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To investigate in succession the dynamics of monoterpenic hydrocarbons biosynthesis in plants of
genus Artemisia the algorithm, which connects the intermediates analysis of results after each stage processes
and the comparison of theoretical conclusions with new experimental data is developed in this article.

It is proved that the uniform kinetic model of chemical essential compounds transformations in a stream
from the glucose, mevalonate and isoprene to monoterpenes developed by authors is universal kinetics model in
order to explain the connatural biosynthesis of monoterpenes in any ethereous carrier plants.

There are founded some kinetic (by specific velocities of biochemical stages of metamorphosis) and a
balance sheet (by rations between ring closure degrees) relations during the monoterpenes connatural
biosynthesis corresponding to the vegetative phases.

The state space model (SSM) for open nonlinear biochemical system is compounded. In this model
macroscopic metamorphosis of essential substances is introduced as the sequence of vector's micro-alterations
(or a velocity of the modification of a system's biochemical composition) in a orthogonal system of co-ordinates.
At the application of the model to substantiate with the theory of a kinetic chemo-systematics, which becomes
clear correlations between plants-producers is offered.

The biochemical substantiation of individual distinctive indications between plants of genus Artemisia
for seven types is introduced, such as: A.abrotanum, A.annua, A.dracunculus, A.glauca, A.scoparia (two
chemostrains) and A.taurica. The mathematical model of molecular-and-phylogenetic exposition of the
relationship in a flora based on the example of genus Artemisia is compounded.

The influence of environmental factors on kinetic parameters of monoterpenes biosynthesis in plants of
the genus A.scoparia from different regions of their growth by means of comparative graph-analytic and matrix
analyses of their accumulation dynamics in plants by own results of the experiment and the literary data with the
made by authors modeling calculations is proved.

The possibility to combine the systematization of plants based on morph-anatomic principles and
chemo-regular principles based on the kinetic particularities of monoterpenes biosynthesis during the chemo-
phases in vegetative taxons is shown.
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Introduction

Essential oils from the plants of genus Artemisia are applicable in various branches of
perfumery, pharmaceutical and food-processing industry. Practical value of oils is defined by
essential components and rations of their content.

Valuable components in these oils are various representatives of monoterpenic
compounds (Polansky et al., 2007; Khodakov, Kotikov, 2008; 2009; Khodakov et al., 2009,
Loloiko et al., 2011, Danilenko et al, 2012; Guliev et al., 2015; Buzuk, 2016;
Muchametchanova et al., 2017; Zhigzhitzhapova et al.,, 2018). Numerous researches in the
field of their biosynthesis in plants are confined only by a detection of concrete predominant
substances, which are useful for any taxon-carrier in practical purposes. And, the application
of cluster analysis or a method of general components using statistical packages of computing
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programs allows to become clear only a membership of this or that vegetative type to chemo-
type on the basis of the received experimental data (Zhigzhitzhapova et al., 2018).

Now there was a necessity to dilate researches with incorporation of all monoterpenic
components in plants due to detect kinetic particularities of their biosynthesis in order to offer
references to some practical application, such as:

a) detecting the time to gather plants for extraction from them essential oil with target
properties;

b) predicting some biochemical particularities during the vegetation of plants at
planning of their cultivation for industrial needs;

¢) solving direct and inverse problems of formal chemical kinetics in the branch of
connatural biosynthesis having the purpose to connect these particularities of kinetics with a
concrete vegetative taxon.

The direct problem here consists in the mathematical description of a combined
multistage biochemical reaction regularities, in which each stage is characterized by its
characteristic kinetic constant and by initial conditions determined for all process.

The inverse problem in narrow sense consists in that within the limits of the offered
biochemical process founded on experimental data about it and on the character of its some
stages to estimate constants of velocities at each stage of this process. In a wide sense the
inverse problem can be formulated as a reconstruction of the schema for complex process
founded on the data about its separate stages and on the knowledge about the kinetics of
process as a whole.

