Jlekuun 2

CUHTE3 ONTUMAIJIbHbIX HEMNPEPbLIBHbIX
OETEPMWHUPOBAHHbLIX CUCTEM

HAXOXOEHUWUE ONTUMAJIbHOIO NPOrPAMMHOIO
YMNPABJIEHUA




IlocTanoBka 3aaa4u

IloBenenue mooenu o0veKkma  ynpaeieHun OTIUCHIBAETCS]
0OBIKHOBEHHBIM JH(dpepeHITHaTLHBIM YPpaBHEHHEM
X(t) = £t x(1), u(®), (1

® X — gekmop cocmoanua cucmemst, X = (X1, , Xn)T eR";

e u — sexmop ynpaenenusn, U = (U,..., Uq)T elU cRY, U — Hexoropoe
3a7JaHHOE MHOMCECHLE0 0ONYCIUMbBLX 3HAUEHILIL YRPAGTIEHIA,

e { — nemnpepuiBHOe Bpems, teT =[ty, ;] — npomexcymox epemenu
¢ynukunonupoeanua cucmemet,

e f(t X, u) — HempepbIBHAs BMECTE CO CBOMMM YAaCTHBIMH [IPOM3BOIHBLIMUY
BeKTOP-PYHKIUS, f(t,x,u)=(f x,u),..., f,x, u))T ,

f(t, x,u):T xR"xU - R"™, R"™ -  n-MepHOE  €BKIHIOBO
IIPOCTPAHCTBO.



MoMeHT Hauajia Imponecca to 3aJadH, a MOMCHT OKOHYaHHA IIPOHCCCa t'l

OIpeeaieTcss IePBLIM MOMEHTOM JocTHakeHHs Toukoi (f, x(1)) HexoTopoit

o n+1
3aJJaHHOM MOBepXHOCTH [' < R"™:

FC={(t, X)|T;(t,x)=0,i=1..,1, tye(ty, +x), xeR"}, (2)
T.C. B MOMCHT t»] AOJIZKHBI BBITTOJIHATLCA YCIIOBUA
F,-(I‘1,X(t1))=0, i=’I,N,I,OSI£n+‘I.

e mpu/ =n+1 MHOKecTBO I mpescTaBiieHO TouKoi B mpocTpancTse R " 1
e dyukuuu I (1], X) — HempepbiBHO AU PEPEHITHPYEMBI;

orl;(t,, ol (L, or;(t,, .
® CHUCTEMa  BEKTOPOB ( (h X),N , (& X), i (& X)J, i=1..1,

0 X4 X, ot

JNHHeHo He3aBucuma V(t, x) € RN

Hauanvnoe ycnosue 3anano x(ty) = Xg.



[Ipu yrpaBiIeHUH UCTIONIb3YETCsl HHPOpMAIUs TOIBLKO O BPEMEHH, T.€.
CUCTEMa  VIIPABJICHUs  SBISIETCS  PA30OMKHYTOHM IO  COCTOSIHUIO H
paccMaTpUBaETCsl TaK HA3bIBAEMOE RPOSpAMMHOe ynpaeierue (puc. ).

Mmnosicecmso oonycmumsix ynpasnernuu U 5 o0OpaszyloT KycOUYHO-

HeTpepbIBHbIC GYHKIMK U() co 3HaueHUsIMH B MHoxecTBe U . B Toukax
pa3pbiBa 3HAUYCHUE YIIPABJICHUS OIIPEJIEIISIETCS KaK IIPEJIET ClpaBa.

