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ods. Large concentrations of terrestrial gastropods Helix sp. shells were found in the Early and Late Mesolithic lay-
ers. These gastropods were the objects of collecting and probably composed a significant part of the primitive com-
munities’ diet. Dvoinaya Cave and Chygai Rockshelter belong to series of synchronous Mediterranean, Levant and
Zagros sites with large concentrations of grape snails in the late Upper Palaeolithic and Mesolithic layers. The data
of the use-wear analysis of stone tools, micro-chemical and IR-spectroscopic analysis of the residues on the stone
tools surfaces allow to conclude that the ancient inhabitants of the Gubs Gorge collected and processed various plant
resources, including wood, grass fibers, resin of coniferous and fruit plants with the purpose of manufacturing and
fastening of handles, frames and shafts of arrows. The river mollusks Theodoxus danubialis shells were used for
making beads. More than 30 shells with punched or drilled holes were found in the lowest layer of the Dvoinaya
Cave.

Keywords: Stone Age; Upper Paleolithic; Mesolithic; North-Western Caucasus; food resources; shell heap; ter-
restrial gastropods Helix sp.; fresh-water molluscs Theodoxus danubialis; non-food resources; use-wear analysis; or-
ganic residues; microchemical analysis; IR spectroscopy.
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Abstract. Based on archaeological and ethnoarchaeological data, this paper discusses the spatio-temporal dynam-
ics of the resources in ‘wild’ prehistoric landscapes, i.e. landscapes not subjected to techniques related to modern
mono-cultural agriculture but potentially managed in other ways. The prevailing assumption in the archaeological
environments engaged in modelling of Stone Age settlement positions is, that the resources in such landscapes are ra-
ther stable and evenly distributed. Such a concept was, however, abandoned in landscape ecology in the mid-1990s
because it did not match the observed environmental reality, and replaced with much more mathematically complex
models accepting that the different species (plants as well as animals) tend to appear in highly dynamic ‘patches.’
Updating both the archaeological debate and research initiatives related to modelling of Stone Age habitation areas is
therefore long overdue. A central point in this respect is whether the dynamic spatio-temporal behaviour of the re-
sources in these landscapes is so complex that its reconstruction in specific micro-areas, and thereby a precise model-
ling of potential Stone Age settlement areas, is impossible. The fact, that human cultural groups opposite animal and
plant societies often can be observed to behave different in similar environmental situations due to that they have de-
veloped different strategies and traditions, does not leave much hope.

Keywords: topographical landscape modelling; hunter-gatherer settlement patterns; hunter-gatherer economy; re-
source dynamics; foragers; landscape ecology; patch dynamics; mosaic landscapes; landscape wildfires; effects of
storms and flooding.
tural group may display significant behavioural differ-
ences [8; 12; 13].

Incorporation of up-dated landscape ecology-based
theory into archaeological predictive modelling of the
settlement distribution in the landscape obviously ren-
ders the discipline more complicated, both theoretically
and practically. On the other hand, it introduces a much
more realistic relationship to the real world. One can on-
ly guess why archaeology has been permitted to select
the simple and easy-to-handle modelling principles, whi-
le ignoring the more difficult ones, in its attempts to de-
velop rapid and cheap ‘desktop’ approaches to the map-
ping of Stone Age settlements. The aim of this paper is
to demonstrate how poorly the hitherto applied approach
to modelling copes with the variation evident in hunter-
gatherer settlement behaviour, based solely on topogra-
phy/bathymetry, thereby underpinning the importance of
developing new methodologies for either better predic-
tive modelling or, alternatively, direct physical detection
of Stone Age settlements.

The landscape concept in hunter-gatherer
archaeology and landscape ecology

Introduction

Topographical/bathymetric  predictive  modelling
plays an increasing role in mapping of potential Stone
Age settlement areas, both on land and in landscapes that
now lie submerged under water [e.g. 1-5]. This is being
undertaken in ways that prompt concern, because they
frequently focus exclusively on the topography/bathy-
metry of the prehistoric landscape surface but ignore the
prehistoric vegetation and related resources and their of-
ten significant spatio-temporal dynamics. In landscape
ecology, it is now well-established that the vegetation
tends to form dynamic mosaics which influence small-
scale animal and human activities, thereby leading to
significant variation in cultural spatial behaviour over
time [6-8; 9, p. 246-255; 10, p. 175-228; 11] (fig. 1).
This aspect is the main focus of the present paper. A fur-
ther problem, which will not be addressed here, is that
this modelling approach is often based on simplistic and
general assumptions about how hunter-gatherers place
their settlements in the landscape. It ignores both the ar-
chaeological and the ethnoarchaeological evidence,
which reveals significant deviations from what is com-

monly assumed and demonstrates that various hunter-
gatherer cultures can behave differently in similar land-
scapes: Even individual subgroups of one specific cul-

