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PaccmoTpenbl mpo0ieMbl IOCTPOCHHS M Peai3alii CTPYKTYphl HHPOPMAIIMOHHO-YTIPABIISIO-
meit cuctemsl (MYC) Bo3menbsiBaHms 3¢pHOBBIX KyJIBTYP Ha OCHOBE ONTHMH3AIMH BRIOOpA arpo-
TEXHOJIOTUH C TOYKH 3PEHUS METOIOB TEOPHH YIIPABICHHS, CHCTEMHOTO M KOMITAPTMEHTAJIHHOTO
oIX0/10B. B KadecTBe OOBEKTOB YIpPAaBICHHS PACCMOTPEHBI IOYBA, BO3JENbIBAEMasl KYJIbTypa U
9KOJIOTHS MCIIONB3YEMOro yuacTka arponangmadTa. Crenan BeiBog 0 ToM, uto MUY C oTHOCHTCS
K KJIacCy CHCTEM aJalTHBHOTO YIPABJICHUs C MPOrHO3UPOBAHUEM MHOTOMEPHBIM JTUHAMUYECKUM
CTOXaCTHYECKUM 00BEKTOM. [TokazaHo HOBOE Ka4eCTBO CHCTEMbI YIPABJICHHSI, CYIIIECTBEHHO OTIpe-
JIENIAIONIEe €€ CTPYKTYpY, — HAJIM4YUe KOHTypa YIPaBICHUS TOAACPKAHHS TUIOMOPOIUS MOYBBI U
9KOJIOTHH B CEBOOOOPOTE M KOHTYpa YIIpaBIEHHUS arpoleH030M KymnbTyphl. [Ipemnoxkena nepapxu-
Yeckasi CTPYKTYpHasi cXeMa CHCTEMBbI YIIpaBlIeHUs] 00BEKTOM C MTPOrHO3UPOBAHUEM, peai3yIomas
(yHKIMOHAIBHBIE TIpeoOpa3zoBanus nHGopMannoHHoro notoka B MYC. B kauecTBe KpUTepHs BbI-
0opa aJbTepHATUBHON arpOTEXHOJIOTHH HMCIOJIb30BaHa KOJIOT0-dKOHOMHYECKas 3()(HEKTHBHOCTD,
MOAH(UIIMPOBAHHAS C YUETOM IIeJieH YIpaBIeHUs U COCTaBa MAITMHHO-TPAKTOPHOTO Mapka. AHa-
JUTHYECKOE OTMCaHNE TIPOIIECCOB arpoOMOCHCTEMBI Ha COBPEMEHHOM YPOBHE 0a3zupyeTcs Ha KOM-
MMapTMEHTAIBHOM IOXOZI€ C ONMCAHUEM SBJICHHIA B BUe MU PepeHnabHbIX ypaBHeHnid. Comep-
JKaHMe KOMITAPTMEHTA OIMCBIBAET MPOIIECC IMEePeHOCa PHEPTHH U MacChl B CHCTEME I0YBa — pac-
TUTEJIbHBIM TTOKPOB — MPHU3EMHBIN CIION BO3AyXa Ha OCHOBE (PYHKIIMOHAJIBHOTO (TEOPETHUECKOIO)
JUHAMUYECKOr0 MMHUTALMOHHOTO MojenupoBaHus. [lo pesynsratam WHPOpPMAIMOHHOTO 0030pa,
peanuzanys MoJg0OHOW CUCTEMBI YIIPaBJICHUSI B HACTOsIIEe BpeMs He BbIsBIeHaA. lcrons3oBanue
SMIUPUIECKUX MMHTAMOHHBIX Mozenel B 1Y C nenpremiemo, Tak Kak CMeHa KyJIbTypbl WIH TPH-
POIHO-KIMMAaTHIECKON 30HBI MOTpeOyeT pa3padOoTKX HOBOW sMmmmpudeckoir monenu. [Ipoananm-
3UpoBaHbl cucTeMbl nMuTanuu onogpusnueckux npouecco WOFOST, DSSAT, DSSAT Cropping
System (CSM), APSIM u AGROTOOL, ucnonb3yroiue MeToibl (YyHKIIMOHAILHOTO TUHAMHYC-
CKOTO MMUTAIIMOHHOTO MOJEIUPOBAHUS B paMKax KOMIIAPTMEHTaJIbHOTO mojxoaa. Paspaborannas
ctpyktypa MY C ¢ ncnonp3zoBanueM mojenu nponykTuBHOCTH ToceBoB AGROTOOL peannzyercs
IIPH YCIIOBUH CO3aHUS HOBBIX MOIYJIEH KOMIAPTMEHTOB.