In the article (Panitchev et al., 2001) one offered to use a model of linear space (LS)
for handling and generalizing experimental data received in chemical kinetics. Employing the
LS permits to carry out and effectively to solve a series of principal and important problems
such as: a) to systematize permissible states of system and to establish the mutual connection
between them in the form of the state equations; b) to describe processes of evolution by
means of operators and the evolution equations; ¢) to introduce obvious geometrical manners,
for example: trajectories, surfaces, diversities, etc. One indicates a possibility of a model LS
to introduce the new theoretical concepts, which allow revealing and describing the
mechanism and regularities of processes by two types such as: a) input or output of
substances through open system bounds; b) chemical transformations inside the system.
However, in that the closed systems are characterized only by their chemical composition.

In articles of authors (Khodakov, Ustimenko, 2017; Ustimenko, Khodakov, 2018) it is
detailed the research of monoterpenes biosynthesis in plants as uniform biochemical process,
and estimations of general stages were presented. The process of investigations includes the
consecutive solution of direct and inverse problems of chemical kinetics.

In the present paper one present the algorithm to research the monoterpenic
hydrocarbons biosynthesis dynamics in plants of genus Arfemisia using the intermediate
analysis of results, obtained in the each stage as well as the comparison of theoretical
conclusions to new experimental data by (Zhigzhitzhapova et al., 2018).

The base of research is the generalized kinetic model of their biosynthesis presented in
author's article (Khodakov, Ustimenko, 2017), which adequacy to experimental data has been
shown by us in the article (Ustimenko, Khodakov, 2018).

The purpose of this paper is to substantiate and to unify the mechanism of
monoterpenes biosynthesis using an individualization of its kinetic parameters for everyone
vegetative taxon, that is based on the comparison of experimental data for some types of
genus Artemisia with the modeling calculations received for them, which together permits to
find regularities of kinetic chemotaxonomy.

To achieve the purpose following problems were solved, such as:
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a) to find a correlation between solutions of direct and inverse problems in the
kinetics concerning with a biosynthesis of monoterpenic hydrocarbons;

b) to develop an algorithm for researching the connatural biosynthesis of
monoterpenic hydrocarbons dynamics with the account of experimental data concerning the
component composition of essential oils in plants of genus Artemisia,

¢) determining the prospects to apply the developed algorithm of the research in
branches of chemical kinetics, an ecology, plant growing and other branches of agriculture;

r) finding a possibility to combine the systematization of plants by mortho-anatomic
principles and by chemosystematics basing on kinetic particularities of the monoterpenes
biosynthesis according to pheno-phases in vegetative taxons.

Objects and research methods

Objects of researches are dynamics of a monoterpenes productivity in ethereous carrier
plants and corresponding kinetic model of the monoterpenes biosynthesis, which is the
continuation of researches spent by us and presented in articles (Khodakov, Ustimenko, 2017,
Ustimenko, Khodakov, 2018). It reflects a dynamics of qualitative and quantitative changes of
the compose of monoterpene hydrocarbons in the essential oil, extracted from plants of genus
Artemisia during all phases of the vegetation, which are obtained by means of the chromate-
mass spectroscopic device Agilent Technologies 6890 together the mass-spectrometer 5973
and database of NIST 02 (Khodakov, Kotikov, 2008; 2009; Khodakov et al., 2009).

The research methods — relative graphical-and-analytical and matrix analyses of data
for seven types of plants by the genus Arfemisia, in which one employs as experimental as
modeling rated data for a dynamics of monoterpenic components accumulation in
corresponding essential oils during all phases of the vegetation. Also, one used the Fisher's
method to determine an adequacy of the created kinetic model to obtained experimental data.
Incorporated mass fractions of monoterpenic components in the plants essential oil were
distributed by us according to the degree of its ring formation (acyclic, mono- and bicyclic),
and after that they were reduced accordingly to their general amount, — they are named further
as normalized mass fractions.