Muoxcecmeo oOonycmumeix npoueccos D (tg, Xg) - MHOXKECTBO
Tpoek d = (t1, x(+), u(*)) , KOTOpbIe BKIIOUAIOT MOMEHT OKOHUYaHMUSI Mpolecca
t;, Tpaektopuio X(-) W ynparienue uU(-), yJIOBIETBOpSIONIHUE ypaBHEHHIO (1)
¢ HayalbHBIM ycioBHeM X(fy) = Xg TMOYTH BCIOAY Ha MHOXKecTBE 1 W
VCIIOBHUIO (2).

l x(tp) = Xg

ax
=" f(t, x(t), u(t)) - x(1)

3

t—  u(t)

Puc. 1. P&BOMKHyTaSI IO COCTOAHHIO CUCTEMA YIIPaBJICHUA



Ha muoskectBe D (tg, Xg) OUpeAcicH QyHKUHOHAT Kadecmea ynpasieHuA

4
F(d) = | £t x(t), u(t)) dt + F (ty, x(t))) 3)
t

rje fo(t, X,u), F(ty, X) — 3amaunbie HEMpepbIBHO U} PEPeHIIHPYEMBIC (PYHKIIHH.
Tpe6yerca mHaitu Takyio Tpoiiky d = (t;, X (), u” () € D (tg, Xg), uto

[(d7) = de[r)n(itr;‘xo)l (d). 4

Bagaua (4) ¢ d¢yuknuonamoMm (3) HaspiBaeTea 3adadei boasya, cciu B
dyuxuuonane (3) pyuxuus F (t;, x) = 0 (TepMuHaIBHBIN YiICH) — 3adaued Jlazpanca,

ccmn fY (t, X, u) = 0 (MHTEeTPaILHBIN YJICH) — 3adaueii Maiiepa.
* B
X () uu () - onmumansnan mpaexmopus u onmMUMAIbHOE yRpaGiEHUE,
* w
t| — onmumManbHsLii MOMEHI OKOHYAHUA NPOYecca.

Ecmu moGoe nomyctumoe ympasienue U() €U mOposkmacT ¢IHHCTBCHHYIO

tpoiiky d € D (ty, Xg), To 3amaua (4) MokeT GBITh 3aMcaHa B SKBHBaJICHTHOM (opme:

! (to,Xo,U*(-)) — u(r)nin ! (to,Xo,U(-)).

€U0



Ipunuun makcumyma. Heo0xoaumbie ycj10BHS 3KCTPpeMyMa

Ilyemv mna mpoiike d” =(t;, x™(), u™ () e D (t5, Xg) Oocmucaemcs
munumym gyuxyuonana (3). Tocoa cywecmeyem maxas eexmop-QyHKYuUA
w(t) = (wq(1),..., W, )" (scnomozamenvuvie nepemennle), 4mo-.

1) 6 xaoxcooii mouxe HenpepwvigHocmu ynpaesienus u”(t) @yHxyus

H (t, w(t), x*(t), u) (raMHJIBTOHHAH)  Oocmueaem — MAKCUMYMA RO
ynpasieHuio, m. e.

max H (t, w(t), X" (t), u) = H (t, w(t), x* (), u* (1)) .

uel

3

20e H(twx,u)=> v, ftxu)-foxu);
i



2) 8b1MOSHACIICA YCILOBHE MPAHCEEPCATILHOCHLIL

SF (t;) —H (t)-8t; + X w;(t)-8x; =0 (5)
j=1

npu oobix 8ty U 8X ;, YOOBIEMEOPAIOWUX CUCIHEME

ST;(t, x" () =0, Li(ty,x () =0, i=10,1,
2de  H({)=HE, wty), x"&).u" ), FE)=FE. X&), a eapuayuu
ONpeoeAmca CAeOVIOUjUM OOPA30M:

* * g, ok n * % g,k
SF(t;")ZSF(t;“,x*(t;“)):aF(“'X () Sty + ZaF(t1'x (t) 8X;
oty = ox,

oT; (t7, X" (&) 5t i oT; (7, X" (&) Sx - -
ot, OX; )

ST (17, x™ (1)) =
j=1

3) pyuryuu x*(-), y(-) yoosnemsopaiom cucmeme KAHOHUYECKUX VPAGHEHUI

¥ (0 - 0. 0.6 ©)

g, =1 w(f)éj: (t), u™ (1))