In archaeology, the characteristics of the landscapes
inhabited and used by prehistoric hunter-gatherers are
generally conceived as congruent with a landscape con-
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cept that was abandoned by landscape ecology in the
mid-1990s [e.g. 14]: A marked change has occurred re-
cently within the science of ecology. Previously, ecolog-
ical processes commonly were assumed to proceed with-
in homogeneous environments, and usually within popu-
lations of randomly distributed individuals. Recently it
has been widely recognized that environments are not
homogeneous, and organisms are usually clumped into
patchy populations, and that this heterogeneity has sig-
nificant effects on ecological processes.

While archaeological landscape modelling imagines
landscapes as being rather stable, recent landscape eco-
logical research perceives them as highly dynamic: Dif-
ferent parts of the landscape mosaics progress asynchro-
nously through the various phases of individual ‘ecolog-
ical successions’, from burnt patches to climax vegeta-
tion, if they manage to progress that far before being
burnt down once again. While the horizontal differentia-
tion of species in the landscape into mosaics can result
from variations in geochemistry, moisture, shade/sun ex-
posure, vegetation history, storm-damage, etc., a main

Forest and Woodland Types
—J Understory fires 0 to 10 years
=] Understory fires 0 to 34 years

] Mixed severity fires 0 to 34 years
1 Mixed severity fires 35 to 200 years
B Mixed severity fires 201 to 500 years
I Mixed severity fires 500+ years

[ Stand replacement fires 0 to 34 years
B stand replacement fires 35 to 200 years

B Stnd replacement fires 500+ years

B stand replacement fires 101 to 500 years

driver for the dynamics is regularly occurring wildfires
[9, p. 194-199; 15] (fig. 1). There are different types of
wildfires — ground fires, surface fires, sub-canopy fires
and crown fires. These can occur in various combina-
tions and at various intervals, as well as with different
types of spread pattern, depending on vegetation type,
wind, moisture, slope etc., which have different effects
on the landscape [10, p. 175-228; 16; 17, p. 29; 18].
Wildfires alone, independent of other factors, are ca-
pable of generating landscape complexity and dynamics
that make it practically impossible to reconstruct in suf-
ficient detail the prehistoric vegetation and consequent
faunal and human spatial behavioural patterns. The task
of identifying and dating, in relation to archaeological
features, the many significant vegetation changes caused
by wildfires, occurring in some areas as often as every
30-40 years [19] (figs. 1, 2), would in itself be an ex-
tremely difficult if not impossible task. Even though
some modelling approaches include vegetational data at
a general basic level, they lack a significant part of the
picture required for mapping Stone Age sites [e.g. 2; 20].

Grass and Shrub Types

|:| Mixed severity fires 0 to 34 years

[ stand replacement fires 0 to 10 years
[ stand replacement fires 0 to 34 years
3 stand replacement fires 201 to 500 years [ stand replacement fires 35 to 100 years

Other
- Water

Figure 1 — Map showing the fire intervals for different types of wildfires in USA [19]

Not only wildfires, but also storms, droughts and ep-
idemics create dynamic gap phases in arboreal vegeta-
tion and thereby contribute to the dynamics of the rela-
tionship between arboreal and non-arboreal vegetation in
mosaic landscapes [21-23]. The famous elm-decline, in-
terpreted by Troels Smith as a reflection of early agricul-
tural fodder collection in Denmark [24], has subsequent-
ly been convincingly demonstrated to be closely related
to a much larger-scale attack of Dutch elm disease [e.g.
25-27], which must have created extensive tree-less
spaces in prehistoric mosaic landscapes. This is, of

course, likely to have interfered locally with Neolithic
landscape management in some areas [e.g. 28].

