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BIOGEOMES OF HYDROSPHERE AND LAND AS ELEMENTS
OF THE BIOSPHERE STRUCTURE

Abstract. Ecosystems as the smallest unit in the structure of the biosphere form natural groups
with similar nonliving or inert components (geome) and leaving, biotic (biome) as a result of the
ecological convergence. Thus it is formed following after ecosystem level structure of the biosphere —
biogeomes or complexes of similar in its structure and function ecosystems. It is proposed unit
classification of 12 biogeomes of hydrosphere and land, combining with three types of ecosystems:
biotic, oligobiotic and subbiotic types. The biotic type combine with ecosystems controlled by leaving
components as well as woody vegetation or hermatypic corrals. The ecosystems of oligobiotic type
have strong impact of abiotic factors but biotic ones are important too. It is grass ecosystems on the
land, and shelf ecosystems of ocean. In subbiotic type of ecosystems strongly prevail in its habitus
abiotic components. It is ecosystems of deserts, and ocean deep bottom or pelagic ocean ecosystems.
The evolution of biosphere was lead as well as to new local ecosystems divergently and convergently
to formation limit number of ecosystems types, biogeomes. There is reason to believe it possible to
form a new scientific section — biogeomics because there is a particular object of it study — the
biogeome.

Keywords: biosphere, noosphere, ecosystem, biogeom, biosferomeron, evolution.
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BIOFEOMU IrNAPOC®EPU | cyXoaony
AK ENEMEHTU CTPYKTYPU BIOC®EPU

Amnoranis. Exocncremy, sk HaliMeHI OIUHULI B CTPYKTYpi O6iochepr BHACTINOK €KONOTIUHOT
KOHBEPIeHIlli YTBOPIOIOTH TMPHUPOJHI TPYIH, B SKHX CKOCHCTEMH 3 MOMIOHMMH aGiOTHYHHMH
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KOMITOHEHTAMH, SIKi BU3HAYAIOTHCS HAMHM K F'E€OM, MAIOTh MMOAIOHI O10THYHI KOMIIOHEHTH abo OioMm.
TakuMm ynHOM (popMy€eThCS HACTYIHHI 32 €KOCHCTEMHHM PiBeHb CTPYKTYpH Oioctepu — Gioreomu,
KOMIUIGKCH TIOMIOHMX 32 CBO€K CTPYKTYPOIO 1 (YHKLIOHAJHHUMHU ITOKa3HUKAMH EKOCHCTEM.
[IpomonyeTthbes enuHa cucteMa 6ioreoMoB rinpocdepn Ta cymu 3 12 Gioreomis, siKi 00'€IHYIOTH TPU
TUIH €KOCHUCTeM — Oi0TWYHHI, oJirodiorideckiii 1 cy0OioTmuHumil. Jlo mepmioro THIy BiIHECEHi
OioreoMu 3 SICKPaBO BHUPAKCHUM JIOMIHYBaHHSIM OiOTHYHOI KOMIIOHEHTH ekocucteM. Lle (Ha cymi)
0ioreoM TPOIMIYHKX JOIIOBHX JICIB ab0 riies, JIiCOBUH 0ioreoM 3 CyTTEBOIO MEPIOJHYHOIO 3MIHOIO
abioTMyHKX yMOB Ta OioTHyHUX (a3, B rigpocdepi ue Giorepmosuii Gioreom. s ekocucTeM HBOTO
THUITy XapaKTEepPHUMH € HACTYIHI 0COOIHMBOCTI: 0IOTHYHA CKJIaZoBa €KOCHCTEM IHTEHCHBHO «OyIye»
HPOCTOPOBY CTPYKTYPY BCbOro 0ioMy, € NMPOCTOPOBUM «KapKacoM» €KOCHCTEM, OCHOBHA KUIBKIiCTb
OpraHiyHOi PEUYOBMHH 3HAXOOUThCA Yy Oiomaci BHIMX pociuH (ica), O6e3xpeberHux ( KopajoBi
€KOCHCTEMH), NPOAYKLIHHO-ICCTPYKIIHI HUKIN € JyXe IHTGHCHBHAMH 1 B 3Ha4HIH Mipi
3aMKHEHHMH, IO Ja€ MOKIIMBICTh ICHYBaTH €KOCHCTEMaM B JJOCHTH OJIroTpopHUX yMoBax. OCTaHHE,
31 CBOTr0O OOKY € (h)aKTOpOM BEJIHKOT BPa3IHBOCTI EKOCUCTEM I[HOTO THITY. Jl0 APYroro THUIy BiIHECEHI
TYHAPOBHH, OioreoM TpaB IOMIpHOI 30HH, menb(oBuil OioreoM, TizpoTepMalIbHUM, peodioreoM Ta
nmiMHOOIOreoM. B exocucremax IpOro THIY OiOTHYHA Ta abIiOTHYHA CKJIAJOBI Tak OM MOBHTH,
«IIApUTETHO» OOYMOBJIIOIOTH IIPOCTOPOBY AapXITEKTOHIKYy OiOKOCHOi cucteMu. HakomuueHHs
OpraHiyHOi pPEYOBMHU BigOyBaeTbCs y IPYHTI (TpaB’sHi €KOCHCTEMH), y BiJKiIamax IeTPUTY
(exocuctemu JgiMHOOiIOreoMy). MeTabomiuHi MpoIecH B €KOCHCTeMax B OUIbLIINH YacTWHI ifyTh IO
TUNy ACTPUTHUX JAHIIIOTIB, aje MesiKi oMiroTpodHi JIMHIYHI CHCTEMH 3a CBOIMH METaOONIiYHUMH
mporecamMu JIenlo TMOAiOHI 10 ekocucTeM mepmoro Tumy. Jlo TpeTboro, cyOO0iOTHYHOTO THUILY
BifHEceHi 6ioreoM ImycTenb Ha Cymni, IenariqyHuil Gioreom, GaTianbHO-abicalbHUI OioreoM OKeaHy.
Jliss HUX € XapakTepHHM IIepeBaKHE JOMIHYBaHHsS aOiOTHYHMX EJIEMEHTIB CKOCHCTEM, caMe B
MPOCTOPOBIM CTPYKTYpi, apXiTEKTOHIIi Ta 3aramoM, rabityci ekocucteM. Jlo Bke HasBHOI
PI3HOMAHITHOCTI IO€HAHB €IEMEHTIB IPUPOAHOrO 0IOTHYHOrO Ta abiOTHYHOTO XapakTepy JIIOANHA
JIOfa€ BENIUKY KiJIbKICTh Pi3HUX aHTPOIOTCHHHUX eleMeHTiB. Y Giocdepi Oe3yMoBHO BiOyBaeThCs
(OopMyBaHHS HOBOTO THIy «KOMIO3HTHHX)», aHTPOIOICHHO-IIPUPOAHUX EKOCHUCTEM, SIKi BXKE HE €
HE3HAYHUMH OCTPIBISIMH B CBITI HPUPOJHHX, a BCe OUIBIIE PO3LIMPIOIOTH IOJNE CBOTO iCHYBaHHS.
30BHIIIHICT JaHAMADTIB HIIMX KpaiH i reorpadivHuX pailOHIB MOBHICTIO NMEPETBOPEHI isTBHICTIO
JIIOJIMHU. AHTPOIIOTEHHI €KOCHUCTEMH JyXKe Pi3HOMaHiTHI, 00'eqHaHHS 1X B equHui GioreoM (abo B
TpHU: TEXHO-, arpo-, ypoo-6ioreomu) moku npobiemMaTHyHe, npoTe Oe3nmepedHo ciij Opatu 10 yBaru
iioro ponb B 6iocdepi. Hoocdeporenes €, mo cyTi, mpouecoM 3aMiHi TPUPOIHUX SKOCHCTEM, ILTHX
0ioreomiB Ha aHTPOIOT€HHI, CKOpIllle — HAa aHTPOIIOTeHHO-NIPUPO/IHI. BBeneHHs TOHATTS GioreoMa sik
cy66iocdepHOil OIUHULI JOMOBHIOE YSBICHHS PO CTPYKTYpY OiocdepH, a Takox 00yMOBIIIOE HOBI
MiIX0aM 0 BUBUYCHHs Hooc(eporeHesa sik ogHOro 3 etamiB eBoirouii Oiocdepu. 1lomo cTpykrypn
HAYKOBMX AMCLMIUIIH, TO € MiZACTaBU BBAXKATH AOLIIIHUM (h)OPMYBAHHS HOBOI HAYKOBOI AUCLIMILIIHU —
Oioreomikd, 3 OIJIAILY Ha Te, IO BOHAa Ma€ NMPUHAWMHI CBi 0COONMBUII O0’€KT MOCTIIKECHHSI —
6ioreom.
Knrouosi cnosa: 6iocghepa, exocucmema, bioceom, biocgpepomepon, egonoyis.
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BUOIrEOMbI FTMOPOC®EPDBI U CYLLN
KAK SJIEMEHTbI CTPYKTYPbl BUOC®EPbI

AHHOTAUMA. DKOCHCTEMBI, KAK HAaUMEHbIIHE €AUHHULBI B CTPYKType Ouocdepsl BCieacTBUE
9KOJIOTUYECKO KOHBEPreHUMH OO0pa3ylOT €CTCCTBEHHBIC TPYIIbBI, B KOTOPBIX 3KOCHCTEMBI CO
CXOIOHBIMH KOCHBIMH KOMIIOHCHTaMH, OIpelNe/sIeMbIMH HaMH KaK TIeOM, HMEIOT CXOAHBIE
OnoTHYEeCKHEe KOMIOHEHTHI WM OMOMBI, onpenensseMbIMu kak Ouom. Takum obpazom (popmupyercs
CIICAYIOIINI 32 9KOCHCTEMHBIM YPOBEHb CTPYKTYPBI OHOC(Epbl — GHOreOMbI, KOMILICKCHI CXOTHBIX
10 CBOEH CTPYKType M (DyHKIMOHAIBHBIM IIOKa3aTelsiM dKocucTeM. IIpenaraercs equHasi cucteMa
n3 12 6uoreoMoB rugpocdepsl U cymn, oOBEIUHSAIOMNUX B TPU TUIA YKOCUCTEM — OHMOTHYECKHH,
ONMUroONoTHYeCKUid u cyOOuotuueckmii Tumel. K mepBoMy THIly OTHECEHBI OHMOT€OMBI C SPKO
BEIPOKCHHBIM JOMHUHHPOBAaHWEM OMOTHYECKONH KOMITOHEHTHI SKOCHCTeM. JTO (Ha cymie) Omoreom
TPONMYECKUX JOXKIEBBIX JICCOB MM T'HIICS, JICCHOH OHOTeOM C MepHOANYECKOil CMEHON OMOTHYECKHX
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¢as, B rugpocdepe 3to GrorepmoBblii 6uoreom. Ko BTopoMy THIly OTHECEHBI TYHIPOBBIi, OHOreoM
TpaB yMepeHHOW 30HbI, Ienb(oBbli Ouoreom, peodbuoreoM u sumHOOHMoreoM. K Tperbemy,
CcyOOHOTHYECKOMY TUILy OTHECEHBI OMOTeOM IyCTHIHb Ha CyIle, MeJlarndeckuii onoreom, 6aTuanbHO-
abuccanbpHBIi OMOTEOM OKeaHa. BBeneHume mMmoHATHS Ouoreoma kak cyOOmochepHOW eTMHUIIBI
JIOTIOJIHSET TIPE/ICTABICHHS O CTPYKType Orocdepsl. UTo KacaeTcs CTPYKTYpPhl HAYy4YHBIX AUCLMIUIMH,
TO €CTb OCHOBAaHWS CUHTATh IIeIeCO00pa3HBIM (OPMHUPOBAHME HOBOHM HAy4HOI MUCHUIUIMHBI —
OMOTCOMUKH, MCXOJS YK€ XOTSI ObI U3 TOTO, YTO OHA MMEET CBOH OCOOBIH OOBEKT MCCIIeOBAaHUH —
Guoreom.
Knroueswie cnosa: 6uocghepa, sxocucmema, buozeom, 6uocghepomepom, 360m10yus.

INTRODUCTION

Vladimir Vernadsky used as synonyms two terms: «the face of the Earth, the surface
of our planet or its biosphere» (Vernadsky, 2012, p. 222), although its are not absolute
synonyms. The term «biosphere» is more schematic, implies some kind of a model system,
circuit interconnections, the allocation of sufficient abstract elements. This is the reality and
abstraction. First term is much more figurative, geographically implies something real.

At the geographical approach, the basis of biosphere structure is the concept of
landscape in sense of Lev Berg (1947): a set of topographic features, climate, water, soil
and vegetation, fauna, the results of human activity. According to Berg, it is «geographical
individuals» which brings us to the analogy: we can speak about «populations» of similar
geographical landscapes as well as the populations of species of organisms.

Physiognomy, habitus of landscapes is not only the visible part of the image of nature,
«... the landscape can be described not only physiognomically, in the style of Alexander
von Humboldt, but also chemically, by the dominance of certain chemical processes»
(Zavarzin, 1994, p. 8) or the processes of transformation of matter by the energy entering to
ecosystem. In landscape, ecosystem there is biosphere exchange of atoms, which
Vernadsky wrote about.

Concept of landscape is geocentric, but ecosystem is biocentric. Face of the Earth
includes land, water, underwater landscapes and bottom or different chorological elements
of the hydrosphere and land. In addition, now the image of the Face of Earth increasingly
complemented by features of human nature. The richness of ecosystems as elements of the
biosphere is huge but there is another pattern: the «total design» of ecosystems is fairly
typical: in similar conditions (similar GEO) are similar biological structures of
superorganismal level (similar BIO). Thus, on the background of a wide divergence exist
prerequisites convergent similarity. Convergence does not deny the individuality of various
objects, but allows us to combine them into regular classes for some similar characteristics.
The example of it is differentiation in the biosphere only four biosferomerones (Protasov,
2012) based on the Vernadsky (2012) biosphere condensations.

Ecological convergence

Examples of ecological convergence are in ecomorphology. One of the highlights
example is the streamlined body shape of aquatic organisms originated and evolved solely on
the basis of the same hydromechanical interaction between the body and a dense medium in
which its move (Aleev, 1986). This process of divergence and convergence create the
necessary balance of diversity optimum of biological systems: processes of divergence have a
«centrifugal» nature, provide an increase in the variety of devices, forms of convergence — on
the contrary — limits of diversity, establishes the optimum conditions in these forms. These
processes exist at all levels of organization of living and bioinert systems.

The divergence of ecosystems creates and supports by:

* diversity of variants of consumption of nutrients and energy;

* many adaptations for breeding, increasing the number, save the population in
conditions of competition and the environment impact;
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» the difference ways of the development and retention of habitable space;

« large number of biocenotic links that change over time.

Manifestations of convergent processes are also quite a lot of prerequisites:

» morphological, behavioral similarity of species that are same ecomorph or one life form;

« similarity of trophic adaptations, limited by trophic levels;

* limitation of types of the main life strategies;

« limitation of the main energy sources and types of its biological transformation;

 the existence only a few major habitats for organisms and the main types of
adaptations to life in them.

The diversity concept clearly prevails in ecology. Any textbook on ecology, you can
find a lot of information about the diversity of ecological niches, and of living conditions of
organisms, various adaptations, but very little information on the ecological convergence
processes.

In the early twentieth century K. Petersen, analyzing material on the structure of the set
of marine benthic communities in the North Sea has allocated no more then 14 types of them,
called by the dominant organisms. Developing the idea of convergent similarity of
communities G. Thorson in the late 1950s suggested that the concept of parallel communities,
which, however, as well as in K. Petersena based on the similarity of taxonomic composition,
dominant taxonomic groups. However taxonomic similarity criterion is not sufficient in some
cases and contrary to the concept as closely related species may vary in nature as a food, and
the level of metabolism. This is due to differences ecomorphological genetically related
forms: «... necessarily understanding the convergence communities in the broadest sense, is
any phylogenetic, taxonomic framework» (Kuznetsov, 1980, p. 93).

The biome concept based on the principles of ecological convergence: «The plant-
animal formation, the base unit of communities (basic community unit) is the biome»
(Clements, Shelford, 1939, p.20). This definition was not very clear, it is possible to
subsequently widely interpreted the concept and the term itself. Biome is rather a type of
communities with a fairly generic composition, characteristic metabolic processes,
succession. As an example of biome Clements and Shelford leads the steppe and other
similar range systems. The definition of biome by E. Odum (1975) emphasizes the
inextricable link of biotic and abiotic components of the landscape, the presence of specific
life forms and a certain historicity.

It goes without saying that the similarity of communities, actually Biome is largely
determined by the similarity of conditions, or Geome. Therefore, we propose the term and
the concept of biogeome that combines both biocenotic so and environmental
characteristics of the groups are similar in nature ecosystems, leaving behind the concept of
«biome» generalized characteristic of similar nature biocenoses. The term «biogeome» used
in paleontology to indicate possible living conditions and the likely population that has
become due to geological processes thanatocoenoses in a particular basin (Tesakov, 1978).

On land distribution of various types of vegetation in scale of all continents, and
ecosystems, which habitus vegetation determines, associated with temperature and
humidity ratio (Whittaker, 1980). Certain combinations of abiotic conditions corresponds
some certain group or class of ecosystems. Not just the vegetation, but whole ecosystem.
While the relationship between character of biome and conditions, such as moisture, it is
obvious, there is a lot of data about the role of biotic factors in the formation, in particular
herbal ecosystems — the steppe, pampa, prairie (Zhirkov, 2010).

Types of biogeomes and criteria for their selection

What are the most important features characterize different Geomes and Biomes?
Obviously, its must be, both biotic and abiotic characteristics. Briefly they can be
represented in a kind of biogeome «formulay. For land biogeomes formula might look like
this: Geome = climatic conditions (Cc, temperature, humidity) + nature of soil (Sl); Biome =
key life forms, ecomorphs (Lf) of organisms + chorological characteristics (H) or spatial
location, stratification, mosaic. In short form it is (Cc + SI) + (Lf + H). The general trophic
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characteristics not is important here, so land ecosystems fre photoautotrof-geterotrofic,
unlike hydrosphere which happen photoautotrofic, chemoautotrofic and heterotrofic.

For aquatic biogeomes needed other than for terrestrial ones features of the
environment. Formula of biogeomes in the hydrosphere, as follows: Geome = thermal
condition (T) + photic o disphotic conditions (Ph), dynamics of water masses (D) or the
intensity of water exchange, the current speed + level of oxidizing and reducing conditions
(O) + substrate (Sb). Biome part of formula is key life forms biota (Lf) + trophic structure
(Tr) + horology (H, layering, stratification, mosaic) in short form — (T + Ph + D + O + Sb) +
(Lf+ Tr + H).

Ecosystems can be divided sufficiently to three types: as «biotic», «oligobiotic» and
«subbiotic» (these names are related only to the role of living and inert elements, but
certainly not to the actual structure of the ecosystem). This division (see fable) based on the
greater or lesser importance of biotic or abiotic physiognomic components can be
considered in a unit classification, terrestrial and aquatic ecosystems, and, consequently,
their set or biogeomes. Significant predominance of inert elements in ecosystems leads
some authors to the idea do not classify such areas the earth's surface as ecosystems
(Biotopy lisovoy..., 2011).

Characteristics of biogeomes (using partially classification of typically land biomes
(Whittaker, 1980), classification of hydrobiomes (Protasov, 2011)

CO}\}J:’HH Column name Geome features Biome features
1 2 3 4

Land biogeomes of «biotic» type
(appearance of the ecosystem is determined mainly by biotic elements)

1 Biogeome of A substantial uniformity of Main life forms are trees,
tropical rain forests | abundant precipitation and a | lianas, epiphytes. The high
relatively high temperature primary production, high
during the year. Poor humus | trophic specialization of the
lateritic soils heterotrophs. Significant spatial
complexity of communities
Main life forms are trees.

The periodic change of the
community development phase.
There is a phase of decline of
activity in cold or dry season.
Significant spatial complexity
of communities

The climate with harsh
winters and fairly warm
summers. Prolonged snow
cover. The climate is
temperate, with cold winters
and warm summers,
precipitation mainly in
summer.
The climate is tropical.
Summer rains and the dry
season from 2 to 10 months.
The soils are poor in
nutrients with a small
amount of humus. There is a
layer of leaf litter
Biogeome of «biotic» type in the hydrosphere
(appearance of ecosystems is determined mainly biotic elements
such as sedentary hermatypic corals or algae)
3 Biogerm biogeome | High and stable water The main of modern life forms

2 Forest biogeome
with periodicity of
biotic phases

temperature. Circumtropical
distribution. Most
ecosystems exists in the
upper part of the photic zone

is hermatypic corals, sedentary
form.In the basis of the trophic
links is trofosimbiosis of
heterotrophic ephaptobionts
with autotrophic
endosymbionts. Distribution is
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Table continuation

4

determined by the depth of a
few tens of meters, which is
determined by the penetration
of light and the ability of
photosynthesis simbionts algae.
Enormous rishness of species
and life forms

Land biogeomes of «oligobiotic» type
(ecosystems appearance as determined by mainly biotic elements do not create a complex spatial
structure. Also the abiotic elements and environmental factors plays important role )

4 Tundra biogeome Winters are long with low Main photoautotrophs are
temperatures, a short follow life forms: shrubs,
growing season with long grasses, mosses and
daylight days. Circumboreal | lichens.Major herbivores are
distribution. Deep soil small rodents. Important
freezing and thawing in the seasonal herbivores are nesting
summer only the surface migratory birds
layer. The accumulation of
organic matter in soils, peat
formation

5 Grass biogeome of | For the climate is Main photoautotrophs are

temperate zone
(steppes, prairies,
pampas)

characterized periodic dry
season, with high summer
temperatures.Soils are rich in
humic substances, are
fertile.Significant part of
ecosystems are man used for
agriculture, the bulk of the
ecosystem is severely
transformed

herbaceous plants, sometimes
sparse woody vegetation that is
resistant to fire.Basic
heterotrophs are burrowing
larvae of insects, vertebrates
excavations, large herbivores.
Spatial complexity expressed
very weakly

Biogeomes of «oligobiotic» type in the hydrosphere

6 Shelf biogeome

The coastal shelf zone of the
ocean. Significant
temperature latitudinal
zonation with a large
temperature range. Various
hydrodynamic factors:
currents, upwellings,
downwellings.

The hydrodynamic
connection between the
bottom and the water column
habitats.

Most of the ecosystems
located in the photic zone

A large variety of life forms.
Primary producers are
represented mainly by plankton
algae, but locally attached
macrophytes plays the
important role.

Basic trophic chains are
pastoral ones

7 Hydrothermal-seeps
biogeome

Deep bottom vents of
mineral water fluid
substances with a high
temperature. Large hydro-
chemical and thermal
gradients. The island nature
of the sources and
hydrothermal fields. Cold-
water hydrogen sulfide and
hydrocarbon bottom seeps

Sedentary and mobile forms,
endosymbiotic adsotrophs are
maine ecomorphs. Energy
flows in the communities
provide mainly primary
products by endo- and
ectosimbiotrophic
chemosinthetics.

Rich composition and spatially
complex community of
heterotrophic organisms.

10
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Table end

1 2 3 4
Spatial structure has concentric
character around the fluid
source
8 Rheobiogeome Streams of runoff with high Among the primary producers a
water exchange. big role play contourobionts of
Wide temperature range periphyton and benthos.
from freezing in winter to There are significant diversity
tropical with stable of nekton, benthos and
temperature. Expressed periphyton
latitudinal zonation.
There is a zonation of
ecosystems along the
direction of flow, as well as
metameric structure, local
recurrence types of habitats
9 Limnobiogeome Water bodies of surface Primary producers represented
runoff from slow water by planktonic algae, rarely
exchange. Wide temperature | bacteria and benthic or
range — from freezing in periphytic autotrophs. Trophic
winter to tropical waters. network are pasture and
Expressed latitudinal detrital. There are high diversity
zonation. There is a depth of plankton and nekton forms
zonation and stratification
Land biogeomes of «subbiotic» type
(ecosystems appearance determine abiotic elements, and formed mainly abiotic factors)
10 Desert biogeome The arid climate. Wide There are many specific life

temperature range,
precipitations are very small.
The appearance of the
landscape determine the soil
rather than vegetation

forms: ephemeroids, succulent
plants, burrowing, active at
night animals. Primary
production and biodiversity are
very low

Biogeomes of «subbiotic» type in hydrosphere
(ecosystem shape is determined exclusively by the biotic elements: water environment, sediments)

11 Pelagic ocean Latitudinal thermal zonation | Kingdom of planon ecomorphs,
biogeome in the surface layers. Low the nekton and plankton.

and relatively stable Separation of autotrophic and
temperature on deep. heterotrophic aphotic and
Separation of photic and photic zones. Trophic networks
unphotic zones. Surface are pasture and detrital. Exists
directed flows and circular significant vertical migration of
currents plankton and nekton

12 Bathyal-abyssal Low and stable temperature The prevalence of sedentary

biogeome

without clear latitudinal
zonation. Sedimentation
suspensions, including
delivery of organic matter
depends on the processes in
the pelagial. Exist expressed

deep zoning of conditions

and low-moving forms, which
always have the contacts with
the substrate. Absence of
autotrophic organisms and
exclusively detrital food chains.
The spatial complexity of the
ecosystems are very small

The system is widely used already, such as marine biologists are considering applying
EUNIS-classifying habitats (habitat classification) for mapping the benthos in European
seas (Galparsaro et al., 2012). Ukrainian geobotanics Ya. P. Didukh and O. L. Kuzmanenko
(2010) examined this terminology question of terms relationship and concepts «biotope»,
«ecotope», «habitaty, etc.
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The «habitat», in the sense used European experts in the field of nature protection is
«plant or animal communities that appear as characteristic elements of biotic environment,
together with the abiotic factors — the soil, climate, available water — operating working
together at different scales» (Moss, 2013). It is easy to see that this definition is probably
related to the ecosystem, rather than to the habitat or biotope of community.

On land the selection of different types of ecosystems — forests, wood forms with
modifying and treeless grassy or herbal is under an ecological grounds (Razumovsky, 1999).
There are many examples of biogenic transformation of ecosystems dominated by terrestrial
forms to non-forested ecosystems (Zhirkov, 2010), but these processes are likely to have a
complex character. As for the features of forest ecosystems, unlike grass, it should be
emphasized that in the forest organic material accumulation occurs mainly in the biotic part of
the ecosystem. It seems appropriate to split the all forest ecosystems at two biogeomes. The
different types of ecosystems of various climatic zones of the land are different climatic
conditions and soils, the nature of trophic relations, metabolic activity in time. The time
cyclicity of environmental conditions is different (Stanyukovich, 1970). The major ecological
role of terrestrial vegetation is expressed in many ways, first of all, that the one creates a very
specific biogenic habitat for other organisms. The most important in terms of assessing the
differences geome represented permanence and periodicity of the environment. Two forest
biogeomes can be identified: a tropical rain forest and seasonal forests.

With regard to the allocation of biogeomes of «biotic» type in the hydrosphere, the
inclusion of biogerm ecosystems is no doubt in it. They biotic ecosystem elements (corals,
algae, another organisms) create a completely new environment for the other members of
biocenoses, underwater landscape, actually becoming «geological force», in the words of
Vernadsky.

The ecosystems of «oligobiotic» type characterized some abiotic factors along with
biotic form their shape. Low winter temperatures, short summers contribute to the
formation of permafrost in tundra soils. The main forms of plant life are hemicryptophytes.
Great importance in the life of plants plays a thermal microzonation. In the summer during
the prolonged sun exposure creates a relatively large amount of organic matter initially
produced, which accumulates as peat, large detritus (Prirodnaya ...., 2000). In herbal
temperate ecosystems (steppe, prairie) important abiotic factor is low moisture in the
summer, a drought that reduces the intensity of the destruction of organic matter, its
accumulation in the soil.

There is large number of ecosystems in the hydrosphere can be attributed to
oligobiotic type. Shelf ecosystems are very diverse, highly variable the ratio of the biotic
and abiotic components. The underwater «forests» of brown algae in the upper rocky
intertidal zone, densely populated as the sedentary and mobile forms is clearly dominated
by biotic elements. At the same time, life in the intertidal zone is largely determined by
tidal action. In general, the causes in a separate set of shelf biogeome ecosystem that is the
part of the biosphere, which converge into one system border zones of three
biosferomerones: the surface of the ocean, bottom, and land. This is one of the most
important contour zones in the biosphere. The coastline of the continents is about 600 000
km (Gladyshev et al., 2009). The ecosystems of this zone is extremely varied, one after
another, they stretch along the shores of oceans and inland seas of some hundreds of
thousands of kilometers. Its can be combined to one shelf biogeome.

Hydrothermal ecosystems are selected in a separate biogeome, undoubtedly. They are
compared to most another aquatic ecosystems — photoautotrophic and heterotrophic — look
quite peculiarly (Van Dover, 2000). If the vast majority of the Earth's ecosystems derive
energy from the sun (an organic substance heterotrophic community also has the nature of
photosynthetic), the hydrothermal communities formed by chemosynthetic activity look
like an island in an ocean of «green autotrophic life» (Vernadsky's term). Hydrothermal is a
geological phenomenon, and in the ecosystem, the life of which depends on the intensity
and duration of the outpourings of fluid, hydrothermal activity is the determining factor.
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The ecosystems habitus define clusters of peculiar animals. Besides hydrothermal
ecosystems in this biogeome should also include some other marine ecosystems associated
with reducing environment.

The ecosystems of water bodies of surface runoff, though closely associated with land
ecosystems, should be allocated to individual biogeome. Habitual criterion leads us to
classify them as «oligobiotic» type. Although a large river or lake looks more like a single
huge water mass (prevalence inert elements) to the borders of the shores, in smaller ponds
and streams biotic components also determine the general habit of the ecosystem. And
above all, it is higher aquatic vegetation, which has a contour (coastal) location. To separate
the two biogeomes (the biogeome of water bodies and biogeome of rivers and streams)
exist main abiotic criterion: specifically intensity of water exchange. This is connected with
differences in the nature of the time processes (Ward, 1989). In water bodies (slow water
exchange) succession are ongoing. In streams with intensive water exchange, cyclical
changes are expressed as the inert and biotic elements. (Alimov et al., 2013)

In ecosystems, which are included in «subbiotic» type, inert parts define its common
habitus. It does not depend on the size of ecosystems or conditional fragmentation for the
study and is manifested in the small fragments. On land the ecosystems of deserts can be
combined into one biogeome. Their formation and existence is determined by a
combination of factors, which are close to the extreme: high or low temperatures, extremely
low humidity.

In the hydrosphere in this subbiotic type may be included two types of ecosystems
where is clearly dominated inert elements. Its are oceanic pelagic and bottom ecosystems
including to ocean pelagic and bathyal-abyssal biomes. Primary production of the pelagic
zone of the ocean as a whole does not exceed the production of terrestrial deserts. Pelagic
biogeome of the ocean is the largest subunit of the biosphere and holds the overwhelming
majority of the whole population living organisms hydrosphere (Verity et al., 2002)

Thus, we allocate 12 biogeomes which cover practically all biosphere of the Earth.

Hydrobiomes, together with the continental biomes create a proper, functioning of
modern living biosphere. Biosferomerones acquire its structure, that is, from «merons» or
parts of the biosphere its become the system with their own specific structure.

Exbiogeome ecosystems

It is obviously that the above scheme can not show a plurality of transitions between
biogeomes. There are ecosystems that are generally difficult to attribute to any of them. As
H. Walter (1975) note, on land where the actual shape is determined by vegetation except
zone defined by basic climatic characteristics, there exzonation vegetation, which is
difficult to attribute to any biome. He believes that its are: vegetation of river sediment of
freshwater ponds and streams, vegetation of brackish and salt water, macrophyte vegetation
of the seas, vegetation of coastal dunes. A huge diversity of ecosystems can not be strictly
and fully reduced to a small number of biogeomes, among the most significant exbiogeome
are following: savanna, wetland ecosystems, mangroves, estuarine ecosystems. It should be
noted that they all have ecotone character.

Techno-biogeome and noospherogenesis

A man adds a lot of different anthropogenic elements to the existing diversity of
combinations of natural elements both BIO and GEO. In the biosphere, really occur the
formation of a new type of composite, man-made ecosystems, which are islands in the
world of natural ecosystems ured ever-expanding field of its existence. The appearance of
landscapes of entire countries and geographical areas completely transformed by human
activity. Anthropogenic ecosystems are very diverse and combining them into a single
conditional techno- biogeome (agro-, and urbobiogeome) is problematic, however, should
take into account role of this ecosystems in the biosphere.

The transformation of the biosphere as a natural system to the noosphere is going
through the transformation of natural ecosystems to antropogenic ones.
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The complication of «biogeomic construction» of biosphere in evolutionary time is
obviously. Billions years ago, the entire biosphere could consist of a very small number of
ecosystems types. It was, most likely, coastal semimarine-land ecosystems that functioned on
the basis of bacterial mats, which occurred as the production of organic matter and its
destruction (Ponomarenko, 2007). The diversity of the biosphere in this aspect was close to zero.
Not only because the types of ecosystems were not enough, but also because much dominated
by one type. At present the richness of ecosystems is large, but it is also important that no one
biogeome not a currently an absolute dominant in the biosphere. Thus, over billions of years the
diversity of the biosphere grew enormously, not only in the aspect of increasing the number of
taxa, but also in the aspect of increasing the number of types of ecosystems and the uniformity
of their significance in the biosphere. In this regard, a very important question about the
formation of agro-, technical- and urbo-ecosystems. Formally, they also increase the diversity of
the biosphere. But at the same time whether its sustainability is not whether this will lead to a
change in uniformity in the structure of the biosphere and not fall? Unfortunately there are
grounds for an affirmative answer to this question.

CONCLUSION

The balance of divergent and convergent processes is one of the most important
principles of forming complex bioinert systems. The basis of the formation of biogeomes,
complexes of similar ecosystems are ecological biocenotic convergence.

Differentiation of biogeomes based on the similarity characteristics of geomes and
biomes. The combination and the prevalence of a main features of ecosystem type permit us
divided three types of ecosystems and biogeomes: biotic, oligobiotic and subbiotic. We
allocate 12 biogeomes in hydrosphere and on land: tropical rain forests, seasonal forests,
biogerm, herbal, tundra, ocean shelf, hydrothermal biogeomes, limnobiogeome,
rheobiogeome, deserts biogeome, ocean pelagic and bathyal-abyssal biogeomes.

Modern biogeomes structure was formed in the process of evolution of the biosphere,
the main thrust of which there is an increase in diversity, both in terms of increasing the
richness of taxa and in the aspect of increasing the richness of connections between
functional groups, between the living and inert elements. In the evolution process has
increased not only the number of types of ecosystem, types of relationship between BIO
and GEO, but also the evenness of their representation in the biosphere.

The biogeome concepts essentially complement submissions of the hierarchical
structure of the biosphere. Creating by human a new ecosystem types is the way to the
evolution of the biosphere into the noosphere.
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ENVIRONMENTAL DNA: ECOLOGICAL AND GENETIC ASPECTS

Abstract. Attention to environmental DNA (eDNA) was motivated by problem of undesirable
gene transfer possibility from genetically modified plants to wild bacteria and other organisms. First
studies have already examined persistence of DNA from these plants in soil, and also in the samples
of nearby groundwater and river for a few kilometers from the place of cultivating. In soil it persists
long time enough — from a few days to a few years, and in water — from a few hours to a few days.

eDNA excreted from different sources — frozen ice cores, sediments of lakes, soil, caves, water of
lakes, rivers and oceans, contains genetic information about biodiversity of present and ancient
organisms. Researches revealed an important fact: data of eDNA and other sources, for example pollen,
macrofossils, living animals and plants, complement each other, showing more reliable information
about the variety of species, than used separately. Therefore the analysis eDNA needs to be not of
considered alternative method of ecological researches, but an additional to traditional methods

In the process of study of eDNA it is necessary to take into account five aspects at least: its
origin, physical state, conversion, transport and technical challenges. The origin of eDNA remains
studied not enough. From a few publications it is known that eDNA comes in different composition
excretions, leaves, hair, peeling etc., or as a result of released plasmids and chromosomal DNA from
living prokaryotes. There are also possible secondary sources of eDNA — dead bodies and excretions
of predators, scavengers, detritivores and coprovores. On the amount of the genetic material, released
by organisms in an environment, various ontogenetic, trophic and other factors can have considerably
influence. eDNA can be presented in both intracellular and extracellular forms.. Over time
intracellular eDNA releases outside by influence of different ecological factors — activity of
microorganisms, presence of extracellular enzymes, mechanical destruction etc. In further
extracellular eDNA can break in corpuscles of different sizes — mainly within the limits of 1-10 pum.
It can be free, adsorbed by other substances or dissolved.

At certain conditions the period of eDNA persistence can be very great — from a few hours (in
water) to hundred thousands of years (in frozen ice cores). Ancient eDNA is very fragmented and
chemically changed by various physical, chemical and biological factors of environment. Substantive
eDNA amount is taken up by bacteria and protozoa. Here it quickly metabolizes, but some its
fragments can be integrated in a local genome. eDNA is able to be transported to great distance (from
a few meters to 10 kilometers) that can appreciably influence on the results of its research. Also the
laboratory experiment has certain problems — design (equipment, sequence of operations and
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condition of it realization), realization of experiment, authenticity of it will depend on quality of
equipment and reagents, competence and honesty of scientific personnel etc.), ability of skilled
researcher to give interpretation of results

Data that given in our review testifies that the active study of eDNA only began, and further
intensive efforts of environmentalists and geneticists are needed in direction of it research. The results
of such researches will allow to create the effective methods of scientifically reasonable recreating
nature application.

Keywords: environmental DNA (eDNA), persistence of eDNA, ancient and present biodiversity.
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OHK OKPYXAIOLLEW CPEQbI:
3KOJIOrMYECKUA U TEHETUYECKUN ACNEKTbI

AnHOTanus. OcyniecTiieH 0030p HAYYHBIX ITyOIHKAIiA, TOCBAICHHBIX rccnenoBannio JJHK
okpyxkaromeit cpeasl (IAHKoc). [Tonana xapakrepuctuka JJTHKoc mo mporncxoxaeHuto, pusndeckomy
COCTOSIHHIO, TIPEBPAIIEHUSAM I0J JEUCTBHEM (HaKTOPOB OKpY’KAIOIMIeH Cpexbl, IepeMeIleHHsIM B
okpyxkaromeit cpene. Koncratupoano, uro JIHKoc MoxkeT OBITH MCTOYHHUKOM JIOTIOTHHUTEIHLHON
uHbopManuy O OHOJIOTMYECKOM pa3HOOOpa3uu COBPEMEHHOM M jaaBHeH npupoxasl. OTMmedyeHa
HEOOX0MMOCTh AajbHeimux uccnenoBanuii JJHKoc, pe3ynbrarbl KOTOPBIX MO3BOJAT pa3paboTath
s¢dexTHBHBIE CIIOCOOBI HAYYHO 0OOCHOBAHHOTO BOCIIPOM3BOASILETO PHPOJIONOIb30BAHHS.