Corresponding modeling calculations are based on the kinetic scheme (fig. 1) and on
the numerical decision of kinetic equations by the kind (1)—(3) and the equations of (4)
(Khodakov, Ustimenko, 2017; Ustimenko, Khodakov, 2018):
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Fig. 1 The basic model, which explains the reproduction of monoterpenes X2, Y2, Z in plants of the genus
Artemisia, where it is named by: X2 — alicyclic; Y2 — monocyclic; Z — bicyclic; X — carbocation of dimethyl-
allyl; Y — carbocation of isopentyl; A — glucose; R — mevalonate; B — isoprene;
ki, kri — kinetic constants of corresponding processes (Ustimenko, Khodakov, 2018)
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The residual content of monoterpenes in samples of plants by modeling calculations
was defined by the equations (3) according to articles (Khodakov, Ustimenko, 2017,
Ustimenko, Khodakov, 2018):

X2,(res.)=X2, - v t, 3)
Y2,(res.)=Y2, —v, -t
Z,(res)=Z,-v,t,
where X2i, Y2i, Zi — numerical solutions of the equations system (1); vx, vy, vz are velocities
of dispersion of monoterpenic hydrocarbons in the surroundings, accordingly; ti — the
dimensionless time in terms of the season first phase (I) of the vegetation.

Mass fractions in the residual content of monoterpenic hydrocarbons types (wXi, wYi,
wZi) in samples of plants (or normalized mass fractions according to the condition, such as
wXi + wYi + wZi = 1) as by experimental data (in the composition of the essential oil) as by
modeling calculations (in plants) were defined with the help of the equations (4) (Khodakov,
Ustimenko, 2017):

X,(res.)

X (res.) + Y (res.)+ Z,(res.) (4)

Y,(res.)

X, (res.) + Y;(res.) + Z,(res.)

Z,(res.)
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wy (res.) =

wy (res.) =

w, (res.) =

It is expedient to present normalized mass fractions as vectors in the tridimensional
system of orthogonal co-ordinates. As a result, it is possible to calculate its modules as the

vector modules of normalized mass fractions of monoterpenic components ‘v’if‘ in plants (the
vectors of a productivities) by the equations (5)—(7) using the representation in the matrix

form by equations (6) of solutions for the nonlinear kinetic equations (1). The initial
conditions for the kinetic equations (1) — (3) are reduced in table 1.
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are instantaneous velocities of monoterpenes reproduction in plants.
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We carried out the relative analysis for the monoterpenes accumulation dynamics in
plants A.scoparia using values of kinetic parameters of monoterpenes biosynthesis as applied
to data of our experiments, and also according to the literary data from other region of the
growth (Zhigzhitzhapova et al., 2018) (tab. 1 — the column 8).

To obtain more information about the influence of kinetic parameters of monoterpenes
biosynthesis in plants at each stage on their biochemical differences one founded the state space
model (SSM) according to the article (Ustimenko, Khodakov, 2018), on which it is possible to
present any macroscopic metamorphosis as the series of a vector's micro-displacements. The
curve outlined in SSM by the vector head of composition may has name as a metamorphosis
trajectory. We generated that experimental points for each plant investigated issuing from
theoretical positions of chemical kinetics. It has given the possibility to check up an adequacy of
the used theoretical suppositions in a solution of target problems.

Table 1
Initial conditions for the kinetic equations (1) — (3) and the corresponding kinetic parametres to
coordinate the courses of modelling curves (as graphical solutions of the equations) with the experimental
data (Ustimenko, Khodakov, 2018) the column 7 and (Zhigzhitzhapova et al., 2018) the column 8

