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Received 09.01.2022; Abstract. We analyzed one of the inseparable components of road landscapes of Ukraine,
Received in revised form 16.02.2022; their ecozones. As noted, road landscapes are divided into three categories: road landscape-en-
Accepted 13.07.2022 gineer systems (RLESs), road landscape-technogenic systems (RLTSs) and road landscapes

proper (RLP). Depending on those categories of road landscapes, there form respective road
ecozones. Most distinctively, they become structured and developed over the process of constructing and functioning of RLESs.
Therefore, the objectives of our research were the structure, typology, properties and significance of ecozones, mostly those of road
landscape-engineer systems for the purpose of their rational exploitation. The objects of the research were RLESs of Ternopil-Khemel-
nytskyi-Vinnytsia-Uman-Kropyvnytskyi (M-12) and Kyiv-Odesa (M-5). The research was carried out using the basic principles of
landscape science — emergence, cause and effect relationships, history, comparability; methods of analysis, synthesis, modeling, map-
ping, GIS-technologies using the software: graphic editors CorelDRAW and Adobe Photoshop, and also open-source network of
satellite images Google Earth and other. The notion of road ecozone is considered as a complex ecological structure that is formed
and developed over the process of functioning of road landscapes. In more details, we have analyzed the ecozones of modern road
landscape-engineer systems M-12 and M-5 which have long been actively operating. Field landscape-science-oriented and ecological
studies of ecozones of those RLESs over the period of 2019-2021 made it possible to distinguish and substantiate ten microecozones
in their structure. Their specific features are conditioned by specifics of the structure and ecologic condition of previous landscape
complexes — the fundamentals of modern RLESs; spatial-temporal specifics of the formation; «linear» spread; dependence on the func-
tioning of one type of transport (automobile) and purpose. The features of microecozones are conditioned by land allocated to roads,
technical impact, chemical contamination, contamination of soil, aquatic and air contaminations, acoustic and lighting impacts, and
esthetic and landscape contaminations. Over the process of further studies, it is possible to distinguish other microecozones, specifically
those of biotic and geological impacts, and also uniting certain microecozones into groups. We analyzed one of typical features of road
ecozones — their asymmetry. We distinguished and characterized three types of asymmetry of road ecozones — wind-caused, orographic
and landscape asymmetries. Not always do their vectors of development coincide. We should note that over the process of functioning
of RLTSs and SRLs, there also develop roadside ecozones with respective set of microecozones, though they need additional studies.
Further study of ecozones in road landscapes would allow for more thorough planning and forming of their structure, functioning, im-
pact on human health and environment. Road landscapes of any category need to be re-constructed into a system of complex purpose —
transport, scientific, recreational and esthetic.

Keywords: road landscape, road landscape-engineering system, ecozone, microecozone, road asymmetry, rational exploitation.
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AHoTanisi. Po3niisHyTO OIHY i3 HEBiJI’€MHHUX CKIIQJIOBHX TOPOXKHIX JaHAmadTiB YkpaiHu, 1X CKO30HH. 3a3HAUCHO, IO TOPOXKHI