Knrouesvie cnosa: JJHK oxpyscaioweii cpeout ([JHKoc), ycmotinusocms [JJHKoc « ¢hakmopam
OKpyorcarouyeti cpeosl, OpegHee U COBPeMeHHOe PA3HO00pa3sue HCUsol Npupoosl.
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AHK OTO4YKO4YOro CEPE[JOBULLIA:
EKOJNOMN4YHMN TA TEHETUYHUU ACMNEKTW

AHoTanmisi. 37ifiCHEHO OrJIsii HAYKOBUX MyOuikailiid, mpucesiueHux mpociimpkeHHo JIHK
orouytoyoro cepenosuina (JIHKoc). [Togano xapakrepuctiky JJHKoc 3a moxomkeHHsaM, GisnaHIM
CTaHOM, I[IEPETBOPCHHSIMHU i Mi€I0 YMHHUKIB OTOYYIOYOTO CEPEAOBHINA, MEPEMIICHHSIMU B
noBkit. Koncrarosano, uo JITHKoc moxe OyTH mxepenom poaatkoBoi iHpopmaii npo Giosmoriune
pI3HOMAHITTSI Cy4acHOTO 1 MaBHBOrO MOBKULIL. HarojomeHo mpo HEOOXigHICTh MOAANBIINX
nocmimkenb JIHKoc, pe3ynpraTé SKMX [MO3BOJNATH pO3pOOHTH e(EKTHBHI CIOCOOM HAYKOBO
0OIPYHTOBAHOTO BiITBOPIOIOYOTO MPHPOJOKOPUCTYBAHHS.

Knrouogi cnosa: JJHK omouyiouoeo cepedosuwa ({{HKoc), cmitikicmo [JHKoc 0o wunnuxie
006KINIA, OABHE MA CYYACHe OIOPIZHOMAHIMML.

BCTYN

JHK orouytouoro cepenosuma (AHKoc) — ne JIHK, sika moxxe Oyt BuuineHa i3
TPYHTY, BOAHU, OCaJiB, JIbOAY UM MOBITPs 6€3 MONEpeHHOr0 BUIAICHHS OYAb-SIKHX KHBUX
opraHi3miB. BoHa MicTUTh CcKJIagHy CyMiml KIITHHHOI (T€HOMHOI) Ta MO3aKJIiTHHHOI
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(merpamoBaHOi B pe3ynbTaTi 3arubeni KIITHH Ta HacTynHoro pyiHyBanHA) JHK pisamx
opranizmiB (Taberlet et al., 2012). Ilpunanexuicts JIHKoc 10 Toro uum iHmoro BHIY
OpraHi3MiB BH3HAYA€ETHCS 3a JIOTIOMOT0I0 Tak 3BaHOro mrpux-koaysanus JJHK (awer. DNA
barcoding), 3a sikoro BukopuctoBytoTh KopoTki JJHK-mapkepu (Epp et al., 2012). Takum
IITPUX-KOJOM MOke OyTu crenu¢iyHa HEKOIylo4a AUISHKA MEBHOTO T'eHa JOBXHHOIO
omu3pko 600 map HykimeotuniB. Ilpm 1pOoMy Haifuacrille BHMKOPHUCTOBYIOTH Taki
MITOXOHJIpiaJIbHI TeHHW $K TeH LUTOXPOMOKCHIasM uYu TeH pubocomuoi PHK a6o
XpoMocoMHuii reH pubocomHoi PHK.

Tepmin «IHK otouyrouoro cepenopumia» (aner. environmental DNA — eDNA) Oys
ynepire Bukopuctanuit y 1987 p. amepukancbkumu MikpooOionoramu (Ogram et al., 1987),
aje IMUPOKOTO BXWUTKY BiH HaOyB JHINIE B HHUHINIHBOMY CTOJNITTI CHOYAaTKy Cepen
MIKpOOi0JIOTiB, a Mi3HIIIe i cepeI MUPOKOTOo 3araxy 0i0JIOTiB, SKi JOCTIHKYIOTh IPOOIeMI
€KOJIOT11, €BOIOLI], CHCTEMATHKHU TOIIIO.

VBara 1o /IHKoc Gyna iHCIipoBaHa MOKIIUBICTIO IIEPEHECEHHS HeOaKaHMX T'€HIB BiJ
TPAHCTEHHUX KYJIBTUBOBAHUX POCIHH 110 OakTepil Ta iHIIUX OpraHi3MiB JWKOI HPHUPOIH.
VYike mepiri JOCTDKEHHS Y IIbOMY HampsiMKy miarBepawin criiikicts JITHK nux pocnun y
rpyuTi (Widmer et al, 1996; Gebhard and Smalla, 1999; Hay et al., 2002), a Takox y
npo0ax IPYHTOBOiI Ta pPIiYKOBOI BOOM MMOONM3Y Ta 3a KibKa KUTOMETPIB BiJ MICIIS
BuporryBanas (Matsui et al., 2001; Zhu, 2006; Douville et al., 2007). 3a pe3ynpTatraMu mux
nocnimkenb JJHK Bix 'MO-opraHismiB y IpyHTI 30epira€Tbcsi JOCUTh JOBTHH 4Yac — Bif
KUTBKOX JIHIB JI0 KUTBKOX POKIB, a Y BOJII — BiJI KUTBKOX TOJIUH IO KUTBKOX JIHIB.

3HaYHa YacTHHA T€HETUYHHUX CBiMYEHb MPO JaBHI OpPraHi3MH J0CSTa€ HAIIUX 4YaciB y
BUNIAAL 3amumikiB mo3zakmitiHHOT IHK y IpyHTOBHX BiAKIam€HHSX, BOAHHX OCajax Ta
mpofoBHKax. llepmie HaykoBe MOBIIOMIICHHS NPO CIiAM [AaBHO 3HHUKINX OpPraHi3MiB
3’sBunocst 'y 2003 (Willerslev et al., 2003). V Biaknanennsx nedep Hosoi 3emanmii
nmociigauku inentudikyBamn JJHK 29-Tu TakcoHIB JaBHIX pOCIMH Ta ABOX BHIIB NTaxa
Moa, a y BiuHiii mep3nori Cubipy — JIHK mamonra, 6i30oHa, mukoro KoHsS Ta 19-Tu
TaKCOHIB POCIMH. Y TOMY K POIli IpyIia IHIIMX JOCHIHUKIB NOBIOMMIIA PO BHUSBJICHHS B
cyxiii nedepi niaeHHo-3axigHux CILIA JIHK Bumepsioro riraHTChKOro JIiHMBLS, KOHIOPA
Ta iHmMX TBapuH Iuieiicroueny (Hofreiter et al., 2003). 3 Toro wacy 37ilfiCHEHO YHCIIEHHI
JIOCIII/DKEHHS MHMHYJIOTO Ta cydacHoro OiopisHomaHiTTss Ha ocHoBi JJHK eBkapioris,
BU/IIJICHOT 3 PI3HMX JKepes, BKIIIOYarouyl MaTepuKOBHH 0a3aibHUM Jid, ocamy o3ep,
MaTCpUKOBHH TPYHT, BIIKIAIeHHsS Tedep, Bomy o3ep, pidok (Thomsen and Willerslev,
2015). HocmimkeHHs BUSBHIN BaxwmBuil ¢akrt, mo mami JHKoc Ta iHmmx mxepe,
HATpUKJIaN TMWIKY, CKaM SHIINX pEUITOK OpraHi3MiB, XHBHX TBapHH Ta POCIUH
JIOTIOBHIOIOTh OJIMH OJHOTO, MTOKAa3yI0UYd JIOCTOBIPHINIY KapTHHY Pi3HOMAHITHOCTI BHIIB,
HDK BUKOpHCTOBYBaHi okpeMmo (Jergensen et al., 2011; Andersen et al., 2012; Yoccoz et al.,
2012; Parducci et al., 2013; Pedersen et al., 2013; Pawlowska et al., 2014). Takum guHOM,
JIHKoc notpibHO po3risiaTé He SK allbTEPHATHBHUI METOJ EKOJIOTTYHUX JOCIHIIKeHb, a
SIK TOTIOBHIOBAJILHHUI JI0 TPAAMIIIHHKX.

VY npoueci BuBdeHns1 JJHKoc HeoOXiqHO BpaxoByBaTH MPUHAMMHI IT'SITh aCHEKTIB — 1i
TOXOKEHHS, (PI3MYHUI CTaH, NepEeTBOPEHHSI, IEPEMIIIICHHS Ta TEXHIYHI IPOOIeMH (PUCyHOK).

MoxoaxeHHus OHKoc

Ioxomxenns JJHKoc 3anumiaroTbcss BUBYCHUM HEJOCTATHBO. I3 KINBKOX MyOsmiKamin
BiJIOMO, 1[0 BOHA HAJXOJUTH y ckiani dekaniit (Hoss et al., 1992; Poinar, 1998; Martellini
et al., 2005; Andersen et al., 2011; Thomsen et al., 2011), ceui (Valiere and Taberlet, 2000),
ciman (Nichols et al., 2012), cnusy (Ficetola et al., 2008; Jerde et al., 2011), 3nymens
mkipu (Bunce et al., 2005), mip's (Taberlet and Bouvet, 1991), mucts (Trevors, 1996; Poté
et al., 2009) Tomo, abo BHACTIIOK BHIUICHHS IwiasMmix uu xpomocomuoi JTHK >xuBumu
npokapioramu (Meier et al., 2003). Lle rpyna nmepsurnux mxepen JHKoc. Ograk MoximBi
1€ BTOPUHHI JKepea — MepTBI Tijia Ta BUIUICHHS XIDKakiB, canpoTpodis, nerpurodaris
Ta Konpodaris (pucyHox).
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Ha kinmbKicCTh T€eHETHYHOTO MaTepialy, BUAUICHOTO OpTraHi3MaMH B JOBKIUJUISA, MOXKYTh
3HaYHO BIUIMBATH OHTOTCHETHYHI Ta TpoQiyHi YMHHWUKW. Hampukiaz, KOCTiHKEHHS
cajlamMaHAp Ta pud B akBapiymi Iokaszayio, mo Kimbkicte BuaineHoi mmmu JIHK mpsmo
npornopiiiHa 6iomaci tina (Maruyama et al., 2014; Pilliod et al., 2014). Kpim Toro, momoi
0cOOMHM Ha OAMHMLIO Mach Tita Buausum Oumbine /IHKoc, Hix mopocni. B inmomy
JOCTIKeHHI OyJ0 BHSBICHO, IO J00pe romoBaHa puba JIOCTOBIPHO 301NIbIIyBasia
Buginensas JJHKoc nopiBasiHO 3 koHTponeM (Klymus et al., 2015).

MoxooxkeHHA CraH
-
MNepBUHHE BTopuHHe .
KRiTUHHA
BUAINEHHA AeTpuTtodharu i
nosakniTUHHa
BifllapyBaHHA  Konpocaru Tesiani
] BUKITAKY KopnyckynapHa
BiATBOPEHHA canpoTpodmn
HeOAHODIAHICTD AuzaiiH BiNbHa [ po3uMHeHa
rHUTTS KUKAKK
L chparmeHTauia B3ATTA 3paska
HeA0CTaTHA KiNbKicTe i =
NepeTBOpeHHS | " SKCTPAKUA [ NepeMilleHHA
i 3abpyaHeHHA XiMiuHUIA aHani3 3
epMeHTHe po3LLenneHHs T ineHTIcbiKaLjin iy ocafKeHHs
MexaHiuHa chparmeHTayia AjA nonivMepasn  BHCHOBKN pecycneHsia
XiMiuHe pyliHyBaHHS CeKBeHYBaHHA Ancpysisa
o . AOBINbHE nepeMilleHHs
pagiadiiiHe pyAHyBaHHA
6ionoriuHe Ta aHTPONOreHHe
rOpPU3OHTNMNEHE NEepPEHECEHHS reHiB nepemileHHs

Exoanoria JIHK orouyrouoro cepenosuma (Barnes and Turner, 2015)

MepTBi KJIITHHU B OTOYYIOUOMY CEpPEIOBHIII IIBHKO JII3yIOTHCS MIKpPOOpPTaHi3MaMH,
B pe3ynbrati goro ix JIHK uBinmbHseTHCS (Paget and Simonet, 1994).

®disnyHum ctad JHKoc

VY nocnimkennsx JJHKoc BaxmuBuM Takox € i disnunuii cran (pucyrox). Ilepm 3a
BCe, BOHAa MOXe IepeOyBaTH BcepeArHi KIITHH abo B mo3akiiTHHHOMY craHi (Ogram et al.,
1987). 3 wacom kiitmHHa JIHKOC BHBIIBHSETBCS HA30BHI, YOMY CHPHUSIOTH pi3HI
€KOJIOTIYHI YMHHUKHU — TiSUTBHICTh MiKpOOPTaHi3MiB, HaSIBHICTH MMO3aKIITHHHUX (DEPMEHTIB,
MexaHiuHe pyiHyBaHHA Tomo (Levy-Booth et al., 2007). INozaxmitmara JIHKoc y
MOJTAVTBIIIOMY MOJKE TO/PiOHIOBATHCS HAa YaCTHHKH (KOPITyCKYJIH) pi3HUX po3mipiB. Bymo
BusiBiieHo, mo JIHKoc kopoma y Boai 3HaXoAWTbCA B KIITHHHOMY Ta INO3aKJIITHHHOMY
CTaHi, a TAKOX y BUTIAAI KOPIycKya po3Mipom Bif 180 mo 0,2 i menme mikpometpis. [Ipu
[[bOMY HaHOLIbIIA JOJIT KOpmycKyn maia po3mipu 1-10 mxm (Turner et al., 2014). Bixg
posmipiB kopmyckya JIHKoc Oyayte 3anexkaTu Taki mHOfil sAK T TOpU30OHTaJbHE Ta
BEpTHKaJIbHE MEPEMILIEHHs, arperaiis, Je3arperaiis, MOrIMHAHHS IHIIUMHA OpraHi3Mamu
Tomio. 3BHUaifHO Takox, mo JIHKoc Moxe OyTH sk BLBHOIO, TaK 1 3B’S3aHOO 3 1HIIMMHU
pedoBHHAMH 200 PO3YMHEHOIO Y BOJI.

Heo0OximHi moganmbii JOCHIHKEHHS, 00 ePEeKOHATHCA, IO PO3TIITHYTI BUILE SBUIIIA
€ 3BHYAHWMH y NOBKULI. 3HAHHS MEXaHi3MiB, fKi Bu3Ha4daroTh Qizmunmii cran ITHKoc,
HEoOXigHE I YIOCKOHAJICHHS TEXHOJIOTI] B3ATTSA 1i 3pa3KiB, ix 30epiraHHs Ta aHami3y.

MepeTBOopeHHAa [1HKoc

JHKoc Bim pi3HOMaHITHHX OpTaHi3MiB MOXeE, 3a TEBHUX YMOB, 3aJHIIUTHCA Y
JIOBKIJUTI TIPOTATOM JyXe TpuBajoro 4acy. Hanpuxmana, mepion namiBpo3many JIHKoc y
MOpPCBKill Ta TpicHill BoAi cTaHOBUTH Bif Kimpkox romue (Paul et al., 1987; 1989) mo
kizpkox TwkHIB (Poté et al., 2009; Dejean et al., 2011; Thomsen et al., 2011; 2012). B
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ocanax i IpyHTax BoHa 30epiraeTbes Habarato posimre. Tak JIHK nraxa moa Oyna BusiBieHa
B TOMIpHO CyxHX BinkianeHHsx Bikom 10 3000 pokis (Haile et al., 2007), a i3 ocaziB BiuHOT
Mep3otH BikoM 110 30 Trc. pokiB Oyna Buainena JJHK mamonrta, a Bikom 400—600 THC. pokiB —
JHK pocmun (Willerslev et al., 2003). JIHK pocnuu Oysia Takok BusBICHa B 0a30Biid
YacTHHI JIb0JJOBHKA BikoM Osm3bko 0,5 MinbitoHiB poki (Willerslev et al., 2007).

He nuBnsuuce Ha ne, JJHKoc mae oOmexeHy ¢i3uuHy Ta XiMiuHy cTaOiLIBHICTBH
(Lindahl, 1993). Hacammniepen ne crocyerbest JJHK, Buminenoi i3 npeBHiX 3pa3skiB, sKa €
HQ/I3BHYAiHO (parMCHTOBAaHOK Ta XIMIYHO 3MIHCHOK) BHACIHIIOK JIe3aMiHyBaHHS
IMUTO3MHY 1 3B’S3YBaJbHUX JIAHOK JIAHIIOXKKIB IIiJ] €0 DPIi3HOMAHITHUX (Di3HYHIUX,
XiMI9HHUX 1 OiONOTIYHMX YHHHUKIB oTouytodoro cepemoBuma (Willerslev et al., 2004;
Deagle et al., 2006; Gilbert et al., 2007; Pietramellara et al., 2009; Briggs et al., 2010;
Allentoft et al., 2012; Overballe-Petersen et al., 2013). ¥ GinbmocTi BUnaakis, BUBUTFHEHA
i3 opramiamy JIHK HeraiilHo mnoumHae pyhHyBaTtucs. [lepBHHHIM MeXaHi3MOM
no3axmituHHOI Aerpanamii IHK B oTouyrouomy cepemosumii € mist 6akTepiiiHuX i rpuOHUX
exzonykiea3 (Blum et al., 1997). 36epexennto IHKoc moxe cnpusith 3’enHanHs 1 3
OTOYYIOUMMH  CIIOJlyKaMH, HampuKiIaj 13 T[IHHUCTUMH MiHepajaMH, BEeJIMKUMU
OpPraHiYHMMH MOJICKYJIaMH Ta IHIIMMHU 3aps/DKEHHMH 4YacTKaMH, SIKi 3aXHUIIAI0Th
aacopoosany JIHK Bix aii Hykieas (Crecchio et al., 1998). Taki 3apspkeHi 4aCTKH MOXYTh
azcopOyBaTH 1 HyKIIea3u, M0 M030aBJisge IX 3AaTHOCTI 10 MO3aKIITHHHOTO riapomnizy JHK
(Blum et al.,, 1997). Hanpuknax, TIMHUCTHH MiHEpaJ MOHTMOPWJIOHIT CIIPOMOKHHMN
ancopoyBaru JIHK Oimbie, HiK HOro BIacCHa Maca TOMY, IO WOTO TOBEPXHS Mae
noTyxHui HeratmBHUH 3apsan (Greaves and Wilson, 1969; Khanna and Stotzky, 1992;
Pietramellara et al., 2007). ITomiOHi BIacTHBOCTI MalOTh TAKOK TYMiHOBI KHCJIOTH Ta iHIII
OpraHivHi CHONYKH, CTiHKi 10 po3naxy (Huang et al., 2014). Ha BiaMiHy Bix TaIHHH, MCOK
BUSBHBCSA MEHII eheKkTHBHUM mmono 3B’s3yBanHsA JIHK, mepm 3a Bce depe3 He3HauHy
MOBEpXHIO ioro gactok. [Ipore, agcopOrlisi mMiCKOM MOXJHBA 1 3pOCTa€ 31 30UTBIICHHSIM
KOHIICHTpAIIii KaTIOHIB Ha moBepxHi oro yactunok (Lorenz and Wackernagel, 1987).

3nayna uactka J[HKoc mnorimHaethcs OakTepisMM Ta HAWNPOCTINIMMH, B SKUX
HIBUIKO MeTaboIi3yeThesl, aje okpeMi ii parMeHTH 30epiraroTbesi IOBTHH 4ac 1 MOXYTh
OyTu iHTerpoBani B reHoM 1mx opranismis (Lorenz and Wackernagel, 1994; Thomas and
Nielsen, 2005; Vries and Wackernagel, 2005; Johnsborg et al., 2007; Gladyshev et al.,
2008; Boschetti et al., 2012; Overballe-Petersen et al., 2013). Le siBuie Biome mig Ha3BOO
Tpanchopmarii. Krmacmuna mnpupomHa TpaHcopmarliss eQpEKTHBHA, KON IOBXKHHA
¢parmentiB IHK cxiagae 6mu3pko THCSYi ocHOB. OmHAK, BOHA MOMIIMBA 1 y BHUITAIKY
IIy’)Ke KOPOTKUX (pparMeHTiB, CBiTUeHHAM Yoro € ycmimaa iHterpamis mt/IHK mamonta
JIOBKMHOIO BCHOTO ONMM3bK0 20-TH Map OCHOB y T€HOM IPYHTOBOI Oaktepil Acinetobacter
baylyi (Overballe-Petersen et al., 2013).

MexaHi3M nepeMileHHsI Ta iHTerparii FTeHeTHYHOr0 MaTepialy OJHOTO OpraHi3My B
TEHOM IHIIOrO JCTaB Ha3By TOPHU3OHTAIBHOTO, a00 OIYHOrO TIEpEeHECeHHs! TeHiB.
lopuzontansHe mnepeneceHns reniB (I'TI[Y) HalinommpeHime cepex  NpPOKapioTiB.
Beaxaerbcs, mo came I'TIT" 3irpano BaknuBy pousib B eBouolii Oakrepiit. Hesanepeunum
MiATBEPIXKCHHSAM IBOTO € JIETKICTh, 3 SIKOK JEsKi BUAM OaKkTepid HaOyBalOTh CTIHKOCTI 10
[UIOTO CHEKTPY AHTHUOIOTHKIB, a ¢ MOXJIHMBO JIHIIC Yy BUMAIKY, SKIIO I[i O3HAKU
MOIITUPIOIOTECS B MEXKaX BHIY, & HE TEHEPYIOTHCSI KOXKHOIO JIiHI€I OaKTepii caMOCTIiHO.
ITo Mipi 3pocTaHHs KiTBKOCTI CEKBCHOBAaHHX TCHOMIB €BKapiOTiB, 3’ SBIAETHCS BCe OLIBIIE
CBiZJYCHb IOIIUPEHOCTI IFOTO SBUIIA CEpel OPraHi3MiB yCiX piBHIB OpraHizalii, y TOMY
yucli TpuOiB, POCIMH Ta TBApHH, a TaKOXXK MK NOCHUTH BiIJaJICHUMH OpTaHi3MaMH —
MpeICTaBHUKAaMHU DPI3HUX THUMIB 1 HaBiTh mapcTB. OnmHak B excmepumentax [TIIT 3 Bomi
JIOCIIJIHUKA JIOHEe/1aBHa OyII0 rokasaHe Juiie cepen npokapioris. (Horizontal gene transfer,
2002). VYmepure ITIC MK OJHOKIITHHHAM Ta OaraTOKJIITHHHHUM €BKapioTaMu
KOHCTaTyBaja rpyna Opa3suibCbKUX JOCITIJHUKIB Ha 4o 3 mpo¢. AHtoHio Teiikceiipa y
2010 p. Bonu BusiBuim nepenecenHsi miroxonapianeaoi JIHK 30yanuka xBopobu Yaraca
Trypanosoma cruzi B renom xBopux Jiroaeit (Hecht et al., 2010).
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MepemiweHHa OHKoc B oTouyouomy cepenoBuLui

ITo3zaopranizmoBa JIHK nepeminiyerbcs y AOBKULI Ha JOCHTh 3HAYHY BiJCTaHb, IO
MOXe€ CyTTEBO BIUIMHYTH Ha pe3yibTaTd ii JocnimkeHHs (pucynok). Hanpuxnan, THKoc
pociuH Oyna BHUSABJIECHA y PIUKOBiM BoAi 3a OaraTo KiJIOMETpPIB BiJ Micus BHPOIILyBaHHS
(Douville et al., 2007), y rpyHTOBHX BO/iaX Ha IIIMOWHI MTOHA 3 M 1 HaBiTh B apTe3iaHCHKIN
muTHiA Bomi (Poté et al., 2009). V piukoBiif Boxi Ha BixcTaHi moHax 1 KM BiJ HayKOBO-
nmociimHoi mabopatopii BuseneHo mideny JIHK, sixka Oynma BHKOpHCTaHa B €KCIIEPHIMEHTAX
(Foppen et al., 2011). Takux cBigueHs crae Bce Oinmpme. Hanpuknan, JJHK nBox Bumis
6e3xpebdetanx — nmaduil (Daphnia longispina) ta nepniBaumi (Unio tumidus) — Oyna
BHABJICHA Y piumi Ha BiacTaHi 10 KM Bix mMicus iX iCHyBaHHS B 03epi, 3 IKOTO BHTIKa€ piuka
(Deiner and Altermatt, 2014). HenaBHO ommcaHO TakoXX BepTHKAIbHE NepeMiIeHHS
JIHKoc pu6 i Hakonu4eHHs 11 B ocagax o3ep Ta pivok (Turner et al., 2015).

Takum unnom, JIHKoc mMae TeHAEHIIII0 aKTUBHOTO MEPEMIIICHHS Y HABKOJIUIIHEOMY
cepenouii. Ile moTpiOHO MaTH Ha yBasi, 1100 NMPaBUIBHO IHTEPIPETYBaTH pe3yJbTaTH
JIOCIIJIKCHb CTOCOBHO ICHYBaHHS THX YU IHIIAX BHJIIB )XUBUX OPTaHI3MIB Y ICBHOMY MiCITi
Ta B NIEBHUII yac.

TexHiuHi npo6nemu gocnigxeHHa OHKoc

IMoBHmii TexHosoriunmii npouec gociimkenus JJHKoc cknamaerbes i3 m°sTu eraris:
1) B3ATTS 3pa3KiB OTOUYIOUOTO cepeoBHIa (0a30BUiA JIill, BiYHA MEp3JI0Ta, IPYHT, IPYHTOBI
BIJIKJIQJICHHS, MPICHA Ta MOPCHKa BOJIa, BOAHI ocanmn); 2) ekcrpakmis JJHK i3 mux 3paskis,
BpaxoByrouH ix Tum; 3) kioHyBaHHs excrparoanoi JJHK meromom PCR (awuen. polymerase
chain reaction); 4) cexBeHyBaHHS OTPHMAHOTO Marepialy; S5) BHSBICHHA IOMIJIOK 1
TakcoHoMiuHa ineHTH(ikatis cekeHoBaHOi JJHK (Thomsen and Willerslev, 2015).

[Tompn mpuponHi YMHHUKH, sIKIi MOXKyTh BIUIMHYTH Ha ctaH [{HKoc, a oTxe i Ha
pe3ynpTaTH ii aHami3y, MEeBHUX HpoOieM He Mmo30aBiIeHH 1 caM TEXHOJIOTIYHHN IpOIec
nmocaimxenHs (pucyuok). Lle 1 #ioro au3aitH, ToOTO 3aco0H, MOCTIZOBHICTH Omepariii Ta
yMoBH ix 3miicHeHHs. Ile i Xig caMoro ekCmepuMEHTY, JOCTOBIPHICTh SKOTO Oyje
3ajJexard B SKOCTI OOJIaJIHAHHS Ta PEaKTUBIB, KOMIIETEHTHOCTI Ta JI0OPOCOBICHOCTI
HAyKOBOTO TIepcoHany 1 T.M. He MeHII BaXJIMBUM € TaKoX 3/aTHICTh JOCIiJHHKA
MPaBWJIBHO IHTEPIPETYBATH PE3YJIBTATH JOCIIIKEHHS.

BUCHOBKU

IMomani B HamioMy oOmIsimi JaHi cBim4ath, 1o aktuBHe BuBueHHs J[HKoc numre
posroyasnocs 1 moTpiOHI Mokl IHTEHCHBHI 3yCHIUISL €KOJIOTIB Ta TeHETHKIB Y HANPSMKY
il mocmimkeHHs. Pe3ynbraTi TakuX TOCHIIKCHD TO3BOJIATH po3po0UTH eeKTUBHI criocoOn
HAYKOBO OOTPYHTOBAHOTO BiATBOPIOIOYOT0 PUPOJTOKOPUCTYBAHHS.
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yBaru crenugiuyHi yMOBM JICiB, aHami3 iX [AMHAMIKM BHMara€ BHKOPHCTAaHHS iMiTaumifiHUX
KOMIT'TOTepHHUX Mogeneit. IcHyroTs uncTo JicoBi (growth-yield) moneni ta exosoriuni (gap) mozeni,
SKi PO3BHBAJIMCh HE3aJI€XKHO MPOTATOM TPHBAJIOTO TEPIOAY 1 B3aEMOJIONIOBHIOBAIHCH.

JlicoBi Mozeni 30cepeKyBaIiCh Ha aHANi31 JepeBHOT MPOAYKIIii i He Opaiy 1O yBaru acreKkTiB
3MiH JIICOBOTO CEpelNOBHINA. [HIIN EKOJOTiYHI MOJENi, SKi TaKOX YacTO Ha3WBaIOTh MOJEISIMH
HpOIEeciB, BPaxOBYIOTh 3MIHHM JIICOBOTO CEpEOBHUINA y MPOTHOCTHYHUX iMiTamisX. 3acTocoBaHa y
crarti moxenb FORKOME (Kozak et al., 2012) MicTUTB elIEMEHTH JIICOBUX 1 €KOJOTTYHHX ITiTXOJIiB
i OyJia crieriaiabHO po3pobiacHa st ymoB [lombii Ta Ykpainu.

Meroto JOCHiDKEHHsST OyJI0O HPOTHO3YBaHHS MOXUIMBHX 3MiH OYKOBHX JIEpEBOCTaHIB Yy
nonbehkux bemanax ta ykpaincekux becknpax mpotsrom HacTynHux 500 poOKiB i3 BUKOPHCTaHHSIM
mozeni FORKOME y pi3nux cueHapisix 3MiHH KJITiMaty.

Hocnimkennas 6a3yBanoch Ha 3i0paHMX MaTepiajiiaX, OTPHMAaHHX Yy XOIi MOJBOBUX POOIT y
[onpmi Ta B Ykpaini. byk y Bemanax i beckumax akTHBHO eKCIUTyaTyBaBCS B OCTaHHI KilbKa
cromite. Ilicms Jpyroi cBiTOBOi BilfHM eKcIuTyaTalisi JAEpeBOCTaHIB y TOJIbCHKUX bemanax
nocnabuiace y pe3yiabTari Jenopranii eTHiYHuX ykpaiHnoiB y 1944-1947 poxax, mpote, y OyKOBUX
jmicax ykpaiHcekux bBeckuj BoHa akTHBHO NpoBoawiachk 3a 4aciB Pagsncekoro Corosy. Yce ne
BIUTMHYJIO HE JIIIE HA CTPYKTYpy OYKOBHX JIEpEBOCTAHIB, a TAKOXK Ha HAKOIMHMYEHHs 0ioMacH y HUX i
BiZIOOpakaeThCsl y MPOBEACHUX KOMI'IOTEPHUX iMiTallifHUX MPOTHO3aX.

JlocTipKeHHsT CTOCYBaoCh POrHO3y AuHaMiku OykoBux (Fagus sylvatica L.) nepeBoctaHiB y
nojbchbkuX bemanax i B ykpaincekux becknmax. [IpoOHi muonn Oynu 3akiafeHi y JicOBOMY BHILTI
Ne 13a y micauursi [Ipomicue, HammicHunTBi Ctynocsan (49°11'23"N, 22°38'39"E) y IMonemi i y
micoomy Buaimi Ne 3 B Slomynenpkomy micHunTBi HancsHcbkoro nanamadrtHoro mapky (49°09
"47"N, 22°45'15"E) B YkpaiHi.

[Iporuo3u moxaszanu, o y noibehbkux bemanax i B ykpaiHcekux beckmmax Oyk Oyne
JIOMiHYBaTH BiIHOCHO Giomacu y KoHTpoibHOMY (1) creHapii, a Takoxk y KIIMaTHYHHX CLEHapisx
Temio-Bosoro (2), temwto-cyxo (3). Jeski UMKIiYHI 3MiHH MK OyKOM Ta SUTHLCIO IOMITHI Y
KOHTpOsIbHOMY crieHapii. ¥ 2 i 3 cuenapisx monenb FORKOME nporHo3ye MoxinBe HociaaOiieHHs
OUKITIYHAX 3MIiH MK OiomMacoro Oyka Ta suTimi 1 miBHIIEeHHs Oiomacu Oyka. Y 4 crieHapii MOKIHBe
30inpIeHHs Giomacwu sutnii g0 500 T/ra, a Takok y monbchbkuxX bemanax i B ykpaiHcbkux beckmmax
MOXKJIMBE 30UIbIIeHHs 6ioMacH suMHH. Y 5 ciieHapii 6iomaca Oyka Moske 3HM3HTHCH 110 100 T/Ta.

[Iporuosysanns, nposenene y moneni FORKOME, miarBepmkye, mo Oyk Oyne 3pocraTté y
perionax nosiscbkux beman i ykpaincekux beckuni Ha cxigHoMy pyGexi iioro apeainy. 3MiHH y nuX
perioHax MOXyTh OyTH OILIHEHI K MO3UTHUBHI JUIsl IPOAYKTUBHOCTI Ta 6ioMacu JiiciB. Yci BoHu Oyin
MiATBEP/DKEHI MOJBOBUMH TOCIHI/KCHHSAMH Ta JITEpaTypHUMHU JTaHUMH, BiJOOpa)kalouu HaiiHICTh
NPOTrHO3IB i3 3acTocyBaHHsAM Komil'torepHoi mozeni FORKOME. Taki mociipkeHHsT HeoOXiqHi st
palioHaIbHOrO BEACHHS JIICOBOTO TOCHOAAPCTBA | MPUHUHSTTS BIAMOBIAHMX CTPATETiii PO3BUTKY JIICIB.

Knruoei cnosa: imimayii, komn'romephe mMooeniosanus, iic, memnepamypa, onaou.
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NMPOrHO3 AMHAMUKU BYKOBbIX APEBOCTOEB B YCJIOBUAX USMEHEHUA
KNUMATA B MNMOJIbCKNX BELLAOAX N YKPAUHCKUX BECKUOAX

AnHoTanmsi. B craTbe IpeacTaBIEHBI pe3yJbTAaTHl IIPOTHO3a IWHAMHUKH OHOMachl Oyka B
nonsckux bemanax u B ykpaunckux beckunax ¢ ucnonszoBanuem Mojenu FORKOME B paznudnbix
CLICHapUsAX BO3MOXKHOIO U3MEHEHHUs KuMata. [Iporuo3upoBanue, BEIIOIHEHHOE C TOMOIBI0 MOJENIU
FORKOME, mnonreepxkaaer, 4ro Oyk OyneT NpoM3pacTaTh B pErHoHax MONBCKUX beman u
yKpauHCKHX beckua Ha BOCTOYHOI rpaHune ero apeana. M3MeHEHHs B 3THX PErHOHaX MOTYT OBITH
OLICHEHbI KaK MO3UTUBHBIE ISl MPOTYKTUBHOCTH M OHMOMAcchl 1ecoB. Bee oHM ObIM MOATBEP)KAEHBI
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TIOJIEBBIMU UCCIIEI0OBAHUAMHE U TUTEPATYPHBIMU JaHHBIMH, YTO OTOOpa’kaeT HAJEXKHOCTh ITPOTHO30B,
MOJTYy4YEeHHBIM TIPpH HCIIONb30BaHMM KommbioTepHod Monenu FORKOME. Takuwe wuccnemnoBaHus
HEOOXOJUMBI ATl PALMOHAIBHOTO BEACHHS JIECHOTO XO3SIMCTBAa M TPHUHSITHS COOTBETCTBYIONIHX
CTpaTeruil pa3BUTHS Jieca.

Kniouesnie cnoea: umumayuu, KomnviomepHoe Mooeruposanue, iec, memnepamypd, 0Caoxu.

INTRODUCTION

Computer models application in ecology allows the prediction of the behavior of
complex systems to which forest ecosystems belong (Scheller, Mladendoff, 2007).
However, taking into account the specific condition and arrangement of forests, the
examination of their dynamics requires the use of particular tools (Bugmann, 2001). This
role may be fulfilled by — adequately constructed — models of forest dynamics. The two
existing methods of forest modeling, growth-yield modeling (Marszatek, 2011; Pretzsch et
al., 2002) and ecological modeling (Bugmann, 2001; Botkin, 1993; Shugart, 1984) evolved
independently over a long period, both competing complementing each other.

Most empirical growth-yield models based on permanent plot data implicitly assume
that the future will be like the past, in terms of most environmental factors (Vanclay, 1994).
This models are widely used in forestry, while the formerly widespread tabular statement of
their results is now replaced by the corresponding regression models or integrated computer
models of trees, such as SILVA (Pretzsch et al., 2002) or BWINPro (Nagel, Schmidt 2006).

Ecological (process) models provide reasonable results reflecting the projected state
of the environment. Among the earliest computer models of the forest landscape were
JABOWA (Botkin et al., 1972) and FORET (Shugart, West, 1977). Among the later
constructions of patch models of the forest, based on those archetypes, include FORSKA
(Prentice, Leemans, 1990), ZELIG (Urban, 1990) and SORTIE (Pacala et al., 1993).
Descriptions of the theoretical and review of process models can be found in literature
(Porte, Bartelink, 2002). Bugmann has presented an excellent overview on the gap model
approach and the potential of ecosystem models to address the issue of climate change
(Bugmann, 2001; Bugmann 2003).

A pursuant of above-mentioned trend in modeling the evolution of forest ecosystems
is the patch model FORKOME (Kozak, Menshutkin, 2001; Kozak et al., 2012). The
FORKOME model that contains elements of both ecological and growth yield strategy has
been specially designed for the conditions of Poland and Ukraine.

The aim of the study was to carry out prognosis of possible dynamics of beech stands
in Polish Bieszczady and Ukrainian Beskydy during the next 500 years with the use of
FORKOME model in different scenarios of climate changes.

MATERIAL AND METHODS

The study plot «Beech 1» is located in Polish Bieszczady in the department No 13a at
forestry Procisne of Stuposiany Forest District (49°11°23°°N, 22°38°39”’E) in Poland and
«Beech 2» in Ukrainian Beskydy in the department No. 3 at Jabloneckie forestry of
Nadsiansky Landscape Park (49°09°47°°N, 22°45°15”°E) in Ukraine.

Beech (Fagus sylvatica L.) dominated, and fir (4bies alba Mill.) as well as Norway
spruce (Picea abies L. Karst.) codominated in all the areas. The mean DBH (diameter at
breast height) for the plot «Beech 1» — 48,8 cm (max 120, min 6, standard deviation 38,2),
for «Beech 2» — 27,1 cm (max 103, min 4, standard deviation 27,8). All the research areas
were facing east and the ground slope was 6-9°. Statistical analyses of measurement of
trees on the plots were performed using STATISTICA software. In all areas, DBH values
are coming to form a normal, right-skewed distribution (Shapiro-Wilk test). Study plots
were a 50x50 m rectangle. Each research area was constructed using standard measuring
tape to establish a rectangular coordinate system (X axis along E-W and Y axis along
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N-S line). The age was established with the help of Pressler drill. The diameter at breast
height was measured using a dedicated meter at 1,3 m over the ground level. The tree
height was measured with Leiss BL8 height-meter. In order to verify leaf area index (LAI)
calculations, 9 hemispherical photographs were taken per research plot (camera Canon EOS
5D 12MP, Sigma 8mm {/3,5 DG FISH EYE lens with 180° viewing angle). The
hemispherical photographs were analyzed with the help of the Gap Light Analyzer software
(Frazer et al., 2000). Selected data were stored in csv. format and supplied to the
FORKOME model.

The influence of climate changes (total effective temperatures and total annual
precipitation) on the rate of beech replacement by other species was also the subject of this
study. To this end, «temperature changes scenario» and «precipitation changes scenario»
tools were used. No climate change scenario was used as 1 — control (1425 degree days on
«Beech 1»; 1420 degree days on «Beech 2»; 718 mm on «Beech 1», 700 mm on «Beech 2»).
Next, the following climate change scenarios are defined: 2 — temperature increase by 200
degree days and increase in precipitation by 100 mm; 3 — temperature increase by 200
degree days and decrease in precipitation by 100 mm; 4 — temperature decrease by 200
degree days and increase in precipitation by 100 mm; 5 — temperature decrease by 200
degree days and decrease in precipitation by 100 mm.

