ABTOMATHUYECKOE YIIPABJIEHUE

YK 681.5

Hlapwenanues K. — axaoemux HAH KP
Hucmumym asmomamuxu u ungpopmayuonusvix mexuonoeuti HAH KP

OB OCOBEHHOCTSX CTAHJIAPTHBIX TIOHSITUH B
NCCIEJOBAHUU JTUHAMUNYECKHUX CUCTEM
YIIPABJIEHUSA

B pa60Te PaCCMOTPEHBI HCKOTOPHIC 0CO0EHHOCTH CTaHJapTHBIX MOHATHUI aHaJiu3a, CUHTC3a U
MOJCJIMPOBAHNA CTAITMOHAPHBIX CUCTEM.

KnroueBsle ciioBa: CTaOMIN3UPYEMOCTb, JETEKTUPYEMOCTb, YIIPABIIIEMOCTD,
KOMITbIOTEPHOE U UMUTALIMOHHOE MOJICIUPOBAHUE.

AHainu3 U CHHTE3 JAMHAMUYECKHMX CHCTEM aBTOMATUYECKOTO YIpPABJICHHUS — OJIHA U3
[JIaBHBIX TEXHUUYECKUX 3a/1a4.

PaccmorpuM  mpocTeiinyr0  JIMHEWHYXO — 3aJady  ONTUMAJIbHOTO  CTAallMOHAPHOIO
ynpasienus. Mmeem nuddepeHnuanbHoe ypaBHEHHE COCTOSIHMSI, CBSI3BIBAIOIIEE COCTOSHUE,
CKOPOCTb U3MEHEHHSI COCTOSIHUSL CUCTEMBI C BXOJIHBIMHU U BBIXOJHBIMHM CUTHAJIAMU

x = Ax + Bu,
y=Cx, 1)
rae XeR", ueR", ye RY (g<n),
A - kBajparnunas mMatpuia, B uC — npsMoyrosbHbIe MaTPHILBI TOJHOTO PAHTa.

t

mind = f(yTRy + u"Qu)dt 2)

to
NIPU YCIIOBUU aCUMITOTUYECKOW YCTOMUYUBOCTH 3aMKHYTOTO ONITUMAIBHOTO PETYJISTOPA
limx(t) =0, 3)
R u Q — cuMMeTpHUYHbIE, TOJIOKUTEIBHO - OTPEICTICHHBIC MATPHUIIBL.
Jomyckaem, 4To TpH JIIOOBIX HA4YadbHBIX YCIOBUSIX
u = kx, k=Q B™x"

CocrosiHue J1I000T0 00BhEKTa YIPABICHHS B KKl MOMEHT BPEMEHH SIBJIICTCS (DYHKIMEH Kak
HayansHOTO coctostaus X(1,), Tak u Bekropa ynpasienus U(t,,t)

YpaBHEHHE IPOCTON TUHAMAYECKON CUCTEMBI UMEET BUL:

X(t) = f[X(to)’ u(to’t)]- (4)
y =W, W& (%)
J = [E — W,W ' W Wy r (6)

[Tpu sTOoM MaTpuuHble nepenatounbie Gynkunu W,oulW, Henb3s MEHATh MECTaMH, T. K. B 0011IeM
ciydae

W,W, = W,W, ()
MartpuuHnas nepefatoddasi QyHKIHs pa30MKHYTON CHCTEMBI OyIeT MPeCTaBISITh KaK
IMPONU3BCACHUC MAaTPUYHBIX (bYHKI_[I/II\/’I II0CJICAOBATCIIbHO COCAMHECHHBIX 6J'IOKOB, 3aIllMCaHHBIX B
nopsijike, 00paTHOM IMPOXOKJCHUIO CUTHAA.
Ha puc.1. mpencrapiiena 0J10K-cXxemMa TaKOW CHCTEMBI
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Puc.2
W = WZ Wl (8)
Marpuunas nepenaToyHast QyHKIHUS 3aMKHYTOH CHCTEMBI UMEET BU/L
@ =[E +W, W, [*W, W,, 9)

rae E - equanunas matpuna
YpaBHEHHE COCTOSHUSL 00BEKTA YIIPABICHUS B KKIbIi MOMEHT BPEMEHH SIBIISIETCS

bynkimei kak x(ty) (HauanbHOE COCTOSIHUE), Tak U(ty, t) BEKTOP yIpaBICHHS

x(t) = flx(to), u(to, )] (10)
Bexkrop Beixona Y(t) Taxxke siBisieTcs pyHkimen x(ty) u u(ty, t) u uMeet Bua
anreOpanyecKoro ypaBHEHHUS

y(t) = F[x(to), u(to, t)] (11)

