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Abstract. In this article, we consider the distribution of electricity that a power plant
produces between adjacent regions. In other words, the network, the nodes of which are areas
between which it is necessary to distribute the electricity coming from its source. Complicating the
task is the fact that the needs of the regions change every period, and the size of the storage is
limited. In addition, transportation costs also change every period.

Using the methods of the theory of dynamic programming, we have found the best methods for
distributing electricity so as to minimize the cost of transportation to the consumer.
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Introduction.

As you know, any power plant produces electricity by converting natural
energy. Those. Hydroelectric power plants produce electricity from the mechanical
energy of the moving water - rivers, reservoirs, etc. Thermal power plants due to the
conversion of chemical energy. A nuclear power plant operates at the expense of a
nuclear reactor, a device designed to organize a controlled self-sustaining chain
reaction of the fission of heavy elements, which is always accompanied by the release
of energy. Wind power plants generate electricity from wind energy. Solar power -
from the energy of solar radiation.

Any power plants are complex economic systems that always unite simple
concepts - the need to supply the power plant with a major resource for power
generation and the need to market the electricity produced. Resource for thermal
power plants and nuclear power plants - the fuel that costs money. The resource for
hydroelectric power plants is water, for the accumulation of which an artificial
reservoir is usually used.

Design, construction, and maintenance of hydroelectric power are also reduced
to costs in the form of money. These power plants are usually very large, large, of
federal significance and, accordingly, produce a lot of electricity, which must be
delivered to electricity consumers and distributed between them. The main task of
such power plants is the supply of electricity to the regions of the country. The
location of the power plant is chosen to take into account economic and geographical
convenience. Consumers are selected on the basis of the power generated by the
power plant and the region’s electricity needs.

To increase efficiency and, therefore, maximize the profit of such power plants,
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the only way to minimize the cost of electricity generation. Wind and solar power
plants are currently not traditional, alternative sources of electricity. Resource for
their needs - wind energy or sunlight. Such resources are not limited, but their use
causes many difficulties - solar panels and wind generators are expensive and require
special maintenance, therefore such power plants are local sources of electricity. On
the other hand, these power plants, in fact, being private enterprises can compete with
the main electricity suppliers in the private sector, for example, in suburban
settlements or for individual industrial enterprises.

To maximize the profit of such power plants, both the cost of electricity
production and the cost of sale are important. Also, they have to face the
phenomenon of corruption, since they are competitors for monopolists.

Depending on the remoteness of the power station to the consumer, another
problem arises - the loss of power transmission. These problems are associated with
physical phenomena that occur when an electric current flows in a conductor.
Therefore, when transmitting electricity over long distances, the voltage is first
repeatedly increased (by the same amount by decreasing the current) using step-up
transformers, and then, near the consumer, is lowered using step-down transformers.
This can significantly reduce the loss in transmission of the same electrical power.
However, as the voltage rises, various other physical phenomena that cause losses
begin to occur, which are not considered in this work.

Main part.

We formulate the initial conditions: There is one power plant, the storage

S
capacity of the primary resource is limited, we denote it - . There are two consumers
of electricity, it is necessary to supply electricity to both regions. We consider 6
periods of time for the production and sale of electricity, the cost of electricity

L
production is known in the -th period of time, we denote it by *, we know the

L dl,
electricity needs of the regions in the -th time period, we denote them by and
d2;

The purpose of studying the model is to maximize profits, taking into account
the source data.

In order for a power plant to fulfill its electricity supply plan, the purchasing
department must supply a primary resource at the beginning of each time period. The
price of electricity production is pii=16 and the need of the regions
d, = dl, + d2,,i=1,6 _ o

equal to the sum of the needs of each region are indicated
in the table. The storage capacity of the primary resource is limited and should not

S
exceed

We introduce the notation:

Si . . i . i
is the number of primary resources in the accumulator during the period

ISSN 2567-5273 58 Technical sciences



Modern engineering and innovative technologies Issue 6 / Part 2 @

i
of time before buying ali.
a; L
"is the volume of purchases of primary resources in time period .
X
" is the balance of the primary resources in the accumulator in the period of

- L a’i'.
time after the purchase

Fi(x) G:(y) Hi(2)

showing how much money (the balance of the main plus

I
income) we will have at the end of the -th stage, having invested at the beginning of

X
this stage the amount of funds in the first industry and ?
third.
We construct a scheme for solving this problem using dynamic programming.