Model FORKOME (Kozak et al., 2012) was constructed with an aim to simulate the
dynamics in forest stands considering the fate of single trees (fig. 1).
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Fig. 1. The algorithm of the FORKOME model

The model conducts simulation of reproductive processes (block BIRTH), growth
(block GROWTH) and mortality (block DEATH) of trees during every year, as well as the
influence of additional environmental and ecological factors upon the tree stand. Among
the factors considered are annual sum of precipitation (block PRECIP), annual sum of
temperatures effective DGD (degree days) for vegetation (block TEMP), nitrogen contents
in the soil (block NUTRIENT), degree of shading of the area (block LIGHT) by tree
crowns (Kozak et al., 2012). All forested areas in the model are analyzed on the basis of the
above-mentioned blocks, considering the actual increase of DBH in Monte Carlo (200 runs)
simulations. This model was already used in scientific projects in various regions of
Poland, Ukraine and Sweden and contains continuously developed presentation layer,
which allows for 3D visualization of trees.
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RESULTS AND DISCUSSION

In both compared parts of the region, due to present management measures and
spontaneous secondary succession, the foreseen change of tree stands at studied plots aims
towards typical for this eco-region, climax forest associations, dominated by beech with an
admixture of fir, sycamore and spruce. Only the character of those changes will be different
in Polish and Ukrainian parts, which is connected with different present state of tree stands,
reflecting different management measures in the past. Beech in the Bieszczady Mountains
and the Beskydy Mountains actively managed up to World War II. After World War II
Polish Bieszczady stands were less used due to deportation of Ukrainians (Gil, 2004) in
1944-1947, however, in the Beskydy Mountains beech forests were actively managed in
the times of the Soviet Union. All this affected not only the structure of the beech stands, as
well as biomass accumulation in them and reflected in conducting computer simulations.
Depopulation of Polish Bieszczady has changed the character of this landscape, and caused
a decrease of anthropogenic influence upon forests of this region. Effects of spontaneous
secondary succession were reinforced by reforestation of former agricultural land at the
area of abandoned villages, fields and pastures. Such was an origin of a considerable part of
present forest cover: 45 % in Lutowiska Forestry, 32 % in Stuposiany Forestry, and 41 % in
Ustrzyki Dolne Forestry (Marszatek, 2001). However in the part of Ukrainian Beskydy the
anthropogenic influence upon forests had increased (Tretiak et al., 2001). In an effect,
visible now is not only a difference in the proportion of forest cover between those
neighboring regions, having very similar ecological conditions (present maximal
percentage of forests in Polish forest districts reaches 80 %, while in Ukrainian forest
districts only 47 %), but also a difference in medium age of tree stands (78 years in Polish
part and 56 in Ukraine part), as well as the accumulation of biomass (on average over
300 m*/ha and about 200 m*/ha in Polish and Ukrainian parts respectively).

We considered above mentioned parameters during the selection of our study plots, to
assure their representativeness. Forest taxation parameters of selected plots confirm this
visible tendency being a result of former changes in forest management. Standing crop of
biomass in the zero year of the prognosis at plots «Beech 1» in the Polish part is higher
comparing to values at plots «Beech 2» in Ukrainian part.

Analyses of the diagrams indicate that under the control (1) scenario in the first year
of simulation beech dominated in all plots. Beech biomass will dominate during the period
predicated at 90 years on the plot 1 (fig. 2, a), 110 years on the plot 2 (fig. 2, ). In the next
time fir will dominate for 100 years on the plot 1, for 200 year on the plot 2, than beech
dominate again. In the control scenario cyclical changes between beech and fir are visible
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Fig. 2. Prediction of beech stands biomass in 1 scenario:
a—Beech 1; b —Beech 2
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in the Polish Bieszczady and Ukrainian Beskydy. In plots 1 beech biomass increase to
700 t/ha, and in the plot 2 beech biomass will increase to 400 t/ha. However, inconsiderable
domination of beech biomass occurs at the end of prognosis time (fig. 2, a; fig. 2, b). Other
species as maple up to 180 t/ha (fig. 2, b), spruce up to 90 t/ha of biomass (fig. 2, a; fig. 2, b)
fragmentary presented.

In 2 scenario beech biomass increase up to 900 t/ha on the plot 1, to 740 t/ha on the
plot 2 (fig. 3) and FORKOME model predict possible facilitating of cyclical changes
between beech and fir biomass dynamic.
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Fig. 3. Prediction of beech stands biomass in 2 scenario:
a—Beech 1; b —Beech 2

In 3 scenarios beech will dominated, but biomass decreased (fig. 4) and model predict
also possible lack of cyclical changes between beech and fir biomass dynamic.
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Fig. 4. Prediction of beech stands biomass in 3 scenario:
a—Beech 1; b —Beech 2

In 4 scenario (fig. 5) fir biomass increase up to 700 t/ha (fig. 5, a). In the Polish
Bieszczady and Ukrainian Beskydy occurs possible increase of spruce biomass (fig. 5, a;

fig. 5, b).
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Fig. 5. Prediction of beech stands biomass in 4 scenario:
a—Beech 1; b —Beech 2
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In 5 scenario (fig. 6) the beech biomass decreased up to 100 t/ha on the Beechl and
Beech 2 research plots. On the plot Beech 2 biomass of beech increase for the sycamore costs.
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Fig. 6. Prediction of beech stands biomass in S scenario:
a—Beech 1; b —Beech 2

The FORKOME model is a good enabler to obtain results that prove the thesis assumed
in our paper. Diagrams presenting results of prognosis of plots 1 — «Beech 1», 2 — «Beech 2»
are placed in the paper under the control (1) scenario, as well as in 4 climate changes
scenarios. We carried out simulations with the FORKOME model in research areas of 5050 m
(1/4 ha). Therefore, within of the 2500 m® of the area, 200 used simulation sequences
correspond with equilibrium landscape of 50 ha. In other types of models, for instance the
JABOWA model (Botkin et al., 1972), 10x10 m areas were used with 100 simulations. The
smallest area was 0,5 ha and was used in the FORSKA model (Prentice, Leemans, 1990).

Results obtained from the prediction research correspond to results obtained from
field works (Jaworski, Podlaski, 2006; Kozak, Menshutkin, 2001). The FORKOME model
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proved to be efficient tools adjusted to the research regarding dependences and changes in
species structure of forest stands and species biomass. It is possible to devise methods in
the model to analyze many parameters of forest stands conditions at the same time what
allows obtaining precise results. The FORKOME model enables analyzing the dynamics of
forest stands in regard to climate change conditions during any period of time, chosen by
the user of the model. Obtained simulation results concerning increased beech biomass can
influence to the species composition of tree stands and also to decreased the regeneration
and growth of other species (Gessler et al., 2007).

Simulation conducted in FORKOME model confirms that beech will exist in the
Polish Bieszczady and Ukrainian Beskydy regions on the east boundary of beech areal.
Using computer models for such type of analysis are on the table (Brooker et al., 2007).
Important is analysis of temperature and precipitation influence on beech stands. Beech
biomass is more sensitive to the precipitation than to the temperature. Precipitation growth
rate can decrease up to 0,82. Calculated in FORKOME model cross correlation showed
negative influence of precipitation on beech biomass (correlation coefficient — 0,95).
Climate changes in the Polish Bieszczady and Ukrainian Beskydy can be estimated as a
positive for forest productivity and biomass accumulations. Similar results obtained for
north and west Europe (Lindner et al., 2010). Beech stands in Polish Bieszczady and
Ukrainian Beskydy regions have plausibility of species composition changes due to climate
changes (Dale et al., 2010).

Longer (500 years) time of simulation was used to shown the cycle of biomass
changes that were demonstrate in the literature (Shugart, 1984). In the other regions
simulation time was 500 and 600 years (Kozak, Menshutkin, 2001). The changes of
biomass in computer simulations of beech stands with use of FORKOME model defining
their directions regarding possible climate change conditions in Polish Bieszczady and
Ukrainian Beskydy and are important issues in forest management, both from the
theoretical and practical point of view.

CONCLUSIONS

After World War II the beech forests in the Bieszczady Mountains were less used but
in the Beskydy Mountains beech forests were actively managed. All this affected not only
the structure of the beech stands, as well as biomass accumulation in them and reflected in
conducting computer simulations. Standing crop of biomass in the zero year of the
prognosis at plots «Beech 1» in the Polish Bieszczady is higher comparing to values at
plots «Beech 2» in Ukrainian Beskydy. In Polish and Ukrainian parts beech will maintain
its domination regarding biomass in the control (1), warm humid (2), warm dry (3), cold
humid (4) and cold dry (5) climate scenario. Same cyclical changes between beech and fir
show in the control scenario. In 2 and 3 scenario FORKOME model predict possible
facilitating of cyclical changes between beech and fir biomass dynamic and increasing of
beech biomass. In 4 scenario fir biomass increase up to 500 t/ha. In the Polish Bieszczady
and Ukrainian Beskydy possible increase of spruce biomass. In 5 scenario the beech
biomass decreased up to 100 t/ha.

Simulation conducted in FORKOME model confirms that beech will existence in the
Polish Bieszczady and Ukrainian Beskydy regions on the east boundary of beech areal. The
changes in the Polish and Ukrainian Carpathians can be estimate as a positive for forest
productivity and biomass accumulations. They were confirmed by fieldwork and events
documented in the literature, which shows the reliability of the forecasts used FORKOME
computer model. Work and study of this kind are necessary for rational forest management
and to take appropriate development strategies.
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REPRODUCTION IN PLANTS OF GRASS AND SUBSHRUB LAYER
AS A FACTOR OF THE FOREST ECOSYSTEM STABILIZATION

Abstract. Reproduction in a broad sense is the process by which female parents generate some
or other germs (diasporas) able to form new individuals that are genetically similar to the female
parents. The two main types of reproduction are found in forest grasses and subshrubs: seed (or by
spores in spore-bearing plants) and vegetative. The establishment of features of plan reproduction of
grass and subshrub layer is an important scientific issue in the context of the preservation and
restoration of forest ecosystems, because plants of grass and subshrub layer have a significant impact
on the initial stages of natural regeneration of plants of the first layer. Some features of reproduction
of plants of different layers of forest ecosystems — from grass to woody — have been studied on the
basis of our own observations and literature data. The observations were carried out on the territory of
Desnyansko-Starogutsky National Nature Park and the adjacent territories.

Forest ecosystems of the north-east of Ukraine have been in active use for a long time. Currently,
these forests, in part, have obtained conservation status, and the volume of logging has been sharply
reduced. Therefore, the majority of forests are characterized by the progressive succession, during which
the proportion of plant silvan species increases and, consequently, the number of motile vegetative plant
species increases in the lower layers of forest. The eight plant species of grass and subshrub layer, such as
Aegopodium podagraria L., Asarum europaeum L., Calluna vulgaris (L.) Hull, Carex pilosa Scop.,
Molinia caerulea (L.) Moench., Stellaria holostea L. Vaccinium myrtillus L., Vaccinium vitis-idaea L.,
have been selected as models. It is established that the capacity for vegetative propagation and clone
formation is an important feature of reproduction of most forest grasses. The key parameters of generative
reproduction of clone forming plants of grass and subshrub layer and their dependence on the ecological
and coenotic factors have been shown as well. To establish the level of reproduction the following
morphometric parameters were determined: weight of generative organs (g), number of generative shoots
(pieces), reproductive effort (%), share of generative individuals in the population (%). In case of generative
reproduction, an important biological characteristic is the so-called reproductive effort, which characterizes
the contribution of organic matters and energy in the reproductive process. It is typically shown as the
percentage of phytomass of the reproductive structures of the total phytomass. In general, generativity of
the investigated plants of grass and subshrub layer was determined by the ecological and cenotic conditions,
and therefore varied from association to association. Forest grasses and subshrubs, in turn, are an important
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factor for regeneration of all types of woody species in forest ecosystems. Depending on the composition
and abundance of plants of grass and subshrub layer, the number of seedlings and little undergrowth of all
woody species of trees is reduced in varying degrees, and the indicators of their growth are getting worse.
The impact of the live ground cover on undergrowth of woody species is ultimately determined by the
specificity of the ecological and coenotic situation in the areas of regeneration and the specific ecological
and phytocoenotic properties of undergrowth of certain woody species. The main environmental problems
of recreational zones from the perspective of possibilities of natural regeneration of woody species are the
effect of mechanical actions on the soil. Grass and subshrub layer as a sensitive indicator of the increase in
anthropogenic load is the first to undergo such transformation in recreational forests. Under its influence its
species composition varies and is depleted, distribution of certain species as well as their phytomass and
projective cover decrease. Many forest species disappear from the cover, and weeds begin to grow.
Protection of forests as holistic ecosystems is an important issue, being developed during the XX century,
and not having lost its significance even today. The main directions of its solution are connected with the
development of the ecological network of Ukraine and the proper use of all forest resources.

Keywords: grass and subshrub layer, forest phytocenosis, regeneration, stabilization,,
propagation, reproduction, Desnyansko-Starogutsky National Nature Park.
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PEMNPOAYKUMA Y PACTEHUA TPABAHO-KYCTAPHUYKOBOIO AAPYCA
KAK ®AKTOP CTABUITU3ALIUU NECHbIX 3KOCUCTEM

AnHoTanms. VccrnenoBaHbl OCOOCHHOCTH PEMPOIYKIUH PACTCHHI Pa3HBIX SIPYCOB JICCHBIX
IKOCHCTEM — OT TPaBSIHUCTBIX 0 spyca AepeBbeB. Ha mpumepe BOCBMHU MOJICIBbHBIX BHOB PACTCHHIH,
NpOU3pacTaloMX Ha Teppuroprn HanmoHanapHOro npupoanoro napka «Jlecusacko-CraporyTckuiny
U Ha COIpECNIbHBIX TEPPUTOPHUSIX, YCTAHOBICHO, YTO CHOCOOHOCTH K BEr€TATHBHOMY Pa3MHOKCHHUIO
1 (OpMHUPOBAHHIO KIIOHOB — 3TO Ba)KHASI OCOOCHHOCTH PEMPOAYKIHMH OOJBIIMHCTBA TPABSHHUCTHIX
pacteHuid. JlecHble TpaBbl M KyCTapHHYKH, B CBOIO OYEpENb, SIBISIOTCS BaKHBIM (DAKTOPOM JUIS
BOCCTaHOBIICHHS BCEX BHJIOB JIPEBECHBIX IOPOJI JIECHBIX 3KOCHCTEM.

Knrwuesvle crosa:  mpagaHucmo-KyCmapHuukogulili  Apyc,  JleCHvle  (umoyeHoswl,
60300H081EHUe, cmabunuzayus, pasmuodcerue, penpooykyus, HIII «/lecnancko-Cmapocymcekuiiy.
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PENPOAOYKUIA Y POCIIUH TPAB’AHO-YATAPHUYKOBOI'O APYCY
AK ®AKTOP CTABUI3ALII NNICOBUX EKOCUCTEM

AHoTamisi. JlocnizpkeHi 0COOIMBOCTI PEIPOAYKIIT POCIHH Pi3HUX SAPYCIB JIICOBUX CKOCHCTEM —
Bi/l TpaB'sHUCTHX 1O JepeBHHMX. Ha mpuxiani BOCEMH MOJENBHUX BHIIB POCIHH, SKi 3pOCTalOTh Ha
teputopii HarionansHoro npupogHoro mapky «JlecHsHCbKO-CTaporyTChbKUiD» 1 Ha CyMDKHHX
TEPUTOPISIX, BCTAHOBJICHO, IO 3/IaTHICTH 10 BEreTaTHBHOTO PO3MHOXEHHs i HOpMyBaHHS KJIOHIB — 1€
Ba)XJIMBA OCOOJHMBICTH PENPOAYKLil OUTBIIOCTI TpaB’sHUCTUX pocuH. JIicOBI TpaBW 1 YarapHWYKH, B
CBOIO YEPry, € BKIMBAM YUHHIKOM /IS BiTHOBJICHHS BCIX BU/IB ICPEBHUX MOPIJ] JTICOBUX EKOCHUCTEM.

Kniouosi cnosa: mpas’ano-uacapuuukosuii Apyc, J1icogi  gimoyenosu,  GiOHOBEHHS,
cmabinizayis, posmuodcenns, penpooykyis, HIIII «ecuancoxo-CmapozymcoKuiiy.

BCTYN

Po3MHOXEHHSI B IIMPOKOMY CeHClI — e mpouec (GOpMyBaHHS Ha MaTEpHHCBKUX
ocobmHax TuX abo IHIIMX 3adaTKiB (Iiacmop), 34aTHUX YTBOPIOBATH HOBI OCOOWHM,
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TEHETHYHO TMOMiOHI 10 MaTepuHChKoi pocnuam. P. €. Jlesina (Levina, 1981) cipaBemimBo
MiKpeciioBaia, M0 «3 TOYKH 30py CTparerii >XUTTE3ZATHOCTI BUAY BETETATHBHE
PO3MHOXXEHHSI 1 BIJHOBICHHSA MLIIKOM ce0€ BHIPAaBAOBYIOTh JIHIIE Yy TIOETHAHHI 3
HaciHHMMY». Take Ioe€JHaHHS B PEAIBHOCTI 1 CIIOCTEPIraeThCsl Y POCIMH HUXKHIX SIPyCiB
JCOBHX €KOCHCTEM.

VY nicoBUX TpaB i 4arapHUUKiB iCHY€ JBI OCHOBHI ()OPMHU PO3MHOKEHHS: HaciHHe (abo
CropaMH y CIIOpOBHX pOCIHMH) i BereraTnBHe. OcCOOJMBOCTSM JKUTTEBOTO LUKIY 1
pernpoayKuii miel Tpyny pociIMH NPUCBsYeHI TpH crienianbHi orsian (Bierzychudek, 1982;
Whigham, 2004; Kovalenko, 2005).

[NounHaroun 3 MepImHX AOCHIIHKEHB, e B MEPIIiid TOJIOBHHI MHHYIIOTO CTONITTS, 1
3aKiHYYIOUM Cy4acHHMH pOoOOTaMH, HEOJHOPA3oBO OYJIO JOBEICHO, IO BUIU POCIHH
TpaB'sIHO-4arapHUYKOBOTO SIPYCY 3HAYHOK MIpOI BIUIMBAIOTE HAa MOYATKOBI eTamu
MPUPOTHOTO BiJHOBIIEHHS BCiX JepeBHUX mopin (Zlobin, 1960; Khatmullin et al., 2009;
Sklyar, 2012; Kharchenko, Kharchenko, 2012). Tomy BCTaHOBICHHA OCOOIMBOCTEH
penpoayKLii POCIMH TpaB’sSHO-4arapHUYKOBOTO SPYCY € AaKTyalbHOI HayKOBOIO
MPOOJIEMOIO B aCIIEKTI 30€PEIKEHHSI 1 BIJTHOBJICHHS JIICOBUX CKOCHCTEM.

MATEPIANU TA METOOU OOCHNIAXEHb

JociipkeHHsT TpOBOJMIMCS Ha TepuTopii HalioHalbHOrO IMPUPOJHOTO  MapKy
«ecussHcbKO-CTaporyTChKHI» 1 Ha CyMDKHUX TepHTOpisix. Jlich 1oro perioHy TpHBasHid
Yyac 3HaXOJWINMCS B TIIpOLECi TOCIOAApChKOI eKcIuTyaramii i iX Jeska vacTHHa €
amdireHo3amu, sIKi BTpaTWIIM CBOIO «IiHOMOpgosoriuny ctpykrypy» (Belgard, 1948, 1950).
Bonn 3 ananizy Oynm BukirodeHi. SIk MopenbHi oOpaHo 8 BHAIB POCIMH TpaB’sHO-
YarapHIIKOBOTO Spycy: Aegopodium podagraria L., Asarum europaeum L., Calluna vulgaris
(L.) Hull, Carex pilosa Scop., Molinia caerulea (L.) Moench., Stellaria holostea L.,
Vaccinium myrtillus L., Vaccinium vitis-idaea L. Ha3zsu BuziB mopgadi 3a C. JI. MocskiHuM Ta
M. M. ®@enopornuykom (Mosyakin, Fedoronchuk, 1999). Bbymu mnpoanamizoBaHi
0OCOONMBOCTI BETETATUBHOIO 1 TeHEepPaTHBHOTO po3MHOXeHHA. KoxeH Bux OyB
MIPEICTABICHUI HE MEHIIE HiXK 3—5 MIHOTOMYJISisIMU.

I[Ipu pocmijpkenHi Oynau BHKOpHCTaHi 3arajbHi reoOGoraHiyHi Mertoau. Jlms
BCTAHOBJICHHS PIBHS PENPOIyKIii BU3HAYAIH HACTYITHI MOP(POMETPUYHI HapaMeTpH: Bara
TeHepaTUBHUX OpraHiB (T), KUIbKICTh T'EHEPAaTHMBHUX IaroHiB (IUT.), PENpOIyKTHUBHE
sycuinst (%), 4acTka reHepaTHBHUX 0COOMH y momyisiiii (%).

PE3YNbTATU OOCHNIMKEHHA TA IX OBFOBOPEHHA

[MiBHiunmid cxig YkpaiHu TOpIBHSHO 3 IHIIMMM perioHamMu pazoMm 3 Kapnaramu
BIZIPI3HAETHCS BUCOKOIO JIicKCTICTIO. ONUCY POCIMHHOCTI IBOTO PETiOHY, 30KpeMa JIiICOBUX
(iToneHo3iB, NpUALIAETEC yBara B Oarathox pobortax (Barrett, 1987; Matuszkiewicz,
2001; Andriyenko, 2006; Solomakha, 2008; Onyshchenko, 2009; Panchenko, 2013).

3rigHo 3 Teo0OTaHIYHMM palHOHYBaHHAM paloOH, Yy SKOMY 3[ifICHIOBaIOCS
JTOCTIIKSHHS, HAJIS)KUTh 10 €BPOIEHCHKUX MIMPOKOIUCTSIHHX JIICIB, CXiTHO-€BPOIEHCHKOT
MPOBIHIII 1 OXOIUTIOE MBI MIiAMPOBIHIII — CXIAHO-€BPOIEHCHKY 1 IMONICHKO-TIOAIIBCHKO-
CePeIHbO-TIPUIHIIPOBCHKY.

C. M. Ilanuenko po3poOuB s Tepuropii HarioHambHOTO NPHUPOAHOrO MAPKY
«JlecustHCBKO-CTapOry TCHKHID» CHUHTaKCOHOMIYHHHI MIPOAPOMYCOM POCIMHHOCTI
(Panchenko, 2013).

3rifHO 3 MaHMMM HaIMX ONKCIB y JicoBux exocucremax Hosropon-CiBepchkoro
[Moxiccst HalOIIBII OIIMPEHUMH € CHHTAKCOHM KJlacy Vaccinio-Piceetea. Ycboro B iboMy
KJ1aci MOXXyTh OyTH BHAiJIeH] 2 nopsaky, 4 coro3u 1 11 acormiariii.

Takum 4MHOM, JTICOBAa POCIMHHICTH PEriOHYy Ma€ JOCUTh BHCOKY CHHTaKCOHOMIUHY
pizHOMaHITHICTE. lle 0OyMOBIIOE i BHCOKY BHIOBY pPi3HOMAaHITHICTH JICOBHX TpaB 1
JarapHUYKIB.
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XapakTepHOI0 OCOOJIHMBICTIO JICOBHX EKOCHCTEM pETiOHy € IIHPOKa y4acTb y
(hopMyBaHHI HIKHIX SIPYyCiB POCTHHHOCTI BETETATUBHO-PYXOMUX POCITHH.

Hocutp xapakTepHa crenugpiyHa prca JIiCOBHX TpaB B HOMIpHIHA 30HI — BIACYTHICTh
By3bKOi crenianizanii npouecy 3amwieHHs. Jlo 40 % BuUIIB TpaB JCOBHX E€KOCHCTEM
MOMIPHOTO MMOsiCy MaroTh aBroramito (Barrett, 1987). Ane, 371¢0iibIIOr0, MOCITITHUKA
peecTpyroTh eIIUT 3aMUICHHS y JICOBUX TPaB SIK OJHY 3 KIIOYOBUX MPUYUH HU3BKOTO
PiBHSI TUTOJIOHOCIHHSI.

Ha peanizanito reHETHYHO 3aKJIaJICHUX PHUTMIB LBITIHHA ICTOTHY KOPUTYIOUY IifO,
srinno M. ®ennepy (Fenner, 1998) mae crpykTypHa Mo3aivHICTh (iToneHo3y. Binirpae
POJIB 1 MO3aT4HICTh CAMOTO TPaB’ IHO-YarapHUYKOBOTO SPYCy.

HeraTtBHUM YMHHUKOM JUIsl 3alIMJICHHS HEMOpPAIBHHX 1 OOpealbHUX BHIIB JIICOBHX
TpaB € (parMeHTaris JiciB. ¥ IIMX yMOBaxX pi3KO 3MIiHIOEThCS CKJIall CHTOMOQayHH, i
HEJO3aIMICHHS KBITOK y POCIIMH TpaB’sSHO-4arapHUYKOBOTO SPYCY y (parMEeHTOBaHHX
nicax HaOyBae macoBoro xapakrepy (Taki et al., 2007).

PiBeHp pempoAyKIiifHOrO Tpolecy y POCIMH HIDKHBOTO SIpyCy OaraTto B HOMY
3aJIOKHUTh BiJl JXUTTEBOTO CTaHy OCOOMH, SIKMH, Y CBOIO 4epry, BU3HA4YaeThcs OararbMa
yuaHukamu (Belova, Travleyev, 2002). Cepen HuX 3HAuHy pOJIb BiJirpae CTPYKTypa
¢iToreHHux moiiB JicoyrBoprorounx aepeBHux mopia. T. B. Tlaams (Paal, Pal, 1981)
ycraHoBileHO, o y Vaccinium vitis-idaea y Mexax (GITOT€HHUX TOJIB SUIMHU YHUCIIO
c(OpPMOBaHUX IIIO/IB ICTOTHO HIXKYE, HIJK 32 MEKaMH TaKuX IOJIB.

KinneBuii pe3ynbTaT MOHOBIIOBAIEHOTO NPOLECY Y HU3KW BUJIIB POCIUH TPaB’sHO-
YarapHHYKOBOTO SIPYCY B3aJIeKUTh BiJ CTBOPEHHS IPYHTOBOro OaHKy niacmop, oro
BHJIOBOTO CKJIaNy, TPUBANICTh 30€pPE)KECHHS HUMH XHUTTE3TATHOCTI 1 3arallbHOTO pO3MIipy
Takoro OaHKy. Y IIUPOKONUCTSHUX JlicaX y CKJIadi IPyHTOBOro OaHKy HACiHHS
MepeBaXaI0Th A1aclopy He aDOPUTEHHUX JIICOBUX BU/IB, a BHIIIB BIIKPUTHX MICIIE3pOCTaHb
(Palkina, Petrov, 1986). ¥V muxmi pobir B. B. IlerpoBa (Petrov, 1981, 1983, 1986)
3’5ICOBaHO, 10 B KOPIHHUX XBOMHUX JIicax IPYHTOBHIA 3amac Jiaciop He BEJIHKHH 1 CKilaiae
3a3Buuait 1000—1500 mr./m>. Cepen TCOBMX BHJIB Y CKIaji IPYHTOBOTO OAHKY HACIHHS
HaiyacTille NPUCYTHE HACIHHS OepesH, a TaKoXK JEesIKMX BUJIB JIICOBUX TPaB 1 YarapHUKIB
(Carex pilosa, Rubus idaeus). 3anexHo Bijl THITy JIiCy HACIHHS MOXXE 30CEpEIDKyBaTUCh B
OJTHMX BUIAJKaxX Y IMiJCTHIII, a B iIHIINX — B OCHOBHOMY MiHEpaJbHOMY IIapi IPYHTY.

Hamu mpoBeneHO AOCTIUKEHHS TOMYJISIIH MOJENBHUX BHIIIB POCIUH TPaB’sHO-
YarapHUYKOBOTO fApYyCy y pi3HHX acomiamisx B ymoBax HIIIJIC Ta Ha CcyMiKHHX
TEepPUTOpisAX. 3arajbHa OCOONUBICTh PETPOAYKIIi MepeBa)kHO1 OITBIIOCTI JIICOBHX TpaB —
3MATHICTH 10 BET€TATHBHOTO PO3MHOXKEHHS 1 (opmyBaHHsS KIOHIB. OCHOBHI IMOKa3HUKU
TeHEepaTHBHOTO PO3MHOXKEHHS KJIOHOYTBOPIOIOYMX POCIHMH TpaB'sHO-9arapHU4YKOBOTO
Apycy 3aJeXaTb BiJl BHAY POCIMH 1 3HaXONATHCS MiJ BIUIMBOM €KOJOTO-IEHOTHYHHX
¢dakTopiB (mabnuys). Ilpu TeHepaTHBHOMY PpO3MHOKEHHI Ba)UIMBOIO 0i0JOTIYHOIO
O3HaKOI € TaK 3BaHE PENPOAYKTHBHE 3yCHIUIA, SKE XapaKTepHU3ye€ BHECOK OpPraHIYHUX
PEUOBHH 1 eHeprii B penpoAyKTHBHUI npouec. Haifyacrime Horo HaBoAsATh SIK BiJICOTKOBY
4acTKy (iToMacu penpoJyKTUBHUX CTPYKTYP BiJ 3araibHoi ¢itomacu (Zlobin, 2000).

Y A. podagraria Bara reHepaTMBHUX opraHiB BapitoBama Bix 0,7 mo 1,5 r i Oyna
HaAWOLTBIIOK B acomiarii Querceto-Pinetum coryloso-acgopodiosum. 3uHadenns RE ckmagamm
10,9-15,8 % i Oy MakcumansHUMU B acomiariii Quercetum coryloso-aegopodiosum.

YacTka reHepaTUBHUX OCOOMH Y MOMyIALisax A. europaeum ckianana 21,3-58,7 % i
Oyna HanOinemo0 B acormiamii Querceto-Pinetum asarosum. Bara reHepaTHBHUX CTPYKTYp
ckianana 0,3-0,4 r mpu RE Bix 17,7 no 25,6 %. HaiiGinbme 3nagenns RE Gyno Takox B
acormiamii Querceto-Pinetum asarosum.

Ocob6muBicTio po3mHoxeHHs C. pilosa € HU3bKA Bara reHepatuBHUX opradis: 0,12—
0,15 r. YacTka reHepaTHBHHX KYIIIB y momyJisinisx ckiagana 38,8—-62,4 %. RE cknanano
9,8-7,53 % 1 BusBIsUIOCS HaNOLIBIIUM B acomiallii Querceto-Pinetum caricosum (pilosae).

YacTka reHepaTHBHUX mapmianbHux KyimiB C. vulgaris y JICOBHX acoIiallisix
ckianana 15,1-67,4 %. Y aconianii Betuleto-Pinetum callunoso-myrtillosum 11 gacTtka
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Oyra HaliMeHIIoto, Y Hill popMyBanacs HalilMeHIIA KiITBKICTh KBITOK 1 IIOJIB Y PO3paxyHKY
Ha OJIMH TeHEePAaTUBHUM MariH. MakcuManbHi MOKa3HUKH T€HEPAaTUBHOCTI OyiM B acoriarii
Querceto-Pinetum callunoso-hylocomiosum.

JAHI MapaMeTpH reHepaTHBHOT MHO KeHHSI POCIMH TPAB'SHO-4arapHHYKOBOIO s
Cepe apame eHepa 0ro po3MHOIKe oc aB'sIHO-4ara; KOBOT0 (3

Kinbkicts
Acoriarii Ny, mr./ WG, r RE % | reHepatuBHHX
IMaroHiB, IIIT.
A. podagraria
1. Quercetum coryloso-aegopodiosum 12,03+13,77 | 0,71+£0,07 | 15,8+2,49 -
1. Querceto-Pinetum coryloso-aegopodiosum | 200,7+17,00 | 1,50+0,12 | 13,4+0,73 -
111. Betuleto-Pinetum coryloso-aegopodiosum | 88,2+14,16 | 1,07+0,24 | 10,9+2,17 -
A. europaeum
1. Quercetum coryloso-asarosum — 0,47+0,02 | 17,7+1,23 —
II. Pinetum coryloso-asarosum — 0,41+0,02 | 18,1+0,53 —
I11. Querceto-Pinetum asarosum — 0,34+0,01 | 25,6+3,48 -
C. pilosa

1. Querceto-Pinetum caricosum (pilosae) — 0,130,005 | 9,8+1,55
II. Quercetum coryloso-caricosum (pilosae) - 0,12+0,006 | 7,5+0,75 —
II{. Betuleto-Quercetum coryloso-caricosum B 0.15£0,09 | 7.8£0.37 B
(pilosae)

C. vulgaris
1. Betuleto-Pinetum callunoso-myrtillosum 6,6+0,93 | 0,070,001 | 2,5+0,61 11,3+0,35
II. Pinetum callunoso-hylocomiosum 6,6+0,17 | 0,050,001 | 2,84+0,63 7,24+0,66
I11. Querceto-Pinetum callunoso-hylocomiosum| 8,9+0,34 | 0,08+0,002 | 1,8+045 18,8+0,62

M. caerulea
1. Pinetum myrtilloso-moliniosum — 1,31+£0,07 | 41,7448 -
IL. Querc.eto-Plnetum franguloso-molinioso- _ 1224004 | 4554828 B
hylocomiosum
II1. Betuleto-Pinetum moliniosum — 1,25+0,05 | 34,0+4.,26 -

S. holostea
1. Querceto-Pinetum coryloso-stellariosum 1,07£0,07 | 0,26+0,03 | 22,9+1,78 -
IL. Qu'ercetum coryloso-caricoso (pilosae)- 1,09£0,005 | 0344093 | 32.742.93 B
stellariosum
II1. Querceto-Pinetum stellariosum 1,04+0,009 | 0,27+0,04 | 25,5+0,04 -

V. myrtillus
1. Pinetum myrtilloso-hylocomiosum 8,2+0,8 328+0,92 | 48,6x1,41 —
1I. Pinetum molinioso-myrtillosum 188,0+14,1 | 82,6+13,16 | 54,4+0,93 —
II1. Querceto-Pinetum myrtillosum 33,8+0,8 3,3140,92 | 27,0+1,61 —
IV. Betuletum molinioso-myrtillosum 98,4+1,2 | 60,1+11,20 | 6,8+0,94 -
V. Betuleto-Pinetum franguloso-myrtillosum 95,1+6,2 373+£2,20 | 11,3+1,22 -

V. vitis-idaea
1. Pinetum vaccinioso-myrtillosum 41,049,32 | 17,7£1,62 | 24,4+1,56 -
1I. Betuleto-Pinetum vaccinioso-myrtillosum 23,3+1,39 7,3+0,61 | 20,2+1,30 -
I11. Querceto-Pinetum vaccinioso-myrtillosum | 77,3£16,5 | 28,548,71 | 13,6+0,61 -
IV. Pinetum vaccinioso-hylocomiosum 17,0+0,61 0,2+0,03 | 21,7+0,12 -

Y M. caerulea BincoTOK TeHEpaTHBHUX OCOOHH B JIICOBHUX eKocucTeM ckmaaas 11-20 %
i OyB HanOiMEIIMM B acomiamii Betuleto-Pinetum moliniosum. 3aransHa Bara reHepaTHBHUX
cTpyKTyp nepeOysana B ammutityai 1,2—-1,4 r, a RE — 34,0-41,7 %. MinimanbHa BelmuduHA
RE 0Oyuna B acouianii Betuleto-Pinetum moliniosum.

YacTka reHepaTUBHUX MapliadbHUX KymiiB S. holostea y micax ckmamana 19-33 % i
Oyna HaitbuIpIIOI0 B acomiarii Querceto-Pinetum stellariosum, oxHak iHIT penpoayKTHBHI
Mopdonapamerpu Oynu MakcUMaJdbHUMH B acomianii Quercetum coryloso-caricoso
(pilosae)-stellariosum.
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Y V. myrtillus dacTka TeHEpaTHBHUX NapIlialbHUX KYI[iB Yy PI3HHUX acoIliamisx
ckianana 46—88 % i BusiBHIacs HalOLIbIIOK B acomiarisx Pinetum molinioso-myrtillosum
i Betuletum molinioso-myrtillosum. ¥V acomianii Pinetum molinioso-myrtillosum Oyma
HAMOIIBIIO KUTBKICTh 1 Bara mioniB. CepenHiii ix Buxim ckiagas 3,3-92,6 r/M>, T06TO
Jly’Ke CHJIBHO BapiloBaB 1o acoliauisx i pokax. RE nepedysaio B amrutityai 5,4-54,4 %.

Acomianii Querceto-Pinetum vaccinioso-myrtillosum Biapi3Hsiack 1 HaHOLIBIIMM
BUXOJIOM IUIOJMIB 3 onuHwmii Tuiomi. el moka3HuWk BapitoBaB mo acoramisx Big 0,2 10
28,5 r/M’. BigsHaueHO MO3MTHBHY KOPEIALII0 BHXOAY ILIOMIB 3 PO3MIPOM MapiiadbHOro
kyma (v =+0,64). RE cknanae 13,6-24,4 %.

VY ninomy, reHepaTUBHICT JOCIIDKYBAaHUX POCIIHH TPaB'sHO-4arapHHYKOBOTO SIPYCY
BU3HAYaNACh EKOJOrO-ICHOTUYHHMH YMOBaMH, i TOMY 3aKOHOMIpHO 3MiHIOBanacs Bij
acormiarii 10 acomiamii. B cBor dWepry TpaB’sSHO-4arapHHYKOBHHA SPyC JOCHTH CYTTEBO
BIUINBAa€ Ha TMIEPIIi €TalmyM BiAHOBICHHS JEpeBHUX TMOpiA. 3aJeXHO BiA CKiIamy i
YHCETHHOCTI POCIHH Y TpaB’ THO-4arapHUYKOBOMY SIpyCi BiIOYBA€ThCS B Til UM 1HIIIH Mipi
3HIKCHHS YHUCENBHOCTI CXOMAiB 1 ApPIOHOTO MiAPOCTY BCIX BHAIB JEpeBHUX MOpin i
MOTIPINYIOTHCS OKA3HUKH IX POCTY.

BimHOBICHHS COCHHM TMiJi TMOKPUBOM COCHOBHX JICIB BiJPI3HSETHCS ICBHUMHU
ocobmuBocTsimMu. 3a manumu P. 3. XarmymiHa Tta iH. (Khatmullin et al.,, 2009)
3a0e3Me4eHICTh COCHOBHM IIJIPOCTOM 3MEHIIYETHCS 3a THUIIAMH COCHOBHUX JIICIB TaKUM
YHUHOM: COCHSIKHU 3eJ1eHOMOX0BI — 43,0 % > cocHsku 31akoBi — 10,6 % > COCHSIKH SITJIMLIEBI —
8,6 % > cocHsIKHM YarapHUKOBi — 4,6 % > COCHSKH IINPOKOTPaBHO-pi3HOTpaBHI — 1,5 %, mo
SCKpaBO BioOpaka€ HETATHBHY Mif0 OUTBIII PO3SBHHEHOTO i 30araueHoro BHIAMH TpPaB'sHO-
YarapHMYKOBOT'O SIPyCy Ha ITOHOBJIIOBAIBHUI IPOIIEC COCHH. AHAIOTIYHO i Ha BUPYOKax,
3a JAaHWMU IIUX aBTOPIB, PICT COCHHU Ay’>K€ IPUTHITYETHCS TPAB'SHUCTUMHU POCITHHAMHU.