KuroueBble cjioBa: afanTUBHO-TaHAMA(THOE 3eMIIEENTUE, arpOTEXHOJIOTHH, MaTEMAaTHIECKOE
MOJISTUPOBaHNE, MH(HOPMAITOHHO-YTIPABIISIONINE CHCTEMBI, KOMIIAPTMEHTAIBHBIN TIOAXO]T
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CrpykTypa HH(POPMALIMOHHO-YIIPABIISIOIIEH CUCTEMbI BO3/IEIbIBAHHS Heuaes A 1.

3ePHOBBIX KYIBTYP

The problems of constructing and implementing the structure of the information management
system (IMS) for the cultivation of grain crops based on the optimization of the choice of agricultural
technologies in view of the methods of the management theory, system and compartmental
approaches are considered. The objects of management are soil, a cultivated crop and ecology of
the agricultural landscape area used. It is concluded that the IMS belongs to the class of adaptive
control systems with prediction by a multidimensional dynamic stochastic object. A new quality of
the management system, which significantly determines its structure, is shown, namely the presence
of a control loop for maintaining soil fertility and ecology in crop rotation and a control loop for
the agrocenosis of the crop. A hierarchical block diagram of the object management system with
forecasting is proposed, which implements functional transformations of the information flow in
the IMS. As a criterion for choosing an alternative agricultural technology, environmental and
economic efficiency was used, modified in view of the management goals and the composition of
the machine and tractor fleet. The analytical description of the processes of the agrobiosystem at
the modern level is based on the compartmental approach with the description of phenomena in the
form of differential equations. The content of the compartment describes the process of energy and
mass transfer in the system: soil — vegetation cover — ground layer of the air based on functional
(theoretical) dynamic simulation. Based on the results of the information review, the possibility of
implementation of such a management system has not been currently identified. The use of empirical
simulation models in the IMS is unacceptable, since a change in a crop or natural-climatic zone
will require the development of a new empirical model. The systems for simulating biophysical
processes WOFOST, DSSAT, DSSAT Cropping System (CSM), APSIM and AGROTOOL, using
methods of functional dynamic simulation within the framework of the compartmental approach,
have been analyzed. The developed IMS structure using the AGROTOOL crop productivity model
is implemented on condition that new modules of compartments are created.

Keywords: adaptive landscape agriculture, agricultural technologies, mathematical modeling,
information management systems, compartmental approach
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The automation of the management of the Let us consider the ways of solving the prob-

cultivation of grain crops is aimed at introducing
digital technologies. In particular, information
management systems (IMS) are used to calcu-
late the parameters of agricultural technologies
that determine the performance of technologi-
cal operations in the field. At the same time, the
problem of creating an IMS system at the level
of agricultural enterprises has not been solved
at present, since many processes in the control
object (soil, culture, ecology) are not described
in an analytical form sufficient for the synthesis
of the implemented IMS structure.

lem posed, limiting the analysis of the manage-
ment of the cultivation of grain crops to a plot
of the agricultural landscape (field) with a given
system of crop rotation and a seasonal nature of
control actions. Such a control method relates to
predictive control! based on the creation of new
information in the course of forecasting during
generation and the choice of alternatives.