naHmadTH MOJIICHO Ha TPH KaTeropii: mopokHi nanamadrHo-imkenepHi cuctemu (JJ11C), nopoxkHi TaHAmad THO-TEXHOTCHHI CHCTEMH
(JUITC) i Bnacue nopoxui nanamadTu (BJJI). ¥V 3anexnocti Bix nux xareropii nopoxkHix nangmadris GopMyIoThes i Biamnosini
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JOpOXHI eK030HU. HaifO1Ib1II 4iTKO BOHU CTPYKTYPYIOTBCS 1 pO3BUBAIOTHCS Y Tporieci po30yaoB i pynkuionysanns JJIIC. ¥V 38’s13Kky 3
LM, METOFO JIOCJTIJKEHHSI € Mi3HAHHS CTPYKTYPH, TUIIOJIOT s, BIACTUBOCTI Ta 3HAYMMICTB €KO30H, IIEPEBAXKHO, TOPOXKHIX JIAHAIIA(THO-
IH)KEHEPHUX CHUCTEM JUTA ITiJIeH iX pamioHansbHoro Bukopuctanus. 06 ext nocmimkenns JJJIIC Tepromninb-XMenbHUIIbKUI-BiHHMIIA-
VYmanb-Kporusrauupkuiit (M-12) ta Kuis-Oneca (M-5). JlocniukeHHST IPOBEACHO i3 BUKOPUCTAHHAM 0a30BHX JIaHAMIA()TO3HABUMX
MPUHIHITIB EMEPXKCHTHOCTI, MPUYMHHO-HACTIIKOBUX B3a€MO3B’SI3KiB, ICTOPUYHOCTI, CYMICHHUIITBA, METOMIB — aHAIi3y, CHHTE3Y,
MozenoBanHs, kaprorpadysanns, I'IC-TexHomorii i3 3actocyBanHsM nporpam: rpadigaux penakropis CorelDRAW i Adobe Pho-
toshop, a Takok BiIKpUTI Mepexi kocMiuHuX 3HIMKIB 3emii Google Earth Ta inmii. 3a3HadeHo, M0 MOHATTS JOPOXKHS €KO30HA — 1€
CKJIaJIHA EKOJIOTiYHA CTPYKTYpa, sika (JOPMYETHCS 1 PO3BHBAETHCS Y Mpoleci QyHKIIOHYBaHHS AOPOXHIX Janamadris. JeranbHime
PO3IIISTHYTO €KO30HU Cy4YacHHX JOPOXHIX JaHAmaTHO-iHKeHepHUX cucteM M-12 i M-5 TpuBanuii 4ac i akTHBHO (pyHKI[IOHYIOUHX.
IonboBi nanamadTo3HaBui Ta exonoriudi mociiukeHHs ekozoH nux JJIIC ympomomx 2019-2021 pokiB amy MOXIHBICTH
BHOKPEMUTH if OGIPYHTYBATH Y IX CTPYKTYPi JecATh MiKpOEKPOEKO30H. IX crienudiuni 03HaKy 3yMOBIIEHI: 0COGIMBOCTAMHU CTPYKTYPH
Ta eKOJOTIYHMM CTaHOM IOTEPEHIX JaHAMAQTHHX KOMIUIEKCiB — ocHOBH cy4acHux JIJIIC; mpocTopo-yacoBUMH 0COOIMBOCTSIMU
(bopMyBaHHS; «IHIHHMM» PO3IOBCIOIDKCHHS; 3aJISKHOCTI BiJl (YyHKI[IOHYBaHHS OJHOTO BHJY TPAHCHOPTY (@BTOMOOIIBHOIO) Ta
npusHaueHHs. Cepen MiKpOEKO30H: TOPOXHBOTO BiJIBOMY, TEXHIYHOTO BIUIMBY, XIMi4YHOTO 3a0py[HEHHs, 3a0pyAHEHHS IPYHTOBOTO
MOKPHBY, BOJHOTO i TMOBITPSHOTO 3a0pyAHEHHS, aKyCTHYHOTO 1 CBITOBOTO BIUIMBY, €CTETUYHOIO i JaHIAGTHOTO 3a0pyaHeHHs. Y
IpoLeci MOJaNbIINX JOCTIPKEHh MOXKJINBE BHOKPEMJICHHS IHIINX MIKPOEKO30H, 30KpeMa OiOTHYHOTrO i I'e0JIOTiYHOrO BIUIMBIB, a
TaKoXK 00’€JIHAHHS OKPEMHX MIKPOEKO30H B TpyIH. PO3MISHYTO OJHY 13 XapaKTepHUX O3HAK JOPOXHIX €KO30H — IX aCUMETPHYHICTb.
Bupineno i 3xapakTepu30BaHO TPH BUN aCUMETPii IOPOKHIX €KO30H — BiTpOBY, oporpadiuny i manmmadray. Ix BekTOpn po3BuTKY He
3aBXK/IU CIIBIIAIAI0Th. 3a3HaueHo, mo y nporeci Gpynkmionysanus JJITC i BJIJI tex GopMyoThes TOpOXKHI €KO30HH 3 BiAMOBITHUM
Ha0OPOM MIKPOEKO30H, OJIHAK BOHH MOTPEOYIOTH OAATKOBHX JOCIIKeHb. [1o1abiini mi3HaHHS €KO30H JOPOXKHIX JaHAmAadTiB 1aayTh
MOXJIMBICTB pealibHillle TIaHyBaTH i (OpPMyBaTH iX CTPYKTYPY, (pyHKI[IOHYBaHHS, BIIMB Ha 3710pOB’s Jrozeil Ta JoBKiLIsL. JlopoxkHi
nanamad T Oyab-sKoi KaTeropii HeoOXiHO MepedyJOBYBaTH y CHCTEMH KOMIUIEKCHOTO NMPU3HAYEHHS — TPAHCIIOPTHOIO, HAYKOBOTO,
peKpeariifHoro i eCTeTHYHOTO.

