] i cnemianbuux Ateb-dyukiiit [14-16]
BCTAHOBJICHO HU3KY OCOOJIMBOCTEH IMO3IOBXKHIX, ITOTIEPEYHIX, BEPTUKAIFHIX KoauBaHb I1Y Ta iX BIUMB Ha
criikicte pyxy KT3 B3moBX KpHBONIHIMHHMX AUISHOK NUIIXy, KepoBaHicth KT3, ymoBHM icHyBaHHS Ta
0cO0JIMBOCTI pE30HAHCHUX KOJHMBaHb Ta iH. [IpoTe, y OUMBIIOCTI 13 BKa3aHUX POOIT PO3MIISAAINCH TiIBKH
MoHo(hopMHI kKonmBaHHA [1Y (BepTHKaNbHI, TO3IOBXHBO- UM TIONIEpedH0-KyToBl). OaHak, mia gac pyxy KT3
B3/IOBXK IUIAXY i3 HepiBHOCTsMH 1Y 3xiiicHIOE cKiamHi HeNmiHiHI KonuBaHHA. JlOCTipKeHHs 1X 3B A3aHO i3
MoOyIOBOKO PO3B’SI3KY CHCTEM HENIHIMHUX KonuBaHb. (CaMe JOCHIDKCHHS TaKuX CKJIQJHUX IPOLECIB
muHamikn KT3 3a yMOBHM, IO CHJIOBI XapaKTEPHCTHKH CHUCTEMa IiJIBICKM ONHCYIOTHCS HENiHIHHUMU
CHIBBITHOIICHHSIMH € TPEAMETOM PO3TIAY poOoTH

[Tix gac pyxy KT3 B3noBxk nuisixy i3 HepiBHOcTsiMu 14 31ilicHIOE CKITaHi KOJIMBAaHHS y BEPTUKAIbHIN
IUIOIMHI, sIKa TEPHEeHIUKYIApHAa 10 BEKTOpa INBHIKOCTI LEHTPY Mac BKa3aHoi uacTuHU. CHIIOBI
XapaKTePUCTUKH TPYXKHUX aMOpPTHU3aTOpiB Ta JAeMII(epHHX MPHUCTPOIB OMUCYIOTHCS HETiHIHHUMU
3aNeKHOCTSIME X Aedopmamiid (aMOpTH3aTOpiB) UM IMIBHAKOCTEH nedopmamiit (aeMndepHuxX MpUCTPOiB):
F. =CA)* - BeIMUMHA [IPY’KHOI CUJIM aMOPTU3aTOPIB, A; - iX Aepopmarii ( i =1 - ans aMopTH3aTOpiB MPaBOro

6opra, 1=2- s iBoro), V - mapamerp, sSIKHii BKa3ye Ha BiIXHICHHS IPYXKHHUX BIACTHBOCTEI aMOPTH3aTOPIB
BiZ JtiHiNHOTO 3aKOHY, ( - KoedimieHT mponopLiiiHOCTI (aHANOr KOSILIEHTY KOPCTKOCTI); R, = alAZ* - CHII
onopy gemndepuux npuctpois (O, S - Bigomi crami), A, - mBuakocti edopmaniii remndepis. Heodxigno
BU3HAYMTH BIUIMB JAWHAMIKH BigHOcHOTO pyxy ITY Ha crifikicts pyxy KT3 B310BkK KpUBONIHIHHOT AINSTHKA
LUISXY.

HIJIb TA 3AJAYI JOCJILI)KEHHSA

3a po3paxyHKOBY MOJETb Ul PO3B’SI3yBaHHsI MMOCTABJICHOI 331a4l MPUUMAETHCSI CUCTEMa JIBOX Tl —
MipecopeHa Ta HeMmipecopeHa 4YacTWHU. B3aeMofmiloTh Mik €000 BKa3aHI YacTHMHU NPYKHAMH
aMOPTU3aTOpPaMU Ta AEMI(PEPHUMHU IMPHUCTPOSIMHU, a 3 JOPOXKHIM TMOKPUTTAM - IIMHaMH. [edopmauismu
OCTaHHIX B MOJAIBIIOMY HEXTYEThcs. 3a BKazaHuX mepeminieHb [1Y ii BiHOCHE MONOKEHHSI OJJHO3HAYHO
BU3HAYAETHCS TIOJIOKEHHSIM LIEHTPY Mac Ta KyTOM MOBOPOTY i1 HABKOJIO MO3J0BXKHBOI OCi, Ka MPOXOIUTh
yepe3 LEHTp Mac. ToMy 3a y3araJibHeHI KOOPIAMHATH, sKi BH3HadaloTh mnojoxeHHs IIY mnpuiitmemo
BEpPTUKAIbHE TEPEMIIlICHHs LEHTYy Mac Z(t) Ta KyT IOBOPOTY \ll(t) BKa3aHO! YaCTHHU HAaBKOJIO

TOPH30HTAJIBHOI IMO3IOBXKHBOI OCI, SIKa MPOXOAUTH 4Yepe3 IeHTp Mac. BigpaxoByBaTuMeMmo y3araibHEHY

KoopauHary Z (t) BiJ craTHyHOTrO nosoxenHs 114, a \l/(t) - BiJl TOPU30HTAJILHOI IIOIEPEYHOI OCi.

Hedopmariii mpyKHUX aMOpTH3aTOpiB IS JOBUILHOTO mosiokeHHS [IY BupaxkawoThcs depe3
y3arajbHeHi KOOPAMHATH 3alexHOCTSIMH: A = (Ast. - |\|I(t)—2(t)) , A= (Ast_ + |\ll(t)—2(t)) , a Big Tak
BEJIMYMHU CWJL, SIKi Iif0Th Ha [1Y 31 cTOpOHU MpPY:KHUX aMOpPTH3aTOPiB PiBHI: F1 = C(Ast. - |\|l(t)—z(t))V2+1,
F,=c(A, + |\|l(t)— Z(t))V2+1 [Mlogo cratmuHOi nedopmamii MpPYKHUX aMOPTH3AaTOPiB A,, TO BOHA

BIIMOBIAHO [0 BU3HAUeHHs 3B’s3aHa 13 “koedimientom  xkopcrkocti” C  samexwicTio

+1 Q . . .
ZC(Ast,)Vz :Q—>C= il Q - Bara [1Y. HaBenene mo3Bosise 3amucaTd audepeHIiaibHl PiBHIHHS

2(Ay)

BiJIHOCHOT'O PyXY y BHIJISIII
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10 (1) = (el (A, =ty (1) =2(1))*" =l (&g +hw (1) =2(1))"" )+ Mg (3(1).2(1))- =0, ®
1
%z =—Q+(c(Ay —ly(t)=z(t)** +c((Ay —2(t) +hy (1)) )+ R (¥ (1), %(t))-....

I, MmoMeHT iHepuii ITY BiTHOCHO MO30BKHBOI OCEH, sIKa MPOXOAATH Yepes if IEHTpH Bar, M R (\ll, Z)
Ta R(\II,Z) - MOMEHT CHJI OTIOpy JIeMI(epHUX MPUCTPOIB BiIHOCHO BKa3aHOI OCi Ta iX TOJOBHUI BEKTOP.

Bennunan MX BEKTOPIB piBHI R(y,2)= a[(l\j/(t) +2(8)5 4 (hp (1) — Z(t))23+1:| ,
M, (\i/(t),Z(t)) = |a|:(|\i/(t) + 2(t))25+1 _ (|\|J(t) _ z(t))25+1:| .

Sk Gyrno HaroJomeHo Buie, cTinkictb pyxy KT3 B3moBk KpHBOTIHIMHAX AUTSHOK IIJISTXY BU3HAYAE€THCS
3HAYHOIO MipOIO JMHAMIYHOIO CHJIOIO THCKY IIMH Ha OTOPHY MOBEPXHIO, OCTAHHS B CBOIO YEPTy BU3HAUAETHCS
muHaMikoro ITY. ToMmy HacTymHHM 3aBHaHHSM POOOTH € BH3HAYCHHS 3aKOHIB ITOTIEPEYHO-KYTOBUX Ta
BEPTHKAJIBHUX KonBaHb [14.

PE3YJbTATHU JOCIIIKEHDb

Jis aHanmiTH4HOTO OmucaHHs auHaMiku [IY meprn 3a Bce 3aMiHOK 3MIHHUX W(t)ZAst_—Z(t)

(W (t) =-7 (t) , W(t) =~ (t)) mudepeHianbHi piBHAHAS (1) IpoBEAEMO 10 BUTIISIITY

q-,(t)+Ii(cl(lw(t)_w(t))“” rel(ly (1) +w(1)"")= IiMR (41~ (1))
C C (2)
W+%(c(w(t)—1w(t))v2” Fe((w(t)+y ()= =%R(\p,—v'v(t)).

s 3abe3neuenns HanexxHoi koMmpopradensHocTi iepeBe3erns y KT3 sukopuctoByrots CII mns sikoi
i 9ac pyxy B3IOBXK IUIAXY i3 HEPIBHOCTIMH MaKCHMAJIbHI 3HAYCHHS MIPY>KHUX CHJI aMOPTHU3aTOPIB € 3HAYHO
OUTBIIMMKM ~ BiJl ~ MakCHUMaJbHHMX  3HAYeHb CWJI  ONOpPY  JeMO(pEpHUX  HPHUCTPOiB,  TOOTO

max(c(Ast'—1w(t)—z(t))v2+1+c ((Ast'—z(t)+1w(t))v2+1)>>maxR(\jl(t),Z(t)). OCTaHHE € MICTaBOI JUIs

3aCTOCYBaHHS 3araJibHUX i7Iei METOiB 30ypeHb IPH MOOYA0BI pO3B’SI3Ky CUCTEMHU A (epeHITiaTbHUX PiBHIHD
(2). EQexTuBHICTD 1X BUKOPUCTAHHS 3aJICKUTh BiJl MOMKIJIMBOCTI TOOYIOBH “NOPOKYIOUMX PIBHSHB .

Junamika nopomkyto doro pyxy I1Y, sk BUIUIMBae i3 BHIE HaBEAEGHOTO, 3B’si3aHa i3 MOOYIOBOIO
PO3B’ 3Ky CHCTEMU HENiHIHHUX AudepeHiaTbHUX PiBHIHD, TOOTO

q,(t)+Ii(d(w(t)_w(t))““ rel(ty (1) +w (1) ") =0....
‘ ©)
W+ %(c(w(t) “hy () +e((w(t) + 1y (1)) =0.

[TokaxemMo, IO BIJNOBITHO JO OCHOBHOI 1/i¢i OnMcaHHSI HOPMaJbHHUX (POPM KOJIHMBAaHb y CHIIBHO
HemiHiiHMX cucremax [17,18] momepedHo-kyTOBI Ta  BepTHKanmbHI mepemimenHs 1Y  mpwm
2m+1

2n+1
[lizcraBnstoun BKazaHy 3aJIeKHICTh MK HEBIIOMUMH HOpMaJIbHUMHU (OpMaMH KOJIMBaHb Y PiBHAHHSA (3), A7

v+1l= ,mn=0,1 2,..38’513aH1 CHIBBiAHOIICHHIM W(t) = MV('[), A - HeBimomuii mapamerp.

3HAXOJ[KCHHSA \V(t) Ta L OTPUMYEMO CITiBBiTHOIIEHHS

ILCI((I + 7\,)V2+1 +(| _7\‘)\/2+1) _ %((I +7\‘)v2+1 _ (I _x)v2+l) (4)

Takum 4YMHOM, 3HaXOKEHHS HEBIIOMUX (OPM KOJTMUBAHb YACTKOBO 3B’S3aHO 13 MPOOJIEMOIO iCHYBaHHS
Ta 3HAXOJDKEHHSIM PO3B’si3KiB anreOpaiuHoro piBHsHHSA (4). [lepelizeMo 10 HaONIMKEHOTO aHATITHYHOTO TX
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3HaXOKCHHS. I3 (hi3MYHOro 3MICTY YMOBHU iICHYBaHHS HOpMalIbHUX (OpM KoiuBaub y ITH (W(t) = Ml(t))
BUILUIMBAE, [0 MapameTp A MpuiiMae Maje 3HaueHHs. lle J03BOyisie Ul HaOJIMKEHOTO 3HAXOIKEHHS
napamMerpy A OOMEKHTHCh JEKiITbKOMA uYIeHaMH pO3Kiany B okomi mapamerpy | Bupasis (=)=,
OTpuMaeMo Ticis HECKIAIHUX TIEPETBOPEHD anreOpaidne piBHSIHHS TPETHOTO CTEIICHS

2L (1 (v, 4D, 07 = %((Vz +1)12) 5)

C

. Ilepmomy KoOpeHrO

2 2
Woro xopeni piBHi AM=0, A, = \/ICg(V+1)_QI v Ay :_chg(vz +1)-Ql
Qv(v+1) Qv, (v, +1)
BIJIMOBiIalOTh TOMEepeyHo KyToBi konmuBaHHSA [IY, a agpyromy Ta TpeThOMy — TONEPEYHO-KYTOBI Ta
BepTHKaNbHI KoiuBaHHA [IY, mpudoMy, IpyroMy BHUIAIKY BiIIOBiNAIOTH CHHXPOHHI MOMEPEYHO-KYTOBI Ta
BepTUKaNbHI KonuBaHHs [1Y, a TpeTboMy - y MPOTHIICKHUX (ha3ax.
He menm BaxnmuBoio mpoOieMoro € omucanHs GopM KonuBaHb. i 1bOro i3 mepuioro piBHAHHS

cucremH (3) A BUIAAKy A, =0 Maemo

. 2C|v+2 (W(t))wl

lc

w(t)

