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1. Mpumepbl NpocTENLLINX HeCTaLMOHaAPHbIX CUCTEM
u ux aucpepeHumanbHble ypaBHEeHUNA

[Tycts 3amana cucrema, onuceiBaeMasi qudQepeHaIbHbIM ypaBHEHHEM
dx(t)
3 ()= +ax(1) =Ky(1), (1.1)
3aech & (X) — xkoaddunment, spisomuiics QyHKIHUeH BHIXOJHOW KOOPAMHATEI, TIO3TOMY YpaBHEHHE
(1.1) — nenuneiinoe. Ilycth, HanmpuMep, Ha OCHOBAaHMU KAKOTO-TO YHPOILIAMOLIETO MPEANOI0KECHUS
UCXOJHYIO CUCTEMY YJAJIOCh IPeoOpa3oBaTh K HOBOH, Y KOTOPOH JIETKO BHIYUCIUTH BBIXOAHOW CUTHAI
Xor (t) (B 0Ommem cimydae X, # CONst ), mpuuem mpouecce X, (t) 6musok x X(t) . Toraa, BeIOpaB X (t)
B Ka4eCTBE OMOPHON TPACKTOPHH, TIOTydaeM
X(t) = Xon (1) + AX(D), (12)
rae Ax(t) — manas Benu4uHa.
VYpasuenue (1.1) npumer Bua
Xon (1) + AX(1)]

d
00 PO 1] = k90

Tak xak o mpenmonoxenuto BenumunHa AX(t) mana, nuHeapusyem cHadana GyHkouro a,(X),

€CIIM OHA HeJIMHEIHA,

{[ai(x)]Ax_o j{M} Ax(t)}[dxon ©, dAX(t)j+ 8, [Xon (1) + AX()] = Ky (1),

dx dt dt

a TTOTOM JIMHEapHu3yeM ypaBHEHHE (MpeHeOperas MaJbIMU BETUYMHAMHU BTOPOTO U BBICHIETO MTOPSIIKOB,
cuuTast mpu 3ToM, uto Benmuraa dAX(t)/dt Toxe mana):

[2,(9]0 ., { e } Fon®) ao}AX(t) =Ky(t) —{aoxon ®)+[a,(0],, Pon () (t)}.

dt dx dt dt
Hetpynuo 3ametuts (cM. (1.2)), 9To BBIpakeHHe [al(x)] A0 = al(XOH) — u3BecTHas QyHKUUSA
BpeMeHH (Tak Kak X, (t) m3BectHa). [To Toil sxe mpuuMHE M3BECTHOH (QyHKIMEH BPEMEHH SIBISETCS 1
BBIpa)KEHUE [dai(x) / dX]AX:0 .
C yyeToM 0003HaUCHH I

[a,(X)], _, = (®);

20 0,1, o
0] Sul|oa

{aoxon 0)+[2,0]. %} ~ (1)

ypaBHEHHUE [IPUMET BHU]I
dAX(t
20 2, A = Ky© + 1,0,

3aech ay,(t), 8y, (t), Y, (t) — n3BecTHBIC QyHKIMYM BpeMEHH, T.€. HCXOIHAs HEJIMHEWHas CUCTEMa IOCIIe

JUHeapu3alluy CTaja OMHCHIBAThCA JIMHEHHBIM AU(PEepeHInanbHbIM YPaBHEHHEM C NEPEMEHHBIMU
kodpdunuenTamu ¢ 100aBOYHBIM  HM3BECTHBIM  Bo3zeicTBUeM Y, (t), dYro He mnpHHOCHT
JIOTIOJTHUTENBHBIX MPUHIUIIHAIBHBIX TPYAHOCTEN B mpolecc pemieHus. JleicTBUTENbHO, 3Ta CUCTEMA
JWHEHHAa W 10 OTHOLICHUIO K HEW CIpPaBeMIMB IMPHHIMII CYNEpIo3UIuu, modTomy AX(t) MoxHO

HCKaTh CIIEYIOIUM 00pa3oM:
AX(t) = AX, (1) + Ax o (1)



rae AX, (t), AX,(t) pemienue ypaBHEHUH COOTBETCTBEHHO:

dAX, (t)
B0 () 3+ Ao (DX, (1) = Ky (1)
dAX,, (1)
& (t) d—yt + 8y (t)AXyo t)= Yo (t).

Knace JIY, mnepemeHHOCTh KO3(pPULUUEHTOB KOTOpBIX OOYyCIOBIEHA JIMHEapu3aluen
HeNMHEHHBIX J|Y OKOJIO HEKOTOPHIX OIOPHBIX TPACKTOPHUH, SBISAIOMUXCA (YHKIUSIMH BpPEMEHH,
BECbMa IIHPOK.

Opnnaxo MOXHO BbLIEeNUTh Kiaacc CAY, i KOTOPBIX IIyTeM MEPEX0Aa K MaJIbIM OTKJIOHEHUAM
MOKHO HOJY4YMTh JHHeHHble [IY, oTpakaromiue OCHOBHbBIE CBOMCTBa (DU3NYECKUX IPOLECCOB,
nporekamux B cucremax. Henuuelinele anemenTsl CAY, craTudyeckue XapaKTEPUCTUKH KOTOPBIX
UMEIOT KOHEYHbIE HEMNPEPBIBHBIE OJHO3HAYHBIE INPOM3BOAHBIE B OKPECTHOCTH YCTAHOBHBILIETOCS
polriecca, He MPEensATCTBYIOT TOCTPOCHUIO JIMHEMHOW MOJENH IIPU NIEPEXOAE K MAJIBIM OTKJIOHEHUSIM.



2. MpumMepbl CNOXHbIX HECTALMOHAPHbLIX CUCTEM aBTOMaTUYECKOro
ynpaBsneHus n ux gucgpdepeHumanbHble ypaBHEeHUS

[Tpumepamu cnoxxkHbix CAY ABIAIOTCS CHUCTEMBl VYIPABICHHUS JIBKEHUEM pakeT WIH
CONMMKCHHEM KOCMUYECKHIX anmaparos.

[TonpoOGHO paccMOTPUM CHUCTEMY YIPaBIECHUS CAMOHABOSILIEHCS PAKETHI.

OyHKIMOHATBHASI CXEMa CHCTEMbI CAMOHABEJICHUSI ONPEENSICTCS, TIIaBHBIM 00pa3oM, THUIIOM
KoopauHaTtopa. bynem npuHuMaTh BO BHMMaHUE TOJBKO CpEACTBa, 0OeCreuHMBarolIMe W3MEHEHHE
TPACKTOPUU PAKETHI.

kHyon;[HHM BO3JICUCTBUEM [UJIi KOOpPJMHATOpPA SBISIETCA YIJIOBOE IMOJOKEHUE JUHUU

«paKeTa-1eJIb)»; 3TOT CUTHAI MMEET MECTO Ha BBIXO/E KMHEMATHYECKOTO 3BEHA W XapaKTepH3YeT
B3aMMHOE JBIDKEHHE LIEHTPOB MACC PAKETHI M LEJH.

VTII0BOE NOJIOKEHHE JTHHUH «PAKETa-1eb» B HEMOABHKHOM KOOPANHATOPE COMOCTABIISACTCS C
VIJIOBBIM TIOJIOKEHHEM TMPOAOJIBHOH OCH pakeThl, a B TOABIKHOM — C PaBHOCHUTHAIBHBIM
HalpaBJeHUEM. BBIXOJHBIMU CUTHAJaMH HETOJBIDKHOTO M IIOJIBWKHOTO KOOPAMHATOpA SIBISFOTCS
HaNpsDKEHUS (TOKH), XapaKTepU3YIOIINE OTKIOHEHHS OCH PaKeThl OT HANPaBJICHHs HA 1eNTb ¥ YTIOBYIO
CKOPOCTB JINHUH «PaKeTa-1eJIb)» COOTBETCTBEHHO.

KomaHap!l ynpaBieHHs B CHCTEMax CaMOHABEACHHUs (OPMHPYIOTCS aBTONMIOTOM. Tam ke,
IOMUMO TOTO, H3MEPSIFOTCSI U COOTBETCTBYIOLIMM 00pa3oM IpeoOpa3yroTCs JONOTHUTEIbHbBIE CUTHAIBI
yIIpaBJIeHUs, HEOOXOAWMBIC JUIS CTAOWJIM3AaLUN PAKETbl W YAyYIICHUS TUHAMUYECKHX CBOWCTB
KOHTYpa HaBEJCHUSI.

[Tox nmeficTBHEM YNPaBIAIONIETO CHUTHAJA, BHIPA0ATHIBAEMOTO AaBTOMHJIOTOM, MPOU3BOAUTCS
OTKJIOHEHHUE PYJIeH pakeThl TaK, 4YTOOBI YCTPAHSIOCh HAPYILICHNUE CBSI3eH, KOTOPBIC HAKJIaIbIBAIOTCS Ha
JBVKEHUE PAKETHI.

Cucrema caMOHaBEJIEHHMs MOMHUMO KOHTypa HaBeleHUs, oOpaTHas CBSI3b B KOTOPOM
3aMBIKAETCs Yepe3 KHHEMATHUECKOE 3BEHO, COJICPKHT PsiJi BHYTPEHHUX KOHTYPOB.

B paanorexHuueckoi cHuCTEME CaMOHABEICHMS HMEETCS HECKOJIbKO OTKPBITHIX 3BEHBEB,

KOTOPBIE MOTYT MOJIBEPTaThCs ACWCTBUIO OPTaHM30BAHHBIX MIOMEX.
CTpykTypHas cxema CUCTEMbl CAMOHABEJICHHS PAKEeThl C OCEBOM a3pOJMHAMUYECKON cCUMMeTpuell mpu
MPSIMOM CIIOCOO€ HaBEACHHS B BEPTHKAIBLHOW TUIOCKOCTH MOXET OBITh MPEACTaBJICHA B CIEIYIOIIEM
Bujie (puc. 2.1).