Parameters in Vegetative types of the genus Artemisia
the kinetic A. A. A. A. A. A A
equations abrotanum annua dracunculus glauca taurica scoparia scoparia
1 3 3 4 5 6 7 8
Initial conditions
X2 0 0,00125 0,500 0,0075 0,025 0,0065 0,020
Y2o 0,075 0,0002 0,450 0,7250 0,215 0,025 0,350
Zo 0,0125 0,00125 0,885 0,250 0,375 0,0075 0,250
t 0,125 1,25104 0,045 0 0 0 0
Content of initial substances by the glicose unit (g/g)
A (glucose) 1 1 1 1 1 1 1
R (mevalonate) 0,75 0,85 0,85 0.75 0,75 0,85 0,85
B (isoprene) 1,75 0,125 0,125 0.95 0,65 0,125 0,125
Kinetic constants
ko 1,500 1,725 0,512 1,50 1,50 5,25 5,25
k 0,2512 0,212 6,85 0,7512 0,7512 0,112 0,112
ko 7,500 1,25 3,375 6,125 6,125 8,500 8,500
ks 20,00 3,00 1,750 0,250 0,500 25,85 0,85
k4 1,500 10,375 8,500 1,500 1,500 4,375 4,375
kry 0,025 0,225 0,850 0,025 0,200 0,785 0,785
krz 0,125 0,250 0,150 6,950 0,175 0,025 0,025
k24 5,000 0,120 0,397 4.083 4,083 1,943 1,943
Velocities of monoterpenes dispersion in environment according to the equation (3), !
VX 5,610 0,0015 0 0,0055 0,001 0,030 0,050
Vy 0,120 0 0,045 0,0005 0,100 0,010 0,0125
vz 0,0012 0,002 0,125 0,025 7,510 0,005 0,015

In generally, trajectories of the chemical transformation had the complicated
curvilinear form, which depended on a series of chemotypical and ecological factors. The
individuality of these trajectories has allowed to use kinetic and parametrical characteristics in
the SSM permitted to compare the stages of a biochemical processes during the connatural
monoterpenes biosynthesis and to classify the taxons.
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Results and discussion
Throughout the previous researches, we made the recalculations of the productivity for
plants by the genus Arfemisia on the normalized mass fractions, obtained from the
experimental data (tab. 2). The presented values are the base to fix the modeling kinetic
dependences of monoterpenes biosynthesis in studied types of plants. The multiplication of
each normalized mass fraction on the unit vector leads to the vector of its productivity.

Table 2

Normalized mass fractions and the productivities of monoterpenes in the essential oil made by plants of
the genus Artemisia during the vegetation seasons according to the experimental data
(Ustimenko, Khodakov, 2018)

Types of a degree of the monoterpenes Normalized mass fractioqs of monoterpenes during the
eyclization vegetation seasons
I 11 111 v
1 3 4 5 6
A.abrotanum
Acyclic (X2) 0,00 0,01 0,01 0,01
Monocyclic (Y2) 0,53 0,25 0,33 0,35
Bicyclic (Z) 0,47 0,74 0,66 0,64
The vector modules of a productivity
’v-{,‘ 0,708 0,781 0,738 0,730
A.annua
Acyclic (X2) 0,40 0,58 0,68 0,56
Monocyclic (Y2) 0,11 0,16 0,06 0,19
Bicyclic (Z) 0,49 0,26 0,26 0,25
The vector modules of a productivity
- 0,642 0,655 0,730 0,642
%]
A.dracunculus
Acyclic (X2) 0,32 0,35 0,19 0,23
Monocyclic (Y2) 0,13 0,12 0,35 0,22
Bicyclic (Z) 0,55 0,53 0,46 0,55
The vector modules of a productivity
‘v-{,‘ 0,650 0,646 0,608 0,635
A.glauca
Acyclic (X2) 0,00 0,01 0,01 0,00
Monocyclic (Y2) 0,79 0,61 0,71 0,84
Bicyclic (Z) 0,20 0,38 0,28 0,16
The vector modules of a productivity
‘W‘ 0,815 0,719 0,763 0,855
A.taurica
Acyclic (X2) 0,00 0,00 0,01 0,03
Monocyclic (Y2) 0,13 0,09 0,07 0,06
Bicyclic (Z) 0,87 0,91 0,92 0,91
The vector modules of a productivity
’W’ 0,880 0,914 0,923 0,912
A.scoparia
Acyclic (X2) 0,28 0,16 0,32 0,31
Monocyclic (Y2) 0,42 0,32 0,20 0,13
Bicyclic (Z) 0,30 0,52 0,48 0,56
The vector modules of a productivity
‘v-{,‘ 0,587 0,631 0,611 0,653
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To establish an influence of ecological factors on parameters of the monoterpenes
biosynthesis in other region of the growth, the data from the article (Zhigzhitzhapova et al .,
2018) have been rearranged by us, and they were tabulated in table 3.