=0, 6)

Moro po3B’s30K OMNKHCYEThCA 3a JONMOMOrol mepiommunnx Ateb-dymkuiit [14] y Burmsai

w(t)=asa(v+LLoa(a)t+8), ne @ - aMIuiTy#a KONIMBaHb, a (D(a) - IX dYacToTa, sKa piBHa

1

i Y v +2gl( 1)
o(a)=,|(v, +2)CI a2 abo »(a)= # — | @a%, p - paniyc inepuii IT9: |, =9p2,
IC 2p Ast, g

o crocyerbesi HOpManbHUX KonuBaHb 114 (momnepedHo- KyTOBHX Ta BEPTHKAJIbHUX), TO BOHH (IUB.
3a1e3KHOCTI (3) - (6)) OIUCYIOTHCS TAKOK 32 JOMOMOTOI0 Tepioanuaux Ateb- gymkiriit

y(t)=asa(v+1l0,@)t+3),
p*(v+1)-I
v(v+1)

(7)

w(t)=+a sa(v+1lm,(@)t+9),

vy +1 vy +1

gl(v+2)

p?(v+1)-1
4p2 (Ast.)wrl

v(v+1)

v

- a

ne m,(a)= 1 BepxHiil 3HaK y (QyHKIii

W(t) BiJIMIOBiZIa€ MOTEPEYHO-KYTOBUM 1 BEepPTUKaJIbHUM KoJjuBaHHsAM [IY y oxmili ¢a3zi, a HWKHIA — y

npoTuiekHUX (azax. I3 3anexuocTi (7) BUIIIMBAE, 10 JUIS IPOTPECUBHOT CUIIOBOI XapaKTEPUCTUKU NPYKHUX
2

v+1)’

. . . 2
aMOpTU3aTOPiB HOpPMaibHI (OPMHU KOJNMBaHb HE30YPEHOTO PyXy MOXIHMBI mpu P~ > a

—~

r
(v+1)

Ha puc. 1 npenacraBieHo 3alieXHICTh YaCTOTH HOPMAIILHUX (OPM KOJIMBaHb (y Tepliax) BiJl aMILTITYIn
MIPU Pi3HUX 3HAYEHHIX cTaTH4YHOI gedopmarii [T ta mapameTpy HeniHIHHOCTI.

. 2
perpecuBHol HaBnaku P <
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Pucynok 1 . 3anexHicTh 9aCTOTH HOPMAIFHUX KOJMBAHD BiJl aMILTITYIH NP PI3HAX 3HAYEHHSIX
crarnyHOi Aedopmarii [1Y Ta mapamerpy HemiHIHHOCTI V.

YncensHi pocnimkenns nposomumncs npu 1=0.85M, p? =12/3, A, =0.15m; 0.25m (puc. la, 16 -
BIIMIOBIAHO), v=—2/3; —4/7; —2/5 (iiHis 1, 2, 3 - BIATIOBIAHO).

OTpumaHi pe3ynbTaTH IMOKa3yloTh, IO BIACHI YacTOTH MONEPEYHO-KYTOBMX KoiuBaHb [IY mms
pErpecuBHOI XapaKTEPUCTHUKH MPYKHUX aMOPTH3aTOPIB:

- MPUHMAIOTh MEHII 3HAa4eHHS AJs OUIBIINX BENMYMH aMILTITY KoirmBaHb. OJHOYACHO 3aJIeXKHICTh
3MEHIIIEHHS YaCTOTH BiJl aMIUTITY/IX KOJMBaHb € OLIBLIO0 JUIS MEHIIMX BEJIMYHMH mapaMerpy V. 3pocTaHHs
aMILTITyId TONepeYHO-KyToBUX KomuBaHb Bix 0.05 pax. mo 0.01 pag cnpuyuHse 3MEHIIEHHS YacTOTH Ha
12.9% npu v=-4/7,A, =0.35m,anpu v=-2/7,A, =0.35m- Ha 20.6%;

- 32 O/THAKOBUX aMILTITYl KOJIMBaHb YaCTOTa KOJIMBAHB € OUITBIIO0 JJIsI MEHIIINX 3HaYeHb mapameTpy V
. YacToTa BKa3aHUX KOJIMBaHb P aMILTiTYAl KonuBaHb 0.05 pagi v=-4/7,A, =0.35 € Ha 36.2% OinbLI0IO

HIK IpU v=-2/7 ,A, =0.35, a npu ammniTy i konusanb 0.15 paxg —na 17,7%;

- 3pocTaHHs cratuyHoi gedopmanii Big 015 M 10 0.25 M nmpu v =-2/7 cnpuunHse 3MeHIIEHHS
4acTOTH KoJuBaHb Ha 16.5% npu amrtityni konusass 0.1 paz.

J1st mporpecuBHOT XapaKTEPUCTHUKH CUCTEMH MiJPECOPIOBAHHS:

- 3pocTaHHs cTaTHuHOi aedopmanii Bixg 015 M 10 0.25 M npu V=2 /9 CIIPUYMHSE 3POCTAHHS YaCTOTH
KoJIMBaHb Ha 67.2% mnpu ammutitTyai konuBass 0.1 paz.

- 32 OJTHAKOBUX aMILTITY/l KOJIMBaHb YaCTOTa KOJIMBAHb € OLIBIION0 JIJIsl MEHITUX 3HAYeHb napamerpy V
. HacroTa BKa3anux konauBaHb npu ammuriTyai 0.05 pang. i v=2/9,A, =0.35 € Ha 29.8% OLIBIIO0 HIXk IPH

v=2/3,A, =0.35, a IpU aMILTITy i KoMBaHb KoiuBaHb 0.2 pax — MeHIIo0 Ha 4.6%.

Ilo cTocyeThest SIKICHOT KAPTUHM YaCcTOT HOPMaJbHUX KOJIMBAaHb, TO BOHA Ma€ IOMIOHUI XapaKkTep K
UL TIOTIEPEYHO-KYTOBHX KoymBaHb [1Y i3 perpecnBHOIO XapaKTEpPUCTUKOIO MPYKHUX aMopTH3aTopiB. [IpoTe
KUTBKICHI ITOKa3HUKH YaCTOT HOPMAIILHUX KOJHMBaHb € 3HAYHO OUTBIINMHU.

JInst BU3HA4YEeHHS BIUIMBY CHJI ONOpPY AeMI(EpHUX NPHUCTPOiB HAa HOpMaibHI Gopmu konmBanp 14
00MEXHMMOCH TEepIIUM HAOIMKEHHSIM pPO3B’s3Ky. s HOro 3HaXOJPKEHHS, BIJIIOBIIHO JO OCHOBHOI imei
metoay Bau-nep-TTons [13], muramignnii mporiec ITH onmcyeThCst aHATOTIYHUMH CITiBBIHOIIEHHIMH SIK 1 JU1S
BUTIAJIKY PO3TJITHYTHX BUIIIE HOPMAIBHUX KOJIHMBaHb, TUTBKH aMILTITY/a Ta a3a KOJUBaHb € PYHKI[ISIMH Yacy.
TakuM 4UHOM, JUIA 3HAXOJ/UKEHHS 3aKOHI 3MiHHM aMIUTITYIM KOJIMBAaHb (napameTpy d) oTpuMyemo 3BUYaiiHe
ndepeHIiaibHe PiBHIHHS

25+ 2s+1 | [ 1 (232_’_2)
da lo(am,(d)*" It - v, +2 2
— o + —
dt l.o,(a) or 1 N 2s,+2
v,+2 2
(8)
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Jie BEPXHIH 3HAK MPUHMAETHCS IS aMIUTITyIi CHHXPOHHHUX KOJIMBaHb, @ HIKHIN — IS BUTIA/IKY TIOTIEPEYHO-
KYTOBUX Ta BEPTUKAIBHUX KOJIUBAHb y IPOTWICKHHX (Dazax.

OTpuMaHi BUINE pe3yNbTaTH JO3BOJSIOTH OTPUMATH 3HAYCHHS JUHAMIYHOI CHJIM THUCKY Ha OIOPHY
MOBEPXHIO. Y BUMNANKY OC3BiPUBHOTO KOHTAKTY KOJIC i3 OIMOPHOIO MOBEPXHCIO JAMHAMIYHA CHJIA THCKY

. . r r o
OCTaHHIX Ha OIOPHY NOBEPXHIO PIBHA N1 + N2 =P+Qx= QDQ, ne P- para HITY, QDQ - TOJJOBHUM BEKTOP CHII
iHepuii BinHOocHOTO pyxy ITY. Illomo BenMYMHM OCTAaHHBOTO, TO BUXOIMYHM 13 AW(EpeHIIaTbHOTO PiBHIHHS
BepTUKanbHUX KonuBaHb [TY Ta ioro po3s’s3Ky y HopManbHii GpopMi, MaeMo

2 2
2a Q [p°(v+1)-I
v(v+1)

Takum YMHOM, eKCTpeMalibHI 3HaYeHHS CHJIM TUCKY Ha ONOPHY IIOBEPXHIO 32 YMOBH YCTAJIEHOT'O PYXy
KT3 pisHi

0% (a)sav+1(v+1,1,(o§ (a)t+8) 9)

max B 2a Q [p*(v+1)-I1* 10
{min}(N1+N2)_P+QiV+Zg v(v+1) \Dz(a) ( )

3 iHmoro 60Ky, yMOBOIO CTIHKOCTI pyxy 3 orysiny Ha 3aHeceHHs K13 B3moBk KpHBOMIHINHOT AISHKH

(3 e e . . . .
HIIXY €: f(N, +N,)> QDQ +®0; ne CDQ Ta @° - TOJIOBHI BEKTOPH CHII iHEPIIii IIEPEHOCHOTO PyXy BiIIOBiTHO

Qv .. PV , .
=—— O, =—— e R - pagiyc kpuBMHM NiNSHKM IUIAXY.

g R’ g R

OOMexyrounch MiHiIMaJTbHUM 3HAUYEHHSM CHJIM TUCKY B YMOBI CTIMKOCTI PyX OTPHMY€EMO

Y Ta HIIY. Ix Benuuunu pibHi CDE

2 2 _
VprQ)<flpiQ- 22 [P (v+1)-!
Rg v+29g

2
w; (a) (11)
2
v(v + 1)
3ayBaxuMo, y OTpUMaHiil Buie GopMyJIi 3a 3HaYeHHS cril THCKY Koiic KT3 Ha moposkHE MOKPUTTS
MPUIHATO MiHIMalbHE 11 3HAYCHHSA. TakuM 4MHOM, O€3IEYHEe 3 OISy Ha 3aHECEHHS IIBHJKOCTI CTIHKOTrO
PYXy B3IOBX KpPUBOJNIHIMHOI AUISHKK NUISXY TMOBUHHO OYTH MEHINMM 32 KPUTHYHE 3HaYeHHA V , siKe
BU3Ha4aeThes i3 (11) (ans BunmaaKy piBHOCTI)

2a Q p*(v+1)-I
v+2g9(P+Q)\ v(v+1)

Ha puc.2 nnst pisHUX 3HaYeHb MapaMeTpiB, sIKi XapaKTepu3yloTh npyxHy miasicky KT3 npencrasneHo
3aJIeKHICTh BiJl aMILTITYAX KOJHMBaHh KPUTHIHOI MIBUAKOCTI CTIKOTO PyXy

V=Rof [1- ,(a) (12)
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Pucynox 2. 3anexHicTh KpUTHIHOI ITBUIKOCTI CTIHKOTO PyXY Bill aMIUIITYIH KOJTHBaHb

YucensHi gocrigpkenns nposoaunuch npu R =0.40m, f =0.6. Kpusi va puc. 2a, 26 nobynosani npu
A, =0.35m; 0.25m; 0.15m (minisg 1, 2, 3 - BignmoBinHo), v =—2/3; —4/7 (puc. 2a, 26 — BiANOBiAHO).