To do this, we synthesize the structure of
the IMS system in accordance with its classi-
fication in terms of general control theory, the
control properties of the control object (OC),
and a functional set of descriptions of informa-

Kasperovich S.A. Forecasting and planning of the economy: a course of lectures for students. Minsk: BSTU, 2007.172 p.
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tion flow transformation processes for control
purposes. At the same time, we will evaluate
the possibility of its implementation within the
framework of known solutions.

The purpose of the functioning of the adap-
tive landscape farming system is the production
of products of an economically and ecologically
determined quantity and quality in accordance
with social (market) needs, natural and produc-
tion resources while ensuring the sustainability
of the agricultural landscape and reproduction
of soil fertility [1].

Achieving this goal requires the manage-
ment of a complex of interrelated agrotechni-
cal, reclamation and organizational measures
that make up the essence of agro-technologies.

Note that the parameters of soil, culture and
ecology are stochastic in nature and are mainly
determined by climatic conditions and the in-
tensity of solar radiation. In addition, the prop-
erties of OC depend on the agroclimatic zone
of the agricultural landscape, which determines
the adaptive mechanisms of the IMS function-
ing.

Therefore, in general, the control system can
be attributed to the class of adaptive control
systems with prediction by a multidimensional
dynamic stochastic object [2] with the ability to
change the parameters or structure of the con-
troller depending on the parameters of the con-
trol unit or external disturbances?.

The IMS structure is based on analytical
models describing the physical processes in the
OC, and a mathematical model for calculating
control actions on the OC to achieve the control
goal.

In the mathematical modeling of agroeco-
system processes, the main directions in the
class of simulation models can be distinguished
[3,4]:

— an empirical approach with extensive use
of a heuristic description of the determining
processes (regression relations, allometry equa-

2Adaptive management. URL: https://ru.wikipedia.org/

tions, numerous stress functions, etc. are used);

— functional or theoretical (mechanistic or
ecophysiological) approach considering the es-
sence of processes and cause-and-effect rela-
tionships in the agroecosystem with a descrip-
tion of their dynamics based on physically in-
terpreted dependencies.

The analytical description of the processes
of the agrobiosystem at the modern level is
based on the compartmental approach’®. In this
case, it is assumed that within the volume of
the compartment, the processes are not a func-
tion of the spatial variable, therefore, descrip-
tion in the form of ordinary differential equa-
tions is allowed. This approach is used to study
the processes of transfer of matter and energy
within a living system and their exchange with
the environment, in particular, in the system
soil - vegetation cover - surface air layer. The
structure of the analytical description of bio-
physical processes is based on functional (the-
oretical) dynamic simulation and is presented
in the form of interconnected compartments.
The use of empirical simulation models is un-
acceptable, since a change in culture or natu-
ral climatic zone will require the development
of a new empirical model. In the case of the
compartmental approach, the physical essence
of the OC processes remains unchanged when
changing the OC parameters, which determines
the variability of the simulation model.

Let us define the structure of the IMS of
adaptive control with forecasting the cultiva-
tion of grain crops from the standpoint of func-
tional transformations of the information flow.
Let us note the properties of the OC regulation
process determined by the decomposition of the
main goal:

— management has two management objec-
tives: managing sustainability, maintaining soil
fertility and ecology in crop rotation (manage-
ment objective 1) and managing the agroce-
nosis of a crop, including changing soil con-

*Novoseltsev V.N. Control theory and biosystems. Analysis of preservation properties. M .: main edition of physical and
mathematical literature of the publishing house "Nauka", 1978. 320 p.
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ditions, crop ecology (management objective 2) and, accordingly, two management loops with
management periods equal to the period of full rotation of the crop rotation and the season of crop
cultivation;

—management prediction is carried out by choosing an alternative from k1 =0, ..., N1, k2=0, ...,
N2 numbers of agro-technology alternatives and from k3 =0, ..., N3, k&4 =0, ..., N4 numbers of al-
ternatives for the composition of the machine and tractor fleet (MTF ), respectively, control loops
1, 2 in accordance with the criterion function and their adaptation to the zonal conditions of use.