Table 3
Recalculations of experimental data about the composition of essential oil, made by plants of the genus
Artemisia scoparia from other region (Zhigzhitzhapova et al., 2018), on the normalized mass fractions
according to their degrees of the cyclization

Degree of the Content of monoterpenes in the vegetation seasons

monoterpenes cyclization | vegetation beginning Budding Blooming Fructification

Sum mass fractions of monoterpenes in the essential oil by the degree of its cyclization, %

Acyclic 19,23 3,92 0,74 6,16
Monocyclic 16,77 13,51 1,51 9.26
Bicyclic 12,3 7,98 0,87 6,92

Sum 48,3 2541 3,12 22,34

Normalized mass fractions of the monoterpenes

Acyclic 0,398 0,154 0,237 0,276
Monocyclic 0,347 0,532 0,484 0,415
Bicyclic 0,255 0,314 0,279 0,310

The vector modules of a
0,586 0,637 0,607 0,587

productivity ‘v_ff ‘

Graphic dynamics dependences of the monoterpenes biosynthesis, placed in the table
4, are the solutions of the differential equations (1)—(3) included three variables. Points on a
drawing indicate the experimental values, which in an optimum variant should coincide with
modelling curves or the received curves should come nearer to them as much as possible.

1. In the first column of table 4 one combined experimental data of accumulation
acyclic, mono- and bicyclic monoterpenes in the oils (normalized mass fractions) in the plants
of the genus Artemisia and results of a solution for the kinetic equations (1)—(4), — there are
designated by arrows: 1 — for monoterpenes-Z w(res.); 2 — for monoterpenes-Y2 wy(res.); 3 —
for monoterpenes-X2 wx(res.). Points on curves (the first column of this table) one designates
corresponding experimental values of normalized mass fractions of monoterpenes
hydrocarbons by the data of table 4.

2. By arrows (the second column of this table) one shows vectors of a plants
productivity (for normalized mass fractions). On unit vectors in a three-dimensional frame
one puts aside normalized mass fractions for third degrees of the monoterpenes cyclization,
and for each phase of vegetation one indicates the eigenvector of a productivity in three-
dimensional space. Thus, genesis of plants vegetation is characterized by rotation of this
vector, i.e. the extremities of the vector describe a world line.

3. By points on curves (the second and third columns of this table) one places
corresponding values of vectors of a monoterpenes distribution in the oil, and also the vector
module of normalized mass fractions, calculated according to the equation (5).

In the third column of this table one combined the dynamics changes of the vectors
length (or the module) constructed as by our received experimental data (points) as by results
of mathematical modeling (lines) for each plant, — the high convergence of both dynamics
changes is observed.









Plant Biology and Horticulture: theory, innovation. 2019. Ne 2(151)

adequate to the experiment if Fisher's rated criterion does not exceed its table value at the
chosen level of a confidence probability (P) with corresponding degree of freedoms (fua and
frepr.):
_ s’(ad)
~ s*(repr.)
where Fi.p (fag, frepr) = 9,55 — table value of Fisher's criterion for P = 0,05 and numbers of
degree of freedoms fad = 2) and frepr. = 3".

For the data for the plant A.scoparia from the article (Zhigzhitzhapova et al., 2018)
one obtains values of criterion F, which are smaller than the table value of Fisher's criterion,
namely (for tab. 4, column 1):

— Fisher's criterion for a line of a regression 3 at acyclic (monoterpenes-X2) according
to the formula (8) is equal 7,99,

— that for a line of a regression 2 at monocyclic (monoterpenes-Y2) according to the
formula (8) is equal 1,39;

— that for a line of a regression 1 at bicyclic (monoterpenes-Z) according to the
equation (8) is equal 2,83.

Thus, the constructed graphic model to the monoterpenes biosynthesis in plant
A.scoparia from the article (Zhigzhitzhapova et al., 2018) is adequate to experimental data.

