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ABSTRACT. The article focuses on the question of season restricted roads’ studying. In difficult geological, hydrological and climatic conditions of northern countries,
such as Russia, Finland, Sweden, Norway, Canada, USA (Alaska), the basis of transport infrastructure is season restricted roads. The problem of season restricted
roads’ designing is still unresolved, which makes it difficult to maintain and operate such sites. The aim of research is advanced technology of season restricted roads’
designing for their further title registration. This technology gives opportunity of first-ever defining possible changes of roads’ boundaries by results of field
measurements of physical and mechanical soil properties. The technology is developed with the application of similar stationary sites’ rules, and also takes into
account features of season restricted roads’ existence in space and time. The main research objectives are: economic importance definition of season restricted
roads; uncovering geographical and climatic conditions, providing possibility of road’s functioning; reviewing the methodological approach of their accounting and
systematisation. The research is carried out on the basis of information about the location of season restricted road’s baselines, and also using the results of
monitoring studies of highway service’s department. To identify the possible location of roads a buffer zone’s model is presented.

Keywords: mining regions, transport infrastructure, season restricted roads

XAPAKTEPUCTUKU HA NPOEKTUPAHE HA CE3OHHW MbTULLA B PAUOHU, KbJETO CE U3rPAXOAT MUHHM
NPEANPUATUA

Mapuxa PomaHeHKo

CaHkmnemepbypacku MuHeH yHusepcumem, 199106 Cankm lNemepbype

PE3IOME. CratusTa ce dokycupa BbpXy 13y4aBaHEeTO Ha CE30HHM MbTULLA. B CIOXHM reonoxKu, XaponoXKi U KMMMAaTUYHI YCIIOBUS B CEBEPHUTE CTPAHK, KaTo
Pycus, ®unnanavs, Lseuuws, Hopeerus, Kawapa, CALL| (Anscka), ocHOBaTa Ha TpaHCmopTHaTa MHKpacTpyKTypa ca Ce3oHHuTe mbTvwa. [pobnemst c
NPOEKTUPaHETO Ha CE30HHM MbTULLA BCe OLUe He e PeLLEeH, KOeTO 3aTpyaHsBa NOAAbPXaHETO M ekcnnoaTaunsTa Ha Takvsa obektu. LienTa Ha u3cneasanusTa e
YCbBBPLUEHCTBAHA TEXHOMOTAA 33 CE30HHO OTpaHM4eHN MbTULA, NpefHa3Ha4YeHn 3a Mo-HaTaTblUHATA UM pervucTpauus. Tasn TEXHONMOTUS [aBa Bb3MOXHOCT 3a
MbPBOHAYanHo onpeaensHe Ha Bb3MOXHUTE NPOMEHU Ha rPaHNLMTE Ha MbTULATa Ype3 pe3ynTaTi OT MoNeBu U3MepBaHNs Ha (MNYHN N MeXaHWYHWN CBOMCTBA Ha
nousata. TexHonorsTa € pa3paboTeHa ¢ npunaraHeTo Ha npasuna Ha NogobHN HenoaBYKHM 0OEKTU M CLLO Taka OT4MTa 0COBEHOCTUTE Ha CbLLECTBYBAHETO Ha
CE30HHM MbTULLA B MPOCTPAHCTBOTO 1 BpemMeTo. OCHOBHUTE LieNM Ha Hay4HUTE M3CTeABaHNS Ca: OnpeaensiHe Ha MKOHOMUYECKO 3HaYEHME Ha CE30HHUTE MbTULLa;
pa3kpuBaHe Ha reorpadickv M KNMUMaTU4YHK YCIOBUS, OCUTYpAiBALLM Bb3MOXHOCT 33 (DYHKLMOHWPaHe Ha MbTS; Npernes Ha MeTO[ONOrMYHMS NOAXOA Ha TAXHaTa
OTYETHOCT W cUCTeMaTM3aLms. V3cneaBaHeTo Ce M3BLPLUBA Bb3 OCHOBA Ha MH(OPMALMA 33 M3XOJHOTO MECTOMONMOXEHME HA CE30HHWTE MbTULA, KaKTO M
pesynTaTuTe OT MOHUTOPUHIOBUTE MPOYYBaHUS Ha OTAeNna 3a 0bCnyxBaHe Ha MarucTpanv. 3a uaeHTUPULMPaHe Ha Bb3MOXHOTO MECTOMONOXEHME Ha MbTuLaTa e
npeacTaBeH MoaensT Ha ychepHaTa 3oHa.