Cucrema ypaBuenuii (10) u (11) moxxeT ObITH pacCMOTpeHa KaK ypaBHEHHE COCTOSIHUSI CUCTEMBI
(0ObeKTa) yrpaBieHHUs.
B o0miem crydae nuHeliHas cuctemMa UMeeT BUJ

x(t)= A(t)x(t)+ B(tu(t) (12)
y(t)=C(t)x(t)+D(t)u(t),

rae A (t) — marpuna Ko3(hPUIMEHTOB BEKTOPA COCTOSHUS,

B(t) — marpuua ynpasieHus,

C(t) — maTpuna BbIX0/1a, T.€. MaTPUIIA MACIITA0OB U3MEPEHUS TIEPEMEHHBIX COCTOSHUS

D(t)— marpuua 06X0/1a CHCTEMBI, T.€. MATPHILIA MACIITA00B M3MEHEHHUS BXOHBIX yIIPABIAIOIIMX

BO3/EUCTBUI, MOCTYMAIOLINX C BBIX0Ja B 00X0]1 00beKTa ynpasieHus. OHaKo, MPaKTHYECKH BO
MHOTHX ciydasx D(t)= 0, 103TOMY HMEeT MECTO BhIpakeHHe (2).

B cnydae 3amaun onTHManbHOM CTaOMIM3AaLlMM MCIONB3YETCS KPUTEpHUH KadecTBa
JleroBa — Kanmana, yrpasieHue UINETCS B BUAE PELICHUS HETMHENHOTO MaTPUYHOTO YPaBHEHUS
Jlypbe — Puxkatu. KBagparnuHas onTtumu3zanus B JIMHEWHBIX CHUCTEMax SBISETCS METOJIOM
omnpeneeHuss MaTpuilbl Kod((UIIMEHTOB 00paTHO# cBs3u K, obecreuynBaromieil ycTOHYNBOCTD
MaTpHIle COCTOSIHUS 3aMKHYTOH cuctembl (4 - BK), B ciaydae crabumusupye-Moctu napsl (4, B).
Heo0xonrnMo 0TMETHTb, UTO pelIeHHe HETUHEIHBIX MATPUYHbIX ypaBHeHUN Pukkatu unu Jlypbe
— PUKKaTv HAMHOTO CJIOXKHEE, YeM MOJAJIBHBIA METOJ C Pa3MELICHUEM IIOJIIOCOB ONTUMAIbHOMN
CHUCTEMBI.

st obmiero ciydass MOXHO TIPEACTaBUThH, YTO yIpaBlieHWe U SIBISETCS JWHEWHON
KOMOMHAIME! TIepeMEHHBIX cOCTOSTHUS U = KX,
rie K — Marpuia pa3sMepHOCTH M x N.

ul I(11 kln Xl
u, R X, 13)
up, Kpg - Ko |1 X,

[Toncrasmnss (13) B (1), umeem

X = Ax+ Bkx=HXx.

st SISO cucrem matpuity ko3QhUIIMEHTOB 00paTHOM CBS3H MO COCTOSTHUIO
6



k= [kikz...kn] B U= —kx MOXHO oOmIpeneNuTh, HCIOIB3YsS (GOpPMYyIsl AKKepMaHa
k =[00...1]P*q(A), rae P— marpuua ympasisieMoctH, ((A) — XapakTepUCTHYECKHil [OIMHOM

3aMKHYTOH cucTeMbl. H — Marpuma pa3MepHOCTH M x N TOJNy4eHa, IyTeM CIOXKCHUS
COOTBETCTBYIOLIMX OJJIEMEHTOB Matpun A wu Bk. Huke mnpuBeneM HEKOTOpbIE H3BECTHBIC
OCHOBHBIC ITOHITHS aHAJIN3a U CHHTE3a CUCTEM YIPABIICHHSL.

