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Researching indexes of reliability of systems of
microclimate control onto productivity of products of
protected soll

Based on the exponential law of distribution of the reliability of the mathematical model, which allows
the best way to present the appearance of failures in the system. The article examines a complex index for
recognition of equation for flawless operation of microclimate control at the exhibition law of distribution of
reliability and linear and quadratic law of distribution of intensity depending on the time of system operation.
The resulting model makes it possible to carry out practical research into the reliability of climate control
systems.
microclimate, intensity of faults, probability of flawless operation, intensity of restoration
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HccienoBanue nokasareieii HaIe;KHOCTH CHCTEM YIpPaBJIeHUs] MUKPOKJIMMATA HA NMPOU3BOIUTEIbHOCTD
NPOAYKIIMH 3aUIUIIEHHOT0 TPYHTA

Ha ocHOBe SKCIIOHEHIIMATHHOTO 3aKOHA pPACIpENeIICHUs] HAJC)KHOCTH IONyYeHAa MaTeMaTH4YecKas
MO/IelTb, KOTOpas TO3BOJSIET HAWIYYIIMM 00pa3oM IPEACTaBHTH IOSBJICHHE OTKA30B B cuUcTeMe. B crarhbe
paccMmarpuBaeTcsi KOMIUICKCHbBIH MOKa3aTeslb JJIsl PACIpEe/ieHNs] HAJCKHOCTH — BEPOSTHOCTh O€30TKa3HOM
pabOThI CHCTEMBI YIIPABJICHUSI MUKPOKIMMATOM Ha OCHOBE 3aKOHA PACHPEACICHUS HAICKHOCTH M JIMHEHHOTO, a
TAKXKe KBAJAPATHUYHOI'O 3aKOHA PACIPE/ICICHUS WHTCHCUBHOCTH B 3aBUCHMOCTH OT BPEMCHH PaOOThI CHCTEMBI.
[TonyyeHHass MoOHENb IIO3BOJIAET IPOBOIUTH MPAKTHYCCKUC HCCICAOBAHHMS B HAIACKHOCTH CHCTEM
MUKPOKJIMMATA.
MHKPOKJINMAT, HHTEHCHBHOCTb OTKAa30B, BEPOSITHOCTh 0e30TKa3HOW padoTbhl, HMHTEHCHMBHOCTH
BOCCTAHOBJIEHUS

Statement of the problem The use of greenhouse complexes in Ukraine became
widely spread. This happens due to, above all, the ability to get crop in a given period of the
year, with a control product quality and yield. But to solve these problems it is necessary to
create complex systems of microclimate enabling to provide optimal conditions for plant
growth, while using as little energy vehicles [1]. Therefore, before systems of microclimate
put forward a number of basic requirements, the main of which is the ability to easily and
clearly manage your microclimate, as well as their high reliability. Typically, increasing the
reliability of such systems entails significant increase in their value, therefore we must study
operability of systems [2,3].

Analysis of recent researches and publishings. Most of the works on the reliability
of complex technical systems based on the determination of individual reliability indicators
that allow define only one property of the object, and do not take into account the integrity of
the system, as well as the relationships between the executive and control bodies of [4,5]. As
a result, for the determination of the reliability of using probabilistic processes taking into
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account the distribution function failures of complex systems. When using a sophisticated
climate control systems used by probability distribution function such as normal distribution
law Weibull, Gamma distribution, and Haussovskyi etc. [5]. But most laws do not take into
account the growth of physical deterioration actuators and do not give a coherent picture of
performance reliability of complex control systems microclimate. So, therefore, designed a
system with the appearance of failure, are not specific and clear mechanisms to ensure the
necessary microclimate parameters in the Recovery operability of the system that failed. All
this requires human intervention and control of these parameters in all phases of the
operation, which reduces their automation.

The main material. Taking into account that any system eventually has physical
deterioration, due to the emergence of such processes as wear by friction, fatigue, hydro and
pneumatic rust etc., can assume the appearance of failures will eventually increase, especially
for complex control systems microclimate. Therefore, the study of complex reliability indexes
uses exponential law of distribution of reliability [6].

In most cases, the law of distribution failure rate is determined by experimentation that
requires large amounts of statistical data [6].

Consider the case where the law of distribution failure rate is linear and quadratic
dependence:

At)=at+b, (1)
A(t) =at® +bx+c. (2)
Therefore, the possibility of flawless work at the exponential law shall be:
P(t) =e %, ©)
and
P(t) = e (@ rorret. (4)

To determine the real index of probabilities of flawless work it is necessary to
determine a time period: start — t,, end — t;, allowing us to determine the probability of
flawless work in the period: &t = &, — ;.

Therefore:

2
- I (at+b)dt

P(At)=e " , (5)
and for quadratic dependance:
—tf(at2+bt+c)dt

P(At) = © . (6)

By running a range of mathematic transformation we obtain:

f(tzftl)(g(tszb)

P(At) =e : (7)
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a b
f(g(tgftf)g(t%ftf)+c(tz—t1)

P(At)=e (8)
With equations (9) and (10) the parameters of a,b,c determine the constructive

peculiarities of system of microclimate control and can be determined experimentally.
Theoretically the parameters of a,b,c cannot obtain any meaning since probabilities

of flawless work lies within P(t) =0...1. Therefore, determining the limit values determine

the probability of failure of these parameters, thus it is necessary to consider that these
parameters are interrelated.