= it x" (), u" @), xjte)=Xo;. j=10,n,

. j=18 ,n. (6)

J



3aMedyaHnusda

1. B gacTHOM ciTyuae 3aaHust MHOXeCTBA [, KOTJTa MOMEHT BpeMeHH 1, 3aJaH
u (ukcupoBano k koopauHar X11,0 , Xyq Bektopa X(4), T.e. ty =Tq, X;(4) = X1,
j=10 ,k:0<k <n,!=k+ 1, byakiun Fj-(t1,x) UMEIOT BH/I

Fj(t1,X):X-—X-1:0, j=1,,k;

i ]

Iy, x)=t, -T; =0.

3nech mpu K =n TpaBeli KOHEI TPASKTOpHHU Quxcupoear, a npu k =0
ceobooen. OTCIo/1a CIISAYET, UTO dX j=0,j=1 ki oty =0.

Pemaemast 3ajjaua ¢ (UKCHPOBAHHBIM BPEMEHEM OKOHUAHMS 3aIUChIBASTCS
B hopme

b
1(d) = | £Ot x(t), u(®)) dt + F (x(t))) —> min .
to

LY £ x*
PemenneM »5Toi 3amaum  sieistercss mapa (X (), u (1)): oNTHMaTbHbIC
TPACKTOPHSI U YIIPABJICHHUE.



2. B o0meM ciaydae raMWIbTOHUAH CIIEAYET 3alIUCHIBATh B (hopMe

n
Htw wo, X, u) =Dy, - it x,u) +wo - FOt x,u).,
=

a IIpY pELICHUN 3a/[a4d paccMaTpHUBaTh JABa ciydast yo(t) =0 u y, (£)#0.
Bo BTOpOM citygae oOBIIHO TodararoT o(t) = —1.

3. Ecim Ha ympaBineHwe HerT orpanmuenuit, tT.e. U =R | 10

MaKCUMYM TaMWJIbBTOHHAHA MINETCA C [OMOINBIO HEOOXOJAUMBIX U
JIOCTATOYHBIX YCIOBUI O€3YCIOBHOIO SKCTPEMYMA.

4. Ecam Momenb OOBEKTa VIIPABICHUS OIMCHIBACTCS JIMHEHHBIM
muddepeHnnaIbHbLIM YpaBHEHUEM, a ((YHKIIMOHAI KBapaTUIHBIM, IPUHITHAI
MakCAMyMa  SBISICTCS  HEOOXOJUMBIM ¥ JOCTATOYHBLIM  VCIOBUEM
ONITUMAaJBLHOCTH B 3a1a4e (4).



AJIT'OPUTM IIPUMEHEHUSA ITPUHIIUIIA
MAKCHUMYMA

n
1. CoctaButh ramwistonuan: H (t, y, X, u) Z it x,u) - FO, x, u) .

2. Haiitu cTpykTypy onTuMaibHoro yrpasieHus U (1) = u’ (¢, y(t), x(1)) uz
YCIIOBHS MAKCUMYMa FaMUJILTOHMAHA T10 YIIPABJIEHHIO.

3. CocTaBUTh CUCTEMY KaHOHHUYECKUX YpaBHEHHHM (6) ¢ 3aJJaHHLIMU B 3aj1a4e
YCJIOBUSIMH.

4. I3 yclioBUM TpaHCBEpPCaAJbHOCTH (5) MOJYYHUTh HEJOCTAIOIIME KpaeBble
YCJIOBUS JUISI YPaBHEHUH COCTABJIEHHOM CUCTEMBI.

5. Pemute JBYXTOUYEUHYIO KpaeBYI 3ajJady /UIsl CHCTEMbl KAaHOHHUYECCKHUX
YpaBHCHHUM, IMOJYUYCHHYIO B 1. 3, ¢ y4eToM pe3yiabTaroB Im. 2 U 4. B wurore

onpenensietcss Tpoiika (t7, X (), U™(*)), Ha KOTOPOH MOXKET JOCTHIaThes DKCTPEMYyM
dyHKITHOHAJIA.