I3 oTpMaHuX pO3paxyHKOBUX 3aJIEKHOCTEH Ta TpadiqHNX MPEICTABICHUX Ha PHC.2 BUILINBAE:

- s OUTBIIMX BENWYMH aMIUTITY] KonuBaHb ITU KpHUTHYHE 3HAYCHHS MIBHUAKOCTI CTIHKOTO PyXy €
MEHIITUM;

- g CII i3 O6ibmior0 cTaTHYHOI AedopMallie€lo Mpy»KHUX aMOPTHU3aTOpiB, MPHU HE3MIHHUX 1HIIAX
napameTpax, 3pOCTaHHs CTaTUIHOI AedopMartii CipudrHsIe 3pOCTaHHS KPUTUYHOT IBUAKOCTI. Tak 3pocTanHs
cratuuHoi nedopmanii Big 0.25M. mo 0.35M npu v=-2/7 Ta ammuityai koauBaHb 0.075M crnpuuusse

3pOCTaHHS KPUTHUYHOI MIBUAKOCTI cTifikoro pyxy Ha 10.7%, a npu amrutityai koiuBanb 0.0 1M — 39.3%;

- 3pOCTaHHA MmapameTpy V, SKUMl XapaKTepusye HEeIIHIMHO-TPY>KHI BIACTHBOCTI aMOPTHU3ATOPIB
CIIPUYHUHSE 3POCTAHHSA KPUTUYHOI IIBUAKOCTI pyXy. Tak 3pocTaHHsA BKa3aHOrO MapaMeTpy Bif v =—2/3 10

v =—4/9 npu cratnuniii nepopmanii 0.2M i ammmiTy i koaupanb 0.02M COpPUYMHSE 3pOCTAHHS KPUTHYHOT
mBUAKOCTI Ha 7,6% , a mpu amrutiTyAi koinuBaab 0.05M Ha 38.8% 3a 1i€l )k BeNMYMHA CTAaTHYHOI Aedopmartii.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

Hns pocmimkenHs ctiikocti pyxy KT3 3 ornsany Ha 3aHeceHHS MiJ 4ac pyXy B3JOBX KPHUBOJiIHIHHUX
ITUISTHOK NUTAXY 13 ypaxyBaHHSIM HeNiHIHHUX konmuBaHb 1Y po3pobieHo meTomuky ix mocimimkeHHs. BoHa
0a3yeThCsl HA MOEIHAHHI 3arajbHUX 16l METO/IB 30ypeHb, BUKOPUCTaHHI mepiomguunux Ateb-dbynkitiit amst
OIMCaHHSI HOPMAJILHUX (POPM MOMEepPeyHO-KYyTOBHUX Ta BepTUKanbHUX KonuBaHb [1Y. [TokazaHo, o BKa3aHi
¢opmu kosmBanb I1Y, MawTh IO OCOOJUBICThH, MO iX YACTOTa 3AJICKHUTHh BiJl aMIUIITYId, CTATUYHOTO
nepemimenas 1Y, mapamerpy, skwmii BKazye Ha BIAXHWIIEHHS NPY)KHHX BIACTUBOCTEH aMOPTH3aTOPIB Bif
JMHIAHOTO 3aKOHY. 30KpeMa, IJIsl MPOTPECHBHOI 3aJIS)KHOCTI TPYKHUX BIIACTUBOCTEH aMOpPTHU3aTOPiB BiX
nedopmariii, BoHa 1Jis OiIIbIINX 3HAUYEHb aMILTITY U IpUiMace OiNIbII 3HAYEHHSI, a JAJIsl pErPECUBHOTO 3aKOHY
— HaBITaK¥ MEHII 3Ha4eHHs. OTHOYaCHO BIUTUB JeMII()epHIX MPUCTPOIB IPU3BOAUTH 10 3aTyXaHHS aMILTITY ]
KOJIMBaHb, a BiA Tak 1 3MiHH B 4aci dactoTu. [IprmyoMy BimacHa yactoTa HOpManbHHUX KoiuBaHb [1Y s
MPOTPECUBHOTO 3aKOHY TMPY>KHOI CHIIM aMOPTHU3aTOPIB 3 4YacOM 3pPOCTa€, a JJisl PETPECUBHOTO — craaae. Sk
OKpeMHUii BUMAJOK OTPHUMAHOTO BHUILIMBAIOTH PE3yJbTAaTH, IO CTOCYIOTHCSI MOHOQOPMHUX KonuBanb I[TY.
OTprMaHi OCHOBHI aHAJITHYHI 3aJIe)KHOCTI SIKi CTOCYIOTHCS HOpManbHHX KojiumBaHb [IY y moemHaHHi i3
OCHOBHHUMH TPHHIUIIAMHA MEXaHIKM BUKOPUCTAHO IJIsi BH3HAYCHHS KPUTUYHOI 3 OISy Ha 3aHECCHHS
HIBUJKOCTI CTiHKOTO PYyXy B3[OBXK KPHUBOJIHIMHUX IUISHOK HUIAXy. [lokazaHo, 110 KPUTHUYHE 3HAYCHHS
MIBUKOCTI CTIHKOTO PyXy € MEHIIUM IS OiIbIIMX BETMYWHU aMIDTITYZ KOJMBaHb T4 MEHIIUX BEIHYUH
napaMmeTpy, SIKUi BKa3ye Ha BiIXWJICHHS IPYXHHUX BIIACTUBOCTEH aMOpPTHU3aTOpiB Bij JHIAHOTO 3aKOHY i
OJIHOYACHO OUIBIIMM JUIS OUTBIINX BEJIMUYWH 1X CTaTU4YHOI Aedopmariii. 30kpema, pu 3poCTaHHi:

a) amrityau konuBaHb Bix 0.04m. go 0.05M mpu cratwunidi gedopmanii amoprtuzatopiB 0.2 M
napaMeTpl HENHIMHOCTI v =—2/3 KpUTUYHA IIBUJAKICTb CTIHKOrO pyXy 3MEHINyeThcss Ha 27.4%, a npu
napamerpi He JiHiiHOCTI v =—2/7 - Ha 6.7%);

0) cratiunoi gedopmanii Big 0.2m 1o 0.3M Ta mapaMeTpy HETiHIHHOCTI v = —2/7 KPUTUYHA IIBUIKICTH
CTIMKOTro pyxXy 301b1Iy€eThCs HA 5% npu aMIutiTy i KonuBadb 0.04M., a Ipy aMIUTITY Al HOPMAJIBHUX KOJIMBaHb
0.06M. — Ha 8.2%);

B) IIapaMeTPy HEIIHINHOCTI BiJ] v =—4/7 10 v =—2/7 CIPUYMHSIE 3pOCTAHHS KPUTUYHOI IIBHIKOCTI
pyxy Ha 15.42% npu cratuunii gedopmanii 0.35m 1 ammutityni konusass 0.05M, a mpy aMIUTITYAl KOJIMBaHb
0.075M — Ha 36.6%.

BUCHOBKH

[IpoBimHI aBTOBUPOOHUKHU CBITY BEIyTh IHTEHCHBHI JOCIHI/PKEHHS, SIKi CTOCYIOThCS nuHamiku [1Y Ta
HITY 3a HenmiHiHHUX MaTeMaTHYHUX Mojened. OaHaK pe3ynbTaTd iX JAOCHIHKCHb 0a3yl0ThCsS HA YMCENbHIN
CUMYJISLIT BIAMOBIIHUX MaTeMaTHYHUX Mojiened. UnceabHa CUMYJISINS HE Ja€ T0CTaTHLOI iH(opMalii s
BUIAJKIB PE30HAHCHUX KOJIMBaHb HABITh MPOCTIIMX — OJHOMAcCOBUX MOJENeH i3 HeIiHIHHIMHA
XapaKkTepUCTUKAMK MPYKHUX aMopTu3aTopiB. Jlo TOTo K, BAKOPHCTaHHS B OCTaHHI POKU Y TPaHCIIOPTHHX
3aco0ax aJlanTUBHHUX €JIEMEHTIB MOTPeOy€e CTBOPEHHS MPOTrPaMHOTO MPOJIYKTY JJIsl HUX, SIKUH 3a0e3revyBas
01 HaiO1IbII KOM(OPTHI YMOBU TPaHCIIOPTYBAaHHS OKPEMHX KaTeropii ioaei un BaHTaxiB. Came oTpuMani
y poOOTi pe3yiabTaT MOXKYTh OyTH BUKOPHCTaHI1, 30KpeMa, IS 1€l MEeTH.

OTpuMaHi OCHOBHI CIiBBIHOIIEHHS MOXYTh CIIY>)KUTH 0a3010 JUIS IUPOKO TUIAHOBUX IPOEKTHO-
KOHCTPYKTOPCBHKHX POOIT 3 METOI0 MOJIEpHi3allii HAsBHUX UM CTBOPEHHS HOBHX CHCTEM II1JIPECOPIOBAHHS, SIKI
0 y OinpLIiif Mipi 3aJ0BOJIBHSUIM EKCIUTyaTalliiHUM BUMoOraMm y ckiagHux ymoBax pyxy KT3. Omnouacno
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OTpUMaHi y poOOTi pe3y/IbTaTH MOKYTh BUKOPHCTOBYBATHCH JUIS MOAAJIBIINX JOCHIHKeHb quHamiku KT3,
30KpeMa IIiJT 9ac pyxy B3IOBXK MUIAXY 13 HEBIOPSAKOBAHOIO CUCTEMOIO HepiBHOCTEH, KepoBaHocTi KT3 Ta iH.
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B. Sokil, A. Senyk, M. Sokil, A. Andrukhiv. Methodology of research of the influence of oscillations
of the sprung part of wheeled vehicles on the stability of movement.

For wheeled vehicles, a methodology for studying the effect of relative oscillations of the sprung part
on the stability of movement along curved sections of the road has been developed. The peculiarity of these
oscillations is that they take into account the nonlinear power characteristics of elastic shock absorbers and
damping devices.

Provided that the dynamic process of this part takes place in the vertical plane, its mathematical model
is built. It is a system of two nonlinear differential equations of the second order. Given that the maximum
values of the resistance forces of damping devices during the movement of wheeled vehicles are much smaller
than the maximum values of the elastic forces of the shock absorbers, an approximate analytical solution of
the mathematical model is built.

It is based on: the existence of normal forms of oscillations of undisturbed motion of the sprung part; using
periodic Ateb functions to describe them; generalization of the main ideas of the VVan der Paul method to the
equation of perturbed motion.

It is shown that the normal forms of oscillations of the sprung part have this feature, their frequency
depends on the amplitude, parameters that describe the elastic properties of the shock absorbers and the
resistance of the dampers.

In particular, for the progressive dependence of the elastic properties of the shock absorbers on the
deformation, it takes larger values for larger values of amplitude, and for regressive - smaller.
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The obtained basic analytical dependences concerning the normal oscillations of the sprung part in
combination with the basic principles of mechanics were used to determine the critical speed of steady motion
along curvilinear sections of the road.

It is shown that this value takes smaller values for larger values of oscillation amplitudes and smaller
values of the parameter that indicates the deviation of the elastic properties of the shock absorbers from the
linear law and at the same time larger - for larger values of their static deformation of the sprung part

The results of the work can be the basis for selecting the power parameters of the suspension system in
order to maximize the performance of wheeled vehicles, and their reliability is confirmed by the results known
for extreme cases.

Key words: sprung and unsprung parts, normal forms of oscillations, stability of motion, deformation,
dynamics.
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Conryc A.ILY, Kiimos E.C.2, Tapanaymka JI. A
YYepracvruii Oepacasnuii mexnonoziunuil ynigepcumem
Kpemenuyyvkuii nayionanshuii ynigepcumem imeni Muxaiina Ocmpozpadcukozo

OCOBJIMBOCTI KOYEHHS EJIACTUYHOTI'O KOJIECA 3 HAXHWJIOM J1O JOPOI'

HaBeneHo pe3ynbpTaTé JOCHIKEHHA PyXy €IaCTHYHOTO Kojeca 10 KPUBOJIHIHHIM TPaeKTOpii 3 HAXHIOM /0
JIOPOTH 3 BUCOKMM Koe(illieHTOM 3uemyieHHs. EnmacTiyHe Koneco po3risAacThes SK LUIICHUH MeXaHi3M, 0 CKIaxy
SKOTO BXOJUTB JKOPCTKHH JMCK, €IAaCTHYHE TijO INMHH (MHEBMATHK) Ta 3HAYHHH 3a CBOIMH PO3MipaMH KOHTaKTHUH
BIIOWTOK INMHU. AHaJi3 paHille NMPOBEAEHMX MOCITIIKEHb I0Ka3aB, IO IIJ Yac PyXy €TacTHYHOrO KoJjieca Io
KPHBOJIHIIHII TpaekTopii BiIOyBaeThCS OJHOYACHO IOBOPOT AMCKA Kojeca Ta Horo OidyHe 3MINICHHS BiJXHOCHO
KOHTAaKTHOTO BitOMTKa MHU. [I0BOPOT Jicka BUKIIMKAE 3aKPydyBaHHS TiJa IIMHM, a H0ro Oi4He 3MINIEHHS 3yMOBIIIOE
KOUYEHHs KoJleca 3 KyToM BinBeneHHs. [Ipu iboMy KyT 3aKpydyBaHHS Tijla IIMHH 32 a0COIFOTHOIO BEJIMINHOIO JOPIBHIOE
KyTYy BiBeIeHH, a 1X 3HAYCHHS 3aJISKaTh BiJl KPUBH3HU TPAEKTOPIi PyXy, MO3OBKHBOI OCI KOHTAaKTHOTO BiIOWTKa
IIMHY Ta HAsBHOCTI 34CIUICHHS B HHOMY. Y CTaHOBJIEHO, IO MiJ 4ac PyXy €JIaCTHYHOIO KOJieca 3 HaXWJIOM 10 JAOPOTH
M0 KPHUBOJIIHIMHIN TpaekTOpii, 10 ABUIL, L0 MPOTIKAIOTh y MHEBMATUKY MiJ Yac pyxXy MO KPHBOIiHIIHIN TpaekTopii,
TOJAIOTHCS SIBHIA, CIPUYMHEHI KOUYSHHSAM KoJieca 3 HaXMIIOM, sIKi 32 He3MIHHOT TPAEKTOpii pyXy eJIACTUYHOTO Kojeca
CIPUYHHSIOTH 3MiHY KyTa 3aKpydyBaHHs TiJIa IIMHY Ta OiYHE 3MIIIeHHs JUCKa BiTHOCHO BinOuTKa muHU. [Ipn npomy
CYTTEBE 3HAUCHHS Ma€ HaNpsSMOK HaXMIy Kojeca BiJHOCHO IIEHTpa TPAaeKTOpil HOro pyxy, a OTpUMaHi 3aJeXKHOCTI
JI03BOJISIIOTH BU3HAYHUTH BEJIMUMHY KyTa 3aKpYYyBaHHS TiJla IIMHY Ta OI9HOTO 3MIIIEHH ITiJ] Yac pyxy Kojeca 3 HaXHJIOM
0 JOpPOTH TI0 KPHBOJIHIMHIN TpaekTopil. YBEZEHO IOHATTS «IPHUBEACHUI» paiiyc KPHBU3HH TPAECKTOPIl Pyxy
€JIACTUYHOTO KOJeca, 0 BU3HAYa€ YMOBHHHU Pajiyc TPAeKTOpii pyxy, 3 AKHM OHM pyXajoch Kojeco 0e3 Haxuiy 10
JIOpOTH, aJie 3 KyTOM 3aKpy4dyBaHHS Tija IIMHH Ta GIYHUM 3MILICHHSAM JMCKA 3 ypaXyBaHHSAM BIUIMBY HaxXwiy Kojeca
Ha KyT 3aKpy4yBaHHS TiJla ITMHU Ta Ol4HE 3MilIeHHS AucKa. HaBeneHo 3aneXHOCTI U BU3HAYCHHS HAXUJIIB IIBOPHIB
KEpOBaHUX KOJIIiC, 110 3a0e3MeUyI0Th MiHIMI3aIlil0 OIOpY KOUYCHHIO Ta 3HOLIYBAHHS IIHH KEPOBAHUX KOJIIiC aBTOMOOIII.

