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YMOBM 3AT AJIbHOI KEPOBAHOCTI JITHIHHOT
JUCKPETHOI CUCTEMM 31 3MIHOIO PO3MIPHOCTI
BEKTOPA CTAHY

CONDITIONS OF GENERAL CONTROLLABILITY
OF A LINEAR DISCRETE SYSTEM WITH CHANGING
THE DIMENSION OF THE STATE VECTOR

Anomauiss. Cmamms euceimioe 00CrniOXeHHs1 y3azanbHeHOI KeposaHocmi
OucKpemHoi cucmemu KepysaHHs1 3i 3MiHOK po3MipHOoCcmi eekmopa cmaHy. [1po-
briema KepogaHOCMI € KIT04Y080K 8 Meopii KepysaHHS. BoHa xapakmepu3sye 30a-
mHicmb cucmemu Habymu 6axaHo20 cmaHy y hiHanbHUlU MoMeHm Jacy. Pasom
3 MuM HasigHicmb 0bMexeHb Ha QOYHKUIIO Kepy8aHHS PO3WUPIOE MOHAMMS Ke-
posaHocmi. [lns y3azanbHeHoI kKepogaHOCMi XxapakmepHUMU O3HaKkaMu € Hasie-
Hicmb 2e0MempuUYHUX 0bMeXeHb Ha QOYHKUI0 KepyBaHHSI, @ MaKoX 0OMeXeHHS
Ha noYamkosud i ¢hiHanbHUlU cmaHu cucmemu. [pu UbOMy PO3pPi3HSAOMb Yacm-
KO8Y KepogaHicmb, M08HY KEPOB8aHiCMb 3 MHOXUHU M0YamKo8UX CmaHie i mosHy
KeposaHicmb Ha mepMiHanbHy MHOXUHY. Yacmkosy KeposaHicmb xapakmepu-
3ye 30amHicmb cucmemu nepelmu 8 00UH 3i cmaHis, SKi Hanexams mepMiHa-
JIbHIlU MHOXUHI. Y eunadKy rnoeHoi kepogaHocmi cucmema CripOMOoXXHa rnompa-
numu 8 o0Hy 3 MOYOK MepPMiHabHOI MHOXUHU 3 6yOb-KOI moYku obnacmi
noyamkosux ymos. [1o8Ha KeposaHicmb Ha mepMiHarbHy MHOXUHY 6UPI3HSI-
€mbCsi 30amHicmio cucmeMu KepysaHHs1 nepelimu 8 KOXHY MOYKY MHOXUHU
KiHUesux crmaHig xo4ya 6 3 00HO20 I0/I0XKEHHS, IKe HaleXumb MHOXUHI rnoyam-
Kosux ymos. B niporioHosaHil cmammi npodoexyrombcsi O0CTIOKEHHS y3a2allb-
HeHoI' keposaHocmi OucKpemHuUx cucmem Ha eunadok, Koru eidbyesaembcsi
3MiHa po3mipHocmi eekmopa cmaHy. MamemamuyHi modeni npouecie 3i 3MiHOK
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po3mipHOCcmi eekmopa cmaHy 00CniOXeHi Maro, 80HU 108’a3aHi 3 npedcmas-
JIEHHSIM cucmeMu 8 cmpyKmypHit goopmi. B npoueci chyHKUiOHy8aHHs cucmemu,
sKka cknadaembcs 3 nidcucmeM, MOXymb 3HUKamu nidcucmemu, abo 3’sens-
mucs Hosi. 3okpema maka ocobnusicmb HasieHa 8 MamemMamuyHUX MOOesIsiX
mexHosioeiyHUX rpouecie. B pobomi Onisi KoxHo20 3 8udie y3azanbHEeHOI Kepo-
eaHocmi 0Nl JiHIUHOI cucmemu KepyeaHHs1 3i 3MIHOK PO3MipHOCMIi eekmopa
cmaHy O03Ha4YeHO (hyHKUito KeposaHocmi i obrpyHmosaHo Kpumepii kepoea-
Hocmi. pu obrpyHMyeaHHi cymmego 8UKOPUCMOBYEMbLCS arnapam OrlyK/1020
aHanisy i enacmueocmi MHOXUHU OOCSXKHOCMI TIHIUHOI cucmemMu KepyeaHHS.
Pasom 3 mum O0nsi obmexeHb Ha KepysaHHs1 i cmaH y ¢bopMi Kyrb 3HaludeHo
yMO8U, SIKUM Matomb 3a0080/IbHAMU padiycu makux Kysb Oris KOXHO20 8udy
y3azasibHeHOI KepogaHOCMi.

