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Abstract. The concept of "zero waste" is one of the most modern in the field of waste management. It is
based on the organization of closed cycles when one production waste used as raw materials for another. In
this paper we discuss models of optimal allocation of agricultural waste by type of their processing and distri-
bution. For investigation of the waste management system we use hybrid methods combining neural net-
works and deterministic algorithms. It is assumed that in the future this kind of models will be realized in the

system of public service in electronic form.
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One of the most serious global environmental
issues is the problem of waste production and con-
sumption waste. In developed countries, these is-
sues are resolved successfully. Russia lagged be-
hind in this matter for several decades, not only in
terms of technology, but also in understanding and
comprehension of the seriousness of the problem at
all levels. In particular it concerns housing and
communal services and the agricultural sector. In
the first case, the main problem is municipal solid
waste (MSW), in the second case the problem is a
waste of poultry and livestock, in particular, litter
and manure, respectively. MSW are disposed of in
landfills, which eventually turn into landfill gas,
forming the combustion of toxic emissions into the
atmosphere, toxic filtrate which pollutes ground
water, etc. Litter and manure without any treatment
are taken to the field, resulting in their biological
and chemical contamination, and the birds and flies
spread this malodorous environment for miles
around. Meanwhile, MSW contains a whole range
of potentially useful products for use as secondary
raw materials. Bird droppings’ are the basis for
high-quality organic fertilizers, vermicompost, bio-
gas and others are also known as secondary raw
materials. It is known more than a dozen related
technologies, including those which were devel-

! Later in the article the authors will refer to the poul-
try industry, but set out principles are applicable to live-
stock.

oped by Russian scientists. They have long been
tested and constantly improved, but remain un-
claimed. Ignoring the role of modern management
systems based on process and system approach is
one of the main reasons for this situation. With re-
gard to waste it concerns environmental manage-
ment systems, industrial ecological systems, factors
4 and 10, Zero Waste. All this affects the negative
impact on the environment and resource conserva-
tion, and focused on the fullest possible use of the
basic principles of nature. Obviously, for agricul-
ture, this approach is most natural if the processes
poultry viewed together with the processes of crops
(including forage production). In this case we ob-
tain a closed cycle "Poultry—field—Poultry." Litter
and other organic waste is processed into high-
quality poultry farm fertilizers, which are taken to
the field to improve soil fertility and crop yields.
The products are then processed into a feed crop for
birds and delivered to the farm. With this approach,
simultaneously solve the problem of low fertility
and soil pollution, their constant degradation, since
these processes are largely due to the use of illegal
methods of disposal of poultry and livestock (such
as export of unprocessed waste directly on the
field).

This approach involves the consideration of all
the issues in the same complex. Importance of this
approach is seen in the long term, when the auto-
matic system of waste management is included in
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the list of public services provided in electronic
form.

Currently, the legal system does not allow an
extension of already approved by the government a
list of public services. However it is clear that in the
long term public and commercial structures will be
responsible for such waste management procedures
in agriculture.

Mathematical Models. In [1, 2] we considered
problems of waste management with given mathe-
matical models of some optimization problems and
discussed approaches of solving such kind of prob-
lems in general. Waste management in specific
types of industry, e. g. in agriculture, allows to test
real models.

There are posed and solved a number of prob-
lems of type: “Farm-Field”.

We will introduce some notations.

Let m be a number of farms for waste pro-
cessing,i=1,2,...,m.

Let n be a number of processing technologies
(e. g., bioconversion, thermal desorption, etc.),
=12, ...,n.

As a result different technological processing
methods give fertilizers of different composition.

Vector o =(apj,aj...-a;;) Ccharacterizes the

composition of the components produced by the
j-th technology of fertilizers.
a,; Is the amount of contaminants remaining

in the unit of fertilizer. Set of vectors form a matrix

ALin-
k=1, 2, ..., K, where K is the number of fields.
Let c; be the unit cost of fertilizers obtained by

the j-th technology (here we assume that it is the
same for all farms).
xij Is the amount of waste in i-th farm and pro-

cessed by the j-th technology. There is no pro-
cessing if j=0.
yi‘j is the amount of fertilizer received on the

k-th field from the i-th farm and processed by the
j-th technology.
Bm, Is the matrix of initial data (according to

expert estimates) characterizing qualitative compo-
sition of fertilizers processed on m farms of fertiliz-
ers.

Dk, Is the matrix of initial data characteriz-

ing composition of fertilizers which are required on
the k-th field and with dy; elements.

Problem 1. We will seek minimization of the
function F= F; + F, where

m
F1=2Xio
i=1
m n
Fo=2 2 aj * X
i=1j=1
appearing in the following set of constraints
n
XijZO, ZXij Zl,fora“ i:].,...,m,
j=0
X *A'>B .

Here the function F, characterizes the amount
of unprocessed waste, and F, characterizes the
amount of pollutants that remain after processing in
fertilizers.

Thus, Problem 1 is focused on the environmen-
tal aspects of recycling.

A solution of the problem will be obtained in
the form

B =X"*A",
where X" is the matrix of optimal solutions and B
is the matrix characterizing quantitative composi-
tion of fertilizers obtained on each farm by each
technology subject to a minimum of pollutants.

Next problem concerns minimization of costs
for the purchase of a fertilizer.

Let

Cj *au .
sj=— . forallland ]

2.
I-1

be the cost of a unit of I-th component of the ferti-
lizer obtained by j-th technology. The matrix S con-
sists of these values. Let

C =B'*S

be a matrix of costs of a unit of fertilizer processed
on i-th farm by j-th technology.

Next set of problems is solved for each field
separately. k=1, 2, ..., K are the field numbers.