Pesynpraté jmocnmijpkeHb MOXKYTh CTaTh y Harodi (axiBIpsIM, SKI HPamIOIOTh Hal yIOCKOHAJIEHHSIM
eKCIUTyaTalliifHUX BIACTUBOCTEH KOJIICHUX TPAHCIOPTHUX 3aC00iB, 30KpeMa MaHEBPEHOCTI, KEPOBAHOCTI Ta CTIHKOCTI
pyxy.

KawouJoBi cioBa: kyr Haxwily, €1acTHYHE KOJIECO, KOHTAKTHHM BiOWTOK IIMHH, IPUBCICHUN» pPajiyc
KPHBH3HH, O19HE 3MIilIEHH, KyTH HaXWITy IIBOPHS.

BCTYII

3a HasgBHOCTI €JACTHYHOIO KoJIeca 3 HOTrOo MpPYKHHUMH, IEpeAaBATLHUMHE, IEPETBOPIOBATLHUMH,
AeMnQyBaJbHAMH Ta 3MJIAJUKYBaJbHUMH BIACTHBOCTSMH MOJKJIMBO peaji3yBaTH Taki eKCIUTyaTaliiHi
BJIACTHBOCTI aBTOMOOLIS, SIK TATOBO-IIBUIKICHI, TaJIbMiBHI, IUIABHICTh 1 CTIMKICTh PYyXY, KEPOBaHICTh,
maneBpenicth Tomio [1] - [3].

VY 3arajbHOMY BUIAJKy €IaCTHYHE KOJIECO € LUTICHUM MEXaHi3MOM, SKMHA Ma€ >KOPCTKHH MAHCK,
eIACTHYHE TiJO IIMHW Ta KOHTAKTHUH BIIOMTOK 1 BIUIMBa€E Ha Oe3MeKy pyXy, MalUBHY E€KOHOMIYHICTh,
CTiIHKICTh, MAHEBPEHICTh Ta KEPOBAHICTb, MIPOXiHICTh, TNIABHICTh PyXy TOIIO. KOHTaKTHUH BiTOWTOK IIMHU
HaJISKUTh OJHOYACHO €JaCTUYHOMY KOJIECY W ONOpHIM MOBEpXHi, XapaKTepH3YEThCS T€OMETPHYHUMH
napameTpaMu, THCKOM Ha OTIOPHY IMOBEPXHIO Ta BEIMYWHOIO 30H 34eIUICHHS Ta KoB3aHHs. Ha po3nofineHHs
30H Y KOHTAKTHOMY BiJIOWTKY BIUIMBAIOThH SIK 34illHI BJACTUBOCTI OMOPHOI IMOBEPXHi, TaKk i KIHEMAaTHYHI Ta
JTUHAMIYHI TapaMeTpH pyxy Kojeca [4].

VYpaxoByloun BaXJIMBHH BIUIMB KOJIeCa Ha €KCIUTyaTaliliHi BIaCTUBOCTI aBTOMOOLIS, BITUM3HSHI Ta
3apyOiKHI BYEHI HAMararOThCS CTBOPUTH WOTO MareMarwdHy mojensb [5]. [ mporo MmnHYy 3aMiHSIOTH
MpyXWHaMH, OankaMu, KpUBUMHU OpYCKaMH, IPY>KHUMH CTPIIKHSIMHE, a JUIS iX 3’€THAHHS BUKOPHCTOBYIOTb
NPYXKHI HUTKU. Y pe3ynbTati OyJio OTpUMaHO PiBHSHHS MPY>KHOI JIiHI1 MepuaiaIbHOro Nepepizy Kojeca.

Ha croroziHi cTBOpeHHS MaTeMaTHYHOT MOZIETI €IACTHYHOTO KoJieca, sika O BiioOpaxkara iioro pobounit
MpoIieC, € aKTyallbHOI MPOOIEeMO0, Y PO3B’sI3aHHI SIKOT 3HAYHE MiCIle HAJIEKHTh OCOOIUBOCTSM PYXY
HaXUJIEHOTO JI0 JOPOTH EJIACTUYHOTO KoJieca 110 KPUBOIiHIAHIH TpaekTopii.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMUA

Pyx emacTiuHOTO KoJieca 10 KpUBOJIIHIWHIH TPAEKTOPIi pO3MIILaeThes y po0oTax 6araTboX yUeHHUX, sKi
JOCIIDKYBaJIM B3a€EMO/III0 €IaCTUYHOTO KOJIEca 3 OITOPHOIO TIOBEPXHEIO.

VY po6orti [6] aBTOp po3riIsAae 3B’ A30K NPYKHUX XapaKTEPUCTUK HEPYXOMOTO €JIacTUYHOIO Kojeca 3
MIMMMi KEPOBAHOTO KOJIECa TPUKOJIICHOTO IAci JIiTaka Ta BUBOJUTH PIBHSHHS IIHMMMI, 110 TPYHTYEThCS Ha
NpyXHil gedopmariii MHEBMAaTHKAa HEPYXOMOI'O KoJieca. YBaxkaroud, o jaedopmailii MMHU HEe3HA4YHi 3a
BiJICYTHOCTI KOB3aHHSI B KOHTAKTi IIMHU 3 OMOPHOIO MOBEPXHEI0, BOHU OMHUCYIOTHCS TPhOMa NapaMeTpaMu:
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0iuHOIO aedopmaliiero IMIMHM A, KyTOBOIWO aedopMallilo MIMHK ¢ Ta KyTOM po3Bajiy ). Pamiyc KpHUBHU3HH
TpaekToOpii pyXy Kojieca aBTOp BU3HAYAE 32 IICHTPOM KOHTAKTHOT'O BI/IOUTKA IIMHYU Ta PEKOMEH/IYE KPUBHU3HY
TPa€EKTOPil pyxXy BU3HAYATH 32 BUPA3OM:

—=wA=Bre—y-x 1)
ne R — pamiyc TpaexTopil pyXy LEHTpy KOHTAaKTHOTO BigOWTKa Kojeca; d, P, Y, — KoedimieHTH, SKi
M. B. Kengui pekoMeHAy€e BU3HAYATH €KCIIEPUMEHTAIBHO.

Momo BU3HAYEHHSI KOEPILI€HTIB @, P, Y EKCIEPUMEHTAIBFHO 38 METOIUKOIO, IKY PEKOMEHJOBaHO Y
poboTi [6], TO iX BH3HAa4YeHHS 3 AOCTATHBHOIO JJISl MPAKTHYHHUX PO3PAaXyHKIB TOUHICTIO HE YSBISIETHCS
MOJKITUBUM, IO TATBEPAKYETHCS TaKoXK gocmimkenasamu B. . Krnoposa [7].

Kuopo3s B. 1. y po6oTi [7] nocnimkye KiHeMaTH4YHi Ta AMHAMIYHI IapaMeTpH Mij 4ac pyXy e1acTHIYHOTO
KoJieca MO KOy 3 HaXWioM i 0e3 Haxuiay 0 AOpOrH. Y pe3ylbTaTi aHamisy MpOBEACHUX NOCHTIIKEHb Ha
CTBOpEHiil ekcriepuMeHTanbHIN ycTanoBli Kaopo3 B. I. moxoauTs 10 BHCHOBKIB, IO ITiJ Yac PyXy IO KOIY
KyToBa nedopmariis IIMHE YHACHIIOK TEpPEeMIleHHs KoJieca Ha IMiBJOBXKHWHY KOHTAaKTy IOCSATAE CBOTO
MaKCUMYMY, a pyX KoJjeca IO KOJIy i MpsIMOJIIHIHHHUI pyX KoJleca 3 HaXHUJIOM JI0 OMOPHOT OBEPXHi OJHAKOBI
3a 0COOIMBOCTAMU AeopMarltii MITHHH.

VY poboTi [4] po3risaaeTbest pyx Koseca Mo KPUBOJIHIAHIA TPaeKTOpil 3a BiICYTHOCTI KyTa HaXHITy
KoJjieca J1o joporu. byna BucyHyTa rinore3a npo po3mnoAiJIeHHs eHEepril mij] 4ac pyxy Kojeca 1o KpUBOJIiHIHHIH
TpaeKTOpii MOPiBHY MK 3aKpydyBaHHAM Tilla IIMHH Ta OiYHUM 3MimeHHsM. [Ipu npoMy OidHE 3MilICHHS
BUKJINKA€ KOYCHHS KoJieca 3 KYTOM BiIBEACHHS, SIKMI IPUIHATO Y JIiTepaTypi Ha3MBaTH «KiHEMaTHYHAM).

Y pe3ynbrari NpOBEACHUX IOCTIKEHb [4] OYyJ0 BCTAaHOBJICHO, MIO IiJ] Yac KOYEHHS KoJjeca Io
KPHUBOJIHIHHIN TpaeKkTopii KyT 3aKpy4yBaHHS Tila IIUHH Op Ta KyT BiABEJCHHS O, COIPUYMHEHHN OiYHUM
3MILICHHSAM JHMCKa BIIHOCHO KOHTaKTHOTO BiAOMTKA IIMHM, 32 aOCOJIIOTHOIO BEIWYMHOIO JAOPIBHIOIOTH OIUH
OJHOMY, TOOTO 8 = 0. 3 ypaxyBaHHSIM IPOBEACHHUX JOCTIKEHD [4] 1 BU3HAUYCHHUX 3HAYEHD KOCDIIIEHTIB o

Ta B piBHsHHS (1) 3a BiICYTHOCTI HAXWITy Kojieca HaOyJIo BUTIISILY:
1

S=2.0p 4+ A, )
i€ @ — TIO3/I0BXKHS BiCh KOHTAKTHOTO BiIOMTKA IIWHU, IPUBEICHOTO JI0 PIBHOBEIHUKOTO NPSMOKYTHHKA B M; Oy
— KyT 3aKpy4yBaHHS Tijla IIWHY TiJ] 9ac PyXy eIacTUIHOTO Kojeca 1o KPUBOMiHIMHINA TpaekTopii paaiyca R,
pam; Ag — OiuyHe 3MIleHHS AWCKA BIJHOCHO BiAOWTKA IIMHHU IIiJ] Yac PyXy €IacTUYHOTO Kojeca IO
KpHUBOJIiHIAHIN TpaekTopil paaiyca R, m.

HUIb TA 3AJAYI JOCTIAKEHHSA

MeTor0 OCIIKEHHS € BU3HAUEHHS 0COOINBOCTEH PyXy €IaCTHYHOTO KOJIeca 3 HAXHIIOM JI0 JTOPOTH I10
KPHUBOJIHIAHIHN TpaekTopii, IX BIUIMB HAa 3HAUCHHS KyTa 3aKpy4YyBaHHS Tija IIMHU, Oi4HE 3MILICHHS AMCKa Ta
KYTiB HaXWJIy IIBOPHIB KEPOBAHHX KOJIiC.