Craonausupyemoctb. Cuctema (1) (mapa Awu B) Ha3pIBaeTCs CTAOWIM3UPYEMOM, €CIIU
CYIIECTBYeT Takoe ympaBieHue U=Kkx(matpuna k), mpu koropom 3amkHyras CAY
ACHMIITOTUYECKH YCTOWYHBA.

Jerektupyemocthb. Cucrema (1) (mapa C, A) HasbiBaeTcs JeTEKTUPYEMOM, eciii mapa AT ,CT—
cTadmmM3upyema.

Yupasasiemoctb. Cucrema (A, B) sBisercs  ynpaBiseMOW IPH  CYIIECTBOBAHUH
HEOTPAaHMYEHHOTO yIpaBieHUs U, MEpEeBOASAIIETO CHCTEMY W3 MPOU3BOJIBHOIO HAYaJIbHOTO
cocrosirust X(0) B Apyroe 3a1anHoe cOCTosHUE X(t), umu panr [BABA*B ...A" 1] =n

Hanomuum, uto mnepenatouHas (yHKUMS JHUHEHHOW CHCTeMbl (WJIM JJIEMEHTAa) €CThb
OTHONICHHE TIpeoOpazoBaHus Jlammaca BBIXOIHOW IMEpeMEHHOW K mpeoOpaszoBaHuto Jlamaca
BXOJIHOM TMEepEeMEHHOW C y4eTOM, UYTO BCE HadallbHble YCJIOBHUS paBHbI HyN0. M3BECTHO, 4TO
npeoOpaszoBanue Jlammaca mo3Bossier nepeiitu ot AudepeHnnanbHOT0 YpaBHEHHUST MOJICNH K
anredpanyeckoMy ypaBHEHUIO OTHOCUTEILHO KOMILIEKCHOM MepeMeHHOH S.

[TonsTHe nepeaaToyHol (PYHKIIMH TPUTOAHO TOJIBKO JUIs TUHEWHBIX cTannoHapHbIX SISO
CUCTEM C MOCTOSIHHBIMHU MapaMeTpaMu U MO3BOJSET UMETh HH(POPMAIUIO O CUCTEME TOJBKO MO
BXoly-Bbixoay. Ilpu sTomM oTcyrcTByeT nrobasi MHpOpMAIMs O BHYTPEHHUX IEPEMEHHBIX U
XapakTepe UX U3MEHEHUSI.

B HECTAllMOHAPHBIX CUCTCMAX, KOrJa pAad MapaMCeTpOB 3aBUCUT OT BPEMCHH, I10JIb30BATHCA
HOHATHEM MepeaTOuHON (PYHKIIMHU OECCMBICIEHHO.

MHOFOKOHTypHI)IG W MHOT'OMEPHBIC CUCTCMbI OIMMCBIBAIOTCA YPABHCHUSAMU OTHOCHUTECIIBHO
nepeMeHHoil mnpeoOpazoBanus Jlammaca. B sTOM ciiydae perieHune TakMX —ypaBHEHUH
OCYIIIECTBIISIETCS C IOMOILbIO MAaTPUIL U OIPEICIIUTENEH.

Komnvromeprnoe u umumayuonnoe Mooeaupoganue ¢ y4emom mMamemamuieckoi

Mooenu cucmemul

Jlo co3maHus peasbHOrO OMNBITHOTO O0pasla JIWHAMMYECKOW CHCTEMBl HEOO0XOAUMO
HCIIOJIB30BaHHUEC KOMITIBIOTCPHOT'O MOACIINPOBAHUA. Ha IMPAKTHUKE KOMIIBIOTCPHOC
MO/JICIMPOBAHKE MTO3BOJISET MOIYYUTh HHPOPMALIUIO BO BpPEMEHHOM 00J1acTH. DTO 03HAYaeT, YTo
B CHCTEME IOKa3aTelu KayecTBa MOT'YT ObITh 33JlaHbl BO BPEMEHHON 00JacTH B BHJI€ BPEMEHHU
HapacTaHUsl TMEPEeXOJHOro Impolecca, BEIWYMHBI IepeperyiupoBaHusi. B 3ToM ciydae
COOTBETCTBYIOIIUE MCTOAbI MOTYT OBITh HCITOJIL30BaHbI JJIsA HEeJIMHEHHBIX HECTAllMOHAPHBIX U
mHoroMepHelx MIMO cucrem. B HectanmoHapHbIX crcTeMax BCerja OJMH UM psifl apaMeTpoB
SIBIISIFOTCSL q)yHKHI/IﬂMI/I BPEMCHH. KOMHBIOTepHOG MOACIIMPOBAHUE HMECT PAO CYHICCTBCHHBIX
PEUMYIIECTB:

1. Ilo3BomnsieT npeacKazaTh MOBEACHUE PEATbHOM CUCTEMBbI IIPU HATYPHBIX MCHBITAHUSAX U
ABIIsIETCS OE30MIACHBIM METOJIOM aHAJIN3a COCTOSHUS CUCTEMBI.

2. Ilpouecc KOMIBIOTEPHOTO MOJIETUPOBAHUS JTOJIKEH COMPOBOXKAATHCA WMHUTAIMOHHBIM
MOJICIIUPOBAHUEM.

Jlumepamypa

IHapHIeHaHI/IeB JK.III. OHTI/IMI/IBBHI/IH CHUCTEM C pa3aciIsIEMbIMU JIBUKCHUAMU U OIrPaHUYCHHBIMUA
pecypcamu. @pynsze: Moum. — 1980. 200 c.
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ABOUT THE FEATURES OF STANDARD CONCEPTS IN THE

STUDY OF DYNAMIC CONTROL SYSTEMS

The paper considers some features of the standard concepts of analysis, synthesis and

modeling of stationary systems.

Keywords: stabilizability, detectability, controllability, computer and simulation

modeling.

Analysis and synthesis of dynamic automatic control systems is one of the main technical

tasks.

Let's consider the simplest linear problem of optimal stationary control. We have a
differential equation of state relating the state, the rate of change of the state of the system with

input and output signals

x = Ax + Bu,
y =Cx,

where XeR", ueR", ye RY (q<n),

A is a quadratic matrix, B and C are rectangular matrices of full rank.

t
mind = J(yTRy + u"Qu)dt
to
under the condition of asymptotic stability of the closed optimal regulator

limx(t) =0, 3)

R and Q are symmetric, positive-definite matrices.

@)

(2)



We assume that under any initial conditions

u = kx, k=Q B™x"
The state of any control object at any given time is a function of both the initial state and the
control vector

The equation of a simple dynamical system has the form:

X(t) = f[X(to)a u(to’t)]- 4)
y =W, W& 5)
J = [E — W,W,]"'W,W;r (6)

At the same time, the matrix transfer functions W2 and W1 cannot be swapped, because in
general,

W,W, = W,W, ()
The matrix transfer function of an open system will be represented as the product of matrix
functions of sequentially connected blocks written in the reverse order of the signal passage.

Figure 1. shows a block diagram of such a system

Fig.2
w = Ww,W, (8)

The matrix transfer function of a closed system has the form
= [E +W, W, ]71W2 Wi, ©)
where E is the unit matrix.
The equation of state of the control object at each time is a function of both x(t,) (initial

state) and u(t,, t) control vector

X(t) = flx(to), u(to, )] (10)
Bexkrop Beixona Y(t) Taxxke siBisiercs pyHkumen x(ty) u u(ty, t) v uMeer Bua
areOpanyeckoro ypaBHEeHuUs

y(t) = Flx(to), u(to, t)] (11)
The system of equations (10) and (11) can be considered as the equation of state of the control

system (object).
In general , the linear system has the form
X(t)= Alt)x(t)+ B(tu(t) (12)
y(t)=C(t)x(t)+ D(th(t),

where (t) is the matrix of coefficients of the state vector,
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in (t) is the control matrix,

C(t) is the output matrix, i.e., the matrix of the scales of measurement of state variables

is the matrix of the system bypass, i.e., the matrix of the scales of change in the input control
actions coming from the output bypassing the control object. However, in almost many cases,
therefore, the expression (2) takes place.