Knroui crosa: 0opoxchiil 1anowagm, 00podtcHs TaHOUADMHO-IHH#CEHEPHA CUCTEMA, eKO30HA, MIKPOEKO30HA, 00PONCHS ACUMEMPI,
PAYiOHANbHE BUKOPUCAHHSL.

Introduction influence. Studying only one component of this triune
structure would not provide the complete knowledge
about its functioning and would obviously limit the
possibility of developing measures regarding its ra-
tional exploitation.

Absence of results of complex researches of

In the structure of modern landscapes, specialists
of various scientific spheres (from construction engi-
neers to designers) pay sufficient attention to roads
(Babkov, 1980; Biliatynskyi, 1998; Elektronnyi re-

surs, 2012; H.I. Denysyk, Sytnyk, Chyzh, Bezlatnia,
B.H. Denysyk, & Voina, 2020; Derzhavni budivelni
normy Ukrainy, 2000; Kotsenko, 1986). Somewhat
less interest was paid to road landscapes — complex
systems of anthropogenic (mostly technogenic) or-
igin, structure and functional specifics of which are
determined by roads proper and their infrastruc-
ture — various constructions and points of services,
roadside windbreaks, etc (Valchuk, 2002; Denysyk,
Braslavska, Volovyk, Valchuk-Orkusha, Buriak-Hab-
rys, & Stefankov, 2021; Denysyk, Didura, 2019). The
functioning of road landscapes and their paradynam-
ic interrelations with the environment result into de-
velopment of peculiar, still poorly studied road eco-
zones, which are spatially much larger than the road
landscapes (Valchuk, 2002; Didura, 2019; Denysyk,
Didura, 2019). Road landscapes have been, are and
will be the «central place» of genesis, development
and functioning of road ecozones. They form the
main properties and features of road ecozones, deter-
mine their borders and the pattern of unfavorable and
favorable processes that develop in them. Road, road
landscape and road ecozone are triune structure, uni-
fied first of all by internal interrelations, the pattern of
development of which often depends on the external
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ecozones of road landscapes is due to a number of
factors, the main being low number of specialists in
landscape ecology, especially those who are study-
ing modern landscape-engineer systems, to which
road landscapes are classified to (Denysyk, Valchuk,
2005; Denysyk, et al., 2020; Denysyk, Didura, 2019;
Usmanova, Melnyk, 2010); prevalence of isolated
landscape and ecological studies of road landscapes,
which reflect only specifc problems (Babkov, 1980;
Butovskyi, 1987; Mylkov, 1973; Khodan, 2012); ex-
pensiveness of conducting studies of road ecozones
which would characterize properties, particularly
geochemical, geophysical, etc.