To research the regularities of monoterpenes biosynthesis in the offered modeling
schema (fig. 1) we evolve two key paths of their formation, which are carried out through the
equilibrium dynamics between carbocations of dimethylallyl (X) and of isopentyl (Y). And,
their equilibrium concentrations can are stable on various ways of the reproduction, namely,
on non-mevalonate way producing the equilibrium concentrations [X]o1, [Y]o1 (from A) and
also on mevalonate way (from R) producing the equilibrium concentrations [X]oz, [Y]o2 with
kinetic constants ko and ki correspondingly. The dynamic equilibrium is characterized by
constants k2 and k4, and their interrelation shows a direction of its displacement.
"Equilibrium" carbocations X and Y as intermediate and highly active compounds are in turn
sources of all monoterpenic hydrocarbons from attaching an isoprene. As a result,
monoterpenes X2 and Y2 with kinetic constants kri1 and krz2 are formed accordingly, and
compositions of carbocations X and Y in one stage by various ways of the biosynthesis leads
to monoterpenes Z with a kinetic constant ks.

We detected the contribution of each kinetic constant in the uniform modeling schema
of monoterpenes biosynthesis for investigated plants of genus Arfemisia (fig. 1) by
construction of individual factor planes (fig. 2) according to table 2.

Figure 2 discloses interrelations between kinetic stages of connatural monoterpenes
biosynthesis in investigated plants according to their velocities at each stage according to the
schema (fig. 1). As a result the individual biosynthetic particularities, concerning each plant,
are observed and that can be afterwards the base for their allocation as a quality of the
chemo-taxonomic indications along with phenological indications.

For example, during the comparison of the most high-speed stages in connatural
monoterpenes biosynthesis we observed in the experiment the presence of conforming ring
structures of monoterpenic hydrocarbons, i.e. the figure 2 shows the presence of dominating
and defining the high-speed stages in connatural monoterpenes biosynthesis.

Individual particularities of vegetative types are reduced in the figure 2 as the
comparison of the most high-speed stages in connatural monoterpenes biosynthesis, namely:

— for a group of perennial plants, such as Artemisia abrotanum, A.scoparia, A.taurica,
A.glauca and A.dracunculus the dynamic equilibrium state is characterized by an interrelation
between values of constants k2, ks where the constant k2 exceeds the value of kg, that leads to
the accumulation of carbocations Y;

< E-P (fad. ’frepr. ) (8)
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over non-mevalonate way from R (significant prevalence of value ki over ko). The quick
stage of metamorphosis of a mevalonate to the carbocations of isopentyl Y (high value ki)
dominates at the essential values of k2 and ks with high value of k4 accompanying with the
displasement of reversible transferring aside the carbocations of dimethylallyl X.

In the plant A.glauca — the reversible transferring between the carbocations of
dimethyl-allyl X and the carbocations of isopentyl Y is displaced move essentially inside the
last (significant prevalence of k2 over k4), with which an isoprene B quickly makes further a
series of monocyclic terpenes (high value of the constant krz).

In the plant A.taurica — the reversible transferring between the carbocations of
dimethyl-allyl X and the carbocations of isopentyl Y is displaced move essentially inside the
last (essential prevalence of k2 over ku).

In the plant A.scoparia for maintenance of equilibrium concentrations between
carbocations X and Y one observes the prevalence of non-mevalonate way of the biosynthesis
over mevalonate way of biosynthesis (prevalence of value ko over ki).

1. In the chemo-type of plants 4.scoparia (Ustimenko, Khodakov, 2018) performances
of biosynthesis are affinitive to A.abrotanum with those differences only, that the constant ko
is more great and, hence, the velocity of metamorphosis of glucose A to carbocations of
isopentyl Y is above also, but the difference between values of constants k2 and k4 is less,
consequently the displacement of reversible transferring of the carbocations of dimethyl-allyl
X to the carbocations of isopentyl Y is slow, and it is inside the last. One observes the stage
with high speed of bicyclic monoterpenes production (significant value of ks).