PE3YJIbTATH JOCIIAKEHb

VY poGoTi NpUHHATI HACTYIHI MPUITYLICHHS:

— KoeII[iEHT 3YETUICHHS 1 CUJIM 34YETUICHHS B KOXKHIN TOYIlI KOHTAKTHOT'O BiJOUTKA OJTHAKORI;

— KOHTaKTHHU# BiZIOUTOK MIMHKA Mae (popMy MPSIMOKYTHHKA, PIBHOBEIUKOrO Binoutky [8] — [10];

— KOB3aHHS Y KOHTaKTHOMY BiJIONTKY BiJICYTHE;

— JUTSL IPOCTOTH BUKJIAJCHHS MaTepially Orip KOYeHHIO HE PO3TIISIAEThCS.

I3 aHami3y pe3yabTaTiB MPOBEIACHNX EKCIEPUMEHTAIBHUX AochimkeHs [7] Kuopos B. I. moxomuTs 10
BHCHOBKY, 1110 IIEBHOMY KYTy HaXMJIy Kojleca 110 JOPOT'Y BiINOBia€ IIEBHUM pajiyc R,, i 4ac pyXy MO AKOMY
BEJIMYMHA MOMEHTY 3aKpydyBaHHS JHMCKa BIJHOCHO BIIOMTKAa MIMHK Ta OIYHOI CHJIM MOYKHA NPHUHHATH
PIBHUMH HYJIO. A 116 MOXJIMBO JIMIIIE 33 YMOBH, IO IiJ Yac MPSMOJIHIHHOTO pyXy KoJjieca 3 HaXHUJIOM JI0
JOPOTH BUHHUKAIOTH 3aKpyYyBILHUI MOMEHT 1 Oi4Ha CHIIa, SIK iIGHTHUYHI X 3HAYEHHSIM ITij] Yac pyxy IbOTro
KoJieca 110 KpUBOIIiHikHIH TpaekTopii paxiyca R,. Lleii paniyc BU3Ha4aroTh 3a BUpasoM [7]:

Ry = (3)

siny’

ne R, — paziyc TpaekTopii pyXy Kojieca 3 KyTOM HaXuily 10 JOPOTH, 3a SKOro 014Ha CHJIa Ta 3aKpydyBaJlbHUM
MOMEHT HaOJIKAIOThCS JI0 HYJIS, M; 1, — pajliyc Kojeca, M; Y — KyT HaXWIIy Kojeca JIo JJOPOTH, TPajl.

Amnaii3 ekciepuMeHTalbHUX AaHuX [7] st mmaun 6.00-16 mokasas, 110 po3paxoBaHHil 3a 3aJIEKHICTIO
(3) Ta excnepuMeHTaNBHUHA paniycn pi3HATBCS y Mexax 1,02—1,04 pasa. Taka pi3HHUIS MOSICHIOETHCS
HEPIBHOMIPHHM PO3MOIIJICHHSM TUTOMOTO TUCKY Y KOXHIl TOYIII KOHTAKTHOTO BIIOUTKY Ta BiJIIOBIJIHO CHIT
3YEIUICHHS Y KOHTAKTHOMY BIJIONTKY IMWHH. J[0 TOTO * JJISi KOHKPETHOI IIMHU IS PI3HUIS MoOXe OyTh
BU3HAYEHA TUIBKK €KCIIEPUMEHTAIBHUMH OCTIKeHHAMH. BogHOUAaC 3 MM PI3HULS MiX PO3paxOBaHUM 3a
BHMpa3oM (3) Ta eKCHepMMEHTaIbHUM 3HAYE€HHAM pajiyca R, He mepesuinye 4 %, a TOMy 3 JOCTaTHBOK [JIs
MPAaKTUKU TOYHICTIO 3HAYEHHI LIbOTO Pajiyca BU3HAYaTUMEMO 32 3aJIEKHICTIO (3).
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3rigno 3 [1], [4], KOUEHHS €1acTHYHOTO KoJieca 10 KPUBOIIHIMHIM TpaekTopii pamiyca R moB’s3aHe 3
KIHEMaTHYHUM KyTOM BiJIBEJICHHsI, 3yMOBIIEHUM OiYHMM 3MIIICHHSAM J¥CKa KOJieca BITHOCHO KOHTAKTHOTO
BiJIOUTKA IITUHM, SIKi BU3HAYAIOTh 33 BUPA3aMH:

é‘R = %1 (4)

A = gSRv (5)
ne 8§ — KiIHEMaTHUYHUH KyT BiJIBENEHHS, 3yMOBJICHHN OCOOJIMBOCTSIMH KOUEHHS €JIACTUYHOTO KoJieca IO
KPHUBOJIHIAHINA TpaeKTopii, pam; Az — OidHEe 3MIIIEHHS TUCKA eTAaCTHIHOTO Kojieca TP KOUEHHI €JaCTHIHOTO
KoJieca 0 KpUBOIIHIHHIN TpaekTOpii, M.

Sxmo y Bupasax (4), (5) miacTaBuTH 3HAYEHHA pajiyca Ry, BU3HAYEHOTO 32 BUPa30M (3), TO OTPUMAEMO
3HAYCHHsI KyTa KIHEMaTHYHOTO BIiJIBEJCHHS Ta OIYHOTO 3MIIllEHHS AMCKA NPU MPSAMOJIHIHOMY KOUYEHHI
EJIACTHYHOTO KoJieca 3 KyTOM HaXMITy JIO IOPOTH :

5, = fmsiny, (6)
a? .

4, = o Sy, @)
ne 8, — KIHeMaTUYHUH KyT BIABEIEHHA IiJ 4ac MPAMOJIHIHHOrO PyXy Kojeca 3 KyTOM Haxuiy Y, pai; 4, —
3MIMIEHHS IMCKa i/ 9ac MPSIMOIIHIHHOTO pyXy Kojeca 3 KyTOM HaXuiy Y, M.

3 ypaxyBaHHsSM 3anexxHocteil (2), (6), (7) Ta piBHOCTI KyTa KiHEMAaTW4YHOTO BiJBEICHHS KYyTYy
3aKpydyBaHH Tina muHA (O, = 0,), 3rinHo 3 [4], KPUBU3HY TPAEKTOPIi pyXy eNTaCTHIHOTO KOJieca 3 HAaXHUIIOM

JI0 TOPOTH 3aIHIIEMO TaK:
1

E=§-ey+%-Ay. (8)
VY 3arajpbHOMY BUNAJIKY PyX €JaCTHYHOIO KoJieca MO KPHUBOJIHIMHIA TpaeKTOpii, 3aJeKHO BiJ HOTO
HaXWiTy 10 JOPOTH, MOXIIMBUH 3a TaKMX YMOB: HaXWJI KOJieca JI0 IOPOTH BiJICYTHIH, KOJECO HaXWieHe B OiK
LEHTpa TPAEKTOPIi HOTo pyXy, KOJIecO HaXHUJICHE B/l HEHTPa TPAEKTOPii Horo pyxy. Po3paxyHKkoBi cxemu st
BU3HAYEHHSI OCOOIMBOCTEH PyXy €ACTHYHOTO KOJIeca 3 HaXHJIOM JI0 JIOPOTH HaBeAeHO Ha puc. 1 a, 0.

I3 anamizy puc. 1 a, 6 BUaHO, III0 €TaCTUYHE KOJIECO 3 KyTOM HaXWITy IO JOPOTH Y PYXa€ThCs MO KOy
paxiycom R BimHOCHO 1eHTpa, Toukn O. KyT Haxmiy koieca 1o moporu 6epemMo 3i 3HAKOM «ILTIOCY, SKIIO
KOJIeCcO HaxuiieHe B OiK LEHTpa TPa€eKTOpii pyxy (puc. | a), a y IpOTHIIC)KHOMY BUIIAJIKY — 31 3HAKOM «MiHYC»
(puc.1 6). 3rigHo i3 3anexHicTio (3), Touka Oy € IEHTPOM, BIIHOCHO SKOTO TIiJT 9ac PyXy KoJieca 3 HaXHJIOM JI0
noporu OiYHa cHiTa Ta 3aKpyvdyBaJlbHHI MOMEHT HaOMKAIOTHCS A0 HYJISL.

SIKIO eNlacTUYHE KOJIECO, IO PYXA€EThCSA MO KPHUBOIIHIMHIA TPaeKTOpii, JOJATKOBO HAXWJICHE 0
JOPOTH, TO JIO SIBUILL, 1[0 IPOTIKAIOTh Y MTHEBMATHKY (TilIi IKWHK) i 4ac pyxy 110 KPUBOJiHIMHIN TpaekTopii,
J0/IaTKOBO JIOJIAOTHCS SIBUIA, CIIPUYMHEH] KOYEHHSM KoJieca 3 HaXHJIOM 10 JJOPOTH.

PesynbTyrounii KyT BiJiBeICHHS BU3HAYATHUMETHCS, 3 YpaxXyBaHHSIM HAIIPSIMKY HaxXuIly Kojeca sk cyMa
KYTiB BiJIBEICHHsI, CIPHYMHEHUX KOYCHHSM €JaCTUYHOTO Kojeca 0e3 HaXWily 1Mo KpUBOJIHIHHIN TpaekTopil
pazniyca R Ta KO4YeHHSAM Kojeca 3 HaXWJIOM IO KPHMBOJIHIHHINA TpaekTopii pagiyca R,. 3 ypaxXyBaHHAM
3anexxHocTe (4) — (7) pe3ynbTyroui KyT BilBeJIeHHS Ta OidHe 3MIIIeHHs TUCKA, i1 9ac KOYSHHS KoJeca 10
KPHUBOITIHIWHIN TPaEKTOPil 3 HAXUIIOM JI0 IOPOTH, BU3HAYUMO TaK:

a a
=2 4+ %
%6 = pE o -siny, )
a? a?
=& 4 &
x4 8R ~ 81y sy, (10)
ne Y. § — pe3yJbTyIouuil KyT BIIBEJICHHS il 4aCc KOUEHHS KOJieca 3 HaXHMJIOM JIO JIOPOTH 10 KPUBOJIIHIHHIH

TpaexTopii, pax; >, 4 — pe3ynabTyrode OidHe 3MILICHHs JUcKa KoJieca IMiJ] Yac KOYEeHHS KoJieca 3 HaXHiIoM JI0
JIOPOTH TI0 KPUBOJIIHINHIA TPAaEKTOPIi, M.
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Pucynok1 — Cxema 11 BU3HAUCHHS KYTiB BiJIBEICHHSI i1 4ac pyXy MO KPUBOIIHIHHIN TpaeKTOPii
a) HaxWII KoJieca JI0 IEHTPa IOBOPOTY; 0) HAXHJI KOJIeca BiJl IIEHTpa MIOBOPOTY.

3ayBaxumo, o y popmynax (9), (10) Ta y HUKYE HaBECHUX 3AJICHKHOCTIX 3HAK ILTIOC» HEOOXITHO
OpaTu Ui BUMAJKY, KOJHM KOJECO HAaXWJICHO Bij LIEHTpa TpaekTopii pyxy (puc. 1 0), a 3HaK «MiHyC» — y
BHIIAJKY, KOJI KOJIECO HAXWUJICHO B OiK IeHTpa TpaekTopii pyxy (puc. 1 a). Kyt Haxmimy xoneca 10 JOPOTH Y Y
BOMY BUTIAJIKY OpaTH 31 3HAKOM «ILITFOCY.

Hlono xyTa 3aKpydyBaHHS Tijla IIMHU MiJ] Yac PyXy €JIacTHYHOIO Kojieca 3 HaXHWJIOM JIO JOPOTH, TO,
3riHO 3 JOCTiKEHHAME [4], pe3yabTyrounii KyT 3aKpydyBaHHS Tijla IIMHH 32 aOCOIOTHOK BEIHYHHOO
JIOPIBHIOBATHME PE3YNIbTYIOUOMY KYTY BiZIBEICHHS, SIKUI BU3HAYATUMEMO 32 BUpazoM (9), ToOTo:

Yo = iiisin)/, (11)
4R T 41

Je Y, 0 — pe3ylbTYIOUHid KyT 3aKpy4dyBaHHs Tila MIMHM Iij] Yac KOYEHHS Kojeca 3 HaXMJIOM JO JIOPOTH IO
KPHUBOITiHIAHIN TpaekTopii, pa.

BopHouac TpaekTopis pyxXy enacTHYHOrO Kosieca (OPMYETHCS OCTOBOM KOJIICHOI MAIIMHU 1 He
3aJICKUTh BiJl BEIMYMHM KyTa Haxwily Kojeca 1o gopord. OgHak, Haxusl Kojieca TiJl Yac pyxy IO
KPHUBOJIIHIAHIN Tpa€eKTOpii BILIMHE HA O1YHE 3MIIIECHHS JAMCKA BIIHOCHO BiJIOMTKA IIUHHU, KyT KIHEMaTHYHOTO
BiJIBEJICHHSI Ta, BiJIIIOBIIHO, KyT 3aKpydyBaHHS ITHEBMATHKa (TiIa IIMHW) 32 HE3MIHHOTO pajliyca KPUBHU3HU
TpaekTopii pyxy KoJjeca.

