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UnbGwhunuwywl wfuwwnwiph Gwwwwyh £ pGnipwgphs thnfuwbgdwh
$nilyghwlbph L unwwhunhy qéwjlGwgiwb dbpnnGtiph hhdwh Jpw Gawybp
dtpnn, npp hGwpwynpnipyntG £ nwihu htnwgnnGp N dnunp L N Gip niGbignn
pwqiwswih ng qéwiht yurwdwpdwh hwdiwlwpgbiph (PNAY3) Jhtwlwqpulwh
Gwnepnilp:

UnwohG qutund Yuwuwpjwé b gqpulwlnipjul Jbpiniswlwh wlybwnl:
TYhurwplyywsé 50 pwqiwswh Yuwewdwnpiwl hwiwlywpgbph htnwgnundwl b
Owfuwqédwh qnjnipyntG  niGbignn dbpnnGbpp: COwnpdhp L hwdwnnon
Gpyuwywgyby b pGnipwaphs thnfuwbGgdwh $nilyghwlbph dbpnnp (F®D), npp
hGwpwynpnipyntl t tnwihu N swihwGh pwqiwsw hwdwlwngh htin juwbp N
hwtn dhwswih hwiwywpgtip: SYwy grfuncd GEpjuywgywé b Gwl POD-h hhdwl
Ypw dwiywsd qéuyht pwqiwswth Ywepwywpiwb hwdwlwpgotiph  (FU3)
yhswywagpwlwh Gannipjwb npndwh dbpnnp: Papwé b Owl unwwhuinhy
qéwjGwgiwh dtpnnp, npp Yhpwednid b wwwnwhwlwb wgntgnepyniGGtph
nbwpnid  dhwswith  ng  qéwyhG  hwdwywpgbph  hGnwgnundwl  hwdwn:
Unwuwnhuwinhly qéwjGwgdiwb dtpnnh hhdpnid pGlwéd b ng qéwjhG wwpph
GninpuhG L GpwyhG  wqnuwGwGGtph  dhol  hpwlwl  Ywhudwénipjwh
thnfuwphGnudp wyGwhuh dnunnwynp uiudwénipyjwdp, npp hwadh £ welnud ng
qéwyhG wwppny oquwywp wqnwlwlh L wwwwhwlywd Jpnnddnibph
hwiwwnbn wagiwb $hghywywh ophGwswihnipyntbbtpp:

9 fup dbpenud dLwybpwyyws E PNAYUI-h Jhtwlwgpulywh Snnipjnwl
htnwgnundwa fuGnhpp, nph (Lédwaa t Ghpdwé GEphujugywéd whuwnwipp:

tpypnpn  qufuntd  GEpyuwywgqwd b pOnhwlnip  whwh  PNQUI-tiph
ypswywgpwlwb Gunnipjwl wrwowpywé  hbwnwgnuinipjwlb dtpnnp, npp
hGwpwynpnipyntG £ wniwihu N dnunp L N Gpp nilbignn ng qéwhG RY3-h
thnfuwpbG  nhiwpyp N hwn dhwswidh  unwnhunhy  géwylGwgywé
hwiwlwpqbp: Yhwnwpydt]  ywowhwywb wanbgnepniGlbph nbwpnid ng
qéwjhG PU3-h htinwgnuinipjwl ophlwly: Wuwnbn pbpdwé b Gwl dhwwnhuy,
wjyuhGpl Ynzunn thnfuwnwpé Ywuwbtipny L dhLlnyG tnfuwbGgiwb Hnibyghwyny
Gywpwapynn ninhn YuwwninhGbpny, pwqiwswith hwiwlwpgbph hwdwnnin
GywpwapnipniGp:  PepJwé 66 npwGg  JuenigwépwihG  wnwbdGwhwwn-
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UnipyniGGlpp: LGGwplyYL| 6G unwinhunhly qéwjliwgywé shwinhy pwqiwswth
hwiwywpqtiph  htnwgnundwa hhdGwhwpgtipp:  Yhwwplyyl; &G dhwuwnhy
pwqiwswih  hwiwlwpgbph  YuwyniGnipjwG L dhdwhwopwywl Gunnipjwi
htwnwgnndw fuGnhpGbpp: 8nyg L wpdky, np umwgh‘nﬁum wwwnwhwlwb
waqnbgnipyntGGph  niwpnid  GpJwé htwwagnuinipynlGGipp  Ywpth  t
hpwlwwglb; dhwinhuy hwidwlywpgbiph unwinwpn dtpnnlbphG hwiwGiwG
GnwlwyGtpny: LepYwjwgyws £ Ghwwhy ng qouyhG PY3-tiph YhGwlwgpuwywa
Gauinipjwl hbnwgnindwG onhGwly: 7

Bppnpn gifuntd  nhuwpyyws GG ghpyniywln b hwywghpynLywGn
pwqiwswih utunLu_L{ujndLuD hwdwywpgbpp L npwg Yunenigywépuwyhl L
Gpypwswihwlwa wnwldbwhwinynipyniGGlipp: COnhwlnip whwh ns qéuyhG
RU3-tiph yhswywapwlwh Gauinipjwl hbwnwgnunip)wa wnwownyyws dkpnnp
plnhwlpwgybi t ng qéuyhG ghpyniywln L hwlwghpyniywln pwqiwswih
Ywnwlwpdwh hwiwywpqtiph hwiwp: 8nuyg t wtipytg, np Gpqwé hwiwywpqbph
UhSwywgpwlwh S nnipjwh hGunwqgnunnipyniGp hwGgnud £ okY ulwywp ns
qowjhG  hwywuwniwa (notwlp, wlywfu Gpw dnunpbph L Gipbph AV
pwlwyhg: “Yhwwpyjws t hwuwpwy uhdbwphy  ns  qéwyha PY3-tph
yhSwlwapwlwh Saunnipjwh hbnwqnndwh onhGwl: ’

