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Summary. The work is devoted to the solution of the issue of economic and safe transportation of
goods and passengers by road. This transportation depends on the condition of roads, road surface, vehicle
type and weather conditions. Weather conditions are taken into account both in terms of visibility (meteoro-
logical) and in terms of the coefficient of adhesion.

The general criterion for assessing all conditions is the average speed of the vehicle, taking into account
weather and road conditions. Weather conditions are determined by the type of visibillity: clear weather, rain,
snowfall, blizzards, rain. By the coefficient of adhesion: dry surface, normal, wet, snow, ice. By road condi-
tions: category of road, width of the travel section, radii of horizontal curves, longitudinal slopes, width of the
road, the state of surface (coefficient of solidity). According to weather conditions, the calendar year is divided
into three periods according to the conditions of cars’ movement.

The first (winter) - December, January, February, March; second (spring-summer) - April, May, July,
June, August; third (autumn) - September, October, November. The use of weather conditions in the Northern
regions of Ukraine is presented in this work.
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Introduction. Transportation of goods and passengers is of great importance for the economy of the
country. The main indicators are the cost of transportation and socio-economic indicators of passenger traffic.
Planning of transportation depends on many indicators that characterize not only road conditions, but also
weather conditions. For transportation of goods and passengers, road conditions must meet the requirements
of transport. These conditions vary depending on the category of roads - the higher the category of road the
better the conditions for transport. Weather conditions reduce the speed of road transport and can increase
travel time. Taking into account weather conditions will allow planning of cargo and passengers transportation
under favorable weather conditions and minimum cost.
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Purpose and methods

The task of the road is to provide an economical, safe transportation of goods and passengers by road.
The main indicator is the speed of vehicles, which depends on:

- geometric elements of the road,;

- type of car and its traction-speed characteristics;

- type of cover and its condition;

- weather conditions.

The geometric elements of the highway determine the speed of free movement of the car in different
road conditions. Changing road conditions causes a change in vehicle speed. Surface of the road and its con-
dition is very important. The presence of pits, tracks, bumps and small coefficient of adhesion (normal from
0,35 to 0,7), cause a significant decrease in the speed of the car. Weather conditions are characterized both by
the distance of visibility and the state of road surface. In addition, each category of the road corresponds to its
maximum load on the car axle (from 6t to 11.5t). Visibility (this is the distance visibility of the road surface
by the driver) affects the speed of the car. It varies from 15 to 150m or more. According to the distance of
visibility, the speed of the car changes.

Results and explanation

The cost of transportation of goods and passengers depends on many factors, one of which is the cost
of fuel, which is up to 52% of the cost. The fuel consumption is directly proportional to the speed of the car.
Minimum fuel consumption corresponds to the optimum speed of the car. Reducing or increasing the speed of
the car leads to increased fuel consumption and cost of transportation. On the other hand, transportation of
goods and passengers may be determined by the time spent on transportation.

Weather conditions are determined by:

- clear weather;

- rain;

- storm;

- snowfall;

- blizzard

Condition of coverage is determined by the coefficient of adhesion, which characterizes the grip of
the car wheels with the coating and its condition:

- dry;

- humid;

- wet;

- SNOWY

- icy

Table 1 — Meteorological visibility
Tabmunsg 1 — MeTeoponoriuna BHIUMICTh

Weather conditions Visibility distance, m
Fog 100
Rain 150
Snow 100
Storm 15
Blizzard 16

The average speed of cars depending on visibility is calculated by the formula:
V = Vo +0.13S , (1)
where V — average speed of the car, km/hour;
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Vo= 29,1 km/hour.

So, with visibility 100 m :

V=29,1 + 0,13*100=42,1 km/hour

And with visibility 16 m:

V=29,1 + 0,13*16=31,1 km/hour

Depending on the coating, it is characterized by the coefficient of adhesion:

Table 2 — Coefficient of adhesion according to the coating condition
Tabmuns 2 — KoedinieHT 34eruieHHs y BiIIOBIJHOCTI IO CTaHy HOKPHUTTS

Weather conditions Factor of adhesion
Dry, clear 0,5-0,7
Normal 0,4-0,5
Wet 0,2-0,3
Snow 0,2
Ice 0,1

The influence of weather conditions and the coefficient of adhesion is characterized by distance and
dynamic dimensions (distance - distance between cars, dynamic size - distance plus length of the car).

