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Abstract. The article identifies and classifies subject-
agrometeorological events in the technological processes
of cultivating grain crops. The analysis of these events
made it possible to classify them according to the
periodicity of their appearance, as well as to indicate the
content of the influence of each of them on the course of
these processes, which made it possible to develop
appropriate algorithms for modeling the time of
occurrence of these events.

The distribution of the time of occurrence of subject-
agrometeorological events in technological processes of
growing of grain crops, in particular: the time of
restoration of spring vegetation, the completion of the
autumn vegetation period of winter grain crops, the time
of reaching their characteristic predecessors, and the
patterns of change in the duration of soil warming have
been established. The obtained regularities allow to
predict (generate) the onset of phases of development of
plants and time constraints for the implementation of
mechanized operations in the technological processes of
cultivating grain crops for different natural and production
conditions.

The developed scientific and methodical principles of
modeling of subject-agrometeorological events in the
technological processes of cultivating grain crops underlie
the creation of their computer models. The practical use of
these models will allow you to predict the time constraints
for performing mechanized operations and the
characteristics of the flow of orders for their execution.

The methods of analysis and synthesis, system-factor
and system-event approaches to the study of technological
processes of cultivating grain crops were used in the work.
To develop algorithms for modeling these technological
processes, a discrete-event approach was used.

Key words: cultivation, grain crops,
agrometeorological events, technological
mechanized operations, modeling.
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Introduction

The high level of technology of agricultural
production, technical complexity and high technology
costs require a high level of management of the technical

base of agricultural producers, the search for ways to
reduce material and energy costs.

Formulation of problem

The search for rational solutions during the
acquisition and use of machine-tractor fleet of agricultural
producers is one of the most difficult tasks of
mechanization of agricultural production. To solve it, it is
necessary to consider a large number of factors, some of
which are unmanaged and probabilistic. At present, there
is no general system approach to the modeling of subject-
agrometeorological events in the technological processes
of cultivating grain crops, which underlies the creation of
simulation models of these processes and prediction of
time constraints for the implementation of technological
operations in them.

Analysis of recent research results

Many research and methodological works [1 - 19] are
devoted to the study of the tendencies of occurrence and
influence of subject-agrometeorological events on the
flows of requirements for the implementation of
mechanized operations in the technological processes of
cultivating grain crops. In particular, the causative and
consequential ~ connections  between events and
mechanized operations of partial soil cultivation processes
[1, 2], integrated soil cultivation and winter crop sowing
[3, 4], protection of plants by spraying [5], collection and
after-harvest treatment of crop crops [6-19].

Purpose of research

The purpose of this study is to reveal the
methodological principles of modeling the time of
occurrence of subject-agrometeorological events in the
technological processes of cultivating grain crops, which
will enable to increase the efficiency of planning these
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processes by taking into account the stochastic influence
of these events.

Results of research

Analysis of agrotechnological requirements for the
cultivation of grain crops made it possible to indicate two
main periods of operations and works in the technological
processes of cultivating grain crops — spring-summer and
summer-autumn [12]. In the spring-summer period
technological processes are considered: soil cultivation,
sowing of spring crops, care of crops (chemical protection
of plants). In the summer-autumn period — harvesting of
predecessor, pre-planting of soil, winter wheat seed
production.

The peculiarity of the technological processes of
cultivating grain crops is that the probabilistic nature of
the occurrence of subject-agrometeorological events
during their course of time determines the possibility and
feasibility of their implementation. Without a thorough
analysis of these events it is not possible to ensure the
harmonization of technological processes and their
effective implementation. Creation and use of computer
models of occurrence of subject-agrometeorological
events in technological processes will allow to predict the
time constraints of the characteristics of flow of orders for
their execution.

Subject-agrometeorological events that affect the
flow of technological processes of growing crops can be
divided into two groups: the first - events that determine
the timing of their implementation, the second is the
events that cause the suspension and restoration of their
execution. Under the influence of these events, funds are
formed for the implementation of these processes. The

probabilistic  nature  of the  occurrence  of
agrometeorological events determines the variability in
the duration of mechanized operations of the
technological processes of growing these crops, both
within one year for different regions and within the same
region in different years.

