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Caxerak

CucremMn ca TUpPOMEHUBHM IapamMeTpuMmMa ce Mory Hahw y pasiauduTHM
WHAYCTpHjaMa Kao IITO Cy XEeMHjCKa, TyMapcKa WHAYCTpHja, HHAYCTPHja 3a Ipepamy
IUIACTUYHUX Maca, uTa. OBU MapaMeTpu YeCTO 3aBHCE O] BEIMYMHA KOje HUMajy
CTOXACTHUYKHU KapaKTep Kao LITO CY MIACTHYHOCT, €ITaCTUYHOCT, UT/., TAKO Ja OCOOMHE
CUCTEMa OJICTYIAjy O]l )KeJbeHUX BPEIHOCTH. 300T TOTa j& HEOMXOJHO /Ia Ce yHAIpe.
MPOIICHHU YTUII] OBHX MapameTapa Ha ocoduHe cuctema. [IpolieHa je Beoma 3HavajHa 3a
MHOT€ OCOOMHE CHCTeMa Kao HITO Cy CTaOWJIHOCT, MOY3[aHOCT, KBAIUTET CHCTEMA,
ynpaBJbame, UTA. OBaKBH CHCTEMH Cy O3HATH KaoO HECaBPIICHU CUCTEMHU.

VY MHXHBEPCKIM aHaJIH3aMa ce HECaBPIICHOCTH OOMYHO OJJHOCE HA CTOXACTHUKE
HecaBpuieHocTH. OBaj THIT HECABPIIEHOCTH CE jaBJba yciell HEIOBOJFHOT MO3HABAMA
KapaKTepHCTHKa TapaMeTapa 300T mpolieca KOjHu ce JIeIIaBajy y CUCTeMy Hall KOojuma
HEMaMO JTUPEKTHY KOHTpody. [IpiMep oBakBe HECaBPIICHOCTH je, HIIp., TOJIEPAHIH]A Y
MMPpOU3BOAKBLM KOMIIOHCHTH. MaTeMaTI/I‘IKI/I, HECAaBpIICHOCTHU C€ MOI'y OIIMCaTH Kao
BapHjalje BPeIHOCTH MapaMeTapa ciucTeMa y TOKy oJpeljeHor BpeMeHa y OJJHOCY Ha
HOMHHAITHE BPEIHOCTH.

[Ipobnem cTaOMIHOCTH CHUCTEMa ca HeCaBpUICHOCTHMA je J00pOo TMO3HAT Y
JUTEpaTypH U 'y OBOj MOHOTpadHju je aHaIM3upaH npobiieM CTaOMITHOCTH CUcTeMa ca
napaMeTapcKuM HECaBpIICHOCTHMA.

CrabunHoct cuctema je oapehena BpenHomhy mapamerapa. 3a KOHCTAaHTHE
BPETHOCTH Tapamerapa, CUCTeM MoKe OWUTH CTa0WjiaH WM HecTa0WiaH, JIOK 3a
CTOXAaCTHUKE IapaMeTpe CHCTeM MO)ke OuTH crabmiaH ca oapehenom BepoBaTHOhOM
KOja ce Ha3uBa BepoBaTHOha crabmiHOCTH cucTeMa. M3padyHaBame BepoBaTHOhe
crabuinHocT omoryhaBa ojpehuBame TakBUX BPEAHOCTH IapaMmerapa KojuMa ce
ocTBapyje HajBeha ctabMITHOCT crucTeMa.

VY npBoj rmaBu MoHorpaduje Cy JaTe OCHOBHE KapaKTEPHCTHKE HECAaBPIICHHX
cucrema.

VY npyroj THaBM je MpeCcTaBJbeH METOJ 3a MPOIeHy BepoBaTHohe CTaOMITHOCTH
HECaBpUICHUX TUCKpeTHHX cucrtema. OBaj METOJ MOXE Ja ce NPHUMEHU Y aHAIU3U
HECaBPLICHNX KOHTHHYAJTHUX M HECAaBPLICHUX HEJIMHEAPHUX CUCTEMa. AHAIM3UPAHU CY
CHCTEeMH Ca HOPMAJHOM, paBHOMEPHOM, EKCIOHEHIHUjaTHOM U [loacoHOBOM
pacmojesioM BepoBaTHohe. Y 0BOj I1aBu cy gate u (hopMyJie 3a MPOLCHY BepoBaTHohe
CTaOMITHOCTH JIMCKPETHUX CUCTEMA 3a pa3lInuuTe pacio/iesie napaMmerapa.