Jis BU3HAUEHHsI BIUTMBY HaXWIIy KoJieca Ha sIBUIIA B IMHEBMATHKY IiJl 9ac PyXy MO KPUBOJIHIMHIN
TPaEKTOPii yBeIeMO TOHATTS «IIPUBEACHUI» PaJliyCc TPAEKTOPIl PyXy, MiJl SKUM OyZAeMO pPO3yMiTH YMOBHUUN
paxiyc, 3 SKUM OH pyXxasiocs Koyieco 0e3 HaXwiry 1o KpUBOIIHIAHINA TPaeKTOpii, aje 3 KyToM 3aKpy4dyBaHHS
IMHEBMAaTHKa Ta OIYHUM 3MIIIICHHSAM JMCKa, BU3HaueHUMH 3a Bupazamiu (10), (11).

YpaxoByrouu 3ayiexHocTi (2), (9), (10) i BuIllcHaBeIeHE, «IIPUBEACHY» KPUBU3HY BU3HAYUMO TaK:

L=3'29+:—2'2A, (12)

Ryp a
ne Ry — «mipuBeneHuity pajiiyc KpUBU3HU TPAEKTOPIi pyXy HAXUIEHOTO KOJieca, M.
Axmo go Bupasy (12) mijcrtaBuTH BHIle HaBelEHI 3Ha4eHHS ). A Ta Y, 0, TO MICIsA eleMEHTapHUX

MIEPETBOPEHb OTPUMAEMO:
1

2 4 2 4
=20+ de £ (20, +5-4,), (13)
1 1 1
e + = (14)
I3 ananizy 3anexnocti (14) BU3HAYMMO 3HAYECHHS «IIPUBEICHOT0» Pajiiyca KpUBU3HHU:

np

abo

R, = KRy (15)

P R+(+R))’
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I[Ipoananizyemo Bupas (15). IIpu y—0, 3rigno 3 3anexnictio (3), R, —00. Y 1b0My BUNAAKy Ma€MO:

R, = lim FGRY)
4R+ (iR,)

OTke, 3a BiACYTHOCTI KyTa HaxXuily Kojieca O JOPOTH «IIPHBEICHUN» palliyc KPUBU3HH MPIMYE 10
paniyca KpUBU3HH PYyXY KoJjieca, IO MiATBEpKY€E TOCTOBIPHICT OTpUMaHOi 3anexxHocTi (15).

OTxe, T 9ac KOYEHHS KOJieca 1O KPHWBOJIHIMHIN TpaekTopii, sika (GOPMYy€ETHCS OCTOBOM KOJICHOL
MAIIIFHH 1 He 3aJIeXKUTH BiJl KyTa HaXMITy KOJieca 10 JOPOTH, KyT 3aKpydyBaHHS Tijia ITMHY Ta Oi9HE 3MIIIeHHS
JMCKa KoJieca BiIHOCHO BiIOMTKA MIMHU OyIyTh JOJATKOBO 3yMOBIICHI BIUIMBOM HaXMIIy Kojeca O IOpOTH, a
HaBeeHi 3anexxHocTi (10), (11) 1o3BoNsATH BU3HAYUTH 1IEH BIUIUB.

[lixg gac pyxy emacTHYHOTrO KoJjieca MO KPHUBOJIHIMHIA TpaeKTOpii 3 HAXHWIOM O JOPOTH, 32 YMOBH
BiJICYTHOCTI 30H KOB3aHHsI Y KOHTAKTHOMY BiAOMTKY LIMHH, BEIIMUMHY 3aKpy4yBaJbHOTO MOMEHTY Ta Oi4HYy
cuiy 3 ypaxyBaHusM [1], [4] Bu3HauuMo Tak:

YM=CyY0=Cy (iiﬁsiny), (16)

Y P =K, Y =K, (ﬁ + fmsiny), an
ne ;M — 3akpydyBaJbHUII MOMEHT IIiJi 4ac KOUEHHs Kojeca MO KPUBOJIHIHHIA TPAaeKTOpii 3 HAXWIOM IO
noporu, H-m; Y, P — GiuHa cuia mig yac KOUeHHS KoJieca Mo KPUBOMiIHIHHIA TPAEKTOPIi 3 HAXUIIOM JI0 IOPOTH,
H; Co — KyTOBa 3KOPCTKICTh IIMHA BiTHOCHO BEPTHUKAIHHOI OCi, III0 MPOXOIUTH Yepe3 IEHTP BiAOUTKA IIHHH,
H-m/pan; Ky — koedimienT 6oxoBoro BinseaeHus, H/pas.

PosrnsiHeMo 0coOIMBOCTI pyXy KepOBaHUX KOJIC aBTOMOOUIA Mif Yac HOTo pyxy MO KpWUBOJIHIMHIH
TpPAEeKTOpii, ypaXxoBYIOUH, IIO il 4aC TAKOTO PyXy BOHH MArOTh HaXWJI J0 JOPOTH. 3ayBa)KUMO, KYT HAXHITY
KEPOBAHOT0 KoJjieca 10 AOPOTH B TEOpii aBTOMOOLIS MPUUHATO HAa3UBATH KyTOM po3Baiy. [Ipu mpoMy Kyt
po3Baiy Kojieca (KyT MK CEpeIHBOIO TUIOIIMHOIO KOJIeCca 1 BEpTUKAJIIIO) IPUIHSITO OpaTh 31 3HAKOM «ILTIOCY,
SKIIO CepelHs IUIOIIMHA Kojleca HaxXMiIeHa HA30BHI BiTHOCHO aBTOMOOLIS, Y MPOTUICKHOMY BUIAJIKY KYT
pO3Baly KoJieca MPUHHATO OpaTh 3i 3HAKOM «MIHYC».

Bichk, BimHOCHO $IKO1 KepOBaHE KOJIECO TOBEPTAETHCS, NMPUHHATO HA3WBATH BICCIO HIBOPHS. BoHa
XapaKTepU3YEThCsl MOMIEPEYHUM 1 TTO3JI0BKHIM KyTaMU HaxMiy. 3a HasIBHOCTI HaXMJIIB OCi IIBOPHS KEPOBaHE
KOJIECO T1iJT 4ac pyxXy 1o KpHBOIiHiHHii TpaekTOpii pyXaeThcs 3 IepeMiHHAM OTOYHHM KyTOM po3Baiy. Horo
3Ha4YeHHs, 3rigHo 3 [1], [11], [12], Bu3HAYarOTh 32 BUpa3oM:

¥(0) = vo + ay(1 — cos(8)) + Busin(d), (18)
ne y(0) — moTouHmii KyT po3Baity KoJieca, ImiJ] 4ac Horo OBOPOTY BiJIHOCHO MOJIOXKEHHS MPAMOIIHIITHOTO pyXy
aBTOMOO1JIS Ha KyT 0, pajl; yo— KyT po3Bajly KEPOBAHOI'O KoJeca Iij 4ac MPSIMOJIIHIHHOTO PyXy aBTOMOO1JIS,
paj; o — KYT TONIEPEYHOr0 HaXMTy IIBOPHS, paj; Pu — KyT HO3IOBXKHBOIO HaXWIy MIBOPHS, paj. Maibke Ha
BCiX aBTOMOOUISX HIBOPiHb HAXWJIEHO Ha3aj MO XOAY PYXY aBTOMOOINS, MO 3yMOBIIOE 3MIIIEHHS TOYKH
3yCTpidi OcCi HIBOPHS 3 OMOPHOIO MOBEPXHEIO BIIEPE]] BIIHOCHO TMOIEPEYHOI 0Ci KOHTAKTHOTO BilOHMTKa. 3a
TaKoro HaXwiy KyT Bu y ¢dopmymi (18) OepyTh 3i 3HAKOM «ILTIOC». § — KyT IMOBOPOTY KEPOBAHOTO KoIeca
BiJIHOCHO TIOJIOKEHHS, 1110 Bi/IOBia€ MPSIMOTIHIHHOMY PyXy aBTOMOOLIS, Tpaj.

Y dopmyni (18) 3Hak «wIr0C» OpaTH i Yac MOBOPOTY JIIBOIO KoJieca JIBOPYY BiJl HEHTPaIbHOIO
MOJIOXKEHHS, & TIPABOTO — PABOPYY. Y MPOTHIICKHOMY BUMAKy OpaTH 3HAK «MiHYC.

3HaueHHs KyTa po3Bajly KOJIECA Yo 331a€ThCsl KOHCTPYKTOPOM Ha CTaflii MPOEKTyBaHHs y Mexkax Bij 0°
no +1° Ta npu3sHaueHe KOMIIEHCYBaTH TPY)XKHHM MPOTMH OalKM KEPOBAHOrO MOCTa, BUOIp JMOPTIB y
MiAMUITHAKAX and KepoBaHUX KOJIC 1 IIBOPHIB. Y KIHIEBOMY Pe3yJIbTaTi el KyT MiJ 4ac pyxy aBTOMOOLIsS
HaOJNMKAETBCSL 10 HYNA, a JUId KepPOBAHOTO KoJjeca IiJi Yac pyXy IO NpsMiii CTBOPIOIOTBCS YMOBH, IO
3a0e31evyoTh MiHIMAIIBHUH OITip PyXY.

3 ypaxyBaHHSIM BHIICHABEJICHOTO, Ha PUC. 2 MOJAHO PO3PaXyHKOBY CXEMY ISl BU3HAYCHHS HAXHIIIB
LIBOPHS, Ki 3a0€3MeUyloTh KOYEHHS KePOBAaHMX KOJiC MO KPUBOJIHIMHINA TpaekTopii, KOJIM MOMEHTH Bif
3aKpy4dyBaHHA T IIMH KEPOBAaHMX KOJIC 1 OiUHI CHIM NPSAMYBaTHUMYTb 0 HYJbOBUX 3HAu€Hb. Y LHOMY
BUTIAJIKY OTIp pyxy Oy/ie MiHIMaIbHUH, a JIOBrOBIYHICTh ITUH BiJIOBITHO 301bITUTHCS.
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Pucynok 2 — Cxema 111 BU3HAYCHHS HAXHUIIIB OCI IIBOPHS sl 3a0€31eYeHHs JOBTOBIYHOCTI IITHH

I3 anamizy puc. 2 BUIHO, TIO AJIs 3a0e3Me9eHHs JOBIOBIYHOCTI IIIH KEPOBAHUX KOJIIC Ti/T 9ac pyxy Mo
KpUBOIHIWHIA TpaekTOpii, NMEepIeHANKYISAPH, OMYyIIeHI BiJl IEHTPIB KOJIC BIJHOCHO CEpEeNHIX IUIOIINH
KEepOBaHMX KOJIIC, MOBUHHI MEPETHHATHCS Y LEHTPi MOBOPOTY aBTOMOO1ISA, Touku O. 3 ypaxyBaHHSM IBOTO
KyT pO3Bajly BHYTPIIIHBOTO O LEHTPY MOBOPOTY aBTOMOOLJISI KoJjieca MOBUHEH OYTH 31 3HAKOM «ILTIOCH, a
30BHINTHBOTO KOJIECA — 31 3HAKOM «MiHYC».

3rifHo 3 pHc. 2 TOTOYHUHN KYT pO3Baly BHYTPIIIIHEOTO KOJIECa BU3HAYUTHCS TaK:

Yy = %sinQB, (19)
Jie Yg — MMOTOYHHIA KYT PO3Bajly BHYTPIIIHBOTO KOJIeca, iJl Yac MOoTo MOBOPOTY HA KYT OB, paj; I — paaiyc
Kosieca, M; L — 6a3a aBToM0oO01Is, M.
BiamoBigHO MOTOYHMIT KyT pO3BaTy 30BHIIIHBOTO KOJeCa BU3HAYUTHCS TAK:

Ye=— TL—Ksin93, (20)
Jie Y3 — MOTOYHHUI KyT PO3BaTy 30BHIIIHLOTO KOJIECa, TIiJl 4ac HOro MOBOPOTY Ha KYT 8, paj.
[lincTaBuBIIM 3HaYEHHS MOTOYHHUX KYTiB po3Baiy (19), (20) mo 3anexHocri (18), oTpumMaemMo cuctemy
JIBOX PIiBHSIHB:

TL—KsinQB = yo + a,(1 — cos,) + B,sinbg, 22)
Ty . . "
—Z“sm93 =y, + a,(1 — cosb,) — Bsinb,
SkIo 3 ypaxyBaHHSIM HaBEIECHOTO BHINE y3ATH Yo = 0 1 po3B’S3aTH IO CHCTEMY PIBHSHb BIJIHOCHO
MOTIEPEYHOTO Oy T TIO3I0BXKHBOTO 3, HAXWIIIB IBOPHS, TO OTPUMAEMO:

a, =0,

b= @)

OBI'OBOPEHHJ PE3YJIBTATIB JOCIIIKEHHSA
3anexxHocTi (23) 103BOJISIIOTH BU3HAYMTH TaKi HAXWIW IBOPHIB KEPOBAHUX KOJIC, 3a SIKHX MOMEHTH
3aKpy4yBaHHsS JMCKIB BIJIHOCHO BIJOMTKIB IIMH 1 OI4HI CHJIM IIiJi 4aCc KOYCHHS KEPOBAHUX KOJIC II0
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KPHUBOJIHIAHINA TPAEKTOPIi HAOIMKAIOTHCS 10 HYJIbOBHUX 3HAYCHB. Y I[OMY BUIIAIKY CTBOPIOIOTHCS YMOBH JIJISt
MiHiMi3aIlii OITOpy KOYEHHIO Ta 3HOUTYBaHHS IIIMH KEPOBAHUX KOJIIC aBTOMOOIJIS.