The flooding of low-lying areas around rivers and
lakes also tends to create tree-less gaps of varying extent,
characteristics and dynamics, depending on the frequen-
cy, periodicity and level of these inundations in relation
to the local topography, as well as regularity/irregularity
of their flow [9, p. 92, 161; 29; 30]. Economically im-
portant prehistoric coastal areas were not only influenced
in similar ways by flooding but were also heavily impact-
ed at times by tsunamis, which caused vegetation gaps in
the landscape in the form of landslides, etc. [e.g. 31; 32].
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Figure 2 — Landscape mosaic in Siberia coverin
at 544106 E 7283045 N UTM zone 49W. Several black burnt patches from wildfires can be seen. Google Earth

In addition to the vegetation dynamics, several fur-
ther seasonal factors influence resource distribution in
the landscape and thereby potential settlement locations,
for example snow conditions (some conditions are easier
for reindeer to walk in/on and to graze through etc.),
naled areas (lakes and rivers frozen until late summer,
which are attractive to reindeer etc., because the cold air
above the ice make them mosquito free), significant lo-
cal temperature variations in mountain areas (warm and
cold valleys as well as deep lakes functioning as climate
buffers) etc. [8]. Consequently, prehistoric nature, previ-
ously conceived as stable and homogeneous with ran-
domly distributed resources, must now be perceived as
highly dynamic with a mosaic-like and dynamic resource
distribution.

Archaeological consequences
of a new landscape ecological understanding

Given recognition of these dynamics and complexity
in landscape ecology, it seems relevant to ask whether it
is possible to model potential Stone Age habitation areas
at a sufficiently detailed scale for this to be meaningful
in relation to an actual archaeological survey. A parallel
discussion is also found in landscape ecology itself;
about the scale at which landscapes can be reconstructed
with reasonable precision [33-35]. The difference be-
tween these two research fields is that the landscapes and
the plant and animal species they contain, as well as the
interactions between these down to the individual level,
can be studied directly and thereby provide significantly
better data for modelling than is the case for Stone Age
sites. A large proportion of the latter are more or less
impossible to detect and map because they are either
covered by sediment or have been destroyed by erosion.
Those which are preserved and have been recorded are
likely to represent restricted cultural activities and situa-
tions and cannot therefore be regarded as generally rep-
resentative; it explains why the modelling based on them
is so problematic.

Something which complicates the modelling of these
resources in prehistory, and consequently the identifica-
tion of potential settlement areas, even further is that var-

ious hunter-gatherer cultures apparently interact with the
complex and dynamic resources in their environment in
different ways. While plant and animal populations can
be modelled based on a reasonable assumption of uni-
form behavioural patterns for individual species, this is
not so for hunter-gatherer cultures. To model settlement
locations for a particular culture on a reasonable basis, it
is first necessary to establish the culture’s resource strat-
egy/ies and related settlement behaviour [8; 13].

A rather primitive example of archaeological settle-
ment modelling is the Danish so-called ‘fishing-site
model” for coastal sites, which postulates that Stone Age
settlements are predominantly found in a few model
topographical situations. These type-situations are
sketched graphically but are accompanied by very little
precise description. This modelling approach was intro-
duced by the Danish Agency for Culture for predictive
mapping of submerged Stone Age sites and has also
been applied internationally [1; 3] (fig. 3). It is interest-
ing that it has not been possible to find published in the
literature as a basis for this modelling method, a system-
atic data analysis covering an area which could be as-
sumed to contain a fairly representative sample of set-
tlement sites, as well as a systematic testing of the validi-
ty of the ‘unlikely settlement zones’ it postulates.

