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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. 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.

Keywords: 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 tem-
perature parameters of air in the area of plants culti-
vation under the terms of protected soil. The system
is designed to produce a necessary microclimate in
the premises of industrial greenhouses.

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 differ-
ent reasons and in accordance with mathematical

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
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modeling of transition of nozzles into different possi-
ble conditions.

Main material and results. Solving the result-
ing system of equations consistent with the objective
of this study to identify probabilities of the nozzle, as
a complex technical system, and a specified proba-
bility of establishing reliability indices and their
change in the increase in working hours, i.e. of per-
formance and reliability features [4].
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dPy(t) _ —2o1 - Po(t) + pyo - P1(2) +
dt g - Po(t) — Aoy - Po(t);

dP.
J ;:t) = Ao1 - Po(®) — pao - P1(8); (1)
Po(t) + Py(t) + Py (6) + P(0) = 15
dP
% = Aaiz * Py () — pgo - P2 (8).

Solving system (3) in the present form has cer-
tain mathematical difficulties. To simplify the task,
we apply Laplace transformations. Moving from the
original images P(t) — ¢(S) we shall write:

_ —201® () + p10P1(S) +
L Sho($) = [ T )

S $1(8) = A1 - ©o(S) — pao - $1(5); 2)
1
G0 (S) + §1(S) + d2,(S) + $2(S) = oL
LS‘ < $2(8) = A1z - Py (S) — pzo - P2(S).

Therefrom, simplified and grouping the parts of
equations we shall have:

(S + Ao1 + A02) o (S) —

—H1o " §1(S) — a0 - §2(S) = 1;

=01+ ©o(S) + (S + o) - $1(S) = 0; 3)
S do(S) +S5- () +

+S () +S-d,(8) =1;

—A2i2 * §2,(S) + (S + Uz0) - 2(5).

The last determinant of equation system that de-
scribes conditions and transmissions of a nozzle to
various possible conditions shall be represented in
the following way:

| 0@ | ¢ | $20) | ¢, |
S+ o1 + Aozs|  —to 0 —HUzo | 1
—Ao1 S+ Uy 0 0 0| (4
S S S S 1
0 0 _lz,z S + #20 0

The right column is a column of free parts, the
other complex main matrix necessary fo the follow-
ing calculations.

S+ o1 +Ao2r  —Hio 0 —Hz20
_ 401 S+ppo 0 0
A= S S S S )
0 0 —Azz S+l

Mathematical operations with matrix are simpli-
fied while lowering its rank. To conduct this expan-
sion relative to the first element of the first column.
Then we can write:

A= (S+/101 +102’) X

S+, 0 0
x (~D)*1 s s s +
0 —Aary S+l
Aa
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_/101 0 0
+(—p10) - (=D*2|S S S +
0 =22 S+l
4g
o1 S+up O (6)
+(—z0) - (DS S S :
0 0 Ay,

Ay
A simplified record shall be presented in the fol-
lowing way:
A= (S+ Aoy + Agpr) - Ag + 11046 + Hzods  (7)
The task of further algebraic transformations is
leading to solving lower matrixes A,, Ag, A,. To solve
them we shall apply the rule of Sarrus. Then:

S+ 0 0 S+p 0
A, =|s s s S s =
0 —A22 S+ pa0l0 —A212
=S8(S + p10) - (S + pz0) + 5 A22(S + py0) =
=8+ 5%1p0 + S? 0 + Stio * oo + ®)
+8% 2212 + SAz0p - 1o =
=83+ 8%(uzo + p1o + Azr2) +
+S (10 * H20 + A2i2 * H10)-
o1 00 “Ay, O
A=ls s s s s =
0 —A2z S+ U0l 0 —A2r2

= (—Ao1) S (S + p20) = (222) - S - (=o1) = 9)
= —201(8% + Stiz0) = Azrz + A1 S =
= —S%201 — SAo1  Hao = A2z * A01S =
= —5%201 — S(Ao1ttz0 + A212201)-

o1 S+ O —Ado1r S+ Uy
A =ls s s s s =
0 0 _12,2 0 0

= (—Ao1) "S- (—A212) = (—A212) * S - (S + o) = (10)

= Ao1 " 4228 + 42287 + Apip - S - g =

§%2212 + S(Ag14212 + Azi2bi0)-

By substituting the determined values of ma-

trixes A,, Ag, A, to equations (9).
A= (S+ Ao +Agz) -S>+
+(S + g1 + A2 ) (o + H1g + A2,2)S% +
+(S + o1 + Ao20) (K10 * a0 + A2rz * H10)S —
104015 — 10(Ao1tz0 + A212201)S +
+H2022128% + tz0(Ao14212 + A212010)S.