BUCHOBKHU

1. YcTaHOBJICHO, MO MiJ] Yac pyXy €IacTUYHOTO KOJieca 3 HAXWJIOM JIO JIOPOTH MO KPUBOJIHIHHIM
TpaeKTOPii Ha SIBUINA, [0 TPOTIKAIOTh Y MTHEBMATHKY (TUTi IIWHM) i 9ac pyXy IO KPUBOIIHIHHIN TPaeKTOPii,
JIOaTKOBO HAKJIAMAIOTHCS SBUINA, CIPHYMHEHI KOUYCHHSM KoJieca 3 HaXWIIOM, SIKi 32 HE3MIHHOI TpaeKTopii
PYXY €IacTUYHOTO KOJIeca 3yMOBIIOIOTH 3MiHY KyTa 3aKpydyBaHHS MMHEBMAaTHKa Ta OiuHE 3MILICHHS TUCKa
BiTHOCHO BinOuTKa mwmHU. [Ipn 11pbOMy CyTTE€Be 3HaYEHHS Ma€ HANPSIMOK HAXMIy KoJieca BIJHOCHO LIEHTpa
TPaEKTOPii HOTO PyXy, a OTPUMaHI 3aJIe)KHOCTI JTO3BOJISIOTh BU3HAYNTH BEIMYMHY KyTa 3aKpy4dyBaHHS Tina
IIMHYU Ta O1YHOTO 3MILIEHHS MiJ] Yac PyXy Kojeca 3 HaXHjIoM JI0 JOPOTHU 10 KPUBOJIHIHHIN TpaekTopii.

2. TpaekTopito pyXy el1acTUYHOTO KoJjieca OPMYy€e OCTOB KOJIICHOI MalllMHU, a KyT HAXWIy Kojeca A0
JIOPOTH Ha HOTro TPAEeKTOPI0 PyXy HE BIUIMBAE, OJHAK KyT HAXMITY Kojieca JI0 JOPOTH BIUIMBAE HA 3HAUYCHHSIX
KyTa 3aKpydyBaHHA I[HEBMAaTWKa i OIYHOTO 3MIilIEHHS IUCKa BiAHOCHO BiIOWTKAa WIMHU MiX Yac pyxy
€JIaCTHYHOTO KoJieca 1Mo KPUBOJIHIHHIN TpaekTopii.

3. Jlns BU3HAUEHHS BILUTUBY HaXWIIy KoJieca JI0 IOPOTH TiJT 4ac Horo pyxy 1o KpUBOJIHINHHIIM TpaeKkTopii
YBEACHO MOHATTS «IIPUBEACHAN» Pallilyc KPUBU3HU TPAEKTOPIl €ACTHYHOTO KOJeca, M SIKUM PO3YMIEThCS
YMOBHUH pajiiyCc TpaeKTopii pyXy Kojeca, 3 SKHM O pyXanocs Kojeco 0e3 Haxwiy Mo KPUBOJIHIHHIN
TpaeKTopii, aie 3 KyToM 3aKpydyBaHHSA Ta OIYHMM 3MilleHHs, Bu3HadeHnMH 3a Bupazamu (10), (11), sxi
BpPaxOBYIOTh SIBHIIA, IO CYMPOBOKYIOTH KOYEHHS KoJieca M0 KPUBOIHIWHINA Tpa€eKTOpii Ta 3 HAXUIOM J0
JOPOTH.

4. TTo3noBkHIH Ta MONEpeYH HAXWIH IBOPHS MOBHHHI 3a0€3MEYUTH TaKi KyTH PO3Baly KEPOBaHHX
KOJIIC Ti/T 9ac pyXy IO KPUBOMIHIHHINA TPAEKTOPIi, 32 IKUX MOMEHTH 3aKpy4UyBaHHS TUCKiB BiTHOCHO BiTONTKIB
IIWH 1 O14HI CHUJIM HAOJMKAIOTHCS JI0 HYJbOBUX 3HAYCHb. Y CTAHOBJICHO, 1[0 32 TAKUX YMOB KYT IOIIEPEYHOTO
HaxWy MOBUHEH HAOJIMKATHUCS JIO HYJILOBOTO 3HAUCHHS, a MO3/I0BXKHIH € QyHKIIIE paaiyca Kojeca Ta 6a3u
ABTOMOO1JIS.
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Soltus A.P., Klimov E.S., Tarandushka L.A. Features of rolling of the elastic wheel with inclination
to the road

The results of the study of the inclined elastic wheel motion along a curvilinear trajectory on a road with
a high adhesion coefficient are presented. The elastic wheel is considered as an integral mechanism, which
includes a hard rim, an elastic tire body (pneumatic) and a large tire contact patch. The analysis of previously
conducted research has shown that during the elastic wheel movement along a curved trajectory, the wheel rim
rotates simultaneously and its lateral shift relative to the tire contact. The disc turning causes the tire body
torsion, and lateral shift causes the wheel to roll with the slip angle. The tire body torsion angle in absolute
value is equal to the slip angle, and their values depend on the trajectory curvature, the longitudinal axis of tire
contact patch and the adhesion presence in it. It is established that during the movement of the elastic wheel
with an inclination to the road along a curved trajectory, the phenomena occurring in the pneumatics during
the movement along a curvilinear trajectory are additionally superimposed by the phenomena caused by rolling
of the wheel with an inclination which at a constant trajectory of the elastic wheel cause a change in the tire
torsion angle and the lateral rim shift relatively to the tire contact patch. The direction of the wheel inclination
relative to the trajectory center is essential, and the obtained dependences allow to determine the value of the
tire torsion angle and lateral shift when the wheel moves with an inclination to the road along a curved
trajectory. The concept of "equivalent” radius of the elastic wheel trajectory curvature is introduced, which
determines the conventional radius of the trajectory with which the wheel would move without inclination to
the road, but with the tire torsion angle and the rim lateral shift considering the influence of the wheel
inclination on the tire torsion angle and the rim lateral shift. The dependences for determining the inclinations
of the steered wheels pivots, which minimize the vehicle steered wheels tires rolling resistance and wear.

The results of the research may be useful to experts working to improve the wheeled vehicles
serviceability, including maneuverability, handling and stability.

Key words: inclination angle, elastic wheel, tire contact patch, "reduced" radius of curvature, lateral
shift, pivot inclination angles.
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Yopua 0.B.!
Y3axionoykpaincexuii nayionanvnuii ynisepcumem, Teproninw, Yipaina
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EKCIUTYATAIIAHA HAJIMHICTH BUJIIB TPOMAJICBKOI'O TPAHCIIOPTY MICTA
TEPHOIIOJIA

IIpoGrema opMyBaHHS PyXOMOTO CKJIaqy MICEKOTO IPOMAJICBKOTO TPAHCIIOPTY € OJHI€I0 3 HAHBAKIIMBIIINX
CKJIAIOBUX iHQPACTPYKTypH CydacHOro MicTa. Ilompu 3HauHe 3pOCTaHHSA aBTOMOOLTI3alli B Haliil KpaiHi OCTaHHIM
4acoM, TPOMaJICBKHIl TPAHCIIOPT BCE XK 3aJIMIIAETHCS OCHOBHHM 3acO00OM MEpecyBaHHsS B Mekax Micta. BpaxoByroun
€KOHOMIYHE Ta MOJITHYHE CTaHOBHUILNE YKpaiHH CbOTOJIHI MOXKEMO 3pOOHTH BHCHOBOK IIPO Te€, L0 B Mail0yTHHOMY
TEHJICHLIIS 3 AacaXXupooOOPOTy IPOMAJICHKUM TPAHCIIOPTOM 3POCTATHME.

B crarti pocmipkyeTsest (OpMyBaHHS CHCTEMH TPOMAJICHKOTO TPAHCIIOPTY MICBKHX arjoMepamiii Ta
3/IIHCHIOETHCS TX OIIHIOBAHHS 3 TO3HIIIT BAPTOCTI EKCILTyaTallii Ta HaaiiHOCTI. BU3HAUEHO, MO yIpaBIiHHSI CHCTEMOIO
TPOMAJICBKOTO TPAHCIOPTY € CKIAZHUM Ta JOBIOTPHBAIMM IIPOIECOM, ske Mae OyTH c(hopMoBaHEe Ha OCHOBI
BU3HAUYEHHS NMOTpPeO HAceNeHHs MicTa B IEPECYBaHHIX TIPOMaJCBKUM TpaHCIOpTOM. [IpoaHai3oBaHO IIOAEHHUI
MacaXupooOOPOT TPOMAICHKHM TPAHCIIOPTOM B MicCTi TepHOMib, MpoaHati30BaHO TPOMAICHKIHA TPAHCIOPT MICTa 3a
CTPYKTYPOIO BIACHOCTI, @ caMe, KOMyHAJIbHUM Ta IPUBATHUM MiANIPHEMCTBAM, IPOAHAI30BAHO 3a0€3MEUYCHICTh MiCTa
TposeiibycamMu Ta MapIIPYTHUMH TaKCi.

B cratTi mochimkeHO cepeHIo eKCILTyaTaliifHy MBUAKICTh MapIIPYTHUX Takci Ta Tpoieidycis. Takox qaHo
3arajbHy XapaKTepPHCTHKY PYXOMOTO CKJIaay I'POMAaaChKOrO TPAHCIOPTY TepHOIoNs, ONMMCcaHO HOro cepelHiil BIK,
TEpMiH eKCIUTyaraii, IPOTsSHKHICT KOHTAKTHOT MEpeKi.

B crarti nmoBemeHo, IO CHCTEMa MICHKOTO MAacaKMPCHKOTO TPAHCIOPTY Mae 3a0e3MeunTH SIKiCHE
00CIIyroByBaHHs ITACAXMUPIB NIPU MIHIMAIBHHX 3aTparax, MIHIMaJbHUH Yac MOJOPOXKi, 3a0€3MEYUTH PEryJIIpHICTD
PYXY TPaHCIIOPTHHUX 3aC00iB 10 MapIIPYTY, @ TAKOXK ONTUMaJbHE BUKOPUCTAHHS PYXOMOTO CKIIaJy.

B crarTi HaBeIEHO CHCTEMY OL[IHIOBAHHS iCHYIOUOTO CTaHy PYXOMOI'0 CKJIaJy TPOMajaChKOI0 TPAHCIIOPTY, IO
0a3yeTbcsl Ha OCHOBI O0'€KTHBHUX 1 CyO'€KTHBHHX IOKa3HHKIB, SIKi XapaKTEpU3yIOTh 3a0€3MEYCHOCTI MacaKUpiB
HEOOXITHOIO KUTBKICTIO TPAHCIIOPTHHUX 3ac00iB Ta KUIBKOCTI MapUIPyTiB, a TAKOK TEXHIYHUM CTAHOM TPAHCIIOPTHUX
3aco0iB.

KmrouoBi cioBa: TpoMajachkuii TpaHCIOPT, BapTICTh eKCIUTyaTalii, HaIiHHICTh, PYXOMHH CKJaf,
MacaXUpooOOPOT, CTPYKTypa BIACHOCT.

BCTYII

Hnst cranoro (yHKIIOHYBaHHS MicTa Ta 3a0e3MEYCHHS 1HKIIIO3WBHOI Ta AKiCHOI iH(QPacTpyKTypu
IPOMAJICbKHI TPAaHCIOPT Ma€ BHpilIagbHe 3HaueHHS. JlaHa kareropis mnoTpeOye HaWOUIBIIMX
KaIlTaJlOBKIAJCHh BOJHOYAC 3a0e3Medyroud HaHOimbIl Ji€Bi CIIOCOOW IMIABHUINEHHS PIiBHA SKOCTI
TpaHCHOPTHUX mochyr. Jlo 1iei kaTeropii BiAHOCATHCS BU3HAUEHHS HEOOX1IHOI KiNBKOCTI TPOJEHOYCHOTO
PYXOMOTO CKJIaJly, ONTHMI3allisl KITBKOCTI pyxoMoro ckiany. Ha tponeitbycHux ta aBToO0ycHUX MapuipyTax,
CTBOPEHHS MiJPO3Aidy TPAaHCIIOPTHOT'O PETYIIOBAHHS, TOLIO.

AHAJII3 JIITEPATYPHUX JJAHUX TA IOCTAHOBKA IIPOBJIEMHU

Y po6oti [3] ommcaHo q0CBia ekcIuTyartallii aBTo0yciB Manoro kiacy “borman” Ta “Etamon”. OnHak
BIJICYTHI JIaHi TIPO eKCIUTyaTalliiiHy HaJiiHICTh Ta BapTICTh PyXOMOTO CKJIAJy TPOMAJICHKOTO TPaHCIIOPTY,
BUTPATH Ha HOro TeXHI4HE 00CIyroBYBaHHs, 3arajbHi BUTPATH Ha €KCIUTyaTallilo Ta KaliTalbHUI PEMOHT.

OIJIb TA 3AJAYI JOCJIAKEHHS

Mertoto pobOTH € BU3HAUYEHHS BApTOCTI Ta HaJIHHOCTI eKCILIyaTallii pyXoMOro CKiIaay rpoMajcbKoro
TpaHcnopty Mmicta TepHOmoA.