The distance and dynamic size are calculated according to the formula of NeizvestnoyN.V. and
Krasilnikovoy O.V.

1,6e (1, +1)(0,0003V> — 0,015V +0,61)

D== 2
36 2

where V' — speed of the car, km / h;

L, —length of the car, m;

@ — coefficient of adhesion.

The combined effect of the visibility distance and the coefficient of adhesion is determined (Zhuk M.M.,
Kovalyshyn V.A. Determination of safe speed of vehicles in difficult conditions, taking into account the func-
tional state of the driver) by the formula:

127(p> - 12)
T A 3
V6e3. K ¢ (S Lo) ( )

v

where ¢ — coefficient of adhesion;
S — meteorological visibility, m;
L,— security clearance, m;

I — cross slope;

K, — braking efficiency factor.

This dependence is shown in the figure 1.
Change of visibility (in the drawing from the top to bottom) 150 m, 100 m, 50 m, 40 m, 20 m.
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Figure 1 — Change of the visibility of the road surface depending on the coefficient of adhesion and
speed of the car.

Pucynok 1 — 3miHa BUANMOCTI MOBEPXHi OPOTH B 3aJIKHOCTI BiJ KoedillieHTa 34erIeHHs
Ta MBUAKOCTI aBTOMOOLIA

According to this graph, it is possible to determine the speed of the car depending on the visibility and
the coefficient of adhesion according to the condition of coating of the road.

Weather conditions are taken into account both from the distance of visibility and from the state of
surface.

As of the driving conditions on motor roads it is possible to distinct three periods under conditions of
movement:

- winter - (December, January, February, March);

- spring-summer (April, May, June, July, August);

- autumn (September, October, November).

Each of these periods is characterized by natural conditions. Winter - snowstorms, blizzards), spring
and summer - rain, storms), autumn (rain, storms, Snow).

According to weather conditions, the state of surface and visibility range change, and as a result, the
speed of the car and fuel consumption changes.

These conditions lead to unsatisfactory conditions of travel and transportation of goods and passengers.
The example of the Kyiv region shows the distribution of unsatisfactory travel conditions for certain periods.
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Table 3 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of
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Ukraine during the winter period
Tabmuus 3 — BiZcoTOK HEe3aA0BUTBHUXIIOTOJHUX YMOB Ha aBTOMOOUTBEHUX Joporax y [liBHIYHKX

patioHax YKpaiHua y 3UMOBHH TIEpiofT

Year Winter period
Snow rain storm blizzard
2013 60/49% 2/1,6% 2/1,6%
2014 22/18.2% 1/0,8% 2/1,6%
2015 28/23% 3/2,5% 5/4,1% 2/1,6%
2016 44/36% 1/0,8% 3/2,5%
2017 33/27% 4/3,3% 3/2,5%
2018 49/40% 7/5,7% 3/2,5%
Total 236 14 9 15
Average 32,3% 1,9% 1,2% 2,1%
value

Table 4 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of

Ukraine in the spring-summer period
Ta0muist 4 — BigcoTok He3aI0BLIBHUX IMOTOJAHUX YMOB Ha aBTOMOOLIBHUX JA0oporax y ITiBHIYHHX

pafioHax YKpaiHu y BECHSHO-TITHIH mepion

Year Spring-summer period
snow rain storm blizzard
2013 24/15.6% 1/0,6%
2014 23/15% 10/6,5%
2015 34/22.2% 3/1,9%
2016 42/27.4% 1/0,6%
2017 38/24.8% 9/5,9%
2018 8/7.8%
Total 169 24
Average 18,4% 2,6%
value

Conclusions and recommendations.
1. Unfavorable weather conditions appear:

- winter period-37,5%,
- spring-summer period -21%,
- autumn period-10.9%.