The efficiency of management for practical purposes can be assessed by the indicator of eco-
logical and economic efficiency Eee , reflecting the amount of net income (or profit), taking into
account the prevented environmental damage [1] according to the formula

_B-3,-(Y-K3)
gen_ 3 ’

29

Ee (D

where B _is the cost of gross output; 3 - operational costs; V is the amount of environmental and
economic damage to agricultural production; K - coefficient of efficiency of environmental pro-
tection measures; 3 - costs aimed at preventing and eliminating damage in agriculture; 3 - costs
that provide an ecofogical and economic effect, including environmental protection measures.
Taking into account the array of alternatives, the criterial control function will have the form

F = max B"kl, R min 0<k3<N3 (3"%”-?1{1, k3) - man <kd < N4 (Bnypkkz, a + 3nyakk2’ k4)
0<kl<NI - - , (2)
0=k2=N2 (mm 0<k3<N3 (33317%1, K3 /N, ps) T min, <k4 <N4 (333Pkk2, k4 + 333akk2, k4))
where 3 3 3 - ecological and economic costs of alternative agricultural tech-

nypsk1® k37 “nypkk2® k4> ~nyakk2® k4 . . ) ] )
nology, including the cost of performing agricultural technology operations with units from alter-

native sets of MTF; 3epsk1, i3 oo B 14 ar€ the costs that ensured the ecological and economic
effect, including environmental protection measures when the soil condition changes in the crop
rotation cycle (indices ps, k1, k3), respectively, when the soil condition changes when managing
the agrocenosis of the crop (indices pk, k2, k4) and when the state of the culture changes (indices
ak, k2, k4);, N, is the number of crop rotation periods.

We will consider functional transformations of the information flow in a predictive control sys-
tem from the standpoint of the elements of set theory. The information flow is represented by a set
of parameters of the form v = {v/I (?),..., vn (t)}, where vn (t) is an element of the set (parameter)
describing the state of the system at time t and having functional relations f with the set w: w = f°
{v}. In the general case, fis a functional (any mapping from an arbitrary set to an arbitrary one), an
operator is a mapping that associate a function with another function. Then the information flow
transformations can be described as follows:

a)a, b c dap,b , cp,dp,at,bt,ct,dt, where a, b are the sets of soil parameters that
ensure stability, fertility and ecology in the crop rotation cycle and season, respectively, c is the
state of the agrocenosis of the crop, d are climatic conditions, while the * p, * ¢ index determines
the predicted and current sets of parameters;

b) the set of parameters of agricultural technology for maintaining soil fertility alternatives k1
and agrocenosis of the culture £2 are determined, respectively, by the functionals, taking into ac-
count the set of MTP mip, , mip,,: AT, =fmps {a,b,c,d mwp }, AT, =f  {a b c d mip,},
the sets of unit parameters for technological operations are determined by the functionals mtp |, =
T mips {ATPS, . and Mo = f o {AT , .,}. The predicted sets of parameters of the state of the
object, yield and the parameter of stability and preservation of soil fertility are calculated by op-
erators:
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eters of agricultural technologies:
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The values of the sets of parameters of im-
pacts on the soil and soil ecology in the cycle of
crop rotation, season, agrocenosis and culture
ecology are determined, respectively, by the
functionals:

Up = AT 1)
U, = fodAT, .},
Un= ot AT 10 3
U™ Fuat AT o}
Uek_ fmk{ATk kz}

and the set of parameters of the units for the
implementation of technological operations in
the rotation cycle of crop rotation and season is
determined by the functionals:

mr]?pkl = fumtpv{ Ts kl} ! mtl?ka fumtak{A];k, k2}'

The listed set of functions and operators, us-
ing the systematic approach [5], can be repre-
sented as a hierarchical structure of the object
management system shown in the figure. Man-
agement is carried out by the following actions:

— for a given area-specific zone of an agrar-
ian landscape plot (agro-technological type and
type of land), type of crop rotation, sowing cul-
ture, predicted climatic conditions and a basic
set of MTF, a set of k1, k2 predicted functions
is synthesized. You can choose from the known
values corresponding to the functionals f aip I