BB KMBOTO HAAIPYHTOBOTO IOKPHBY Ha MIAPICT NEPEBHUX MOPIA 3PEIITOO
BU3HAYAETHCS CIEHU(IKOI0 €KOJIOro-IEeHOTHYHOI CHTyalii Ha IUIomax BiJHOBJICHHA Ta
BUJIOBHMH €KOJIOTO-(ITOLEHOTHYHUMH BJIACTHBOCTSIMH ITiIPOCTY MEBHOT IEPEBHOT TIOPOJIH.
Hetanbho 1110 mpobiemy nocmimkysana B. I'. Cxisip (Sklyar, 2012), sika moBena, mo s
Acer platanoides IeHOTUYHOMY ONITUMYMY BiJIOBIIAIOTh MiCIIE3POCTAHHSIM 3 OCJIa0JICHOIO
IHTEHCHMBHICTIO KOHKYPEHTHHX CTOCYHKIB B JKMBOMY HaJIIpDYHTOBOMY IOKpHBi, n€
TpaB'sSTHUH SIpyC PO3PiIKEHUH, a MPOEKTUBHE MOKPHUTTS He nepesuirye 50 %. HeoOxinHoro
YMOBOIO € BiICYTHICTh a0O HasiBHICTh 3 HE3HAYHOIO ITUTOMOIO Barol0 B HIDKHBOMY SIpycCi
JMCy pOCIMH 3 BHUCOKOI KOHKYPEHTHOIO TIOTYXHICTIO (Aegopodium podagraria,
Convallaria majalis) 1 1OMiHyBaHHSM TOJIEpaHTHHX a00 peakTWBHHX BUAIB. HaiiOimbi
CIPUATINBI IS IOSBH 1 PO3BUTKY IPiOHOTO WiApOCTY A. platanoides MiKpOyrpyIyBaHHS 3
HEBEJINKOIO KUIBKICTIO Viola mirabilis L., Galium odoratum (L.) Scop. Y Quercus robur
[EHOTHYHOMY  ONTHMyMy  peaji3aiii TpUPOJHOTO  BiIHOBICHHA  BiIMOBINAIOTH
MICIIEe3pOCTaHHs, y TpaB'STHOMY SIpyCi SKHX IOMIHYIOTH 3elieHi Moxu i/abo Convallaria
majalis, Fragaria vesca, BiACYTHI 3JIakd, a 3arajJibH¢ IMPOCKTHE TIOKPHUTTS KHBOIO
HaJIPYHTOBOTO MOKPUBY He mepeBuirye 60 %.

3a nanumu H. I1. Hlanerunoi (Shangina, 2011), Haii0inblia KiMbKICTh dKUTTE3IATHOTO
Hi3POCTY SUTMHU PEECTPYETHCS B TPaB'ssHO-4arapHUYKOBOMY SIPYCi TPH IE€PEBaXHOMY
3pocrtanHi yoprulli (Vaccinium myrtillus) 1 xucnvii 3Bu4aitHoi (Oxalis acetosella L.), a B
MOXOBO-JIUIIAHHUKOBOMY — TTiliyMa rpebindacroro (Ptilium crista-castrensis Hedw.) i
pitimianensdyca Tpurpannoro (Rhytidiadelphus triquetrus Hedw.).

[pu upomy crig 6a3yBartucs Ha oOrpyHTOBaHOMY A. I1. TpaBieesum i H. A. Bimosoro
(Travleyev, Belova, 2008) mnoioXeHHI PO pPETiIOHANBHICTH Yy BHpIMIEHHI mpobiem
JIICO3HABCTBA, 3 SIKOTO BHMXOIWTH, IO OIKCAHI BHIIE 3aKOHOMIPHOCTI BJIACTHBI JIICOBHM
€KOCHCTEMaM IIBHIYHOTO CX0y YKpaiHH i € iX creudiyHor 0co0NUBICTIO.

BUCHOBKU

TakuMm 9UHOM, JIICOBI TpaBW 1 YarapHWYKH — BAXKIMBUN YMHHHK IS BiTHOBJICHHS
BCIX BUJIB JCPEBHUX MOPiJ. ['0JOBHUMH CKOJOTIUHUMHE TPOOIeMaMu PeKpeaIliitHuX 30H 3
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MOTJIAYy MOKJIMBOCTEH MPUPOTHOTO BiTHOBIICHHS JICPEBHUX MOPI € HACTIAKA MEXaHITHUX
niit Ha rpydr. Ilepmmm y pekpeauiiiHux Jicax 3a3Hae TpaHchopmarii Tpas'sHO-
YarapHUYKOBHH SIPYC, AKUH € YyTIMBHM I1HIMKATOPOM 3O0UIBIIEHHS aHTPOIOTCHHOTO
HaBaHTakeHHs. I1ig HOro BIUIMBOM 3MIHIOETHCS Ta 301JHIOCTHCS WOr0 BHMIOBHMM CKIIAJ,
3MEHIIYETHCS TIOIIUPEHHST OKPEeMHX BHJIB, iX (iromMaca 1 NPOEKTHBHE IOKPUTTA. 3
MOKPHBY 3HUKA€E Oararto JIiCOBUX BUIB, 1 3'BIAIOTHCS Oyp’sIHU.

[Ipobiema 0XOpOHM JIICIB SK IUIICHAX €KOCHUCTEM € TOCTPOI0 YHPOJOBXK ychoro XX
CTOJIITTS 1 HE BTpaTwiia CBOTO 3HaueHHs 1 B Haml 4yac. OCHOBHI HampsMH ii BHpIIICHHS
TMIOB's13aH1 3 PO3BUTKOM €KOJIOTIYHOT Mepexki YKpaiHu 1 MpaBUIIBHUM BHKOPHUCTAHHSIM YCiX

BUJIIB JTICOBHX PECYPCIB.
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FIRST FINDS OF ACALYPHA AUSTRALIS L. AND EUPHORBIA MACULATA L.
(EUPHORBIACEAE) IN DNIPROPETROVSK REGION

Abstract. A flora is a very plastic component of biovariety, especially on the urbanized
territories with active development of transport, trade and different communications. From literary
data on territory of Ukraine only from North America for the last 25 years about 30 new species that
appeared quarantine plants got with various loads. In the flora of the Dnipropetrovsk area it is counted
no less than 75 adentitious species, 102 species are cultivated and have a tendency to naturalization.
In connection with the high level of urbanization the amount of adentitious and synanthropic species
in a region increases constantly. Appearance of new species on any territory claims attention of
researchers, in fact they can appear in a prospect dangerous for agricultural lands and natural
ecosystems by reason of high competitiveness in the conditions of absence of natural wreckers.

A base method for the study of regional flora is taking the inventory of species, it meens
making lists of plants as a result of rout geobotanical researches. For determination of new species we
used "Flora of the USSR" (1949), consultations were conducted with the known florists. Family
Euphorbiaceae Juss. according to a determinant "Opredelitel... " (1987) is presented in our country by
6 genuses and 62 species. By us it is first found on territory of the Dnipropetrovsk area two
representatives of Euphorbiaceae — Acalypha australis L. and Euphorbia maculata L. Both species
are educed within the limits of Bagleyskiy district of Dniprodzerzhynsk.

Acalypha australis is an one-year plant with a thin root and direct ramified ribbed stem, a kind is
widespread in Manchuria, Korea, north China, Japan, America, in the former USSR — on Caucasus and
Far East. His characteristic habitats are sands on the banks of the rivers, the clay are washed off slopes,
near-by building, on trashes, in sowing. In the determinants of Ukraine Acalypha australis is absent,
however on literary information first found in 1981 in Crimea, later in Odesa and near-by Luhansk.

The population of Acalypha australis is educed on Dnipropetrovsk region to be under a
supervision from 2006. First Acalypha australis was found here on a flower-garden in a private sector,
where, probably, was brought with the seed of decorative plants. The quantity of individuals did not
exceed two ten that grew on an area approximately one meter square. For 9 the area of population
considerably increased and now presents no less than 200 M2, Shoots of Acalypha australis appears at the
end of May, flowering takes place in July—August, fruiting — in August-September.
A plant is weeded as ordinary weed, however it spreads successfully. To our opinion, it is related to the
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unpretentiousness of new kind to the terms of fertility and moisture of soil and high enough fruitfulness —
from literary data to 100 seed from one individual. The representatives of the educed population grow on
flower-gardens, along a fence and building, on beds among parsley, dill, strawberry, under a vine, in a
hothouse with cucumbers. The domestic breeds of birds (chickens, geese) this kind do not eat.

Euphorbia maculata is one-year old plant in a 10-20 cm high, with hard hairsprings. A kind
takes place from North America, it as skidding is widespread in Europe, in the former USSR — in
Western Transcaucasia and on Far East. His characteristic habitats are sands on the coasts of seas,
embankments along roads. On territory of Ukraine Euphorbia maculata in determinants is absent,
however on literary information led for Lviv and Crimea.

The population of Euphorbia maculata on Dnipropetrovsk region was educed by us in 2010
near-by a recreation centre "Himik" (Dniprodzerzhynsk). A kind prevails on a wide sidewalk ground
before a centre, sprouting on the small areas of soil between concrete flags on an area about 3000 m”.
In a vegetable cover except Euphorbia maculata we discovered Polygonum aviculare L., Portulaca
oleracea L., Eragrostis minor Host. On information of workers of recreation centre "Himik",
Euphorbia maculata grows here already no less than 6, thus these plants weed every summer.
Existing in such terms, a kind appears very proof to trampling down and unpretentious to the food
value and humidity of soil. Morphologically it is near to Polygonum aviculare and Portulaca
oleracea, from the last it easily differs by the presence of milk juice in all parts of plant. On flower-
gardens and lawns that abut upon a sidewalk ground, Euphorbia maculata is not educed.

The standards of herbarium of the registered new species are kept in the Scientific herbarium of
the Dnipropetrovsk national university of the name Oles Gonchar (DSU). With the purpose of
prognostication of adaptation possibilities and speed of distribution on Dnipropetrovsk Oblast of
Acalypha australis and Euphorbia maculata we deem it wise to undertake scalene studies of the
educed populations, in particular population structure, varying of morphological indexes, germination
of seed, allelopathic activity in the conditions of steppe Pridneprove.

Keywords: Acalipha australis, Euphorbia maculate, Euphorbiaceae, adventitious species,
population, flora of Ukraine.
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NEPBbLIE HAXOOKU ACALYPHA AUSTRALIS L. U EUPHORBIA MACULATA L.
(EUPHORBIACEAE) HA OHENPOMNETPOBLUVHE

AnHoTanmsi. Brepeeie Ha Tepputopuu J{HempomeTpoBcKoil obmacTu Hainensl Acalypha
australis L. v Euphorbia maculata L. (Euphorbiaceae Juss.). ['epbapHbie 00pasiibl 3aperiucTpupo-
BaHHBIX HOBBIX BMIOB XpaHaArcs B HayuHoMm repOapuu JIHENIpoNeTpOBCKOrO HAIMOHAIBHOIO
yHuBepcutera umeHu Omnecs [onuapa (DSU). C unenbio NpOTHO3MPOBAHMS —aIanTalllOHHBIX
BO3MOXXHOCTEHl M CKOPOCTH pacmupocTpaneHuss Ha JlHenmpomeTpoBumHe Acalypha australis u
Euphorbia maculata cuutaeM 1eecOO0pa3HBIM TPOBECTH PA3HOCTOPOHHHE HCCIEIOBAHUS
BBISIBJICHHBIX MO JISILIHH.

Knroueevie cnoea: Acalipha australis, Euphorbia maculate, Euphorbiaceae, aosenmuenvie
6UObL, nonyasyus, Gpropa Yrkpaunul.
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Jninponemposcoruil nayionanvruti ynigepcumem im. O. Ionuapa,
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NEPLUI 3HAXIOKU ACALYPHA AUSTRALIS L. TA EUPHORBIA MACULATA L.
(EUPHORBIACEAE) HA AHINPOMETPOBLLUUHI

Amnortaris. Yrepme Ha Teputopii JJHinponeTpoBckkoi obnacti 3HaineHi Acalypha australis L. i
Euphorbia maculata L. (Euphorbiaceae Juss.). I'epbapni 3pa3ku 3apeecTpoBaHHX HOBHX BHIIB
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36epiratoteess B HaykoBomy repOapii [IHIOpONETPOBCHKOrO HAI[IOHAIBHOTO YHIBEpPCHUTETY iMeHi
Onecs Tonwaps (DSU). 3 MeTor0 NPOTHO3yBaHHS aJalTallifHUX MOXJIMBOCTEH 1 MIBHUAKOCTI
nowmupenns Ha JuinponerpoBuiuni Acalypha australis i Euphorbia maculata BBaxxaemo 3a JOIIIbHE
MIPOBECTH Pi3HOOIYHI JOCHTIIKEHHS BUSABICHUX MOy JISIIIH.

Knrwuoei cnoea: Acalipha australis, Euphorbia maculate, Euphorbiaceae, adeéenmueni euou,
nonynayis, gnopa Yrpainu.

BCTYN

Sx Bigomo, (iopa € myke TIaCTHIYHAM KOMIIOHEHTOM 010pi3HOMaHITTS, 0COOJIMBO Ha
ypOaHi30BaHMX TEPUTOPISIX 3 aKTUBHUM PO3BUTKOM TPAHCIOPTY, TOPTIBII Ta pPI3HUX
KOMYHIKaliili. 3a miTepaTypHUMH TaHWMH Ha TepuUTOpilo Ykpainu Tineku 3 IliBHIYHOI
AMeprKH 3a OCTaHHI 25 pOKiB 3 pPI3HOMaHITHAMH BaHTaXXaMH IOTPANIIN OIN3BKO
30 HOBHX BUJIB, sSIKi BUSIBIJIMCh KapaHTUHHUMH pociuHamu. OKpiM HHUX OyJiM 3aHeceHi
OaraTo BHUIIB, 110 He € kKapanTuHHUME (Biologichni osoblivosti..., 2004).

3a Bimomoctsimu TapacoBa B. B. (Tarasov, 2005) y ¢unopi JAHinporneTpoBCHKOi
o0JacTi HapaxoBY€eThCs 75 aJIBEHTUBHHUX BHIIB, 0 cTaHOBUTH 4,4 % Bij ycix pociun. 1lle
102 Bugm (6,0 %) KyJBTHBYIOTHCS Ta MalOTh TEHJCHLIIO O HaTypamizamii. Y 3B’S3Ky 3
BUCOKMM piBHEM ypOaHi3alii KUIbKICTh aJBEHTHBHHUX Ta CHHAHTPOITHMX BHMIB y PETiOHI
mocTiftHO 30imbiryeTbes. [losiBa HOBHX BHIIB Ha Oyab-sKiii TepuTopii moTpedye yBaru
JOCTIHUKIB, a/pKe BOHH MOXYTh BHSIBUTUCH Yy TIEPCIICKTHUBI HEOE3NMEYHUMHU IS
CUIBCBKOTOCTIOJIAPCHKUX ~ YTifb  Ta  NPUPOJHUX  CKOCHCTEM  Yepe3  BHCOKY
KOHKYPEHTOCTIPOMO>KHICTh BHACIIIZIOK BiICYTHOCTI MIPHPOJHUX IIKiJHHUKIB.

MATEPIAN | METOOW OOCHIAXEHb

Ba3oBuM MeToIOM 1UIs1 BUBYEHHS PETiOHATIBHOI (IIOPH € iHBEHTapH3allis BUAIB, TOOTO
CKJIAIaHHS CITMCKiB POCIMH B PE3yJIbTaTi MapUIIPyTHUX Te00O0TaHIYHUX JOCIHIIKEHb
61000’exTiB 1 iXHS BceOiuHa xapakrepuctuka (Tarasov, 2005). [lns Bu3HAueHHS HOBUX
BuziB  BukopucroByBamu «®Pmopy CCCP» (Flora SSSR..., 1949), mnpoonuiuchk
KOHCYJbTAllli 3  BigOMHMH  QuopuctamMu  JIHIIPONETPOBUIMHU  —  JIOLEHTOM
B. B. TapacoBum Ta mpoBimHuM HaykoBuM cmiBpobitHukom HJI Gionorii JIHY imeni
Onecs 'onuapa b. O. bapanoBcbkuM.

Pomuna Mououwaiini  (Euphorbiaceae Juss.) 3rimHo «Omnpenenurens BbICHIAX
pactrenuit Ykpauns (Opredelitel ..., 1987) npencrasiena y Hamii kpaini 6 pomamu 1a 62
Bumamu. s pnopructranoro crucky JHIMPONETPOBIIMHE HABEAECHO 2 poau — Ricinus Ta
Euphorbia, nepmnii 3 SIKNX TpeACTaBICHUI OXHUM KyJIbTYPHAM BHIIOM, APYTHIA HApaXOBY€
18 BumiB. Cepex octanHix 13 Bimomi sk Oyp’sHH, a OIUH BHI — Mojo4ail 3youactuii (E.
dentata Michx.) — e anBeHTuBHUM (10X01uTh 3 [liBHIYHOT AMepukH) Ta BuzHanuii B. B.
TapacoBuM SIK TOTEHIIHO 3arpO3NUBUI KapaHTUHHHN Oyp’sH 1711 YKpaiHu.

PE3YNbTATU TA IX OBIrOBOPEHHH

Hamu Bnepmie 3naiiieHo Ha Tepuropil JIHimpornerpoBchbkoi o007acTi e JBOX
MpeaCTaBHUKIB Mosnouaiinux — akamidy mniaeuny (Acalypha australis 1.) ta monouait
wismMuctuid (Euphorbia maculata L.). O0unBa Buau BUsIBIIEHI B Mexax barmiiicekoro
paiiony M. [IHIPOI3EPKUHCHKA.

Axancdia miBaenHa (puc. 1) — ogHOpiUYHA POCIMHA 3 TOHKAM KOPEHEM Ta HPSMHUM
pO3raly’)keHUM pEOpUCTUM CTEOJIOM, BKPUTHM 3QJI03MCTHMH TPUTUCHYTUMH JOTOPH
BOJIOCKaMH, BHCOTOI0 6—50 cM. JIMCTKM JaHIETHI, Ha YepemKax NOBXKHHOI 1-4.5 cwm,
3aroCTpeHi, 3 KIMHOBHIHOI OCHOBOK. CyIBITTS — XapakTepHi i1 MomodaitHuX
rureiioxasii, OTOYeHI JIHKONMOAIOHUME MPHUKBITHUKAMH 3 JKWIKYBAaHHSIM y BHTIIAII Bisiia.
CynBiTTa wacrime ma3ymiHi, Ha KBITKOHOcax 3aBHOBXKKH 0,5—6 cMm, piame BepxXiBKOBi
KoJioconoiOHi. THYMHKOBI CYIBITTS BHAOBXKEHI, TOHKI, JOBKHHOIO 1-3 CM, 32 THIIOBUM
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OTIMCOM MaloTh OyTH SICKpaBO YEPBOHHMMH, NMPOTE y MicLeBOi momyAawii — cBitii. [Inoan
perMu }OpPCTKO-BOJIOCUCTI, HACIHUHHM Si1IeNOAI0H], T8 JeHbKI.

o ; '~ R Ay B o PR
Puc. 1. Bereryrwui ocoounu akaiidpu niBaennoi (Acalypha australis) B310B:x napkana
y NPpUBATHOMY ceKTopi (M. IHinpoa3ep:kuHCHK, BYJI. Ypo:kaiina, cepnens 2007 poky)

Bua nommpennit y Manpwkypii, Kopei, niBaiunomy Kurai, Snonii, Amepuri, y
kosminHboMy CPCP — na Kagkasi i [lanekomy Cxoni. Tunosi Micue3pocTaHHs — HICKH I10
Oeperax pidoK, TJIMHUCTI 3MUTI CXHJIH, oOIM3y OyniBenb, Ha CMiTHHKax, B nociBax (Flora
SSSR..., 1949). V sBusnaunukax Ykpaiuu Acalypha australis BiAcyTHs, TpoTe 3a
JITEpaTypHUMH BifloMocTsIMH Briepiie 3HaizeHa y 1981 poui y Kpumy (Tsvelev, 1983),
mizHime B Opeci (Biologichni osoblivosti..., 2004) ta Ha Jlyranmmai (Ostapko, Boyko,
Mosyakin, 2010) (puc. 2).
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Puc. 2. Micue3naxomkenns akaxidu miBaenHoi (cipi kBaaparn)
Ta M0JI0OYAI0 IUISIMUCTOro (MOpHi KBaapaTH) B YKpaini
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3a BUSIBJICHOO Ha JIHIMPONIETPOBIIMHI MOIYJIILIEI0 BEAYThCs crioctepexxeHHs 3 2006 poky.
Brepie akamida miaeHHa Oyna 3HaliieHa TYT Ha KBITHHKY B NPHUBATHOMY CEKTOpi, KYIIH,
IMOBIpHO, Oyna 3aHeceHa 3 HAaCiHHSAM JCKOPaTHMBHUX pPOCIHMH. UHCENbHICTH OCOOMH He
TMIePEeBUIIyBaIa JIBOX JECATKIB, SIKi 3pOCTAM HA IUION[ OJNM3bKO OJHOTO METpa KBaJIpaTHOrO.
3a 8 POKIB IUIOMIA MOy 3HAYHO 30UTBIIMIACK | 3apa3 CTAHOBHTH He MeHie 200 M°. Cxomm
akamipu 3’SABNSAIOTHCS HANPHKIHII ~ TPaBHs, IBITIHHA BiOOyBaeTbCs B JIMIHI—CEPITHI,
TUTOIOHOIIICHHS — Y CepITHI—BepecHi. POCIIHY BHIIOOIOTE SIK 3BUYANHUIA Oyp’sH, IPOTE BOHA
YCIIIIHO MOMIMPIOETHCS. Ha Hatiry gyMmKy, 11e 1oB’s13aH0 3 HeBUOATIMBICTIO HOBOTO BHTY /10 YMOB
POJIIOYOCTI ¥ 3BOJIOKEHOCTI IPYHTY Ta JOCHTh BUCOKOFO ILTITHICTIO — 32 JITEPaTypPHIUMH JTAHIMHU
1o 100 HacinwH 3 oxHieT ocoOmHw. [IpeacTaBHNKA BUSBICHOT OIS 3pOCTAOTh Ha KBITHHUKAX,
B3/IOBXX TIApKaHy Ta Oy[iiBeib, Ha IPAAKAX cepenl NEeTPYIIKH, KPOITy, CYHHIIb, il BUHOTPaOM, B
Terumi 3 oripkaMu. CBiHCBKUME IIOPOJAMH NITaxXiB (KypH, TYCH) HE MOIIaeThCs.

Mornouait nismucTuii (puc. 3) — ogHopivHa pociuHa 3aBBuiiku 10-20 cM, Kyp4aBo-
JKOPCKOBOJIOCUCTA, 3 TPYyOMMH IIETHMHHCTHMH BoJockamu. CTebJo ClaHKe, CHIBHO
riutsscte. JIMCTKU 3 KOPOTKMMHU Yepelkamu, silenoqioHi ado JiHiiHO-J0BracTi, 3Bepxy
roJIi, ThMSIHO-3€JICHI, 3rOJI0M YEPBOHIIOYI, MMOCEPEIUHI 3 OYPOIO IUIIMOI0, 3HU3Y ITYXHACTI.
KBiTkM B pO3BMJIKaX Haue Ma3yIlHi, 4acTO 30JMKEHI B KOPOTKI TYCTI CYLBITTS y BHIJISII
HECIIPAaBKHbOI KHTHIII, KEJNUIIOK J3BOHHMKONONIOHME, Bosocuctuit. [lming Tpuropimok
He3pUIMH MOHMKINH, y 3pinoMy ctaHi 3aBnoBxku 1,2 (1,6) MM, 3aBmmpmku 1,5 M,
3eJIeHHH, [emo 4YepBOHIIOYMH, NPUTHCHYTO-BoJocucThi. Hacinmna siinenoniOna,
YOTHPHUTPAHHA, 3aBJOBXKH 0113bK0 0,8 MM.

: : 4 : I e N ’
Puc. 3. Bereryroui ocodnnu mosio4aio niassmuctoro (Euphorbia maculata) nomizk 6e TOHHUX TUTHT
Ha TpoTyapi (M. [IHIpoa3ep:KNHCHK, ByJ1. YpalbcbKa, cepreHb 2014 poky)

Buna noxoants 3 [liBHIYHOT AMEpHKH, SIK 3aHOCHHI Tolnupennii B [TpuarianTuynini
€spori, y konuinabomy CPCP — y 3axinHomy 3akaBka33i ta Ha J{anekomy Cxoni. Tunosi
MicLIe3pOCTaHHs — MICKH B3J0BXk OeperiB mMopiB, Hacunu B3noBxk jopir (Flora SSSR...,
1949). Ha rtepuropii Ykpainu Euphorbia maculata y Bu3HauHHMKax BiJICyTHi#, mpore 3a
JiTepaTypHUMH BimomocTsMu HaBoauThes st JIeBoBa (Flora Vostochnoy Evropyi, 1996)
ta Kpumy (Ena, 2012) (aus. puc. 1).

[omyssiist Monodaro rsiMucToro Ha JlHinporierpoBiyHi BusiBieHa Hamu y 2010 pori
noom3y ITK «Ximix» (M. [HinpomsepxuHceK). Bung  1oMiHye Ha DIMPOKOMY TPOTyapHOMY
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MalIaHINKy TIepel MajaroM, 3pOCTalodr Ha HEBEIMYKUX MUITHKAX IPYHTY IMOMDK OCTOHHHX
T Ha ot 6m3eko 3000 M. OKpiM MOJNOYAI0 IUISMECTOTO y TPaBOCTOI TPAIUIIOTHCS
criopuil 3BuyaiiHuil (Polygonum aviculare 1.), noptynak ropoaniii (Portulaca oleracea L.),
rycsiTHUK Manui (Eragrostis minor Host). 3a Binomoctsimu npauiBHukiB [1IK «Ximik», Monoyaii
IUSIMUCTHI 3pOCTaE TYT BXKE HE MEHIIE 6 POKIB, NPUUOMY KOXKHOTO JIiTa ITPOBOJMTHCS
BUIOJIOBAHHS POCIMH. ICHYIOUM B TAaKMX yMOBaxX, BHJ BHSBISETbCS [IyKE CTIMKUM JI0
BUTONTYBaHHS Ta HEBUOAIJIMBMM JO0 MOXWBHOCTI M BOJIOrOCTi IpyHTY. Mop@dooriuto BiH €
ONMM3BKMM IO CIOPUILY 3BHYAMHOTO Ta MOPTYJIAaKy TOPOXHBOTO, BiJl OCTaHHIX JIErKOo
BIJIPI3HAETHCS HASBHICTIO MOJIOYHOTO COKY B YCIX YacTWHAX pocinHH. Ha KBiTHHKaX i ra3oHax,
10 MEXYIOTb 3 TPOTYapHUM MalnaHaukoM, Euphorbia maculata He BUSIBICHHH.

Momnoyaif IIMHUCTHH BimoMuil sk Oyp’sH maHAmadTiB, PO3ILIIIHUKIB, Ta30HIB Ta
JEsSKUX arpOHOMIYHMX KyJbTyp. 3pOCTae MEpPeBaXHO Ha CYIJIMHHCTUX HEWTpPaNbHUX Ta
CTa0KO-Ty)KHUX CYXHX IPyHTaxX CepegHbO 30aradyeHnx Ha MiHEpaJbHI PEYOBHHH, HE
BuTpuMye 3acosieHHsi (Galera, Sudnik-Wdjcikowska, 2010). Uepe3 BMicT y MonouHOMY
COKY IUTEpIIeHOBHX e(ipiB yci 4aCTMHH POCIMHH € OTPYHHHUMH, NPU MOTPAIUISHHI B
CepellMHy OpraHi3My JIIOJMHHU 1 TBapUH MOXXYTh BHKIIMKATH HYAOTY, OJIIOBaHHS, Jliapero.
ToMmy BHJ HEe BUKOPHCTOBYIOTH SIK KOPMOBHH, HE NMpPUAATHUH BiH 1 ais kommocty. [lpu
BIUIMBOBI MOJIOYHOT'O COKY POCJIMHH Ha IIKIpY Ta CIIM30Bi O0OJIOHKH BUHUKAIOTh THMYacOBi
asepriuni peakuii (plants.ces.ncsu.edu). PocimHa 31aBHa BUKOPUCTOBYETHCS y HapOIHIN
MeauIuHI K mociabmrorounit 3acid (Zollickoffer, 1842.). ¥ HaykoBiii miteparypi €
BIiJOMOCTI IPO JOCHI/DKEHHS XIMIiYHOTO CKiaxy Mosiodaro twismuctoro (Elmore, Paul,
1983; Matsunaga, Tanaka, Akagi, 1988, Tannins and related polyphenols..., 1991; Runhui,
Lingyi, 2001), diziomoriuanx ocodmusocteii (Development of the Kranz structure..., 2000)
Ta anenonaruuHoi aktuBHOCTI BuAy (Allelopathic Effects ..., 2009). CyuacHi pociigHuKu
TaKOX BUBHAIOTH Euphorbia maculata sk ceretanpHuil Oyp’siH Ta po3poOJIsIOTH XIMidHI
MeToau OopotsOu 3 HuM (Bararpour, Talbert, Frans, 1994; Allelopathic Effects ..., 2009;
Chemical control ..., 2010). € aymka, 1110 MOJIOYal IUIIMUCTHN OJUH 3 BUJIB, MONIUPECHHIO
SKuX B €BpOIIi cripusie NisIbHICTH OoTaHiuHuX cafiB (Galera, Sudnik-Woéjcikowska, 2010).
Jo peudi, mopy4 3 BHSBJICHOIO HaMH IIOIYJISILIIEI0 MOJIOYAIO IUIIMHUCTOTO PO3TAIIOBAHUM
«Pozapiit BAT «/IninpoA3oT», sikuii GpyHKIiIOHYye MO1iOHO 10 OOTaHIYHUX CaliB.

BUCHOBKU

I'epbapHi 3pa3ku 3apeecTpoBaHMX HOBHX BUIB 30epiratotecs y HaykoBomy repOapii
JHinporeTpoBchKOro HalioHaIbHOTO yHiBepcuTeTy iMeHi Onecst ['onuapa (DSU). 3 meroro
NPOTHO3YBaHHA  aJanTalliiHUX  MOXJIMBOCTEH Ta  IIBWJAKOCTI  NOMIMPEHHS Ha
JuinporeTpoBmyHI akaniu MBASHHOI Ta MOJOYAI0 IUIIMHACTOTO BBaYXKAEMO NOLIIHHUM
MPOBECTH PI3HOOIYHI TOCTI/KCHHS BHSBICHHUX MOIMYIAiN, 30KpeMa NOMyJSAIiiHHOT
CTPYKTYpH, BapifoBaHHA 0i0J0T0-MOP(OIOTIYHUX TOKA3HUKIB, CXOXOCTi HAaciHHS,
QJIeNIONIATHYHOI aKTUBHOCTI B YMOBaX CTernoBoro IIpuaHinpos’s.
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MULTIVARIATE COMPARISON OF TROPHIC NETWORKS
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Abstract. This article compares 13 network properties of food webs of 31 Ukrainian grasslands. The
properties are: network size V, trophic link number L, trophic classes Cl, system connectance C, link
density LD, total system throughflow 7ST, network cycling FCI, ascendency AS, developmental capacity DC,
indirect effects dominance IE, system aggradation A, system synergism SZ, and mutualism MI. Our results
show these properties are highly correlated and can be aggregated into the three latent factors. The first
factor includes N, TST, AS, DC, SI, L, and LD, where network size N appears to be a central defining
variable. The second latent factor includes FCI, AI, and Cl, and is driven by indirect effects dominance /E.
The third factor includes mutualism MI and connectance C, the last being the driving variable. Network
Synergism S7 is negatively correlated with the other network properties, while all others are positively
intercorrelated. Network connectance appears to be a scale invariant property, while link density is highly
sensitive to network size. Our data also show that network mutualism MI is more tied to the network
complexity than simply to system scale or number of feeding links.
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€KOJIOTIYHHX Mepex, a came TpodiuHi Mepexki, 6ioreoxiMidHi KOI006iru, MyTyaTiCTHIHI MEpexi Ta
Mepexi B3aeMo3B’s13KiB rocrozaap — napa3ut. KinbKicHi Ta sSKIiCHI iHIEKCH eKOJIOTTYHOTO MEPEKEBOro
aHAI3y € eMEep/KEHTHUMHU MOKa3HHKaMH EKOCHCTeMH, SKi BHHMKAIOTh BHACTIJOK HPSIMHX Ta
OTIOCEPEIKOBAHNX 3B’S3KIB MK OiOTHUHMMHK (OpraHi3aMamMu) Ta aOlOTHYHHMH (TPYHT, AETPHUT)
KOMIIOHEHTaMH ekocucteMr. OJHAK psiJi HAyKOBIIB JOBOJTH, IO JESIKI eMEpKEHTHI MOKa3HUKU
€KOCHCTEMH KOPEIIOIOTh Ta MalOTh CXOXY CTPYKTYpy Ta AWHaMIKy. DBiibIIicTs mOCHiIKeHb
EMEpKCHTHHUX BIIACTUBOCTEH €KOCHCTEMH BU3HAIOTH HEOOXIMHICTH B mopiBHsAHHI ENA iHIeKciB Ha
OCHOBI EMHIIpHYHUX MAHHUX VIS PO3YyMIiHHS iX NOBENIHKHM Ta SKICHOTO BKJAIy B XapeKTEPHCTHKY
CTPYKTYpPHO-(PYHKI[IOHATBHOT OpraHizailii ekocucteMu. MeTor poOoTH OyJio MOPIBHSIHHS JTUHAMIKA
Ta TMOBEHIHKM 13 eMepKEHTHHX IOKa3HHKIB, BHUKOPHUCTOBYIOYHM TpPO(DI4HI Mepexi eKOoCHCTeM
Jy4HOTO THITy, a came: po3Mip Mepexi IV, KUIbKicTh Tpodiunux 3B’s13kiB L, Tpodiunux kinacis CI,
ckIagHicTs Tpodiunoi Mepexki C, IMITbHICTD TpodiuHuX 3B’ 13KiB LD, 3aransauii notik eHeprii 787,
kooobir FCI, ctymiap po3BUTKY TpodiuHoi Mepexi AS, emHicTh TpodiuHOoi Mepexi DC,
JIOMiHyBaHHS HEeNpsIMUX 3B’s3KiB y cuctemi JE, cepenHs JOBXHUHA IOTOKIB y cucteMi AI, cTyminb
cuneprismy SI ta Myrtyamismy MI. BigmosigHo no MetH moOynoBaHO TpodiuHi Mepexi st
31 nyunux exocucteM YepHiBenbkoi 00JacTi Ta OI[IHEHO €MEpIPKSHTHI IOKAa3HHKH JUIsi KOXKHOI
TpodivHoi Mepexi. BusHaueHo cuity i HanpsiM momapHHX B3aeMo3B's3kiB MK ENA inpexcamu Ta
BCTaHOBJICHO iX MOBEIiHKY BiJHOCHO OAMH 10 oxHoro. IlopiBuiorouu 31 TpodiuHy Mepexy Ta
BHUKOPUCTOBYIOUYH OaratoakTOpHUII MOPIBHUIBHUI aHalli3, BUIICHO 1HAEKCH, SIKi MalOTh MOJiOHY
IUHAMIKy Ta ITOBEIIHKY.

PesynbTaTi HOKa3yIOTh, 10 JOCIIKYBaHI MOKa3HUKH MalOTh BUCOKY CTAaTUCTHYHO JOCTOBIpHY
KOPEJISIIIO 1 CKIIAJIAIOTh TPYITY 3 TPhOX JIaTeHTHUX (hakTopis. [lepmmit pakTop Britouae N, TST, AS,
DC, SI, L ta LD, ne neHTpaIbHIM TIOKa3HUKOM € po3Mip Mepexi /V. Po3Mip Mepexi BUMIPIOETHCS K
KUJIbKICTh KOMITOHEHTIB B CKOCHCTEMi 1 Bifirpae ¢QyHIaMEHTaIbHE 3HAYCHHS B CTPYKTYPHO-
(yHKIIOHANBHIH OpraHi3anii Mepexi, OCKIIBKM KOMIOHEHTH EKOCHCTEMH Ta B3a€MO3B'SI3KH MiXK
HUMH BU3HAYAIOTh CTPYKTYpY Mepexi. 3 pe3yJbTaTiB JOCHiIKEeHb BUIHO, IO 3arallbHUM MOTIK
eneprii TST, cryninb po3BUTKY Tpodiunoi mepexi AS, emHicth Tpodiunoi mepexi DC, cTymiHb
cuneprizmy SI, kinpkicTs L Ta mingbHICTs LD TpohiuHMX 3B’A3KIB MalOTh OAHAKOBY HMOBEAIHKY IIO0
XapaKTePUCTUKH OpraHizallii Mepexi 1 3ajekaTb B OCHOBHOMY BiJl po3Mipy Tpo(didHOI Mepexi.
Jpyruii natentHuii aktop 6a3yeThCsl B OCHOBHOMY Ha IOKA3HUKY JOMiHyBaHHS Henpsimux 3B°s13kiB JE, a
TaKOX BKIIo4Yae Taki nokasHuku sk FCI, AI ta Cl. JlominyBaHHS HEHpsIMHUX 3B’SI3KIB 3pOCTa€ IIpH
30inbIIeHH] KO0NooOiry pedoBuHHM B TpodiuHiit mepexxi FCI. OpmHak pe3ynbTaTH CBig4aTh, LIO0
HEMpsiMi 3B’SI3KH BiAIrParOTh OCHOBHY pouib B nuHamirl noseninku FCI, AI ta Cl. Tperiit dakrop
Bkioyae MI ta C, ne cxiamHicth TpodiuyHOI Mepexi € NOMiHyloYnM Moka3HukoM. CuHeprizm
TpodiuHoi Mepexi ST HEeraTUBHO KOPENIOE 3 yciMa iHIIMMH MOKa3HUKaMH, B TOW Yac sK yci iHmi
MOKa3HUKU TTO3UTHBHO KOPEIO0Th 0AuH 3 oaHuM. CkiamHicTh Mepexi C BHUSBHBCS iHBapiaHTHUM
MMOKAa3HUKOM MIOZO 3MiH po3Mipy TpodiuHOI Mepexi, B TOH yac K MOKa3HUK IIUTBHOCTI TPOpIdHUX
3B’s3KkiB LD BUSBHB BUCOKY YYTJIMBICTH JI0 Bapialii B po3Mipi TpodiuHHX ciToK. Pe3ynpTaTi Hammx
JOCIII/DKEHb TAaKOX MIATBEPIUKYIOTh, IO MyTyanmisM Tpodidnoi mepexi MI € 3ajlexHUM HE BiX
po3Mipy Mepexi, a BiJf CKJIQIHOCTI 11 CTPYKTypH.