The analysis of subject-agrometeorological events in
the technological processes of cultivating grain crops
(Table 1) shows the following. For the spring-summer
period of the implementation of technological processes
of cultivating grain crops, there are eight main events, and
for the summer-autumn six. Each of the subject-
agrometeorological events reflects the action of a limited
set of factors that influence the performance of these
technological processes. In addition, the content of the
effect on the course of technological processes of growing
crops of each of the indicated events is different. It should
be noted that the frequency of the occurrence of events in
these processes, they can be divided into seasonal, which
are characterized by a single appearance in a separate
season and daily — arise (may arise) every day of the
season.

In order to take into account the probabilistic nature
of the subject-agrometeorological events of the spring-
summer and summer-autumn periods, as well as their
influence on the course of technological processes of
growing of grain crops, it is expedient to use a statistical
simulation modeling of these processes. In particular, in
this case, a discrete-event approach to modeling can be
used [11].

For this purpose, generalized algorithms for the
modeling of subject-agrometeorological events in the
process of functioning of arable technological processes in
the spring-summer (Figure 1) and summer-autumn
(Figure 4) periods have been developed.

Table 1. Analysis of subject-agrometeorological events in the technological processes

Period of A
implementation of ) _ Class_lflc_at_lon the
. Displays the | Content of influence on periodicity of
mechanized i
Ne . Event name effect of the course of occurrence in the
operations of * : -
; factors technological processes technological
technological
processes
processes
1 2 3 5 6
Determines the
1 The onset of phyS|ca_1I Am, Pp, T begmr_ung of_ Seasonal
maturation of the soil mechanized soil
cultivation operations
Determines the
Heat the soil to the beginning of the
2 temperature of the Am, Pp, Tl implementation of Seasonal
Spring-summer sowing sowing of spring cereal
period crops
The onset of Identify the beginnings
3 phenological phases | Am, Pp, Tl of works on chemical Seasonal
of plant development protection of plants
Determines the
4 Precipitation fall Am, Pp, Tn possibility of Daily
mechanized operations
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Continuation of Table 1

1 2 3 5 6
The onset and
5 completion of the Am, Tn Daily
light period of the day Determines the
. - ossibility of
Spring-summer Excess air pos . .
6 period temperature 25°C Am, Pp, Tl perform_lng mechamzed Daily
chemical protection
7 The dew disappear Am, Pp, Tl plant operations Daily
8 Excess wind speed 5 Am, Pp, Tl Daily
m/s
Ripening of the Specifies the start of
9 pening Am, Pp collecting a predecessor Seasonal
predecessor . .
on a given field
Completion of Determines the
10 harvesting Pp, Tn possibility of pre- Seasonal
predecessor planting soil cultivation
Determine the
11 Precipitation fall Am, Pp, Tn pos_S|b|I|t_y of . Daily
performing soil-sowing
operations
Completion of pre- Determine the
12 planting soil Pp, Tn possibility of seeding Seasonal
Summer-autumn cultivation winter crops
period
Completion
(predicted) set of Determine the time
cultures of the ; .
13 . Am, Pp, Tl when sowing winter Seasonal
required amount of crons needs
active daily average P
temperatures
Determine the
deadlines for the
Completion of time sowing of winter crops,
14 fund tilling winter Am, Pp in which the Seasonal
crops continuation of works is
economically
inexpedient

*- Am, Pr, Tl, Tn — respectively agrometeorological, subject,, technological and technical groups of factors [13].

In the first stage (Figure 1) the simulation of the time
of occurrence of subject-agrometeorological events
substantiates the number of implementations of the
computer model to ensure its required accuracy and
specifies the characteristics of the natural-production
conditions (geographical location and characteristics of
the production plan) of agricultural producers (AP).

At the second stage (Figure 1), the time of
occurrence of physical soil maturity (PMS) (zpms) iS
generated. In particular, for the conditions of the L’viv
region of Ukraine, the time distribution of the physical
soil maturity is consistent with the normal distribution law
by an adjusted polynomial, the main statistical

characteristics of which are: M[rpms]:85,6 days,
G[7,ms 1 =134 days [1]. At the third stage (Fig. 1), the

time for the restoration of spring vegetation (zrsy) of winter
cereal crops is generated.

Based on the statistical processing of the
retrospective data on the time of restoration of spring
vegetation (zrsy) Of winter crops in Ukraine, we have
established that their distributions are consistent with the
normal law and are described by different equations of
distribution density (Figure 2). At stage 6 (Figure 1), the
duration of the weathered and subtropical intervals of time
in the interval from the moment of physical soil maturity
to the time of the end of the sowing of heat-loving grain
crops is generated.