=
in the second and in the

m
The criterion is the sum of all funds remaining in both industries after the -stage,
plus the income is given by both sectors at this stage. The criterion in question is a

W =w,,
special case of an additive criterion: it is all acquired at the last stage, i.e. :
Wi

and at all previous stages of its increment  are equal to zero.
: (m—1) : A .
1. Fix outcome -step (preserved funds plus income) . Conditional
X" (Z—1)
optimal control ™77 _ at which there will be a maximum amount of funds (fixed
m
assets plus income) after -step
U)(Zm_l) = Zm(Zm—l) (1)
But, given formulas above, you can write
. : Xm(Zm-1)
Conditional optimal control on m-step can be found from the
condition
Wi (Zm1) = oo, nax (Fon(@m) + Gon(Ym) + Hin(Zi—1 = Ton = Ym)). (3)
0Sum<Zm_1
. m=2) Z,_ y : Xm—1(Zm—2)
2. Fix initial step ?. Conditional optimal control ' *’ can
be found from the condition
;1—1,m(me?) = e pax . (W (Fn—1(®m—1) + Gt (Ym—1)+
ng’.‘h'ngz:::l (4)

+Hm—l(Zn1—l —Ym—-1— Zm—l))
etc.
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£

2y ... . x; (Z;1)
3. Fix . Conditional optimal control can be found from the
condition

Fi(xi)+ Gi(Zi—1 —2:))}  (5)

m(Z‘t—l) - []Sf‘lfli’lg%i_l {

etc.

X
4. The optimal control at the first step and the maximum value of the
¥

. Y. .
gain "~ is found from the condition
W* = 1*,2,...,171 = 1max {W

0<e; <2y -~ 77777

(@) +Gi(y) + Hi(Zo —y1)} - (6)

5. The outcome of the first step with optimal control:

1 = Fi(z1) + Gi(yi) + Hi(Zo — y7)- (7)
Optimal control in the second step:
x5 = x3(Z7). (8)
The outcome of the second step with optimal control:
Zy = Fa(x3) + Ga(y3) + Ha(Z1 — y3) (9)

and so on until the last step.
The result of the work is shown in the table:

Initial
storage capacity 0
Maximum
storage capacity 40
1 1 regi 1 regi
region region region The rmceior
Need, Expenses,| Need, Expenses,| Meed, Expenses( the production |Markup, | Production| Selling
Period MW % W % MW % unit of electricity % cost price Income | Profit

il First quarter 2008 20 10 15 10 10 10 5 15 200 207 Sale in any region 7 7
2 Second quarter 2008 20 10 20 15 20 20 i 20 280 294 Salein the 1 and the 2 region 14 21
3 | Third quarter 2008 30 1 20 20 20 20 10 20 300 356.4 | Salein the 1 region 56,4 774
4 Fourth quarter 2008 30 1 30 2 30 3 12 5 480 4977 | Salein 1 and the 2 region 17,7 951
5 |First quarter 2009 10 i 20 8 15 7 11 I 0 0 Do not sell 0 951
6 |Second quarter 2009 | 40 T 40 ] 40 7 1 10 440 454,96 | Sale in the 2 region 14,96 | 110,06
7 | Third quarter 2008 15 7 20 8 20 10 13 132 520 541,3265| Sale in any region 21,3265(131,3865
8  |Fourth quarter 2009 0 10 35 9 20 10 10 20 400 4362 | Salein the 2 and the 3 region | 36,2 |167 5265

Conclusions.

Thus, as a result of the work done to study the methods of distribution of
electricity between regions, we came to the conclusion that in certain problems one
can get a quick optimal solution through intuitive reasoning. But in the case of
consideration of more voluminous problems, the formalization of mathematical
models and finding optimal policies using dynamic programming can significantly
simplify calculations and lead to cost minimization and profit maximization.

The method of dynamic programming is not always the easiest approach but can
be used as an apparatus for solving various tasks.
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Abstract. B smoii cmamve mbl paccmampusaem pacnpeoenenue 31eKmpodHepeuu, KOmopyo
NPOU3BOOUM INEKMPOCMAHYU MexcOy Ou3 nexcamumu pecuoHamu. Mnaue 2osops cemn, y3namu
KOMOPOU ABIAI0MCA 001aCmU, MeHCOY KOMOPLIMU HEOOX0OUMO PACHPeOelsimb 2NeKMPOIHEPIUIO,
nocmynarowyio om ee ucmounuxa. Ocnodxcusem 3aoady mom ¢axm, ymo nompeoHoOCmu pe2uoHo8
MEHAIOMCSL KAXHCObL NEPU0O0, a pasmepubl Xpanunruua oepanudensl. Kpome mozeo kaicoviii nepuoo

MEHAIOMCA MAKIHCe U 3ampamuvl Ha MpancnopmupoesKy .
HCI’ZOJZbé’y}Z Memoovl meopuu OUHAMUYECKO20 npocpammupoeanust Mbl Hawliu onmumdalbHsle

Memoobl pacnpeéexzenuﬂ JJIEKMPOIHeEpsUU makx, umoowl MURUMUIUpOBAMb 3ampamvl Ha

MPAHCNOPMUPOBKY K HOmMpebumennio.
Keywords:  snekmpuuecmeo,  cemv, 9Hepeus,  OUHAMUYECKOE  NPOSPAMMUPOBAHUE,

onmumdaibHoe pacnpedeﬂeHue, MAKCUMU3AYUA l’lpu6blﬂu, MUurRumusayusl sampam.
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