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The possibilities of using of computer visual simulation for the measurement of conditions
of sustainable dynamics of herbaceous plant populations are discussed. This work presents
the necessary and sufficient conditions of the sustainable development of dynamics of her-
baceous plant population using computer visual simulation.
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Actual task of research of plant population is to determine the conditions and algo-
rithm of sustainable development and the principles of self-preservation of natural
populations of plant. Studies of populations conducted in different regions and at
different objects show that the elementary heterogeneity of populations should be
considered as one of the main preconditions for population homeostasis in a
changing environment. Undoubted example of such heterogeneity is heterogeneity
of individuals in arbitrary population by their age (ontogenetic) and vitality (life)
features (characteristics). Finally these properties determine the identity of arbitrary
population by age and vitality structures and viability in different locations. Cur-
rently two directions are clearly defined in population-based studies. First one is
based on the analysis of vitality population structure, topology and its vitality
groups’ correlation. Second one is focused on the variation of ontogenesis in dif-
ferent environmental conditions (OKunses, 2005).

It is difficult to study of herbaceous plant populations dynamics of only by
empirical methods because it’s functioning is realized by a complex algorithm. Its
regularities not always can be opened in time scale, which are available by direct
observation. Population monitoring in field research rarely exceeds 3-5 years, what
is much less than the synontogenesis duration. These challenges require new methods
for population research, which includes computer population modelling method,
followed by numerical experiments on models (I'iccoBcbkuii, 2008).

In order to investigate conditions of sustainable herbaceous plant population
development a computer model was created that reproduces the space and time
principles of herbaceous plant populations functioning and allows visualizing the
stages of population development on computer screen. In the first case, the series
of experiments were made by the ruderal character population model that replicates
the processes of vitality spectrum formation, its typical changes and also organiza-
tion of spatial mosaic. In the second case research is focused on different ways of
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complicated synontogenesis, which is typical for the short-rhizomatous species
model group of Soldanella hungarica L.
In general, the system functioning can be written as following:

x(t+1) = F(x(@®), a(1), B(®), <(0)), (D

where x(f) — is condition of the system at the moment ¢, a(7) and f(¢f) — are in-
ternal and external factors that affect the dynamics of the system, &(f) — is random
factor, and F(*) — is transition operator from one system condition to the next one.
In terms of population viability research, internal factors include the vitality levels
dynamics with regards to their life condition, synontogenesis; external factors in-
clude anthropogenic impact — with grazing, mowing, picking berries, trampling
plants. A detailed description of the model is given in the work of Volodymyr
Gissovskyi (I'iccoBcekuii, 2010). This work proves that sustainable population
development is ensured by changes in the vitality spectrum correlation and is reali-
zed as a function of its self-organization, which is manifested by changing vitality
structure. Self-organization process is accompanied by varying stages of chaotic
dynamics of its vitality spectrum, which forms the preconditions for sustainable
population development (I'iccoBchkuii, 2012 a). V. Gissovskyi (I'iccoBchkwid,
2012 0) deducts the necessary conditions for sustainable population development.
Let us denote the vitality of individuals through f;;( ¢ ) — individual at the moment
t, j € J — the set of individuals that belongs to the vitality group i, i € I = {K-1, /K-2,
ZK-3} — vitality groups. Let us define the vitality for each j by following formula:

fi(t ) =¥ R @) + - 1)* £;"(@), (D

where [b, m] — the range of individual potential, which depends on the vitality
group, and A —is the option of vitality at the moment #, which takes values from the
interval [0,1]. Suppose that for all j we define the function G;(#) as follows:

Gi() =max;; {fi(t, 1)}, i€l (2)
Let us write down conditions
Gi(?) = Gi() # Gi(D), JjeJ (3
G =GO = G, jeJ .

If condition (3) is fulfilled, the dynamic characteristics obtain features which
indicate population viability, and if the condition (4) is fulfilled, the population
viability probably has the possibility of decline. Obviously, the system dynamics in
the case (3) is stable, and in case (4) — is unstable because in this case the demo-

graphic curve amplitude increases sharply, which signals the possible loss of the
population stability. It should be emphasized that in this interpretation the correla-

42



The definition and formalization of conditions of stability of dynamics ...

tion of individuals with different vitality is very important, as well as the change of
their vitality condition.

On the other hand, population research in recent decades has given grounds to
conclude that postembryonic ontogenesis is the basic mechanism that helps to realize
autoregulatory functions of all parameters of population. First of all, the option of
ontogenesis and generation change of individuals with different vitality in a particu-
lar population is shown through the correlation of different-age individuals (ontoge-
netic spectrum). In its content and complex form, ontogenesis (synontogenesis) can
be defined as a set of life cycles of all simple and complex individual generations,
syncondyviduals and clones that originate from a single specimen, which in this case
originated from the zygote (CKuisies, 2005). It is important that long-term re-
searches on model species showed reversibility of many age states, which contribute
ontogenesis to be cyclic and population — to be stable (OKunses, 1986).