At the seventh step (Figure 1), the actual timeframe
is determined for pre-sowing tillage and sowing of spring
cereal crops. For example, the estimation of the
mathematical expectation of the time of restoration of
spring vegetation of winter grain crops for the conditions

of the Lviv region of Ukraine M[z. ]=90,32days,
and the mean square deviation o[z, ]=14,23days

rsv

rsv
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(Fig. 2, a). For the conditions of the Kherson region (Fig. 2, b).
Ukraine:  M([r,,]1=91,37days, &lr,,]=6,99 days

C Start >
v

Specifying the number of implementations and characteristics of
the subject-production conditions
v

Generation of the onset time of PMS, zpms
v
Generating the recovery time of spring vegetation, zrsy

rsv

In the production plan are spring
crops?

Determination the time of sowing spring cereal crops, zsm, s, Tst

v
Generating the duration of sunshine and cloudy periods of time at
intervals of zpms 10 7o+ ATy
v

Definition of the actual time fund for operations of pre-sowing
tillage and sowing of spring cereal crops

v
Choosing the first culture of a production plan (k=1) -
v
Generation of the onset of the characteristic phases of development
of k-th culture for carrying out operations of care for crops
(chemical protection of plants)

' @

OIOJONICNONOMONOIONO

Go to the
Ha\_/e all the crops of t_he next culture,
production plan been considered? k=k+1

Generation of sunny and cloudy periods during cropping operations
(chemical protection)
v
Definition of the actual time fund to perform operations care for crops
(chemical protection of plants)
v

& ® ®

Output the simulation results

e D

Fig. 1. Generalized algorithm for modeling the occurrence of subject-agrometeorological events in mechanized
processes of arable farming in the spring-summer period.
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Fig. 3. Change in the duration of soil warming at a
depth of 10 cm from the time of its physical maturity and
the time of transition of the average daily temperature of
air above 0°C in the spring to the temperature.

In the fourth stage (Figure 1), the presence of spring
cereal crops in the production plan of the AP is checked.
If spring crops are available, then proceed to stage 5, if
not — go to step 8.

The fifth stage (Figure 1) provides for the calculation
of the time of sowing of spring crops, which depends on
the time of soil warming at a depth of 10 cm to the
required temperature of crop sowing.

For its forecasting, regularities of the change in the
duration of soil warming at 10 cm depth from the time of
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its physical maturity and the time of transition of the
average daily temperature of air above 0 °C in the spring
period to temperatures of 4 °C (possibility of sowing
frost-resistant crops) were established, 6°C (possibility of
sowing cold-resistant crops) and 8°C (possibility of
sowing thermophilic cultures) for different regions of the
state. In particular, for the agro-meteorological conditions

of the L’viv region of Ukraine, the indicated dependencies
presented in Figure 3. Next (stage 8) the first grain crop is
selected from the given production plan of agricultural
commodity producers, for which the time onset of
phenological phases of development of plants is generated
(step 9).

C D

Start

v
@ Appointment of the number of implementations and characteristics of

@
O
o :
©

the subject-production conditions

y

Generation of the completion time of the autumn vegetation period of
plants, zext

y

Selection the first crop of winter crop from their plural in the
production plan of AP (k=1)

Generation of the precursor reaching time for the k-th winter grain crop

(Tdn k)
v ~—~~
Determination of the sowing time of k-th winter grain crop :'
Tco k =Text — ATob k -~

Have all the crops of the production plan
been considered?

Generation of light and cloudy periods of time in the interval from
Tan k=MIN 10 Text

of the production plan

Choose the next culture (k

) 2
@' Definition of the actual time fund for the implementation of mechanized
operations of the summer-autumn period

y
Output the simulation results |

y

End

C

D

Fig. 4. A generalized algorithm for modeling the occurrence of subject-agrometeorological events in the
technological processes of cultivation grain crops the summer-autumn period.

The dependence of the onset of the phenological
phases of the development of spring and winter grains on,
respectively, the time of their sowing and the restoration
of spring vegetation (for the conditions the L’viv region of
Ukraine) is disclosed in the paper [5]. At the tenth stage
(Fig. 1) the condition is checked whether all crops of the
production plan are considered. If not for all cultures, the
time of the onset of the phenological phases of the
development of plants is generated, the transition to the
next culture (step 11) and the return to the stage 9 are
carried out. If for all — we pass to the stage 12, on which
(Figure 1) the appearance and duration of the algae and
low season periods based on statistical regularities of their
appearance and duration in the process of performing
cropping operations (chemical protection of plants) for

agrometeorological conditions of a given region of
agricultural commodity producers [2, 10, 12].