Analysis of the distribution of Late Mesolithic
coastal settlements in a couple of well-surveyed areas,
where these sites can be recorded today in relation to
their contemporaneous shoreline, which corresponds to
or is above present sea level, produced a picture which
differed significantly from that postulated by the fishing-
site model. Some of the settlements in the Karreback-
sminde Fjord system are located in accordance with the
model, but this is not true of the majority (figs. 3, 4)
[36]). Analysis of the positions of Mesolithic and Neo-
lithic shell middens, relative to the former coastline, in
the well-surveyed Limfjord area, northern Jutland, gave
a similar result (figs. 3, 5) [37, p. 157]. In both cases, a
significant number of sites were found along the sides as
well as close to the bottom of inlets, i.e. positions that
are not predicted by the model.
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Figure 3 — Typical settlement positions
for prehistoric hunters
exploiting marine resources [3]

@ Mesolithic shell midden
A Neolithic shell midden

NUMBER * 1-9

OF FLAKE * 10-25
® 26-100
® 101-400
® 401-1008

AXES

Figure 4 — The Karrebaekminde Fjord system showing
recorded Late Mesolithic sites. The size of the red
dots signifies the number of flake axes found on the sites
and thereby serves as an indication of the site’s size

Figure 5 — The Limfjord showing the locations of Mesolithic and Neolithic shell middens [37, p. 157]

Analysis of available Danish maritime archaeological
survey reports up to 2015 shows that systematic surveys
of a total of 316,9 km?, based on the fishing-site model,
has led to the recording of 15 ‘new’ Stone Age sites
(=0,05 per km?). Random recording on land of a total of
2192,7 km? in several selected Danish counties has led to
the recording of 3258 ‘new’ Stone Age sites (=1,48 per
km?). Systematic surface survey on land of a total of
33,8 km? in two areas on Zealand, Denmark, has led to
the recording of 291 ‘new’ Stone Age sites (=8,61 per
km?). The density of submerged Stone Age sites record-
ed during systematic survey in accordance with the fish-
ing-site model therefore represents 0,6% of the density

of Stone Age sites recorded on land during systematic
surface survey [38].

Even though it can be debated whether this 0,6%
should be adjusted slightly upwards, the results outlined
above indicate indisputably that something is seriously
wrong with the basic ‘topographical’ assumptions behind
the fishing-site model. One implicit, and possibly erro-
neous, premise underlying the fishing-site model is the
idea that when groups exploited marine resources, they
let these determine their settlement locations. Data from
many parts of the world show that Mesolithic and Upper
Palaeolithic cultures who exploited marine resources al-
so took inland resources into account in their settlement
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positioning strategy. In several cases, their sites are
found to be located several kilometres inland from the
contemporaneous coastline, such that marine resources
had to be transported quite a distance [39—-49]. While the
fishing-site model is based on the assumption that ma-
rine resources alone governed the location of sites, an
improvement would be to assume that land resources
may also have played a role.

Logically, modelling of the locations of non-mari-
time subsistence sites is subject to similar potential mis-
understandings. This is, however, more difficult to
demonstrate in a quantitative way, as we do not have
better data for comparison.

Recently, agent-based modelling (ABM) has been in-
troduced in an attempt to solve the problems with the
earlier types of predictive modelling. However, the liter-
ature dealing with this development does not explain:
1) how such systems, in the absence of sufficient availa-
ble environmental data, can model in adequate detail the
prehistoric environmental small-scale dynamics that
generally play an important role in the choice of actual
settlement locations and 2) how they can reconstruct the
different approaches and behaviours adopted by various
cultural groups in relation to small-scale resources pat-
terns [e.g. 50, p. 62-76; 51]. A qualified guess is that
ABM, in spite of its many positive qualities, is unsuited to
detailed ‘re-creation’ of lost landscape scenarios and their
small-scale dynamics on the basis of absent data, as well
as the reconstruction of behaviour related to these dynam-
ic landscape situations, based on different cultural ‘logic’
which may well deviate from strict mathematical logic.

A further consequence of recent developments in
landscape ecology is that approaches to studies of prehis-
toric resources, such as archaeological site-catchment
analysis, must be regarded as outdated. The latter as-
sumes an even distribution of stable resources in the pre-
historic landscape; a view that belongs to an earlier gen-
eration of landscape ecology. Subsequent attempts to
update this approach by integrating it into the application
of GIS technigues have not solved the basic problem of
establishing a sufficiently precise spatio-temporal envi-
ronmental framework [52; 53].

Conclusion

It is obvious from the above that there are several se-
rious problems associated with predictive modelling of
the locations of Stone Age hunter settlements in the
landscape. The basic assumption that floral and faunal
elements had a rather even distribution in the prehistoric
landscape is in direct conflict with current views in land-
scape ecology. There is a need to update archaeological
predictive modelling to a level where it can cope with
the evident complexity of the prehistoric landscape situa-
tions it addresses.