In the case of the optimal stabilization problem, the Letov—Kalman quality criterion is
used, control is sought in the form of a solution of the nonlinear Lurie—Riccati matrix equation.
Quadratic optimization in linear systems is a method of determining the matrix of feedback
coefficients k, which provides stability to the matrix of the state of a closed system (4 - Bk), in
the case of the stabilizability of the pair (4, B). It should be noted that the solution of nonlinear
matrix Riccati or Lurie -Riccati equations is much more complicated than the modal method
with pole placement the optimal system.

For the general case, it can be imagined that the control is a linear combination of state
variables u = kx,

where k is a dimension matrix mxn.

u1 kll kln Xl
Up | _[oer ee oo X, (13)
u m kml . kmn Xn

Substituting (13) into (1), we have X = Ax+ Bkx = HXx.
For SISO systems, a matrix of feedback coefficients by state

k = [kikz...kn] in u =—kx can be determined using the Ackermann formulas k =[00...1]P,"q(A),
where P, is the controllability matrix, q(A) is the characteristic polynomial of a closed system.
The H-matrix of dimension mxn is obtained by adding the corresponding elements of the
matrices A and BK. Below are some well-known basic concepts of analysis and synthesis of
control systems.

Stabilizability. The system (1) (pair A and B) is called stabilized if there is such a control u =kx
(matrix k) in which the closed ACS is asymptotically stable

Detectability. The system (1) (pair C, A) is called detectable if the pair AT,cTis stabilized.

Manageability. The system (A, B) is controllable if there is an unlimited control u that transfers
the system from an arbitrary initial state x(0) to another given state x(t) or the rank
[BABA?B ...A™" '] = n.

Recall that the transfer function of a linear system (or element) is the ratio of the Laplace
transform of the output variable to the Laplace transform of the input variable, taking into

10



account that all initial conditions are zero. It is known that the Laplace transform makes it
possible to move from the differential equation of the model to an algebraic equation with
respect to the complex variable S.

The concept of a transfer function is suitable only for linear stationary SISO systems with
constant parameters and allows you to have information about the system only by input-output.
At the same time, there is no information about internal variables and the nature of their changes.

In non-stationary systems, when a number of parameters depend on time, it is pointless to
use the concept of a transfer function.

Multi-contour and multidimensional systems are described by equations with respect to the
Laplace transform variable. In this case, the solution of such equations is carried out using
matrices and determinants.

Computer and simulation modeling taking into account the mathematical
model of the system

Before creating a real prototype of a dynamic system, it is necessary to use computer
modeling. In practice, computer modeling allows you to obtain information in the time domain.
This means that in the system, quality indicators can be set in the time domain in the form of the
rise time of the transient process, the amount of overshoot. In this case, the corresponding
methods can be used for nonlinear non-stationary and multidimensional MIMO systems. In non-
stationary systems, one or a number of parameters are always functions of time. Computer
modeling has a number of significant advantages:

1. Allows you to predict the behavior of a real system during field tests and is a safe
method of analyzing the state of the system.

2. The process of computer modeling should be accompanied by simulation modeling.

11



ABTOMATTBIK 0alIKapyy

V]IK 6815

Hlapmenanues XK. - KP Axademux KP
Kwvipewiz Pecnybauxacoinbii a8momammaimipyy Hcana MAaaiblMammblK
mexnonozusnap uncmumymy HAH KP

JIMHAMMKAJIBIK 0alIKAPYy TYTYMIAPbIH U3WJI106/16 CTAHAAPTTYY
TYIIYHYKTOPAYH 63r046JIYKTOPY KOHYH/10

Kymyin cranoHapAbIK TYTyMIap bl Tajll00, CHHTE3 KaHa MOIE106 OOIOHYA CTAHAAPTTYY
TYIIYHYKTOPYH alipbIM ©3re4eIYKTepy Kapaiar.

Herusru ce3nep: Crabunuzaius, aHbIKTOO, KO36MOJIJ100, KOMITBIOTEPAMK KaHa
CI/IMy.HSIIII/I?I MOJICIO00.