Ha puc. 2.1: V, Vi1 — ckopocTb pakeTsl U uenu; ¢, 6, — yrom Mexay BEKTOPOM CKOPOCTH M

TOPHU30HTOM PAKCTBI U LCJIN; 50, g — YCTaHOBOqHLIﬁ YToJ pyjid U YCKOPCHUC CBO6OI[HOI"O MMagaCHUAA,

kHy — k03 UIHEHT mMepeaadn MeIeHralMOHHOr0 ycTpoicTBa; L(S) — mepemarounas ¢GyHKIus

ycTpoiictBa QopmupoBanus komann; F (S) = ka, W, (S) =ka, Wy (S) =kg — mnepenarouHsle

GbyHKIMK TPUBOJA PYJieH, M3MEPUTENs yrila aTaku M M3MEpUTeNs yria Tanraxa; r(t) — paccrosHue
MEXY LIEIbIO U PAKETON.

OcCHOBHBIE TE€OMETPUYECKHE COOTHOUIEHHS] MpPU METOAE MPONOPIUOHATIBLHOTO COMMKEHUS
paKeThl U LI B PeKUME BH)KEHUS Ha BCTPEUHBIX Kypcax MpescTaBlieHbl Ha puc. 2.2. B aTom cinydae
JIMHEApU30BAHHOE YPABHEHUE JIBMKEHUS PAKETHI 3aIIMIIETCS TaK:

r(t)Ap(t) +rae(t) =-V ([)AO(t) +V, (1) AL, (1), (2.2)
rae V — cKopocTh pakeThl; VIl — CKOpOCTh Lenu; A¢@ — TpHpalleHue yria JUHUM BU3HPOBAHUS
uenu; A¢ — CKOPOCThb BpallleHUs IMHUM BU3upoBaHus; A — npupalieHue yria TpacKTOpHH pa-
KeThl; A6, — TpUpalIeHUe yria TPACKTOPUM LEHU; I — PACCTOSHUE MEKIY PAKETOH M IENbI0 Ha

OTOpHOI TpaekTopuy, mpudeM F(t) =V, (t) -V (t).
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Puc. 2.2. OcHOBHBIC reoOMCTPpUICCKUC COOTHOMICHUS IPpHU NPpOIOPpHIHUOHAIBHOM METOAC CONMMKEHUS

MeToaoM NPONOPUHOHAIBLHOIO COJMKEHHsI HA3BIBACTCS METOJ HAaBEIECHHUS, IPH KOTOPOM
yIJIOBass CKOPOCTh BpAICHHsS BEKTOPAa CKOPOCTH pPaKeThl IMPOMOPIHOHAIbHA YIJIIOBOW CKOPOCTH
BpallleHUs JTMHUHN «paKeTa-1eiby. YpaBHEHUS METO/a B MPSIMOYTOIBHON CHCTEME KOOPAHMHAT HMEIOT
BuJ (cM. puc. 2.2)

X, =V, cos0;

z,=V,sino ;

X =V c0s0;

7=V sino;

e = a ¢ C()l y
rjie & — HOCTOSHHBIA KO3(pGULUMEHT MPONOPLUOHANBHOCTH, () = — CKOPOCTb BPAIECHHS JIMHHUH
BU3MpOBaHus R, paccrosHue Mexay pakeroii u 1ensio r(t) = |R|. TIycTs 1enb IBHKETCS CO CKOPOCTHIO
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VIl ¥ 1OBOpaYMBAETCS € YIJIOBOW CKOPOCTBIO (), =9u, MIOJIOKUTEIBHOE HAIpPaBICHUE KOTOPOH
TN0Ka3aHo Ha puc. 2.2 (+a, ). [lonoxeHns pakeThl U LMK B IPAMOYTOJILHOM cucteme Koopuuar OXY
(O — npou3BOJIbHAS TOYKA) ONPENENSIOTCS KOOPIAMHATAMU X, y U Xy, Y, . [lonoxenne pakersl
OTHOCHUTENILHO LENU B TONSAPHOM cucteme koopamuat O, R(, Ha4ano KOTOpOH CBS3aHO C LENBIO,

ompezessiercst pacctosHueM F(t) MeXay LEIbl0 U PaKeToi W KypcoBbIM yriioM menu . OpueHTanus
BEKTOPOB CKOPOCTHU PAKETHI U 1I€JIM B MPSIMOYroJibHOM cucteme koopauHat OXY 3amaercsa yrinamu 6 u
0, - OpueHTalus BEKTOpa CKOPOCTU PAKEThI B IOJIAPHO CUCTEME KOOPIMHAT 3a/[a€TCs YIIIOM IIEJICHTa

ey Y = Q- 0 . ypaBHeHI/I}I JABUKCHUS B HOJ‘IHpHOﬁ CHUCTEME KOOpAHAT MOT'YyT OBbITh 3allMCaHbl TaK:
r =-V cosy —V, €osq;

. V. sing-Vsin
g=—m0 L @,;
r
¢:M§Mq—VﬁnW.
r
3akoHbl U3MeHeHHs ckopoctu 1enu Vy , ckopoctu 3YP V, kypca uenu HH (t) WU YTJIOBOM

CKOPOCTH BpAIICHHUs BEKTOpPA CKOPOCTH LEIH ), (t) u coorBercTByIOmME HauaNbHBIE YCIOBHS
NPUBOAAT K 3aMKHYTOW cucreMe Mu(QepeHINaIbHbIX ypaBHEHUH, KaK B NPSMOYTOJIbHBIX, TaK H
MIOJIAPHBIX KOOPAMHATAX.

C noMo1Ipi0 CTPYKTYPHOTO IPe0Opa3oBaHusl, 3aK/II0UAIONIEr0Cs B IIEpeHOCe BO3AEHCTBUS A6

K TOYKE NPUIIOKEHHS BO3JCUCTBUS Vu (t)@Ll (t), ucxomHas cxema (puc. 2.3, @) NpPUMET BHI,

n300paxeHHbId Ha puc. 2.3, 6. Ha cxeme ¢ (t) =Vy (t)AHLl (t)—V (t)AGO — BHEIIHEE BO3/CICTBUE,
HKBHUBAJIEHTHOE MaHEBPY IEJIHM U HAa4aJbHOW OIMMUOKE MPUIICTUBAHUSI.
Cucrema BKIIOUAET CIIEAYIONINE OJIOKH:

baok 1 — xunemamuueckoe 36eno 1 (puc. 2.3, a), COOTBETCTBYIOIIEE WHEPIMOHHOW YaCTH
JIMHEapU30BaHHOTO ypaBHEeHUS (2.1), iMeeT UMIYJIbCHYIO MEPEXOAHYI0 (DYHKIINIO

1
k (t,7) = ——I(t-7). 2.2)
r(t)
Baok 2 — kunemamuueckoe s3seno 2, omnpezenseMoe NpaBod yacThio ypaBHeHHs (2.1) c
HCIIOJIB30BAHHUEM CBA3U MCKAY HOPMAJIIBHBIMH YCKOPCHUAMU PAKECTHI 77(1:) U CKOPOCTBIO U3MCHCHUA

yrila €€ TpaeKTOpuu é(t)n(t) =V (t)@(t) .

baok 3 — cucmema cmabunuzayuu paxemvi, OHAa HMEET CIEAYIOIIYI0 MEpeaTOYHYIO
GyHKIHIO:
1
T T.s+1

baok 4 — 010k BbIpaOOTKM KOMaH[ (yCTpOHCTBO (POpMHpOBAaHME KOMAHI), PEATU3YIOLIHI
MeTOJ HaBeeHus. [Ipu MeToie mponopUHOHATIBLHOTO COMMKEHHsI TpeOyeMble HOpMaJIbHbIE YCKOPEHUS
pakKeThl onpeensaoTcs GopMyon

e (1) =nlr (1) (t) (2.4)
rae N — KOHCTaHTa HaBUTALlUU.
baok S5 — koopauHATOP LENH, KOTOPBIA U3MEPSET CKOPOCTh BpALICHUS JIMHUM BU3UPOBAHUS
(p(t) . Ilepenarounast pyHKIUS KOOPIAUHATOPA UMEET BHU]L



S
W_.(s) = 2.5
5(8) Torl (2.5)
V, (1)AG, (t) 1
Agp(t) h(t)
| 1 (t) >
1 T ., Ag, S
T.s+1 < n‘r(t)‘ < Ts+1
/ / n([)
3 4 5

1 ! Ap(t) h(t)

N B > (t—>

| S rit)y | |
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| | .