Knto4oBu gymu: MUHHO-[OGMBHM paiioHn, TpaHCTIOPTHa MHAPACTPYKTYpa, Ce30HHN MbTULLA

Introduction certain direction which location changes every season. On the
other hand, they have features of real estate items as they are

Transport infrastructure is one of the most important inseparably linked to the ground surface, and their movement
elements on which development of the economic conditions of ~ Without disproportionate damage to appointment is impossible.
mining regions directly depends. Therefore, the most important In both cases season restricted roads require immediate
problem of such areas is to provide all conditions for strategic decisions concerning their construction and operation
successful roads designing, their construction and operation. (Navratil, Frank, 2008).

Environmental features (climate, relief, soil properties) Today the question of territory planning while designing
define roads’ classification depending on the functioning mode: such sites in difficult geological and climatic conditions is one
constant and season restricted. Season restricted roads with of the most difficult in the field of civil engineering, geodesy
the base of snow, ice and frozen soil function only from and land management.

October to March. They are common for many countries which
have difficulties in the access to their northern regions:
Canada, Finland, Estonia, Iceland, Norway, Russia, Sweden Main exposition
and USA (Nassiri et al., 2015).

Both kinds of roads (constant and season restricted) are Easement areas of any road consist of land plots that
complex engineering constructions in the form of linear objects. determine location of the site’s structural elements and road
On the one hand, season restricted roads represent the way of constructions. In other words, easement area represents the
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borders of transport road. Formation of land plots under roads’
construction includes not only land management works, but
also actions, the result of which is creation of the site with new
legal status (Kostyrchenko et al., 2016). The main difficulty is
allocation of land plots for season restricted roads, because of
their changing location during the seasons of the year.

The aim of research

The isolated regions of Northern countries are hard-to-
reach areas with poorly developed infrastructure. In difficult
geological, hydrological and climatic conditions of northern
regions the basis of transport infrastructure are season
restricted roads (Yukari et al., 2017). The extent of seasonal
roads of such territories is comparable to federal highways as
development, arrangement and operation of mineral deposits
demand delivery of large-size loads and the equipment.

The aim of research involves advanced technology of
designing work’s development for seasonal roads’ registration.
This technology gives opportunity of first-ever defining possible
changes of seasonal roads’ boundaries by results of field
measurements of physical and mechanical soil properties.
Basic research tasks: to define specifics of season restricted
roads as real estate items; to expose the need of registration of
research sites taking into account distribution of their structure
in time; to rank the factors defining physical and mechanical
soil properties according to the extent of their influence on
season restricted roads’ location; to develop regression model
of easement area’s width depending on the extent of influence
of indicated factors; to develop the technology of spatial basis’
construction allowing to solve problem of season restricted
roads’ registration in view of their changing location.

Main thesis of the research

The research is carried out on the basis of information
about the location of the season restricted roads’ baselines,
and also using the results of the monitoring studies of highway
service's department. From the point of view of legal systems,
the formation of land plots for such highways as typical linear
sites is wrong. The algorithm for designing works of the object
of seasonal operation has to consider distribution in space and
time of a number of indicators which define location of such
sites (Fig. 1).

As a result it is possible to note a divergence of lines that is
connected with the site’s specifics of seasonal existence. It can
be explained with the changing location of a site depending on
climatic conditions, topographic features, hydrogeological
characteristics of the territory (Pavlov, 2010).

The creation of the image of the average line was carried
out by the method of perpendiculars on points whose location
is determined by extreme seasonal lines. It is necessary to
obtain the first indicator — deviation of each line, from the
drawn average line.