The current theoretical situation is that it is possible
to identify several severe problems with the way in
which predictive modelling is presently applied to Stone
Age archaeology, while not seeing a logical path to re-
solving these. At its present stage of development, the
methodology is out of tune with contemporary landscape
ecology and does not consider differences in cultural be-
haviour. Furthermore, it is possible to demonstrate in one
tangible case (the fishing-site model) that its efficiency is
surprisingly low.

Instead of accepting defeat on the modelling front,
which is one possible outcome of the debate, we should

be aware of potential alternative methods, involving di-
rect physical detection of Stone Age sites, which currently
appear to be developing in a quite promising way [13; 54].
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MPOCTPAHCTBEHHO-BPEMEHHAS JUHAMUKA PECYPCOB
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Konenzazencxuii ynusepcumem (2. Konenzazen, Koponescmso Hanus)

Annomayusi. Ha 0CHOBE apXeoJOTHYECKUX M 3THOAPXEOJOTHMUYSCKUX TaHHBIX B ATOH CTaThe 0OCYXKImaeTcs Ipo-
CTPaHCTBEHHO-BPEMCHHAsl JUHAMHKA PECYPCOB B «IHUKUX» JOHUCTOPUYCCKUX JaHAmadrax, T.e. JaHmmadTax, HE
MOJIBEPTaBIINXCSl BO3JEHCTBUIO COBPEMEHHOTO MOHOKYJIBTYPHOTO CEIBCKOTO XO3sICTBa, HO MOTEHIIMAIBLHO UCTIBI-
TaBIIMX BIUSHHUE APYTMMHU criocobamu. B apxeosoruueckoil cpesie, 3aHUMAIOIICHCS MOCITUPOBAHHEM PACIIONIOKE-
HUS TIOCEJICHU KaMEHHOTO BeKa, Mpeo0ajaeT MHEHUE, KOTOPOE 3aKII0YaeTcs B TOM, YTO PECYPCHl B TaKUX JaH[I-
madTaXx JOBOJEHO CTAaOWIBHEI H PaBHOMEPHO pacmperneneHbl. OqHaKo Takas KOHICTIUS OblIa OCTaBIICHA B JIAHI-
mraTHOH 3K0NOTHU B cepenauae 1990-x romoB, MOCKOIBKY OHA HE COOTBETCTBOBAJIA HAONIOJACMOI HKOIOTHIECKOM
peambHOCTH U OBLIAa 3aMEHEHa Ha ropas3fo 0oliee CIOXKHBIE MaTeMAaTHYEeCKHAE MOICIH, IOIYCKAIOIINe, YTO Pa3Iid-
HBIC BHUIBI PACTCHUN W )KUBOTHBIX, KaK MPaBUJIO, MMOSIBITIOTCS B BRICOKOJUHAMUYHBIX «MHUKpoapeanax». Takum o0-
pa3oM, OOHOBJICHHE apXEOJIOTHICCKHAX N1e0ATOB M HUCCIEAOBATCIHCKIX WHHUIMATHB, CBSI3aHHBIX C MOJCITHUPOBAHUEM
paifoHOB OOWTaHUS B KAMEHHOM BeKe, TaBHO Ha3peno. LleHTpansHON Tpo0i1eMoil B 3TOM OTHOIICHUH SBISETCS TO,
Cle[yeT JU CYWTaTh JUHAMUYECKOEC MPOCTPAHCTBEHHO-BPEMEHHOE IMOBEACHHUE PECYPCOB B ITHX JaHAmadrax
HACTOJIBLKO CJIOKHBIM, YTO €r0 BOCCTAHOBJICHHE B KOHKPETHBIX MUKpOpailOoHaX, a 3HAYUT U TOUHOE MOJEITUPOBaHUE
MOTEHIIMATIBHBIX 30H TOCCICHHII KAMEHHOTO BEKa, HEBO3MOXKHO. TOT (hakT, YTO YeIOBEUYECKUE KYJIbTYPHBIC TPYIIIHI,
B OTJIMYKE OT XUBOTHBIX M PACTUTENHHBIX COOOIIECTB, YACTO JAEMOHCTPUPYIOT Pa3IUYHOE MOBEACHHE B CXOJHBIX
IKOJIOTHYECKUX CHUTYAIUSIX M3-32 TOTO, YTO OHU pa3paboTaiiu pa3Hble CTPATETHMH U TPAJUIUU, HE OCTaBIsAET OO0JIb-
IIOH HaJIe K IbI.