1 1 I B/ Apc| s
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Puc. 2.3. CTpyKkTypHBIE CXEMBI CHCTEMBI YIIPABICHUS CAMOHABOISIICHCS PAKETHI:
a — UCXO0/IHas cxeMa; 6 — nmpeoOpa3oBaHHAas cXema

BBIXO[HOW CHUTHAI CHUCTEMBI — JIMHEHHOE cMmemieHne paketbl h(t) OTHOCHTENBHO OMOPHOM
HEeBpaIIAIOENHCs TUHUY BUSUPOBAHUS 1ENH (JTMHUS, COCTUHSIONIAS IIEHTPHI MACC PAKETHI U 1IEJIN):
h(t) =r(t)Ap(t). (2.6)
3a BenuuuHy mnpomaxa (omuOku) h mpuHumaercst 3HadeHue h(t) B MOMEHT BBIKIIOYCHUS
koopauHaropa t =t .. IIpu nccienoBaHuyu cucTeM ynpaBieHHs LEnecoo0pa3HO TakKe MOIb30BaThCs
MOHATHEM O TekymeM npomaxe h(t), xapakTepusyromeM BETHYHHY OTKIOHEHHUS PaKeThl OT LEIH B
KapTUHHOM IUIOCKOCTH NPHU MPEANOJOKEHUM O TOM, YTO HAaYMHAsl C JTAHHOTO MOMEHTa BPEMEHHM t
MPOLECC HABEAEHHUS IPEKPAIIAETCS U BEKTOPBI CKOPOCTEN LIEJIH M PAKETHI OCTAIOTCSI HEU3MEHHBIMH.
W3 BHEMIHUX BO3JACHCTBUI CHCTEMBI YUYTEHbl: MaHEBp IEJH, OMHCHIBAEMbIM (QyHKIMEH
Vi (t)A911 , HavanbHas omuOKa npunenuBanus A, = const u momexa n(t).

Wtak, MeToa NMpoONOpLUOHATIBHOIO HaBeACHUs TpeOyeT, YTOObI yrjoBas CKOPOCTh BpalllCHHS
BEKTOpa CKOPOCTH pPaKeThl ObUIa MPOINOPLHOHAIBHA YIJIOBOM CKOPOCTH BpallleHUs JHUHHUM «paKeTa-
uenby». [Ipyu HaBeleHUH pakeTsl B BEPTUKAIBHOMN IIJIOCKOCTH YPaBHEHUE PACCOITIACOBAHUSA UMEET BUJT

Aé =ac—-40 (2.7)

311eCh @ — KO3(PPUIMEHT TPOMOPIIUOHATEHOCTH.
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Puc. 2.4. Onpenenenue npomMaxa pakeTsl (V, (t) — ckopocTh pakeThl OTHOCHTETLHO 11EJIH)

[lepBblii 4wiieH MpaBOM YacTU ypaBHEHHUsS PACCOTJIACOBaHMS MPECTaBIsieT coboi Tpebyemoe
3HAYCHIE YIIPABISIEMOI BEIMYMHEL Y, = A&, a BTOPOil — €e IeHCTBUTENBHOE 3HAUCHHE X = 0.

[IponopiimoHanbHOE HaBEJEHUE, KaK M MapaUiebHOE CONMKEHHE, OTHOCUTCS K TpYIIIe
METOJIOB YIPABJIEHUS C MEPEMEHHBIM YIJIOM yrnpexiaeHus. [lpu wmaeanbHOM HaBeIEHMHM 3aKOH
W3MEHEHUs TPeOyeMOTo yria ynpexaeHus (; HaXOAUTCs U3 ypaBHEHHS (2.7), €Clu MOJIOKHUTh B HEM
A 0= 0. Torma

g, =1-a)e.

B oTnuune ot MeToa mapaiienbHOro COMMKEHUs, U1ealIbHOE BBITIOJIHEHUE KOTOPOro TpedyeT
OT CHCTEMBl YIIPABICHHWS MIHOBEHHOI'O YCTPAHEHMS BpAlllCHHWs JIMHUM «paKeTa-Leiaby», IpHU
IPONOPLMOHATILHOM HABEIEHUH TPEOOBaHUS K CUCTEME YIPaBIICHUS MEHee JKEeCTKHE, Tak KaK ee poJib
CBOAMTCS JIMIIb K YMEHBIICHHIO YIJIOBOM CKOPOCTH BpalleHUs JMHUM BU3MpoBaHus. M3mepenue
rapameTpa paccorjiacoBaHus IIPU HABEICHUM PAKETHI [10 PACCMATPUBAEMOMY METOY OCYILECTBIISAETCS
KOOPJIMHATOPOM, KOTOPBIM CONEpKUT JBa THMa u3Meputeneil. OIMH M3 HUX MpeNCTaBiseT coOoif
CIEIAIINNA PATUOTEXHUYECKUN YITIOMEp, U3MEPSIOIINN YITIOBYIO CKOPOCTB JIMHUM «pPaKeTa-Leiby, a
BTOPOU SIBJISIETCS WM3MEPUTENIEM YIVIOBOM CKOPOCTH BpAlIEHUS BEKTOpa CKOPOCTH pakeThl. Takoit
M3MEPUTENIb MOKET OBITh BBHITIOJIHEH Ha 0a3e 1aTuhKa HOPMAJIbHBIX YCKOPEHHH (aKceIepoMeTpa).

[TapameTp paccoriiacoBaHus IPU HaBEIEHUH PAKETHI 3aIKMCBIBAECTCS B BUJE

Ay =(ag, —6,)+j(ag, —0))
HOCHCHHHH (I)OpMyJIa CIipaBCAjinBa IpU YCIOBUHU COITIACOBAHUU HU3SMCECPHUTCIBHBIX CHCTCM
KOOpAHUHAT C IJIOCKOCTAMU YIPaBJICHUS.

Jlns pemienus 3amay aHanuza u cuHTe3a CAY camMoHaBOASIIEHCS pakeThl HEOOXOIUMO 3HATh
1Y, cBs3pIBarolee BXOIHOW U BBIXOJHOM CUTHAJIBI cucTteMbl, T.€. J1Y 3amknytoii CAY.



11
3. MeToa ypaBHMBaKOLUX ONepaTopoB

[Tpumep. [ToBeaeHre 3aMKHYTOM HECTAIIMOHAPHOW CUCTEMBI ONMMChIBaeTCs cucremoit /1Y Buaa

d
a,() 2+ (0% = %
dx
X3 = bl(t)d_'[2+ bo(t)xz;
dl(t)% +d,(t)x =X (3.1)

d? d
(0 + G ) GO =y %X,

dx
X, = el(t)a +e,(t)x.

Baenem muddepeHnuanbHble onepaTtophl (HAUMHAEM C yPAaBHEHHS MAKCHMAIBHOTO TOPSIKA)
Vlzczpz +C p+C;F, :b1p+b0;
V,=a,p+a,F=ep+e;

V,=d,p+d,

u nepernmieM (3.1) B cieayromem Bue:

VIX | =Y =X =X, =& —Xg;
V2X2:X1;

FX, =X,

FX=X,;

V X=X;;

E=Y—X,.

CTpyKTypHas cxeMa CHCTeMbI H300pakeHa Ha puc. 3.1.
[TpeoOpazyem cHavaia BHYTPEHHH KOHTYp | B OJMH DKBUBAJCHTHBIN JJIEMEHT, T.€. Haiijem

ypaBHEHUE, CBsI3bIBaroIee KoopauHatThl &(t) u Xy (t).

Q- 1
Vl

A

Xl 1 X

\i
\j

<

X
e

A

=<

X4

E

A

Puc. 3.1. CtpykTypHasi cxema CUCTEMBbI
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Jlna konTypa | nMeeM ypaBHeHuUs

VX, = X;
FoX, =Xy (3.2)
VX =¢&—X,.

[IpumeHsist METOJ] ypaBHUBAIOLIUX OIMEPATOPOB, UCKIIOYUM MPOMEKYTOUHYIO IEPEMEHHYIO Xp.
YMHOXUM ISl TOT0 00€ YacTH MEPBOTO U BTOPOTo ypaBHEeHHH (310.2) Ha ypaBHUBAIOIIUE ONIEPATOPHI
U1 nu U2.

NmeeMm

[Ul *Vz]xz = U1X1’
[U, = F,]x, =U,x,.
HpI/I BBIITOJIHCHHUHN TOXIACCTBA
U, *V,=U, *F, (3.3)
nepeMeHHaﬂ X2 UCKIIFOYAaCTCsA, B pe3ynLTaTe qgero nonyqaeM CI/ICTCMy ypaBHeHI/Iﬁ
U1X1 =U 2X3s
VX, =&—X
I/I3 ITHUX ypaBHeHI/Iﬁ HOHCTaHOBKOﬁ HNCKIHOYUM nepeMeHHy}o X3 .

U1X1 =U2[8 _V1X1] =U28—U2 *V1X1’

WIH
U,e=[U, +U, *V,]x,. (3.4)
VYpaBrenue (3.4) MOXKHO 3aITMCaTh TAK)KE B BUJ/IE CHCTEMBI JIBYX YpaBHEHHI
X =U,¢;
° (3.5)

U, +U, #V,]x =X, .
CTpyKTypHas cxeMa CHCTEeMbI, yauThIBaromas (3.5), mpejcraBieHa Ha puc. 3.2.

II

Yy E U X5 1 X]; 1 X
'Gi’ 2 U, +U, %V, g Vv,

Y

X4

A

E

Puc. 3.2.CtpykTypHas cxema CUCTEMBI

Onpenenum onepatopsl U; u U,. Oneparopst Vo u F, UMEIOT COOTBETCTBEHHO TOPSIOK 77 =1 1
m = 1, tak 4to ux obmui mopsinok r = n + m = 2. Ilopsgok oneparopoB U; u U, momxkeH ObITh
COOTBETCTBEHHO paBeH V = M = 1 u 4 = N = 1, mo3TOMy OHU MOTYT OBITh 3aMHCaHbI B CIEAYIOIIEM
BHJIC:
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{U1:a1p+a0;
U,=8p+ 5.

CocraBuM Ha ocHOBaHMHU ToXxkzAecTBa (3.3) cucremy u3 I + 1 = 3 ypaBHeHU# 1151 onpeeneHus
ko3 purmeHToB oo ,B1,Po (kodDPUIUEHT 01 MpUMEM paBHBIM EIUHUIIC):

a = :Blbl;
pa, +oya +a, = Apb, + b + Bby;
pa, + ayd, = Bph, + Bib,.

