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METO[ OMNMTUMAIIbHOI O OEMIM®YBAHHA

1. OnmumarnbHicmb o0  8iOHOWeHHI0 00 OemrichysaHHs  ChYHKUI.
PosrnaHemo kepoBaHy cuctemy

dx

—=f(xut), @

dt
pe X — N-eumipHnit Bektop chasosux koopamHat, f(X,uU,t)- N -sumipHa
BEKTOp-YHKLisl, HENepepBHa 3a CYKYMHICTO 3MiHHUX, U =u(t) — I -BuMipHU#n
BEKTOP KepyBaHHS, LLO HanNexuTb Knacy KyckoBO HenepepBHUX dyHkuin, U € G,

G - geskvn komnakt 8 R", X(to) =X,. t21,. Poss'sazok cuctemu (1), wo
Bignosigae kepyeaHHio U Ta no4vartkoBin yMOBI X(to) =X, 6yaemo nosHa4atu
X(t,u, X,,t,).

Hexait S:{(X,t)il//(x,t) 20}, weC(R™) i sapava repysarHs

cuctemoro (1) nonsrae y sHaxomkenni U € G Takoro, wo iHTerpanbHa kpuea
cuctemn (1) B JeskMn MOMEHT yacy nonagae 3 (iKCOBAHOTO MOMOXEHHS Ha

NOBEPXHIO S. Mpu ubomy MOXyTb OyTW 3agaHi oOMexeHHsa Ha as3oBy 3MiHHY Ta
KepyBaHHs. 3po3yMino, WO Taka 3agaya MOXe He MaTu OOHO3HAYHOro PO3B’A3KY.
PosrnsiHemo dyHkui0 V(X, t) , sika BU3HA4a€ y KOMYCb CEHCi BiACTaHb Bif TOYKM
X B momeHT t oo nosepxHi S . Toni chopMyrnbOBaHa 3afadva KepyBaHHS MOXe
6yTv 3eeaeHa Ao Minimisauii V (X, t) Ha po3sB’askax cuctemu (1). Y upomy nonsrae
3MICT ONTUMANLHOMO KepyBaHHSA MO BiAHOLLIEHHIO 10 AeMndyBaHHs dyHKUiT V .

OsHayveHHs. KepyBaHHs U, HasMBaeTbCs onmumasibHUM 10 8i0HOWEHHIO 00
OemngpysaHHs  pyHKUIT \Y , SKWO dyHKUiA V cnagae B340BX TpaekTopil
X, (1) =x(t,u,) HanGinbwmm ynHoM.

Mpunyctumo, wo dyrkuia V (X,t) e HenepepsHo audepeHuiiiosaHoko.

3Haitnemo noBHy noxiaHy dyHkuii V' Ha poas’askax cuctemn (1)

[d—vj =&+ grad; V(x,t) f(x,u,t)=W(x,u,t). @)
dt )
3riHO 03Ha4YeHHs!, oNTUMaribHE KepyBaHHS MO BiAHOWEHHIO A0 AeMndyBaHHs
dyHKUIT V aoctasnsie PyHKLUiT W (X, u, t) HalMeHLe Bia’'€éMHe 3Ha4YeHHS.

2. lNpuknad. Po3rnsgHemMo AMHaMiYHy CUCTEeMY BUrMSQy

%:Ax+Bu, 3)
dt
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ne A,B e crauionapHi maTpuui poamipHocti NXN Tta NXTI BignosiaHo.
Mpunyctmo, wo npn kepysaHHi U =0 pose’asok cuctemmn (3) € acMNTOTUYHO
CTikun 3a JlanyHoBuM. Togi icHye dyHKuis JlanyHoBa V(X) =XT Dx ,0e D €

CMMeTpUYHa, AofaTHOBU3HaYeHa maTtpuus poamipHocTi N X N, Aka BU3HaYaeTbLCS
€OVHM YMHOM 3 MaTPUYHOTO PiBHAHHSA JlanyHoBa

ATD+DA=-1.