PE3YJbTATHU JOCIIIKEHDb

[Macaxxupcrki TiepeBe3eHHsT Y TepHONONI BHKOHYIOTh MapIIpyTHI Takci Ta TpoieiOycu. Mepexa
IPOMaJICBKOTO TPAHCIOPTY MPONOHYE BUCOKHIA PiBEHb TPAHCIIOPTHOTO CHOIYYEHHS AJIS )KUTEIIIB MicTa.

[Nacaxkupcrki mepeBe3eHHs y TepHONON BHUKOHYIOTBCS MICBKUMH aBTOOycamMH Ta TpojenOycamu.
[loxeHHa YnCeNbHICTh MacaXupiB craHoBUTH 89089 ocio.

lonenno Ha mepeBe3eHHsX mnacaxupiB y TepHomoumi 3amisHo 219 ogununes PC, 3a cTpykTyporo
BJacHOCTI 68% 3 SKMX HaJIe)KaTh KOMYHJIBHUM MiATIPUEMCTBAM, 32% - MPUBATHUM MiIIPUEMCTBAM.

60150 oci6 (68% macaxupiB) nepeBo3sarbess PC koMyHaIbHUX MiIpUEMCTB (62% 3arajibHOrO Yncliia
PC), 28939 ocib (32% macaxupiB) nepeBosarhesi PC npuBatHux nepeBizHukiB (38% 3aranphoro yucia PC).
Edexrusnicts podotu KII € Buoro.
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OBI'OBOPEHHA PE3YJIBTATIB JOCJ/IIIKEHb
Tabmmmst 1 Buny ta GyHKINT TpoMaaCchKOTO TpaHCIIOPTY M. TepHOmoms
Bun tpancnopty KinbkicTs KinbkicTs [Monenna
MapIIpyTiB TPaHCIIOPTHUX KUTBKICTB
3aco0iB Ha X0y MacakxupiB
Miceki aBroOycu (I11T) 30 84 28939
Miceki aBroOycu (KII) 18 82 30150
Enexrpotpancnopt(Tponeiidyc) 9 53 30000
[pumicbki aBrooycn (1 4 5 750
riepeBizHUK TOB TEP « TPAHC cepBicy)

Enextpotpancnopt BukoHye 24% mnepeBe3eHb y cTpykrypi I'T (s mopiBHAHHS, y M. Binanms
AHAJIOTIYHUH MOKa3HUK cTaHOBHUTH 75%). Tponeitbycamu mepeBo3utbes 34% macakupis, IO MiIATBEPIKYE
BHUCOKY €(DEKTHBHICTh POOOTH €ICKTPOTPAHCIIOPTY.

3abe3neueHicTs MicTa TpoJieiidycamu ckinagae 1 0a./4052 oci, 0 € He TOCTaTHBOIO y MOPIBHSHHI 3 M.
Binnung, pae 3a0esmeuvenicth ckiagae 1 o0x./2200 ociO 1 € IEBHMM €TaJOHOM 3a0e3I1eYeHOCTI
€JIEKTPOTPAHCIIOPTOM Ha (OHI IHIMX MIiCT YKpaiHm.

Cepennst excryaTamiliHa (MapIIpyTHa) MIBHAKICTP MapUIPYTHHX Takci € JoOporo, TpojieidyciB
(menme 15xM/Tof) € HU3BKOIO, IO HE BiJIMOBiTae YMHHUM HOpMa YKpainu (15-18 km/rom) Ta €eBporeHChKuM
HopMawm (18-22 km/rog).

Tabnuus 2 AHani3 pyxoMoro ckiiaay rpoMaJiChbKoro TpaHcnopty B micti TepHomisib

Ilokaznuk MapuipyTHe Takci Tposneiidyc
Mapka KinekicTe Mapka KinekicTtsb
Pyxommii cknan n/n BA3 41 - -
MA32260 3 - -
BOI'’TAH 33 - -
3A3 IVAN 19 - -
HEULIEZ 1 - -
K/1 JIA3 191 3 SKODA 15 31
Tr
MAHA21 21 SKODA 14 20
Tr
MA3 206 20 SKODA 9 1
Tr
3A3 IVAN 8 JIA3 E183 3
BOI'TAH 16 AA3 5222 1
BA3 18
Cepenns /i 26,3 -
eKCIUTyaTalliitHa
MIBUAKICTH, KM/TOJI
K/1 25,5 13,6
Cepenniii Bik PC,p n/n 12,8 -
K/ 10 28
Coocib omiaru n/ BesroriBkoBuii -
n/m -
Bapricth n/m 6900 rpH -
exkcrutyatamii T3 3a
BHJIaTH K/1 H/1 H/I
, 2022, Nel (18) 187
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94,3% wmicekux aBTOOYCIB 3HAXOAATHCA B poOodoMy cTaHi, BiAmoBigHO Bumyck PC Ha mapmpyTw
90,8%. 3a (hakTHIHUM TEPMIHOM EKCILTyaTallii MicbKuX aBTo0yciB 21% - 1o 10 pokis, 79%- monay 10 pokis.

Cepenniii Bik PC cranoButs 12,8 pokis.
Tabmuns 3 3aranbHa XapakTepucTrka pyxomoro cknany KIT

[Tokazauk MapupyTHe Tpomneiibyc
TaKci

3arajgpHa KUTbKICTh TACAKUPCHKUX oauHuIb PC 0. 86 56
Kinpkicts PC y pobodomy crani (Ha Xoay), Of. 82 53
KinekicTs cremianbaux oguuuns PC,o. H/I 1
Bunyck PC nHa Mapmpytu, % Bif 3arajibHOi KIIBKOCTI 84% 85%
Cepe/iHiii BiK pyXOMOTO CKJIaJly, pPOKiB 10 28
Po3nozin 3a pakTHIHUM TEpMiHOM eKCIITyaTallii:
JI0 5 POKIB, Of. 20 H/I
5-10 pokis, ox. 8 H/1
10-15 pokis, oz. 54 4
noHas 15 pokis, o1, 4 51

-3 HUX BUYEPIIaIN TPAaHUYHUH pecypc, Of. H/A 56
Kinpkicte MapmpyTiB 18 9
CepenHs eKCIUTyaTalliifHa IMBHIKICTh, KM/TOJ. 24,4 13,6
[TpoTsHKHICTD KOHTAKTHOT MEpEexki, KM H/1T 86,27
JloBXXHMHa MapIIpyTHOT MEpexki, KM 7551 192,18

Tabmuns 4 3aranpHa XapakTepucTuka pyxomoro ckmany 111

[Tokazuuk MapupyTHe Takci
3arajbpHa KUTbKICTh ACAKUPCHKUX oauHuIb PC,o1. 89
Kinekicte PC y pobodomy craHi (Ha X01y), O. 84
KinpkicTs crnemianbaux oguuuns PC,o1. 3
Bunyck PC na mapuipytu, % Big 3arajgbHOI KUIBKOCTI 90,8
CepenHili Bik pyXOMOTO CKJIaJy, POKIiB 12,8
Po3nozin 3a pakTHIHUM TEpMiHOM eKCILTyaTallii:
110 5 POKIB, Of. H/I
5-10 pokis, o1 10
10-15 pokis, ox. 50
noxaJ 15 pokis, o1, 20
-3 HUX BUYEPIIaId TPAaHUIHUH pecypc, O/I. H/1T
KinbkicTh MapmipyTiB 30
CepeniHs eKCIUTyaTalliifHa IBUJIKICTh, KM/TO/. 26,5

OCHOBHY 4acTHHY MiCBKHX aBTOOYCIB CTaHOBIATH aBTOOycH Manoro kiacy «borman» 3 ¢pakTHUHUM

TepMiHOM ekcIutyaraiii monay 10 pokis.

Crmparounck Ha JOCBia ¢axiBiiB 3 YepkacbKoro Iep)KaBHOTO TEXHOJOTIYHOTO YHIBEPCUTETY,
BCTaHOBIICHO, BUTPATH Ha EKCILTyaTaIlifo TakuxX aBToOyciB 3a mepiri 100 tuc. kM mpobiry (1 pik ekcruryaTarrii)
3HaxoAThC y Mexax 6000 rpu/10000xm, micas goro xo npodiry 350 Tuc. KM pi3ko HapocTarTh i 10 10-ro
POKY eKcIutyarallii (perjiaMeHTOBaHE BMKOHAHHS KalliTalbHOrO peMoHTY) csaraioth 21000 rpu/10000 kM

(puc.).
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Pucynok 1 - CepeqHpOCTaTHCTUYHI CyMapHi BUTPATH HAa IOTOYHUH PEMOHT [3]

BUCHOBKHN

[IpoBeneHe mOCHIMKEHHS MO3BOJIIE 3pOOWTH BHCHOBOK TIPO Te, IO €(PEeKTUBHICTH POOOTH
TPOMaJICBKOTO TPAHCIIOPTY MICTa € BUIIOK Ul TPAHCIOPTY, IO HAIEKHUTh KOMYHAIBHUM OpraHaM Biiajiy,
JUIi  TPUBAaTHUX TIEPEBI3HUKIB — HIKYOM. TakoX BCTaHOBIEHO, IO 3a0e3MeveHicTh MicTa
€JIEKTPOTPAHCIIOPTOM € HE TOCTaTHROI0. OCKINBKH, 32 JaKTUIHUM TEPMIHOM €KCIUTyaTallii MiCbKIX aBTOOYCiB
mme 21% PC mae no 10 pokiB, a 79% — nonax 10 pokiB, To Mae MicLie pi3ke 301IbLICHHS eKCILTyaTaliiHIX
BUTpAT, 30KpeMa, 00CsITiB pEMOHTHUX POOIT Ha YCYHEHHS IIPOSBiB KOPO3ii Ta 3aBoackkux Henomiki PC. Hani
IHTEHCHBHICTh POCTY BUTPAT 3MEHIIYEThCS TpU cTabinmpHOMY 3poctanHi 10 18000 rpH. (pobir 850 THC. KM
Ta mpuOIM3HO 8,5 poKiB ekciuryaTtarii). Ilicis 1poro BUTpaTH Pi3KO 3pOCTAIOTH, MO 3YMOBICHO MPOSIBAMH
CTPYKTYPHOI KOpO3ii Kapkaca Ky30Ba 1 Mpu JocArHeHHI 10-JIiTHROTO TEpMiHy aBTOOYC 3MYIIICHI CTAaBUTH Ha
KaIliTaTbHUI PEMOHT.

B 3BITHOCTI mMigNpPHUEMCTB-aBTOTIEPEBI3HUKIB BIJICYTHI KpUTEpii, IO XapaKTepu3ylOTh CTYIIiHb
0e3B1IMOBHOCTI (DYHKI[IOHYBaHHSI, KiIIbKICTh 3001B HA OJIMHUIIIO TPAHCIIOPTHOI POOOTH, PiBEHb PU3HKY IPH
YKJIaJIeHHI JJOTOBOPY Ha TPaHCIOPTHE OOCIYyroBYBaHHS Ta iHIII KpuTepii. Bci BoHM siKicHO abo KijbKiCHO
XapaKTepu3ylTh HAMIHHICTE IX POOOTH.

branspko 1% TpaHCHOPTY MPUCTOCOBAHO ISl TIEPEBE3CHb MAJI0 MOOUTBHHX Ipyml HaceneHHs. [loHan
60% pyxOoMOro CKJiay TPOMaJIChKOTO TPAHCHIOPTY €KCILIyaTyeThes oHa | 10 pokiB 1 moTpedye paauKaibHOIO
OHOBJICHHS.

MEPEJIK JKEPEJ TIOCUJIAHHA
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N.Falovych, O.Shevchuk, D.Popovych, P.Popovych, M. Buryak, R. Rozoom, O.Chorna. Operational
reliability of types of public transport of the city of Ternopil

The problem of forming the rolling stock of urban public transport is one of the most important
components of the infrastructure of the modern city. Despite the significant growth of motorization in our
country recently, public transport still remains the main means of transportation within the city. Given the
economic and political situation in Ukraine today, we can conclude that in the future the trend in passenger
traffic by public transport will grow.

The article examines the formation of the public transport system of urban agglomerations and evaluates
them from the standpoint of cost of operation and reliability. It is determined that the management of the public
transport system is a complex and long-term process, which should be formed on the basis of determining the
needs of the city population in public transport. The daily passenger turnover of public transport in the city of
Ternopil is analyzed, the public transport of the city is analyzed by ownership structure, namely, communal
and private enterprises, the city is provided with trolleybuses and minibuses.

The article examines the average operating speed of minibuses and trolleybuses. Also the general
characteristic of a rolling stock of public transport of Ternopil is given, its average age, service life, length of
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a contact network is described.The article proves that the system of urban passenger transport should provide
guality passenger service at minimum cost, minimum travel time, ensure the regularity of vehicles on the route,
as well as optimal use of rolling stock.

The article presents a system for assessing the current state of public transport rolling stock, based on
objective and subjective indicators that characterize the provision of passengers with the required number of
vehicles and the number of routes, as well as the technical condition of vehicles.

Key words: public transport, cost of operation, reliability, rolling stock, passenger turnover, ownership
structure.
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