In Ukraine, studies of ecological condition of
roads and their impact on adjacent landscape com-
plexes, and then the road landscapes in general have
become active in the late 20"-early 21° century. At
first, those were ecological-geochemical studies of
individual geocomponents in areas of highways of
state and inter-oblast significances which were most
loaded (interchanges, intersections, steep slopes of
roads) by vehicles. They focused on heavy-metal
contamination of forest and road structures (Volos-
hyn, Lepkyi, & Matviichuk, 2005; Voloshyn, 2009;
Khodan, 2012; Halahan, 1993, 2013, 2014), agro-
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cenoses adjacent to highways (Hrabovskyi, 2002;
Eskov, Eskova, & Seraia, 2012), industrially urban-
ized territories (Bryhadyrenko, Chernysh, 2003; Es-
kov, et al., 2012); soil cover in the zones of high-
ways’ impacts (Denysyk, Valchuk, 2005; Usmanova,
Melnyk, 2010); snow and groundwater (Yurchenko,
Melnykova, & Yachnyk, 2014; Andrusyshyna, Hol-
ub, & Lampeka, 2015). Those studies have partially
considered the issue of impact the highways impose
on zoocenoses of adjacent territories (Hrabovskyi,
2002; Denysyk, Valchuk, 2005; Halahan, 2014), and
have also touched upon the problem of complex re-
search of ecologic condition of road landscapes (De-
nysyk, Valchuk, 2005; Halahan, 2014). The avail-
able materials of ecological-geochemical studies of
roadside territories of highways and their analysis as
complex road landscape-technical systems (Deny-
syk, 1998; Denysyk, Valchuk, 2005; Denysyk, 2014)
allowed distinguishing specific roadside zones of
ecologic disaster within the road landscapes (Val-
chuk, 2002), and later analyze them in more details
in the monograph «Road landscapes of Podilia» (De-
nysyk, Valchuk, 2005). Further, the road ecozones
have been receiving little attention, and gradually
the number of ecological-geochemical studies of
road landscapes has been decreasing (Didura, 2016,
2019). This is due not only to high cost of geochem-
ical geophysical, ecological and other studies of
road landscapes, but also because during their active
development over the recent 5-7 years, priority was
the roads (kilometers) rather than formation of road
landscapes with respective ecozones.

Therefore, the objective of the study was eco-
zones of modern roadside landscapes, their structure,
classification and rational construction.

Materials and methods

Over the process of our study of ecozones of road
landscapes, we used the basic principles of land-
scape science — emergence, which is a property of
landscapes as an integrity; cause and effect interre-
lations between individual geocomponents, history,
comparability. Besides the field landscape-science
methods, we utilized generally accepted (analysis,
synthesis, comparison, modeling, mathematical) and
geographical (historical-geographical, cartograph-
ic, genetic, geochemical, periodization) methods of
research. To store and recreate the visual data, we
used GIS technologies and computer modeling us-
ing the following software: graphic editors Corel-
DRAW and Adobe Photoshop, and also open network
of satellite images Google Earth and others. We re-

searched the roadside ecozones that have formed
over the process of construction and explotation of
highways of National significance Ternopil-Khmel-
nytskyi-Vinnytsia-Uman-Kropyvnytskyi (M-12) and
Kyiv-Uman-Odesa (M-05).

Results of the research

Notion of roadside ecozone has not been formu-
lated clearly. In our opinion, it is a complex ecolog-
ical structure that is formed in the process of func-
tioning of a road landscape. Road landscape is a sys-
tem of technogenic origin, structure and functioning
pattern of which are determined by road proper and
its infrastructure — engineer constructions, service
points, roadside windbreaks, etc (Denysyk, Valchuk,
2005). We distinguished and substantiated three
categories of road landscapes: road landscape-engi-
neer systems (RLES) — modern three-block (nature,
equipment, management), actively functioning road
landscapes; road landscape-technogenic systems
(RLTSs) are RLESs that are out of active functional
use, which have no management complex and the
technical complex is only partly functioning; road
landscapes proper (RLPs) —out-of-use road land-
scapes that develop following the natural patterns
(Denysyk, 1998).