2nppnpn. qintbup Gdhpdws  t dawydwé  dtnnnGbph  oqGnipjwip L
hwiwlwpqswihG MATLAB ni. LabVIEW thwptiplbph Yhpwndwdp qnnélwlwa
hbwnwagnunipynlGGtphG: MATLAB dpwqpwynpiwl  Showywypned dwlyby t
6pwahp, npp Gwiuwnbugwé t hhdOwywh Ywnnigwépwihh nwubph PNAY3-
tph yphswhwgpwywh sinnepjwh hbnwgnuniwh hwdwn: LabVIEW-h hhdwG
dnw  Gawhdtp b oquiwugnpénnh  gpwdhlwlwl . hGinbpdbju, nnp
hGwpwdnpnipynia nwihu  wwunwhwlywh wqntignipyntGGph  nbwpned
dnnblwynpbint - PNAY3-kiph nhGwdhywG L nnnéh[m hwdwlwpgh
UhSwhwqpwlwl Guwnipynilp, oquwgnpotiny LabVIEW thwpbiph yhGw-
Jwgpwlwh $niGyghwltiph unwbnwnn qnwnwpwbp: Simulink-h showdwjpntd
dnnblwynpybp L hbnwqningt) t nwnhninjughnlG  YuywGph PY3-h Ypw
2wndwpbiptipnud wlqquyninipywl gnunt L wnyhsybph 'Luruimuh hwiwntin
waqnbignepnilp: Ladwé qifuh bplpnpn Swunud LabVIEW-h  dhowdwjpntd
htwnwagninybp b wwwhwlywa wqnbignipyniGtiph  wigniip  wwppbip ng
q6wjlnipynibGEph Shony: ‘
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INVESTIGATION OF NONLINEAR MULTIDIMENSIONAL CONTROL
SYSTEMS UNDER RANDOM EXTERNAL SIGNALS BY THE METHOD OF
CHARACTERISTIC TRANSFER FUNCTIONS

RESUME

The goal of the dissertation is to develop a method, on the basis of the characteristic
transfer functions and statistical linearization methods, which allows one to investigate

statistical accuracy of nonlinear MIMO control system with VN inputs and N outputs.

In Chapter 1, the analytical review of technical literature is conducted. The existing
methods for MIMO control system investigation and design are considered. The choice of
the method of characteristic transfer functions (CTF) is justified and briefly described.
This metod allows to correspond N multidimentional system to N one dimentional
systems. The method for determining statistical accuracy of linear MIMO control systems
on the basis of the CTFs method is described. The statistical linearization method is also
presented, which is used for investigation of nonlinear SISO control systems under
stochastic (random) external signals. On the basis of the statistical linearization method is
the exchange of the real dependence between input and ouput signals of nonlinear element
with such an approximate dependence that takes into account the physical patterns of the
joint transition of a useful signal and random disturbance through the nonlinear element.

The task of investigation of statistical accuracy of nonlinear MIMO control systems
is stated at the end of the chapter.

In Chapter 2, a new method of investigation of statistical accuracy of general type
nonlinear MIMO control systems is proposed, which allows one to consider /N one-
dimensional statistically linearized systems instead of nonlinear MIMO control system
with &V inputs and N outputs. An example of investigation of nonlinear MIMO control
system under random signals is considered.

A brief description of uniform MIMO control systems and their structural
characteristics are presented in the chapter. The main investigation tasks of statistically
linearized uniform MIMO control systems are discussed. The investigation issues of
uniform MIMO control systems’ stability and statistical accuracy are also considered. It is
presented that under stationery, random signals the stated investigations can be conducted
in the ways similar to the standard methods of uniform systems. An example of
investigation of statistical accuracy of a nonlinear uniform MIMO control system is given.

In Chapter 3, the circulant and anticirculant MIMO control systems, their structural
and geometrical characteristics are discussed. The methods proposed for determining the
statistical accuracy of nonlinear MIMO systems is extended to nonlinear circulant and
anticirculant MIMO systems.It is illustrated that the investigation of statistical accuracy of
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these systems leads to the solution of a scalar nonlinear equation inrrespective of N inputs
and outputs. An example of investigation of the statistical accuracy for a simple
symmetric nonlinear MIMO system is presented.

The chapter 4 is devoted to solving practical tasks with the use of the developed
methods, realized in MATLAB and LabVIEW packages. In MATLAB programming
environment a program is elaborated intended for the investigation of the statistical
accuracy of nonlinear MIMO control systems of the main structural classes. Users’
graphical interface is developed based on LabVIEW which gives an opportunity to
simulate the dynamics of nonlinear MIMO control system under random signals and
determine the statistical accuracy of the system using the standard library of LabVIEW
package statistical functions. The joint influence of drivers’ deadbands and sensors’
noises on the control system of the radar station is investigated by modelling the system in
the Simulink environment. In the second part of the chapter, passage of random signals
through different types of nonlinearities is analyzed using the Simulink package.
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