2. In the chemo-type of plants A.scoparia (Zhigzhitzhapova et al., 2018) one observes

the high-speed enough stage during the production of acyclic (monoterpenes-X2) and
monocyclic (monoterpenes-Y2) from a glucose A accompanied by a quick establishment of
equilibrium biosynthesis of monocyclic monoterpenes and by the displacement of that inside
direction the carbocations of isopentyl Y.
Graphic performances of biosynthesis A.scoparia according to (Ustimenko, Khodakov, 2018)
and (Zhigzhitzhapova et al., 2018) coincide practically, but in the latter case there is
extremely low value of a constant k3, i.e. the stage of production of bicyclic monoterpenes
(monoterpenes-Z) is essentially retarded.

Remaining irreciprocal stages of monoterpenes biosynthesis in all plants are retarded
and they define a velocity of all process.

Data of table 4 permit to estimate the dynamics of modifications of the vector modules
for a productivity (for non-normalized mass fractions,) during vegetative phases in vectorial
and matrix forms according to foundations of the kinetics in the article (Ustimenko,
Khodakov, 2018), i.e.:

X2, Vi(t) -v,
Y2, | = |V, (t)-v,| O[] ©
Z V.(t)-v,

where V (t))-v, V (t,)-v, V,(t)—v, — average velocities of modeling monoterpenes
accumulation in a plant (average velocities of productivity).
For the equation (9) it is possible to make a corresponding functional:
X2,
Y2, | = FIX2(t, Y20, Z(t),t]  (10)
Z.
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equation 10), for the vegetative types — the forms of solutions of the functional as the changes in a
time of the length of a radius-vector, which are presented in table 4 (the column 3). For the chemo-
races — the form of the rotated radius-vector in the three-dimensional orthogonal space, extremity of
which forms a world line (table 4, the column 2), or there are three hodographs for everyone taxon
(table 4, the column 1). As a result, it is possible to assume that the chemo-races was appeared after
the hybridization of the investigated plants together with the regional flora, when which have taken
place a natural selection in the regional conditions where the gained biochemical indications were
genetically fixed are.

Conclusions

1. One proposed the method to characterize the vegetative types using the graphic
images of their productivity with the account of an interrelation between groups of
monoterpenic hydrocarbons and the method to define the kinetic constants of the connatural
processes of their biosynthesis according to the developed kinetic model.

2. One proposed the universal kinetic model of connatural monoterpenes biosynthesis
in the ethereous carrier plants, which should be used to forecast the dynamics of
monoterpenes biosynthesis in the various vegetative seasons of plants.

3. One presents the biochemical reason of the individual distinctive indications of
some representatives plants of the genus Artemisia presented by A.abrotanum, A.annua (an
annotinous plant), A.dracunculus, A.glauca, A.scoparia (two chemo-races from Crimea and
Bashkiria) and A.taurica has.

4. Specific particularities of monoterpenes biosynthesis dynamics in the investigated
kinds of the genus Artemisia correspond to their position on the molecular-and-phylogenetic
tree, and the researches can be expanded up to finding-out of affine relationships in flora.

5. One compounded the mathematical model of molecular-and-phylogenetic
description for a relationship in flora on an example of genus Artemisia.

6. The state space model (SSM) for open nonlinear biochemical system, which
expends the descriptive possibilities of known model coincided for the closed linear chemical
system (LS) is presented.

7. One demonstrated a possibility to combine the systematization of plants based on
the morph-anatomic principles and chemo-regular principles based on the kinetic description
of monoterpenes biosynthesis during the chemo-phases in vegetative taxons.
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B pabore paszpaboraH anropuTM IIOCIECIOBATEIBHOTO HCCIECIOBAHMS OCOOCHHOCTEH OHOCHHTE3a
MOHOTEPICHOBBIX YTJIEBOJAOPOAOB B PACTCHUSIX poaa Artemisia ¢ TIPOMEXYTOTHBIM AHAIH30M PE3YJIbTATOB
Ka/0T0 3Tala ¥ COIOCTABICHAEM TEOPETHIECKHUX BEIBOIOB C HOBBIMH 3KCIICPUMEHTATBHEIMHI JAHHBIMH.