Depending on those categories of road landscapes,
there form respective road ecozones. Most clearly
they manifest, develop and become structured during
the process of functioning of road landscape-engineer
systems.

Ecozones of RLESs are complex natural-eco-
nomic formations. Specific peculiarities of devel-
opment of their structure and functioning are con-
ditioned by:

- specifics of the structure and properties of previ-
ous (natural, nature-anthropogenic and anthropo-
genic) landscapes — fundamentals of modern road
landscape-engineer systems;

- Historical peculiarities of the formation (ways
of construction, materials, equipment) and func-
tioning;

- «linear» spatial spread on large distances;

- Dependence on specifics of functioning of one
type of transport — automobile.

- Field studies of highways Ternopil-Khmel-
nytsky-Vinnytsia-Uman-Kropyvnytskyi (M-12)
and Kyiv-Uman-Odesa (M-05) in 2019-2021 re-
vealed that ecozones of those road landscape-en-
gineer systems are complex formations. In their
structure, we distinguished microecozones (Fig.
1, 2).
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Fig. 1. Structure of ecozones of road landscape-engineer system

Microecozones: 1 — land allocated to road; technical impact; 3 — chemical contamination; 4 — acoustic impact; 5 — atmospheric con-

tamination; 6 — esthetic contamination; 7 — landscape contamination.
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Fig. 2. Generalized profile of ecozone of road landscapes
Microecozones: 1 — land allocated to road; 2 — technical impact; 3 —

esthetic contamination; 4 — chemical contamination; 5 — lighting

impact; 6 — acoustic impact; 7 — atmospheric contamination; 8 — destruction and contamination of soil; 9 — aquatic contamination;
10 — possible geological impact; 11 — landscape contamination. Borders: 12 — microzones.

Microecozone of land allocated to road (MeLAR)
is the central part, the «stem» of ecozone of road
landscape-engineer system. It is mostly symmetric,
the width corresponds to projected roadway zone
and could be 3-5 m (single-track earth road) to 50-
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100 m (modern highways). Microecozone of land
allocated to road includes road proper, ditches and
roadside protective windbreak. According to the Eu-
ropean standards, the area of highways should be as
follows: 4-track — 4.6 ha per 1 km of road length and
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6-track — 7.7 if flat; and 6.6 and 11.1 ha/km if hilly
(Kucheriavyi, 2001). This microecozone is the source
of contaminants. The specifics of its structure and
functioning are the factors the ecological condition of
other road microecozones depends on.

Microecozone of technogenic impact (MeTl) in-
cludes areas adjacent to the road which have been
involved during construction and thereby affected by
equipment and are used in the period of exploitation.
This microecozone includes cut slopes, mound and
terraced slopes, quarries and storages, various em-
bankments and ditches, areas and driveways to gas
stations, car services, etc. They create no entire line
and are located along the road as individual plots or
occupy small areas (quarries, cut terraces, etc). How-
ever, this microecozone plays important role in the
functioning of the entire road ecozone as a provider of
necessary substances and supports the MeTI in prop-
er exploitable condition. The width of MeTI of M-12
highway ranges 16 — 32 to 150 m. The microecozone
of technogenic impact is the place where road infra-
structure is constructed.

Microecozone  of  chemical  contamination
(MeCC) is often determining in ecological aspect.
This microecozone is where chemical elements, par-
ticularly heavy metals, actively accumulate, migrate
and spread. Width of microecozone of geochemical
contamination of the highway (M-21) ranges 20-50 to
200-500 m. Parameters (especially width and satura-
tion by chemical elements) of the microecozone de-
pends directly on type of road and transport loading.
Most often, on rural roads and roads of inter-district
conjunction, the width of geochemical contamination
zones is no more than 20-35 m, it is 120-160 m on
inter-oblast highways (Vinnytsia-Mohyliv-Podilsky;
Khmelnytsky-Kamianets-Podilskyi), and 200-250 m
on state highways (Ternopil-Khmelnytskyi-Vinnyt-
sia-Uman-Kropyvnytskyi).