ﬁlpb’ ‘](1;6.5" -fl;mtps’ f;ztak’ f;b’ ‘fl.lllk’ ﬁtek’ f;tmtpk’ ft;c’ Wthh

are also determined by the type of agricultural

technology (extensive, normal, intensive, high-
intensity), taking into account the state a con-
trol object determined by the set of parameters
a, b, ¢ d - MTF. At the same time, the neces-
sary set of functions is generated that connect
the output and input sets of parameters of this
functional,;

— many parameters of predicted agricultural
technologies for maintaining soil fertility in the
cycle of crop rotation AT, agrocenosis of the
AT, crop are calculated;

— transformation operators of a set of pa-
rameters are synthesized or selected from the
known ATak]’ k2 ATbk]’ k2 ATck[’ i, 8 set of param-
eters of the basic set of MTF mipp ,, mipp, .,
predicted to carry out the necessary operations
on the field;

— the predicted sets of parameters of soil fer-
tility and agrocenosis of the culture of the con-
trolled object a, b, ¢ are calculated by transfor-
mation operators;

— the conditions of soil fertility Wa and the
predicted yield C, are calculated;

— when the condition of the soil fertility
Wa > 0 is fulfilled, the ecological and economic
costs, the set of parameters of the units for the
implementation of technological operations
Umtm ok Ummk .» 1, and the value of the eco-
logical and economic criterion F according to
expression (2) are calculated;

— an alternative option k1, k2, k3, k4 of ag-
ricultural technologies is searched for, corre-
sponding to the maximum value of the ecologi-
cal and economic criterion F;

— the values of the set of parameters of im-
pacts on the soil and soil ecology in the cycle
of crop rotation, season and agrocenosis and the
ecology of culture are determined, respectively,
by the functional Umtpps, Ups, Ues, Upk, Uak,
Uek, Umtpak;

— the deviation of the predicted state of the
control object from the actual one is determined
in accordance with the control cycle. At the
same time, the actual value of the ecological
and economic criterion F is calculated and the
procedure for generating functions in the con-
trol system is adjusted to minimize deviations
in the next management cycle.
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Let us evaluate the possibility of implement-
ing the synthesized structure of the IMS with
forecasting (hereinafter IMS) by the known so-
lutions in the field of information technology
and mathematical modeling of agroecological
problems (see the figure). A review of informa-
tion sources*was carried out [6].

The management system based on heuris-
tic models includes, for example, a multilevel
model of intelligent control of an agro-techno-
logical process in a bio-production system [7].
It is based on heuristic correction of mathemati-
cal models of agroecosystems with heuristic
knowledge of farmers. The system "Eidos-X
++" is based on the system-cognitive statisti-
cal relationship of the required parameters for
the known set of implementations of the agro-
technological process. The application of this
system is limited by knowledge of the real sta-
tistics of the history of the application of ag-
ricultural technologies over a long period of
time [8]. In most cases, such information is not
available on farms.

Other well-known methods or mathemati-
cal models describe individual processes of an
agrobiosystem without describing their rela-
tionship. Such systems are the models for deter-
mining the optimal doses of fertilizers® and the
dynamics of humus [9], the automated bank of
fertility models “PLOMOD” ¢, in which the re-
lationship of crop rotation parameters with the
state of fertility and soil ecology is determined
mainly at the level of methodologies and be-
longs to the category of knowledge [10]. These
methods cannot be applied in the IMS without
finalizing the analytical description of the inter-

connection processes within the framework of
the compartment approach.

Mathematical models of processes that are
not related to the agrocenosis of a culture or
models for assessing results deserve attention.
These are the agrometeorological information
and forecasting system of the IPS of the All-
Russian Scientific Research Institute of Ag-
ricultural Meteorology (ARRIAM) based on
the synoptic-statistical method’, mathemati-
cal models and algorithms for predicting the
yield of grain crops using satellite data (EPIC
model)?, the assessment of the stability of soil
organic matter based on mathematical theory of
catastrophes [11, 12], optimization of the com-
position of MTF? [13, 14]. Such models can be
applied in the structure of the IMS system when
they are being finalized.

