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The article describes the charts of conditions and mathematical modeling of
transitions of nozzles of automated control systems for temperature and humidity
parameters of air in the area of cultivation of plants under protected ground into
various possible conditions. The system is designed to create the desired indoor
climate in industrial greenhouses. The task of the paper is marked chart of events,
describing the processes of transition of nozzles from working to non-working
condition with consideration of the light intensity of the flow by different reasons and
in accordance with mathematical modeling of transitions of nozzles in various
possible conditions.

Introduction. Recently, a system of increased humidity and reduced air
temperatures, working at high pressure (100 bar) in buildings industrial greenhouses
are more and more widespread. These systems combined with curtains screens create
optimal parameters of humidity and temperature in the area of cultivation of plants
under protected ground. Systems add moisture to form fine water solution which is
sprayed through nozzles of small diameter (0.2...0.4 mm). Sprayed water evaporates
almost instantly into the air, and the heat absorbing part and as a result reduce the
temperature inside the greenhouse and increased humidity, which significantly affects
the quality of the growing season and production which is grown under protected
ground. Ensuring the reliability and durability of this type is very relevant issue.

Analysis of recent sources of research and publications. The problems of
energy efficiency and humidity control parameters in glass greenhouses was covered
in the works of European scientists and de Halleux, and L. Gauthier [1], and
simulations of the expected data on energy saving in greenhouse complexes found in
the works of de Zwart [2].

The questions of microclimate research and maintenance of its optimal
parameters in glass greenhouses in industrial crop production [4]. Works [3, 5]
constructed formal models to regulate microclimate control strategy and reflects
processes microclimate in industrial greenhouses. Works [6, 7, 8] shows the effect of
cultivation facilities and technological parameters of microclimate analysis of the
intensity of photosynthesis productive modes microclimate and classification
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methods of removing overheat plants in industrial greenhouses in the works

Work [9] provides the experimental research components of the technical
condition of increased humidity and also found major failure analysis of failures and
certainly the dynamics of accumulation during working hours of the system. Work
[10] describes the problems of ensuring the reliability of process equipment during
the growth of production in agriculture protected ground Ukraine. Work [11]
describes the the model of the use of nozzle for liquid sprayer and generation of
microclimate in the premises of greenhouses.

Setting task. The task of work is creating a marked chart of events describing
the processes of transition of nozzles from working into non-working condition in the
view of intensity of the flow for different reasons and in accordance with
mathematical modeling of transition of nozzles into different possible conditions.

Main material and results. The analysis of nozzle transition from working to
non-working condition, for various reasons and inverse conversion after recovery
[10] is a prerequisite for creating a marked chart describing these processes
considering the intensity of their occurrence. Marked chart for nozzles as a technical
system that can be in a good condition and failures of two conditions for the reasons
of failure of the filter or valve shown in Fig. 1.

(1
N
Fig. 1. Marked chart of conditions and transitions of nozzle into various possible
conditions:

«0» — not-working condition;

«1» — working condition due to the filter failure;

«2» — working condition due to the failure of valve;

«2'» — intermediate condition falsely introduced for simplify the calculations.
Changes in working conditions of the nozzle from working to not-working conditions
shall be estimated by the flow of processes:

Ao — failure rate due to clogged filter;

o — failure rate due to change of filer;

M, — restoration rate when repairing (cleaning) valve, change of the spring;
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Ao — failure rate due to the transition from working into intermediate condition;

22,2 — failure rate due to the transition from intermediate into the condition of failure

valve.

The feature of the built chart is that it has fictitious interval — condition "2".
Entering this condition due to the need for further mathematical description of the
behavior of systems within Markov process [11]. No exposition of the transition of
the nozzle into the not-working condition during the formation of valve failures
associated with that failure of intensity changes of its value during the operation. This
is an evident with decreasing periods of normal operation of the valve (Fig. 2) [10].
As the time between periods of normal operation of the valve is gradually reduced. In
case the failure rate to workability, due to fixing the valve, there was a direct
transition into working with condition "0" to incapacitated "1" (indicated by the
dotted line).

The introduction of additional intermediate condition ‘“2” due to reasonability
to simplify the task of mathematical description of system behavior (nozzle) during
the transition from the working condition to failure, the cause failures of the valve.
No exposition of this process with variable failure rate, depending on the time,
replaced by two processes of transition to the intermediate state and then in the
intermediate state failures "2". This artificial method opens up the possibility to solve
the task within the Markov model [12, 13]. Thus, for models with increasing intensity
of failures (wearing out) it is possible to implement Erlangian distribution. Then the
time to failure because of failures of the valve is divided into two random transition

from exponential distribution: one with option 4,,, and the second with 12.2.

The built charts opens the possibility of drafting stochastic differential
equations of dynamic equilibrium probabilities of states and transitions of nozzles in
various possible conditions (Kolmahorov equations).