Knroyoei cnoea: keposaHicmb, y3azanbHeHa KeposaHicmb, OUCKpemHa cuc-
mema KepysaHHs, cucmema 3i 3MiHOK PO3MIpHOCMI 8eKmopa cmaHy, Kpumepil
KeposaHocmi, (hyHKUisi KeposaHocmi

Abstract. The article covers the study of generalized controllability of a discrete
control system with a change in the dimensionality of the state vector. The con-
trollability problem is a key one in control theory. It characterizes the ability of the
system to acquire the desired state at the final moment of time. It characterizes
the ability of the system to acquire the desired state at the final moment of time.
At the same time, the presence of restrictions on the control function expands
the concept of controllability. For generalized controllability, the presence of ge-
ometric restrictions on the control function, as well as restrictions on the initial
and final states of the system are characteristic features. In this case, partial
controllability, complete controllability from a set of initial states, and complete
controllability to a terminal set are distinguished. Partial controllability is charac-
terized by the ability of the system to transition to one of the states belonging to
the terminal set. In the case of complete controllability, the system is able to get
to one of the points of the terminal set from any point in the region of initial con-
ditions. Complete controllability to the terminal set is characterized by the ability
of the control system to go to each point of the set of final states from at least
one position belonging to the set of Initial conditions. The proposed article con-
tinues the study of generalized controllability of discrete systems in the case
when the dimensionality of the state vector changes. Mathematical models of
processes with a change in the dimensionality of the state vector have been
studied little, they are associated with the representation of the system in a struc-
tural form. In the process of functioning of a system consisting of subsystems,
subsystems may disappear, or new ones may appear. In particular, this feature
is present in mathematical models of technological processes. In the work, for
each type of generalized controllability for a linear control system with a change
in the dimensionality of the state vector, the controllability function is defined and
the controllability criteria are substantiated. The justification essentially uses the
apparatus of convex analysis and the properties of the reachability set of a linear
control system. At the same time, for constraints on control and state in the form
of balls, conditions were found that the radii of such balls must satisfy for each
type of generalized controllability.

Keywords: controllability, generalized controllability, discrete control system,
system with changing state vector dimension, controllability criterion, controlla-
bility function

Beryn. [Ipo6iema KepoBaHOCTI, X04a € KIIACHYHOIO, € OJHIEIO 3

[EHTPAILHUX MIPU JOCIIIKEHHIX B TeOpii KepyBaHHs. BoHa 1o’ s3aHa
31 37aTHICTIO CUCTEMH NEPEHTH B 3aJaHnil TepMiHaIbHUI cTaH [1-3].
Knacuyni TeopeMu po yMOBH K€pOBAHOCTI OOIPYHTOBAHI Ha BUMAJIOK
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BIJICYTHIX T€OMETPUYHUX OOMEKEHb Ha (PYHKIIII0 KepyBaHHs 1 cTaH. 3a
HasIBHOCTI OOMEXEHb Ha KEPyBaHHS BHHUKAE MOHATTSA y3arajJbHEHOI
KepoBaHOCTI [4]. YMOBH y3arajibHEHOT KEPOBAHOCTI BUKOPUCTOBYIOTh
(GYHKITII0 KEpOBAHOCTI 1 KpUTEPIii MOIATAIOTh y TOMY, IO TEepeBipsi-
€ThCS 11 HeBi €MHICTh. B IpOmoOHOBaHi# CTaTTi MPOJOBKYIOTHCS JA0C-
JDKSHHS y3arajJbHEeHOI KEPOBAHOCTI IMCKPETHUX CUCTEM Ha BHIAIOK,
KOJIU BiIOyBa€eThCs 3MiHA PO3MIPHOCTI BeKTOpa cTany [3, 5]. Marema-
TUYHI MO,I[eJ'Ii 31 3MiHOIO PO3MIPHOCTI BEKTOpa CTaHy ,I[OCJIi,I[)KeHi MaJIo,
BOHH IIOB’s3aH1 3 NPEJCTABJICHHSIM CHCTEMHU B CTPYKTYpPHiH (opmi.
B nipoueci QyHKIUIOHYBAaHHS CHCTEMH, sIKa CKIIAJAETHCS 3 MIJCUCTEM,
MOYKYTb 3HUKATH MiICUCTEMH, a00 3’ IBISATHCS HOBi. 30KpeMa Taka 0co-
ONMUBICTH HasiBHA B MAaTEMAaTUYHUX MOJEIISX TEXHOJIOTIYHUX MPOLIECIB
[5, 6]. HasiBHicTh OOMEXEHb Ha MOYATKOBHMU 1 KIHIICBHHA CTAHH CHC-
TE€MH, a TaKOK OOMEKEeHb Ha q)yHKui}o KepyBaHHs IPUBOUTH JI0 TIPO-
Gremu aHayli3y ys3arajlbHEHOI KepOBaHOCTl Takoro mporuecy. Ilpn
L(bOMY PO3pI3HAIOTBCS BUIA/KU YaCTKOBOI KEPOBAHOCTI, IIOBHOI Kepo-
BaHOCTI BiZIHOCHO MHOYXHHHU TIOYaTKOBUX CTaHIB 1 TOBHOI KEPOBAHOCTI
I110/10 TepMiHAJIBHOI MHOKUHU. B poO0TI HABOAATHCS O3HAYCHHS 1 KPU-
Tepii, SIKi XapaKTepHU3yIOTh KOXKEH BUJ 3araJibHOi KepoBaHOCTI. B mpu-
KJIa/laX pPO3IJISIHYTO BMIIAQJAKH OOMEXeHb y (GOopMi Ky, SIKI MarTh
OKpeMe 3HaYCHHS.