The final stages of modeling the occurrence of
subject-agrometeorological events in the technological
processes of cultivation grain crops in the spring-summer
period (Figure 1) is the definition of the actual time fund
for the implementation of cropping operations (chemical
protection of plants) (stage 13) and the output of the
simulation results (stage 14).

The analysis of the technological processes of
cultivation grain crops of summer-autumn period makes it
possible to assert that the time constraints on their
implementation  depend on the timeliness of
implementation of mechanized processes in the spring and
summer period. In particular, the probabilistic nature of
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the timing of reaching winter crop precursors and the
timeliness of harvesting their crops (spring-summer
period) determine the need for pre-planting of the soil
(summer-autumn period). The time for the pre-sowing
cultivation of the soil is due to the need to sow winter
crops. In turn, the need to sow winter cereals is
determined by the conditions of their autumn vegetation.
Winter cereals are recommended to sow so that,
before the beginning of winter, provide a set of plants
with the required amount of effective daily average
temperatures. Under such conditions, the crop manages to
develop into the phase of planting and undergo quenching
by the action of low temperatures, which is an important
prerequisite for its wintering and productive development
in the next spring vegetation [1, 4, 13]. The time interval
between the completion of harvesting of the predecessor
and the time of emergence of winter crop sowing needs is
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characterized by the timeframe for pre-sowing tillage in
the summer-autumn period.

The influence of subject-agrometeorological events
in the technological processes of cultivation grain crops
the summer-autumn period cultivation on the formation of
time-based funds for the implementation of individual
operations of these processes has been taken into account
and reflected in the algorithm for simulating the
occurrence of these events in a separate day and during
the season (Figure 4). In the first stage (Figure 4), the
simulation of occurrence subject-agrometeorological
events in the technological processes of the summer-
autumn period justifies the number of implementations of
the computer model to provide the necessary accuracy of
the output data, as well as the characteristics of the natural
and production conditions (geographical location and
characteristics of the production plan of AP).
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Fig. 5. Distribution of the time of completion of the autumn vegetation of winter grains in the agro-meteorological
conditions of the Lviv (a) and Kherson (b) regions of Ukraine.

The next step (stage 2 of figure 4) is the generation of
the end time of the autumn winter growth of winter crops.
For this purpose, the distributions of the time of
completion of the autumn winter vegetation period of
winter crops in the agro-meteorological conditions of all
regions of Ukraine were constructed and their statistical
characteristics were determined. It was established that the
distribution of the time of completion of the autumn
vegetation period of winter grain crops is consistent with
the theoretical law of the distribution of Weibull
(Figure 5).

For example, an estimation of the mathematical
expectation of the completion time of the autumn
vegetation duration for the conditions of the Lviv region

of Ukraine M[z,,]=307,3days, and the mean square
deviation &[7,,]=12,2days (Figure 5, a).
conditions of the Kherson region of Ukraine
M[z,.]=315,6days, o[z, ]=14,1days (figure
5, b).

For

The third stage (Figure 4) assumes the choice of the
first winter crop (k = 1) from the given production plan of
the agricultural producer, and the next (stage 4) generates
the time of reaching the predecessor (z..«) for the k winter
crop. For this purpose, the statistical characteristics of the
time distribution of the achievement of characteristic
predecessors of winter grain crops in agrometeorological
conditions of all regions of Ukraine were determined. For
comparison, the statistical characteristics of the time
distribution of the characteristic predecessors of winter
cereal crops in the agro-meteorological conditions of the
L’viv and Kherson regions of Ukraine shown in Table. 2

At stage 5 (Figure 4), the time of sowing of the k-th
winter grain crop (z..«) is determined, taking into account
the condition of its recruitment of the required amount of
active temperatures until the end of autumn vegetation:

Teok = Text _ATobk ! @)
where: Az, — the term for which the winter culture will

collect the required amount of active temperatures.
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At stage 6 (Figure 4), an examination is made of
whether all winter crops of the farmer’s production plan
are considered. If so, go to the next stage 8, if not - select
the next culture (stage 7) and return to stage 4.