Knruosi cnosea: exonociunuii mepesicesuti ananis, mpogiuna mepeosica, 6a2amo@paxkmopHuil
AHANI3, IYUHA eKOCUCTEMA, CUCTNEMHI NOKAZHUKU MPOMIUHOT MepeiCi.
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MHOIMO®AKTOPHbIW CPABHUTENBbHbLIA AHANTU3 TPO®UYECKUX CETEN
nyroBbIX 9KOCUCTEM

AnHoTanmsi. BrimonneHo cpaBHenue 13 mokaszareneld Tpoguueckux ceredl 31 IJIyroBbIX
9KOCHCTEM YKpauHbl, a UMEHHO: pa3Mep ceTH /N, KOJIMYeCTBO TPopHIecKux cBszeil L, Tpopudecknx
kiaccoB Cl, cnoxHOCTh Tpoduueckoit cetit C, WIOTHOCTh Tpoduueckux cBsizeit LD, obuii MOTOK
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sneprun TST, kpyroopot FCI, crenenb pa3utus Tpoduueckoir cetd AS, eMKOCTh TpohHuecKkon
cetu DC, toMUHUpOBaHKE HENPAMBIX CBsi3el B cucteme IE, cpeiHss JJIMHA TIOTOKOB B cucteme Al
cteneHb cuHeprusma SI u mytyanusma MI. Pe3ynbraThl Mokas3aiy, YTO HCCIIEAyeMble MOKa3aTenu
UMEIOT BBICOKYIO CTaTHCTHYECKH IOCTOBEPHYIO KOPPEIAIMIO M COCTABIAIOT TPYNIy U3 Tpex
nmaTeHTHHIX (hakTopoB. [lepBrrit ¢akTop Brimrouaetr N, TST, AS, DC, SI, L u LD, tne ueHTpaIbHBIM
ToKasaTeneM siBsieTcs pasmep cetu N. Bropoidl nmareHTHEIH (akTop OasupyeTcss B OCHOBHOM Ha
roKasarelse JOMUHHMPOBAaHHME HEIPAMBIX CBsI3€ll, a Takke BKIIIOYAeT Takue nokasartenu kak IE, FCI,
Al u Cl. Tperunit ¢axrop Bkimouaer MI u C, rzue CIOXKHOCTh TPO(UUSCKOH CETH SIBISETCS
JOMHMHHPYIOIMM roka3aTteneM. CuHeprusMm Tpoduueckoii cetut SI KoppeslupyeT OTPHLATEIBHO CO
BCEMH I0KA3aTeNIIMH, B TO BPEMsI KaK BCE OCTaJIbHbIE MIOKA3aTEIH MOI0KUTENBHO KOPPENIUPYIOT APYyT
¢ napyrom. CrnoxHocTs cet C oOKa3alach MHBapHaHTHBIM II0OKa3aTeleM K H3MEHEHHUIO pa3Mepa
TpOPHUUECKOH CETH, B TO BpeMsS KakK IIOKa3aTelb IUIOTHOCTH Tpoduyeckux cBszell LD mokazan
BBICOKYIO UyBCTBHTENIBHOCTh K BapHAIlMU pPa3MepoB TPOPHIECKHX ceTed. Pe3ymbraTel Hammx
HCCIIEI0BAaHUN TaKoKe MOATBEPIKIAIOT, YTO MyTyalu3M Tpodudeckoit cetu M1 sSBIseTCs! 3aBUCHMBIM
HE OT pa3Mepa CeTH, a OT CI0XKHOCTHU €€ CTPYKTYPHI.

Knrouesvie cnosa skonozuueckuil cemesoil ananus, mpoQuuecKds cemvs, MHO2OPAKMOPHbLI
ananus, 1y206as dKOCUCHeMd, CucmemHble noKazamenu mpo@puuecKoi cemu.

INTRODUCTION

Ecological Network Analysis (ENA) is a growing multidisciplinary analytical tool
that makes it possible to study different types of ecological networks, such as food webs,
biogeochemical nutrient cycles, mutualistic networks and host-parasitoid webs. Systems
ecologists name three main advantages of ENA in the study of ecological systems.

First, ENA is a way of investigating ecological holism (Patten, 1978, 1981, 1982,
1985, Ulanowicz, 1980, 1983, 1986, 1997, 2004; Fath and Patten, 1999; Fath et al., 2007).
It considers organisms and their multiple interactions (links, flows) as a whole
interconnected system expressed by the network. Moreover, several ENA approaches
provide the possibility to study ecosystems as thermodynamically open to energy and
matter, for example, Network Environ Analysis (Patten, 1978, 1981, 1982, 1985) and
Ascendency Analysis (Ulanowicz, 1980, 1986, 1997). ENA is a core methodology of
Holoecology (Patten et al., 1976; Fath and Patten, 1999).

Second, ENA applications make it possible to study networks quantitatively by
evaluating a set the system-wide network properties (Fath et al., 2007; Fath and Patten,
1999). Several advanced quantitative approaches have arisen in order to perform ENA,
such as: Network Environ Analysis (Patten, 1978, 1981, 1982, 1985); Input-Output
Analysis (Hannon, 1973); Ascendency Analysis (Ulanowicz, 1980, 1986, 1997); and
Embodied Energy Analysis (Odum, 1983; Herendeen, 1981, 1989). Borrett’s (2013) review
of ENA literature indicates more than 15000 published scientific papers have addressed
assessment of network measures.

Finally, ENA measures represent system-level properties not evident from direct
empirical observations (Fath et al., 2007). These properties are hidden because the complex
structure and behavior of ecological systems are driven by a multiplicity of
invisible interactions among living organisms and non-living matter.

A number of authors have demonstrated that certain measures of systemic network
organization are related. Jorgensen (1994) showed high correlations between the system
goal functions exergy (Jorgensen (1992), emergy (Odum, 1988), ascendency (Ulanowicz,
1997), and indirect effects (Patten, 1984)) in a set of lake models. Patten (1995) showed
that these and also maximum power (Lotka, 1922) had a common basis in network structure
and dynamics. Fath at al. (2001) demonstrated mutual consistency of the following ten
system properties: maximum power (Lotka, 1922), maximum storage (Jorgensen and Mejer,
1979), maximum empower and emergy (Odum, 1988), maximum ascendency (Ulanowicz,
1997), maximum dissipation (Schneider and Kay, 1990), maximum cycling (Morowitz,
1968), maximum residence time (Cheslak and Lamarra, 1981), minimum dissipation
(Onsager,1931; Prigogine; 1995), and minimum empower to exergy ratio (Bastianoni and
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Marchettini, 1997), suggesting a common pattern for ecosystem development. Borrett
(2010), comparing 50 trophic networks, demonstrated interrelatedness of network
homogenization (Patten at al., 1990) with network size, connectance and cycling (Finn,
1976). Fath (2004, 2007) investigated the behavior of network synergism and mutualism
measures (Patten, 1991, 1992) with increasing system size. Most of these studies
acknowledge that further multi-property comparisons based on empirical data are needed to
understand the network measures’ contributions to ecosystem structure and function
(Jorgensen, 2002). Moreover, ENA literature acknowledges limitations associated with
network data availability, making direct comparisons of network properties and their
interrelations difficult (Borrett et al., 2007; Fath at al., 2007; Finn, 1976; Ulanowicz, 1986).
Examples:

(1) Widely used randomly generated networks (Gardner and Ashby, 1970; May, 1972)
or hypothetically structured systems do not adequately represent the common structure of
ecosystems, unlike empirically based networks (McCann, 2000). Systems ecologists suggest
that ecological systems are constrained due to thermodynamic laws as well as by natural
history (Lawler, 1978; Jargensen et al., 1992) as opposed to being pure random structures.

(2) Network simplification by employing subsets that capture too few selected
compartments and their interactions (e.g., competition and predator—prey subnetworks) give
incomplete and potentially misleading results. Fath et al. (2007) showed that excluding a
majority of species and abiotic subsets makes it impossible to quantify the wholeness and
consequent indirectness in the ecological system.

(3) Differences in network construction and aggregation make it difficult to directly
compare systems, even of the same type and organizational level (Ulanowicz, 1986).

(4) Differences in flow currency and time scales limit comparative conclusions. The
actual meaning of compartments (e.g., individuals, species, trophic levels, abiotic
categories) makes a difference in interpretating results (Finn, 1976).

(5) Most ENA approaches compare a few particular indices. Repetitions of such
quantitative studies remain necessary. Jorgensen (2002) stressed it is important to integrate
multiple contributions of different system ecologists in order to understand network
organization and formulate a consistent network theory.

(6) Because of limitations in data availability, most approaches do not apply network
measures to empirically observed ecological processes and empirically assessed parameters
of ecological systems. Numeral authors strongly advocate the use of ENA and network
science generally to explain ecological observations (Pimm, 1991; Patten et al., 1997;
Jorgensen et al., 1992; Jorgensen, 2002;). Jergensen (2002) holds that such applications are
required to assess how and where theory needs improvement.

In this paper we speak to the above limitations by comparing system-wide properties
of 31 empirically described pastoral food webs from nearby geographic locations
(Chernivtsi Region, Ukraine). Each web is based on field and laboratory data collected at
the same level of organization, with similar details of construction, aggregation, currency,
and time scale. Our goals are to compare thirteen ENA measures across these webs and
consider how the findings reflect on the structure and function of the 31 ecosystems as
operating pasture lands. To achieve them the following specific objectives are considered:

(1) Assess the strength and direction of interrelations between ENA measures
pairwise in order to investigate their behavior in relation to each other.

(2) Distinguish network measures which have the similar behavioral patterns while
comparing the set of 31 food webs. For this we use multivariate factor analysis techniques,
namely Principal Component Analysis (PCA).

MATERIALS AND METHODS

Study Area
The 31 pastoral ecosystems under study are distributed throughout the Chernivtsi Region
(47°43' — 48°41' N x 24°55'—27°30' E) which is located in south western Ukraine (Fig. 1).
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The study area experiences Temperate Continental Climate highly influenced by
humid air masses from the Atlantic. Precipitation is highly variable seasonally, with an
annual mean of 650-750 mm/year. Complex terrain causes climatic variations in the
different physical-geographic zones. In the east it is more continental, and moving from the
central foothills toward the southwestern mountains it becomes more severe due to cold and
short summers. Physiography includes a wide range of relief types, including flat plains, hills,
and mountains with respective mean elevations of 230 m, 350 m and 900 m above sea level.

All the study grasslands, unmanaged since 1992, are used as commons for cattle
pasturing by private household farms, which typically have two to three head of cattle per
farm. For comparisons between pastures to be valid, sampling and analysis methods were
identical for each study pasture.

Sampling

Biological samples for food-web analysis were gathered during peak growing seasons
(June — July) in years 2005, 2006, and 2007. Study plots for each of the compared pastures
were 10m % 10m.

Plant and insect specimens were identified to species. Earthworms (subclass
Oligochaeta) were separated from the 1 m® plots by a standard method, Quantitative Hand
Sorting. Microbiological soil analysis was based on cell counts of three microbial groups:
Heterotrophic Bacteria, Fungi (Micromycetes), and Ray Fungi (Actinomycetes). Cells were
cultured on specific substrates under controlled temperature (T) conditions — Heterotrophic
Bacteria: meat-peptone agar, 28 < T < 30 °C; Fungi (Micromycetes): modified Czapek-Dox
substrate with streptomycin, 20 < T < 25 °C; Ray Fungi (Actinomycetes): starch-
ammonium agar, 28 < T <30 °C. Cattle density was counted as number of animals/100 m”.

Several faunal groups were omitted because of available resource limitations. This
impacts our food webs as descriptions, but still allows their valid comparative study as our
sampling and analysis methods were standardized.

Construction of Trophic Networks

Trophic compartments were defined based on distinct feeding roles they play in the studied
pastures. Our basic categories for compartments were plant species, their pollen and nectar, cattle,
ontogenetic stages and sexes of insects reflecting distinct trophic roles, earthworms, heterotrophic
bacteria, fungi, ray fungi, plant litter, animal litter, detritus, and cattle excrement. To build and
visualize our food webs we used Large Network Analysis software Pajek (Batagelj and Mrvar,
2010) and Social Network Analysis software Ucinet 6 (Borgatti, et al., 2002).

Supplementary data associated with this article can be found, in the online version, at
Buzhdygan et al. (2012a): at doi:10.1016/j.ecolmodel.2012.02.024.

To construct our trophic networks we formed a square adjacency matrix, A = (a;),
where i, j = 1, ..., n compartments, oriented from rows (i) to columns (j). A matrix entry
a; = 1 signifies a biomass [M(mass)-L(length)-T(time) dimensions = M] feeding flow,
f; [ML?T" (mass /unit areastime)], directed from row compartment i to column
compartment j; a; = 0 indicates no i to j food transfer (f; = 0).

Each compartment i has a boundary input z; [ML T '], and output y; [ML T '] in
accordance to the Network Environ Theory (Patten, 1981, 1982).

To quantify adjacency-based relations from qualitative digraphs, we transformed the
adjacency matrix, Anx, into an isomorphic flow matrix F.., = (fj), where i, j = 1, ...,
n compartments, oriented from rows (7) to columns (j), using the equiprobability concept
from probability theory. According to the Laplace principle of indifference a matrix entry fj;
(a biomass feeding flow [ML T ']) as well as the boundary output y; are assigned the
probability 1/N;, where N; signifies a number of mutually exclusive feeding flows directed from
row compartment i to column compartments (f = 1, ..., n ) including a boundary output y;.
Boundary inputs z; and standing stocks x; are set equal to 1.

Definition of Trophic Classes

Trophic classes (CI) refers to the functional groups of taxa that share the equivalent

predators and prey in term of the trophic roles and positions they occupy. To investigate
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the number of trophic classes in our food webs we used the regular equivalence approach
drawn from Social Network Theory (Borgatti and Everett, 1993) and applied as a tool in
Ucinet 6 (Borgatti, et al., 2002). The Regular Equivalence algorithm assesses similarity of
trophic roles of compartments using binary presence—absence feeding relations (adjacency
matrix A,.,) between them. Johnson’s Hierarchical Clustering (Johnson, 1967) of
equivalence similarity was used to define the separate trophic classes. For more details of
the Regular Equivalence algorithm and current aggregation methods see Borgatti and
Everett (1993) and Luczkovich et al. (2003).
Simulation of Trophic Networks

For trophic networks the inputs, and interior flows and outputs, they generate are
conservative energy and matter. Input vectors, z,., = (z;), characteristically drive state
vectors, X,«; = (X;), from initial conditions, X, through a sequence of changing transient
states, dx/dt# 0, where X is expected value, to a sequence of unchanging steady states,
where dx/dt = 0. The states in compartment models represent storages (standing stocks) of
the transferred substance. In these expressions, t is time and dt its differential. Outputs,
yx1 = (yi), are generated by dissipative processes that ultimately return the system to
equilibrium, dx/dt = 0, if inputs are zeroed, z = 0.

A matrix differential equation describing system dynamics can be formulated in terms
of the three flow categories: inputs (z), outputs (y), and interior flows (F):

dx/dt =TFel + z. (1)

Here, Fox, = (fij), and 1, is a vector of ones. In F, fj > 0 is the flow from
compartment i to j for i # j, and when i = j, f; = —T;, the throughflow, or total flow, ati. Ifa
link, a; = 1, exists in a qualitative food web, then corresponding flow in a quantitative
counterpart model is positive, f; > 0; if a; = 0 then f;; = 0 also. A term in each T is that
compartment's dissipating output, y;, which thus becomes incorporated in the principal
diagonal elements, f;;, of F. Therefore, in effect the term Fe1 of equation (1) is dissipative,
and offset by the input term, z > 0, which provides the impetus for change. In general, F is
considered empirical; it becomes a linear dynamical process when all the flows are
formulated as fractions (c;;) of the donating member of each interactiing compartment pair:
fij = cij*x;. Then, equation (1) becomes:

dx/dt = Cex + z, 2)

where Cp., = (c;j) is the well-known Jacobian matrix of population and community

ecology. By the linear system decomposition property, the solution of this equation can be

partitioned into a zero-input (free) response, and a zero-state (forced) response. In

simulations for this investigation we will begin our study systems always at xo = 0 and
generate forced responses for comparative purposes.

For simulation of study networks we used a dynamic web-based simulation and network
analysis software, EcoNet 2.1 Betqa, available at http://eco.engr.uga.edu/ (Kazanci, 2007).

Network analysis was performed based on the final state of the simulation solution
when systems reached a static steady state (dx/dt=0, when inputs and outputs become
equal).

The simulation flow type was based on donor-controlled mass-action kinetics. Thus,
the rate of the flow fjj is computed by EcoNet as the product of the flow coefficient c¢;; and
the stock value x; of the originating compartment i. The flow from i toj is fj = ¢ X xi. A
differential mass-energy balance equation for donor-controlled flow type is as follows:

dx,/dt=z;,+ 2j(¢i)cji>< Xj— Zi(¢j)cij XXi~VYi (3)
where z; and y; are boundary inputs and outputs, respectively.

For a more comprehensive introduction to simulation and network analysis in EcoNet
refer to http://eco.engr.uga.edu/DOC/econet].html, Kazanci (2007), and Schramski et al. (2010).

Assessment of Network Measures

As stated above EcoNet drives the system from the given initial conditions to steady state
and outputs the ENA measures based on the final state of the solution. The assessed indices are
fully documented in literature, but brief descriptions and abbreviations are provided below.
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Link Density (LD) is the ratio of the number of links (L) to network size (number of
nodes N) (Gardner and Ashby, 1970; May, 1972, 1973; Cohen et al., 1990; Bersier and
Sugihara, 1997):

LD=L/N. “4)

Connectance (C) is the ratio of actual to possible links (Gardner and Ashby, 1970;
May, 1972, 1973; Cohen, 1978; Cohen and Briand, 1984; Cohen et al., 1990):

C=L/N- (5)

Total System Throughflow (787) — sum of compartment throughflows (total
amount of flows within a network); dependent on ecosystem structure (Hannon, 1973; Finn,
1976; Han, 1997):

ST= T, (6)
where T; is the total amount of flow through compartment i=1,...n.

Finn Cycling Index (FCI) — fraction of total system throughflow that cycles (Finn,
1976; 1980):

FCI=TST/TST, (7

where TST,, the cycled portion, is the weighted sum of cycling efficiencies of all
compartments (Kazanci et al., 2009):

TSTC:C1T1 +C2T2+ e CnTn. (8)

Cycling efficiency is C;= n; — 1/n;, where n; is the number of times a flow quantity
will return to i before being lost from the system (Finn, 1976 ).

Indirect Effects Index (/E) — amount of flow that occurs over indirect versus direct
connections (Higashi and Patten, 1986, 1989).

IE=%Y (N-1-G)z/Y Gz, )
N is the dimensionless integral (boundary + direct + indirect) flow matrix:
N=I+G+G+.+G"+..=I-G)" (10)
G is the matrix of dimensionless direct flow intensities from i to j:
G = (g) = (f/T), (11)

where T, is the total amount of flow through compartment i,

I = G° is the boundary input flow intensity; as stated above G' is the direct flow
intensity matrix, and G" (m=2, ..., ) are the indirect flow intensity matrices (fractions of
boundary flows that travel from node i to j over all pathways of lengths m.

The integral matrix N multiplied by boundary input vector z returns the throughflow
vector: T=Nz.

Synergism Index (S7) — benefit—cost ratio (b/c) (Patten, 1991, 1992) of total positive
utility > (+U) to total negative utility Y (—U) in the system specifying pairwise compartment
relations (Patten, 1991, 1992; Fath and Patten, 1998):

SI=[b/e| = [X(U)/ XU, (12)
where U" and U are positive and negative partition matrices of the dimensionless
integral (boundary + direct + indirect) utility matrix U (Patten, 1991, 1992):

U=I+D+D*+..+D"+...=(I-D)" (13)
D is a direct utility matrix (net-flow intensity matrix) where:
D = (dy) = ((f; — )/ To), (14)

where d;; can be positive or negative (=1 < d; < 1) as it represents the direct utility
between compartments j and i (net-flow between j and i is expressed relative to the total
amount of flow through compartment i (T,); I = D° is the initial intensive utility input
matrix; and D" (m = 2, ..., ) are the indirect utilities corresponding to the flows of the
same power.

Mutualism Index (MI) — ratio of number of positive (+) to negative (—) signs in network
utility analysis matrices specifying kinds of pairwise interactions (Patten, 1991, 1992):

MI=Ysign(U") / Ysign(U), (15)

where U, U" and U are as described above (Patten, 1991, 1992).

Ascendency (4S) — degree of network development that includes average mutual
information (AMI) and total system throughflow (7ST) (Ulanowicz, 1986, 1997):
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AS =TST x AMI, (16)

where AMI (bits) is the degree of organization with which the exchanges between
compartments are processed:

AMI =3 p(Ty) > logo[ {p(Ty) / p(T))} / p(T))], 17)

where T} is the flow from j to i;

p(Ty) is the joint probability given by:

p(Ty) =Ty TST, p(T) = X, p(T;), and p(T)) = X p(Ty). (18)

Full Development Capacity (DC) — network flow organization, the upper bound of
ascendancy. It is calculated as the product of total system throughflow (7:S7) by diversity of
flow structure (Hy) estimated using the Shannon (1948) information formula (Ulanowicz, 1986):

DC=TST x H;, (19)
where Shannon flow diversity Hy is based on the individual joint probabilities of
flows from each species j to each species i:
H;= Y (-p(T,) * loga(p(T)), 20)
where T is the flow from j to i; and p(T}) is as stated above.

Network Aggradation Index (47) — the multiplier effect (Samuelson, 1948); the
average path length (Finn, 1976), the flow multiplying ability (Han, 1997), the average
number of times a unit of input flow passes through the system before exiting (Patten and
Fath, 1998; Fath and Patten, 2001; Ulanowicz et al., 2006):

Al =TST/ Y z, 2n
where z; is a boundary input of compartment i = 1, ..., n, and TST is total system
throughflow.

While our focus is on the whole network variables summarized above, we incorporate
system size /V (number of nodes), number of links L (Zi o a;), and number of trophic

classes Cl as additional network measures appropriate to comparative interpretations.
Statistical data-analysis

We use the Spearman Rank Order Correlation test in order to assess interrelationships
among the network properties under investigation. Spearman correlation coefficients
among variables have been used as input in Principal Component (PC) Analysis in order to
achieve more interpretable simple structure underlying our dataset. =~ The PC analysis
reduces our data into a number of factors (principal components). Each consecutive factor
is defined to maximize the variability that is not captured by the preceding factor and all
consecutive factors are independent of each other (orthogonal). The decision of when to
stop extracting factors basically depends on when there is only very little "random"
variability left. To extract number of factors we use the Kaiser (1960) criterion, which is
based on retaining only factors with eigenvalues greater than 1. According to confirmatory
factor analysis, loadings equal or above 0.7 confirm that independent variables identified
are represented by a particular PC factor on the rationale that the 0.7 level corresponds to
about half the variance in the indicator being explained by the factor.

Table of Notations

The following abbreviations and statistical notations will be employed in subsequent

sections:

Symbol Description
1 2
General:

CA | Comparative Analysis
Ecological Network Analysis:

ENA Ecological Network Analysis
N Network size

L Number of links

Cl Number of trophic classes
LD Link density

ISSN 1726-1112. Ecology and noospherology. 2016. Vol. 27, no. 1-2 57



Table end

1 2

C Connectance

ST Total System Throughflow

FCI Finn Cycling Index

IE Indirect Effects Index

S1 Synergism Index

MI Mutualism Index

AS Ascendency

DC Development Capacity

Al Aggradation Index

Statistical:

cv Coefficient of Variation

SD Standard Deviation

m Mean Value of a Variable under Investigation

7 Spearman’s Rank-Order Correlation Coefficient

PCA Principal Component Analysis

PC Principal Component (latent factor)

/ Factor (principal component) Loadings (coefficients)
RESULTS

Network Measures: Descriptive Statistics

The 31 empirical pastoral food webs of our study exhibit a range of sizes 41 <N < 135
(m = 82; SD = 19; CV = 24) and link numbers 98 < L < 977 (m = 419; SD = 207,
CV =49 %). In general we found 494 compartments and 14525 feeding links between
them throughout 31 researched pastoral food webs within the whole study area of
Chernivtsi Region.

Link density values vary (CV = 28 %) between a low of 2.00 and a high of 7.58 with
the mean m = 4.9 (SD = 1.38) throughout the study 31 food webs. The minimum,
maximum and mean values of the network connectance C within the assessed food webs
are 0.03<C<0.09, m=0.06(SD =0.01), and CV =20 %.

The range of values of Finn cycling index tends to be small all over the 31 food webs
(0.03 < FCI £0.1; m = 0.05, SD = 0.02; CV =37 %). The aggradation measure shows
small variability (CV = 9 %) and the following descriptive statistics: 2.23 < AI < 3.38;
m = 2.82 (SD = 0.26).

All the pastoral food webs show that indirect flows are greater than direct flows by
indirect effects indexes being greater than one (1.05 < IEI < 2.12) with the mean m = 1.47
(SD = 0.25) and variability CV = 18 %.

Across the Chernivtsi Region study area fotal system throughflow changes in values
from 109 to 426 with the mean m = 232 (SD = 67, CV = 29 %). Ascendency and
development capacity vary (CV = 31% for both) in their values all over the study area as
follows: 158 < A8 < 728; m = 377, (SD = 117) and 441 < DC < 2017, m = 1046,
(SD = 326), respectively.

Network synergism values show small variability (CV = 6 %), ranging 1.6 <SI <2.1,
mean m = 1.8, (SD = 0.1). However, network mutualism varies CV = 25 % with values
ranging from 0.37 to 0.98 (m = 0.73; SD =0.18).

The range and variability of network properties of the study area (Chernivtsi Region)
are summarized in Tables 1 and 2.

Based on the method of regular equivalence, the trophic compartments in our study
food webs are aggregated into the following 15 trophic classes: (1) Gazing Plants;
(2) Grazing-Tolerant Plants; (3) Pollen and Nectar; (4) Cattle; (5) Herbivorous Insects;
(6) Pollinators; (7) Bloodsucking Parasites of Cattle; (8) Carnivorous Insects;
(9) Omnivorous Insects; (10) Nonspecific Insects (consumed in other ecosystems);
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(11) Decomposers; (12) Plant Litter; (13) Animal Litter; (14) Cattle Excrement; and
(15) Detritus. The variation in number of trophic classes CI within the study networks is
summarized in Tables 1 and 2.

Table 1
Network properties of the 31 pastoral food webs of this study

Study pastures Network Measures
N|L|Q|Lb| C |TST|FCI| IE | AS | DC | AL | SI | MI
Vikno 86 [ 496 | 15 | 577 | 007 | 2874 | 0.09 | 1.86 | 432.1 | 1251.7 | 334 | 1.80 | 0.81
Kostryzhivka | 41 | 147 | 15 | 3.59 | 0.09 | 108.6 | 0.05 | 1.30 | 157.8 | 4414 | 2.65 | 2.02 | 0.87
Luzhany 69 | 300 | 13 | 435|006 | 1788 | 005 | 1.31 | 283.8 | 794.8 | 2.59 | 1.80 | 0.62
Polyana 80 [ 396 | 13 | 495 | 0.06 | 202.3 | 0.03 | 1.18 | 3373 | 9305 | 253 | 1.74 | 0.86
Chornyvka 69 | 362 | 15 | 525|008 | 202.1 | 0.06 | 1.47 | 310.1 | 8774 | 293 | 1.79 | 0.70
Zelena 66 | 295 | 14 | 447 | 007 | 1768 | 0.06 | 145 | 279.7 | 780.5 | 2.68 | 1.88 | 0.81
Vovchynec 66 | 299 | 15 | 483 | 007 | 202.5 | 0.10 | 2.03 | 2849 | 8545 |3.07 | 1.91 | 0.74
Stavchany 66 | 319 | 15 | 453 | 007 | 187.3 | 008 | 1.51 | 2712 | 801.0 | 2.84 | 1.94 | 0.85
Grushivey 83 [ 286 | 13 | 345 | 0.04 [ 2298 | 0.04 | 1.47 | 3999 | 1051.2 | 2.77 | 1.80 | 0.50
Myhalkove 68 | 255 | 14 | 375|006 | 1972 | 007 | 1.70 | 3189 | 867.5 | 2.90 | 1.83 | 0.81
Magala 69 | 310 | 14 | 449 | 0.07 | 200.7 | 0.05 | 1.35 | 309.9 | 867.1 | 291 | 1.78 | 0.59
Zarozhany 63 | 250 | 12 | 397|006 | 1634 | 003 | 1.24 | 272.1 | 7300 | 2.59 | 1.81 | 0.66
Ternavka 75 1399 | 15 | 532 ] 0.07 | 2099 | 005 | 143 | 345.1 | 9443 | 2.80 | 1.75 | 0.98
Gorbovo 135 [ 977 | 14 | 724 | 005 | 4257 | 007 | 1.75 | 7283 | 2017.1 | 3.15 | 1.65 | 0.98
ngiyna 107 | 773 | 13 | 722 | 0.07 | 2993 | 0.05 | 141 | 500.6 | 1404.8 | 2.80 | 1.69 | 0.94
Myhalcha 84 | 512 | 15| 6.10 | 007 | 2842 | 0.09 | 2.12 | 431.0 | 1251.0 | 3.38 | 1.83 | 0.88
g;srrgvoga' 102 | 665 | 15 | 652 | 0.06 | 2959 | 0.04 | 132 | 4852 | 1358.5 | 2.90 | 1.64 | 0.81
Dubovo 75 | 311 | 15 | 4.15 | 006 | 239.8 | 0.07 | 1.71 | 3747 | 10369 | 320 | 1.80 | 0.70
Kostynsy 97 | 641 | 15 | 661 | 0.07 | 293.7 | 0.06 | 1.47 | 4632 | 13200 | 3.03 | 1.72 | 097
Brusnyca 88 [ 475 | 14 | 540 | 0.06 | 240.8 | 0.06 | 1.45 | 383.1 | 1093.7 | 2.74 | 1.76 | 0.86
Chereshenka | 80 | 460 | 14 | 5.75 | 0.07 | 243.1 | 0.07 | 1.74 | 391.6 | 1085.1 | 3.04 | 1.83 | 097
g;‘gﬁlvyj 75 | 297 | 14 | 3.96 | 0.05 | 190.8 | 0.03 | 1.26 | 3160 | 864.8 | 2.54 | 1.82 | 0.59
Krasnoyilsk | 66 | 242 | 14 | 3.67 | 0.06 | 1704 | 0.03 | 1.21 | 284.7 | 7603 | 258 | 1.74 | 0.54
E}grvfhynec 93 | 496 | 14 | 533 | 006 | 252.3 | 003 | 1.27 | 4340 | 1173.6 | 271 | 1.69 | 0.71
Stebnyk 49 | 98 | 12 | 2.00 | 0.04 | 1094 | 0.03 | 1.05 | 178.6 | 4768 | 223 | 2.10 | 0.57
Lopushna 102 | 686 | 14 | 673 | 0.07 | 2882 | 0.05 | 145 | 489.1 | 13454 | 2.83 | 1.72 | 0.96
]S)}(l);glsthmj 113 | 856 | 15 | 7.58 | 0.07 | 342.6 | 0.06 | 1.62 | 582.9 | 1604.6 | 3.03 | 1.69 | 0.71
Ust-Putyla 84 | 274 | 13 | 326 | 0.04 | 2187 | 003 | 123 | 3733 | 998.1 | 2.60 | 1.75 | 038
Selatyn 104 | 540 | 15 | 5.19 | 0.05 | 3188 | 0.04 | 148 | 5249 | 14442 | 3.07 | 1.71 | 0.44
Shepit 77 [ 275 | 13 | 357 | 005 | 192.7 | 003 | 1.32 | 3190 | 8774 | 250 | 1.90 | 0.50
Percalab 96 | 285 | 14 | 297 | 0.03 | 2490 | 004 | 1.31 | 4174 | 11465 | 2.59 | 1.75 | 037
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Table 2
Range and variability of network properties of the 31 pastoral food webs of this study

Network Descriptive Statistics, n = 31

Measures m minimum maximum SD CV, %
N 81.5 41 135 19.4 24
L 418.6 98 977 207.1 49
Cl 14.1 12 15 0.93 7
LD 4.90 2.00 7.58 1.38 28
C 0.06 0.03 0.09 0.01 20
TST 232.3 108.6 425.7 67.1 29
FCI 0.05 0.03 0.10 0.02 38
IE 1.47 1.05 2.12 0.25 17
AS 376.8 157.8 728.3 117.3 31
DC 1046.8 441.4 2017.1 326.6 31
Al 2.82 223 3.38 0.26 9
SI 1.79 1.64 2.10 0.10 6
MI 0.73 0.37 0.98 0.18 25

Network Measures: Correlations among Variables

Table 3 captures the statistically significant pairwise Spearman (r;) correlations among
system-wide properties that are in interest here. In general, almost all pairwise comparisons among
network properties are significantly correlated (P < 0.05), with an overall distribution of
correlation coefficients 0.37 < r; < 0.99. Pairwise relations among 78T and DC, and also among
DC and AS, approach the perfect Spearman correlation (7, = 0.99). Recalling the definitions of DC
and AS variables, it is clear they both are driven by TS7, in fact they are scaled TST's, and that
explains the near-perfect monotonically increasing relation between them.

Our study shows that 12 of the 13 study network indices are positively correlated to
each other and negatively correlated to the network synergism index SI, which is a
benefit/cost ratio measure in a network. This reveals that ST goes counter to other network
properties in expressing the nature of network organization.

The sensitivity of system-wide properties to each other can be expressed
quantitatively by the number of statistically significant pairwise interrelations (7;) and
qualitatively by the average correlation coefficient (ave;) of the statistically significant
pairwise interrelations (Table 4).

Link density has the largest number of statistically significant relations (it is
correlated with each of the studied network indices). It is followed by the network
aggradation measure, number of links, and indirect effects index. Less sensitive are the
following network measures: connectance, synergism, mutualism, and number of trophic
classes (each of them correlated with 6 of 13 possible network measures) (Table 4).

Qualitatively the network properties’ sensitivity (ave) in the pairwise interrelations to
each other is in the following descending order (Table 4):

N>TST>DC>AS>SI>L>LD>FCI>AlI>MI>Cl>IE>C

Clustering of the results of non-parametric correlation shows the degrees of similarity
among the study network measures based on their pairwise interrelations (Fig. 2). In both
cases TST, AS, and DC are joined as the most similar of the network measures assessed. As
stated previously, they have almost perfect monotonically increasing correlations among
each other. Thus, they form the smallest distance subcluster, which is chained by the
network size measure. The next closest distance subcluster is formed by the number of
trophic links and link density measure and it is joining the previous subclusters. Separate
subclusters are formed by the indirect effects measure, network aggradation and Finn’s
cycling index. They are chained by a subcluster of trophic classes’ number, which, in
particular, is joined by the network mutualism index and connectance measure with the
larger clustering distance. Network symergism demonstrates the longest distance (the
smallest similarity) in a linkage hierarchy of the clustering dendrograms.
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Table 4

Sensitivity of each network property to the others under study based on the statistically
significant pairwise non-parametric (r,) correlations among them

Sensitivity of each network property £ to the others under study (n = 13)

WSS based on the statistically significant pairwise correlations among them
property k — — T -
quantitative sensitivity (n;)* qualitative sensitivity (avey) **
LD 12 0.63
Al 11 0.6
L 11 0.68
IE 10 0.54
ST 8 0.79
DC 8 0.78
AS 8 0.76
N 7 0.79
FcI 7 0.62
C 6 0.53
ST 6 0.7
Ml 6 0.55
cl 6 0.55

* quantitative sensitivity (ng) of a k" network property expresses the total number of the pairwise
statistically significant correlations of k& with the other study network measures (n = 13).

** qualitative sensitivity (avey) of the K™ network property shows an average correlation coefficient of
the pairwise statistically significant interrelations of k with the other study network measures (n = 13).

Principal Component Analysis of nonparametric correlations among the study network
properties results in a three-factor solution which explains 91 % of the variation in our data
(Figure 3, a). The outputs of PCA are factor loadings (Figure 3, b), which represent the weights
and correlations between each ENA variable and the extracted principal components. Loading-
plot projection of the ENA wvariables on the factor-plane shows the extracted factors’
dimensionalities and associated with them network measures (Figure 3, ¢).

Euclidean Linkage Distances
0 1 2

DC
TST
L
LD

Fig. 2. Clustering dendrogram showing clusters
of network measures according to the degree
of their pairwise non-parametric correlation

The main principal component (Factor 1) accounts for 56 % of the total variance and

is driven by network parameters whose behaviors are highly affected by the structural
patterns of the networks. This is because the principal variable defining dimensionality of
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Factor 1 is network size N which has the highest Factor 1 loading (Iy = 0.98). More clearly
it can be tracked from loading-plot projections of the ENA variables onto the correlation
cycle on the factor plane with the axes of the extracted factor pairwise (Figure 4). The
further a point is from the origin of the correlation circle, the greater the correlation of the
corresponding variable with the factor axes.

Interrelations between Network Measures: Multivariate Analysis

Ascendency AS, development capacity DC and total system throughflow 7ST join
network size N in reflecting mainly the variations in the latent (unobserved) first principal
component (factor loadings are respectively: /4 = 0.97, Ipc = 0.96 and 757 = 0.93). All of
these three measures are extensive, that is dimensional, network properties, and they are
directly dependent on network size (Table 3).

Network synergism ST shows high negative association with other elements in the
first latent factor, that is, it is negatively correlated with the other Factor 1 variables (Table 3
and Figure 3, b).

Feeding link number L is also an attribute of Factor 1 (/= 0.81). But not uniquely, as
it is also represented in Factor 3 as well (Figure 3, b), which explains almost 20 % of the
variance in the L measure.

Feeding link density LD measure is secondary for both, factor 1 and factor 3, as its
variance is almost equally sheared among these two latent factors (44 % of LD’s variance is
explained by factor 1 and 42 % — by factor 2).

The uniqueness of the L and LD measures is expressed by the plot of their loadings
into the correlation cycle as the points that approach the edge of the axis of the other than
first latent factor (Figure 4, b, c).

IE c
1.0 vernse ] - 1.0 C.....
"’.- Fof® (5} &l‘. ‘.__.‘ : “l__‘.
06 : CI 1-' 06| . i ol
; c ST
Nl o ﬂl LD. 25 0.2 FClo© Al e
Ete L @ fgiiiaian. W2 T
% Fogpm AP S PR Nl - N n g[ ‘:‘lE’ ..... be
0.2 1 §-0.2 : AS N
1
[ |
-0.6 Bos
0 '1'010 -oeh.-q;.zlbé.-ua 1.0
-1.0 -06 -02 02 06 1.0 =1 - - - - .
Factor 1
Factor 1
a b
10} e
ek
0.6 R
i T
0.2 i, 'i OFCl
g ............. ﬂ'o ........ JE
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0.6

0 PR e traatenntt . ., i .
-1.0 06 0.2 02 06 10
Factor 2

c

Fig. 4. Loading plot projection of the network measures on the factor-plane onto the correlation
cycle, with the pair of factor axes. The further a point is from the origin of the circle, the greater
the correlation of the corresponding variable with the factor axes. Loading plot projections are
respectively for the pair of factor axes as follows:

a — for Factor 1 and Factor 2; b — for Factor 1 and Factor 3; ¢ — for Factor 2 and Factor 3
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The second principal component (Factor 2) accounts for 25 % of the data variance. It
reflects the joint variations of 4 of the 13 studied network measures. The driving variable in
defining the dimensionality of Factor 2 is a network measure of indirect effects dominance
IE (I;z= 0.94). Also network cycling measures, such as Finn cycling index FCI (Ipc;= 0.88)
and network aggradation index AI (L4 = 0.87). In addition, number of trophic classes
Cl (I¢=0.71) shows high association with Factor 2.

On the other hand FCI, AI and CI are not highly unique in respect of their variance
been explained by second latent factor extracted by PCA from our data (Figure 4, a, ¢),
namely: almost 13 % of FCI value variance and 8 % of Cl variability is explained by
Factor 3, while the 13 % of AI data variance is reflected by the first principal component.

Variations in two of the 13 network measures, namely mutualism index MI and
connectance C, are mainly reflected by the third latent factor, which accounts for 10 % of
the variability in our data. Both these measures are highly associated with Factor 3
(Iyr= 0.86; Ic= 0.82), but they are also sheared in respect of their variance being explained
by other latent factors, as follows: 17 % of connectance variance is explained by Factor 2,
while 8 % of network mutualism variance is captured equally by the first and second latent
factors (Figure 4, a).