Spatially, contamination of those microecozones
by chemical elements, especially heavy metals, is not
uniform. This allowed distinguishing landscape-geo-
chemical sections, nodes and plots within its borders
(Denysyk, Valchuk, 2005). The most geochemically
impactful on the environment and the most harmful
were geochemical nodes formed in places where large
highways, road junctions, etc cross. Methods of study-
ing them have been thoroughly developed (Halahan,
2014; Denysyk, Valchuk, 2005; Khodan, 2012). How-
ever, spread and accumulation of chemical elements
and, especially, heavy metals in geochemical nodes of
road landscapes are mostly from-center-oriented and
uniform at first. Further, the ranges of contamination,
in particular such of soil cover, have spotted pattern.

Spotted pattern of spread of chemical elements is ob-
served within the borders of road «sectionsy, though
is not a characteristic feature. This peculiarity of geo-
chemical abnormalities depends not only on structure
of microecozones of geochemical contamination, but is
also conditioned by mosaic pattern of landscape where
road landscape-engineer systems are functioning.

Microecozone of contamination (destruction) of
soil cover (MeDS) covers MeRR, partly MeTI and
MeCC. They are formed as a result of destruction of
soils or paving soils by asphalt concrete, their chem-
ical contamination, drying (presence of thermally
abnormal areas and freed energy), waterlogging of
engineer constructions, disposal or spill of gasoline,
diesel fuel, oils, etc. Its width is 50-200 m. Contam-
ination of soil cover of landscape-engineer systems
by chemical elements, especially heavy metals (Hg,
Cd, Pb, Zn, Fe, Co, Ni, Mn and other) often coin-
cides with their overall geochemical contamination.
At the same time, it is important to distinguish areas
of soil contamination where concentration of heavy
metals exceeds the allowable norms. So far, the
number of such plots has been low. In Kyiv-Odesa
highway, four such zones were fund: Bila Tserkva
(the crossing of roads and road fork), Pykovets vil-
lage (the crossing of E 95 road and Internatsional-
na St., Uman), the city of Uman (the Clover Leaf
fork); Khadzhybeyskyi Lyman (heavy concentration
of transport at the entrance to the city of Odesa)
(Fig. 3a, b, c¢). The most threatening concentration
of heavy metals in soils was found at the crossing of
highways M-05 and M-12 on the outskirts of the city
of Uman (the Clover Leaf fork). There, heavy met-
als 2.4-fold exceed the norms of the threshold values
(Denysyk, Didura, 2019).

Microecozone of aquatic contamination (MeAC)
covers surface waters and groundwater, which are
subject (experience contamination) to functioning of
road landscapes. Contaminations are not only such of
water bodies or ground water as a result of disposal
or leakage of gasoline, car oil and other substances,
but also runoff of contaminated water from the road
surface, contamination of water by chemical elements
through atmosphere, etc. The area of MeAC signifi-
cantly increases in places where the roads cross riv-
ers, ponds, lakes, wetlands, or when they are confined
to floodplain areas. The borders of this microecozone
are sometimes hard to determine, especially regarding
contamination of groundwater, particularly in districts
of karst spread (Ternopil-Khmelnytskyi).

Microecozone of atmospheric contamination
(MeAC) occupies significant areas. It manifests clearer
in earth roads and roads with coating of transmission
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Fig. 3a. Concentration of zinc in roadside soil of the RLES of Kyiv-Odesa
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Fig. 3b. Concentration of lead in roadside soil of the RLES of Kyiv-Odesa
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Kyiv Bila Tserkva Nesterivka village Pikivets village Uman Kryve Ozero settlement Khadzhybeyskyi Lyman Odesa

types which border with highways or run across them.
Besides air contamination by chemical elements, es-
pecially significant is dust. Dust from roads spreads
across kilometers, forming a 30 and more meters high
«domey right above roads and adjacent environments.
Over the process of field studies of Kyiv-Odesa road
landscape-engineer system, we determined that air
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contamination increases in «enclosed» areas of high-
ways — at crossings of forest structures, presence of
unventilated roadside windbreaks, development of
roads in hollows, etc. In similar areas of highways, the
concentration of chemical elements in air increases as
well (Denysyk, Valchuk, 2005; Khodan, 2012), which
increases contamination of MeCCs, MeDSs, MeACs,
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Fig. 3c. Concentration of copper in roadside soil of the RLES of Kyiv-Odesa

and the entire ecozone of roadside landscape-engineer
systems in general.

