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Statement of the Problem (Task) of Optimization
of Mode Irrigation

Asabashvili Elizabeth
University of Georgia

Abstract

At first, planning the development of the separate areas of
Georgia is necessary, alongside with other factors, to consider the
opportunity to receive the needed quantity and quality of water. The
task of water distribution is formulated so: at the presence of a defi-
ciency of water in a pool from the examined river, it is necessary to
find the optimum size deficiency waters paid to consumers within a
given pool, and the optimality is understood at least the sums of eco-
nomic damages at the set size of deficiency.

A new approach to answer the question of water-distribution
should determine the tendencies in designing and creating the auto-
mated irrigation system by factors of the life of the plants providing
reception of stable high crops of agricultural crops, close to their bio-
logical potential. It is necessary to note, that research on the technical
perfection of ameliorative systems is being done continuously. In the
process of developing a science there is improvement in the design of
the system as a whole, and its separate elements. One of the major
problems for the operation of irrigation systems it is the organization
of the optimum control of distribution of deficient water resources.
Such management can be carried out as soon as the automated con-
trol systems for water distribution are created.

The production function reflects the dependence of a crop’s size
on the volume of water allocated for its irrigation, which varies from
year to year and from field to field—as it is related to soil fertility and
meteorological conditions. Besides this, even under fixed conditions
of an environment with the presence of a deficiency of water resources
for crops, essential influence renders a mode of an irrigation. Terms
and rates enamel that cause statement and decisions for the task of
optimizing the mode of irrigation with a deficiency of water resources.
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Considering, that the purpose of cultivating agricultural fields is
the reception of a quantity of a biomass of one or several bodies of a
plant, the description growth process — accumulation of a biomass —
is the major component of the formation of a crop.

The process of accumulation of a biomass of an agricultural crop
is described by system residual the equations (I) with discrete time.

M (+D)=M"()+a" Y. m,+ > bM,(7),
Jj=1 i=1

M, (z+1)=(1-b, —v,)M,(r)m,imj,

s (1)
M,(z+1)=(1-@)M,(z) +a, Y m, ~b M (2),

J=1

Lj(r+1)=(l—gJ)L,(T)+ﬁ/212ml°

iel, |I|=n, jed,

J|=1, Jcl,

n-1
o +Zal =1, (&, .p,.b.,,8;.0,)>0.
i=1

Thus factors entering into the equations — parameters of the
efficiency, being are known for functions of time and conditions of an

environment. Parameters of efficiency S = (%@ 5:0,:v::8,:P) have
sizes which are distinct from zero on the limited interval of time:

0, T<7T, 05 T2T,
Sz{ R (1

T, <T<T,

Where the moments of time 7 and % also correspond to the
beginning and end of the growth of i-that body and are defined by
means of model of development.

The behavior of an object of management — an agricultural crop
agrocoenosis, connected with the formation of a crop—is described by
its(his) mathematical model.

“All biological blocks of model consider dependence of process
of accumulation of a biomass of crops on factors of an environment.
Into number of these factors enter: photosynthetic the active radia-
tion Q coming on a surface of crop, average daily temperature of air in
crop t, humidity root-inhabited a layer of ground w, fertility of ground
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N> additional fertility due to application of fertilizers n”.
Formally, the task of optimizating a mode of irrigation with one

operating parameter — daily volume of the water ¢ submitted on the
irrigated site—can be formulated as follows:

To define the determined discrete function ¢ (), ze[z.7], sat-
isfying to restrictions

D o(r)<o, 0<p(r)<¢’, (IIT)

z

So that at the decision
x(7)= {M (7); M (2),... M, (7); M, (r),...,Mn (7); L(7),...L,(2); w(r)}
Systems difference, the equations (I) and models of the geo-
physical blocks, meeting entry conditions
x(z)=x, uv)

The population mean RIM (7)1 of a biomass ¥ (7) of econom-

ic-useful body in the end of the vegetative period 7 =7 was maximal,
ie.

R|M"(7)] - max )

Here @ — size of irrigating norm (rate), ®=V/wo. V — total vol-
ume of water which it is necessary to submit for a time interval 7 -2

on an irrigated field; @ — the area of an irrigated field; jO — the maxi-
mal daily volume of submitted water on a floor(field); 7 - the moment
of sowing.

One of the basic features of agricultural production is that when
predicting the results of its functioning, the degree of uncertainty is
high. This uncertainty has an objective character. Such feature of a
branch demands application of specific principles and forms of plan-
ning and management.

Record of criterion of efficiency in the form of (V) assumes, that
in a problem (task) of definition of “optimum strategy all uncontrol-
lable factors have the stochastic nature”. First of all it is total radiation

o(r) , temperature of air ! (7) , total evaporation E(T), the atmos-



284

pheric 0(z) , precipitation modeled by discrete casual processes; in
second the turn is uncertainty of a vector of entry conditions of a con-
dition of object of management.

The information on factors of an environment can be set doubly:
in the determined form — in the form of the realization of casual
processes and in the stochastic form — and in the form of casual
processes with the set laws of distribution.

However, information on the weather, in any form makes it
impossible to depend on good prospects for weather to really be car-
ried out.

In connection with that that in the entrance information the
source of significant mistakes (errors) is covered, there is a necessity
regularly, in process of receipt of the new entrance information to cor-
rect (adjust) the plan, differently in other words, realizing operational
planning of a mode of an irrigation.

Operational planning of a mode of an irrigation during the

moment of time 7=7%> Z=7% <7 represents the decision of a problem
(task) (IIT) — (V) optimization of a mode of the irrigation, meeting the
entry condition

x(z,)=x, Z))

Measurement a component of a vector * during the moment of

time =% represents a labor-consuming problem. As a rule, “The

accuracy of such measurement low, that forces to consider * as a
casual vector with, Gaussian distribution.” To simplify the process of
measurement, in particular for its automation, it is of interest to
determine lightly measuring parameters of plants and an environ-
ment. Having connected their functional connections with phase
coordinates, so that the measured values of these parameters received
by the moment of time 1, have formulated an estimation of values of
a vector of phase coordinates during the moment of time .
Statement of and a decision about the problem of supervision,

filtration and optimization of the program of irrigation allow the con-
struction actually optimum mode of an irrigation %o (z), zo<r<T

and dependence

From size of irrigating norm (rate) F, 0<® <o and actually
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optimum mode of the irrigation %o (7) corresponding(meeting) fixed

value of parameter F, to an allocated field for the period 7 ~% .
Sizes y and F are the specific characteristics carried to unit of
the area of the irrigated field. Having defined (determined) a quanti-

ty of pairs their values ®(7) =¥ for the moment %o , itis possible to
construct function of communication (connection) of total gathering

of production Y from all irrigated field “° the area with volume of the

water ¥ (%) submitted on a floor(field) for the period®o T .

y=max RIM" (7)]= (D) Z)
Thus

Y=YV (7,)] (VI

Y=y (LX)

V(ro):q)(ro)(oo (X)

Function (VIII) represents for fixed %o and at absence of sources
of natural humidifying, the concave-convex curve certain in an inter-
val 0V <V, |

“Depending on a zone in which the agricultural crop and conse-

quently, from a degree of natural humidifying function can be
Y = Y (V) transformed is grown up”.

Considering, that the system, by which process of formation of a
crop is described, is dynamic, the finding of optimum control of it is
challenging enough. It becomes necessary to estimate available
approaches for its decision and to choose the most comprehensible.
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