IIpumep 1.
Jlanbl MoJie)ib 0ObEeKTa YIIpaBJICHUS
(1) =u(t). x(0)=0, x(1)= 15

rme X eR;ueR;tel01],n pyaxumonan
1
I = [u?(®) +x*(t)]dt > min .
0

TpebGyercs Haiitu onTumanbHyio napy (X (+), u™(+) , Ha koTopoii KocTHraeTcs
MHUHHMYM (yHKIMOHAJIA.

CpaBHuBas ¢ 00Ied MOCTAHOBKOH 3a71au, UMEEM
f(t,x,u)=u, fo(t, X, U) —u? +x2, F(t, x)=0, TIq(t, x(t;)) =t; -1=0,

Lo (t, x(t7)) = x(1) - 15 = 0. Pemaercs 3amaua Jlarpamxa.



1. CocraBnsem ramuasronuan: H (T, y, X, U) = yu — u? —x?.

2. HaXO,HI/IM MaKCUMYM T'aMHWJIbTOHHAHaA IIO VYIIPABJICHHIO. Tak Kkak
OI'paHHYCHHS Ha YIIPABJIICHUC OTCYTCTBYIOT, MOJKHO IIPUMCHHTDB HCO6XO,Z[I/IMLIC

YCIOBHS ~ O€3yCIIOBHOTO — BKCTPEMyMa ai H (t, w(t), x(t), u) =y(t) —2u =0.
u

. HalinenHoe ynpaniienue odecrieunBaeT MakKCUMyM ¢ YHKITHH

Orcroma U™ (t) = @

H (t, y(t), x(t), u) Do yupapjieHHIO, TaK KaK YIOBJIETBOPSIOTCS JIOCTATOUHBIE

4 (t, w(t), x(), u) ==2 < 0.

YCJIOBH S DKCTpEeMyMa >
ou

3. BeinuceiBaeM ypaBHEHUSI CUCTEMBI (0):
k0 =u =22 x=0 x=7.

BO) = = = H (8 (D), x(0, u(D) = 2x(0).



4. IIpoBepsieM yciaoBHSI TpaHCBEepcadbHOCTH (5). Tak kak F (i, x) =0,

1
TO 8F =0 u [—H (t;) - 8t; + y(t;) - 5x] = 0. llockonbky t; =1 U x(t;) =5
t-] =1
3aJ1aHbI, TO &t; =0, 8x =0. lloaTOMY VYCIOBHSI TPAHCBEPCAIBHOCTH
BBITTOJIHSFOTCAL.

5. PelllaeM MoJIy4eHHYIO ABYXTOUYSUHYIO KPacBYIO 3ajauy:
() = w 0)=0 1) = 1
0 =2, X0 =0, x( =+,

W(t) = 2x(1).
[TocieoBaTeIbHO HAXOIHUM:

Mt):@:)((t)' Co=-Cq,Cy :2(e2€_‘|),
x(t) =C; e' +Cy e, * w(t) *

x(0)=C1+C, =0, u (t)=7:ﬂ (t).
X(1):C1e+02€—1 :157

B pe3yibTaTe HAXOMUTCS] HCKOMAs T1apa:
t -t t, ot

(1) = 28 - P G A ).
2(e“ -1) 2(e“-1)




Ipumep 2.

JlaHbBI MOJICIb 00BEKTA YIIPABICHIUS
X(t) = x(t) +u(t), x(0)=0,

rame x eR;, ueR;telG1], udpyHrimonHa
1
/ =I u?(t)dt —x(1) > min .
0
TpebOyercas HaiiTm onTmManpHyIo mapy (x (), u’()), Ha KOTOpPOit

HAOCTHUTACTCA MUHIUMYM q}YHKL[I/IOHaHa.

