UDC 62-93:681.5

MATHEMATICAL MODELLING OF TRANSITION OF NOZZLES FOR
LIQUID SPRAYER AND GENERATION OF MICROCLIMATE IN THE
PREMISES OF GREENHOUSES INTO VARIOUS POSSIBLE CONDITIONS

A. Boiko, Associate Professor of Technical Sciences, Professor
National University of Bioresources and Nature Use of Ukraine

V. Savchenko, Candidate of Technical Science, Associate Professor
Zhytomyr National Agrarian and Ecological University

V. Krot, Post-Graduate student
Zhytomyr National Agrarian and Ecological University

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.
The analysis of nozzles transition from working to non-working condition, for various
reasons and inverse conversion after recovery is a prerequisite for making a marked-
appropriate chart describing these processes considering the intensity of their
occurrence. A marked chart for nozzles as a technical system that can be in a good
condition and failures of two conditions for reasons of failure of the filter or valve. It
proved that the nozzle for spraying fluid and creation of the necessary microclimate in
greenhouses room has a usable condition and two types of failures: blocking filter and
failure of the valve. The behavior of the nozzle as a technical system that shall be a
subject to restoration can be described chart marked with four stages of determining
probabilities underlying the establishment of major indexes of reliability. The prospect
of further research is to determine the function of the nozzle readiness for operation
and installation of average operating time to failure nozzle and average recovery time
filter and valve.

Key words: system of increased humidity and lowering temperature, nozzle,
technical system, condition of system, chart of conditions, failure, restoration,
transitions, mathematical modelling.

Introduction. This nozzles for spraying liquid under 70 Bar pressure, which the
intergral part of an automatic system for controlling humidity and temperature
parameters of air in the area of plants cultivation under the terms of protected soil. The
system is designed to produce a necessary microclimate in the premises of industrial
greenhouses.
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Analysis of recent sources of research and publications. Work [1] describes
the problems of ensuring the reliability of process equipment during the growth of
production in agriculture protected ground Ukraine. Work [2] describes the the model
of the use of nozzle for liquid sprayer and generation of microclimate in the premises
of greenhouses. Work [3] based on the researching indexes of reliability of systems of
microclimate control onto productivity of products of protected soil. The [4] was
describes charts of conditions and mathematical modelling of transition of nozzles into
various possible conditions.

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. 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 [4].

dpzl—ft)=_ﬂ'01‘Po(t)+/ulo'Pl(t)+/‘20'P2(t)_ﬂ“'02'Po(t);
dpé_t(t)=zm.Po(t)—Mo'P1(t); 1)
B +R(0)+ P (04 () -1

dp(;—t(t):ﬂ’Z'z‘Pz' (t) =P ().

Solving system (3) in the present form has certain mathematical difficulties. To
simplify the task, we apply Laplace transformations. Moving from the original images
P(t) — @(S) we shall write:
_1+S¢0(S):_ﬂ‘01'¢0(s)+lulo'¢1(S)+:u20'¢2(S)_2'02"¢0(S);
S‘¢1(S):ﬂol‘¢’o(s)_/”10'(01(8);

7, (8)+0,(5)+0.(8)+,(5) = 5
S '(Pz(s):;tz'z'PZ'(S)_/uzo ) PZ(S)'
Therefrom, simplified and grouping the parts of equations we shall have:

(S+ 201+ 202 )25 (S) = #1091 (S) = o 9, (S) =1,
~Ay @ (8)+(S+149)-0,(8) =0
S-9,(S)+S-9,(S)+S-¢,(S)+S-9,(S)=1,
—1,2,2-qoz.(S)+(S+,u20)'g02(S).

The last determinant of equation system that describes conditions and

transmissions of a nozzle to various possible conditions shall be represented in the
following way:

()

(3)
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The right column is a column of free parts, the other complex main matrix
necessary fo the following calculations.
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Mathematical operations with matrix are simplified while lowering its rank. To
conduct this expansion relative to the first element of the first column. Then we can
write:

S+u, O 0
S S S

0 —Ayy Sy
A

1+1
+

A=(S+2+2,)-(-1)
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A simplified record shall be presented in the following way:
A=(S+/7.01+/7.02.)-Aa+ﬂ10A5+/,120A8 (7)
The task of further algebraic transformations is leading to solving lower matrixes
A,, A; A,. To solve them we shall apply the rule of Sarrus. Then:

Sty O 0 [S+um O
A=l S s s | s s -

0 Ay SHp,l O —Ays
=(S+140) S (S+ )= (=A2) S-(S+ 1) =
:S(S+,L/10)-(S+y20)+8-/12.2(5+,u10)= (8)
=S%+S% 1y, + Sty + Sty + oy + S Ay + S Ay - fli =
:S3+Sz(yzo+y10+ﬂz.2)+8(,u10-,u20+ﬂ,2.2-/,110).
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By substituting the determined values of matrixes A,, A; A, to equations (9).