Then we detail the components by degrees of
unknown S:

A=S5%+ 25153+ 202,53 + S3uy0 + S3uq0 +
+83 2212 + Ao1l20S? + Ao110S? + 91421257 +
+021l208% + Aozit20S? + Aoz2:A2128% + S piotize +
+5% X220 + Ao1lioMz0S + Ao1Azi210S +
+02:110H20S + AoziA212110S — .“10/10152 -
= 10(Ag1tz0 + A212201)S + Hz0A2,25% +
+u20(Ao14212 + A212H20)S.

We reduce the components in degree S:



A =S*+ (o1 + Aozs + a0 + Hig +22,2)S° +
Ao1Mzo + o122z + Hiokzo +) o2
+< +A212110 + H20A212 )S +
<7\02rH10 Hzo + Aoz 212110 +> S
+Hz0001A212 + Ha0A2i2M10 /
Thus, the basic matrix system of equations de-
scribing the behavior of the technical system in the
life cycle of work and nozzle restores is determined
and presented by its A, u — characteristics.

(11)

Conclusions

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

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.

References

1. bonko A.l. Mpobnemn 3abesneyeHHss Hagin-
HOCTi TEXHONOriYHOro obnagHaHHS Mpu  BUPOLLY

A.l. Boiko, V.M. Savchenko, V.V. Krot
A.l. Bownko, B.M. CaBueHko, B.B. KpoT

BaHHi NPOAYKUIT 3aXMLLEHOro r'pyHTY B ank ykpainu /
Bowiko A.l., B. M. CaBueHko, B. B. KpoT // TexHi4yHun
cepBic arpornpoMUCIIOBOro, JliCOBOro Ta TpaHCnopT-
Horo komnnekcie. — 2016. — Ne 6. — C. 200 - 2003.

2. bonko A.l. OcHoBHI HecrnpaBHOCTI OPCYHOK
CUCTEM aBTOMAaTM30BAHOrO KOHTPOM BOMOMCHUMU
Ta TemnepaTypHAMW napameTpaMmu MOBITPS B
npumilleHHax Tennuub / bonko AL, B. M. CaB4yeHko,
B.B. Kpot // KpamapoBcbki YuTaHHs : 36. Te3 gon. 1V
MiKHap. HayK.-Te€XH. KOHd., 16 -17 ntoT1. 2017. — K.:
HYBIll, 2017. - C. 61 - 64.

3. Savchenko V. Researching indexes of relia-
bility of systems of microclimate control onto produc-
tivity of products of protected soil/ V.Savchenko,
S. Minenko, V. Krot // 3aranbHogepxaBHUiA MiXBig0-
MYMIA HayKOBO-TEXHIYHWIA 36ipHMK. KOHCTpYyloBaHHS,
BUPOBHMUTBO Ta eKkcnnyatauis CinbCbKorocno-
[apcbkux mawwvH, Bun. 46. — Kipoeorpaa: KHTY,
2016. - C. 105 -108.

4. Boiko A.l. Charts of conditions and mathemat-
ical modelling of transition of nozzles into various
possible conditions / A.Boiko, V.Savchenko, V. Krot
// BicH. XHTYCI im. Bacunenka. —2017. — Bun. 181.
- C.173-178.