The eighth stage (Figure 4) provides for the
generation of weathered and cloudy periods of time during
a period of time from reaching predecessor of a given
winter crop until the end of the autumn vegetation period
of the given winter crop.

These intervals are generated on the basis of
statistical regularities of their appearance and duration in
the specified period for the conditions of a given region
[2, 10, 12].

At stage 9 (figure 4), based on the information
received earlier, the actual time frame for performing
mechanized operations for each crop is determined, as
well as the tense periods of their implementation. Finally,
the output of the obtained simulation results is performed
(stage 10, figure 4).

Table 2. Statistical characteristics of the time distribution of the achievement of characteristic predecessors of

winter cereal crops.

Indexes Distribution density function '\g[t]’ oftl,
ay day
L’viv region

Date of the set of 1200°C of active (0 180, 7)2 1807 [74

temperatures (roughly, reaching the winter f (t,0) = 0,05xexp| —

barley, winter rye) 109,52

Date of the set of 1500°C of active t 197 2\ 1972 |71
. 1500 !

temperatures (roughly, reaching the f (tlsoo) =0,01xexp| —

potatoes) 100,6

Date of the set of 1700°C of active 208.2): 2082 |76
. t1700 !

temperatures (roughly, reaching the oats) f (t,700) =0,05xexp| — 55

Date of the set of 2200°C of active (t0 — 235, 2)2 2353 |90

temperatures (roughly, reaching the corn for | f (t,)=0,01xexp| ——————

silage) 182

Kherson region

Date of the set of 1200°C of active 1677V 167,7 |53
. " t.I.ZOO ’

temperatures (roughly, reaching the winter f (t,00) =0,08xexp| —

barley, winter rye) 56,18

Date of the set of 1500°C of active _182.3Y 1823 |52
: tisoo —182,3)

temperatures (roughly, reaching the f (500 ) = 0,08xexp| ————"—

potatoes) 54,8

Date of the set of 1700°C of active t. 191 2Y 1912 |54
. 1700 4

temperatures (roughly, reaching the oats) f (t700) =0,07 xexp| — c832

Date of the set of 2200°C of active (o — 212, 2)2 2126 |65

temperatures (roughly, reaching the corn for | f (t,,0,) =0,06xexp| ——==——

silage) 83,1

Thus, the developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops fully take into account the peculiarities of the course
of these processes in the spring-summer and summer-
autumn periods, the regularities of the appearance of
subject-agrometeorological events and their influence on
the formation of funds for the time of mechanized
operations.

Conclusions
1. The analysis of subject-agrometeorological events

in the technological processes cultivation grain crops
made it possible to classify them in terms periodicity of

appearance, as well as to indicate the content of the
influence of each of them on the course of these
processes, which made possible the development of
algorithms for simulating the occurrence of these events in
these processes.

2. The statistical characteristics of the distribution of
the time of the restoration of spring vegetation, the
completion of the autumn winter vegetation period of
winter crops, the time to reach their characteristic
predecessors, as well as the regularities of the change in
the  duration of soil warming in  different
agrometeorological conditions of the regions of Ukraine,
make it possible to predict (generate) the onset of phases
of plant development and time Restrictions on the
implementation of mechanized operations in the
technological processes cultivation grain crops in the



METHODICAL PRINCIPLES OF MODELING OF SUBJECT-AGROMETEOROLOGICAL EVENTS ... 75

specified natural and production conditions of individual
agricultural of the commodity producers.