2. During the winter, the blizzards and storms make up 3.3%. In a blizzard, delays can last up to 3 days.
3. The most favorable conditions are during the spring-summer period where the rain is 2.6% and the

delay can be up to 2-3 hours.

4. When performing transportation in unfavorable conditions it is necessary to take into account the
decrease of the speed of motor transport and increase the socio-economic rate of passenger transportation. The

calculation is carried out using Figure 1 and tables 1,2,3,4,5.
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Table 5 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of
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Ukraine in the autumn period

Tabmuist 5 — BiicoTok He3aI0BIIBHUXIIONOJHUX YMOB Ha aBTOMOOLIBHUX Joporax y [TiBHIYHUX paii-

oHax YKpaiHH y OCiHHIH mepiox

Year Autumn period
Snow rain storm blizzard

2013 12/13%

2014 2/2.1% 4/4,4%

2015 5/5.5% 2/2,2%

2016 9/9.9% 2/2.1% 2/2,2%

2017 1/1% 8/8.8% 1/1,1%

2018 4/4.4% 6/6.6% 2/2,2%
Total 14 35 9 2/2,2%
Average 2,5% 6,4% 1,6% 0,37%

value
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AHoTaiisi. Po6oTa npucBsueHa BUPIIIEHHIO MUTAHHS €KOHOMIYHOTO Ta OE3MEYHOr0 MepeBEe3CHHS Ba-
HTaXiB Ta MacaXupiB aBTOMOOUTHPHIM TpaHCTIOPTOM. Lle mepeBe3eHHsI 3aJIe)KUTh BiJl CTaHy aBTOMOOUTBHHUX
JIOPIT, TOPOXKHBOTO TTOKPUTTS, TUITY aBTOMOOLIS Ta MOTOJAHUX YMOB. [1oro/mHi yMOBU BpaxOBYIOThCS SIK TO
BHIUMOCTI (METE€OPOJIOTIUHI) TaK 1 IO MOKa3HUKY KOoeillieHTa 3UCTICHHS.
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3araJlbHIM KPUTEPi€M OLIHKU BCIX YMOB € IOKa3HUK CepPeIHbOI IIBUIKOCTI PyXy aBTOMOO1JIS 3 ypaxy-
BaHHSIM MOTOJHUX 1 JOPOXKHiIX yMOB. [10o TUIy BUIMMOCTI MOTOIHI YMOBH BU3HAYAIOTHCS: SICHA MOT'0Aa, JIOLLI,
CHITOIaJ, XypTOBHHA,31TMBa. [10 KoedimmieHTy 34eTUIeHHS: CyXe MMOKPUTTS, HOpMaJIbHE, MOKpE, CHIT, OXKelre-
auns. [lo noposkHIM yMOBaM: KaTeropis JOpOory, MIMPHHA MPOi3HOT YaCTHHHU, PafilyCH TOPU30OHTAIBHUX KPH-
BHIX, TIO3I0BKHI ITOXWIIH, IIMPHUHA y301949s CTaH MOKPHUTTS (KoedirieHT mirtHocTi). [To moromanM ymoBam Ka-
JIEHTAPHUK PiK TUTUTHCS Ha TPU TEPIOIU IO yMOBAM PyXy aBTOMOOITIB:

[epmmii (3uMoOBHIA) — IpylieHb, Ciu€Hb, JIOTHH, Oepe3eHp; Npyruil (BECHSIHO-TITHIN) — KBITE€Hb, Tpa-
BCHb, JIUTICHB, YePBEHD, CEPIICHB; TPETiil (OCIHHIH) - BEpECeHb, JKOBTEHb, JINCTONAA. B poOOTI MpUBEACHO BU-
KOPUCTaHHS MOroHUX yMoB y IliBHIUHNX palioHax YKpaiHH.

Kuro4ogi ciioBa: nopora, noroja, IBUIKICTb PYXY, BUIUMICTh, KOS(DILIEHT 3UCIUICHHS.
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