Peanna BpemHOCT OBOr METO/Aa je y IHErOBOj IIOTEHIMjaJIHO] MPAKTHYHO]
UMIUIeMeHTanuju. M300poM ajieKBaTHUX BPEIHOCTH Mapamerapa 3a KOje CHCTeM hMa
HajBehy BepoBaTHOhy cTabumHOCTH, cucTeM he OuTh ctabuinaH v BeoMa Moy3aH.



Caoscemax

Hobujenn pesynratu cy norBpheHn Monte Kapio meTonoM Koju naje cKopo
UACHTHYHE pe3yiITaTe Kao U METO/I 3a MPOLIEHY BepoBaTHOhE CTaOMIHOCTH CHCTEMA.

Merog 3a nponeHy BepoBaTHOhE CTAOMITHOCTH e MOKE KOPUCTUTH H 32 aHATH3Y
MO3IaHOCTH HECaBPUICHWX TUCKPETHHX CHCTEMa ca MPOMCHJbMBUM IapaMeTpumMa.
[TocToju MHOTO pasiora 3a CMamkEHE MOY3TaHOCTH CUCTeMa. Y OBOj MOHorpaduju je
WCMIUTAH CIy4aj YTHUIIaja HECTAOMITHOCTH CHCTeMa Ha TIoy3aaHocT. [IpeTmocTaBibeHo je
Jla je CUCTeM TMOoy3laH cBe JOK je crtabmiaH. [lokazaHo je ma cy TOy3JaHOCT U
BepoBaTHOha cTabMITHOCTH y Kopenanuju. Y OBOj TJaBH je, Takole, 1aT U HOBU METOJ
3a U3padyHaBame BpEeMEHa OTKa3a HECAaBPLICHUX JUCKPETHUX CHCTEMA.

VY tpehem nmornasiby MoHoTrpadwuje je ycrnocTaBibeHa aHanoruja usmelhy MIMOn
KacKaJHUX HEJIMHEapHUX CHCTEMa ca M yjla3a W N usja3a W oAropapajyhux
HEJIMHEapHHUX TUCKPETHHX cHUCTeMa M — Tor peda. [loka3aHo je ga cBaku MOACHUCTEM
MIMOn kackagHOr HENMHEAPHOT CHCTEMa TIPEJCTaBba jEAHY HUTEpalujy
oxrosapajyher HemuHeapHor cucteMa. L{eo kackamHu cucteM Koju ce cactoju o K +1

-HEe KacKaJie ce MOoHaIla Kao jeJJaH HellMHeapHU AUCKPETaH CUCTeMa N — TOT pefa.

300r aHamormje, METOH 3a TMPOIEHY BEpOBATHONE CTAOWMIIHOCTH TUCKPETHHX
CUCTEMa Ca CIIy4ajHHM TapaMeTprMa KOjU je TPEICTaB/beH Y APYroj TIaBU Ce MOXKE
npuMmeHuTd U kog MIMOn kackannux HenumHeapHux cuctema. O0gacTu cTaOMIIHOCTH
HeslmHeapHor auckperHor cuctema 1 MIMON kackagHUX HEIWHEApHHUX CUCTEMa CY
WUACHTHYHE.

Peamam MIMON kackamHW HENWHEAPHH CHUCTEMH OOMYHO WMajy CIIy4ajHe
napaMmerpe KOoju Mory 030MJbHO Ja TIOropIlajy JMHAMUKY OBHX cucTeMa noBojehu mx
JI0 IPOCTOPHOT XHIIEpXaoca U HECTAOMIHOCTU. XHUIIEPXaoC C€ MOXKE MOjaBUTH CaMoO Y
YETBOPOIUMEH3UOHAIHIM CUCTEMUMA WM CUCTEMHMA BHILET PeAa OJ YSTHUPH.

Y 4erBpToj mIaBu MoOHOrpaduje MpPEICTaB/beH HauyuH 3a ojpehuBame
BepoBatHohie nojare mpocTopHor xaoca kog MIMON kackaagHIX HETMHEAPHUX CUCTEMA
ca IMPOMEHJbUBUM IapaMeTpUMa.