Microecozone of acoustic impact (MeAl). Its for-
mation is recognized as spread of energy of various
frequencies in road ecozones (from thousandth of Hz
to tenths of Hz). The sources of the impact are fluctua-
tions occurring at hits, friction, sliding of solid details,
leakage of fluids and gases (noise, vibration), gener-
ation, transmission and use of electric energy, etc. In
microecozones of acoustic impact, noise-sound con-
tamination is prominent and determines its borders.
Noise is understood as any unfavorable sound or a
number of sounds that unfavorably impact the human
organism (the range of 20 to 20,000 Hz). In road eco-
zones, the total of various noise-sound sources forms
the so-called sound fields. The zone of their impact
depends on the number and type of auto transport,
structure of roadside windbreaks, weather, etc, and
has borders from 0.2 to 3-4 km.

Microecozone of lighting impact (MeLl) is formed
and functions in the structure of road ecozones only
during dark. The effect is taken not only on the pattern
of functioning of MeRR and activity of people, but also
on life of biota of road landscapes. Illumination of road
landscapes causes the largest (70-76 % of overall num-
ber) losses of insects, birds, amphibians and vertebrate
animals. Ecological consequences of negative impact
of this microecozone have so far been studied insuffi-
ciently, though their harmfulness is obvious.

Microecozone of esthetic contamination (MeEC).
Its distinctive features are construction of inappropri-

ate structures, especially linear objects; unoriginality
of objects of transport purpose; typical architecture
even of service objects, which over the recent years
has tended to change for the better; not always estheti-
cally designed «roadside» bazaars, camping and even
road signs, posters, architecture memorials, places of
worship, etc.

Microecozone of landscape  contamination
(MeLC) is the result of overall functioning of
above-characterized microecozones. In microeco-
zone of landscape contamination, there is seen deteri-
oration in regeneration ability of natural or close-to-
roads (agrarian, forest anthropogenic, etc) landscapes,
destruction of living locations of living organisms. At
the same time, deterioration can occur in the natural
environment, when components of the biosphere can
self-regulate and restore.

The distinguished microecozones are not isolat-
ed one from another; they closely interact with each
other, thereby forming one ecozone of road-land-
scape-engineer systems. Some microecozones are so
closely interconnected, that they could be united, for
example, MeRR, MeTI and MeDS into microecozone
of direct technogenic impact; MeEC, MeAC, MeLI —
into microecozone of atmospheric contamination, etc.
To develop ecological measures to decrease the neg-
ative impact of roads, road landscapes on people and
environment, such unification would not practical.
Practice needs detailed research and distinguishing
microecozones regarding each component of corre-
sponding factor.
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Analysis of available literature-cartographic and
our own materials of field studies of microecozones
of road landscape-engineer systems allowed us to
distinguish such a peculiar feature that all microeco-
zones, other than MeRR, and partly MeTI, MeDS, are
asymmetric. Asymmetry is also characteristic for eco-
zones of RLES in general. It is conditioned by:

- spatial location of road landscape-engineer sys-
tems in relation to dominating winds — wind
asymmetry. It is clearly manifested in the RLES
Kyiv-Odesa, because of its perpendicular position
toward western winds that dominate in the area.
Wind asymmetry promotes asymmetry not only
of microecozone of wind contamination, but also
partly of MeAC, MeCC, MeDS, MeAl and MeLC
in general.