Joxazano, 94T0 pazpaboTaHHAS aBTOPAMH CAWHAS KMHETHYCCKAs] MOJCTb XHMHUECKHAX IIPEBPAIICHUN
0a3UCHBIX BEINECTB (ITIOKO3HI, MEBAIOHATA W M30IIPEHA) 10 MOHOTEPIICHOB B IIOTOKE SIBISIETCS YHABEPCAILHOH
JUIST OITCAHMSI KHHETHKY IPHPOIHOTO OMOCHHTE3a MOHOTEPIICHOB MFOOBIX 3(hVMPOHOCHBIX PACTEHHH.

BrIsBICHBI KMHETHUECKHE (IO YAENBHBIM CKOPOCTSM OHOXMMHYECKUX CTaAWH NPEBPAINCHUH) H
HanaHCOBEIE (TTO COOTHOIICHHUSIM CTENICHEH ITUKIN3ANNN) OCOOEHHOCTH IPHPOJHOTO OMOCHHTE3a MOHOTEPIICHOB
1o (hasam BETCTAIHH.

CocrasieHa Momens mpoctpancTBa coctosHuit (I1C) ams OTKPBITOM HEMWHCHHOH OMOXHMHYCCKOH
chUcTeMbl. B 3TOM MOZEnH MAaxkpOCKONHYECKWE NPEBPAIICHUSI OA3MCHBIX BEIECTB IIPEACTABICHEL B BHIC
IIOCIIEAOBATENLHOCTH MHKPOCABHTOB BEKTOPA (CKOPOCTH H3MEHEHHS OHOXHMHYIECKOTO COCTAaBA CHCTEMEI) B
OPTOTOHANBLHOH CHCTEME KOOPAMHAT. [TPEoKeHO HCIOIB30BAHAE MOJCTH ISl TEOPETHIECKOTO OOOCHOBAHHUS
KMHETHIECKOH XEMOCHCTEMATHKH, KOTOPAsI BEISICHSIET B3ANMOCBSI3H MEXIY PACTCHUSIMH-TIPOYIICHTAMH.

[Ipencrapneno OHOXMMHYECKOE OOOCHOBAHWE WHAWBHAYANBHBIX PA3IHIUTCIBHBIX IIPH3HAKOB
pacreHuit poxa Artemisia ang mectn BUROB. A.abrotanum, A.annua, A.dracunculus, A.glauca, A.scoparia (0ge
xemopacwet) u A.taurica.. COCTaBIeHA MAaTEMATHUYECKAs MOJAETb MOJEKYISPHO-(PHUIOTCHETHIECKOTO ONHCAHUS
POJCTBA B PACTUTEIRHOM MHUPE HA IPAMEpeE poxaa Artemisia.

VYCTaHOBICHO BIMSIHHE OKOJOTHYECKMX (DAKTOPOB HA KHHETHUECKHE IapaMeTpbl OMOCHHTE3a
MOHOTEPIICHOB A.Scoparia ¢ pa3HBIX PETHOHOB ITPOM3PACTAHNUS 32 CUET CPABHUTEIHHOTO IPadO0aHATHTHICCKOTO
W MATPUYHOTO AHATHM30B JHHAMHKH WX HAKOIUICHHUS B PACTEHHSX IO PE3YJIbTATaM COOCTBEHHOTO 3KCIICPUMEHTA
U TUTEPATYPHBIM JAHHBIM C IIPOBEICHHBIMU aBTOPAMH MOJICTBHBIMA pacuéTaMH.

[ToxazaHa BO3MOKHOCTH COBMEIICHHASI CHCTEMATHKH PACTCHHUH HA MOP(}HO-aHATOMHUIECKAX TPUHIUIAX A
XCMOCHCTECMATHICCKUX HA OCHOBAHUM KHHECTHICCKAX OCOOCHHOCTEH OMOCHHTE3a MOHOTEPICHOB IO (heHO(Dazam
B PACTUTEJBHEIX TAKCOHAX.

Kirwuesvie ciosa: Artemisia;, xunemuxa Ouocunmesd; MOHOMEpPHEHvl;, NPOCMPAHCIEO COCMOSHUTL,
XeMOMAKCOHOMUSL.