Tyt | - oguHnuna maTpuusi posmipHocti N XN . PyHkuisa V(X) BU3Ha4ae

BiACTaHb Big ToYkM X 00 Hyns B NpocCTopi R". Mobynyemo kepyBaHHa U Tak,

wo6 cyHkuis V cnapana HaiGinbwmMM YnHOM B3OBX TpaekTopii cuctemu (3).
MpunycTtumo, o Ha KepyBaHHs HaknagalTbcs oBMexeHHs

|ui | <1 ,i=12,...r. NoGyayemo noeHy noxiaHy cyHkuii V Ha poss’siskax
cuctemu (3). OTprmyemo

W (x,u)=grad’ V (x) (Ax+Bu) =
(Dx)" Ax+(D"x)" Ax+2(Dx)" Bu=

(AX)" Dx+(D"x)" Ax+2(Dx)" Bu=
X" (A"D + DAJx+2x"D"Bu.
BpaxoByloun maTpuure pisrsiHhs Jisnynosa, W (X,U)=—X'Xx+2x' D" Bu.
MpeacraBumo MaTpuLo B y BUrnagi B =(b1,b2 ) ...br) , ae
b,eR",i=12,..,r.Toai

W (x,u) = —X" X+ ZZ(biT Dx] u; @)
i1
BpaxoByemo, Lo |Ui|Sl J=12,...r. Togi 3 (4) Bunnusae, wo dyHkuis W

OTPUMYE HANMEHLLIE 3HAYEHHS MpK
- T

(u;).=—sign(b; Dx). (5)
MigcTaBnstoun (5) B (3), OTpUMyEMO ONTUMarnbHy aBTOMAaTUYHy CUCTEMY KEPYBaHHS
no BiAHOLLEHHIO A0 AeMndyBaHHA YHKLUIT V (X, t)

dx

— = Ax+ Bu..(X), (6)

dt

u, =—(sign (b Dx), sign (b; Dx),...,sign (b, Dx))" .

MpaBa yactuHa cmuctemu (6) € po3pmeHO, Tak gk U, (X) € po3puBHOI. MNoBepxHs
pO3pMBY BM3HAYAETHCS PIBHAHHAMMU

b;Dx=0, j=12,..,r.
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3. 38’530k 3 onmumanbHUMU 3a weudkodieto npouecamu. PosrnsHemo, Sk
npuvknag, cucremy

ax_, @)
dt

ge r=n, [ulf =3 u? =1. Nowragewo V (x)= [x] = (> x?)
i=1 i=1

O € onTUMAaribHMM MO BiAHOLUEHHIO 00 AeMndyBaHHSA dYHKLIT \Y , BU3HA4Ya€eTbCA
LUNISIXOM 3HaXOXXEHHS HalMEeHLLOro Momnvuaoro 3Ha4YeHHs

2
npu ymoBi ||U|| =1. Lle e 3apaya Ha yMOBHMI ekcTpeMyM. 3anuiuemMo (yHKL0

1
2 KepyBaHHs,

W (x,u)=grad’ V(x)u—

Jlarpanxa
L(x,u, 1) = ” ” /1(||u||
Ta HeobXigHi yMOBU ekcTpemymy
A UA) X 5 uzo,
0
T o
oA
PosB’sizaBun cuctemy (8) BigHocHo U , oTpumaemo
u, =——:. 9
I
dx X
Takum ynHom, nigcrtasmewm (9) B (7), oTpUMaemMo — =— —.
dt x|

BusiBnseTbes, Wo kepyBaHHs (8) € onTumanbHUM 3a LWBWMAKOAIE Ansa cuctemu (7)
2
npyu yMoBi, WO ||u|| =1 x(0)=X,, X(T)=0, ae T - uac nepexiaHoro

npouecy. Cnpaegi, 3anvwemo piBHAHHA BenmaHa onsa 3agadi wenakogii

wn grad' B(x)u=-1 (10)
ne B(X) - tbyHkuisa BenmaHa. Po3s’asasLum 3agady (10), oTpymaemo
. grad B(x) . an
|lgrad B(x)|

MinctaBumo (11) B (10) i 3HaxoAUMO PiBHAHHA ANS BU3HaYeHHSA dyHKUiT Benmana
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|lgrad B(x)|=1. (12)

3 (12) crigye grad B(x) = i B(x)=|x].

X
]
Takum umHOM, onTumanbHe kepyBaHHsa (11) ana 3agadi  weuakoAit
cniBnagae 3 ONTUMarnbHUM KepyBaHHAM (9) MO BigHOLIEHHIO A0 AeMndyBaHHs

cbyHKuLT V(X)=||X||, a cyHkuis Bennmana popisHioe V (X) . Mpu usomy
MiHiManbHUIM Yac nepexigHoro npouecy T= B(XO) =||X0 || .