I[I/IHaMI/IKaJ'IBIK aBTOMATTBIK 6aun<apyy TYTYMYH TaJIJ0O0 JXaHa CUHTC3/166 HCTHU3I'U
TCXHUKAJIBIK TallllbIpMaJlapAbIH 6I/IpI/I 60J'Iy1'[ caHaJiarT.

Onrtumanayy cTaiuoHapIbIK MEHEKMEHTTHH 3H KOHOKOU ChI3BIKTYY MIJIJIETUH Kaparl
Kepey. buzne mamnekeTTuH quddepeHnnanabK TeHaeMecu 6ap, a MaMIIeKeTTH TyTallThIPYy,
TYTYMAYH a0alblH KUPTU3YY KaHa YbITYy4y CUTHAJIap MEHEH ©3TepTYY bULIaMIBITBIH ©3TOPTYY
BUIJITAMIBITHI 6ap

x = Ax + Bu,
y=Cx, 1)
kaiima Xe R", UeR", ye RY (g<n),

A - kBajgpaT matpunacel, B xxana C - THK OypuTyy MaTpwHIia TOJIYK PaHT/Iarkl.

t
mind = f(yTRy + u"Qu)dt (2)
XKaOBbIK ONTHMAJITYY )KOHTO CATYyHYH aCI/IMHTOTIiIoKaJ'IBIK TYPYKTYYJIYTYH 3CKE aJIyy MEHEH
limx(t) = 0, 3)
R xana Q - cuMMeTpusITyy, TO3UTHBAYY - OeNTHiyy Oup MaTpuanap.
Ap KaHJail GamTanksl mWapTTapJa SKeHAUTHH MOMHYOy3ra anadbi3

u=kx, k=Q 'B™x"
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Ap 6up yuyprapaa ap Kanaail KOHTpOIAYK 00bekTHHIH abansl  X(t,), GarTanksr abanabH KaHa

Gamkapyy BekropyHyH U(t,,t) dyHKuuscer 6omyn cananar

Kenekeli qMHAMHUKAIIBIK TYTYMIYH TeHIeMecH (popmaa:

X() = FIX(t,), Uty B,

y = W,W; €

7 =[E — W,W | W, W r
byn yuypna, matpuna ¢yakuusiapein W, xkaHa W1 anMaiteipa anbaiT, aHTKEHU YKaJIITbI
ydypaa

W,W, #WW,
AYBIK CHCTEMaHbIH MaTPULIAIBIK PEAYKTOPAYK (QyHKIHICH MaKkanaHblH QyHKIUSIAPBIH
TapTUIITE Ka3bUIraH, TAPTUIITE Ka3bUIT'aH, CUTHA Y3YHy ©3TepTTY.

1-cypetr. MbIHzail cucTeMaHbIH OJIOK AMarpaMMachl CyHyIITauatT

r & P u oy y
W1 > W> =

2-cypeT

W = W2W1
Kabbik TyTyMayH MaTpula 6epyy GyHKUUSACKH naiiga 00J10T

@ =[E+W,W, | W, W,,
kaiina E - 6up marpuna

Ap Oup yaypiiap/ia KOHTPOJIIYK OOBEKTTHH a0abiH TeHIeMe - X (t,) (Oamramnks
MamiekeT), U(ty, t) Oamkapyy BEKTOpY

x(t) = fx(to), u(to, t)]

Bekropayk Bekropon (T) X (t_0) sxana U (t_0, t) GyHKIMACHI, OIIOHON 7€ UIITEUT
anreOpaJbIK TEHAEME

y(t) = Flx(to), u(to, t)]
Tenemaep Tyrymy (10) sxana (11) koHTpoJAyH (OOBEKTHHNH) a0ATBIHBIH TCHIEMECUHIH

TEHJIEMECH KaTapbl KapaJblIbl MYMKYH.