To formalize the approval of sustainable population conditions, let us consider
the classical algebraic structure, which consists of a set of elements and let us set
transaction interaction on these elements (®pun, 1979). The result of this operation
is the element that belongs to G set. Let us write down pair <G, f>, which consists
of G set and includes operation f called group if the operation f is satisfying the
following axioms (I"omox, 2005):

1. For three elements a, b, ¢ € G, condition f (f (a, b), ¢) =f (a, f (b, ¢)) is im-
plemented.

2. There is a neutral element and for an arbitrary element @ € G, condition f
(e, a) = f(a, e) = a is implemented.

3. For each element of the G set there is inverse element for which the next
feature is implemented f'(a, b) =f (b, a) =e.

In our case, the biological interpretation of the previous axioms for herbaceous
plants can be as follows. The first axiom informs that the age change in synonto-
genesis can occur in different sequences. This enables population to respond diffe-
rently on changeable environmental factors and form the diversity of dynamic
characteristics in its development. The second axiom shows that individual can
remain in the same age state for some period of time. The third axiom implements
the reverse features of the synontogenesis. In other words, individual enters the
process of rejuvenation, and ontogenesis itself has cyclic elements.

On the other hand, it is known that the objects that can be in some way
changed to the original state are called symmetric (I'omox, 2005). The modern con-
ception of symmetry declares object permanence to any changes that can be per-
formed on it. Immanent ordering, balance, and therefore stability are the symmetry
features. Obviously not all occurring axioms are implemented in different synonto-
genesis. But it could be affirmed that some herbal plant populations, in which
group operation axioms (1)-(3) are implemented, are characterized by sustainable
development. And this is a sufficient condition for sustainable development of
herbaceous plants population.

Thus, this work considers the hypothetical conditions of herbaceous plant
population that provides stable development. It is clear that sustainable develop-
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ment in all cases is a function of population viability. However, not all viable popu-
lations are stable. Therefore, it can be concluded that a necessary condition for
sustainable population development is the vitality state of the spectrum and imple-
mentation of (1)-(3) axioms is sufficient condition. So, on such condition, the algo-
rithm of herbaceous plant populations’ research becomes the following. Originally
properties of synontogenesis should be investigated using abstract algebra, geometry
and discrete mathematics (graph theory, optimization flows). Based on received
information, we should apply modern (multi-agent) methods of visual simulation,
and study the dynamics and features of the vitality spectrum and population viability
based on the obtained numerical and visual results. This will enable to prove nu-
merically the fact of the viability of herbaceous plans population.
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BU3HAYEHHSI TA ®OPMAJIIBALISA YMOB CTIMKOCTI JUHAMIKH
PO3BUTKY TPAB’SIHUX POCJIMH 3 BUKOPUCTAHHAM
MOKJIUBOCTEA KOMII'IOTEPHOI'O EKCIIEPUMEHTY

B. B. I'ICCOBCHKUIA

Y poGoTi 0OTOBOPIOIOTECS PE3yIBTATH EKCIIEPUMEHTIB, sIKi OTPUMaHi B pe3yabTaTi QyHKIIOHYBaHHS
Bi3yaJIbHOT IMiTaIlifHOT MOJIEIi TIOMYJIALIT TpaB’STHUX POCIHH 3 YpaXyBaHHIM iXHBOT JKUTTE3AATHOCTI.
BuBeneHi HeoOXiHI Ta TOCTaTHI YMOBHU CTiHKOBOTO PO3BHUTKY IOIYJISII] 3 BAKOPUCTAHHIM CTPYKTYP
abCcTpakTHOI anredpm.

KiawuoBi ciaoBa: momynsmii TpaB’sSHUX pPOCIHH, BIiTAIITETHHH CIIEKTP, CHHOHTOTEHE3, Bi3yalbHa
KOMIT TOTepHA MOJENb, CTIHKICTh
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ONPEJIEJIEHUE U ®OPMAJIM3AIIAA YCJIOBUI YCTOMYABOCTH
JAHAMUKHA PA3BUTHUS TPABSIHBIX PACTEHHUI C UCIIOJIb30BAHUEM
BO3MOXXHOCTEA KOMIIBIOTEPHOI'O SKCINEPUMEHTA

B. B. TUCCOBCKUM

B paGore mpecTaBiaeHs! pe3yabTaThl HKCHEPHIMEHTOB, KOTOPHIE MOTYYECHBI B Pe3yibTaTe (hyHKINO-
HUPOBAHUS BU3yaJIbHON KOMITBIOTEPHON MOJEIN MOMYJISIIUU TPaBSHBIX PACTEHUH C y4€TOM UX BUTa-
JIUTETHOTO CHEKTpa. BEIBeleHBI HEOOXOOMMBIE M JIOCTATOYHBIC YCJIOBHSI YCTOWYHMBOTO Pa3BHUTHS
MOMYJISILMH C UCTIOJIb30BAaHUEM CTPYKTYpP aOCTPaKTHOM anreOpsl.
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