Presented stochastic differential equations consist of equations that fully
describe the behavior of the nozzle and when solving presents a mathematical model
that includes real operation period with normal work and recovery in case of failure.
The model has scientific and practical value for the establishment of reliable
indicators nozzle.

dpcozt(t)=—ﬁm-Po(f)wm-R(f)wzo-Pz(f)—”ofpo(f);
dP:i—St):ﬂ,Ol'E)(t)_ﬂlo'Pl(t);
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Where: F,(?) - probability of working condition;
B (t) - probability of filter failure;
P, (t) - probability of valve failure;
P, () - probability of intermediate condition;
t — operation time.

It is just to consider a provision that the sum of the probabilities of all possible
conditions of nozzle always is one. That is, we can write:

2
;B(f)=
or in details we shall have:
R (6)+R()+ B(1)+ B (1) =1. )

The give equation is a norm condition for the normal functioning of nozzle. It
connects all probability conditions and can serve as an additional system of equations
(1). Then the opportunity to replace any system of equations (1) to norm condition
(2). It is advisable to perform such a substitution with respect to the intermediate
condition equation. We can replace the third equation to a norm condition. Then we
have:
dP, (¢

;f b h (o)t R0 R (1) 2B 1)

= Ao - Po() Ky Pl()

)+ > (6)+ P (1)+ B (1) =1; (3)

Conclusions

1. The nozzle for spraying fluid and creation of the necessary microclimate
in greenhouses facilities has a working condition and two types of failures: clogging
filter and failure of safety valve.

2. Solving the resulting system of equations consistent with the objective of
this study to identify probabilities of the nozzle, as a complex technical system, and a
specified probability of establishing reliability indices and their change in the
increase in working hours, i.e. of performance and reliability features.
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AHOTANIA

I'pad craniB i MaTemMaTHuHe MOJEJTIOBAHHS MepexoaiB GOPCYHKH B Pi3Hi
MOZKJIMBI CTaHU
boiikoA.I., CapuenkoB.M., Kpot B.B.

B cmammi 6ioobpasicenuii epagp cmawmie i mamemamuune MOOENOBAHHSL
nepexooié (OpPCyHOK a8mMOMAMU308aHOI CUCMeEMU KOHMPONIO B0JIOCICHUMU — MdA
memnepamypHum napamempamu noeimps 6 30HI KYIbMueayili poCiuH 6 YMOo8ax
3axuugero2o rpyum 8 pizHi moxcausi cmanu. Cucmema npusHadena O1s CMeopeHHs
HEO0OXIOH020 MIKpOKIIMAmMy 6 HNPUMIUWEHHI NPOMUCIO8UX menauysb. 3a80aHHAM
pobomu € nobyoosa pozmiueHoco epagy noodii, W0 ONUCYE NPoYyecu nepexooy
GdopcyHku 3  pobomoz0amHoc0 8 HepoOOMO30amuull CmaH 3 YPaAXy8aHHAM
[HMEHCUBHOCMI  iIX NPOMIKAHHA 34  PIBHUMU  NPUYUHAMU MA  BIONOBIOHO
MamemamuyHe Mo0en08anHs nepexooié hopCyHKuU 8 Pi3Hi MONCIUBL CINAHUL.

AHHOTALIUA

I'pad cocrossHnii 1 MaTeMaTH4YeCcKOe MOAeJTUPOBaHME NePexo10B (GOPCYHKH B
pPa3HbIe BO3MOKHbIEC COCTOSTHUSA
A. N. boiiko, B. M. CaBuenko, B. B. Kpor

B cmamve omobpasicen epagh cocmoanuti u mamemamuieckoe MoOeaupo8aHue
nepexo006 YopCyHOK a8MOMamMu3upOBAHHOU CUCEMbL KOHMPOTIA BLANCHOCIHBIMU U
memMnepamypHbviM napamempam 6030yxa 6 30He KyIbmueayuu pacmerull 8 yCclo8usx
3awuugeHno2o0 nougy 6 pasauunvle cocmosnusi. Cucmema npeoHasHauena O
C030aHUsl HEOOXOO0UMO20 MUKPOKIUMAMA 68 NOMeWeHUU NPOMbIUULCHHBIX MenIuy.
3aodaueii pabomul Aenaemca nocmpoenue pasmedenHo2o 2paga cobvimuil Komopbwlil
onucwvleaem npoyeccol nepexooa QOopcynku ¢ pabomocnocooOno2o COCMOAHUS 8
Hepabomocnocoonoe. Ilpu smom npouzeooumcs yuem uHmeHCUeHOCMU NPOmeKaHus
npoyeccoé no pa3HbiM NPUYUHAM U 6 COOMBEMCMBUU C MAMeMamuidecKum
MOO0enuposanuem nepexo0o8 PopCyHKU 6 pasiuiHvle 6CeE03MONCHbLE COCMOSHUS.
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