CpaBHmBag ¢ oOINEH ITOCTAHOBKOM 3ajaum, mMeeM: f(t, x,u)=Xx+u,
FO(t x,u) = u?, F(t;, x)=—x, TIy(t, x(ty)) =t;, -1=0. Pemaerca 3axaya
boxbma.



1. CoctapnsieM rammwibTonnan: H (t,y, X, u) = - (x + u) —u?.

2.H3XOI[HM MaKCHMYM I'aMHJIbTOHHAHA 11O YIIPaBJICHHIO.

Z_H (&, wlt), x(0), 6) = w(t) - 20 = 0.

ou
Orcroma u™ (t) = , B H (t, w(t), x(),u) =-2<0.
ou

3. BeImHChIBacM ypaBHEHUS CUCTEMBI (6) ¢ yYETOM pe3yibTaTa 1.2:

B) = x(t) + u™ (1) = x(t) + YU ), x(0) = 0.

(t) = —% H (¢, y(t), x(), u(t) = — y(t).

4. TIpoBepseM ycioBue TpaHCcBepcaldbHOCTH. Tak Kak F (t;, X) = —x, T0 8F = — 8xX.

CoracHo yeiosmo, [ — 8x — H (t1) 8ty + w(t;) 8x | = 0. ITockomeky t; =1, To 8t; = 0.
t;=1
Orpannvennii Ha X(f;) He HAIOKEHO, MMOATOMY BapHalud SX TPOH3BOJIbHA. B pesyibrate

umeeM | y(t;) —1]- 8x = 0 u, ciegoarensro, Y(1) —1=10.
=1



5. PemracM MOJIyYEHHYIO ABYXTOUYCHH YO KPAcBYIO 3a/1a4uy:

() - x(r)+%, x(0) = 0,

W) = —w(t), w(1)=1.
113 BTOpOro YpaBHEHHS ¢ KOHEUHBIM yoJoBHeM HMeeM (i) =e'™'. Tlostomy

" H o1 4
ONITHMAJIFHOE yIIpaBJIcHHUE U (t) = W) _ —e'

2

1-t
e
Pemas mepBoe ypaBHeHue cucTeMbl X(t) — x(f) ==~ © BSAIBHHM YCJIOBHEM

x(0) = 0, mocIeAOBATENIHHO TOTyYacM:

Xo(t) = Ce' — obIiee pemeHHe OAHOPOHOTO YPABHEHHS,

Xy(t) = - %e‘t — YacTHOE PEIICHHE HEOJHOPOTHOTO YPaBHEHHUS,

X(8) = xo() + x, () =Ce' - %e‘t — of1iee pericHre HEOAHOPOIHOTO YPaBHEHUS,
e e

x(0)=C-—==0, C =—.
4 4

T _
Cre1oBaTe IbHO, ONITHMAJILHASL TPASKTOPHS X (1) = 7 [e”I e t].



IIpumep 3.

JlaHbI MOJIENIb OOBEKTA YIIPABICHHUS
(1) =x,(t), x(0)=1, x;(2) =0,
Ht)=ut), x9(0)=1, x5(2) =0,

rne x = (xq,x,)" €R?, ueR, te[0 2], u dyHKIMOHAI
12
/ :—j u? (t) dt — min .
25

TpeGyercs HaliTH onTHMaIbHYIO Tapy (x” (), u” () , Ha KOTOpOii focTUraeTCs
MUHUMYM (PYHKIIHOHAJIA.

CpaBHHBas ¢ OOIIEH MOCTAHOBKOM 3aaul, HUMEEM
1
f1(t, x,u) = x5, Fr(t, x,u)=u, fo(t, X,U) = EUQ,
F(t—l, X) = 0, F1(T1, X(t-l)) = t1 —2 = 0,

Tyolty, x(t1)) =x1(2) =0,  Ts(ty, x(ty)) = x5(2) = 0.