- confinement of RLESs to respective forms of
Earth’s surface — orographic asymmetry. It is
characteristic for MeTIs, MeACs and MeDCs.
In the M-12RLES, it could be clearly seen in the
section of Ternopil-Khmelnytskyi highway, espe-
cially where it runs across the Podilski Tovtry Na-
tional Nature Park and Vinnytsia-Nemyriv, where
the RLES has been constructed on a complex
valley-ravine terrain (Denysyk et al., 2021). In
Kyiv-Odesa road landscape-engineer system, the
orographic asymmetry is appreciable in the area
of Uman-Odesa, particularly where it runs across
the southern spurs of the Podilia highland;

- The structure of road landscape-engineer sys-
tems — landscape asymmetry is formed by all
microecozones, is clearly represented by MeECs
and MeLCs. The study of landscape asymmetry of
ecozones of RLESs have only just begun (Deny-
syk, Valchuk, 2005; Didura, 2019). Complexity of
its study is due to active construction of road land-
scape-engineer systems of Ukraine. Even in such
a RLES as Kyiv-Odesa, the landscape asymmetry
of its ecozone is at the stage of formation.
Development vectors of the mentioned types of

asymmetry of road landscape-engineer systems can
coincide and not coincide. Correlations mostly occur
in evened areas of road landscapes (terraces, water
divides, etc) and have opposite vector in hilly and
canyon-like areas, where the general slope of the sur-
face is clearly manifested or in riverside areas of road
ecozones.

Over the process of functioning of road land-
scape-technogenic (RLTS) and road landscapes prop-
er (RLP), there also form road ecozones with respec-
tive set of microecozones. Their number is lower
than in road landscape-engineer systems and devel-
opment of microecozones of RLTSs and RLPs takes
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place without active impact of equipment and road
infrastructure. In particular, geochemical, geophys-
ical and other contaminations significantly decrease
in the structure of RLTS ecozone, microecozones of
land allocated to road and technical impact go out of
control of human and equipment. Ecozones of road
landscape-technogenic systems and road landscapes
proper need separate study and were not analyzed in
this article.

Conclusions

Active construction of road landscape-engineer
systems in Ukraine began in early 21 century. Their
still insufficiently studied specifics of functioning in
already existing, mostly balanced structure of land-
scape complexes are significantly activated by para-
dynamic and paragenetic interrelations. They mostly
manifest through negative geological-geomorpholog-
ical, hydroclimatic, biochemical and landscape pro-
cesses. As a result of development of those processes,
there form road ecozones.

Ecozones of road landscape-engineer systems
are complex natural-economic formations with spe-
cific ecological (geochemical, geophysical, esthetic
and other) properties. In their structure, 10 micro-
ecozones were distinguished: land allocated to road,
technical impact, chemical contamination, contami-
nation of soil cover, aquatic and air contaminations,
acoustic and lighting impacts, esthetic and landscape
contaminations. Further, it is possible to distinguish
other (biological, geological impacts) microecozones,
and unify them into separate groups. However, when
unifying those microecozones into certain groups re-
duces depth to which they are studied, which is not
practical when designing measures to mitigate neg-
ative impact of road landscape-engineer systems on
the environment. This is especially relevant for devel-
opment of projects of wildlife crossings, which are so
far absent in the structure of the RLESs of Ukraine.

Studying asymmetry of ecozones of road land-
scape-engineer systems of Ukraine allows more
detailed planning and formation of the structure of
roadside protective windbreaks, determining places
for construction of wildlife crossings, decreasing geo-
chemical and geophysical impact of the RLESs on the
environment and rationally using landscape complex-
es that are adjacent to them.

Similarly to all other anthropogenic systems, the
studied RLESs M-12 and M-5 need measures to be
designed not only for their normal and safe function-
ing, but also for protection and preservation of some
objects and territories within their borders. To such,
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it would be rational to classify: museums of RLESs,
protected areas (tracts) of abandoned roads, architec-
tural objects and places of worship, places for recre-
ation and visiting of unique natural objects located in
territories adjacent to the RLESs. Those objects and
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