Po3srnaHemo HacTynHe TBEpOXKEHHS.
Teopema 1. Hexaln BUKOHYOTLCSA HACTYMHi YMOBMU:

1) kepyBaHHa U. € onTMMarnbHUM MO BiOHOWEHHIO A0 AeMndyBaHHA YHKLIT
V(x,1);
2) pyrkuia V (X, 1) >0 ko (X, 1) =0 i V(X,t)=0 npu w(X,t)=0;

3) moBHa noxigHa yHKLUT V(X,t) Ha posB’sa3kax cuctemu (1) npu KepyBaHHi
, dv
U=u, pisva—1,70610 | — | =-1.
@

Topi kepyBaHHa U, € onTuMarnbHUM 3a LUBWUAKOAIEK MpU Nepesodi cucteMu
(1)scrany X(t,)=X, Ha nosepxtio S ={(X, t):w(xt)= 0}.

[loBeneHHs. 3a YMOBOHO Teopemu, B300BX pO3B’sI3KY

\Y
X (t) = X(t, U, X, t,) mae micue pisHicTb C(ij_t =—1. 3siacm

t
tj‘fj—\t’dt=V(x(t,u*,xo,to),t) V(X0 ty) == (E 1)
i V(X(tu,, X, t,), 1) =V (X,,t,) +t, —t.  Takum  umvom,  npw
t=t, =V (X,,t,) +t, eukonyerscs pisnicts V (X(t,U,, X,,t,),t)=0. Ane
V(X,t)=0 nuwe y sunaaky, korm w(X,t)=0. Tomy icHye moment t; =1,
Takun, wo X, (tl) eS. Mpunyctumo, Wwo yac T= t1 _to He € onTUMarnbHUM 3a
weuakogieto. Todi iCHye kepyBaHHS LT S G, WO nepeBoauTb TOYKy X, Ha
noBepxHI0O S 3a uac T<T =V (X, 1) T=¢ —t,. Ockinbku kepysaHHs U,

€ OnTMManbHUM MO BiOHOLLEHHIO A0 AeMndyBaHHSA YHKLUIT V , TO Ons KepyBaHHA
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&)

dv
U sHaitnetbea dyrkuis a(t) >0, taka, wo (— =—1+a(t) na pose'asky
®

X(t,U, X,,1,), t€[ty, 7] HTerpyroum ocrannio pisHicts, oTpumyemo
j av

o A=V X0, 16), 1) =V (5o, t) ==V (ko) == (7~ ) +ja(t)

Tak siK Ia(t)dt >0 T1aV(X,,t,)=T, 10

to

T
T-T=7r-t = Ia(t)dt > 0. Otpumanu npoTupiuusi. Teopemy foBeaeHo.
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Bunadok niHitiHOI' 8i0HOCHO KepyeaHHs OuHami4HOi cucmemu. PosrnsHemo
cMcTeMy KepyBaHHS

%: f(x,t) +B(x,t)u, (13)

pe f(X,t) - N-sumipna HenepepsHa BekTop-cbyHkuis, B(X,t) - matpuus
po3amipHocTi N X I' 3 HenepepBHUMM KOMMOHEHTaMu. MpUNYCTUMO, Lo KepyBaHHs!

U, 3a00BONbHAIOTE 0OMEXEHHAM
u| <1, i=12,..,r. (14)
3Haigemo noBHy noxigHy dyHkuii V (X, t) B cuny cuctemu (13)

W(x,u,t):(d—vj :ﬁ+ grad, V(x,t) f(x,t)+grad] V(x,t) B(x,t)
a3

i—lexa|7| B(x,t) =(b,(x,t),....b, (X,t)), ame Db (xt),i=12..,r e

HenepepBHMMU N -BuMipHUMM dYHKUISMN. Togai
T

;

W (x,u,t)= % +grady V (x,t) f (x,t)+ > (b grad V (x,t)) u;.
i-1

BpaxoBytoun obmexeHHs (14), OTpMMyEMO onTUMarnbHe KepyBaHHS MO BiAHOLLIEHHIO

no aemndysanHs dynkuii V (X, 1) y surnagi

(u,). :—sign(biT grade(x,t)), b (x,t),i=12,..,r. (15)