JKanmeickiHaH, CHI3BIKTYY cucTeMa (popmackr 6ap

X(t) = Alt)x(t)+ B(tu(t)
y(t)=C(t)x(t)+ D(th(t),

13
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kariaa A(t)- aban BeKTOpPYHYH KO3(hOULIMEHTTEPUHUH MaTpULLaChI, B(t)-
6alukapyy maTtpumuacsl, C(t) - ubiryy
maTpuuacsl, 6. a. abanabiH e3repmeniepyH enyee MaclwtabaapbiHbiH Matpuuack!, D(t)- cucTemaHbi

annaHbIn eTyy MaTpuuacsl, 6.a. 6awwkapyy 06bEKTUCUH ainaHbIn eTyyre YbiryyaaH Kenun Ybiryyyy
Knprusyy balukapyy TaacupuH e3repTyy MaclwiTabaapbiHbiH MaTpuLuackl. BUPOK, 433pnuK kenyynyk
yyypriapaa, OWOoHAyKTaH ce3 avkalubl nanga 6onot (2).

OnTumanayy cTabuiIIemTHPYY MacelecuH e JIeToB-KaiMaH canaThlHbIH KPUTEPHITH
KOJIJIOHYJIAT, Oamkapyy Chi3BIKTYY 3Mec JIypbe — Pukatu MaTpunianeik TeHIeMeCHHUH Yeunmu
katapbl uzaener. ChI3bIKTYY cucTeManapAarbl KBaJpaTThIK ONTUMANIAITHIPYY KaObIK
cucteManbiH (A4 - BK) aban maTpuiacbiHa TYPYKTYY/IYKTY KaMChI3 KbUIraH K kaiTapeiMm
Oaitnanbi KO3PHUIUESHTTEPUHIUH MaTPUIIACHIH AHBIKTOO BIKMAChl OOJIYII caHaJIaT, ajl IMHU
xynry (4, B) Typykramteiprad yuypaa. Pukaru sxe JIypbe — PUkaTu ChI3bIKTYY 9MecC
MAaTPULIAJIBIK TEHJAEMEJIEPAU YEUYY ONTUMAJIIYy CUCTEMAHBIH YIOJIAPbIH KAUTalITBIPYy MEHEH
MOJIAJI/IBIK BIKMara Kaparasja KbliiJia TaTaaja SKCHIUTHH OSTHIICH KeTYYy Kepek.

XKasme! uin yuyH, U Oamikapyy U = KX abair ©3repMesiopyHYH ChI3bIKTYY allKaJIbIIIbI JIETT
anecTeTyyre 00J0T, kanaa K — m x n enyemyHyH MaTpuuacsl.

ul kll kln Xl
Up | _[oee ee o X, (13)
u m kml . kmn Xn

(13) opayna (1), X = Ax+ Bkx = HXx.
SISO cucremanaps! yuyH KaifTapsiM Oaitnanbli K03 GUIMEHTTEPUHIH MaTPULIACHI k=
[kika...kn] U=—kx Akepman dopmynanapsiH KonIOHYI aHEIKTOOTO GosoT k =[00...1]Pq(A),

MbIHZA P, — niuTee Matpuuackl, ¢(A)- xal0blk CHCTeMaHbIH MYHO3/1yY KeIl Typayyryry. H -

M x N eIYOMIYYITYK MaTpuiacel A sxkaHa Bk. MaTpUIaTapbIHBIH THELIENYY YJIEMEHTTepHH
KOIIYY 5KOJIy MEHEH ajbIHaT. TeMeH/1e Tana00 kaHa CHHTE3 Oallkapyy cucTeManapbl Oeirmiyy
HETU3TH TYIIYHYKTOp OOyl caHanar.

Craéuiaayyayk. XKaosik CAY acHMOTOTHKAIBIK JKaKTaH TYPYKTYy OoiroH U = kx (Matpumna K )
Oamkapyy 6ap 6osco, cucrema (1) ( Axana B KynTapsl) CTAOWIICIITUPHUIITEH JICTT aTaar.
AHBIKTO00 :keHaeMayyayry. Cucrema (1) (C, A xynrapsl ) TyTymy, arep xyn A',CT—
CTaOWIIICTITUPHIICE, AaHBIKTATYYdy JIeT aTajar. HNumreryy.
Cucrema ( A, B) tyrymay X(0) Gamrranksl abanbinan Gamnika Gepuiren X(t), abaibiHa ke

panrsiHa [BABA?B ... A""1] = n xotopyyaa yekcu3 Galmkapyy GOIroHI0 GalIKapbLIar.