Pemas ee, HaxoauM cienyromue 3Ha4eHus ko3¢ dunrenTos onepatopoB U; u Us:
ﬁl _ ﬁ;ﬂo _ _al[blpao +4a, (pb1 + bo) - aipbo] + aObl(pal + ao) :
bl bl(aobl o aibo)
a ~1 a, = bl[a1pbo + bo (p81 + ao) B b1pao] + boa1(pb1 + bo) .
bl(aobl o a1bo)

Haiiném npoussenenue oneparopos U,*Vi, Bxomsiiee B BeipakeHue (3.5):

du
U, *V,=U, -V, +d—pZV1p =(B.p+ B,)(C,p* +C,p+Cy) + B(C,p* +C,p+Cy)P=

= BC. P+ (BPC, + BoC, + BC) P+ (BPC, + Bt + BiCo) P+ (BPC, + BiCy).
Ornpenenum 3Ha4YeHUE CYMMBbI OIEPATOPOB
U, +U, *V,.
O4yeBHUIHO,
[Ul +U, *Vl] =V, =a, pS +4a,, p2 +a, P+a,,
rae KoOQOUUUEHTsI A5, Ay, , Ay;, Ay IMEIOT CIIENYIONINE 3HAYCHHUS:
&, = f,Cy;
a,, = BPC, + fiC, + AC;
a,, = Bpc, + B.c, + B, + ay;
0 = BIPC; + SoCo + &y
[TpousBeneM panpHelliee mpeoOpazoBaHUE CTPYKTYPHOW cxeMbl. Haiiiem SKBHBaJIEHTHOE

3BEHO /I 3B€HbEB, BXOAAIIUX B KOHTYp Il.
Jl1 5TUX 3BEHBEB UIMEEM CUCTEMY YPAaBHEHUN

[U, +U, #V,]x = Xg; 8
X, =V X. '
[ToxcraBJisist 3HAYEHHUE X1, U3 BTOPOTO ypaBHEHUs (3.6) B IepBOE, MOTYIUM
{JU,+U, =V, ]#V, b x=x,. (3.7)

BbruncnnmM 3HaueHre oneparopa JeBoit yactu ypaBHeHus (3.7)
dVv dv, ., p*> d¥v, , p°
{[Ul +U2 *Vl] *VS} :V4 *\/3 :\/4\/3 + d—p4V3p + W;V?’ ? + dp34 V3 3| =

= 44p4+b43p3+b42p2 +b4lp1+b40p0,



rie ko3 duiueHTsI Dag,043, 042,041,040 OnpenensroTcst cooTHOMICHNAMEU

b44 = a43d1;

b43 = 3a43pd1 + a42d1 + a43do;

b,, =3a,,pd, +a,,d, +a,d, +2a,pd, + 3a43p2d1;

b,, =a,,d, +2a,,pd, + 3"’143p2do +a,d, +a,pd, + a42p2d1 + a43p3d1;

by, = 2,00, +a,,pd, + a42p2d0 + a43p3d0.
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CtpykTypHasi cxeMa CUCTeMbl, IIpeoOpazoBaHHasi ¢ yuyeToMm ypaBHeHUs (7), u3oOpakeHa Ha

puc. 3.3.
y

g

UZ

X5 1 X
——
[U, +U, =V ]*V,
X4

Puc. 3.3. CtpykTypHas cxema CHCTeMbI

e

>

[lepeitnem k mocneaHeMy TPeoOpa3OBaHUIO CTPYKTYPHOM CXEMbI — K YCTAHOBJICHHUIO CBSI3H

mesxay curnanamu Y(t) u X(t).
JIJIst CTpYKTYpHO# CXeMBbI, H300paXeHHOU Ha puc. 3.3, UMEET MECTO CHCTEMa ypaBHEHUH

X =U,é&;

X, = FX;

X, = {[U, +U, #V, |V, | x;
E=Y—X,.

(3.8)

[TpuMeHsisi METOJ TIOJICTAHOBKH, WCKJIIOYMM W3 CUCTeMbl ypaBHeHHU (3.8) mpoMeKyTOUHBIC
IIEPEMEHHBIE X4 U Xg. [lomydaeM mocienoBarenbHO

Hanee n3 ypaBuenwii (3.9) Haxomum

HIIN

OKOHYAaTCJIbHO MMOJTYyYUM

Uzgz{[U1+U2*V1]*V3}X;
E=Y— F3X.

U,[y—Fx]={[U, +U, *V,]*V,}x;

Uoy ={Up* Ry +[U; +Up *V; ]*Vg} x.

O6o03Hauas oneparop B pUrypHoii ckooke uepes Lo:

Uay = Lpx.

{U2*F3+[Up +U *V [*V5) = Lg

(3.9)

(3.10)

YToObl HAalTH BBIpaXKEHUE I omeparopa Ly, HyKHO onpenenuTh 3Ha4eHUE TONBKO IEPBOTO

cmaraemoro U,*F3, Tak kak BTOpoe ciaraemoe yxe HaiaeHo. [lomyanm
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2
U *R=UyR +d—p Fsp =(Bier) p” +(Biper + foer + Bigy ) P+(Sogo + BiPey ) -
Jlns oneparopa Lo HaxoauM ClIeIyroIyo 3aBUCUMOCTb:

4 3 2
Lo =bgap” +D43p” +(byz + Bier ) p° +(bay + Bieo + Boer + Biper ) P+ (bag + Bogo + APy ).
DOKBUBAJICHTHAs CTPYKTYpHAsl cXeMa, COOTBeTCTBYyromiasi ypaBHeHuto (3.10), mmeer mpocroit
BHJI U U300pakeHa Ha puc. 3.4.

y 1 X

— U, > >

L,

Puc. 3.4. CtpykTypHas cxema CHCTEMbI
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4. MaTemaTtuuyeckas Mmogenb CUCTEMbI yrpaBrieHUss caMoHaBoAsILLeACA
pakeTbl B popme ckansipHoro anddepeHumanbLHOro ypaBHeHuUs

PacuetHast cxema cucTeMbl yIpaBieHUsI CAaMOHABOSAIIEHCS PakeTsl IpecTaBieHa Ha puc 4.1.

g(t) X
R rol Y
S r(t)
X Xy
7 Xo[1 IX[ 11X X X
6 5 4] 1 3 | . ol s
V(t)<_ S— <_V('[) < T.s+1 «n‘r(t)‘ ] Ts+1

Puc. 4.1. PacueTHas cxeMa CUCTEMBI YIIpaBJICHUA CaMOHaBOHHmeﬁCﬂ PaKEThI

C wucnonp3oBaHueM aud@epeHuaNIbHbIX  OMepaTopOB

JaHHasgs CXEMa MOXET OBITE

npencrasieHa B popme (puc. 4.2), Koraa KakaoMy U3 GyHKIMOHAIBHBIX OJIOKOB, BXOJISIINX B COCTaB
CHCTEMBI yIIpaBJIEHUs, COOTBETCTBYET CBOH An(dhepeHnabHbIi onepaTrop. 3anuch onepaTopa B BUJIE

-1 - A~ o v 19
obpatnoro (B, 1=19) o3nauaer, 4T0 COOTBETCTBYIOUMH TUPPEPEHIUAIBHBIN ONepaTop AEHCTBYET

Ha COOTBETCTBYIOLIHI BBIXO/, @ B BUAE NPAMOro ( A ) — Ha COOTBETCTBYIOLIMNA BXOI.

g(t) £(t) 1 % 1 1 |he)
B, "B, "B, [
T -
! T X [T X% [T ] X, [T ] X[1]X[1 Xl:
I e e e | |e— |
I Bs B B, B, B, B, Al II

Puc. 4.2. CtpykTypHas cxema CUCTEMbI YIIPABJICHHS CAMOHABOIAIICHCS PAKETHI B

orepaTropHoii hopme

CrpykTypHO#i cxeme pHc. 4.2 COOTBETCTBYET CIIEYIOIIasi CUCTEMa ONEPATOPHBIX YPaBHEHHIA:

Ax (t)=Bx,(t);

)= );
X; (t) = Byx, (1);
X, (t) =B, (t);
X (t): BsXs (t);
X (t) = Byx, (t); “.1)
X (t)=g(t)-2(t);
Xs (t) = Byx, (1);
e(t)=B,x (t);
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rae auddepeHIranTbHbIe OTIepaTOPhI OMPEICIISIOTCS CASAYIOITUME 3aBUCUMOCTSIMHU

p=d/dt

A=p;

B =T.p+1=b,p+Dby;
1

B, =———==D0,;
onlr@) 7
Ba :chp+1:b31p+b30;

B4 :V(t):b4o;
B; = p;

B, =1/V (t) =b,,;
B, = p;

By = r(t) =Dy;

B, =1/r(t) = by,.
Jlanee HEOOXOIUMO NPHBECTH CTPYKTYPHYKO cxemy (puc. 4.2), ONHCBIBAGMYI) CHCTEMOM
maddepeHManbHbIX ypaBHeHUH (4.1), K OKBUBAJEHTHOH MPOCTOH CXeMe, OMUCHIBAEMOW OIHUM
CKJISIPHBIM U PepeHINATLHBIM ypaBHEHHEM, cBsi3biBatonM Bxon g(t) u Beixoxa h(t).