=(S+ Ay + Az ) S°+(S + Aoy + Aoy ) (oo + 11 + A ) S* +
(S + Aoy + Aoz ) (o oo + Ay~ 1110) S = oAy S? — sty (At + App Aoy ) S +
o AyrS” + t (AorAos + Aoty ) S-
Then we detail the components by degrees of unknown S:
A=S"+ 2,5+, S° +S° 1,y + S 1y + S° A, + Ay 11,57 +
F A, 1S % + Ay A, S% + Ay llng S + Aoy g S° + Ay A, S% +
+Szzuio/uzo +8° 2ol + Ao blioHagS + Ay Ay 11gS +
+ g0 Mo ogS + Agg Ay oS — /uioﬂmsz — My (/101/120 + 12'2/101) S+
"‘/12012'282 + Ly (20122'2 + Aoty ) S.
We reduce the components in degree S:
A=S* +(/101+/102' + Uy + Ly +/12'2)83 +
+(%1ﬂ20 + A Ay + thotlay + Aot "'/Jzoﬂ’zz)s2 + (11)

+(ﬂozuuloﬂzo + Ao Ay g + Hag A Asa + Hog Ay g ) S.
Thus, the basic matrix system of equations describing the behavior of the

A =

6

technical system in the life cycle of work and nozzle restores is determined and
presented by its 4, 4 - characteristics.

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.
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2. The behavior of nozzle as a restorable technical system can be described on
marked chart with four stages of determining probabilities underlying the
establishment of a major reliability indices.
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AHoOTAaLIA

MATEMATHYHE MOJIEJIOBAHHA IIEPEXO/IB B PI3HI MO’KJ/INBI
CTAHU ®OPCYHKH JJIA PO3IINJIIOBAHHSA PIZIMHU I CTBOPEHHA
MIKPOKJ/IIMATY B ITPUMILIEHHI TEIIVINIb

boiiko A.I., CaBuenko B.M., Kpot B.B.

B cmammi sidobpasxceno Ha o0cHOBI epagie cmanie Mmamemamuune
MOOeN8ants nepexooié (DOPCYHOK  ABMOMAMUZ0BAHOI  cuCmeMu  KOHMPOJIO
80JI02ICHUMU MA MEMNEPAMypPHUM NAPAMEMPAMU NOBIMPS5L 8 30HT KYTbMUBAYii pOCIUH
8 YMOBAX 3axuujeHo20 IpyHm 6 pizni moodtcaugi cmanu. Cucmema npuznavera OJis
CMBOPEHHS HEO0OXIOH020 MIKPOKIIMAMY 6 NPUMIWEHHI NPOMUCIOBUX MENnauyb.
3asoannsam pobomu € nobvy006a Ha OCHOBI po3mMiueHo2o 2pagy noodii, wo onucye
npoyecu nepexoody opcyHku 3 pobomo30amHo20 6 Hepobomo30amHuli Cmau 3
VPAXYBAHHAM THMEHCUBHOCMI IX NPOMIKAHHSA 3A PIZHUMU NPUUUHAMU 8I0NOBIOHO020
MaAmemMamuyHo20 MOOenN08aHHs Nepexo0ie OPCYHKU 8 Pi3HI MOMCIUGT cmanu. AHai3
nepexoody opcynku 3 pobouoco 6 Hepobouull cmau, 3a PIZHUMU NPULUHAMU 1
360POMHUX Nepex0odi8 NiCas BIOHOGNEHHS € NepedyMoBor noOY008U BIONOBIOHO20
po3miuenoz2o epaghy, wo onucye yi npoyecu 3 Ypaxy8aHHAM IHMEHCUBHOCMI iX
npomikanus. Pozmivenuti epagh ons opcyuku, sk mexHiuHoi cucmemu, wjo Modice
3HAXOOUMUCH 8 0OHOMY CNPABHOM) CIAHI [ 080X CMAHAX 8IOMO8 3 NPUUUHAMU BUXOOY
3 1ady ¢inbmpa abo kianawna. /Jogedeno, o GopcyrKa 0 po3nuI08arHs piouHu i
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CMBOPEHHsL HeO0OXIOH020 MIKPOKIIMAmMy 6 NpUMIWEeHHI MenIuyb Mae OOUH
npaye3oamuull cman i 08a 6uda 8iOMO08. 3aOU8anHs @intbmpa i HeCnpayoB8aHHs.
3anipHoeo knanaua. llosedinka ¢hopcynku, sAK mexHiuHoi cucmemu,ujo nionseac
BIOHOBNIEHHIO, MOJCe Oymu ONUCAHA DPO3MIYEeHUM 2pagom 3 Homupma emanamu
BU3HAUEHHS ULMOGIDHOCMEU, AKI Jledcamb 6 OCHOBI 6CMAHOBIEHHA 6 20JI06HUX
nokazHukase uaoiunocmi. llepcnekmugoio nooanbuiux 00CHiONHCeHb € BU3HAYEHHS
@yHKYIi 2omosHOCmi QOpPCYHKU 00 eKkchayamayii ma 6CMAHOBLEeHHs CepeoHbo20
HapoOimKy 00 6iOMO8U (QOPCYHKU i CepeOHbOo2O Uacy HA Bi0HO8IeHHs (hintbmpa i
K1anawna.