Pernaercs 3ajaua Jlarpanxa.



1
1. CocTaBiigeM raMwiIbTOHMAH: H (T, y, X, U) = W1 X9 + Yo U — —u?

2. HaxoauMm MaKCHMyM TaMIJIbTOHHAHA II0 yIpaBicHU0. Tak Kak OrpaHUYCHUS Ha
VIIPABIICHHE OTCYTCTBYIOT, MOKHO IIPUMEHUTh HEOOXOJUMbBIC YCIOBHA OC3yCIOBHOTO

0 *
SKCTpEMYMa: 6_H (t, w(t), x(t),u) = yo(t) —u =0.Orcroma u (1) = yy(t).
u

HatigeHHoe yrpaplicHHe oOecrieunBacT MakcuMyM (pyHxipm H (t, y(t), x(1), u) mo
VIIPABICHHIO, TAaK KaK V/JOBICTBOPAIOTCA  JOCTATOUYHBIC  YCIOBHA  BKCTpPeMyMa

2
- H (6 w(®), x(), 1) =1 < 0.
ou

3. BelIlMchIBacM YpaBHECHUA CUCTEMEI (6):

ﬂ'I(t):XQ(t)a X1(0):1, x‘](z)zoa
ﬁ]2(1‘):u(t):\I"Q(t)a X2(0)21a X2(2):Oa

(1) = —aiH (t, w(t), x(t), u(®)) = 0,
X1

P, (t) = —aiH (¢, w(t), x(t), u(®) = —y1(t).
X2



4. IIpoBepsieM yCioBUs TpaHCBepCAIBHOCTH (5). Tak kak F (4, x)=0,a t; = 2,
x1(2) =0, x5(2) = 0, T.e. 3axaHwl, TO 8F =0, &6t; =0, 6x; =0, 8, = 0.
CrnenoBaresibHO, YCIOBUS TPAHCBEPCAIILHOCTH BBITIOJIHSIOTCS.

5. PenraeM moJTydeHHYIO B IL.3 JIBYXTOUEUHYIO KPAcBYIO 3a/1a4y:
ye(t) =const=Cq, yy(t)=-Cqt+Cy,

) 3 2
xz(t):—c12t +Cot+Cg, x1(t):—C16t +C2t

+C3t+Cy4.
N3 KpaeBbIX YCIOBUU HAXOAUM ITOCTOSIHHBIE C1,C5,C5,C 4:
x1(0)=C,4 =1, x1(2):—§C1+2CZ+203+C4:0,
X9(0)=C45 =1, X9(2) =-2C1+2C,+C5=0.

Orcrona Cq =-3,C, = —% u uckoMast mapa (x () = (x; (), X, ()7, u"() , rae

x7 () :%tS —%tz 4,

* 3.0 7
Xo (f) ==t —=t+1,
) ()=t -2

u* (t) :W(t):3t—%.



IIpumep 4.
Jla"bl Mo ieNb 00ObEKTa YIIpaBICHUS
ﬂ'| (t) = X2 (t) >
By(t) =—xq(t) +u(®), lul<T,

C HaYaJIbHBIMH YCIOBHAIMH X4(0) = 0, x,(0) = 0 ¥ QyHKIIMOHAI

I =x,(2n) - min .
TpeOyeTcs HaliTH ONTUMAILHOE MPOTPaMMHOE VIpaBlIeHne u™ () H
COOTBETCTBYIOIIYIO €My TPAeKTOPHIO X ().
3nech  x =(xq,X,)" €R?, te[02xn], Ha yIpaBleHHE HAaJIOXKEHO
orpanmuenue |u|<1, Te. ueU =[-11, f°@txu)=0, F(t,x)=x,,
fit, x,u) =x,, Lt xu)=-x,+u, I;({t, x(4,)) =t;, -2n=0.
Permraercs 3amaua Maiiepa.