Jlist aToro cHavaiia mpeoOpasyem Tpyminy (YHKIIMOHAIBHBIX 3JIEMEHTOB B OOpaTHOM cBs3M I
(puc 4.2).
1. UckirrouaeM mepeMeHHyI0 X, (t) :

=B
A1X1 1X2’}:>A1X1:[81*Bz])(3:|:0x3;

X, = Bzxs
I:o = Bl*Bz = foo"' fmp;

1 1 . ~ Tc
. =(Tcp(”lf(t)lj+ n|r‘(t)|]' for = n|r()|’

2. VckimouaeM repeMeHHYIo X, (1) :

AX = FoXs,
X; = B;X,

}:>A&:[&*BJXﬁ:EM;

F =F*By=f,+f,p+f,p%
fio = foobsg + foPDy;
fiy = foobyy + foP0y; + f5,0;
fio = fouldyy.

3. Uckimouaem iepeMeHHyto X, (t) :

A1X1 = I:1)(4’
=|F *B, | X = FX;
X4:B4X5 = AX [1 4]5 275
Fz = Fl* B4 = f20 + lep"‘ fzzpz;
fzo = f12p2b40 + f11pb40 + f10b40;
f21 =2 flzpb4o + f11b40;
fzz = 1:12b4o'
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4. VckimovyaeM IepeMeHHyIo X, (t) :

A1X1:F2X5’
= =|F, * By | X; = KX
X; = B.x, AX [ 2 5] 6 36
F3:F2*85:f30+f31p+f32p2+f33p3;

f30 =0; f31 = fzo; fsz = f21; f33 = fzz-

5. UckimodaeM nepeMeHHyro X (t):

A1X1 = sts’
= =|F, *B; |x, =F,X;
X = B.X, AX [ 3 6] 7 47
I:4 = Fs * Be = f40 + f41p+ f42 p2 + f43p3;
f40 = f33p3b60 + f32p2b60 + lepbeo;
f41 =3 f33p2beo +2 fszpbeo + f3lb60;
f42 =3 fsspbso + fszbao;
f43 = f33b60'
TakuMm 00pa3om, rpyIia 3JIEMEHTOB B OOPaTHOM CBSI3M ONMUCHIBACTCS CIICIYIONINM YPaBHCHHEM
¢ muddepeHIuaIbHBIM OIepaTOPOM:

A X (1) = Fyx; (0);
F,=[B, *B, *B, *B, *B, *B;].
CrpykrypHas cxema (puc. 4.2) ¢ yderoM MpeoOpa3oBaHHONH OOpaTHOW CBSI3U MPHUMET
cnenyroumii Bun (puc. 4.3):

g(t) e®) | 11 % | 1 i h(t)
B [ |8 "B, g
X7 Xy
1
F, <« A1 -

Puc. 4.3. CTpykTypHas cxema CUCTEMbI YIIpaBJIEHUs C IPeoOpa30BaHHOM 00paTHOM CBA3BIO.

[IpeoOpazyeM cxeMy, HCKIIOYHMB IepeMeHHble X, (t), &(t), Xy (t), X, (t). CrpykrypHas cxema

puc. 4.3 OIUCHIBACTCSI CIIEAYIONICH CHCTEMO YpaBHEHH ¢ AudepeHIHaIbHBIMU OIIEPATOPAMH:
X (8) = 9(t) - &(0);
AX (t) = F,x, (t);

e(t) = B, %(1);

Xg (t) = By, (1);

X, (t) = Byh(t).
N3 cucteMbl COOTBETCTBYIOLIECH TOICTAHOBKOU ITOIyYUM

X7 (t) = g(t) - B7 Xg (t),

nIn
X7 ®=9® - [B7 * Bs]x1(t)-

HckimounM nepeMeHHyto X, (t)
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Ax(t) =F, {g(t) [B7*Bs]x1(t)},

WIN
Aixl(t) = FAQ(t) _[F4 * B7 * B8]Xl(t)'
VuursBas, uto X, (t) = Byh(t) , okonuarensHo nomydaem
{[A& * Bg] + [F4 *B, *B; * Bg]}h(t) =F,9(t).

Haiinem nuddepeHnnansHbIil orepaTop JEBOM YacTH YpaBHEHUS:

1.
B, *B;*B, =C =c p+c,;
G = bsopbgo + pbsobgo;
G, :bsobgo-
2.
A * By =Dy, p +phy,.
3.

F,*C+A*By=L=1p*+Lp°+1,p* +1p+I,;
l, = f,ap°c, + fp°C, + f,,PC, + f,uCy + POy
l, =3f,p°c, +2f,pc, + f,c,+ fp°c + fp’c + f,pc, + f,.C, +by,;
, =3f,,pc, + f,,c, +3fp°c, +2f,pc + f,cC;
l; = £, +3f,5pC, + f,,C.;
l, = f,C.

4. lns yno6cTBa nepeo0o3HauuM
D=F, =d,p®+d,p’ +d,p+d,;
dy=f,; d, =1, d =15 dy =T,

CTpyKTypHas cxema ¢ y4eTOM MOCIeIHUX Mpeodpa3oBanuii mpumMeT Buj (puc. 4.4):

g(t) 1| h)

— 5 D> —F—

L

Puc. 4.4. TIpeoOpazoBaHHasi CTPYKTYpHAsi CXeMa CHCTEMbI YIIPABJICHHS CAMOHABOISIICHCS PAKEThI

Hckomoe ckamsipHoe aud¢epeHnaIbHoe ypaBHEHHE, OINKCHIBAIOIIEE IOBEIEHUE CHCTEMBI
yIPaBJICHHS CAMOHABOISAIIEHCS paKeThl B ONEPaTOPHON (hopMe 3aruIIeTcs Tak:
Lh(t) = Dg(t),
WJIU, 4TO TO K€ caMoe,

L d h(t)

d° h(t) d2 h(t) dh(t)

+15()

+1, (1) — =+, (O)h(t) =

~d (t)d 9 1o (t)d g“) d(t)dg“)+do(t)g(t).

HeiictBue nuddepeHnaabsHOro orneparopa onpeaesseTcs 3aBUCUMOCTIMH



) o A

pby )= 28 b 0 p, )= L2 = b0
(1) pby )2y (1) = Co (1) db(;t“) a,(t) = ¢, (b, (V2 (1)
o (0P, (08,0 = 6,0 T2 2,0 = (O (D, (0

Ipumep. Eciu B cucTeMe yrpaBiieHHs: CAMOHABOIAIIEHCS PaKeThl IIPHHSATH
ckopocth paketsl — V (1) = 200(1+t).m/ c;
ckopocth nemu — V, (t) =400m/ c;
M3MEHEHHE PACCTOSHUS MEXIy paKeToi u menbio — r(t) =100(45—6t —t%).x;
3anarouee Boszneictaue — g(t) =V,A0, (1) -V (t)AO,(t) =V, -0,05-V(t)-0,05,
T0 K03 purments! nuddepeHIaTLHOT0 YpaBHEHHs OyIyT UMETh BUJT

7 1
lo
| t
L
2
L =1Lt
n_|.
1y .
8
g t
0,54/n 2,16/n 3,42/n 2,72/n 1,14/n 0,24/n 0,02/n 0,00/n 0,00/n
-17,31+4,05n -44,89+14,31n -29,87+18,63n 2,7+10,4In 3,56+1,79n -0,0125-0,39n -0,0815-0,15n -0,005-0,01n 0,00
L= 17,31 62,21 74,77 27,17 —6,26 -3,55 0,094 0,087 0,005
10,935 34,55 35,89 10,45 -3,27 -1,42 0,055 0,036 0,002
0,911 2,79 2,81 0,78 -0, 26 -0,11 0,0045 0,0027 0,00015
do (1) 1
di(t) | 1
-=D.. |,
Ay | n- |
8
| d3(t) 't

rae N — KOHCTAaHTa HaBUTAIlUH.
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[ -17,3 44,89 -29,87 2,7 356 -0,0125 -0,082 -0,005 0,00 ]|
17,31 62,2 74,77 2717 -6,26 355 0,094 0,08/ 0,005
10,935 34,55 3589 10,45 -327 -1,42 0,055 0,0357 0,002

1 0,911 2,79 281 0,7/5 -0,261 -0,11 0,0045 0,0027 0,00015|
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5. MatemaTtnyeckaa moaesib CUCTeMbI yripaBrieHU CaMOHaBoAasiLencs
pakeTbl B HopMmanbHou hopme Kowuun

PaccmoTpuMm MaremMaTn4eckyir0 MOAENIb CHCTEMbI YIPABICHUS CaMOHABOMSIICHCS DaKeThl B
HopMasbHOU (opme Kormn.

CkansipHoe muddepeHIanbsHoe YpaBHEHHE CUCTEMBI YIIPABICHUS CAMOHABOISIICHCS PaKEThI
UMeeT BUJI

LOID 41000 L1 IO 4 PO Ly gy -
d(t)d 90 +q (t)OI 0,09 40,000,
Pasgennm Ha |, (t) u cpemaem crnexyromme nepeoGosHadeHus it KOO(QGULUHEHTOB 3TOrO
ypaBHEHUS: ) y
90 2081 40,00 1D o0 MO 4 1) -
—bl(t)d an b(t)d g(t) +0,0 b, 090,
- 0 L), L 1L
t t)
ai(t)—l(t,2<)—|(t) 0= 0=
A, O A ).
B0 = (0= P im0 =0 = o

Torga ckalsIpHOMY YpaBHEHHMIO COOTBETCTBYET CIEAYIOLAsh CUCTEMA YypPAaBHEHUH B
HopMasbHOU (popme Korm:

% =%+ Ft)g(t);
X, =X+ F,()g(t);
Xy =X, + F5 (1) g (t);
X, =—a,(t)X, (t)—a,(t) %, (t) —a,(t)x, (t) —a, ()%, (t) + F,(t)g (t),
re X (t)=h(t)-Fy(t)g(t),Fy () =by(t), a dymawu F(t),i=14 semmcmmores c

MIOMOIIBIO PEKYPPEHTHOM (hopMyIIbI

i1 i—k dSF (t) L —
Cnl k ’ :1’ ’
ko; n+s—i |ks dts I
B KOTOPOH
o _(n—i+s)!