3. The developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops are the basis for the creation of their computer
models, the practical use of which will enable to predict
time limits for the implementation of technological
processes and the characteristics of orders flows for their
implementation.
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MozemoBaHHA. [lix 9ac mocmipkeHb OynM BHUKOPHCTaHI
METONM aHali3y 1 CHHTE3y, CHUCTEeMHO-(PaKTOPHUX i
CHUCTEMHO-TIOJIMHUX MAXOIIB bi (o) OCIIKEHHS
TEXHOJIOTIYHAX TIPOILIECIiB MPH BHUPOUIYBAaHHI 3EPHOBHX
KynbTyp. g po3poOKH anropUTMIB MOJETIOBAHHS IIHX
TEXHOJIOTIYHHX TIPOIIECiB OyiIM BHKOPUCTaHI JUCKPETHO-
momifiamii  miaxig. [lpoBemeHuit aHami3 TpeAMETHO-
arpoMeTeopoJIOTIYHHX MOJI B TEXHOJOTIYHUX Ipolecax
IpU  BUPOUIYBaHHI  3€pHOBUX  KYyJIbTYp  JO3BOJIHB
knacuikyBaTH iX 3a 4acoM 1 MEPIOAMYHICTIO MOSBH, a
TaKOX BHU3HAYUTH 3MICT BIUIMBY KOXHOI 3 HUX Ha XiJ| X
NpOLECiB, 10  JIO3BOJMJIO  PO3POOKH  AIrOPUTMIB
MOJETIOBAHHS  BHHUKHCHHS 3a3HAYEHHX MOMIH Y
BHIIIEBKA3aHUX TEXHOJIOTIYHHUX IIporecax. BcraHoBieHi
CTaTUCTHYHI XapaKTepUCTHKH  PO3MOJILIIB qacy
BiTHOBJICHHS BECHSIHOI BereTallii, 3aBepIIeHAS TPUBAJIOCTI
OCIHHBOI Bereramii O3MMHUX 3EPHOBHX KYJNbTYp, 4acy
J03piBaHHS iX XapakTepHUX IIONEPEIHHKIB, a TAKOX
3aKOHOMIPHOCTI 3MiHU TpPUBAJIOCTI MPOrpPiBy TPYHTY B
PI3HHX arpoMeTeOpOJIOTIYHMX YMOBax peETioHIB YKpaiHu
JI03BOJISIFOTH MPOTHO3YBaTh (reHepyBaTH) HacTaHHs (a3
PO3BUTKY POCJIMH 1 THMYACOBI OOME)KEHHS Ha BUKOHAHHS
MEXaHi30BaHUX OIepaliil y TEeXHOJIOTIYHUX Mpolecax
PUIBHMIITBA TPW 3aJ@HUX IPHUPOJHO-BHPOOHWYMX YMOB
OKPEeMHX CUIBCHKOTOCHONAPCHKAX  TOBApOBHUPOOHHKIB.
Po3po0OiieHi HayKOBO-METOIUYHI OCHOBH MOJIENIOBAHHS
MIPEAMETHO-arPOMETEOPOJIOTTIHIX TOZIH B
TEXHOJIOTIYHUX MPOLECcax PUIbHHUITBA JIE)KATh B OCHOBI iX
CTBOPEHHS KOMIT IOTEPHHX MOAENeil B TEXHOJIOTIYHUX
mponecax piJ'H)HI/II_ITBa, MMPaKTUYHC BUKOPUCTAHHSA SAKUX
JIO3BOJIUTH MPOTHO3YBATH YaCOBI OOMEKEHHSI BUKOHAHHS
MEXaHi30BaHUX OIepaliil Ta XapaKTepUCTHKU MOTOKIB
3aMOBJIEHb Ha 1X BUKOHAHHS.

KoarodoBi cioBa: npenMeTHO-arpoMeTeoposIoTivHi
moii, TEXHOJIOT1YHI1 MPOIIECH 3eMIIepOOCTBa,
MeXaHi30BaHi omeparii, MOJCITIOBaHHS.

METOAMYECKHWE OCHOBBI MOJAEJIMPOBAHUWA
IMPEAMETHO-ATPOMETEOPOJIOT' MUECKUX
COBBITUU B TEXHOJIOTUYECKUX IMPOILIECCAX
HA BBIPAILIMBAHNWUN 3EPHOBBIX KYJIBTYP
P. B. Kyopuneyxuui, B. . []neco, B. U. Cxubuyx