DISCUSSION

The above results show that the network measures under investigation are highly
intercorrelated amongst each other. Based on this the 13 ENA output variables can be
reduced to the three latent factors that account for the main meaningful variability
underlying our dataset. In this section we address the explanation of network measure
relations within each of extracted factors.

Seven (V, TST, AS, DC, SI, L, and LD) of thirteen network measures under study are
merged by the main principal component (that is Factor 1), where network size shows to
be the central defining variable. Network size is measured as the number of compartments.
It is fundamental in network organization since compartments and links associated with
them explicitly define network topology.

From an ecosystem prospective, the multiplicity of species is considered as a barrier
against external stresses (MacArthur, 1955). The diversity—stability concept suggests
increasing ecosystem stability with increasing species diversity.  The numerous
compartments of higher diversity maintain basic ecosystem functions by giving options to
replace extinct system elements from the assortment of multiple species.

The next three network measures in defining the first latent factor are total system
throughflow, ascendency and development capacity. It shows them to be highly
determined by network size. This is consistent with the previous developments, and also
the following ones we would like to address.

According to Han (1997) total system throughflow, measured here as the sum of
compartment throughflows, is explicitly dependent on ecosystem structure since it counts
each flow element each time it passes through a compartment. Finn (1976) also found TST
to be highly sensitive to the number of compartments in the system model.

From the other side, network ascendency measure (AS) incorporates aspects of both
network size and the constitutive nature of the system. Ulanowicz (1986) indicated that an
increase in AS is a quantitative sign that the system is growing and developing.

Network development capacity, measured here by DC, is the upper bound of
ascendency and depends on 7ST and the flow structure. According to Ulanowicz (1986),
DC represents maximal system organization expressed in terms of network flows.

All these three measures (TST, AS and DC) are extensive or dimensional network
properties. Therefore it is not surprising that the behaviors of these measures are highly
affected by the structural patterns of the networks.

Network synergism, S, an intensive measure, is also highly represented in Factor 1,
showing it to be strongly affected by structural patterns of the study food webs. In our data
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intensive synergism decreases with the increase of all other network measures. We
previously showed this in a comparison of seven mountain pastoral food webs (Buzhdygan
et al.,, 2012b). Fath (2004), studying large-scale synthetic networks, also found the S7
measure to be closely tied to structural pattern. In the present study the unit S7 vector is
positioned far away from the other network measures in the loading plot projection of the
variables onto the factor plane (Figure 4). This means the influence of SI on the
positioning of objects is dissimilar from all the other network properties. Moreover, ST is
negatively correlated with the other properties. It is expected from network theory (Fath
and Patten, 1998) that synergism of ecological systems will increase with system
development and scale. These authors suggest that the potential for network synergism is
especially high in sparsely connected networks since zero elements in the direct transaction
matrix fill in with non-zero indirect relations.

Patten (2013), studying a sequence of simple models with 1-10 compartments, of
progressively increasing complexity (/V and C), showed that extensive network synergism
(intensive SI weighted by TST) increases with system size IV and connectivity C. ST
increased early in the complexification sequence, but after mid-size was reached and
cycling began it then subsequently decreased, giving diminishing returns. It is the latter
that are reflected in the negative correlations of S7 with the other variables in the present
study of fully matured food webs (Table 3, Figure 3, b). Using synthesized large-scale
«cyber-ecosystem» networks, Fath (2004) also found that S7 values decrease with system
size. These and Patten's (2013) results with synthetic models are consistent with our
present findings for real empirically described food web systems.

Feeding link number L and link density LD are also attributes in the first latent factor.
It is not surprising that these variables reflect the structural patterns of the study networks
as both are known as network topology properties. On the other hand, both are not unique
for Factor 1 as they define also the other latent factors. This is explained by their high
sensitivity in interrelations to the other network properties, as follows: L is correlated with
11 of 12 network variables, while LD is correlated with each of the 12 under study.
According to network literature, link number and link density are expected to be positive
system stability measures. Number of links, L, represents the number of all feeding
connections among trophic compartments. Odum (1953) stated the amount of choice
energy has when flowing through a trophic network is a driver of system persistence.
Number of links can be considered as Odum’s number of choices for energy to move
within the network. According with Puzachenko (1989), feeding links are the ecosystem
tools to resist disturbances. On the other hand link density, LD, measured here as the
number of links per node, shows how much the species contribute to the distribution of
energy, matter and information in the system. It is a degree of connectivity between
compartments in the network and one of the system complexity measures. LD reflects,
potentially, how stable a food web may be (Link, 2002). Link density is one of the key
elements in the complexity-stability concept. Furthermore, due to Rossberg et al. (2006),
link density can be understood as a measure for the average trophic niche breadth in a
community. Our findings show both L and LD to be negatively related to network
synergism, S7, and positively correlated to all other network properties.

Several studies generalized the idea that link density LD tends to remain constant
across networks of varying scale (Yodzis, 1980; Cohen and Briand, 1984; Sugihara et al.,
1989). But other researchers do not confirm this (Winemiller, 1990; Martinez, 1992; Havens,
1992). Our analyses do not support scale-invariance of LD across the studied food webs.

Higashi and Patten (1986, 1989) and Patten (1984) postulated that indirect effects, IE,
are dominant as a general property of all well connected ecological networks. Cycling is
one of the network properties that contribute to this. Our present findings are consistent
with this. IE is the defining property of the second latent factor, which also network
cycling, FCI and aggradation, AI. Higashi and Patten (1989) and Patten (1991) showed
that system cycling (measured by FCI) increases the indirect effects dominance (IE). The
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Finn cycling index quantifies the importance of cycling (Finn, 1976). It measures the
fraction of total system throughflow that cycles and is affected by lumping of
compartments that exchange flows. The aggradation AI, also known as average path
length, distinguishes differences between flows in various ecosystems and, because cycles
have infinite length, reflects cycling. Han (1997) as well suggested an aggradation index to
express flow multiplying ability and cycling. Borrett and Osidele (2007) concluded that
cycling plays a central role in the Finn cycling index, ratio of indirect-to-direct flows, and
network aggradation. Therefore, it makes sense that dominant indirect effects IE, cycling
FCI, and network aggradation A1, are all attributable to a single PCA factor, Factor 2.

From the other side, Finn (1976) suggests that the aggradation measure might also
express the difference in number of trophic groups while comparing the ecosystems of
similar structure and on the same level of organization, which our networks are. This may
explain the high positive correlation of number of trophic classes CI with the aggradation
measure and also its strong association with Factor 2. Finn (1980) indicates that separating
out similar species in a model should have no effect on cycling measures. We consider that
the loss of trophic classes, representing distinct feeding roles, might intensively effect
cycling properties as well as related indirect effects. We pointed out above that multiplicity
of compartments (system size NN) serves to provide options system needs to survive
disturbances by replacing extinct species with others. In pastoral food webs commonly
grazed plants cannot be replaced by grazing-tolerant ones because cattle would not feed on
them. Then, the community would lose its main consumers (cattle) that determine the
system to be a pasture. Thus, besides compartment number, the number of trophic classes
also reflects the community ability to maintain basic ecosystem functions.

Some theoretical studies report a hyperbolic decline in network connectance C with
increasing number of compartments N (reviewed by Fonseca and John, 1996). By contrast,
Martinez (1992) found that connectance of different-sized food webs was almost constant.
Several comparative analyses of empirical food webs show no clear association between C
and network size (Martinez, 1991; Christian and Luczkovich, 1999; Garlaschelli, 2004).
Our results confirm this «constant connectance hypothesis», showing no clear interrelations
between network connectance and network size, as it appears to be a scale-invariant
property. Despite the fact that connectance C and link density LD are both measures of
system complexity, we found that the last measure is much more sensitive in relation to the
other network properties. Recalling the definitions of link density (LD = L/N) and
connectance (C = L/N?) it is clear that the resolution of N causes the smaller range of
connectance values across the study food webs, which may be the reason for the small
sensitivity of C. Such a scale invariance of network connectance measure and low
sensitivity to the behavior of other network properties probably causes in the principal
component analysis the formation of the separate latent Factor 3, which is driven by C and
also defined by network mutualism MI. Network mutualism (Patten, 1991; Fath, 2007) has
received little attention and comparisons of its relationships with the other whole-system
properties are quite rare. While comparing the seven mountain pastoral food webs
Buzhdygan et al. (2012b) show there are no significant correlations of MI with other
network measures, except degree of connectance C. The present comparison of a larger
number and wider range of trophic networks reveals that network mutualism is significantly
positively correlated with number L and density LD of links, and also with the cycling
measures, FCI and AI. Our data show that network mutualism is related to other aspects of
network complexity than just simply size and number of feeding links, as the contribution
of species to the distribution of network currency (energy, matter, information) reveals to
be the most effective on the behavior of network mutualism measure.

SUMMARY AND CONCLUSIONS

Our results show that the 13 network measures under investigation are highly
intercorrelated amongst each other, which suggests they express in different ways a general
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intuition about the nature of network organization as revealed by their PCA aggregate into
three latent factors.

The first latent factor, for which network size appears to be the central defining
variable, includes seven of the 13 measures — N, L, LD, TST, AS, DC, and SI. Network
synergism S7 is an anomalous variable in being negatively correlated to most of the other
network properties which are positively correlated among themselves. The second latent
factor is driven by dominant indirect effects IE, and also includes cycling measures FCI
and AI and number of trophic classes CI.

The third factor includes mutualism MI and connectance C, the last appearing to be
the driving variable. Our data also show that MI is more tied to the network complexity
than simply to system scale or number of feeding links.

Finally, we conclude with the observation that ecological network analysis methods
(NA) appear to have promise for providing new understanding of Complex Adaptive
Hierarchical Systems (Patten et al., 2002a, b) of landscape scale, such as the widespread
pastoral ecosystems of Ukraine, and giving a quantitative and qualitative basis for their
monitoring, prediction and management.
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FORECASTING THE LEVELS OF TRACE ELEMENTS
AND HEAVY METALS CONTENT IN SOILS OF DIFFERENT GENESIS
FOR THE ASSESSMENT OF THEIR ENVIRONMENTAL
AND PRODUCTIONAL FUNCTIONS

Abstract. Grounded the method for predicting of trace elements (TE) and heavy metals (HM)
content in the soil system of different genesis were examined on the example of soils in different natural-
climatic zones of Ukraine, contaminated soils in Kharkiv, Donetsk and Lugansk regions, and intensive
fertilizer (organo-mineral, organic and mineral system of fertilizers) of soils in Kiev, Kharkiv, Poltava
and Lviv region. In the developed methodical approach by using the parameters indicators of the energy
state of the soil (calorific value of humus, the reserves of energy in the soil layer of 0-20 cm) using
mathematical models and the spread of the algorithm of the method on other soil types of a particular
natural-climatic zone in the conditions of technogenic pollution and technological load is predicted the
TE and/or HM content in soils of different types, which ensures the rapidity of the assessment and
improve the accuracy of the trace element status prediction, energy and humus state of soils of different
genesis with the identification of soils ecological differences to predict their quality by assessment of
ecological functions for the ranking of energy intensity indicators of the soil.
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Scientific elaboration of a method for predicting levels of chemical elements in soils of
different types on the natural environment, the effects of man-made pollution and technological load,
should be used in the environmental regulation of the TE content and normalization of loads
(technogenic, technological) on the soil system, agroecology on issues of organic farming, bioenergy
and energy of soil formation; diagnosis, estimation, prediction of humus quality and the of TE status
and the danger of excessive accumulation of HM in the soil for indicators of the energy state; the
effective environmental management of soils as in natural conditions, and the influence of various
anthropogenic factors, taking into account their ecological functions; in research practice — for system
research of natural components of the biosphere, the assessment of carbon sequestration in soils and
assess of their quality. Distinctive features and advantages of the proposed elaboration in comparison
with known methods and approaches are: greater predictability of energy and trace element status,
humus and ecological state of the soil as a whole to prevent the degradation of soil organic matter and
reduction of risks of influence of HM technogenic pollution; rapidity of obtaining and improving the
accuracy of the predictions of the HM and TE content in the soil; universality way to suitability of the
method for all soil types in different climatic zones; stimulating further research in the field of energy
of soil formation and solution of practical tasks of conservation and restoration of soils functions,
identification optimal energy cost and taking into account the ecological functions of soil certain type.

Key words: soil, trace elements, heavy metals, energy capacity, calorific value of humus, the
reserves of energy in the layer 0-20 cm, industrial pollution, technological load, method, prediction.
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NMPOrHO3MPOBAHUE YPOBHEN COOEPXXAHUA MUKPOJJIEMEHTOB
U TAXKENBIX METAJOB B MNOYBAX PA3JINYHOIO FTEHE3UCA
ANA OLUEHKU NX 3KOJNTOMMYECKUX N NPOAYKLUMOHHbIX ®YHKLIUA

AnHoTanus. OG0CHOBaH croco0 MPOrHO3UPOBAHMS COIEPIKAHMS MUKPOIEMEHTOB (MD) 1 TSHKEIBIX
metawioB (TM) B mouBeHHO# cHCTeMe Ha IprMepe OOCIeIOBAHHBIX IOYB PA3HOTO TEHE3Hca NPHPOJIHO-
KIMMATHYECKUX 30H YKPaWHBI, 3arPs3HEHHBIX TTOYB XapbKOBCKOH M JIyranckoif oOmacteii 1 MHTEHCHBHO
YIOOOpeHHBIX (OpraHO-MUHEpaIbHAs, OpraHMdYeckass M MHUHEpaIbHAas CHCTEMBl YyHOOpEeHHs) IOo4B
XapbkoBckoi, IMonraBckoit u JIbBOBcKoW oOnacteil. B pa3paboTaHHOM METOJMYECKOM HOIXOZAE IpH
UCTIONIb30BaHUHU  TTOKa3aTeNlell HEPreTHUeCKOro COCTOSHUA MOYB (TEIUIOTBOPHAS CIHOCOOHOCTH TyMyca,
3amacel dHepruu B cioe 020 cM), ucmons3ys pa3paOoTaHHBIE MAaTeMaTHYecKHe MOZIEIH, U IyTeM
SKCTPANOIMPOBAHNS AJITOPUTMA CITOCO0A Ha TTOUBBI APYTHX THTIOB ONPEAETICHHOH MPUPOJHO-KINMATHIECKOH
30HBI B YCIIOBISIX TEXHOT€HHOTO 3arpsi3HEHIS M TEXHOIOTHYECKOH HArpy3KH, POTHO3UPYETCsl COAEpIKaHNe
MD wwm TM B mouBax, 4eM OOECIEUMBACTCS SKCHPECCHOCTh OLEHKH WU IIOBBIICHHE TOYHOCTH
TIPOTHO3UPOBAHMS JIEMEHTHOTO CTaTyca, SHEPreTUYecKOro M T'yMyCOBOTO COCTOSHHSI TOYB Pa3NIIHOTO
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TeHe3HCca C OJHOBPEMEHHBIM BBIABICHHEM DPa3lIMUMii 3KOJOTMUYECKOTrO COCTOSHUS IMOYB I MPOTHO3a MX
Ka4yecTBa C OLIEHKOH SKOIOrMIeCKHX (yHKIMH MPU PAHKUPOBAHUY MOKa3aTeNell SHEProeMKOCTH MOUBBL.

Knioueevie cnoea: nousa, MuKkpoIneMeHmul, MANCEAbIC MEMANbl, IHEP2OeMKOCMb,
MenjiomeopHas. cnocobHocmb 2ymycd, 3anacbl dHepeuu 6 cioe nougvl 0-20 cm, mexmozenmnoe
3aepAzneHue, MexHoI02U4ecKds Hazpy3Kd, Cnocob, NPOSHO3UPOBAHUe.
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NMPOrHO3YBAHHSA PIBHIB BMICTY MIKPOEJNIEMEHTIB | BAXXKUX METAIIB
y I':_PYHTAX PIBHOIO rEHE3MCY A1 OLIIHKOBAHHA
IX EKOJNOIN4YHUX TA NPOAYKUIMHUX ®YHKLIN

Anotaniss. OOGrpyHTOBaHO cIoci0 NporHo3yBaHHs BMicTy MikpoenemeHnTiB (ME) Ta Baxkux
MmetaniB (BM) y rpyHTOBiH cucTeMi Ha NpHKIag OOCTEKEHHWX IPYHTIB PIi3HOIO I'€HE3WCY MPHPOIHO-
KIIIMATHYHHUX 30H YKpainu, 3a0pyaHeHux IpyHTiB y XapkiBcbkiit, JloHerpkii i Jlyrancpkiit obmacTsx Ta
IHTEHCHBHO YI00pIOBaHUX (OpraHo-MiHepasbHa, OpraHiyHa Ta MiHepaIbHa CHCTEMH YA0OPEHHS) IPYHTIB Y
KuiBcrkiii, XapkiBcpkil, [lontaBcpkiii Ta JIbBiBCBKilT 0OnacTsx. Y po3poOaeHOMY METOOUIHOMY TiIXOZI1
OUIIXOM BHKOPHCTaHHSA MAapaMeTPiB MOKA3HHKIB CHEPIeTHYHOIO CTaHy IPYHTIB (TEIUIOTBOPHA 3ATHICTDH
rymycy, 3arnacu eHeprii y mapi 0-20 cMm), 3a MareMaTHYHUMH MOJCISMH Ta TOLIMPEHHSM aIrOPUTMY
croco0y Ha IPYHTH IHIIMX THUIMIB II€BHOI HPUPOIHO-KIIMATHYHOI 30HH 3a YMOB TEXHOTCHHOTO
3a0py/HEHHS 1 TEXHOJIOITYHOr0 HaBaHTAXKEHHs, NporHosyersest BMicT ME i/abo BM y rpyHTax pi3HHX
THIIIB, YNM 3a0e31e4yeThCs eKCIIPECHICTh OLIHKM Ta IiJABHILEHHS TOYHOCTI IPOTHO3YBaHHS €IEMEHTHOT'O
CTarycy, €HePreTHYHOrO Ta T'yMyCOBOIO CTaHy IPYHTIB Pi3HOTO I'€HE3UCY 3 BHSBICHHSIM BiOMiHHOCTEH
€KOJIOTIYHOrO CTaHy IPYHTIB JUISl MPOTHO3Y IXHBOI SKOCTI 3 OLIHIOBAaHHSIM EKOJOTIYHMX (YHKIIH 3a
PpamXyBaHHA MOKA3HUKIB €HEPrOEMHOCTI IPYHTY.

Knrouosi cnosa: 1pynm, MikpoeneMeHmu, 8AXCKI Memaiu, eHepeOEMHICb, MeniomeopHa
30amuicmes eymycy, 3anacu ewepeii y wiapi 0-20 cm, mexHoceHnHe 3a0PYOHEHHS, MEXHONO02IuHe
HABAHMAICEHHSL, CROCIO, NPOSHO3YBAHHSL.

BCTYN

BigomMo, mo mporHO3YyBaHHS SIKOCTI IPYHTIB PIi3HOTO TEHE3WCY € KOMIDIEKCHOK Ta
OaraToeTarnHo y BUpILICHHI 3a1a4et0 32 (JOHOBHX YMOB Ta aHTPOINOI€HHUX (TEXHOTCHHUX,
TEXHOJOTIYHMX) BIUIMBIB Ha IPyHTH, 1 mepembadae: 1)ypaxyBaHHS Ta OIiHIOBAHHS
rapaMeTpiB TOKAa3HWKIB BIIACTUBOCTEH IPYHTY; 2) HAyKOBO-OOTPYHTOBaHE MepenOadeHHs
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TpaHcopMariii IKOCTI TPYHTYy 3a YMOB BHCOKOi Ta HH3BKOi KYyJBTYypH 3eMIIepoOCTBa 3a
BUKOPHCTaHHS OOHITETIB TIPYHTIB, IO KIJIBKICHO BimOOpaXkaroTh iXHIM AKiCHHHA cTaH; 3)
KOpEKTHE BUKOPHUCTaHHS pe3ybTariB nporHo3yBants (Medvedev, Plisko, 2003).

Jlyist HopMyBaHHSI Ta OLIHIOBAHHS SIKOCTI IPYHTIB HEOOXIHUMHM € HaJiiHi MPOTHO3HI
OLIIHKH 100 3MiH NPOILECIB, BIACTUBOCTEH Ta X (yHKIii 32 (OHOBUX YMOB 1 BILUTUBY
3pOCTAalOYMX AHTPOIOI€HHWX HABaHTAXXEHb HA IPYHTH 13 OJHOYACHMM 3a0pyIHEHHIM
HaJUIMIIKOM Ol0TeHHMX eleMeHTIB Ta BM, 110 Npu3BOANTH 10 3MIHH €IEMEHTHOTO CTaTyCy
CHCTEMH TPYHT-POCIIMHA, IHIINX JIAHOK TPO(IYHMX JIAHIIOTIB, Jerpaialii IpyHTiB Pi3HOTO
TeHEe3UCY 3a HETaTUBHOT'O BIUIMBY Ha iX CTPYKTYpY 1 QyHKIII.

BukopucTaHHs TIOKa3HUKIB €HEPreTUYHOTO CTaHy IPYHTIB PIi3HOTO T€HE3UCY, SIK
IHTerpalbHUX ~XapaKTePUCTHK 3MiH IX BIACTHBOCTEH, € BaXIIMBOK CKIAJOBOIO
MPOTHO3YBaHHSA 3MiH iX ¢yHKOiH. OTxke, po3poOKa METOAWYHUX INIXOMIB IIOIO
IPOTHO3YBAaHHS €JIEMEHTHOI'O CTaTycy IPYHTIB pi3HOTO TE€HE3HCy 3a BHKOPHCTAHHS
MOKA3HMKIB €KOJIOTO-CHePIeTHYHOI0 CTaHy Ta IX BIPOBAPKCHHS € aKTyaJIbHOIO
mpobiemMoio, mo moTpedye TOHANbIIOT0  YAOCKOHAJNCHHA ICHYIOUHX  CHOCOOIB
NPOTHO3yBaHHS, YTOYHEHHS IPOTHO31B Ta MOJIEIH TIPOTHO3Y.

Mera mociipkeHHS — pO3pOOHUTH CIIociO MporHo3yBaHHs piBHIB BMicty ME /BM y
I'PYHTaX Pi3HOTO T€HE3MCY VIS OLHIOBAHHS 1X €KOJIOTTYHUX Ta MPOXYKUIHHUX (YHKIIH 3a
paxyHOK  pO3LIMPEHHs  CHEeKTpy  iH(QOpMAaTMBHMX  JIarHOCTUYHUX  IOKA3HHKIB
€HEPreTUYHOr0 CTaHy I'PYHTIB Ta BCTAHOBJICHHS HOBHX 3aKOHOMIPHHX 3B’SI3KiB 3 PIBHSIMH
BMICTY XIMIYHUX €JIEMEHTIB, 1110 HaJa€ MOXJIIMBICTD IJIBUIIUTH TOYHICTH Ta EKCIPECHICTD
MPOTHO3YBaHHSA iX BMICTY, €GHEPrEeTHYHOIO Ta TyMyCOBOTO CTaHy IPYHTIB Pi3HOTO TeHE3HCY
3 BHSBICHHAM BIJMIHHOCTEH €KOJOTIYHOTO CTaHy IPYHTIB 32 €KOJOTiYHHMHU (YHKIISIMHU
JUTA IPOTHO3Y 1 HOPMYBAHHS iX SKOCTI.

Po3pobky cmocoby cmpsmoBaHo Ha: 1) 3abe3meueHHS OiBIIOI MPOTHO30BAHOCTI
SHEPreTHYHOI0 i MIKPOEIEMEHTHOTO CTaTyCy, T'yMyCOBOT'O Ta €KOJOTIYHOTO CTaHy IPYHTY
B I[JIOMY JIsl TOMEPEKCHHS Jlerpafanii OpraHiyHOi PEeYOBMHM IPYHTIB Ta 3HW)KCHHS
PHU3MKIB BIUIMBY TEXHOTEHHOTo 3a0pynHeHHs BM; 2) ekcnpecHiCTh OTpUMaHHA Ta
MiJBUILEHHS TOYHOCTI TPOTHO30BaHMX 3HaueHb BMicty ME i BM y r1pyHrax;
3) 3a0e3meyeHHs] yHIBEPCAIBHOCTI CIIOCO0Y 3aBISKM HOTO INMPUAATHOCTI JUIS BCIX THIIIB
TPYHTIB Pi3HUX NPUPOJHO-KIIMATHYHUX 30H; 4) CTHUMYJIOBAHHS IOAAIBIINX JIOCIIHKEHb
I0JI0 €HEPreTHKH IPYHTOYTBOPEHHS Ta BUPINICHHS MPAaKTUYHHUX 3aBJaHb 30€peKCHHS
MOKAa3HHUKIB €HEPrOEMHOCTI 1 BiHOBICHHA (YHKIIH TPYHTIB, BHUSBICHHS ONTHMAIbHHUX
CHEPreTHYHUX BUTpAT Ta ypaxyBaHHS EKOJOTIYHHX Ta MPOAYKILIHHHMX (QYHKUIH IpyHTY
MICBHOT'O THITY.

MATEPIANU TA METOOU OOCNIMXKEHDb

Po3pobnenns cnoco0y BKITIOYANO:

1) IlpoBenenns matentHoro momyky 3rigHo 3 JACTY 3575. O6’ekTH mMaTeHTHOTO
MOIITYKY — 00’ €KTH aBTOPCHKOTO IIpaBa, SAKi 3allaTeHTOBaHO B YKpaiHi Ta kpainax CH/, €C
B IUIOMMHI mocTaBieHoi MeTH. [Ipenmer momryky — cmoci® B mijoMy; OKpemi omepariii
(etamu) cmocoOy, 10 € CaMOCTIHHMM MATCHTOCIIPOMOXKHHM 00'€éKTOM; Crmocoom ix
oJlepKaHHs 1 rajy3b 3aCTOCYBaHHs; OOJIa[HaHHS, 110 BHUKOPHUCTOBYIOTh IIPH 3JiHCHEHHI
croco0y; METOMYHI MiAXO0H II0A0 IPOTHO3YBAHHS E€IEMEHTHOTO CTaTyCy IPYHTIB Pi3HHX
TUIIB, Yy TOMY 4YHMCIi 1 3a TexXHOreHHoro 3abpymHeHHs BM 1 TexHoJOri4HOTO
HaBaHT&KCHHS, 32 BUKOPUCTAHHS METOJIB MaTEeMaTHYHOTO MOJEIIOBAHHS ISl MPOTHO3Y
CTaHy I'PYHTIB K KOMIIOHCHTH JIOBKLJUIS, BKITFOUAIOYH MOIEITI TIEPEHOCY Ta TpaHcopMmartiit
3a0pynHIOBadiB (reorpadiuni Mopeni) Ta Momemi 3MiH CTaHy IPYHTIB 3a BIUIUBY
3a0pyaHEHHS (eKOJIOTiYHI MOJei); METOIN EKCTPAIIOJIALii Ta eKCIIEPTHUX OIiHOK. MeToaun
JOCIIKEHb — METOAM TEOPETUIHOTO aHaIi3y, CHCTEMHUH MiaXi.

2) IlonpoBuil eTam — TPYHTOBO-TEOXIMIUHI MOCTIMKEHHSA, B TOMY YHCIi, 32 YMOB
TEXHOJIOTIYHOTO HaBaHTa)XeHHS Ha TIpyHTH KwuiBcpkoi, XapkiBcekoi, [lonmraBcpkoi Ta
JIbBiBCchbKOT OONacTeil Ta 3a yMOB CTajloro BIUIMBY JDKEPENT aTMOTEXHOTEHHUX eMiCiid
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3a0pyAHEHHs HeopraHiuHoi mpupoan XapKiBCbKOi 007acTi i MPOMHUCIOBHX 00 €KTIB
Jonenpkoi Ta JIyrancekoi obnacteil, Ta MpOBEAECHHS cepil CTAIlilOHAPHUX MiKPOIIOJIbOBUX
nmochimiB. OOG’exktm  nocmimkeHHs — IpyHTH JlicoctemoBoi i1 CremoBoi mpupomHO-
KJIIMaTHYHMUX 30H YKpaiHu 3a BIuMBY 3a0pynHenHs BM Ta 3a itoro BinacytHocTi. Metoan
JIOCITIJKeHb — YHIBepCajbHI 3arajJbHOHAYKOBI METOJM, €KOCHCTEMHHUH Ta jaHAimadTHO-
reoxiMiuHi miIxXoau.

JlociimKkeHHs 3aKOHOMIPHUX 3B’SI3KIB MIKPOEJIEMEHTHOT'O, TyMYCOBOTO i €HEpreTHYHOTO
CTaHy IPYHTIB PI3HOTO I'€HE3UCY Ta BIJIOBIJHO MMOKAa3HUKIB I'PYHTOBUX BJIACTHBOCTEH Ha
pyxomicts ME /BM 0yio nmpoBeneHo i3 BigdoopoM 3paskis 3 opHoro (0-20 cm) mapy.

[pyHTOBO-TeOXiMiuHI JOCIIDKCHHS IOAO0 TEXHOTCHHOrO HaBaHTaXeHHS BM Ha
IPYHT TIPOBOAMIIM 32 YMOB CTaJlOrO Ta MEPiOANYHOTO BIUIMBY JDKEPEN MONieIeMEHTHOTO
3a0pynaenHs 3wiiBcbkoi TEC TIAT «Uentpenepro» HAK «Eneprerndyna xommaHis
VYkpaiam» XapkiBcekoi obmacti, BAT «Ykpruak» 1 BAT «ABaiiBChKuil KOKCOXIMIYHHN
3aBog» JloHempkoi 00m.; mpoMucioBux 00’ekTiB M. JIyrancek Ta BinokypakWHCBKOTO,
[TepeBanbcpkoro, Cnos'ssHocepOebkoro i Tpoimpkoro patonis Jlyrancekoi obmacri.

Takox 11 miaTBEpIDKEHHS i€l 3a pO3pOOKHM HOBOTO TEXHIYHOTO pillleHHs OyJio
BUKOPHCTaHO LU(POBI MaTepianu 1mono BMicty BM y rpynrax 3 Exonoriunux ariacis
Xapkiscbkoi (2005), Jorerpkoi (2007) Ta Jlyranceskoi (2004) obnacTei.

[MonboBi HOCHi/KEHHST 00 TEXHOJIOTIYHOIO HAaBAaHTaKEHHS MPOBOAWIN B YMOBax
CTallilOHApHOTO  JIocHiy Kadeapw TIpPyHTO3HABCTBA, 3eMJIepoOCTBA Ta  arpoximii
JIsBiBcbkoro HAY 3aximnoro Jlicoctemy VYkpaiHu 3 BUBUCHHS €(EKTUBHOCTI BIUIUBY
OpraHO-MiHEpaIbHOI, OpPTraHIYHOI Ta MIHEpabHOI CHCTEM YAOOPCHHS Yy BCTaHOBICHIH
e(peKTUBHIM  KUTBKOCTI  CIIBBITHOIICHHS  KOMOIHAIl  IPYHTOIOJNINIIyBadiB  Ha
iMMoOiizanito pyxomux Gopm BM Ta aktuBamito ME y rpyHTax i3 BitOOpOM I'PyHTOBHX
3pa3KiB Ta BCTAHOBJICHHSIM 3aKOHOMIPHOCTEH 3MiH iXHBOTO BMICTy Ta JUHAMIKH TYMYCHOTO
cTaHy 1 Tpancdopmailii oOpraHiyHoOT peYOBUHU Y TEMHO-CIPOMY IPYHTI TI0JIbOBOT CIBO3MIHH.

EHeproeMHiCTh YOPHO3EMHHMX IPYHTIB PI3HOTO TpaHyJIOMETPHYHOIO CKIIaay 3a
BIUIMBY CHCTEM YyJIOOpPEHHS BH3HAYE€HO Yy JOBIOCTPOKOBUX IOJILOBHX IOCIHIKEHHSX Y
Kwuisebkiit (Muponisebka J1C), Xapkisebkiit (JI1 I'paxoso), [Tonraseekiii (ITontaseska JIC)
ta Jlyrancekii (JIyranceka [IC) oGmactsix. 3acTOCOBYBaIM MiHEpaJIbHY, OpraHiduHYy Ta
OpraHo-MiHepaJibHy CUCTEMH YHOOpEeHHs, siKi OyJi0 30a1aHCOBaHO 38 BHECEHHSIM OCHOBHHUX
€JIEMEHTIB JKMBJICHHS, a BHECEHHsS OPTaHiYHMX 1 MIHEpaJIbHHX JOOpUB ONTUMAaIbHUMHU
JI03aMH TIPOBOJAWIM 32 BUKOPHUCTAHHS UYUHHHAX METOAWYHHX pekomermarin (Vlasiuk,
Dmytrenko, 1962). BiAmoBigHO IO THMY IPYHTY 1 MPHUPOTHO-KIIMATHYHUX YMOB IEBHOI
30uM (Dobryva ta yikh vykorystannia, 2010).

3) AHaNmiTUYHUH eTan — y 3pa3Kax IPYHTIB Pi3HUX TUIIB (JepHOBO-IiI30JIHCTi, CBITIIO-
cipi, cipi, TEMHO-Cipi; YOpPHO3eMH OIIiJ30JICHI, THIIOBI, 3BMYaiiHi Ta MiBAEHHI, KallTaHOBI
IPYHTH TOIIO) 3a J1a0OpaTOPHO-aHAJITHYHUX AOCHIpKeHb 3riiHo 3 unHHUMH JICTY Ta
METOJMYHOI 0a3010 BHM3Ha4YWwiM: a) BMicT pyxomux ¢popm ME i BM (3a BukopHCTaHHS
eKCTpareHTIiB alleTaTHO-aMoHiiHOro OydepHoro po3unny 3 pH 4,8 ta 1a HCI 3rigao 3
JACTY 4770.1 — ACTY 4770.9 i MBB 31-497058-016-2003); 6) 3arajbHuii BMICT OpraHiuHOT
pedoBuHN — 3a MeTonoM Tropina (JICTY 4289:2004); B) rpynoBuii (3a Moau¢iKOBaHUM
merogoMm M. M. Kononosoi Ta H.II BenpunkoBoi 3rigno 3 JCTVY 7855:2015) Ta
(pakuiftauii  ckimany rymycy IpyHTY (MommdikoBaruii Mmeron B. B. [lomomapboBoi Ta
T. A. IlmotnikoBoi 3rimHo 3 JACTY 7828:2015); r) 3milicHIIM MpenapaTuBHE BUAUICHHS
rymycoBux peuoBuH 1pyHTY (ACTY 7606:2014); m) muTOMy €HEPrOEMHICTh TPYHTIB 1
npenapatiB 'K — 3a gomomMororo KamopuMeTpudHOi YCTaHOBKU B - 08 MA 11V 1.470.000 3a
MOKAa3HUKOM TMTOMOI Tertotd 3ropaHHs 3paskiB (JICTY 7866:2015); €) moOKa3HUKH
IIIBHOCTI OyIOBH TPYHTIB 3a ()OHOBHX yMOB, BIUIMBY TEXHOT€HHOTO Ta TEXHOJIOTiYHOTO
HaBaHtaxenss (JJCTY ISO 11272-2001).

4) KamepanapHuil eTam — OIIHIOBAHHS MIKPOCIEMEHTHOTO CTaTyCy IPYHTIB 3a
EKCIIePTHOTO OLIIHIOBAHHS HOPMAaTHBHO-JIOBIIKOBOI JIOKYMEHTallii, PO3paXxyHOK MOKa3HUKY
3arajbHUX 3aIaciB eHeprii ryMycy IPyHTY, CTaTHCTHYHA 00poOKa OTpUMaHUX JaHUX M0N0
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TYMyCOBOTO, €HEPreTUYHOTO CTaHy IPYHTIB B TOMY YHCIi i 3a BIUIMBY TEXHOJOTiYHOTO
HaBaHTaKEHHs, TEXHOTeHHOTo 3a0pynHeHHs BM 3a mo0ynoBu MaTeMaTHYHNX MOJEICH.

Po3paxyHOK NOKa3HUKA 3@2aibHUX 3anacie ewepeii, MO aKyMyJIbOBaHI T'yMyCOM
IPYHTY, K IHIMKAaTOPY €HEPreTHYHOro CTaHy I'PYHTY, IPOBOAMIM 32 BiIOMOIO (hOPMYJIO0
J. C. Opnosa — JI. A. I'pumunoi (Orlov, Grishina, 1981; Orlov et al., 2004) y moaudikartii
O.JI. OpioBa (Orlov, 2002), mo BpaxoBye SKICHHHA CKJIaJ TyMyCy 1 TEIUIOEMHICTh
OCHOBHUX HOTO (paKIiii:

Q=(19,96 TK + 9,16 ®K + 17,86 I'3) x H x d x 10 /100, (1)

ne Q — 3amacu eHeprii, akyMy/1b0BaHi rymycom rpyuty, 10° k[l /ra (a6o 10° MIx /ra);
19,96 — Temnora 3ropaHHsS TYMIiHOBUX KuchoT, kJDk/T; 9,16 — Temiora 3ropaHHS
¢ynbBokucnoT, k/x /r; 17,86 — Teruora 3ropanns ryminy, kJx /r; 'K — BMicT ryMiHOBUX
kucnot, %; ®K — BmicT gynsBokucior, %; I'3 — BMicT ryminy, %; H — map rpynry, m; d —
wineHicTh Gyn0BH IpyHTY, r/cm’; 10 — xoedimient nepesenenns B 10° k/Ix /ra; 100 —
nepepaxyBaHHsI OAUHUIL BUMipy Toka3HuKiB BMicTy ['K, @K ta I'3 y BincoTkax.

OMiHKy eKOJIOTIYHOTO CTaHy IPYHTIB IIOAO MIKPOEIEMEHTHOTO CTarycy Ta BMicty BM
TPOBOVIIA 3TiMHO 3 JMII0OYMMHA HOPMATHBAMH 1 METOIMYHOIO 0a30i0, BHUKOPHCTOBYIOYH
BCTaHOBIeHi (oHOBI piBHI BMicTy ME (BM) m1s rpyHTIB IT€BHOT MPUPOIHO-KIIMATHIHOI 30HU
VYxpainu (Fateev, Samokhvalova, 2012). Takox st miaTBeppKeHHS i/iel 32 po3pOOKH HOBOTO
TEXHIYHOTO pillleHHsI OyJ0 BHUKOPHCTaHO IM(POBI MaTepiain 3BiTIB Jlabopatopii 0XOpOHH
IpyHTiB Bix Texuorensoro 3a6pymuends HHIT «ITA im. O. H. COKONOBCHKOr0» 3 BUKOHAHHS
HTP 3a 2001-2005 pp., 20062010 pp. MOAO EIEMEHTHOTO CTATyCy IPYHTIB 32 (JOHOBUX YMOB,
BIUIMBY TEXHOT€HHOTO 3a0pytHeHHs: BM 3a iXHBOr0o NOJaJIbIIOro y3aralbHEeHHS.

AHaNITAYHI YHACIOBI IaHI MO0 aKyMYJISTHBHOI €HEpreTHYHO! (PYHKIII T'yMyCOBHX
PEYOBHUH IPYHTY — IIOKA3HUKIB IMUTOMOI BHYTPIIIHBOI €Heprii a00 TEIUIOTBOPHOI 3JaTHOCTI
TYMyCy; 3aIaciB €Heprii, Mo aKyMyJIbOBaHI TyMyCOM IPYHTY, MIKPOSIIEMEHTHOTO CTaTyCy
Ta TYMYCOBOTO CTaHy CTaTHCTUYHO OOpoOSTM i3 BHKOPHUCTaHHSAM  MOIYJIIB
KOPEJSIIIHHOTO, TUCTIEPCIHOTO, perpeciiHoro ta (pakTOpHOTO aHaIl3iB y paMKax Makera
Statistica  10.0, BKIIOYAal0MM PO3PAxXyHKH 3a PIBHSHHSAMH JIIHIHHOI, CTYNEHEBOi i
norapumivHOI perpecii.