" (n—i)ist

HauanbHble yCIIOBHSI JOJKHBI OBITH COTJIACOBaHBI TAaKMM 00pa3oM, 4TOObI HE OBLIO
CBOOOIHOTO IBIKEHUS.
B matpuuHoii popme nocnenHss cuctemMa uMeeT BUJ
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- 0 1 0 0 F(t) X, (t)
R R N ACR
a(t) -a) -a) -a A (1) (1)

TakuM 00pa3zoM, OT CKaJSPHOTO YpaBHEHUS 4-TO TMOPSAIKA MBI NEPENUId K CUCTeMe u3 4-X
nuddepeHIaTbHBIX ypaBHEHUI NepBOro nopsijaka — k HopmanbHoil ¢popme Komm. [lepemennsie X,
X2, X3, X4, HA3bIBAIOTCS TICPEMEHHBIMU COCTOSHUS, I ()a30BBIMH KOOPIUHATAMH.
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6. UMnynbCHble nepexoaHble (PyHKL UM HECTAaLMOHAPHbIX CUCTEM

Ipumep 1.

JluneliHast HeCTallMOHAPHAS CUCTEMA OMUCHIBACTCS JU(PepeHIINATBHBIM YPaBHEHUEM BHIA
X(t)+0,2%(t)+0,25exp(0,4t) x(t) = y(t).

[Toctpoum HopmanbHyto UII® cuctemsr Ha untepBaie t,7 € [0,15]. Illar uaTerpupoBanus npu

MOCTPOCHUH HOPMAaJIbHON (yHAaMEHTaIbHOU cucTeMbl perieHuit mpumeM paBHbiM 0,005. Pernenune
3ajaun  nposegeM B nakere Matlab. Ha puc. 6.1 mnpexncraBieHsl 37€MEHTbl HOpPMallbHOM

(dbyHIaMeHTaJIbHON CUCTeMbl pellleHud ypaBHeHusa. Ha puc. 6.2 mpuBonsarcs rpaduxu k(t,r) npu

pa3nuyHbIX (PUKCUPOBAHHBIX 3HAUeHUsAX 7 . Ha puc. 6.3 npencrasnena UTID k (t, T).

2

0.5

i s
——tif
L

Puc. 6.1. I'paduku 31eMeHTOB HOpMaJIbHOW (hyHIaMEHTAIbHOM CUCTEMBI pelleH i

1 k(t,T;)

-1 H H -

Puc. 6.2. I'paduk HopmansHoit UTID K (t,r) npu 7 = 0(1), T= 3(2), 7=6(3)
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Puc. 6.3. UT1® HecTanmoHapHOW CHCTEMBI

TOJIBKO 17151 IPOCTEHIINX CIIy4aeB MOKHO IIOJIYYUTh 3aBUCUMOCTH, onpeneistomue UIID.
Hanpuwmep, ecau JIHC umeet ctpykTypHyto cxemy (puc. 6.4),

y (t) X (t) Veunurens x(t)
—| U s [ cxkodpd.
t+1

Puc. 6.4. Ctpykrypnas cxema JIHC

to ee U1 onpenensiercs BopaxkeHueM (puc. 6.5)

k(t,7)=(t +1)1(t—7)1(z).

Puc. 6.5. Bug UT1® u pa3nuyHbIX ee ceUeHUI
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Ecmn xxe 1Y JIHC umeet Bua
(t+1)X(t)+x(t)=(sint)y(t)+(cost)y(t),
TO
sint
k (t,z') = ml(t - z')l(r) .
Bun UI1® npexncrasnen Ha puc. 6.6.

Ao

ku{rrTl}
0
05 T
i
=9,15 (=1
T N

Puc. 6.6. Bux UI1® u ee ceuennii

UIID poctaTOYHO MPOCTO OMPEAENSIETCA TOABKO IS MPOCTBIX CUCTEM — CHCTEM HEBBICOKOTO
MOpsAZIKAa C HECTAIIMOHAPHOCTSIMH, OMKUCHIBAEMBIMU HECIOKHBIMH (GYHKIMSAIMU. Ho MHOTHE ClOXHBIE
HECTAI[MOHAPHBIE CHUCTEMbI YJIA€TCS NMPEACTABUTh B BUJE COBOKYITHOCTH CTAHIAPTHBIX COEAUHEHHI
6omee mpocThix cucteM. CTaHAAPTHBIMU HA3bIBAIOTCS MOCIEA0BATEIBHOE, MApaAIJIEIbHOE COSTMHEHUS
Y COCMHEHUS TUMa «0o0paTHas CBS3b». DTH COCAMHEHUS OCTAIOTCS B KJIacCe JTUHEHHBIX CUCTEM, €CITU
BXOJMIIME B MX COCTaB 3BEHbsA JIMHENHBI. lccienoBaHue CTaHAApTHBIX COEAUHEHUW 3BEHBEB
MPOBOJUTCS B paMKax TOW k€ TEOPUH, KOTOPOH MOIYMUHSIOTCS BXOASAIIME B COCTaB 3TUX COCTUHEHUMN
3BeHbs. TOrjJa MMeeT MECTO BO3MOXHOCTh JOCTAaTOYHO MPOCTO M YAOOHO HCCIIENOBATh CIOXKHBIC
CHUCTEMBI, €CIIM U3BECTHBI MTpaBmiIa, o3Bosisitomue onpenensate no UMD coequnsemerx cucrtem UMD
WX CTaHJAPTHBIX coequHeHHi. YacTo pa30ueHHe MCXOMHBIX CHUCTEM Ha 0oliee MPOCTHIE COCTaBHBIC
YaCTH yIAETCS BBIMOJIHUTHh TaK, YTO BCE «MHEPIIMOHHOCTH» OKa3bIBAKOTCS CTAIMOHAPHBIMHU, a BCE
HECTAIIMOHAPHOCTH — OE3bIHEPIIMOHHBIMU (B BHJE YCWIHTEICH C HW3MEHSIOMIUMUCS H3BECTHBIM
o0pa3oM BO BpeMeHHM KOI(PPUIIMEHTAMH YCUJICHUS — B BHJE OE3BIHEPIIMOHHBIX HECTAIMOHAPHBIX
3BeHbEB). Torma aHamm3 ympomaercs eme Oojee, Tak KaK JUIsi €ro IPOBEICHHS] OKa3bIBACTCS
nocratoyHbiM 3HaTh WUIID numie sneMeHTapHBIX CTallMOHAPHBIX 3BeHbeB U UIID Ge3pIHepIIMOHHOTO
HECTAI[MOHAPHOI'O 3BEHA.

Ipumep 2.
Haiittu UII® cuctembl, mnpeacTaBisgomEeil co0ol  mociefoBaTeIbHOE  COCTUHEHHE
CTallMOHAPHOI'O alepUOJUYECKOr0 3BEHA W JIBYX YCHJIUTCIBHBIX HECTALIMOHAPHBIX 3BEHBEB C

t -t
K03 pHIIHEeHTaAMH, H3MCHSIOIUMICS 110 3aKOHY € u €  (puc. 6.7).
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y® [ 1 | X(®)
—» € —P W2(5)=S+a —» € —»
k,(t,7) K, (t,7) k,(t,7)
— g _
ki, (t, 7)
— o _
Kips (t, 7) = K(t, 7)
Puc. 6.7. CtpykTypHasi cxema CUCTEMBbI
CornacHo U3BeCTHBIM (hOpMYIIaMm:
k (t,7) =e'S(t—7);
K,(t,7) = e_‘”(t_”l[t - T];
k,(t,7) =€'5(t —7).
[TpuMeHUB COOTHOIIICHHE
t
k(t.7)= [k, (t.4)k (4,7)d2 (6.1)

T
K IICPBBIM JIBYM 3BCHbLAM, IMOJIYUYHUM

t
k12 (t, T) _ J‘e—a(t—l)e—lé‘(i _ T)dl — e—a(t—ﬂ.)e—l _ e—a(t—f)e—r l(t . T),

A=tT

k,(t,7) = et —7].
Ipumensiem cootromenue (6.1) k Ky, (t,7) n K,(t,7):

t t
k(t, z') = jet5(t . /I)e—a(/l—r)e—rdl — ete—rJ'év(t _ Z)e—a(/l—r)d/l — e(t—r)e—a(ﬂ—r)

A=t

— et (),

Takum o6pasom, UTI® cucremsr (puc. 6) 3aBucutT TOabKO OT pasHoctu {— 7, T.e. mamHas
HecTallMOHAapHasT cucTeMa BeAeT ce0s Kak CHcTeMa CTainuoHapHas (Kak —CTallMOHAapHOE
ariepuoJIMUecKoe 3BEHO C TOCTOSHHOW BpemeHu u  koddduimenrom mnepenaun  1/(1-a)),

nepeaaTouHad (byHKHHH KOTOpPOr'o €CTh

1
W(s):m.
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7. MaTtemaTnyeckue moaenm HectaumoHapHbix CAY

B foopMe BEKTOPHO-MaTPUUYHOIO

uHTerpana Kowwn

IIpumep.
3anucarh BeKTOpHO-MaTpuuHblil uHTEerpan Komu mig CAY, onucbiBaeMoil ypaBHEHUEM
1 -
: 0
X= X(t), t>0.
2 2
t* ot
Opnna u3 pyHAaMEHTATBHBIX MAaTPUIl IMEET BHT
[t 0
X, (t) = .
A &
Bpruncinm
1
- 0
Xir)=| *
o) )
2 2
[lepexonHas MaTpulia UMEET BU]L
- -
— 0
_ T
XCD (t)XCDl(t) = 2 2 = q)(t,T)
1 t t
LT ’Z'3 ’Z'2 i