1. CocraBmgem ramuisTonual H (T, w, X, U) = g1 - X9 + yo -[ — X7 + u].

2. Haxogum wMakcuMyM TraMHJIBTOHHAHA IIO VIPaBJICHHIO. Tak Kak HMEIOTCH
OTpaHUYCHHS Ha yIpaBiicHUE, TpeOyeTcs HAHTH YCIOBHBIM MaKCHMYM TaMUJIbTOHHAHA IIO
yopaBjicHUIO. B jJaHHOW 3ajaye TaMUJILTOHHAH JIMHESCH IO #  HA 3aJJaHHOM OTPE3Ke
U3MEHEHHUS yrpaBiieHus [-1; 1], mosToMy onTHMAaNbHOE YIIPaBIICHUE HMEET BH/]

1, wy(t) >0,

T.¢. SBJICTCS PEJICHHBIM. BemunHa yrpaBieHus ONpe/Ie/ieTcs 3HakoM QYHKIHH Yo (T).

u™(t) = argmax H (t, w(t), x(t), u) = 1-sign y,(t) =

U] <1

3. BeimuceiBacM KAHOHUYECKUE YPABHEHHS (6) IPUHIUIIA MAKCHMYyMa!
#(t) = x,(1), x,(0) =0,

By (t) = —x () +u™ (1) = — xq(t) + sign yp(f),  x2(0) = 0,

§i(t) = %H (t, wit), x(t), " (0) = wa (1),

Bal0) =~ 5= H (0 X0,0°0) =~ w0,



4. IIpoBepsieM yCIOBHUS TPAHCBEPCAIBHOCTH (3):

2
SF_H(t'I)St'I'*_ij(t'I)SXJ =0,
j=T1 t1=2n
oF (1, 2 OF (ty,
rjae oF = M&H + ZM 0X; = 8X,. | pynmupyst qieHsl, oIy daem

61‘1 o X

= 9%

—H (275) St—l +l|l1(2ﬂ',) 6X1 +[1 +W2(2ﬂ:)] 6X2 =0.

MomeHnt okoHuaHus t; 3ajgaH, nostomy of; =0. Tak kak OpaBBIi KOHEN
cBOOOJIEH, TO BapWallud &X;, 0X, CUHUTAIOTCI IPOU3BOJIbHBIMU. UTOOHI
PaBEHCTBO BBHINIONHSIOCH JUISL JIIOOBIX BapHanui, HEOOXOJIUMO, YTOOHI

w(2m) =0, yy(2m) = -1.



5. PemmaeM ABYXTOUYECUH VIO KPAcBVIO 3ajlauy ¢ YUETOM II1l. 2 U 4:

X (1) =x2(1), x1(0) =05 Xo(t) = —xq(1) +sign (1), x2(0) =0;

Pr() =wo(t), w1(2m) =0;  Yo(t) =—yq (1), wo(2m) =-1.

Umeem: y4(t) =—sint, y,(t) = —cost, u™(t) = sign(-cost) = —sign (cost).

(V) *
HaliienHoe onTHMajbHOE yipasieHue U (t) Ha orpeske [0, 2n] mMeeT aBe TOUKH
MEPEKITIOUCHUS U, CISAOBATEIBHO, TPH MIPOMEKYTKA 3HAKOIIOCTOSIHCTBA:

Dnopu 0 <t <%, u™(t) = -1, x1(t) =cost -1, x5(t) = —sint;

2) pu %st<3%, u*(t) =1, x;(t) = cost —2sint +1,

x5(t) =—sint — 2cost;
3) npu %gts%, u (t)=-1, xq(t) =cost—-4sint -1,

x5(t) = —sint — 4 cost .

MHUHHMaIbHOE 3HaUeHHe (PYHKIHOHANA PaBHO X, (27) = — 4.