PE3YNbTATU TA IX OBrOBOPEHHA

VY3aralbHEeHHSAM ~ pe3yJIbTaTiB  MPOBENCHHS IPYHTOBO-TEOXIMIUYHMX JIOCHI/DKEHb Ta
aHaTI3yBaHHS OTPUMAHMX JaHHUX MIOZ0 MIKPOCIEMEHTHOTO CTAaTYyCy IPYHTIB Pi3HOIO I'EHE3UCY
NPUPOTHO-KIIIMATHYHKX 30H YKpaiHU, HaMu OyJi0 BCTAHOBJICHO, 10 MIKPOEIIEMEHTHHH CTaTyC
IpyHTIB Ta pyxoMicte ME i BM 00ymoBIIeHI SIK piBHSAMH BMICTy 3arajJbHOTO T'yMycCy, HOTo
TPYNOBUM Ta (hpakmiifHUM CKJIaJ0M, Tak 1 PIBHEM TiAPOJITHYHOI KHCJIOTHOCTI Ta BMICTOM
¢$i3n4HOT TIMHK y TpyHTaxX, a OajaHC MDK IpoliecaMH MiHepajli3alii i CHHTe3y OpraHiYHHX
CTONYK BH3HA4aeThes crilikicTio 'K Ta crabumpHicTIo y daci cmiBBigHOmeHHS Cri/Cox
(Samokhvalova et al., 2011; Pat. na korysnu model 95649 UA, 2014).

BcraHoBNIeHO TakoK 3aKOHOMIpHI 3B’s13kH pyxoMmocTi 6imsirocti ME /BM y rpyHTax
pi3zHoro renesucy 3 ymicrom @K 3a BificyTHOCTI Ta MiJ BIJIMBOM 3a0pYAHEHHS IPYHTIB
BM, 306inbIIeHHsT iHTEHCUBHOCTI MPOLIECiB MiHepautizalii OpraHiYHol pe4oBHHH IPYHTY 3a
TexHoreHHoro BIUIMBY (Samokhvalova, Fateev, 2006) Ta 3MEHIIEHHS EHEPrOEMHOCTI
pyuty y 1,5-3,2 pas3u (Zholudeva, 2010).

3a npoBeAeHHs JOBrOCTPOKOBUX IOJBOBUX JOCITIDKEHh HAMU OYyJIO BHSBJIEHO, IO
TPYHTH PI3HHUX THIIIB XapaKTEpPHU3YIOTHCS MEBHUM piBHeM eHeproemuocrti (Skrylnyk, 2008,
2010). Tak, BCTaHOBJICHO, MO MaKCHMallbHC HAKOMUYEHHS cHeprii y mmapi 0-20 cm
kommBaeTbes  Bix 0,91 MJDk /Kr y dYOpHO3eMi THIIOBOMY JIETKOCYTJIMHKOBOMY
cmaboBmwiyroBaHoMmy no 1,17 MJIx /kr y 9OopHO3eMax THIOBHUX Ba)XKKOCYTJIMHKOBHX Ta
1,06 M/Ix/kT y 9opHO3EeMi 3BHYAITHOMY Ha JICCOBUAHOMY CYTTMHKY. Takoxk, pe3yiIpTaTaMu

ISSN 1726-1112. Ecology and noospherology. 2016. Vol. 27, no. 1-2 77



BU3HAYaHHS MHUTOMO{ TEIUIOTH 3TOPSHHS IIpenapartiB BIIbHOI Ta 3B’S3aHOI 3 PYXOMHMH
miBTopaokcuaamu ¢pakiii ryminoBux kuciaor (I'K-1) i ¢pakuii ['K-3, mo 38’s3aHi 3
TJIMHUCTOIO (PPAKIIIEO 1 CTIHKMMHU MIBTOPAOKCHAAMH, BCTAHOBJICHO MAaKCHUMaJIbHY KUTBKICTh
e”eprii y nabineHux ¢opmax 'K, mudepennianiro nmokasHUKa 3riJJHO 3 THUIIOM IPYHTY Ta
HOT0 TpaHyJIOMETPUYHUM CKIaaoM (puc. 1), 0 JOBOAUTH CUCTEMHHH XapaKTep ryMycCy sIK
NPOJNYKTYy TIPYHTOYTBOPEHHSI 1 € CBIIYEHHSM $IKOCTI E€HEpPreTMYHUX 3B’SI3KIB 32
3aKOHOMIPHUX TpaHcdopMalliii eHeprii Ta KUIBKICHOTO i SIKICHOTO CKJIally TYMYCY IPYHTY
MIEBHOTO THITY.

16
Muroma Tennota sropaHHA, MK / Kr = dpaKkuyin BiNbHUX
rymiHoeux kncnoT (FK-1)

14

12

B Ppakuis rymiHoBmnx
KWUCIOT, Lo 3B’'A3aHa 3
rMMHUCTOK chpakuieto i
CTIMKUMK
nisTopaokcugammn (M’K-3)

10 +—— ——

YOPHO3eM TUMOBUIA YOPHO3EMTUMOBUIA  HYOPHO3EM TUMOBUI YOPHO3EM 3BUYANHUIA

NEerkocyrnMHKOBUIA  BaKKOCYTINVHKOBUIA, BayKKOCYITIMHKOBWIA, Ha necoBUaHOMY

cnaGoBUNYyroBaHWi, MonTtaea MoakoBo CYFAWHKY, JTyraHcek
MupoHiska

Puc. 1. Eneproemuicts I'K rpyHTiB pi3HOro renesucy

Jo Ttoro x Hamu Oyino BcraHoBieHo (Skrylnyk, 2010; Shedyey, 2006, 2010;
Lopushniak, 2013) nepeBarn BUKOPHCTaHHS OpraHO-MIiHEPAIbHOI CHCTEMU YJOOpPEHHS Ha
IPyHTaxX pIi3HUX THIIIB 332 OJHOYACHOIO IiJBHMIICHHS MNOKA3HHKIB IX €HEProOeMHOCTI B
OpPHOMY IIapi Ta MO3WTHBHOTO BIUIMBY Ha POIIOYICTh IPYHTIB 3a CHEPrOOLIATHOCTI 3
PETYIIIOBaHHAM SHEPrOEMHOCTI IpyHTY. Takuil pe3ynbTar 3a0e3MmedeHo HarpoMaKEHHIM
TYMYCOBHX CIIOJIYK Y TPYHTI Ta migBUIeHHsIM 9acTku ['K 1 HETigpoizoBaHOTO 3aIHUIIKY 3
BJIACTHBOIO iM HAalBHIIOI0 eHeproeMHicTio. [TiBUIIIEHHS eHePreTHYHUX MOKA3HUKIB Y Iapi
rpyaty 0-20 cM CBi4UTH MPO IHTEHCHBHI npoiecy ryMidikauii. B Toii ke yac mokazHUKH
CHEPrOEMHOCTI TPYHTY TEPEJIOry CBiAYaTh PO BCTAHOBICHHS THHAMIYHOI pPIBHOBArd
(HagXOo/DKEHHS PEYOBHMH 1 eHeprili mepeBuinye abo Oiu3bKe 10 iX BTpAaT BHACHIJOK
MiHepaiizamii) 3a TPUBAJOr0 BHUBENEHHS 3eMelb 13  CUIbCHKOTOCHOAAPCHKOTO
BUKOpHCTaHHS. HalBHIMMU TNOKa3HMKaMH €HEPrOEMHOCTI XapaKTepH3yBaBCs LITMHHHUN
rpyHT. OTXe, OBEAEHO, IO TEXHOJIOTIYHE Ta TEXHOI'€HHE HABAHTAKCHHS € BarOMHUMHU
(hakTOpamMM BIUIMBY Ha €KOJIOTO-CHEPTreTUYHUM CTaH IPYHTIB pi3HUX TUMIB (TadiI. 1).

V3araJbHEHHSIM JaHHX, OTPUMAaHHX Y PI3HHX IPYHTOBO-KJIIMATHYHUX 30HAX,
BCTaHOBJICHO, 0 e()eKTUBHICTh porHo3y BMicTy ME i BM y IpyHTI migBUIIY€ETHCS came
3a JOJATKOBOI'O BHKOPHCTAHHS IOKAa3HUKIB EHEPreTHYHOIO CTaHy IPYHTIB Ta alrOpHTMY,
1110 TIPOIIOHYETHCS Y 3asBJICHOMY CIIOCO01, UMM 3a0e31euy€eThCsl HOro TeXHIYHUH pe3yJsibTar —
MiJIBUIIEHHS TOYHOCTI 1 TPOrHO30BAHOCTI SIKICHOTO CTaHy TIPYHTY; €KCIIPECHICTh
HPOTHO3YBAHHS €JIEMEHTHOI'O CTaTyCy IPYHTY U OLIHIOBAHHS €KOJIOTTYHUX (YHKLiH 3a
BUKOPHCTAHHS MOKAa3HUKIB EHEPreTHYHOrO CTAHy I'PYHTIB PI3HUX THIIIB, y TOMY YHMCII il
BIUIMBOM TE€XHOJIOTTYHOTO HABAHTAXXCHHS 1 TEXHOTCHHOTO 3a0py/IHEHHSI.
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Tabruys 1

EneproeMHicTh IpyHTIB pi3HOro reHe3ucy 3a (pOHOBHX YMOB Ta BILJIUBY TEXHOJIOTi4HOI0
HABAHTAKCHHS 1 TEXHOTeHHOro 3a0pyaHeHHss BM

EneproeMuicTs (TEIIOTBOPHA 3AATHICTH T'YMYCY) IPYHTIB
TexHoJOTiYHE HABAaHTAXKEHHS (CHCTEMa YI0OPEHH)
K . . -
Tur roviT (GeZHT()%OI:;B) Opraniuna MinepanbHa QpraHo
TpyHTy 700p cucreMa cucTemMa MIHEpasbHa
cucrema
MJIx / xr
Hopuoseni Timobi 0,96-1,17 1,07-1,23 1,15 1,28
Ba)KKOCYTJTHHKOBI
Hopriosemt THIOR] 0,91-1,06 0,89-0,84 0,73-0,75 0,97
JIETKOCYTJIMHKOBI
Yopuozem 1.04
OIIiI30JICHU I . 0,93 0,8 0,98
. (mepemir)
BaKKOCYTJIMHKOBHIT
Temno-cipuit 0,94 0,97 0,94 0,98
JICTKOCYTJIMHKOBHA
YopHo3eM 3BHYaHUI Kontpoins
. TexHOreHHe HaBaHTaKCHHS
CepeAHBOCYTIIMHKOBUI (6e3 3a0pyaHEHHS)
M]Ix / xr
1,99
0,97 (pims) (uiTHHHAR 0,62-0,78
cren)

AHami3 icHyro40l TaTeHTHOI MOKYMEHTAamii CBIJYUTH NPO T, IO ONM3BKAM 3a
TEXHIYHOIO CYTTIO IO PO3pOOJICHOTO crocoly € BIIOMHI CrociO BH3HAYaHHS peaKIliiftHOl
3IaTHOCTI TyMyCy IPYHTY IUIi TIPOTHO3Y BMICTY PyXOMOI OpraHiq4HOI PEYOBHHH Ta
OIIIHIOBAHHS POMIOYOCTI TPYHTY 3a BIUIMBY aHTPOTOTeHHHX (akTopiB (Avtor. sv.
SU Ne 1291545, 1987). Cnoci® mepenbadae BH3HAYEHHS BMICTYy aKTHBHOTO TYMYCy 3a
PI3HHLCIO BMICTY 3arajibHOrO 1 MacHBHOTO T'yMYCy, EMHOCTI OOMiHYy aKTHBHOTO TyMYCY
IPYHTY — 3a PI3HHUIICI0O MiX 3arajbHOI0 €MHICTIO KaTioHiB (€OK) rpyHTYy Ta macHBHOIO
ryMycCy 1 MiHEpaJbHOI 4YacTHHHU IPyHTY. 3a BigHomeHHsM €OK akTHBHOro rymycy o
BMICTY aKTUBHOT'O TYMYCY OILIIHIOIOTh PEaKIiifHy 3/1aTHICTb TyMYCY IPYHTY.

Henonixu crioco0y: 1) BiACYTHICTb OKa3HUKIB BMICTY XIMIYHMX €JIEMEHTIB y IPYHTI, 1110
XapaKTepHU3yIOTh CIenU(IYHICTh B3a€MO3B’S3KIB 3 OpraHiYHUMH CIIOJIyKaMH IpPYHTY, 3
MOKJIMBICTIO X BIATIOBITHOTO MiarHOCTYBaHHS; 2) BiICYTHICTh KOMIDICKCHUX TTOKA3HUKIB, IO
OUTBIII TOYHO XapaKTEPU3YIOTh SIKICTh OPTaHIYHOI PEUYOBHHH IPYHTY 1 ITOKA3HWKIB TOYHOCTI
TIPOTHO3HMX OIIHOK MIOJO SIKOCTi TYMYyCY 3a pi3HHX BHIIB HABaHTAXKCHB; 3) TPYIOMICTKICTb 1
YaCOBUTPATHICTh TMPOIECY BHUAUICHHS aKTHBHOTO TyMYCy 30UIBIIye PH3HUK SAKICHOTO 1
KIIBKICHOTO XIMIYHOTO 1 010JIOTIYHOTO MOTrO MEepeTBOPEHHS Y IPYHTI Ta, BIANOBIIHO, 3HAYHO
00MEKy€e MOXKIIMBOCTI BUKOPHUCTAHHS 1 301IbIIYE PECYPCOBUTPATHICTh peajtizallii criocody.

Bigomo iHmmit crnocid nmporHo3yBaHHs piBHIB BMicTy pyxomux ¢opm Zn i Cu y
IPyHTI 3a aHTpomoreHHoro HaBaHTaxeHHs (Pat. na korysnu model 58720 UA, 2011)
nepenbayae  po3paxyHOK Ha OCHOBI MaTeMaTW4YHUX MOJENICH  CIiBBiJHOIICHHS
MIiHEpaJIbHOTO a30Ty JI0 PyXOMoro Gocdopy 3 MoJaJbIIUM BH3HAYaHHSIM ITPOTHO30BAHOTO
BMICTy pyxoMmux (opM MeTaliB y IpPyHTI 3a perpeciiiunmu piBHsHHsIMH. Hemomikamu
crocoOy cmim BBakaTH: 1) 0OMEXKEHICTh HOTO 3aCTOCYBAaHHS JIMIIE HAa 3pOIIYBAHOMY
TEMHO-KaIlITAHOBOMY IPYHTI Ta JJIs MPOTHO3YBaHHA BMicTy Jumie Zn i Cu, o npu3BOAUTE
IO 3HIDKCHHA TOYHOCTI Ta 30LIBIICHHS IOXHOOK IIPOTHO3YBAHHSA BMICTY XiMigHHX
€IeMEHTIB y IPYHTaxX pI3HUX NPHUPOTHO-KIIMATHIHUX 30H; 2) 30UIBIICHHA PYXOMOCTI
METaJliB-TOKCHKAHTIB y IPYHTI Ta IX Mirpamii y CyMDKHI 3 TPyHTOM CepeloBHINa 3a
CHCTEMaTHYHOTO BHECEHHS (i3ionoriyHo KuCIuxX Ao0puB; 3) iICHYIOUHHA  PH3HK
HEraTMBHOTO BIUIMBY Ha SIKICTh OPraHi4YHOI PEYOBHMHM IPYHTY 3a PaxyHOK IOCHIICHHS
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PYXOMOCTi OpTraHiYHHX CHOJYK, iX MiHepami3amii 1 JeCTpyKIii, CIPOMICHHS IXHBOI
cTpykTypu. OTXKe, Croci0 XapaKTepu3yeThCs MEBHOIO KIIBKICTIO (paKTOPIB, IO BIUTUBAIOTH
Ha 301IBIIeHHS TOXHOOK BUMIpPIOBAaHb 33 OJHOYACHOTO 3HIDKEHHS MPOTHOCTHYHOI IIIHHOCTI
OTpUMaHuX AaHuX 1oa0 emicty ME /BM y rpyHTax.

Haii0inpin OMM3bKHM 33 MEXaHI3MOM peajisallii i pe3yabTaToM, IO JOCSITAETHCS, €
crnoci0 nmporuo3yBanHs 3abe3neyenocti rpyHtiB ME 3a matematnunnmu Mozessimu (Pat. na
korysnu model 89939 UA, 2013). Croci6 Britouae BinOip 3pa3kiB, iX aHai3yBaHHS 3
BU3HAYaHHSIM cepenHboro Bmicty Byriemto ryminoBux (I'K) i ¢yneBokucior (PK) ta
cuiBBigHomeHHs Cri /Cox, CTaTUCTHKO-MAaTEMAaTHYHHNA  aHAN3 3 OJCpIKAHHSIM
perpeciiHuX piBHAHB Ta BU3HAYAHHS MporHo3oBaHoro Bmicty ME (BM) y rpyHTi.

Hepomikamu 3ampomoHoBaHOTO crmocody €: 1) 0OMEXKEHICTh BHKOPHCTaHHS
moka3HuKa Crig /Cex UL TPOTHO3YBaHHS 3MiH SKOCTI TyMyCy 3a IHTEHCHBHOTO
CLTBCBKOTOCTIONAPCHKOTO BHKOpHUCTaHHA IPYHTIB (Avtor. sv. SU Ne 1291545, 1987) Ta
301IBIIEHHST HEIOCTOBIPHOCTI OTPUMAHMX JaHUX 32 MOJMJIMBOI HECTaOIIBHOCTI y daci
crieBinHomieHHs: Crk /Cdx, HemoBeneHocTi icHyBaHHs DK, sk rpymu Croiyk y IpyHTax, y
BitbHOMY ctaHi (Orlov, 1999); 2) ooMexeHicTs BukopucTanHs nokazHuka Crg /Cogx 3a
BU3HAYaHHS POTHO30BaHOrO BMicTy pyxomux ¢popm ME /BM, sik 3a oliHIOBaHHS PiBHS
3abe3nedeHocTi IpyHTiB ME, Tak i HeOe3neku HaiIMIIKOBOro HakonnyeHHs BM y rpyHTax
3a TEXHOTEHHOTO 1 TEXHOJIOTIYHOro HaBaHTaxxeHHS (Pat. na korysnu model 95649 UA, 2014),
BHacmiok BBy Ha cmiBBigHOmeHHS Crix /Ceox BMicTy pyxomux  (dopMm
ME /BM y rpyHTax pi3HOTO I'eHe3HCy, KU HEMOXIMBO ypaxyBaTH SIK 4epe3 iX BHCOKY
MIPUPOJHY MPOCTOPOBY BapiaOENbHICTh, TaK i 32 yMOB 3a0pymHeHHS BM i3 30imbIIeHHSIM
pyxomMocti BM i opraHiqHOi pedoBHHHU IPYHTY 32 oJHOYAacHOro aucOamancy BMmicty ['K ta
©K, 3menmenHs pyxomocti ME, mo yHEMOXIMBIIOE KOPEKTHE BH3HAYAHHS ITOKa3HHKA
Crx /Cox IpyHTiB; 4) 3HauHa pi3Huis y BennunHax eHeproemuocti 'K ta @K rpynris (I'K
— 7,6-8,6 kkan/r, ®K — 3,8-43 kkan/r (Tarariko, Nesmashna, 2000, 2007)
YHEMOJXKJIMBIIIOE KOpPEKTHE BHKOpHcTaHHsS mokasHuka Crk /Cdk, sK MIarHOCTUYHOTO Ta
OLIIHOYHOTO, TPHU3BOAUTH O BaroMoro 3HIKECHHS €()EeKTHBHOCTI NMPOTrHO3YBaHHS BMICTY
BM /ME y rpyHTi 3a 0JJHOYaCHOTO 30UIBIIEHHS TPYIOMICTKOCTI i PECypCOBHTPaTHOCTI
peadizanii ciocoOy Ta (hakTopy HEBU3HAYEHOCTI Y IPOTHO3HHX OLIHKAX.

IcHyroua MOXJIMBICTH BHKOPHCTAHHS IHIIOTO IIarHOCTUYHOTO IOKa3HHMKa 3arajlbHOTO
BMICTy TyMyCy Y IPYHTi, NpPOLEHTHHH BMICT SIKOTO € IHAMKAaTOpOM HOro MOTEHIIHHOT
npoayKTuBHOCTI (Smirnov, Muravin, 1981), Tex Mae 0OMeXeHHS 32 PaXyHOK TOXHOKH METOIY
15-20 %, mo BmIMBa€ Ha TOYHICTH BU3HAYEHHS INPOTHO30BAHUX 3HAUYCHb XAPaKTEPHCTHK
rpyHTY. TOMy AJIS TIPOTHO3YBaHHS PIBHIB BMICTY XIMIYHHX €IIEMEHTIB, TyMYyCOBOTO Ta /abo
SHEPreTUYHOT0 CTaHy IPYHTy IIEBHOTO THIly HEOOXiZHO CHCTeMaTW3yBaTH JaHi s
BU3HAYCHHS JIarHOCTHYHUX KPUTEPIiB OIIHIOBAHHA SKOCTI OPTaHIiYHOI PEYOBHHH IPYHTY, L0
noTpedye MPOBEeHHS JOATKOBHUX JOCITIKEHb 3 yPaXyBaHHIM 3B 513Ky MPOLYLIHHOI (YHKIIT
IpyHTy (pomroyocti) 3 skicHuM ckianoMm rymycy (Kovda, 1973, 1974; Volobuev, 1974, 1982,
1983) 3a BUKOpHCTaHHS IHTErPAILHUX MTOKa3HUKIB TYMYCOBOTO CTaHy IPYHTIB - €HEprOEMHOCTI
OpraHiYHOI PEYOBUHH IPYHTY (ITMTOMAa BHYTPILIHS €HEprisi r'yMycy abo TeIUIOTBOPHA 3JaTHICTh
TyMycCy; 3aranbHi 3amacu eseprii y mapi 0-20 cM), sK OLIbII OO'€KTMBHHMX ITOKA3HUKIB
MOTEHLIHHOT TPOIYKTUBHOCTI IPYHTY, LIO TICHO MOB’S3aHI 3 BJIACTHUBOCTSMM IPYHTIB, SIKi
BU3HAYAIOTh PYXOMICTh Ta piBeHb BMicTy ME /BM y IpyHTax pi3HHX THIIB 32 MPUPOIHUX
YMOB, TEXHOTCHHOTO 3a0py[HEHHS Ta TEXHOJOTIYHOTO HABaHTAKEHHA. BukopucTaHHS
Y3araJIbHIOIOYMX ~ CHEPIreTHYHHX XapaKTepUCTHK (DyHKIIOHYBaHHS IPYHTOBOI CHCTEMH
JIO3BOJISIE OTPUMATH TOYHI MPOTHO3HI JaHi IOAO SIKOCTI IPYHTY IEBHOTO THITY (€JI€MEHTHHUMA
CTaTyC, fKICTb TYMyCy SK aKyMyJsITOpy 1 JDKepena eHeprii, CHepreTWYHHHd CTaH) Uil
OL[IHIOBAHHS 1X eKOJOTYHMX  (YHKIIH; 3AifiCHIOBaTH  YIpPaBIiHHA  BIATBOPEHHSIM
EHEPreTUYHOr0 TIOTEeHIIIaTy iX OpraHiuHOi pEYOBHUHH Ta SKICTIO IPYHTIB.

JOIibHICTh BUKOPHUCTAHHSI TOKA3HUKIB EHEPreTUYHOr0 CTaHy IPYHTIB pi3HOTO
TeHE3HCy ISl IPOrHO3YBaHHS 1X €JIEMEHTHOr0 cTarycy 00yMOBJICHA THM, 1[0 €KOJIOTIYHI Ta
MPOXYKUiHHI (QYHKIII TIPYyHTY II€BHOTO THIy BH3HAYAIOTHCS BMICTOM EHEPIeTHYHO
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30arayeHnx TMPOAYKTIiB (POTOCHHTE3y, MO0 HAKOMUYYIOTHCS TYMyCOM IPYHTY V BHIJIAII
MOTEHITIaJIbHOI eHeprii Ta TPo(iyHUX CIONYK, a Pi3HI TUOHM TPYHTIB BiAPI3HIIOTHCSA 3a
3IaTHICTIO aKyMyJIIOBaTH ab0 BTPavaTH eHepriro. [PyHT, K BiIHOBIIOBAJIbHA CHCTEMA Ta
JOKEPEIIo MPUPOIHOT CHEPTii, XapaKTePU3YEThCS MEHIIIOK CTPYKTYPHOIO OJHOPIIHICTIO Ta
JIOBrO4acHUM 30€epekeHHsIM 1 MOCTYMOBICTIO y BUBUIbHEHHI eHeprii. ToMy cTalbijbHICTh
npoueciB rymidikanii-MiHepanizamii y TIpYHTOBiii cucremi BH3Ha4ae 11 JUHAMIUHY
piBHOBary Ta 3JaTHICTh IPYHTOBOTO IIOKPHBY BiJIHOBJIIOBATH EHEPIeTHUYHI pecypcH
BHACJI{/IOK HAaKOITMUYEHHS 1 PO3NOALTY €Heprii, 110 yTBOPHIIACH 3a (POTOCHUHTESY.

O1iHIOBaHHSA XapakTepy Ta IHTEHCUBHOCTI OIOTMYHHMX IpoueciB (po3KiamaHHs i
CHUHTE3 OpPTraHIYHHWX PEUOBHH, OioXiMiuHA i MIKpOOiONOTiYHA AKTHUBHICTH IPYHTY TOIIO)
IPYHTOBOI CHCTEMH TICBHOTO THITy, SKi IIOB’s3aHi 3 3amacaMu 1 TpaHC(POPMALIE
ACHMLUTBFOBAHOI COHSYHOI €HEPTii, 0 aKyMYJIIOIOUHCH y TYMYCI IPYHTIB 1 pOCIIMHAX, HAJIA€
MOJKJIMBICTh TIPOTHO3YBaHHSA OI10CHEPTETHYHOTO CTAaHy IPYHTIB 3a IOKa3HUKAMH iX
010THYHMX Ta MiHEpAILHUX TpaHcopMmalliid. B To# ke 4ac BUKOPHUCTAHHS IHTErpalbHUX
KUTBKICHUX ~JIaTHOCTHYHUX XapakTePUCTUK MIOAO CHEPreTHKH IPYHTOYTBOPEHHS 1
(YHKI[IOHAJIbHO-EKOJIOTTYHOT JIIarHOCTHKU T€HETUYHOT'0 CTaTycy I'PYHTIB Ja€ MOXIJIMBICTh
OLIIHIOBATU SIKICHMH CTaH IPYHTY IEBHOTO THIYy, POOWTH IONEpPEAHi MPOTHO3M BTpaT
IpyHTOBOI eHeprii. OTxke, 3aJlydeHHs 10 BUKOPHCTaHHS MOKA3HHMKIB BIAMOBIJHOCTI PiBHSA
€HEeProeMHOCTI MEBHOTO THIy IPYHTY 3 mokasHukamu Bmicty ME, BM Tta nokasnukamun
TYMYCOBOTO CTaHy IPYHTY (3araJieHMH BMICTY T'yMycCy, TPYHOBHH 1 (pakuiiiHuii cxian
OpraHiyHOI PEYOBHMHH TOIIO) 3a0e3Meuy€e TOYHICTh BU3HAYCHHS iICHYIOUHMX B3a€MO3B’SI3KiB
mporieciB i QyHKIIN y IpyHTOBIH cucremi. ParioHansHe BUKOPHUCTaHHS €HEPTil IPYHTY €
NUITXOM 30€peXeHHS 1 BiTHOBIICHHS HOTO 0a30BOi BIACTHBOCTI — POIFOYOCTI, B TOMY YHCIIi,
132 TEXHOJIOTIYHOTO HABAHTAKEHHS Ta PU3HKY 1 HASBHOCTI TEXHOT€HHOTO 3a0pyTHEHHSI.

VYpaxyBaHHS 3MiH IHTETpalIbHUX CHEPreTUYHHUX IIOKA3HUKIB TIPYHTY HO3BOJISE
3MIACHIOBATH OIIHIOBAaHHSA EKOJOTIYHMX (YHKLIA TPYyHTY, arpoTEeXHOJOTiH, CHCTEM
yIOOpeHHS Ta 3eMJICpOOCTBA i arpo - Ta CKOCHUCTEM, IO HAJa€ MOXIIUBICTh BH3HAYUTH
MEePCIEKTHBHI HanpsMH OibLI MOBHOTO BHUKOPHCTaHHSI I'PYHTOBHUX PECYpCIB, YCYyHEHHs
HEeraTMBHHUX BIUIMBIB Ha €KOJIOTO-CHEPreTHYHHN CTaH IPYHTIB 32 BUKOPUCTAHHS MEHII
CHEPrOEMHUX 3aXOMIB JUIsS BiIHOBIICHHS (YHKIIA TPYHTIB 3a MPOSBIB JerpamaliiiHux
MPOLIECiB 1 3MEHIIEHHS BUTPAT aHTPOIIOTEHHOI eHeprii Ha X MMoJoIaHHs.

3a pesyabpraTaMu iHQOpMaiiHO-aHATITHYHNX JOCTIDKEHb BCTAHOBJIEHO iCHYIOWI Y
TPYHTaxX PI3HUX THIIB 3aJIEKHOCTI IMOKA3HUKIB X €HEPrOEMHOCTI (TEIDIOTBOPHA 3IATHICTH
ryMycy, 3amacu eHeprii y mapi 0-20 cM), sk iHTeTpalbHAX MOKa3HUKH T'YMYCOBOTO CTaHY
rpyHTiB, Ta BMicty ME /BM (Tabn. 2—4, puc. 2) Ta icTOTHI BiIMIHHOCTI MiXK BHOipKaMu
JIAHUX, POBEJICHO OI[IHIOBAaHHS BIUIMBY (haKTOpPYy TeXHOTeHHOro 3abpyanenHss BM Ta /abo
TEXHOJIOTIYHOTO HABAaHTAXCHHS 3a 3alPONIOHOBAHMX CHCTEM YyIOOpPEeHHS 1 JOBENCHO
JOCTOBIPHICTh iX BIUIMBY Ha pe3yiabTaTMBHY o3Haky (Bmict ME /BM vy r1pyHTi) 3
oJlep)KaHHSM BIJINOBIIHUX PIBHSAHb 3aJIe)KHOCTEH (Mozeni), Ha 0a3l SKUX PO3PaxOBaHO
NPOTHO30BaHI 3Ha4yeHHs BMicTy pyxomux (opm ME ta/abo BM, Hampukian, Bmict
pyxomux popm Cge, Cy, y IPYHTAX OMIJ30JICHOTO PsiAy (JICPHOBO-IIII30JIUCTI, SICHO-CIPI,
cipi omizzosneHi Ta TeMHO-cipi) 3a popmymnamu 2-3:

Cpe =—27,28 —221,9794 x+ 157,112 y, 2)
Cwmn =200,49 + 803,5154 x — 647,166 y, 3)
Ta YOPHO3EMHHUX (YOPHO3EMH THITOBI, 3BHYAIHI 1 MiBICHHI) IpyHTaX 3a hopmynamu 4-5:
Cpre =— 5,18 + 19,1408 x — 4,7695 y, 4
Cwmn =70,68 — 85,8516 x + 8,8921 y, &)

nae Cpe, Cyn — IPOTrHO30BaHHM (PO3PaxyHKOBHI) BMICT PYXOMHX CIIONYK BIAIOBITHOIO
MeTaiy y IPYyHTI, MI/KT; X — TEIUNIOTBOPHA 3JaTHICTh rymycy rpyHty, MJIx /kr; y — 3anacu
eneprii B mapi rpynty 0-20 cm, 10°k/Ix /ra (a6o 10° MTx /ra).

BcTaHoBIIeHI 3aKOHOMIpHI 3B’3KM NOKa3HUKIB BJIACTHBOCTEH IDYHTY IPENCTaBIIOTH Ha
nmiarpamax (puc. 2, a—e) Ta 'y opmaTi BiZIOBIIHUX PiBHAHB (2—7) i €NEKTPOHHUX TAOIHIh
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OTPUMAaHUX NaHUX (Tabi. 2—-3) Ta MOMIMPIOIOTH ANTOPUTM CHOCO0Y Ha IPYHTH iHIIHX THITIiB
MEeBHOT NPUPOJHO-KIIMATHYHOI 30HM 32 YMOB TEXHOTEHHOTO 3a0pymHEHHS 1
TEXHOJIOTIYHOTO HaBaHTAKEHHS.
TakuM YHMHOM, HANPUKJIAJl, BCTAHOBJICHI JIHIMHI 3aJ€KHOCTI BMICTY pyxoMux (hopm
ME /BM Ta eHepreTH4HUX IMOKa3HUKIB IPYHTY XapaKTepHU3yIOTh HACTYIIHI PiBHSIHHS:
1) s IPYHTIB OMiA30JICHOTO PsIny (AEPHOBO-IIA30JUCTI, SICHO-CIpi, Cipi OMmiA305eHI
Ta TEMHO-CIpi):
Cwm =200, 49 + 803,5154x — 647,166 y 6)
C Mn sepr-mimson. rpynr = 200, 49 +803,5154 x 0,11 — 647,166 +0,414 = 20,95;
CMn akTuaHuit :20397
C Mn remmo-cipuit rpyrr = 200,49 + 803,5154 40,61 — 647,166 «1,04 = 17,58;
CMn akTiaHMit :1776
2) i 9OpHO3EMHHUX (YOPHO3EMH THIIOBi, 3BHYAIHI 1 IBACHHI) IPYHTIB:
Cyn =70,68 - 85,8516 x + 8,8921 y @)
C Mn uopnosen mnosuii = 70,68 — 85,8516 40,91+ 8,8921 « 20,007 = 12,56;
CMn dakTranmit — 12954
C Mn woprosem ssmainmii = 10,68 — 85,8516 40,79 + 8,8921 « 1,74 = 18,3;
CMn dakTranmit — 1 89 18
ne Cyn, — IPOTHO30BaHUK (PO3PaxXyHKOBHIT) BMICT PYXOMEX CIOJIYK MapraHiio y IPYHTI,
MI/KT; X — TEIUIOTBOPHA 3JIaTHICTb TyMYCy IPyHTY nieBHoro tuiry, MJDx /kr; y — 3amacu
eneprii B mapi rpynty 020 cM neroro Tumy, 10° k/x/ra (a6o 10° M/Ix /ra).

Tabauys 2

Buxinni 1aHi ryMycoBoro crany rpyHTiB Ta IiJIbHOCTI iX 0y10BH, BMIiCTY CBHHIIIO 32 (P)OHOBHUX
YMOB Ta BILTHBY TEXHOT€HHOT0 i TEXHOJIOTIYHOT0 HABAHTAKEHb

Cox, Pb, mr/kr
Twum rpyHTY Ciare, % | Cri, % (;ZK I3, % d, r/ev’ rpyHTy
3a siocymuocmi Haganmagicens ((horosi ymosu)
JlepHOBO-MiI30)IMCTI 0,9 0,17 0,2 0,53 1,5 2.4
Cipi omiizoneHi 1,2 0,27 0,3 0,63 1,5 2,15
TemHo-cipuii 3,1 1,1 0,54 1,46 1,3 1,2
YopHo3eM omig30IeHIH 2,44 1,0 0,31 1,13 1,2 1,95
YopHo3eM 3BUYaHMIA 3,9 1,25 0,7 1,95 1,1 0,38
YopHO3eMH THUTIOBI 4.8 1,75 0,6 2,45 1,2 0,12
1Tio ennugom mexunoeennoeo nasanmasicens: (3a6pyonenns BM)
Hoprosem sairaiisnit 2,08 0,38 0,5 1.2 12 18,5
3a0pyIHEeHUi
YopHozem omifsoneHui 1.9 0.2 0.4 13 12 6.5
3a0py IHEHU
Aepuoso-niasommcTHit 0,79 0,1 0,2 0,49 1,5 9,1
3a0py THEHU
1Ti0 énnusom mexnono2iuno20 HABAHMANCEHHS
YopHozeM or1i130J1eHu i 244 1.0 031 RE 12 15
(KOHTPOJIB)
YopHo3eM omiaz3oieHuit
(opranominepaiipHa cucTeMa 2,47 0,99 0,31 1,17 1,2 0,9
yAoOpeHH:)
YopHO3eM 01130 ICHHI
(MiHEpaJbHA CHCTEMA 2,38 0,93 0,29 1,16 1,2 2,0
yI0OpEHHS)
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I'pynTH oniazoJenoro psiay YopHo3eMHi IPYHTH

Puc. 2. BuzyaJizoBaHi MoJeJ1i BCTAaHOBJIEHUX 3a/1€5KHOCTell MOKAa3HUKIB
eHepPreTH4YHOr0 CTaHy IPyHTY Ta piBHiB BMicTy Fe, Mn Tta Pb

Bukopucranns HaBeneHHX ()OPMyJ Ha IHIIMX THIIAX IPYHTIB, Y TOMY YHCIIi 1 IpH
BIUIMBI TEXHOJIOTIYHOTO HABAHTAXECHHS 1 TEXHOI€HHOTo 3a0pyAHEHHS, IiTBEPIUIIO
YHIBEpPCAIBHICT OTpUMaHUX piBHAHb. OTpumani (opMynn po3paxyHKIB NPOrHO3HHX
3Ha4€Hb BMICTY XIMIYHHMX €JIEMEHTIB € yHIBEpPCAIIbHUMH JUIs IPYHTIB PI3HHX THIIIB, IO
00’emHaHi B psIM 32 O3HAKOI MEPEBaXKAHHS IPYHTOBOTO MPOLECY, HANPHKIAL, IPYyHTH
OMII30JICHOTO DSy, YOPHO3eMHI IpyHTH. Jlai MOIIMPIOI0YH aJrOPUTM CIIOCO0Yy Ha iHIII
THIIU TPYHTIB, TaK CaMmo, MPOBOIATH PO3PaxXyHKH 3 OACPXKAHHSAM BIIIOBIIHHUX PiBHSIHB
3aJIeKHOCTEH (MOzerneit), 3a SKUMH BU3HAYAIOTh IIPOTHO30BAH] 3HAYCHHS BMICTY PyXOMHUX
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¢dopm ME /BM y rpyHTax sik 3a ()OHOBMX YMOB, TaK 1 3a BIUIMBY aHTPOIIOI€HHUX
HaBaHTaXEHb HA IPYHT 3 BHECEHHSM OTPUMaHHX pe3yJIbTaTiB y Ta0muimo (tabdm. 4).