CBI3BIKTYY TYTYMJIYH (K€ 3JIEMEHTTHH) ©TKOPYII Oepyy QYyHKIUACH! OapIbIK OalTamnKel
miapTTap Heire O6apabap SKEHIUTHH ICKe alyy MEHEH, UbIryydy esrepmMeHnyH Jlamac
TpaHc(hOpMalMACHIHBIH KHPUII 63repMecyHYH Jlamiac TpanchopMarsicbiHa 00JATOH KaThIIIbI
6ap. JlanmacTeiH TpaHchOpMALUACH MOJEIINH TU(GEpEHIHATIIBIK TEHIEMECHHEH S
KOMILJIEKCTYY ©3r6pMOCYHO KapaTa alreOpajblk TeHIeMere eTyyre MyMKYHIYK Oepepu
oenrumyy.
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Bepyy munzeru TymyHyry TypykTyy apaMeTpiiepyu MEHEH ChI3BIKTYY TYPYKTYY CTOJI
cHCTEeMaJIapbl YUYH raHa kapakTyy OOJyIl caHajaTt )aHa OMp raHa KHPIU3YY XKaHa dblrapyy
CHCTEMAacChl )KOHYH/I6 MaajbIMaTKa 33 00Jyyra MyMKYHIYK Oepet. By yaypna, nuku
©3repMeJIep jKaHa aJlap/iblH ©3repYy MYHO3Y KOHYH/Ie 34 KaHJail MaajabIMaT XkKOK.

CrannoHap/bIK 3MeC cucTeManapza, Oup Kartap napamerpiep yOakbITKa Ke3 KapaHIbl
00JIroH10, 6TKOPYI OepYy PYHKIIUACH TYHIYHYTYH KOJJAOHYY MAaaHHCHU3.

Kemn KOHTpacTTHIK jkaHa Kell eaueMyy Tyrymaap Jlamnac TpanchopMausiCbIHbIH
©3repMOCYHO KapaTa TeHJIEMEJIEp MEHEH CYpPOTTOIOT. MbIHal yuypAa MbIHIald TEHAEMEIEPIN
yeyyy MaTpuraiap >KaHa aHbIKTareluTap apKbulyy )Kypry3yaor.

MamemamuKanvik IcenKe anyy MeHeH KOMNbIOmePOUK Heana CUMYIAUUATLIK MOOe1000
cUCmeMaHnvlH mooenoepu

JInHAMUKAIBIK TYTYMIYH YBIHBITHI TAXKPBIHOATYy YATYCYH TY3YYAOH MypYH
KOMIIBIOTEPIUK CUMYJIALIUSHBI KOJIJIOHYY 3apblil. VI )Ky3YH1© KOMIIBIOTEPAUK MOJEII06
yOaKThULYy ueiipe/ie MaalbIMaT alnyyra MyMKYHIYK OepeT. By cucrema canatbiH
KOPCOTKYUTOPY OTKOOI )KapasHBIHBIH OCYIIy YOAKbIT TYPYHAO yOaKThUTyy aiiMakTa OepriIuim
MYMKYH JI€T€HIU OUIIUPET, O3roprydTYK HapKbl. byn ydypna, Theienyy bIkMaiap ChI3bIKTYY
AMeC CTallMOHAp/bIK jkaHa ken exuemayy MIMO tyTymaapsl Y9yH KOJIIOHYIYITY MyMKYH.
CranuoHapbIK SMec TyTyMJiap/a ap JaibiM Oup e Oup KaTap mapaMmerpiiep yoaksIT
dbyHKMsape! 6omyn caHanat. KommnbsloTepaiuk Moieniee Oup katap onyrTyy
apTHIKYBUIBIKTApTa 33:

1. Byn Taburslii CBIHOOIOPAO peasIlyy CUCTEMAHBIH XKYPYM-TYPYMYH OOJIKOJIJI00r0
MYMKYHJIYK O€epeT jkaHa TYTyMJlyH a0ajblH TaJJJOOHYH KOOIICY3 bIKMachl OOJYIl caHaliaT.

2. KoMIbproTepauK MOJEN06 MPOLECCH CUMYJILUSIIBIK MOJEI106 MEHEH KOIUTOIYLTY
KEpeK.
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