Knrouosi cnosa: cucmema niosuwenns 801020Cmi ma 3HUNCEHHS MeMnepamypu
nosimps, (opcyHKa, meniuys, mexHiuHa cucmema, Cmau cUcmemu, cpag cmawis,
8I0M08a, IOHOBIEHHS, NEePexo0u, MamemamuyrHe MOOeN08AHHS.

AHHOTAIIUA

MATEMATHYECKOE MOJIEJMPOBAHME MTEPEXO/IA BO
BCEBO3MO>XHBIE COCTOSIHUSI ®OPCYHKH J1J151 PACIIBIIEHUS
"KUJIKOCTE U CO3IAHUS MUKPOKJIMMATA B IOMEIIEHUSIX

TEILJINL]

boiiko A.W., CaBuenko B.M., Kpot B.B.

B cmamve omobpacxceno na ocnose epagha cocmosmuii  mamemamuieckoe
MOOenuposanue nepexooos (QopCcyHoOK asmomMamu3upo8anHOl CUCMeMbl KOHMPOJs
BILANCHOCMHBIMU U TMEMNEPAMYPHbIM NaApamempam 6030yXa 8 30He KYIbMusayuu
pacmeHuli 8 YClO8UAX 3AWUWEHHO20 NouY8y 6 pasiuunvle cocmosinus. Cucmema
npeoHasHaueHa Oas Co30aHusi HeoOX00UMO20 MUKDOKIUMAMA 8 HOMeUujeHuu
npomvlulienHblx meniauy. 3adavell pabomvl A61R€MC NOCMPOeHUe HA OCHOGe
PpasmeueHHo2o epagha coovbimull KOMopwslil ONUCHIBAEN NPOYeCcyl nepexood hopCcyHKu
¢ pabomocnocobHO20 COCMOsAHUSL 8 HEPADOMOCHOCOOHOEe MAMeMaAmu4eckou Mooenu
smoeo npoyecca. Ilpu smom npouzsooumcs yuem UHMEHCUBHOCMU NPOMEKAHUS
npoyeccos8 No pPAasHbIM HNPUHUHAM U 6 COOMEEmCmeUU C MAamemMamuiecKum
MOOenUposaHuem nepexo0o8 opcyHKu 8 paziuuHble 8Ce803MONCHbLE COCMOSHUAL.

Knouesvie cnosa: cucmema noeviuleHuss GIANCHOCMU U NOHUNCEHUS
memnepamypul 8030yXd, (opcyHKa, meniuyda, MmexHudeckdas cucmemd, COCMOsIHUe
cucmemvl, epag cocmosinuil, OmKa3, 60CCMAHOBIEHUe, NePexo0bl, MAMeMamuyecKoe
MoOdenuposanue.
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