Axwo dyHkuia V (X, 1) sagosonbHae ymosn Teopemn (1) i Ha kepyBaHHi (15)
BUKOHYETbCS

(%—\t/] =-1, (16)
3

TO KepyBaHHS (15) po3B’A3ye nMpobremy CuMHTe3y ONTUManbHOro 3a LUBUAKOZAIED
KepyBaHHs. Y LbOMYy BUNaAKy PiBHAHHA (16) mae Burnag

%4‘ grad; V(xt) f(x,t)= > | bl (x,t)grad] V(x,t) | =-1.
i=1

3ayBaxumo, WO npu NigcTtaHoBUi KepyBaHHs (15) B cuctemy (13) oTpumyemo
AndbepeHuianbHe piBHAHHS 3 PO3PVBHOIKO NPABOIO YaCTUHOI.
Badaya 21. 3HanTK onTMMarnbHe KepyBaHHsSI CUCTEMOIO
dx
—=Ax+Bu 17)
dt
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Nno BIOHOWEHHIO A0 AemndyBaHHSA YHKLIT V(X) = XTG X npu ymoBi, LWoO
||U||2 <U. Tyr G=G' - [popatHoBuMsHaueHa MaTpUUs  POBMIPHOCTI
nxn, U>0.

3adava 22. Mobyaysatn dyrkuito W (X,U,t) Ta ontumansHe kepysanHs ana
cuctemn (17) no BigHOLWEHHIO A0 AeMndyBaHHSA YyHKUiT V(X) =x'GX npu
ymoi, wo UTHU<T?. Tyr G(t)=G' (t) - nopatHosusHaveHa N XN
nenepepara matpuus, H = H' — nopatHosuaHauera I x I maTpuus.

Jlimepamypa.
1. 3y60B B.W. Jlekummn no teopuu ynpaenenus. M.: Hayka, 1975. -496 c.

lFaciHHA KyTOBMX LWWUBMAKOCTEN Ta NepeopieHTaLifA KOCMi4YHOro anaparty
Ha ocHoOBi meToay AemndyBaHHA

1. Badava Haliweudwoezo 2aciHHA Kymosux weudkocmel KOCMIiYHO20
anapamy. Po3rnsiHemMo AWHaMiYHy cuCTeMy BUrMsay

Jd—a)+a)xJa)=u, 9)
dt

@(0) = 0, (10)

fIka BW3Ha4Yae [AOMHaMiKy KyTOBMX LUBMOKOCTEM KOCMiYHOro anaparty. Tyt
_ T . . .
a)—(a)l,a)z,a)s) — BEKTOp KyTOBOI LUBMAKOCTI KocMiyHoro amapaty, J —
O0OAaTHO-BU3HAYeHa CUMETPMYHA  MaTpuus  TOMOBHUX  MOMEHTIB  iHepuii,
T .
u:(ul,uz,u3) — Bektop kepyloumx napametpie, UcU — mHoxwuHa
JONYyCTUMUX KepyBaHb, t>0. 3p'azaHa cuctema koopauHaTt Oynoyetbcs Ha

rofIOBHUX OCAX iHepUii anapaTty. 3agaya nonsirae B TOMy, W06 HAWWBUALINM YUHOM
3aracuMTh KyTOBi LWBMAKOCTI (@ (TOGTO 3HAWTW ONTMManbHe 3a LWBWUAKOAIEH

kepysarrst U* €U | wo nepesege cran anapaty 3 (10) y @(T*)=(0,0,0)").

Mpu ubomy nepenbayaeTbCH, WO MNPUCTPOI KepyBaHHA KOCMIYHVMM anapatom
CMPOMOXHi  YTBOpIHOBATM MOMEHTH, $Ki MepebinblyloTb CyMapHMA  MOMEHT
30BHILUHIX CWUI, WO Ail0Tb Ha anapar.
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[Ona po3e’a3yBaHHA Uiei 3agadi BUKOPUCTAeEMO MeTon AeMndyBaHHS.
PoarnaHemMo doyHKLito