AHHOTALMA. B craThe OTMEUYEHO u
KJIACCU(UITUPOBAHbI IPEIMETHO-arPOMETEOPOTIOTHIECKIE
COOBITHS B TEXHOJIOTHYECKUX mporeccax Ha
BBIPALMBAHUU  3€PHOBBIX  KYJIbTYp,  YCTaHOBJIEHO
CTATHUCTUYECKHE XapaKTePUCTUKU pacnpeneneHuii
BpEMEHU BO3HUKHOBEHHUS U MPOJOJDKUTEIBHOCTU 3THX
COOBITHH,  PACKPBITO  METOIUYECKHE  OCHOBBI U
pa3paboTaHbl alTOPUTMBI UX MOJCIHPOBaHUs. Bo Bpems
HCCIIEAOBAaHMM OBLIM HCIIOIB30BaHBl METOIBI aHajdu3a W
CHHTE3a, CHCTEMHO-(DAKTOPHBIX U CUCTEMHO-COOBITHEBBIX
TIOJIXOJIOB K HUCCIIEIOBAHUIO TEXHOJOTHIECKUX TPOIIECCOB
TIpU BBIpAITUBAaHUHU 3€PHOBBIX KYIbTYp. JJisi pazpaboTku
QITOPUTMOB MOJETUPOBAHUS 3TUX TEXHOJOTHUECKHX
MPOIIECCOB OBUTN MCTIOIB30BAHBI JUCKPETHO-COOBITUEBBII
TOJIXO/I. IIpoBenennbIit aHaIu3 TIPEIMETHO-
arpoMETEOPOIOTHICCKAX COOBITUH B TEXHOJIOTHYCCKUX
mpoueccax TMpu BBIPAIIMBAHUM 3€PHOBBIX  KYJIBTYP
MO3BOJIJI  KJIACCU(UIMPOBATH UX MO BPEMCHH U
MEPUOIUYHOCTRIO TIOSBJICHUS, a TaKkKe O0003HAYUTH
coliepKaHUE BIUSHUS KaXJOH M3 HUX Ha XOJA JTUX

MPOLIECCOB, HYTO IO3BOJIMIIO Pa3pabOTKH aIrOPHUTMOB
MOJICTIMPOBaHNS BO3HMKHOBEHHS YKa3aHHBIX COOBITHH B
BBIIIEyKa3aHHBIX TEXHOJIOTHIECKUX Tporeccax.
YcTaHOBIEHBI CTaTUCTUYECKHE XapaKTEePUCTUKU
pacmpeneneHuii BpeMEHH BO300OHOBICHHS BECCHHEH
BETETALlN, 3aBEPIICHHE IPOMODKUTEIBHOCTH OCEHHEH
BEreTalil  O3UMBIX 3€PHOBBIX KYJbTYp, BpEMEHHU
CO3pEBaHMsI UX XapaKTepPHBIX NPEAIIECTBEHHUKOB, a
TaKXKe 3aKOHOMEPHOCTH M3MEHEHUS MPOJOJIKUTEIIEHOCTH
IIPOTpeBa MOYBBI B PA3IMYHBIX arpoOMETEOPOTIOTHYECKUX
YCIOBHAX pPETHOHOB YkpauHsl MO3BOJISIIOT
NPOTHO3UpPOBaTh  (TeHEpUpOBaTh) HAcTymiaeHus a3z
pasBUTHsI pacTCHHH ¥ BPEMEHHBIC OTPAaHMUYCHUS Ha
BBITIOJTHEHHS MEXaHM3UPOBAHHBIX ornepanui B
TEXHOJIOTHUECKHX ITPOIIECCaX MOJIEBOICTBA IPH 3aJaHHBIX
MPUPOTHO-TIPOM3BOACTBEHHBIX ~ YCIOBHH  OTJEIBHBIX
CenbX03TOBaponpou3BoauTeNeil. PazpaboTaHHbIe Hay4HO-
METOIMYECKHE OCHOBBI MOJEIUPOBAHUS IPEIMETHO-
arpoMeTeOpOJIOTHYECKUX COOBITUH B TEXHOJOTHYECKUX
mpoleccax IOJIEBOJCTBA JIEKAT B OCHOBE CO3JaHHA HX
KOMIBIOTCPHBIX MOILCHCﬁ B TCXHOJIOTMYECKHUX ITpoHeccax
MOJIEBOJICTBA, TPAKTUYECKOE HCIIOIB30BAHNE KOTOPBIX
TMO3BOJIMT TMPOTHO3UPOBATL BPEMEHHBLIC OTPaHUYCHUA

BBITNTIOJITHCHUA MCXaHU3UPOBAHHBIX Onepaunﬁ n

XapaKTCPUCTHUKHU ITOTOKOB 3dKa30B HAa UX BBIIIOJHCHUC.
KiaroueBbie cJioBa: npeaAMETHO-

arpoMeTeopoOJIOrn4eCKuc CO6BITI/I$[, TCXHOJIOTHYCCKHEC

IponecChl 3eMIICACINs, MCXAaHU3UPOBAHHBIC OICpalNU,
MOACINPOBAHUC.
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