Knioueswvie cnosa: tonorpaduueckoe MOIEIUPOBAHAE JTaHAMAPTOB; CTPYKTYpa MOCEICHUH OXOTHHKOB-cOOMpa-
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ITUIIEBBIE PECYPCbI B3KOHOMMUKE U PUTYAJIBHBIX IPAKTUKAX
CEBEPOMECOINOTAMCKHUX COOBIIECTB NEPEXOJJHOM K HEOJIUTY 3I10XH
© 2018

Kopuuenko Tarbpsina BragumMupoBHa, KaHAMIAT HCTOPUYECKUX HAYK, JTOLUEHT Kadeapsl 3apyOeskHOI nCTOpUH
Boponesicckuii 2ocyoapcmeennviii nedacozuueckuil ynusepcumem (2. Boponeac, Poccutickas @edepayust)

Annomayus. OKOHYATEIBHOE YTBEP)KICHHE CEILCKOXO3SIMCTBEHHON SKOHOMUKH B LIEHTpanbHOH 30He I[lmomo-
POZHOTO MOIyMECsIa MPOU30IILIO0 B NEPHOJ MMO3IHET0 Jokepamudeckoro HeonnTa (PPNB), Torna xak B3ier cuMBo-
JIM3Ma, BEICTPaMBaHUE CIIOKHBIX OOIIECTBEHHBIX OTHOIIEHHH y HaceneHus: CeBepHoit MeconoTaMuH MPUXOIUTCS Ha
310Xy paHHero pokepamuueckoro Heoiura (PPNA). g sToro Bpemenu B FOro-Bocrounoi Anatonuu (paiione, rae
OTKPBIT JIOJTOBPEMEHHBIN MEXIUIEMEHHOH KynbToBBIN eHTp ['€6exmm Teme), B oTnmune ot cocexnero Jlemanra,
JIOMECTHKAIUs KaKnxX-JIMOO BUJIOB pacTeHHi emie He (ukcupyercs. B cratbe o0cykIaroTcsi BO3MOXKHBIE MOJICIIH
CTAHOBJIEHUsI NPOM3BOAAIIECTO XO3SMCTBA B PACCMAaTPUBAEMOM PETHOHE, aHAIN3UPYIOTCSl MAaTepHaibl, JArOLIUE OC-
HOBaHHWE TOJAraTh, YTO PUTYaIbHBIEC IPAKTHKH 3MIOXHU ITEPEeXoJa K HEOIUTY B PsAe CIIydaeB MOTJIH CIIOCOOCTBOBATH
HOSBICHUIO U PACIPOCTPAHEHHUIO HOBBIX SKOHOMHUYECKUX cTpareruil Ha Tepputopuu CesepHoit Meconoramun. IIpu
3TOM COIIOCTaBJICEHHE PE3YJIFTATOB €CTECTBEHHOHAYYHBIX UCCIIEIOBAHUN KIIMMAaTHIECKUX M3MEHEHUH, apxeoboTaHu-
YECKMX U apX€0300JIOTHUECKUX KOJUIEKIUI U MaTepHaJbHBIX CBHUIETEIbCTB PA3BUTHs COLUAIBLHONW U JyXOBHOU
KW3HM C MAMATHUKOB JIIHIANICONUTAa W paHHero Heonmrta CeBepHO MecomoTaMUHM MOKa3bIBAeT KO3BOIIOIHOHHOE
BIIMSIHUE YEJIOBEKAa U OKPYXKAIOLIEH ero npupoaHoi cpeasl. Ha Ham B3risg, HCXOAs U3 COBPEMEHHBIX NaHHBIX, HEJb-
351 yTBEP)KAATh IEPBEHCTBO «PEBOIOLIH CHMBOJIOBY B MPOIECCE HEOMUTU3AMH [0 OTHOIIEHUIO K PAHHUM IOIIBIT-
KaM KyJbTHUBUPOBAHUS PACTEHUIL.
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