1
V(t0)=3 lo@)|”. (11)

3rigHo goBefeHo! TeopeMu, KepyBaHHS ueU , ke Byae onTUManbHUM 3a
aemndpysaHHam (11), Byae Takox onTUManbHUM 3a LUBUAKOAIEID KePyBaHHAM, LLO
racuTb KyTOBi LUBMOKOCTI KOCMIYHOrO anapaTy. 3Hangemo ueU , Ans 4oro
ob4ymcnumo

iV (t, w)

o =o' ()" (U-wxlo). (12)

(0)

3rigHo (12) HanpaAMOK HamwBMALIOro cnagaHHa dyHkuii (11) Bu3HavaeTbeca 3a
dopmyroo

_J “oo(t)
v(t) = —HJ ‘1a)(t)H .npu [0 > 0. (13)

Omxe kepyBaHHs, Wwo gemndye dyHkuito (11) BU3HAYaEMO SK NPOEKUi0 BEKTOpa
V(t) Ha gonyctumy mHoxuny U . Y Bunagky, konm MHOXMHa KepyBaHb € Kynero

U= {Z eR? ||Z|| < p}, (14)
KepyBaHHs BU3Ha4YaeMOo
u(t) = pv(t). (15)

AKIO NpY LILOMY MaTpULI MOMEHTIB iHepLii Bonoaie BnactueicTio J +=kJ , ae

niicke uncno K # 0, To (15) € onTumManbHUM 32 AeMMNdyBaHHAM V(t, X) (a omxe

3a WBMAKoAie) KepyBaHHsaM [|. B npoTunexHoMy Bunagky, kepyBaHHSa (15) €
2

HabnKeHUM OO0 ONTMMAaInbHOrO 3 TOYHICTIO O |a)|| . Ha pwnc.1 ta 2 npeacrasneHi

BiANOBIAHO TPAEKTOPIA Ta KepyBaHHs, OGYMCNEHi MpW HaCTyMHUX 3HaAYeHHSX
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40 0.01 0.02
napavetpis [ J ={ 0.01 2 0 | o= (0.4,0.1,-0.5)", p=0.01.
002 O 40

Tyt T*=61 cekyHna.

.0 10.16 20.33 30.5

40.66 50.83 61.0

@,

0.1
&

0.00125

Pwuc.1. KyToBi weugkocTi

Pwuc.2. KepyBaHHs

BBegemo ooaTKOBO y po3rnsg OOMeXXeHHs! Ha KyTOBi LBUAKOCTI
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lo|<d,i=123, 0<d<oo. (16)
Onstux t >t ta 1 =1,2,3, ansa skux He cnpaBmkyeTbes (16) BUSHAUMMO

W, (t) = {o(t) x Jo(t)},, i=1,2,3. )
Topai kepyBaHHA Noknagemo

Vi, |o| <d,

BO=1w > d. 9

3ayBaxumo, wo (18) npwm ||a)|| — 0 oyvesungHo Oyne 3a40BOMbHATM OOMEXEHHAM

Ha KepyBaHHs. OfHak, AKWO ANs OesiKOro MOMEHTY 4acy t Zto U(t_) ¢U , 1o

3amicTb (17) Ans BIigNOBIOHWX KOMMOHEHT KepyBaHHA HeobXigHO MnoknacTu Take
3HaYeHHs!, SiKke MOBHICTIO KOMMEHCYE BMUB 30BHILLHIX CWM Y BiAMNOBIAHIN NPOeKLii.
Takui BUGIp kepyBaHHA 3aBXOW MOXMIMBUIA, OCKINbKU 32 YMOBOK 3ajadi NpucTpoi
KepyBaHHS KOCMIYHUM anapaTtomM CMPOMOXHi yTBOpHOBATM  MOMEHTU,  SKi
nepebinbLuyloTe CyMapHU MOMEHT 30BHILLHIX CWM, O Ail0Tb Ha anapar.