Ecnu umeeT MecTo cuctema yrpaBieHUs ¢ ypaBHEHUEM

X = A)X + Y(b),

LI
|:X1(t):|:j' T |:y1(7):|dz_
U] o1 t© € |y@]
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8. MatemaTnyeckme moaenu HectaunoHapHbix CAY
B hopme nepenatoUvHbIX PyHKLUN

IIpumep.
HYCTI) CHUCTEMA OIMUMCBIBACTCA YPABHCHUEM
x(t)+a(t)x(t)=y(t); [x(t)]‘tzr =0.
Ero TouHOE pemieHue B KBaapaTypax
t A
—Ja(rl)drl t _[a(fl)drl
x(t,r)=¢ * [er y(2)dA. (7.2)
T
Torna umiynscHast nepexogHast GyHKIHS JaHHOH CHCTEMBI
t
—Ja(m1)dz
k(t,r):e z '1(t—r),

u penienue qudGepeHMaTIbHOI0 YPaBHEHUS B KBAApaTypax MPUMET CICAYIOIIUN BUJI:
t
t — j a(r)dn
X (t, T) = J‘e A

T

At-2)y(4)dA.

Ilyctp a(t) =t, Torga

“la(m)dn  _° R
e A =e 2 =e 2 ez
2
nu
e A
x(tr)=e 2 [e2 -1(t-2)y(4)d4, (7.2)

T

OTKyJa BHUJHO, 4TO mnpeoOpa3oBaHue Jlammaca ot X(t,T) o mnepeMeHHOW t MOXXHO ObUIO Obl

BBIUUCIIUTE C IMOMOMHIBIO IMOBTOPHOI'0O HNPUMCHCHHA TCOPEMBI CBCPTKHU B KOMIIJICKCHOU O6J'IaCTI/I,
TCOPCMBI 00 HUHTCTPUPOBAHUU OPUTHHAIA U TCOPCMbI CMCIICHUA, CCIIU (I)yHKI_II/II/I, COCTaBJIAIOIIIHEC

12
TIPaByIo 4acTh Bepakenus (7.2), — opuruHaisl. Ho € 2 ¢ ®, nostomy Ly {X(t, r)} BBIUUCIISATH TAKUM

obpazom Henb3s. Ilpu 3TOM cieayeT yuuThIBaTh TakXke, YTO B OOIIEM ciiydae 37eCh HCIIOJIb3YIOTCS
CMelIeHHbIe TpeoOpa3oBanus Jlamnaca

X (s,t)= I x(0+7,7)edo :I x,(0)e"*%do
0 0
n
Y(s.t)=[y(0+7.7)e*’do =]y, (0)e*’do,
0 0
rae

% (0)=x(0+17,7); yi(t)=y(0+7).
B ciydae cranmoHapHO# CHCTEMBI (a(t) =a = const ) Berpaxkenue (7.1) mpumer Bu
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0+7 0
x(0)= [ e 10+ -2)y(2)da=[e ) 10— u)y(u+r)du=
0

T

17
—a(f6-
= [e ) 10 ) yy (w)d
0
910 — CBCpTKa B BGHlGCTBeHHOfI O6J'IaCTI/I, IIOOTOMY

X (s,7) = L{x ()} = L{e™? - 1(0)}- L{1(0)},

T.C.
1
X (S,z‘) =—Y (S,z‘) .
S+a
YuureiBas, 94To
Y (s,7)=Y (5,0)-€% =Y (s)-e%,
MoJydaeM TIOATBEpKIACHUE (DAKTy HE3aBUCUMOCTH (OPMBI PEAKIMU CTAllMOHAPHBIX CHCTEM OT
W3MEHEHUS MOMEHTa IPHUJIOKECHHUSI BXOJIHOTO BO3JCUCTBHUS (IIPH CABUIE€ BXOJHOTO BO3JICHCTBHS
peaKIus CTAllMOHAPHON CHCTEMBI TaK)Ke CABUTACTCS 0€3 M3MEHEHUS ()OPMBI).
DTO CBOWCTBO IMO3BOJISET MPUHATH MOMEHT NMPHUJIOKEHUSI BO3JIEHCTBUSI 7 PABHBIM HYIIO, YTO
MPUBOJIUT K 3aBUCUMOCTH
1
X(8)=1oY (5) =W ()Y (5).

1 y
rac W (S) = m — nepeaaToyHasn (I)YHKI_[I/ISI ATriepuoaANYCCKOro 3B€Ha € MMOCTOSIHHON BPEMCHHU ]/a 151

ko3 purmenToM nepeaun 1/a .
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9. UccnepoBaHMe YyCTOMYUBOCTU JIMHEMHbIX HECTaLUMOHAPHbIX CUCTEM

Ipumep 1.
ITyctp 3amana JIHC

) — L)y,

t+2
HpI/Iy =1[t], [X ] =X,, t, =0 umeem

t
x(t)= X, +e J'e dr.

0

Tak xak
[
e o T2 _ e[fln('r+2)]}) _ g In(t+2)+n2 _ o-In(t+2)gn2 _ 2
t+2’
TO
2 T+2 T+2 2 t+2 2
X(t) = X + I dr = X + ( ) X + -
t+2 t+29 2 t+2 t+2 . t+2 2 t+2
Ortcroga BUAHO, YTO cBOOOIHAS cocrasisaromas asrmxenns JTHC
2
X, () =——=X,
t+2

C TCUCHUCM BPEMCHU CTPEMUTCA K HYIIIO (T.C. 9Ta CUCTEMA yCTOfI‘-IHBEl 110 OTHOIMICHUIO K Ha4YaJIbHBIM
yCHOBI/IHM), a BBIHYXXJICHHAA COCTABJIAIOIIAA

t+2 2

0= 2

HEOrPaHMYEHHO BO3pacTaeT (M0 OTHOLICHWIO K YIPAaBIECHUIO CUCTeMa HeycroiuuBa). [lostomy
HeoOxomuMo uccaenoBath ycroiunBocTh JIHC HEe TOIBKO OTHOCUTENIBHO HAyalbHBIX YCIOBUH, HO U
€€ YCTOMYMBOCTb OTHOCUTEIBHO YIIPABJICHUS.

IIpumep 2.
ITycts B JIHC

%X(t) = A()X(t)+B(1)Y(t),

A(t) = 0 1
(6= —(1—acos2t) 0]

Tpe6yeTc;1 HalTH OTpaHUYCHHUSA Ha IapaMeTp a O6€CHC‘-II/IB8.IOH_[I/IC BBIITOJIHCHHUEC HCPABCHCTBA

rac

<2
||X(0)||

JUIS BeexX U, mpuHaAIeKamux HHTePBaITy [O, 27r].

W3 ycnoBusl 3alaum CIEAyeT, YyTO 37eCh TpeOyeTcss 00ecneYnTh yCTOMYMBOCTh Ha KOHEYHOM
UHTEpBAJIE WA 77, &, Ty M0 OTHOIICHUIO K HAYaJbHBIM YCIIOBUSIM CHUCTEMBI, IJ€ Ty =27 CEKyH]I,

& o
In—=2. JIna sroro (cMm. kputepuii B Jekiuu Nel4) HYKHO BBIYUCIUTH COOCTBCHHBIC 3HAYCHUS
n

MaTpPHULIbI A (t)
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0 acos2t
— 0 1 0 —(1-acos2t
A) =+ . ( ) _ 2
2\|—(Q—acos2t) 0| |1 0 acos 2t 0
2
Haiinem coOcTBeHHBIE 3HAUCHUST MATPHUIIBI K(t)
- ) acos 2t st
[AM)-A1,,|= 2 |=ar- -0.
acos2t 2
-1
2
[Tonydaem kopHU
acos 2t
A (t) =% 5

ABJIIIOIINCCA COOCTBEHHBLIMHU 3HAYEHUSIMU MaTpulbl A(t) .

3 pUCYHKa, TAC IIOKAa3aHO HU3MCHCHUC COOCTBEHHBIX 3HAYEHUH MaTpulbl BO BPCEMCHHU,
HarjiiAHO CJICAYCT, 4YTO MAaKCUMAJIbHOC COOCTBEHHOE 3HAUYCHHE DTOU Marpulbl HU3MCHACTCA BO
BPEMCHHU 110 3aKOHY

A, (t) =@|cos 2t|.

A(t) = —%cos 2t Ay (1) =@|cos 2t|

N |

N O

A(t)= %cos 2t

Puc. 9.1. I'paduk u3MeHeHns: COOCTBEHHBIX 3HAUCHUH MaTPHUIIbl BO BpEMEHU

CormacHo kputeputo 4, st Beex t e [O, 27[] JIOJDKHO BBITIONHATHCS YCIOBHE

t
EETNN
0 2 2 7
Otkyna
|a| < t; st Bcex t e [0, 27[] .