Knowledge of position of the average line in the presence
of communication of indicators of certain physical
characteristics with coordinates of each point can be used for
forecasting the position of border lines in the set buffer zone.
Each point corresponds to certain results of the studied
indicators.
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Fig. 1. The winter highways’ lines with reference to the
cartographic image of metric scale 1:200 000 and to the cadastral
plan of the territory: the red colour indicates the line of 2016-
2017 years, purple - 2011-2012, blue - 2007-2008, yellow -
middle line

Field research on values of the indicators have been
received by a testing laboratory of the State Highway Service
in November 2007, 2011 and 2016. We need to determine
them by carrying out an analytical research of each lines’
groups with a binding to the values of their deviation. So far,
the distribution of indicators of zones is only an assumption, its
scientific justification is possible by a clustering method. Each
point of three seasonal lines is characterised by the following
signs:

- frozen ground depth, cm;

- snow density, g/cm?;

- time of soil freezing at the average air temperature: -
10°C, hours.

These observations need to be broken into “k” number
clusters. Parameters should be considered with average line
and should be spread out in clusters (groups). The main aim of
statistical research is to find out dependence between
deviations on points of lines of different seasons and physical
parameters. For future clustering it is offered to establish the
following zones:

- zone of maximum divergence;

- zone of average divergence;

- zone of minimum divergence.

The term “divergence” offers to designate distance
between points of extreme axes regardless of a season
(Skvortsov et al., 2005). The result of research for lines of the
highway for the season 2011-2012 is set as an example. It is
obvious that such research has been conducted for each of the
seasonal lines (Fig. 2).
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Fig. 2. Result of carrying out of analysis for the roads’ seasonal baselines according to 2011-2017 years

The distribution of indicators’ values is uneven. Certain
groups and classes are obviously allocated. The following
conclusions can be made: with the increase of the frozen
ground depth, the divergence of lines also increases. As the
snow density decreases, the divergence of lines increases.
The maximum divergence of lines is in the zones, which have
minimum time of soil freezing. Thus, the revealed dependence
is logical and can be used for subsequent clustering of the
indicators.

The result of cluster analysis is clear division of zones of
divergence into three groups. Having information about the
coordinates of points for each zone, it is possible to indicate
them on the territory (Fig. 3).

The initial stage of the work is the construction of an exact
image of the winter highway's baseline by seasons using
geodetic survey data. As a result, we can note the divergence
of the axes, which is related to the specificity of the site of
seasonal function.

Then the middle line, built up by offset method due to the
points of seasonal baselines, is determined. It is necessary to
obtain the first indicator — the deflection of each baseline from
the central one. Using the value of such deflection (with
reference to other investigated indicators), it will be possible to
explain and predict the location of the site in the future season.

Achieved major results

Knowledge of the position of the central baseline in
accordance to these physical indicators can be used to predict
the position of the winter highway for the next season.
Therefore, an analytical study was carried out for each of the
seasonal axes (on the slide as an example for one of them), as
a result of which groups were identified. The result of the
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cluster analysis was a clear division of the zones of divergence
into three groups. Having information about the coordinates of
points for each zone, they can be indicated on the territory.

Fig. 3. The terntory zones of lines’ divergence

1, zone of the maximum divergence (marked with pink color); 2, zone
of the average divergence (marked with orange color); 3, zone of the
minimum divergence (marked with green color)
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In addition, the location of the seasonal function site is
affected not only by climatic and hydrological, but also by
geological factors. That's why we need to take into account the
natural features of the territory for cadastral work. All the
stages of research are the framework for the algorithm of work
for winter highway's cadastral registration. The algorithm is
sustainable and requires knowledge of the distribution of a
number of indicators in space and time.

Conclusion

The practical importance of research consists in the
advanced algorithm of designing and land planning works of
constant and seasonal highways. All presented milestones for
the study are framework for such algorithm implementation,
which requires knowledge of distribution in space and time of a
number of indicators which define existence of such sites. It
confirms the need of natural indicators” accounting. They can
be designed only with the use of knowledge of laws of
statement of similar stationary sites and taking into account
features of existence in space and time.

Besides, another result of research is the creation of the
buffer zone that defines borders of possible site’s location for
future seasons. The established zone will allow to keep
account of such sites, and, secondly, will allow to avoid
overlapping (most often, with forested land, royalty-based
lands, and sometimes territories of Arctic Indigenous Peoples),
the legal disagreements and other local questions caused by
features of use and development of the territory.
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