Y mneroj rmaBu je Ha mpumepy MIMOS kackagHOr HEIMHEAPHOr CHUCTEMa
n3pauyHata BepoBatHoha crabuiHoctn MIMON kackagHUX HETMHEAPHHUX CHCTEMa ca
CJIy4yajHUM NapameTpuMa.

Teme obpaleHe y oBoj MoHorpaduju cy npeactaBibeHe y 3aKbyUKy.



Apstract

Systems with variable parameters can be found in many industries: process, chemical, rubber, plastic
materials industry, etc. These parameters often depend on values having stochastic character, such as
plasticity, elasticity, intensity and material compactness, so the performances of system may differ from
wanted ones, i.e., projected values. That is why it is necessary to estimate the influence of these parameters
on system performances in advance. Estimation is very important for many system properties such as
stability, reliability, quality of system work, control of the system, etc. These systems are called the
imperfect systems.

Imperfections in engineering analysis usually pertain to stochastic imperfections. Stochastic
imperfection arises from a lack of exact knowledge of a parameter due to some process in the system that we
have no direct control or choice over. An example of such imperfection is manufacturing tolerance. Often
components parameters do not have predefined values during the manufacture, as parameters are most
frequently distributed around the projected value. The more precise manufacture is needed, the lower random
parameters of standard deviation are, and vice versa. Continuous manufacturing of erroneous components,
like in the case of great dispersion, increases the chance for system to become unstable and less reliable.

The imperfection model of dynamic system is usually considered as the difference between the real
performance and nominal performance. The deviation (imperfection) can arise both in static and dynamic
system qualities. It is assumed that the imperfection bounds can be determined through estimate,
measurement or computation. Mathematically, the imperfections can be described by variations of system
coefficients within certain intervals around the coefficients of the nominal model.

Problem with stability of systems with imperfection is well known, and this Monograph considers the
stability problem of systems with parametric imperfection and, also, the way that instability impacts the
system reliability.

Stability of the system is determined by the parameter values. For constant parameter values system
can be either stable or unstable, while for stochastic parameters system is stable with a certain probability,
called probability of stability. Calculating the probability of stability enables determination of those
parameter values providing the maximum of system stability.

In Chapter 1 some basic characteristics of imperfect systems are given.

In Chapter 2 the method for the probability of stability estimation of imperfect linear discrete systems
is presented. This method can be applied for the analysis of imperfect continuous and imperfect nonlinear
systems, also. Systems with normal, uniform, exponential and Poisson parameter distribution are analyzed.
Formulas for estimated probability of stability for an arbitrary order discrete systems and different types of
parameter distribution are performed.

The real value of the proposed method is in its potential practical implementation. By selecting
adequate parameter values for which the system has the largest probability of stability, system will reach its
maximum stability and high reliability.

Derived results are approved by well known Monte Carlo method. Monte Carlo method gives almost
identical results as the method for the probability of stability estimation.



Apstract

Method for the probability of stability estimation can be used for the reliability analysis of
imperfect discrete systems with variable parameters. There are many reasons for reliability decrease and in
this Monograph the case when system instability is the cause of it is considered. It is assumed that the system
is reliable as long as it is stable. It is shown that reliability and probability of stability are in correlation. In
this Chapter a method for the failure time calculation of discrete systems with variable parameters is also
presented.

In the third Chapter of the Monograph, an analogy was established between MIMOn cascade
nonlinear systems with n inputs and n outputs and the corresponding n — th order nonlinear discrete systems.
It is shown that each subsystem of the MIMOnN cascade nonlinear system represents one iteration of the
corresponding nonlinear system. The entire cascade system consisting of k +1 cascades behaves as a n — th

order nonlinear discrete system.

By analogy, the method for estimating the probability of stability of discrete systems with random
parameters presented in the second chapter can also be applied to MIMOn cascade nonlinear systems. The
regions of stability of the nonlinear discrete system and MIMOnN cascaded nonlinear systems are identical.

Real MIMOn cascade nonlinear systems usually have random parameters that can seriously degrade
the dynamics of these systems leading to spatial hyperchaos and instability. Hyperchaos can only occur in
four dimensional systems or higher order systems than four.

In the fourth Chapter of the Monograph, a method for determining the probability of spatial chaos
appearance in MIMOnN cascade nonlinear systems with variable parameters is presented.

In the fifth Chapter, the probability of stability of MIMOnN cascade nonlinear systems with random
parameters is calculated on the example of the MIMO5 cascade nonlinear system.

Topics elaborated in this Monograph are summarized in Conclusion.