B po6oTi BUKOpUCTOBYIOTHCS Taki mo3HaueHHs: R — n-BumipHUiA
eBKJIIiB IpocTip 3 HOpMOIO |||l 1 ckansipauM 10OyTKOM (-,-); * — 3HAK
TpaHCHOHyBaHHs; S, = {x € R™ || x =1} — cdepa oxunn4HOrO
paaiycy 3 nenrpom B rouui 0, K, (0,1) = {x € R™: || x |[< 1} — kyux
OIMHUYHOTO pajiycy 3 uenrpom B touni 0, K, (a,r) = a + rK,(0,1),
a €R™r =>0;c(A 1Y) = supyeq(x,P) — onopHa GyHKIIisI MHOKUHH
AcR" ¢y €eR" [, — nXn— omuany"a matpunst; conv(R™) —
CYKYITHICTb OIyKJIMX KOMITAKTiB, sIKi Jiexkath B R™.

YMOBH 4aCTKOBOI KEPOBAHOCTI. PO3risiHEMO AUCKPETHY JiHIHHY
CUCTEMY BUTJISTY

x(t+1) = AOx@®) + COu®), t €{0,1,..,N -1} (1)

.

Tyr x = (xl,xz, w)Xp,) — BEKTOP CTaHy posmipHoCTi Ny,
u = (U, ..., Uy)" — BEKTODP KepyBaHHS pO3MIPHOCTI M,
A(t) — nypq Xn, — wmarpuus, C(t)— ngyy Xm — MarTpuig,

t=0,1,..,N—1. Tlosmauumo x(t,xy, u) po3B’s30k cucremu (1),
t =0,1, ..., N npu kepyBaHHi

u(t) eU(),U(t) € conv(R™),t=0,1,...,N—1,

3a moyatkoBoi ymoBu x(0) = x,

17



O(N) = A(N — 1)A(N — 2) ... A(0),

O(N,t) = A(N — 1A(N - 2) .. A(1),

t=01,..,N,O(N,N) =

MHuoxnHa M, IOYaTKOBUX CTaHIB Ta MHOXXMHA KIHIICBHX CTaHIB
(TepminanbHa MHOXKHMHA) My cucremu (1) mHanexats conv(R™) Ta
conv(R™) BignoBigHo. MHOXHHA JOCSDKHOCTI  cuctemu (1)
3aMUCYEThCS TAK

X(t,My) = 0(t)My + XL O(t, s + 1)C(s)U(s). (2)

Buxonsun 3 o3Ha4eHHs, ONOpHA (DYHKIIS MHOXHMHHU JOCSDKHOCTI
X(t, M) mae BUrIsg

c(X(t, Mo), 1) = c(Mo, 0" ()¥) +
+ X620 c(U (), C* ()07 (t, s + D), ©)

ne P € R™. BeeneMo Take 03HAYCHHS

O3navenns 1 Cucmema (1) nazusaemvcsi vacmrKo80 Kepo8aHoo Ha
inmepeani 0 <t < N 3 muoorcunu My 6 muoocuny My, axuo 3Hau-
oymbcsi mouku X € My, x5y € My i donycmume kepysanna u(t) € U(t),
t=0,1,..,N—1maxi, wo

xX(N, xy,u(0)) = xy.

Tyt x(N,xy,u(0)) = xy — po3s’s30k cucremu (1) 3a ymoBH
x(0) = x, B cumily JOMyCTUMOro KepyBaHHS u(:), BH3HA4EHOIO B
Toukax t =t =20,1,..,N — 1.

O3nauvenns 2 Oyukyis

DY) = c(My, 0" (N)Y) + c(My, —¢) +
+ YNt c(U(s),C*(s)®*(N,s + DY), € R™W

HAa3MBAETBCS  (QYHKUIEIO YacTKOBOi KepoBaHocti cucremu (1) 3
MHOXHHU M B MHOXMHY My Ha iHTepBami 0 <t < N.

Mae miciie Take TBEpKCHHS

Teopema 1 /[na moco, wob cucmema (1) Oyra uacmkogo
keposanoio na inmepeani 0 < t < N 3 muoowcunu My 6 muoscury My,
HeobXIOHO | 0ocmammubo, Wob yHKYia 4acmroeoi Kkeposanocmi

() = 0,V € S,,,.