Tabauysa 3
3MiHa MOKA3HUKIB eHEPro€MHOCTI IPYHTIB 32 ()OHOBHX YMOB Ta BIUIMBY
TeXHOreHHOI0 i TEXHOJIOTiYHOT0 HABAHTAKeHb
EHeproemuicts rpyHTYy
Tun rpyary TerutoTBOpHA 31aTHICTH Q, 3amacu eHeprii B mapi
rymycy, MJDx/kr 0-20 cm, 10°MJx/ra
3a siocymmnocmi nasanmasicenv ((oHosi ymosu)
JlepHOBO-1Ti 130JIHCTi 0,106 0,44
Cipi omizoneHi 0,188 0,58
TemHo-cipuit 0,840 1,40
YopHO03eM 011130 ICHHAN 0,820 1,03
YopHo3eM 3BHYANHMIA 0,890 1,46
YopHo3eMH THIOBI 0,913 2,02
1Tio énnusom mexnoeennoeo nasanmasxcenisi (3a6pyonenns BM)
YopHozeM 3BHYaHUI 3a0py THEHUI 0,790 0,81
YopHo3eM omia30IeHnH 3a0py IHEHHH 0,650 0,74
JlepHOBO-NiI30IMCTHIT 3a0py IHEHHH 0,090 0,37
110 ennugom mexHon02iuHO20 HABAHMANCEHHS

YopHo3eM omi130JIeHHN (KOHTPOJI) 0,99 1,02
YopHo3eM OIi130JIcHHH
(opraHomiHepaibHa CHCTEMa 0,98 1,04
ynoOpeHHs)

YopHo3eM omifzoseHui (MiHepaaTbpHa

0,94 1,00
cucreMa y1o0peHHs)

Taxk, po3paxyHKOBHII BMIiCT pyXOMHUX (OpM, HalpHKIIaa, Mn y IpyHTaX MiA30JIUCTOTO PSTY
cranoBuTh 15,90-20,97 mMr/kr 3a (oHOBHX yMOB; 10 45,66 MI/KT TPYHTY 32 TEXHOJOTTIHOTO
HaBaHTXEHHs. BMicT Mn y YOpHO3eMHIMX IPYHTaX 3a (JOHOBHX YMOB CTaHOBUB 10 30,72 MI/KT;
32 TEXHOreHHOro 3a0pyaHeHHs BM — 2220 wmr/kr 1pyHTy. CHiBCTaBIeHHsS OTPUMaHUX
PO3paxyHKOBHX JIaHKX 3 TaHuMH (aktnuroro BMicty ME ta BM y rpyHTax cBiquarh 1po BUCOKY
iX BIAIOBIIHICTB Ta TOUHICTb. OTXeE, OyJI0 OTPUMAHO JaHi OO EIEMEHTHOTO CTaTyCy IPYHTIB
PI3HOTO TeHE3UCY 3a ypaxyBaHHs IXHbOT €HEPrOEMHOCTI 13 OIHOYaCHUM 3a0€3IIeUEHHSIM TOUHOCTI
MPOTHO3Y CKOJIOTIYHOTO CTaHy IPYHTIB MO0 pu3KKy Hectaui ME Ta HaKOMMYCHHS HAIJIUIIKY
BM 3 MOXXITHBICTIO TIPOTHO3YBaHHSI HE TUTBKH MIKPOEJIEMEHTHOT'O CTaTyCy, ajle i eHepreTHIHOro
1 TYMYCOBOIO CTaHy IPYHTIB PI3HMX NPHPOAHO-KIIMATUYHUX 30H 3 OLIHIOBAaHHSAM iX SIKOCTI
(Tabn. 4) 3a peaizaiii MOXJIMBOCTI BHUPIIICHHS 3BOPOTHOI 3a/iadi PO3PaxyHKY KUTBKICHUX
TapamMeTpiB OJHOTO IMOKa3HMKA Ha MIJCTaBI KOPEIMIIHHO TIOB’S3aHMX 3 HAM BIIOMUX iHIIHX.
Hanpukiiaz, TeToTBOpHY 37aTHICTD TyMYCy Ta/abo0 3armacy eHeprii U1 IPyHTY IIEBHOTO THITY Ha
mincrasi Bigomoro mokasauka BMicty ME i BM 1 /a00 MOKa3HMKIB €HEProeMHOCTI OpPraHidHOI
PEUOBMHU TPYHTY 3 METOIO OIHIOBAaHHS XapakTepy Ta IHTEHCHBHOCTI OIOTHMYHMX IIPOLECIB
IPYHTOBOI CUCTEMU IIEBHOTO TUITY.

Po3monin rpyHTIB 3a sKICTIO 37iHCHEHO 3a Kiacuikallii cnocoOoM TpynyBaHHS MacHBY
JIAHUX 32 O3HAKOI 1X EHEProeMHOCTI Ha SIKICHO 3ICTaBHI KJIACH 13 PIBHUMHU IHTEpBaJIaMH 3
TNoNepeHIM BU3HAa4YaHHsIM iX KibkocTi (N) Ta ypaxyBaHHsIM 00’eMy BuOipku (V) BiANOBIIHO
Jo Bigomoi ¢opmymu: N = 2 In V. Benmmuuny intepBany (A), sk 03HaKy kiacugikaii,
BU3HAYEHO JUICHHSM pO3Maxy Bapiallii Ha YKCIIO IHTEepBaiB 32 BIIOMOIO ()OPMYJIOIO:

A=Xmax—Xmin’ (8)
N
ne Xmin ta Xmax — MakcuMalibHe 1 MiHIMaJIbHE 3HAYCHHS O3HAKH Kiacuikarrii.
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Tak, y Hamomy Bunaaky — N =2 In 8=4,1; A =0,913- 0,106 / 4 = 0,20. YpaxoByroun
BEJIMYMHY IHTEpBAJy BapialliifHUil psAA 3HAYEHb PO3MOAUICHO HA SKICHO TOPIBHAHHI KJIaCH
(tabn. 5). Takum ymHOM, 1-ii Kjac sikocTi 00’€HY€ IPYHTH, IO MAlOTh OUIbIIWIT 3amac
eHeprii, € OUTbII CTIHKMMHM JO 30BHILIHIX BIUIMBIB Ta XapaKTePH3YIOThCS OUIBIIOI0
NPOJNYKTUBHICTIO; 4-H Kjac sKOCTI 00’€AHYe IPYHTH 3 HaWMEHIIMMH ITOKa3HUKaMHU
C€HEPrOEMHOCTI.

Tabauys 5

PankyBaHHs npoayKTUBHOI pyHKUII IPYHTIB 32 NOKA3HMKOM €HEPro€MHOCTI
SIK KPUTEePilo IXHBOI'0 eK0JI0T0-eHePreTHYHOI0 CTAHY

OI1iHIOBaHHSI IPYHTIB Pi3HOTO T€HE3HUCY 3a SKICTIO
Knac . [IponykxTuBHA
Ipynr . | Eneproemuicts rpyHTY pory .
SIKOCTI ¢$yHKLIS (POAIOYICTD)
Homnices. /leproso-niozonucmuii 4
- HAep — <0,11 HH3bKa
Jlicocren. fAcno-cipuii 4
Jlicocren. Cipuii onidzonenui 3
Jlicocren. Temno-ciputi 3 0,31-0,51 cepeHs
Cren. Temno-kawmanosuii 3
Cren. Yoprosem nig0ennuil 2 0,51-0,71 BUCOKA
Cren. Yopnozem 36uuatinuii 1
- P - >0,71 JTy’KE€ BHCOKA
Jlicocren. Yoprozem munosuii 1

OTtxe, cmocid HO3BONIsIE 32 PIBHEM EHEPreTHYHOI'O CTaHy IPYHTIB HOPMYBATH ix
SKICTB, a TakoX KopuryBaTu BmicT ME /BM, mpoBefeHHs 3aX0JiB PeryIIOBaHHS 3aIaciB
OpraHiYHOI PEYOBMHHM IPYHTY 3a DI3HHUX CHUCTEM BEICHHS CUIBCHKOIO TI'OCIIONApCTBaA,
BIUIMBIB TEXHOJIOTIYHOTO HABAHTA)XXEHHS 1 TEXHOTEHHOro 3a0pyIOHEHHS Ha TIPYHT Ta
MIATPAMAHHS 1 30€peXeHHSI MOKA3HUKIB HOro €HeproeMHOCTI SIK KPUTEpiiB BH3HAYCHHS
fioro skocti. ToOTO € MOXJIMBICTD KEpOBAHOTO BIUIMBY Ha IPOLECH, LIO CIPHAIOTH
CKOPOYEHHIO BIJIbHOT €Hepril y IPYHTI Ta 3a0e31euyroTh 301IbIIEeHHS eHTPOIII] 1 eHeprii, 1o
ITOB’sI3aHa 3 TYMYCOM, 1[0 CIPHSIE MiBUIICHHIO TPOAYKTHBHOCTI IPYHTIB.

HaykoBo-TexHi4Hy pPO3pOOKY [IONUIBHO BHKOPUCTOBYBAaTH B  EKOJOTIYHOMY
HopMyBaHHI BMicTy ME Ta HOpMyBaHHI HaBaHTa)XeHb (TEXHOTCHHUX, TEXHOJIOTIYHHX) Ha
IPYHTOBY CHCTEMY, arpoeKoJjorii 3a BHpILICHHS NHTaHb OPraHiYHOTO 3eMJIepoOCTBa,
OloeHEepreTMKM Ta  CHEPreTUKM  IPYHTOYTBOPEHHS;  JIarHOCTHKH,  OLIHIOBAaHHS,
NPOTHO3YBaHHS SIKOCTI rymycy i ctatycy ME Ta HeGe3nekn HaIIMIIKOBOrO HaKOHMYCHHS
BM y rpyHTax 3a MOKa3HHKaMH CHEPreTHYHOTO CTaHy; €(EeKTHBHOTO EKOJOTi4HOTOo
MEHEIDKMEHTY IPYHTIB SIK 3a NMPUPOJIHUX YMOB, TaK i 3a BIUIMBY PI3HUX aHTPOIIOTCHHHX
(hakTOpiB, YpaxOBYIOUM iX EKOJIOTiYHI (YHKIi; y HayKOBO-IOCHiAHIH MpaKkTHUIl - 3a
CHCTEMHOTO IOCIIDKCHHS MPUPOJHHX KOMIIOHEHTIB Oiocdepu, OIMMIHKKA CeKBECTparlil
BYTJICLIO y TPYHTAX Ta HOPMYBaHHI i OLIHKU IXHBOI KOCTI.

BUCHOBKM

Po3pobneno cnoci6 mporHozyBanHs piBHIB BMicTy ME /BM y rpyHTax pi3HOro
TeHEe3UCy JUIsl OIIHIOBAHHS IX EKOJIOTIYHMX Ta NPONYKUIHHMX (YHKIIH. BinmminHUMHM
pHcamH Ta repeBaraMu 3alpoIOHOBAHOTO TEXHIYHOTO PIllIEHHS, Y MOPIBHSHHI 3 BiIOMUMHU
crnocobamMu Ta MiaXoxamH, € Taki: 1) Ouirblla NPOTHO30BAHICTH EHEPreTHYHOIo i
MIKpOEJIEMEHTHOTO CTaTyCy, T'yMyCOBOTO Ta €KOJIOTIYHOI'O CTaHy IPYHTY B LUIOMY JUIs
ToTepeKEHHsT Jerpasialii opraHiyHoOi peuyOBHHH IPYHTIB Ta 3HMXKEHHS PH3HKIB BIUIUBY
TEXHOTEHHOTO 3a0pyaHeHHs BM; 2) ekcnpecHICTh OTpHMaHHS Ta ITiIBUIICHHS TOYHOCTI
MporHo3oBaHnx 3HaueHb BMicty ME / BM y rpyHTrax; 3) yHiBepCcambHICTH 3aBISKH
MPUOATHOCTI CIOCOOY [UIS BCIX THINIB TIPYHTIB PI3HUX NPHUPOJHO-KIIMATHIHHUX 30H;
4) MOXIIMBICTH BUKOPUCTaHHS JAaHOTO AJITOPUTMY JUIS OLIHIOBAHHS Ta HOPMYBAHHS SIKOCTI
TPYHTIB Pi3HOTO TE€HE3UCY 3a BHKOPHCTaHHA OYAb-SKHX EKOJIOTIYHHX ab0 MPOYyKIiHHUX
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(GYHKUIA IPYHTY Ta BHSBICHHS ONTUMAIBHHX CHEPreTUYHUX BHUTPAT Ha IX BiITBOPEHHS;
5) CTUMyYJIOBaHHS INOJAJBLIMX JOCHI/UKEHb ILIOJ0 EHEPreTUKH IPYHTOYTBOPEHHS Ta
BUPILICHHS MPAKTUYHUX 3aBAaHb 30€peXeHHs 1 BIJHOBJICHHS (YHKIN I'PYHTIB Pi3HOTO

TeHE3UCY.

* % %

Aemopu  eucnosniowms  wupy RnOOAKy namewmuomy nosipenomy HHI] «II'A
imeni O. H. Coxonoscobkoeoy Haykosomy cnispooimuuxy B. M. I'opsaxiniil 3a cnpusnns ma
diegy oonomozy 6 Rni0eomosyi OOKyMeHmayii oo pO3POOAEHHI HOB020 MEXHIYHOZO
piuienns ma 1020 iHoOpMayiuHO-AHATIMUYHO20 CYRPOBOONCEHHS.
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MONITORING OF THE DROUGHTS CONSEQUENCE
BY HIGH RESOLUTION SATELLITE IMAGES

Abstract. The State of California is one of the least abundant with fresh water in the United
States, while having high water consumption — the drought in the state has reached catastrophic
proportions. January 2015 was the driest month in California for the whole period of observations
since 1895. Two thirds of the state's population depend on the centralized water supply — about 25
million people and more than 400 thousand hectares of agricultural land.

The level of ground waters and the snow cover have become record low — this can be explained
by pumping groundwater out for irrigation of agricultural land. The water level in the reservoirs of
California is close to the critical notch. State authorities are forced to tighten measures to save water,
the supply of which is sometimes insufficient to satisfy the priority needs of citizens.

The solution of the problem of rational use and protection of water resources can only be based
on an integrated systemic approach to the study of spatial and temporal patterns of natural and
anthropogenic factors on the quality and quantity of surface water with the use of satellite and ground
data. In the study of the water regime of land one of the most important input parameters of
hydrological models is the surface area of the reservoirs.

Regular receiving of information about this parameter with the use of ground data is
challenging and labor intensive. Using satellite data can greatly simplify this task and accomplish it
with shorter latent periods, more frequently and at lower costs. The results of satellite monitoring of
certain areas of California shown to assess the impact of the drought in 2011-2015 on the large
freshwater bodies, based on high resolution satellite images.

To quantify the effects of drought in 2011-2015 on selected large freshwater bodies (Lake
Folsom and Lake Oroville) processing of multispectral images was performed.

Changes of Lake Oroville in 2011-2015 according to high resolution satellite images was
detected. The shift of the coastline near Foreman Creek amounted to 2.5 km. The shift of the coastline
near Lampkin Road amounted to over 1.2 km.

Changes of Lake Folsom in 2011-2015 according to the high resolution satellite images was
detected. The shift of the coastline near the Beal's Point made 1.2 km. The shift of the coastline near
Peninsula Campground made over 3.4 km.

Large-scale consequences of drought shown for lakes Oroville and Folsom are also typical for
other fresh water bodies of California, the majority of which have the status of water reservoirs, and
also for water bodies of other US states. For instance, Lake Mead covering 90 % of water
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DOI: 10.15421/031608
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requirements of Las Vegas has the water level by 145 feet below normal. It is expected that this level
will go down by another 20 feet by June, 2015. This is not only about water, but also about electricity
supply — dams of hydropower plants are almost dry. Therefore, in the recent years an acute necessity
has appeared for creation of a web-service for regular space monitoring of fresh water bodies — now
this has become possible owing to availability of satellite images and modern technologies of their
processing. The users of such a service may be:

— state regulating structures (water supplying enterprises, forest, environment, agricultural
services and so on);

— state and private companies of water transport (unbiased evaluation of the consequences of
the drought for fresh water navigation);

— tourist companies (monitoring of recreational territories);

— municipal services, private companies, farmers (carrying out measures for minimizing water
consumption);

— TV and radio companies and other mass media (propaganda of rational water use);

— population living near territories affected by the drought (obtaining of unbiased and reliable
information as for the scale and severity of the consequences of the drought).

Keywords: monitoring of the drought, satellite picture, supervised classification, coast line

offsets.
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MOHITOPUHI HACNIAKIB MOCYXU NO CNYTHAKOBUM 3HIMKAM
BUCOKOIO NPOCTOPOBOIO PO3PIBHEHHA

AHoTamnisi. BUKoHaHO aHani3 CYNMyTHUKOBUX 3HIMKIB BHCOKOTO IIPOCTOPOBOTO PO3Pi3HEHHS 3
MeTOI0 ouiHKH BBy mocyxu 2011-2015 pp. Ha Benuki npicHoBoaHI Boxoimu wrary Kamidopwis,
CLIA. BusiBiieno ictotHi 3cyBu 6eperosoi Jinii o3ep Oposuib i Doscom.

Knrwuoei cnoea: mouimopunz nocyxu, Cynymuuko8i 3HIMKU, KOHMPOIbOBAHA KAACUQDIKAYIs,
3cy6u bepe2osoi ninii.
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MOHWUTOPUHI NOCNEACTBUNA 3ACYXM MO CMYTHUKOBbLIM CHUMKAM
BbICOKOIO MNPOCTPAHCTBEHHOI'O PA3PELLEHUA

AHHoOTanusl. BEIOTHEH aHANMM3 CIYTHUKOBBIX CHHUMKOB BBICOKOTO IIPOCTPAHCTBEHHOTO
paspelieHus ¢ Iebio OleHKH BIusSHUA 3acyxu 2011-2015 rr. Ha KpyIHBIE TPECHOBOAHBIEC BOIOCMBI
mrara Kamudopuns, CIIA. BrBieHs! cyniecTBeHHBIE CMEIIeHUs OeperoBoil muHuK 03ep OpoBUIL
u doncom.

Kniouesvle cnoea: MOHUmMOpUHZ — 3ACYXU,  CNYMHUKOGblE CHUMKY, KOHMPOIUPYeMas
Knaccugukayus, cmeujenus 6epecooll IUHUU.

BBEAEHUE

Mo mamaemM OOH, poct moTpeGieHus] MPEeCHOW BOMBI, BBI3BAHHBIA YBEIHMYCHHEM
YHCIEHHOCTH HAcCeJeHHs M IOCIEACTBUSMU W3MEHEHMH KiIuMara, BeIeT K pacTyueH
HEXBaTKe BOJHBIX pecypcoB. 3a nociennue 40 et KOJIUUeCTBO MIPECHON BOJBI HAa KaXKIO0Tr0
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yejloBeka B Mupe yMmeHpmmioch Ha 60 %. B Tedenme mocnemyromumx 25 et
npearnonaraeTcs AajbHEilllee yMEHbLICHHE eme B 2 pa3a. Bmecrte ¢ 3TUM pe3Ko
YBEIMYMIICS PACXOJ BOABI HACEIECHHEM Ha OBbITOBBIE HYXIbI, OCOOCHHO B DPAa3BUTHIX
cTpaHax, B yactHoctd, B CHIA. [Ipu exxeronHoi noTpeOHOCTH Ha BBIpAIIMBAHKUE MHIIHA HA
Kaxjoro denoBeka B roia, paBHoit 400 000 nutpos, B CILIA ucnomssyercs 1 700 000
uTpoB. [Ipy MHUHHUMaJIbHOW MOTPEOHOCTH B BOJE U OBITOBBIX HYX[ (B TOM 4HCIE B
nutbeBoi BoJie) 50 nuTpoB B ieHb, B CIIIA nortpebisiercst Boasl B 8 pa3 Oombiue, T. . 400
autpoB B neHb. B CIIA 3amacel BOabI, HAaKOIUIEHHBIE €€ CO BPEMEHH JIEAHUKOBOTO
MIepUO/a, BBIKAYMBAIOTCS CO CKOPOCTBIO, Ha 25 % Oonbled, 4eM CKOpOCThb HX
BO300OHOBIICHHSI. B HEKOTOpPBIX paifoHax MNpPEBBINIEHHE pPacxoia HaJ BOCCTAHOBICHHUEM
nocturaer 160 %. Kak 1 no4sa, rpyHTOBBIC BOJBI BOCCTAHABIMBAIOTCS OYECHb MEIUIEHHO —
npumepHo 1 % B roxI.

rar Kamudopuus seusercs B CIHA omaum n3 Hambosiee Mano00eCTIEUeHHBIX
MIPECHOM BOJOM NHpH BBICOKOM BOJONOTPEOJICHHH — 3acyXa B 3TOM INTAaTe JOCTHUIIIA
karacTpouyeckux MmacmTaboB. SHBape 2015 r. cTram caMbIM 3acCylUTMBBIM MECSIEM B
Kanudopuuu 3a Bce Bpemst HabmoaeHui ¢ 1895 roga. OT 1eHTPaTU30BAHHOTO CHAOXKEHHUSI
BOJIOW 3aBUCAT JBE TPETH HACEJCHUs ILITaTra — 3TO OKOJIO 25 MJH. 4esnoBek u Ooinee 400
ThIC. TCKTapoOB CEIBLCKOXO3IMCTBEHHBIX 3€MEJlb. PeKOp[lHO HU3KHUMH CTaJI1 YPOBCHb
TPYHTOBBIX BOJl M BBICOTAa CHEXXHOT'O IIOKpPOBA — 3TO MOXXHO OOBSCHHTH BBHIKAUMBaHUEM
MOJI3EMHBIX BOJ| JJIsl MPPUTALMU CEIIbCKOXO3SHCTBEHHBIX Yroauil. YpOBEHb BOJBI B
Bojoxpanmwnimax KamudopHun npuOnmsmics K KpUTHYECKH HU3KOW OTMeTKe. Bmactn
IITaTa BBIHYKACHBI y>KECTOYAaTh MEPHI 10 SKOHOMHH BOJIbI, KOTOPOH HE XBaTaeT IOPOH Ha
TIEPBOOYEPEAHBIC HYKAbI IPaskaaH.

Pemenne mpobneMbl palMoOHATIBHOTO HCITIOIB30BAHHUS M OXPAaHBI BOJHBIX PECYpPCOB
BO3MOXXHO TOJBKO Ha OCHOBE KOMIIIEKCHOTO CHCTEMHOTO TMOAXOAa K H3YYEHHIO
MIPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH BIMSAHUS IIPUPOIHBIX U aHTPOIOTEHHBIX
@aKTOpOB Ha Ka4CCTBO U OG'I)CM TOBECPXHOCTHBIX BOJ] C UCIIOJIb30BAHNEM CIIYTHUKOBLIX U
Ha3E€MHBIX JaHHBIX. HpI/I HN3Yy4YCHUU BOJHOI'0 peKuMa CylId OJAHUM M3 BaXKHBIX BXOIHBIX
NapaMeTpoB THPOJIOTMYECKUX MOJeJel SIBJISETCS IUIOIA]b HMOBEPXHOCTH BOJOEMOB.
Perynspnoe mnoxydenue wHpOpMAnMM O JaHHOM [apaMeTpe IO Ha3eMHBIM JaHHBIM
ABISIETCSL CJIOXKHOW 3amadeld M TpeOyeT Oombmoro obbema paboT. lcnombzoBanue
CIIyTHUKOBBIX JTAaHHBIX MO3BOJISIET CYIIECTBEHHO YIIPOCTUTD 3Ty 33/1a4y U BBINOJHATH €€ C
OoJbIIell OMEPAaTHBHOCTHIO M TEPHOAWYHOCTHIO INPHM MEHBIIMX 3aTparax (Mozgovoy,
Voloshin, 2006, 2007; Mozgovoy et al., 2007).

OBbEKTbI U METObl UCCIIEQOBAHUN

Jns xonmmdecTBeHHO# omeHkn mocnencteuid 3acyxu 2013-2015 rr. B Kamudpopuun
ObUTH BBIOpAHBI KPYITHBIE HMPECHOBOAHBIE BOMOEMBI — 03epo OpoBmib U 03epo PDoicom.
HcrounnkaMu nHGOpMANNU O COCTOSIHUHU JAHHBIX BOJAOEMOB 32 YKa3aHHBIN MEPHOA OblIH
MHOTOCTIEKTPAJIbHBIE CITyTHHUKOBBIE CHHMKH BBICOKOTO IPOCTPAHCTBEHHOTO pPa3pelICHHS
(0,5 m), noctynusle B cetn IHTEpHET.

Jist ompeneneHusl JAWHAMUKY M3MEHEHHWsS IUIOLIAJM BOJHOW MOBEPXHOCTH O3€p
OpoBuiib 1 PosicoM ObUT BHINOIHEH MOUCK U TMOCIenyonas 00padoTka CHUIMKOB, KOTOpast
BKITIOYana cienyromue stanbl (Dolinets, Mozgovoy, 2007; Mozgovoy, 2012):

— MpeJBapyUTeIIbHBIE ONepaluy (BEIOOp 00J1acTH MHTEpeca, MOMCK CHIMKA T10 JIaTe);

— co3/1anne o0yJaromeil BEBIOOPKH;

— KOHTPOJINPYEMYIO KIacCH(PUKAINIO;

— KJIAaMITUPOBAHKE U ITPOCENBAHNE KIJIACCOB;

— MopdorornaeckyIo GIIBTPAI0 OMHAPHOTO N300PAKCHIS;

— BEKTOPH3ALUI0 OMHAPHOTO N300paKeHHsI U pacdeT IJIOIMAaAN BOAHON IIOBEPXHOCTH;

— BU3yalM3alMI0 U3MEHEHUH Ha HU(POBOH KapTe, SKCHOPT BEKTOPHOTO cjios B kml-
(aii.
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PE3YJIbTATbl NCCINIEQOBAHUNA

Ha puc. 1 nmoxa3ansl usmenenust ozepa OpoBuib B paifone dopman-Kpuxk 3a 2011—
2015 TIT. IO CIYTHMKOBBIM JaHHBIM BBICOKOTO pasperieHus. CMelieHne OeperoBoil TmHuM
COCTaBHJIO 2,5 KM.

Puc. 1. U3meHenus o3zepa OpoBuiib B paiione ®opman-Kpuk 3a 2011-2015 rr.

Ha puc. 2 noxa3ans! u3meHneHus o3zepa OpoBwib B paiione JlamnkuH-poya 3a 2011-
2015 rr. no CIyTHUKOBBIM JJAaHHBIM BBICOKOTO paspemieHus. CMmenieHne 0eperoBoi JMHUH
coctaBuio 6onee 1,2 kM.

Puc. 2. U3mMeHenus o3epa OpoBuJjb B paiione Jlamnkun-poyn 3a 2011-2015 rr.
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IIpuBeneHHbIE BBIIE KaTacTpO(UUECKHE IIOCICACTBHS MHOTOJETHEH 3acyxu
HaOJIIoaNiCh MPAKTUYECKU Ha BCEM ydacTke OeperoBoii JIMHUK o3epa OpOBUIIb.

Ha puc. 3 mokasans! m3meHeHus o3epa Poncom B paiione brc-ount 3a 2011-2015 1.
10 CIyTHUKOBBIM JaHHBIM BBICOKOTO paspenieHus. CmemeHne OeperoBod JHMHHUH
coctaBuio 1,2 Km.

Ha puc. 4 nokaszansr u3menenus ozepa @oncom B paiione Peninsula Campground 3a
2011-2015 rr. mo CIyTHHKOBBIM JaHHBIM BBICOKOTO paspemieHus. CMmerieHne OeperoBoit
JIMHUU cOCTaBujo Ooiiee 3,4 km.

b 2014 |+ | PR AR

. 1 Yy X =
Puc. 3. U3mMeHenus o3epa doJicom B paiione buiic-nount 3a 2011-201S5 rr.

BbIBOAObI

MacmTaOHble TOCIEICTBHS 3aCyXH, IMOKa3aHHbIE Ha mpumepe o3zep OpoBWIb U
®dosicoM, XapaKTepHBI M U IPYTHX KPYIHBIX MPECHOBOJHBIX BomoeMoB Kamudophuw,
Ooxpmas 4acTh M3 KOTOPBIX MMEET CTATyC BOJOXPAHWIHIN, a TaKXKe Ui BOIOEMOB B
npyrux mratax CLIA.

Hanpuwmep, ozepo Mun, obecrieunBaromee Bonoit Jlac Berac na 90 %, comepxut Ha
145 ¢yToB Bompl MeHbIIE, 4eM OOBIYHO. Peus HAET He TOIBKO O BOJAE, HO U OOECIIeYeHUN
anekTpuuecTBoM — IIoTHHE ['DOC mourn mepecoxim. [losTtomy B mociegHune TOAbI
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Puc. 4. U3menenus o3epa dosicom B paiione Peninsula Campground 3a 20112015 rr.

BO3HHUKJA OCTpas HEOOXOIMMOCTH CO3JaHHs BeO-CIy>KOBI PETYIAPHOI0 KOCMUYECKOTO
MOHHMTOPUHIAa IIPECHOBOJHBIX BoxoeMoB. Ceifyac 3TO cTajgo BO3MOXHBIM Oilaromaps
JOCTYINHOCTU CITYTHHKOBBIX CHUMKOB H COBPEMCHHBIM TCEXHOJIOTHUAM HUX O6pa6OTKI/I
(Mozgovoy, 2015; Skoroden, Mozgovoy, 2016). [Tons30BaTensiMu TaKOH CIIyKOBI MOTYT
sisaThest (Mozgovoy et al., 2016; Mozgovoy, Vasilyev, 2016):

—  TOCYIapCTBEHHbIC  KOHTPONHPYIOIIME  CTPYKTYypbl  (BOJOCHAGXAromue
TPEeNIPHUATHS, JIECHAs, YKOJIOTUYECKasi, arpapHas CIyk0a H T.11.);

— TOCYIapCTBEHHbIC M YACTHBIC KOMIIAHHH BOJHOTO TpaHCIOpTa (OOBEKTHBHAS
OLICHKA MOCIIC/ICTBUI 3aCyXH Ha CyIOXOJCTBO);

— TYpUCTHYECKUE KOMITaHHU (MOHUTOPHHT TEPPUTOPHI MACCOBOIO OTIBIXA);

— MYHHLIWIIAJNbHBIE CIIyXKObI, 4YacTHble KoMIaHWH, (epMepbl (TpoBeacHHE
MEpPOTPUATHIA IO MUHUMH3AITNH BOJIOTIOTPEOICHI);

— TEJNepaJuOKOMIIaHMM M [Ip. CpeiacTBa MaccoBod uHpopMamuu (mpomnaranzaa
PALOHAIIBHOTO BOIOIIONB30BAHHS);

— HaceleHHWe, NPOXKUBAIOLIee BOJIM3M TEPPUTOPHH, MNOCTPANABIIUX OT 3aCyXH
(monmy4yeHue OOBEKTHMBHOW M JIOCTOBEPHOM WH(OpMAIMU OTHOCHTENHFHO MAacIITa0OB W
TSDKECTH TIOCIISICTBHI 3aCyXH).
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When preparing the article for sending to the editorial board, stick to the following rules:

1. Send at the address of the editorial board two printed copies of the article, at the e-mail
address — electronic version.

The article should be checked carefully, signed by all authors and attended with written
reference, signed by Doctor of Sciences of appropriate specialization and expert conclusion about the
possibility of open publication of the article.

The size of the article is 10 pages of typescript at the most (one page in the journal format
contains about 4500 signs, including the spaces).

The size of the illustrations and tables should be 30 % of the article size at the most.

All text materials should be given in 1,5 intervals. From each edge of the page 2 cm. Shrift —
Times New Roman 12 points, indention — 0,8 cm.

When setting the type it is necessary to distinguish between hyphen and dash and to use double
angle brackets.

It is obligatory to set a space between initials and a surname. Text materials should be made in
the text editor MS Word 2003, 2007, as a document Word (*.doc).

Mathematical formulae and equations should be made in equation editor Microsoft Equation,
chemical — in the editor ISIS Draw.

3. Use the units of International Measurement System.
4. The structure of the article:
* UDC index in the upper left corner of the page;

 initials and surnames of all authors (preferably not more than 4 persons), indicating the
scientific degree and the academic status of each author;

 the full name and the address of the organization in which the research was conducted (in
Ukrainian, Russian and English), e-mail address, telephone number for hot link with the author;

 the title of the article in Ukrainian, Russian and English, which briefly informs about the
substance of it and content 13 words at the most;

» the annotation is expanded in English (600-700 words), it should contain the information
about the aim, methods, data, scientific novelty, practical importance, key words (6—8 words); the
annotation is reduced in Ukrainian and Russian, where the results, main conclusions and key words
(6-8 words) are given;

» the body text of the article should content the following parts: Introduction; Data and
methods of the research; Results and their discussion; Conclusions; References.

Tables should be numerated according to their mentioning in the text. Give a brief title at the
top of each table. Statistical and other detailed information is given as a note below. Table data should
be made in the table editor MS Word 2003, 2007.

Number illustrations according to their discussion in the text. Point at the foot of the illustration
its title. The illustrations in the article should have the separate electronic copy. Diagrams and graphic
charts should be made in Microsoft Excel, Statistica program packages, schemes — in Visio program
package. Save them in the format of these programs as separate files (e.g., petrov_risl).

The best file formats for scanning the images are TIFF, JPEG, EMF. All elements of text in the
images (graphic charts, diagrams, schemes) if it is possible should have a font Times New Roman or
Times New Roman Cyr (in a particular instance Courier). Keep each image in a separate object. The
images after scanning when printing should be clear, as well as original one.

» gratitude as appropriate is given in the end of the article before the list of references;

« list of used literature. References to the literature should be given in the semicircular
brackets with the name of quoted author (or the title of the source if there are more than three authors)
and the publication date. In the list of references every Ukrainian-language and Russian-language
source should be given through the transliteration in English letters indicating the English translation
in square brackets, as well as in semicircular brackets — the original source of language;

* who (from editorial board) recommends the article for publication.

5.Separately the electronic data about the authors which content the information about the
surname, name and middle name in full, academic degree, academic rank, workplace (full and
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6. Working at the revision an author should take into account all the notes, retype and send all
the materials to the address of the colleague of editors up to the date, noted by an editor. Articles that
come after the revision later than in 3 months will be considered as new ones.

Sent materials are not returned back. The editorial board preserves a right to correct and
abridge the text or send the script back for revision in the case of nonobservance of the above rules.

Authors take the responsibility for the content of the materials.
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iH(popMyBaTH npo 11 3MicT i MicTuTy He Oinbmie 13 ciiB;

* aHOTAllisl: pO3MIMpPEeHa — aHIJilichkol MoBoo (600-700 ciiB), MOBHHHA MiCTHTH
iH(pOpMAIiI0 PO METy, METOJHKY, PE3yJIbTaTH, HAYKOBY HOBU3HY, MPAKTUUHY 3HAYHMICTbh, KIIFOYOB1
cioBa (6—8 cimiB); CKOpOUYECHI — YKpPalHCHKOIO Ta POCIHCHKOI MOBaMH, B SKHX KOPOTKO ONHUCYIOTh
pe3yJIbTaTH, FOJIOBHI BUCHOBKH IIPOBEIEHHX JOCIIHKEHb, KIIFOUOBI ci1oBa (6—8 ciiB);

* OCHOBHHI TEKCT CTaTTi MOBHHEH MICTUTH Taki posainu: Berym; Marepianu ta meroqu
JociikeHb; PesynbraTi Ta X 06ropopentst; BucnoBku; Criiicok BUKOPUCTAHOT JIITEPaTypH.

Tabmuui moBuHHI OyTH MPOHYMEPOBaHi BIIIIOBITHO 10 3MicTy crarTi. JlaTh Ha3By 10 KOXKHOL
tabnumi. CTaTUCTHYHA Ta IHIIA JETali3allisi HaBOJATHCA Win Tabmunero. TabmuvHi Marepianu
niarorysaTtu y Tabnuunomy penakropi Word 2003, 2007.

Pucynkun HyMepyroTh y TOpPAIKY iX OOTOBOpPEHHS B TEKCTi. YHH3Y PUCYHKa yKa3aTH Horo
Ha3By. PHUCYHKHM 1O CTaTTi MOBMHHI MaTH OKpEeMy KOIII0 B e€NeKTpOHHOMY Burisinmi. [iarpamu Ta
rpadiku ciing BHKOHyBaTH y makerax Excel, Statistica, cxemum — y makeri Visio Ta 30epiraté y
¢opMaTax mMX IporpaM OKpeMHMH (ailamn (Hanpukian, petrov_risl). Halikpamumu st
CKaHOBaHMX 300paxkeHb € popmaru daiinis TIFF, JPEG, EMF. Yci eneMeHTH TEKCTy y 300paeHHIX
(rpadikax, miarpamax, cxemax), sKIIO I1e MOXJIMBO, IIOBUHHI MaTy rapHiTypy Times New Roman a6o
Times New Roman Cyr (B okpemux Bunaakax Courier). Koxxne 300paxeHHs 30epiraiiTe B OKpeMoMy
00'exTi. 300paxkeHHs micis CKaHyBaHHS MPU PO3APYKYBaHHI MOBHHHO OyTH YiTKHM, HE TipLIMM 3a
YiTKICTh OCHOBHOTO TEKCTY.
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*  MOASKY MMPU HEOOXIAHOCTI NOAAIOTHCS HANPUKIHIII CTATTI MEePes CIUCKOM BUKOPHCTAHOT Ji-
TepaTypH;

* CIHCOK BHKOPHCTaHOI yiTeparypu. [TocuiiaHHs Ha JiTepaTypHi JUKepesa CJIij MoAaBaTH B
HAIBKPYIIIHX JyXKKaX i3 3a3Ha4YCHHSAM MpI3BHIIA LUTOBAHOTO aBTOpa (200 HA3BW Kepelna, SKIIO
aBTOpIB GiIbLI HiIX TPH) Ta POKY BUAAHHS. Y CIHCKY BHKOPHCTAHHX [DKEPEN KOKHE yKpaiHOMOBHE
9l POCIHICBKOMOBHE JDKEPENIO CIiJl TOAaBaTH TPAHCIITCPAIli€l0 aHMIIHCHKHUMHU JIiTEpaMH i3
3a3HAQUCHHAM Y KBaJpPaTHUX MYXKKAaX NEpPeKiasy aHIVIHCHKOI0 MOBOIO, a TAaKOX Yy HANiBKPYIJIHMX
JIy’)KKax — OpUTiHaJIbHY MOBY JDKEpena,

* KHM 3 WIEHIB peAaKIiifHOI KoJIeTil peKOMEHJOBaHO CTATTIO JIO ITyOuriKkanii.

5. OkpeMO MOJAIOTHCS BIOMOCTI INPO aBTOPIB B EJNEKTPOHHOMY BHIJISAML, SIKI MICTSThH
iH(popMalLifo Mpo Mpi3BHILE, iM's Ta M0 6aTPKOBI MOBHICTIO, HAYKOBHI CTYIiHb, BUCHE 3BaHHs, Miclie
poboTH (MOBHA Ta CKOpOYEHA Ha3Ba OpraHisamii), mocaga, MiCTo, KpaiHa, KOHTaKTHI TeIeQOHH Ta
€JIEKTPOHHA TIOIITAa) YKPaiHCHKOIO, POCIHICHKOIO Ta aHTIIIHCEKOI0 MOBAMHU.

6. TIpu MOBEepHEHHI CTATTi HA JOOIPALIOBAHHS aBTOP 3000B'sI3aHHUI ypaxyBaTH BCi 3ayBaKCHHS
penakropa i HadiciaTH BHIIPABJICHI Ta MepeapyKOBaHI MaTepiald Ha aJpecy pemakiiiHoi Kojerii B
yka3anuid Tepmid. CTarTi, MOBEpHYTI MiCHAs [JOOMpAIOBAHHS Mi3HIiIE HDK depe3 3 Micsi,
PO3IIISAIAIOTHCS SIK HOBI HAZXOKCHHSI.

INomani marepianu He HOBepTalOThes. Penakmis 30epirae 3a co0O0 MpPaBO BUIPABIATH Ta
CKOpOYYBaTH TEKCT, & TaKOX MOBEPTATH PYKONHC Ha JOOMPALFOBAHHS Yy pa3i HEAOTPHUMAaHHS
HABEJICHHUX BHIIE [TPABHUII.

BinnoBiganpHICTh 32 3MICT HOZAHUX MaTEpialliB HECYTh aBTOPH.
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