AHoTauif

MaTtemaTuyHe MoAentoBaHHA nepexoaiB B Pi3Hi MOXNUBI cTaHN POPCYHKM AnNA
pO3nNuUoBaHHA PiANHU | CTBOPEHHA MIKPOKNiMaTy B NPpUMilleHHi Tennuub

A.l. Bounko, B.M. CaBueHko, B.B. KpoTt

B cratTi BigobpaxeHO Ha OCHOBI rpadiB CTaHiB MaTteMaTWyHe MOAENOBaHHA NepexodiB hOpCyHOK
aBTOMAaTU30BaHOI CMCTEMUW KOHTPOMO BOJIOMICHUMW Ta TemnepaTypHUM napameTpaMu MoBiTPS B 30Hi
KynbTuBaLii pocnnH B yMOBax 3axvLEHOro rpyHT B pi3Hi MOoxnuei cTaHn. Cuctema npusHadeHa Ans
CTBOPEHHSI HEOOXiOHOrO MiKpOKNiMaTy B NPUMILLLEHHI MPOMUCIIOBUX TeNnuub. 3aBgaHHAM poboTu € nobygosa
Ha OCHOBi po3MidyeHoro rpadpy nogin, WO onucye npouecu nepexogy ¢popcyHkn 3 poboTo3gaTHOro B
Hepob6OTO34aTHMI CTaH 3 ypaxyBaHHAM iHTEHCMBHOCTI iIX NPOTIKAHHSA 3a Pi3HMMK NPUYMHAMM BigNOBIQHOOTO
MaTeMaTM4yHOro MoaentoBaHHSA nepexodiB OPCYHKU B Pi3Hi MOXIMBI cTaHU. AHani3 nepexogy OpCyHKU 3
poboyoro B HepobouMiA CTaH, 3a Pi3HUMK MNPUYMHAMK | 3BOPOTHMX MEPEXOAiB Micrs BiOHOBMEHHS €
nepeaymMmoBolo NobyaoBu BignoBigHOrO po3miyeHoro rpady, WO OMUMCYE Li Npouecu 3 ypaxyBaHHAM
iHTEHCMBHOCTI iX NPOTikaHHA. Po3amideHuin rpad Ansg opcyHKN, K TEXHIYHOT CMCTeMU, L0 MOXE 3HaXoANTUCh
B OLHOMY CMpaBHOMY CTaHi i ABOX CTaHax BiAMOB 3a Npu4uHamy BMxody 3 nagy inbtpa abo knanaHa.
[loBeaeHo, Wo dopcyHka ANnd po3nuitoBaHHSA PiOUHM | CTBOPEHHST HEOOXiIAHOrO MIKPOKNiMaTy B MPUMILLIEHHI
Tennuub Mae OauH npawuesgaTtHUi CTaH | ABa BMaa BigMOB: 3abvBaHHA (hinbTpa i HecnpawoBaHHSA 3anipHOro
knanaHa. MNoBepiHka (POPCYHKM, sIK TEXHIYHOI CUCTEMM, O Nignarae BiOHOBIEHHK, MOxe OyTu onucaHa
po3MideHnM rpachomM 3 YOoTUPMa eTanamm BU3HAYEHHSA MMOBIPHOCTEN, SiKi feXaTb B OCHOBI BCTAHOBSIEHHS B
rOJSIOBHMX MOKa3HMKaB HagiNHOCTI. [lepcnekTMBo noganblumnx 4OCHIMKEHb € BU3HAUYEHHsT OYHKLii FOTOBHOCTI
POPCYHKM A0 ekcnnyaTauii Ta BCTaHOBMEHHS cepeAHboro HapobiTKy A0 BiAMOBM (DOPCYHKM | cepegHbOoro vacy
Ha BiAHOBMNEHHSA (hinbTpa i knanaHa.

Knro4oBi cnoBa: cucmema nid8uueHHs1 8051020CMi Ma 3HUXEHHS memrepamypu rnosimpsi, oopcyHka,
mennuys, mexHiYHa cucmema, cmaH cucmemu, 2pagh cmaHig, eidMoea, 8iOHO8/EeHHs, rnepexodu,
MamemMamuyHe MoOeto8aHHs.
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AHHOTauuA

MaTtemaTn4yeckoe moaenvpoBaHue nNnepexona BO BCEBO3MOXHbIe COCTOSIHUSA
dopcyHKM ANA pacnbifieHUs XUAKOCTEeN U CO34aHUA MUKPOKIMMaTa
B NOMeLLUeHUAX Tennuy,