_[ |cos 2z,[d 7,
0

Uewm Ooqbllie 3HaMEHATEIIb HpaBOI\/'I qaCTu, TCM 0oJlee JKECTKHUE OrpaHU4YCHHA HAKJIAaJAbIBACT 3TO
YCJIOBHC Ha mapameTrp 4a. B 3aJaHHOM JuUanna3oHC HU3MCHCHUA t 3HameHarenn NpHUHUMACT

MaKCUMaJIbHOC 3HAYCHUE HAa I'PaHUIIC MHTCpBAIa:
2 7[/4

j cos2z,|dz, =8 j c0s2z,dz, = 4sin 27| =4,
0 0
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II03TOMY
1
|a| < >

Ecnu nns pemieHus 3Toil 3aaud BOCIONb30BaThCsl KpuTepusaMu 5, 6 (cM. aexkuuto Nel4), to
pe3yabTaThl COOTBETCTBEHHO
1
R
noJry4yarotcss 6ojiee MmpocTo, HO, Kak 3TO BUIHO, OHM HAKJIAIbIBAIOT OIPAaHMYCHHS Ha MCCIEAYyeMbIi
rapaMeTp co Bce OOJIbIINM 3aIacoM.

|a|s%; la| <
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10. MaTemaTtnyeckue moaenu nuHenHbix CAY B chopme ypaBHEHUN
C NPOEKLNOHHO-MaTPUYHbLIMU onepaTopamm

Ipumep 1.
HaiiTu nmpoexkIuOHHO-MaTpUYHBIA OIepaTop 3aMKHYTOH cuctemsl (puc. 9.1), ecim A —

MPOSKIIMOHHO-MaTPUUYHBIC OMEPATOPhl AJIEMEHTAPHBIX 3BEHBEB. WHTErpartopa, auddepenimartopa,
YMHOHUTEJIA.

A [ e—

t
& £ A A > A A A8—Xg)

A7<_A6<_

Puc. 9.1. CtpykTypHas cxema CUCTEMbI
IIpoeKIMOHHO-MATPUYHBIN OIIEPaTOp 3aJaHHOM CTPYKTYPHOU CXEMBI:
D) AA(I+AAA)
-1
1) AA,(1+AAA;) A, [I FAAAA, (I+AAA,)" Az} ;

-1
) A, = AAA (1+AAA ) A, [T+ AAAA 1+ AAA) A, | A,
HpOCKHHOHHO'ManHqHBIﬁ oreparop 33.MKHYTOI>’I CXEMBI UMCCT BHU],
A=A, (1+A))",

U CXeMa MOXKET OBITh Mpe/ICTaBIICHA

y(t) t
gL

p

Puc. 9.2. Pacuérnas cTpykTypHasi cxema CHCTEMBI

CTtpykTypHas cxema JMHEHHOM CHCTEMBbI JOOOW CTETNEHH CIOKHOCTH MOXKET OBITh
IIPEACTABIIEHA B BHJE COOTBETCTBYIOIIETO COCIMHEHMs DJIEMEHTAapHBIX 3BEHBEB. HMHTETPaTOpa,
muddepeHaTopa, yMHOXKHUTENS, CyMMaTopa.

IIpumep 2. MaremaTu4deckasi Mojae/ib CHCTeMbl HaBeJeHHS] HA KOHEYHOM BPeMEHHOM
HHTEpPBAaJie ¢ NCMOJIb30BAHHEM ANNAPATA NPOEKIMOHHO-MATPUYHBIX ONIEPATOPOB

HOCTpOI/ITB OIMMCAHUC CUCTCMbI HABCACHHA HAa KOHCYHOM BPCMCHHOM HWHTCPBAJIC [O,T] C

HCIOJIb30BAaHUEM almapara MPOEKIMOHHO-MATPUYHBIX oneparopoB. CTPYKTypHas CXe€Ma CHCTEMBI
caMOHaBeJIeHHs ITpeJICTaBlIeHa Ha puc. 9.3.
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g(t) =V, (AB, () -V () AG,

X[ 1 %] 1 |% h(t)
> = > - 1(t) —»
S r(t)
“lv ] Ll A et ] nfr] [ =2 |
s V(1) T, 5+1 Ts+1
Puc. 9.3. CtpykTypHasi cxema CUCTeMbI CAMOHABEICHHS
g(t) — BHemHee BO3JCHCTBHE, SKBHBAJICHTHOC MAHEBPY IE€AM W HAYadbHOH OIIHOKE
npuacjinBaHusd,

A®, (t) — npupalueHne yria TpacKTOPHH LeIIH,
V () — ckopocTh pakersl,

A®, (t) — npupaleHne yIia TPACKTOPHH PAKETEI,
\Y/ (t) — CKOPOCTb 1IEJIH,

i

r (t) — PACCTOSIHUE MEK/ly PAKETOU M LIEIBIO HA ONIOPHOM TPACKTOPHH,

F(t) =V, () -V (1),
N — KOHCTaHTa HABUTALIMH.

3anuieM COOTHOIICHHS «BXOA-BbBIXOI» IJIA KAXKAOTO 3JICMCHTApPHOTO 3BCHA, BXOAA U BBIXOJa
CUCTCMBI:

xz(t)::ixl(r)dr-+x2(0); X () = ==X, (1);

t

:%j;x3 dr—%£x4 )7+, (0)= X;Et)_%%( )dz+x, (0)
Xs (t) =n-[r (t) %, ();
Xﬁ(t):%lxs(r)dr—%oxe(z-)dr+x6(0),

(0= 07 (0= ()drax 0)
X (1) =V (1)-% (t); X, (1)=9(t)-%, (t); h(t)=r(t) %, (t).

[Tycth {gok (t)}f:l - OPTOHOPMHUPOBAHHBIN 0azuc ¢ BecOM p(t)=1 B mpocTpaHcTBe L’ [O,T];
0] t) =[¢)1 (t),...,(ol (t)]T —  BeKTOp-cTonOen  0a3ucHBIX  (YHKIUH, HMEeT pPa3MEPHOCTH

dim@(t):lxl. Torma, corjiacHO MeETOAy MPOCKIIMOHHO-MATPUYHBIX OIEPATOPOB, BEKTOPBI
k03 durenToB Dypbe pas3IoKEHUH BXOAHBIX W BBIXOJHBIX CHTHAJIOB KAKIOTO M3 3JICMEHTOB

CUCTEMBI, a TaK)K€ BXOJla U BBIXOJIa CHUCTEMBI MO Oazucy {gok (t)}f:l OyayT CBSI3aHBI CIEAYIOLIIUMU
COOTHOIIEHUSIMU:
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1
C*=AC" 0)®,; C*=A|— |C”;
u +X2() N (r(t)}

-1 -1
CH = I+iAu lCX3+ I+£ALI X, (0)®y;
T T T

c c c

C* = A(n-|r(t)])C*;

-1 -1
co=f1+2a | Tack+i+tla X, (0)®,;
T T T

cc cc cc

X 1 Xg « Xg X7 .
cr =A.[WJCG, C* = A,CY +%(0)Dy;
C* =A(V(t))C*; C*=C®-C*; C"=A(r(t))C".
B naHHBIX coOoTHOmIEHUSX: A, — NPOEKIMOHHO-MATPUYHBIA ONEPAaTOpP HHTETPUPOBAHUS B

0azuce {(pk (t)}:(=1; A(f (t)) — mpoeKIMOHHO-MAaTPUYHBIH ONepaTop yMHOXKEeHUS Ha (yHKIuio f (t) B

Oasuce {(pk (t)}:{ﬂ; | — equHMYHAS MaTpUIIa;

D, {]%(t)dt ]co. (t)dt}.

ITonoxkum HadYaIbLHBIC yCioBusaA jid CUCTCMbl CAMOHABCACHHA HYJIICBBIMU W BBCACM DAL

0003HAYECHUN:
-1

AZAGA, ZAY(L): A é[l +T3AJ Ti;
. 1 | 1
A4éA(n‘r(t)‘);Asé{l+T—mA4} T_CCA";

A2 ANV (O):A, 2A; A AV (1):A 2A(r(D) |

Ha puc. 9.4 npescraBiieHa CTpyKTypHas cCxeMa CUCTEMbI CAMOHABEICHHS C YUETOM BBEICHHBIX
0003HAYECHUH.

Cc? c"
—> A1 L A2 > Aj—>

A A Al A A A,

Puc. 9.4. CTp}IKTypHaSI CXEMa CUCTEMBI CaMOHABCICHUA

Bocnonb3yemcsi anmapaToM CTPYKTYPHBIX NMPeoOpa3oBaHUN AJIS HAXOXKICHHS MPOCKIIMOHHO-
MaTPUYHOTO orepaTopa cucreMbl. O003HAUYUM
A . A
AlO - AZAl’ All - A8A7A6A5A4A3'
CrpyKTypHast cXeMa CUCTEMbl CAMOHABEACHUS T0CIE JAHHBIX CTPYKTYPHBIX MpeoOpa3oBaHHMA
n3o0paxkeHa Ha puc. 9.5.
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C* c
’ A A

All

Puc. 9.5. CtpykTypHas cxema CUCTEeMbI CAMOHABEICHUS

O003HaunB
A -1
A12 - AlO[I +A11A10] 1
3aIHIIEeM BBIPAXKECHUE IS TPOSKIIMOHHO-MAaTPHYHOTO ONIEPaTOpa CUCTEMBI:
A=AA,,.
Takum oOpa3om, BekTOpbl K03DdunmeHToB dDypbe pasziokKeHHS BXOJHOTO M BBIXOJHOTO

CUTHAJIOB CHCTEMbl CaMOHABEJIEHHUS IO Oa3ucy {gok (t)} IIpY HYJIEBBIX HAYAJIBHBIX YCIOBHUAX

o0
k=12
CBsA3aHbl COOTHOICHHUEM
h
C"=AC".
Cursaisl Ha BXOJ€ 1 BbIXOAC CUCTCMbI OIIPCACIIAIOTCA BhIPAXKCHHUAMU
~ _ T g.
g(t) =@ (1)C";

h(t) = @' (t)C".
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