2. 3adava nepeopieHmauji kocmiyHo2o arnapamy. Pasom i3 cuctemoro (9)
po3rnsHemo cuctemy Burnagy ||

di 1

—==0Q(w)A, 19
a2 (o) (19)
A(0) =19, (20)

dKa BU3Havae opieHTau,jto KOCMI4YHOro anaparty y KBaTepHioHax

A= (%o, A1 25, 45)' Al =1. Tyt

* ¥ *

0 -0  0,—0, OO,
* * *
W, — 0 0, +o;, —-0,-o,
Q(a)) = * * 0 * !
w,— 0, —0;—, @, +
0, —W; W, +W, —0 -0 0

o = (a)f,a);,a);‘)T ~ (0,0,0.061)T — opbiTanbHa kyToBa LUBWAKICTb. 3agava
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nonsirae y Tomy, o6 HaiIBUAWMM YMHOM MEepeBecTU kBaTepHioHu A y cTaH
/’t(T*)=(a,O,O,O)T, e =21 i npu ubomMy 3aracuTu KyTOBI LUBMAKOCTI
BiJHOCHO oOpb6iTanbHOiI KyTOBOI LUBMAKOCTI, TOBTO a)(T *):—a)*. disnyHo Ue
03Hauae, WO, MOYMHAKOUM 3 MOMEHTY Yacy | * oBepToBuii pyx cTabinisyeTbes,

NpU4YOMy KOCMiYHMIN anapaT € HepPyXOMUM BiJHOCHO opbiTanbHOT cucTemu.

[ns po3s’sisyBaHHA Ui€l 3a4adi TakoX 3acTOCYEMO MeTon AeMrdyBaHHS.
PoarnaHemMo doyHKLito

V(t,w,A)=1-7 +j.||a)(r)—a)*”2df. (21)
3Hargemo
%v tod)  =Al@®-* I0)|e®) -0 . @
(9).(19)

ge A = (ﬂ,l,ﬂ,z,ﬂS)T . Onst HanWBKALOro cnagaHHs dyHKUiT (22) HeobXigHo, o6
[MHaMiKa KyTOBWX LUBUAKOCTEN cucTeMM (9) 3MiHIOBANACs 3a HaMPSIMKOM

o(t) = -2 29

2

MosHaummo C — foBxmHy BekTopa kyTosux weuakoctenn @(t). Nigpaxyemo € —
3HayeHHs napameTpy C npu skomy (22) HabyBae MiHIManbHOrO 3HaYeHHS Npu
ymosi, wo @(t) koniveaprmii no O(t). 3 (22) sunnuae, wo napamerp C
AOCTaBnsie MiHiMyM BUpasy

ﬂo((CU—a)*)TZ)+||CU—a)*||2 — min. (24)

O6uuncnumeLm noxiaHy (24) no C, oTpumyemo

s T — ZOUTZ B j’OHZ o'
22
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Tomy onTMManbHWiA 3a gemndyBaHHAM (21) 3aKOH 3MiHM KyTOBUX LLUBUOKOCTEN
. . AT 0* A
() = Cot) = 22207 _ At

L (25)
2

Takvum YynHoM, Ans Toro, Wob po3B’a3aTn nocTasneHy 3agady HeobxigHo nigbupatu
B KOXXEH MOMEHT 4acy kepyBaHHa U Tak, Wwob MiHimidyBaTu HEB’A3Ky

A AN o |
o)+ -"——{ —>min. (26)
S

Ons inTerpyBaHHa cuctem (9), (19) Bukopuctaemo sBHy cxemy Ewnnepa.

3adikcyemo kpok Al, Togi ana BukoHaHHs (26) Ha Kpou K uncenbHoro
iHTerpyBaHHs Noknagemo

Z(tk )ZT (t)o; _ Aot )z(tk) —-o(t,)
) 2

u(t,) =J " +o(t)x Jot,),

ne t, =t +At-k.

Mpun HeobXigHOCTI NpoeKUis Ha AONYCTUMY MHOXWHY KepyBaHb 3AiNCHIOETHCS
no axanorii 3 nonepegHiM MeTOAOM raciHHA KyTOBWX LUBUAKOCTEN KOCMIYHOro

anaparty. 3ayBaxumo, Lo Ha A obmexeHHs BUKOHYIOTbCSl @aBTOMATU4YHO B CUITY
BnactusocTter cuctemu (19). Ha puc.3,4 npeactaeneHi BiagnoBiaHO KBaTepHIOHM Ta

kyTosi wawnakocTi, o6uncneni npu p =0.1, A(0) = (0,1,0,0)T , OBMEXEHHAM Ha
kytosi weuakocti d =0.6. Tyt T*=310 cekyHa.
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0.0 51.66 103.33 155.0 206.66 258.33 310.

1.0

0.0 51.66 103.33 155.0 206.66 258.33 310,

Puc.3. KBaTepHioHu Puc.4. KyToBi
LUBUAOKOCTI