A.W. Boiiko, B.M. CaBueHko, B.B. KpoTt

B cratbe Ha ocHoBe rpada COCTOSHWA MNPOBEOEHO MaTeMaTU4ecKoe MoAenvpoBaHWe Nepexoaos
HOpPCYHOK aBTOMaTU3MPOBAHHOW CUCTEMbI KOHTPOMS BRAXHOCTHBLIX M TeMnepaTypHbIX NapameTpoB BO3ayxa
B 30HE KynbTUBaLUMM pPacTEHWW B YCMOBUAX 3aALUMULLEHHOrO NOYBY B Pa3fM4YHble BO3MOXHbIE COCTOSIHUS.
Cuctema npefgHasHadeHa A CO34aHMA HeOoOXOAMMOro MMKPOKMNMMaTa B MOMELLEHUAX MPOMbILLSIEHHBbIX
Tennuy. 3agaden paboTbl ABMSETCA MOCTPOEHME Ha OCHOBE pa3MeYeHHOro rpacpa cobbiTui, onucaHue
npoueccoB nepexoga OPCYHKM C paboTocnocobHOro B HepaboTOCMOCOOHBIMW COCTOSIHME C Y4ETOM
WHTEHCMBHOCTU MX NPOTEKaHWA NO pasHbIM NPUYMHAM COOTBETCTBEHHO U MaTtemaTu4eckoe MogenvMpoBaHue
nepexonoB (HOPCYHKM B pasfiMyHble BO3MOXHbIEe COCTOSIHWUS. AHanm3 nepexoga QopCyHku ¢ paboyero B
Hepaboyee COCTOsIHME, MO pasHbIM MPUYMHaM 1 obpaTHbIX NepexodoB NOCre BOCCTAHOBIEHUS ABMSETCA
NpeanochIfkoA MOCTPOEHMS COOTBETCTBYIOLLErOo pasmMeyeHHoro rpada, OnuCbiBaloLWero 3TW Mnpouecchbl C
Y4eTOM WMHTEHCMBHOCTU MX NpoTekaHus. PadmeydeHHbIn rpad ana opCyHKU, Kak TEXHUYECKOW CUCTEMBI,
KOTopas MOXeT HaxOAuTbCA B OOHOM WMCMPAaBHOM COCTOSIHUM W ABYX COCTOSIHUAX OTKa3OB NO NpuYMHaM
BbIXxoAa M3 CcTpos dunbTpa unu knanaHa. [lokasaHo, 4To popcyHka AN pacnblfieHns XMOKOCTU 1 CO34aHusA
HeobX0AMMOro MMKpOKMMaTa B MOMELLEHUN TennuL, umeeT oaMH paboTocnocobHoe CocTosiHME U ABa BuAaa
OTKa3oB: 3abuBaHve unbTpa K HecpabaTbiBaHMe 3anopHoro kranaHa. [loBegeHue oOpCyHKW, Kak
TEXHWYECKOW CUCTEMbl, NOAnexaller BOCCTaHOBMNEHUIO, MOXeT ObiTb ONMCaHO pa3meyeHHbIM rpadom C
YeTblpbMS dTanaMmu onpedeneHuss BEPOSTHOCTEW, KOTOpble fexaT B OCHOBE YCTaHOBIIEHWS [MaBHbIX
nokasartenen HagexHocTu. lNepcnekTuBon AanbHEeWWnx uccnegoBaHui sABAsSeTcH onpegeneHne yHKUMm
rOTOBHOCTU (DOPCYHKM ANA SKCNyaTaumm 1 yCTaHOBKU cpeaHen HapaboTku Ao oTkasa hOpPCYHKM U cpeaHero
BPEMEHU Ha BOCCTaHOBIeHMe unbTpa v Knanaxa.

KnioueBble crioBa: cucmema [0BbIWEHUS BIaXXHOCMU U [MOHWKEHUs memrepamypbl 8030yxa,
opcyHKa, mennuua, mexHuUYyeckass cucmema, COCMOsIHUe cucmeMbl, epagh COCmosiHUL, omKas,
soccmaHoserieHue, nepexodbl, MamemMamudyeckoe ModesnuposaHue.
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