There are known systems for simulating bio-
physical processes based on functional (theo-
retical) dynamic simulation of agrobiosystem
processes within the framework of the compart-
ment approach. These are WOFOST'® (Nether-
lands), DSSAT - The Decision Support System
for Agrotechnology Transfer'!, DSSAT Crop-
ping System (CSM)'2, IBSNAT project (USA),
APSIM modeling system - Agricultural Produc-
tion Systems SIMulator'®, (Australia) and the
AGROTOOL crop productivity model (Russia)
[15]. These models are semi-empirical, have a
similar structure and differ mainly in the no-
menclature and details of the description of in-
dividual blocks. These systems are not control
systems, since they simulate the processes soil
- surface air layer - plant without taking into

“Khomyakov D.M., Iskandaryan R.A. Information technology and mathematical modeling in environmental management

tasks. URL: http://fadr.msu.ru/rin/ecol/model.htm

SArlantseva E.R. Mathematical support for decision-making to optimize the intensity of crop production: author. dis. PhD.
Economics: 08.00.13. Moscow Agricultural Academy in the name of K.A. Timiryazev, department of economic cybernetics. M.,

2008.

Frid A.S. Fertility Models Bank "PLOMOD”. URL.: http://www.esoil.ru/databases/bank.html
7 Lebedeva V.M. Synoptic-statistical forecasting method. URL: http://cxm.obninsk.ru/index.php?id=157

8 Bryksin V.M. Development of a mathematical model and software for assessing the yield of grain crops in the conditions of
Western Siberia: author. dis. PhD. in Engineering: 05.13.18. Barnaul, 2009. 22 p.

°Artemiev Yu.G. Improving the efficiency of agricultural production in the conditions of the Leningrad region by optimizing
resource provision and the composition of the machine and tractor fleet: author. dis. PhD. in Engineering: 05.20.01. St. Petersburg;

Pavlovsk, 2013, p. 19.

"Hadiya N., Kumar N., Mote B.M. Use of WOFOST model in agriculture-A review- URL: https://www.researchgate.net/
publication/327098320 Use of WOFOST model in_agriculture-A_review

"Jones J.W. Hoogenboom G., Porter C.H., Boote K.J., Batchelor W.D., Hunt L.A., Wilkens P.W., Singh U., Gijsman A.J.,
Ritchie J.T. The DSSAT cropping system model // European Journal of Agronomy. 2003. Ne 18 (3—4). C. 235-265.
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account the processes of adaptive management
with forecasting.

Let us consider the implementation of the
IMS structure, taking into account the model
of crop productivity AGROTOOL, which in-
cludes a description of the following processes
taking place in the system soil - vegetation cov-
er - surface air layer:

— soil compartment - dynamics of soil mois-
ture, dynamics of nitrogen compounds in the
soil, growth and development of the root sys-
tem;

— compartment of the surface layer of air -
modes of sowing, photosynthesis and photores-
piration, transpiration of plants and evaporation
of moisture from the soil surface, the choice of
norms and terms of irrigation in irrigated agri-
culture;

— plant compartment - moisture transfer
to the plant, plant growth and development
(aboveground organs), yield prediction (start-
ing from the earing phase).

Let us represent the IMS structure as a set
of compartments that analytically describe
the functional transformations of the informa-
tion flow: soil stability and fertility fatps, foa,
ATakl, k2, agrocenosis of the culture fatak, fob,
foc, foC, ATbkl, k2, ATckl, k2, ATCkI, k2, for-
mation of predicted parameters ap, bp, cp.