By defining the interdependence parameter of a i b equation (9) assuming that the
system works smoothly in the period of At=t,—t . In this case the probability of flawless

work P(At) =1, therefore the equation (9) shall be:
1o e—(tz—qxg(tzﬂl)—b) | )

By running a range of mathematic transformation we obtain:

2b

azm : (10)

therefore at the value of coefficient a >

the system works flawlessly, at lower values

2 1
of coefficient a on the period of At some faults may occur.
When considering equation (10), the value of a , depending on parameters b and c,
shall be:

L —3b(t, +1t,) —6c

> (11)
2(t7 +t,t, +t72)

Thus, when the adopted assumptions, we obtain equation (7) and (8) that allows
determining the probability of failure of the system, while we test equation showing the
dependency ratios a,b,c.

Conclusion. The resulting composite index to determine the equation uptime
microclimate control systems at exponential law of distribution reliability and linear and
quadratic intensity distribution law, depending on the time of operation.

Perspectivity of further researches. Mathematical dependence needs to be tested
experimentally, using highly reliable climate control systems.
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JocainxeHHs MOKA3HUKIB HATIHHOCTI cHCTeM KepyBaHHS MiKPOKJIMATOM HA MPOAYKTHBHICTH MPOIYKIii
3aXHIIEHOT0 TPYHTY

MeTor0 JOCIiIKEHHS € CTBOPEHHSI MaTeMaTHYHOI MOJIEINI ISl BU3HAYEHHS KOMIUIEKCHOTO TTOKa3HHKa
Ha/IIHHOCTI /IS CUCTEM KepyBaHHs MIKpOKIJIIMAaTy B CEpEIOBUIII 3aKPUTOTO IPYHTY.

OCHOBHUM TMTaHHSM TIPH BHPOIILYBAaHHI POCIMH B CEPEAOBHII 3aXHIICHOTO I'PYHTY € BaKIHMBICTH
MiATPUMAHHSA He0OXiTHOTO MIKPOKITIMATy, IO TOCATAE€THCS BIAMOBITHUMHU CHCTEeMaMu. Buxin 3 mamy Oyb-sikoi
CKJIaJIOBOI ITi€] CHCTEeMH 3HAYHO 3HUIIYE YPOXKaWHICTH pociamH. ToMy HOCTIKEHHS HAIiHHOCTI CHCTEM
KepyBaHHS HAIIHOCTI € BaXXJIMBUM MUTAHHAM. B cTaTTi pO3rIsHYTHII KOMIUIEKCHUH IMOKa3HUK — HMOBIpHICTH
0€3B1IMOBHOT pOOOTH, 10 BIINOBIZa€ EKCHOHEHI[IAILHOMY PO3MOILTY MOsBH BiMOB. [Ipyu noCiipKeHl 1aHoro
MOKa3HUKA MPUIHATI BA OCHOBHHUX 3aKOHHM IHTEHCHBHOCTI BIZIMOB, IO AaJM 3MOTY OTPHMAaTH MaTeMaTH4HI
MOJIeTl KOMIUIEKCHOTO TIOKa3HMKa HaJiHHOCTI y BUPOOHMYMX yMOBax. MaTeMaTW4HO BW3HA4YeHI CTaii
Koe]illi€HTH, 1110 BIUIMBAIOTh Ha PIBEHb HAJIIITHOCTI CUCTEM KEPYBaHHS MIKPOKIIMATOM.

B pesynbrari nociipkeHb OTpHMaHa MOJENb ISl BU3HAUCHHS HAIMHOCTI CHUCTEMH YIPaBIiHHS
MikpokmiMaToM. JlaHe pIiBHSHHS OCHOBaHE Ha EKCIIOHEHIIaJbHOMY 3aKOHI pO3MOJUTy HaJiifHOCTI 1
3aMpOIIOHOBAHI 3aKOHH PO3IIOALTY IHTEHCUBHOCTI BiJl 9acy poOOTH.

MiKpOKJIiMAT, iHTEeHCUBHICTH BiZIMOB, iiMOBipHicTH 0€3BiIMOBHOI PO0OTH, IHTEHCUBHICTH BiJHOBJIEHHS
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CraH Ta NepCIeKTUBU HAyKOBUX JOCIIIKEHb
rajay31 arpoiHXeHepli

Y  crarti  npoaHaNi30BaHO ~ CyYacHMH  CTaH  arpoiHKeHepHOI  HaykM Ta  Cy4acHOro
CUIBCHKOTOCIIOIAPCHKOT0  MalIMHOOYAyBaHHS. PO3risiHyTi OCHOBHI MEPCHEKTUBH BHUXOJY 3 KpPHU30BOIO
CTaHOBHWINA B JEp)KaBl y HampsMi NpoBeAeHHS (yHIaMEHTaIbHUX Ta MPUKIAJHAX HAYKOBHX JIOCIIKEHb
CYYacHOT'O piBHsI, IPOEKTHHUX 1 KOHCTPYKTOPCHKUX PO3POOOK 31 CTBOPEHHS CLIBCHKOTOCIIONapCHKOT TEXHIKH, SKa
0 BiZMOBIIasIa KPaIM CBITOBUM aHAJIOTaM.
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