Problem 2. Minimization

nm K
2 2 Yij *Cij

j=1i-1
subject to
Ky Syksas>d
Yij 2 Y Zoy” aj =0y,
j=

forall 1=1, ..., L

The heart of the problem is to determining the
amount of fertilizer purchases for each field to be
processed on each farm for each technology, while
minimizing the costs of acquiring and serving the
needs of specific substances.
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The solution matrix is denoted by Y*.

However, this approach does not take in con-
sideration the financial interests of producers. They
have the right to sell the goods to a particular user
or not. In order to choose the best strategy for the
fertilizer manufacturers the situation is considered
as a matrix game.

Members of the game are poultry companies or
a group of companies, (Player 1- farm), and crop
companies (Player 2 — field).

Strategy for Player 1 is reduced to waste using
different technologies and production of fertilizers
with different properties with an increase in profits
from fertilizer sold.

Strategy of player 1 is to increase the profits
from fertilizer sold in waste treatment using various
technologies fertilizers with different properties.

Strategy for Player 2 is to purchase fertilizers
with the desired properties at the lowest price. Tak-
ing in account obtained results one can pose the
following problem:

Problem 3. Find the optimal solution of the
matrix game with the following payoff matrix
n *
_ZY%J' "€y
j=1

n n

2% k*
2. Yij - Cij 2 Vij G
1 1

n * n *
> Ymi Cmi Y Cmj
= =1

Player 1 attempts to select a sales strategy that
would maximize his income and player 2 tries to
minimize costs.

Objective of problem 1 was to minimize the
burden on the environment, and objective of Prob-
lem 2 was to minimize the expenditure of each cus-
tomer individually. Thus we are obtaining mixed
strategies of the players and the situation where the
interests of both producers and consumers are taken
into account.

A wider range of public services at the expense
of optimization models for waste management agri-
culture

CONCLUSION

Large farms may have their own or leased
fields to be used to make fertilizer and subsequent
production of feed, for example, in the form of spe-
cialized units, workshops. Another form of imple-
menting a systematic approach may be holding,
which includes separate companies for poultry,
crop production, fertilizer and feed. For medium
and small farms more acceptable form is the organ-
ization of cooperatives.

In general terms, a necessary condition for the
implementation of a systematic approach is the

formation of the closed cycle "Poultry / Farm-
field—Poultry / Farm™ in one of these forms, or in
the form of a virtual enterprise, which is due to par-
ticipate in the relevant agreements.

Currently the authors solved a number of mod-
els. The results show that the models are realistic
and can be used to assist in making appropriate de-
cisions concerning the management of waste within
the agricultural public services or commercial en-
terprises.
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METAAAHHDIE

HaseaHue: PacwwupeHne Habopa rocyaapcTBEHHbIX YCAyr 3a
cyYeT ONTMMM3ALMOHHBIX MOAeNel yNpaBneHUa oTXo4amu
Ce/IbCKOX03AWCTBEHHOTO NPOM3BOACTBA.
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AHHOTauma: B HacToAlee Bpema Hanbonee COBpeMeHHOVI B
obnactu 06paLLl,eHI/IFI C OTXO04amMu ABaAeTcA KoHuenuuAa
«Honb oTxonoB». B ee ocHoBe nexut OopraHu1saumAa 3amMmk-
HYTbIX UMKNOB, KOraa otXxo4bl 04HOro NnponussoAcTBa Cay-
aT cblpbem AnAa apyroro. B cratbe paccmatpusaroTca
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MOEeNN MNPOLLeCCOB ONTUMANbHOrO pPasMeELLEHUA Cefb- 06 aBTopax:
CKOXO3AUCTBEHHbIX OTXOA408B NO BUAAM nepepaboTku n ux
pacnpegenexHua. na uccnepoBaHMA cucTeMbl ynpasne-
HMA OTXO4AaMM  UCMONb3YITCA  TMBpMAHbIE MEeToAbl,
KOMBUHMpYOLWMe HENPOHHbIE CETU U AETePMUHUPOBAH-
Hble anroputmbl. [peanonaraetca B AasibHellem
BCTpauBaHue Halei MOAeNn B CEPBMUCbI rocyAapcTBeH- UBATYNINIUHA Codua MyxamepoBHa, 3aB. Kad. nHdop-
HbIX YCNyT, p€asin3yemble B SN1EKTPOHHOM BUAE. MAUMOHHbIX TEXHOIOTUI B yNpasBaeHuun. Aunn. mateMaTmk
(Bry, 1972). KaHg,. TexH. HayK no ynp. B TEXH. cUCTEeMaXx
(YFTATY, 1986). Ucca. B 06a. maT. mogeneit U MeToAoB B
ynpasneHuu.

UBATY/IIUH PobepT Ypanosuu, aou,. kad. ¢pusmnku. Junn.
dusumk (Bry, 1999). KaHa. uct. Hayk (Kry, 2003). Ucca. B
06/1. MaT. MOAENIMPOBaHMA 3ad4ay ynpasieHusa Npupoao-
No/Ib30BaHNEM U SKOJIOTUN.

KnioueBble cnosa: onTMMMU3ALMOHHbIE MOAENU; ynpasneHue
oTXo4amu; cen bCKOXO3AMCTBEHHbIE OoTXoAbl.

MAXMYTOBA MapuHa CepreeBHa, Kap. maTeMaTUKM U
CTaTUCTUKKU. [unn. matematuk (MIY um. JlTomoHOCOBa,
1981). KaHa. ¢us.-maT. HayKk no p/ousmke (M3MUPAH AH
CCCP, 1990). Uccn. B 06A1. uMCA. MeTOAOB B 3adayax 30H-
OMpoBaHua noHocdepbl, AUCT. 06pa3oBaHMA.
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