At the same time, the processes of agroceno-
sis of a culture and the predicted parameters of
soil, crops can be represented by similar com-
partments soil - vegetation cover - surface air
layer of the AGROTOOL system. The rest of
the processes of functional transformations of
the information flow in the IMS and the con-
ditions for the implementation of control have
no analogues in the compartment structure of
the AGROTOOL system. Therefore, the IMS
compartments should additionally contain an
analytical description of the following process-
es and conditions for the implementation of
management: - soil compartment - soil stabil-
ity and fertility, the formation of a predictable
set of soil parameters, the relationship of soil

parameters with the crop rotation cycle; - ad-
ditional compartment soil and plant ecology -
the relationship between the parameters of the
intensity of the planned agricultural technology
with the parameters of the soil. - conditions for
the implementation of management - the for-
mation of an alternative version of agricultural
technology, containing the planned operations
in the field and the composition of the MTF, can
be carried out in accordance with the federal
(regional) register of agricultural technologies.
The timing of the operation in the field, the
amount of fertilizers is determined by the re-
sults of running the mathematical models of the
IMS. Adaptation of management by the types
of crop rotation and the soil-climatic zone of
the agricultural landscape can be carried out by
adjusting the analytical content of the compart-
ments by the OM parameters.

CONCLUSION

As a result of the analysis of information
materials, it was found that the analytical de-
scription of the processes of the agrobiosystem
at the modern level is based on a compartment
approach using the methods of functional (the-
oretical) dynamic simulation. The use of em-
pirical models is unacceptable, since a change
in culture or natural-climatic zone requires the
development of a new model with the inclusion
of research and verification stages.

The synthesis of the structure of the informa-
tion management system was carried out with
the limitation of the area of management of a
plot of the agricultural landscape (field) with a
given system of crop rotation and the seasonal
nature of control actions. The seasonal nature
of the control actions and the change in the nat-
ural and climatic zone determine the class of
the information and control system as an adap-
tive control system with forecasting.

The information and control system has two
control loops: the first is the maintenance of
soil fertility and ecology in crop rotation, the
second is the agrocenosis of the culture, includ-

’Keating B.A. Modelling crops and cropping systems — Evolving purpose, practice and prospects. European Journal of

Agronomy. 2018. Vol. 100. P. 163-176.

BKeating B.A., Carberry P.S., Hammer G.L. An overview of APSIM, a model designed for farming systems simulation //

European journal of Agronomy. 2003. N 18. P. 267-288.
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ing changes in the state of the soil, the ecology
of crops.

Based on the functional transformation of
the information flow, a hierarchical structure of
the information management system has been
synthesized, the functional of which in terms
of describing the processes in the control ob-
ject can be represented in the form of compart-
ments. Based on the results of the information
review, the implementation of such an informa-
tion management system has not been identi-
fied. The possibility of implementing the devel-
oped structure of the information management
system, taking into account the systems for
simulating biophysical processes WOFOST,
DSSAT, DSSAT Cropping System (CSM),
APSIM and AGROTOOL, using the methods
of functional (theoretical) dynamic simulation
within the framework of the compartment ap-
proach is considered.

A comparative analysis of the composition
of the compartments necessary for the analyti-
cal description of the functionals of the pro-
cesses in the control object of the structure of
the information management system and the
AGROTOOL system is carried out. It has been
established that the processes of agrocenosis
of a crop and the predicted parameters of soil,
crops can be represented by similar compart-
ments soil - vegetation cover - surface air layer
of the AGROTOOL system. In this case, the
structure of the IMS system must additionally
contain, at least, an analytical description of
the following processes and conditions for the
implementation of management:

— compartment soil - soil stability and fer-
tility, the formation of a predictable set of soil
parameters, the relationship of soil parameters
with the crop rotation cycle;

— additional compartment soil and plant
ecology - the relationship of the parameters of
the intensity of the planned agricultural tech-
nology with the parameters of the soil;

— the conditions for the implementation of
control are determined by the algorithm for the
formation of an alternative version of agricul-
tural technology, containing the planned opera-
tions in the field, the amount of fertilizers and
the composition of the machine-tractor fleet,

and the algorithm for adapting the analytical
content of the compartments to the types of
crop rotation and the soil-climatic zone of the
agricultural landscape.
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