Joseoenna. HeoOxignictb. Hexait cucrema (1) € yacTkoBO
KepoBaHOIO Ha iHTepBani 0 < t < N 3 MHOXUHU M, B MHOXUHY My .
Ile o3nauae, o

X(N,My) N My, % o.
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OcTaHHe CIIBBIAHOIICHHS MOKHA 3aIIMCAaTH Y €KBIBAJIEHTHIH (hopMi
0 € X(N,My) + (—1)My.
BukopucToBYI0UYH BIIACTUBOCTI OMOPHOI QYHKIIIT, OAEPKYEMO
c(X(N,Mo), ) + c(My,—¥) 2 0

nis Beix P € Sy . IlizcraBumo (3) B OCTAHHIO HEPIBHICT

c(My, 0" (NY) + Z c(U(s),C* ()" (N, s + 1)) +
s=0

+c(My,—) = 0, € S,

Omxe, 3 o3nadenns 1.2 purumBae @ (YP) = 0,9 € S,
Hocrarnicts. 3 ymosu ® () = 0, ¢ € S, BUIIIMBaE

c(X(N,My), ) + c(My,—p) = 0.

Le o3nauae, mo Touka 0 Hanexuts MEOKUHI X (N, M) + (—1)My.
OcTaHHE CHIBBIAHOIIEHHS TOBOPUTH NP0 TE, IO CHPABIKYETHCS
o3HaueHHs 1.1 1 Mae Mmicie yacTkoBa KepoBaHicTh cucteMu (1).
Teopemy 10BeIEHO.

Hpukaan 1 Posenanemo cucmemy (1) 3a ymosu, wjo mHONCUHA
novamroeux cmanie My = Ky, (X(0), 7o), mepminarbha mHONMCUHA
My = Ky, (x(ny), Tv),  mHOdMICUNG — 0OMedicenb — HA  KepYyEaHHs
U(t) = Kn(0,p:). Tym xg) € R™, xyy € R™, 15 >0, 1y > 0, p; >
0,t=0,1,.., N — 1. Tooi ¢pynxyis uacmrkosoi keposanocmi

P) = (xo, 0" (N)) +70 11 ©°(N)Y) Il —Cxw, ) + 7y +
+ Z ps | C* ()0 (N,s + 1) Il,3 € Sy,

YMOBa 4acTKOBOI KEPOBAHOCTI y IbOMY BHIIAJKy Ma€ BUTJIS

1l}rrelglnx {(en, ) — (xo, O (NY) — 15 1| O (NY) Il —

N-1

= B CEO W, s+ DY I} < 1

IloBHa KepoBaHiCTh 3 MHOKMHU MOYaTKOBHX cTaHiB. [loBHa
KepoBaHicTh cucteMu (1) 31 BCi€l MHOXXHMHU IOYAaTKOBUX CTaHIB
BU3HAYAETHCA TaK.
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Osnauenns 3 Cucmema (1) Hazusaemucsi nNOGHICMIO KEPOBAHOIO HA
inmepeani 0 <t < N 3i eciei muoowcunu My 6 mnoocuny My, Axwo
ons 6yov-axoi mouxku x, € My 3natioemvca cman Xy € My ma
oonycmume kepysanns u(t) € U(t), t=0,1,..,N —1 maxe, wo
X(N, xy,u(0)) = xy.

Amnaini3 moBHOT KepoBaHOCTi cuctemMu (1) 31 Bciel MHOXHUHU
MOYATKOBUX CTaHIB 06a3yeThcs Ha QYHKIIIT KEPOBAHOCTI.

O3navenns 4 Qyukyis

W(ll’) = C(MN» =) — c(My, —O*(N)yY) +
+Z c(U(s),C* ()" (N, s + 1))

HA3MBA€ThCS (DYHKIIEIO TMOBHOI KepoBaHOCTI cuctemu (1) 3i Bciel
MHOXUHU M, B MHOKUHY M)y, Ha iHTepBani 0 <t < N, ne p € R™,
Mae micie Teopema.
Teopema 2 J{na moeo, wo6 cucmema (1) Oyra noeuicmio
keposanoio Ha inmepeani 0 < t < N 3i ciei mnoowcunu My 8 muodcuny
My, neobdxiono i docmammuvo, wobd

W) =0,V € S,

Joseoenna. HeoOximuicts. Ilpumyctumo, mio cucrema (1) €
KEepOBaHOIO 31 BCiel MHOXKUHU M, B MHOXUHY My ipu 0 < t < N. Lle
O3Hauae€, M0 JJIS JOBUIBHOI TOYKH Xy € M, BUKOHYETHCS CIIBBiJ-
HOIIICHHS

X(N,xy) N My # o,
200 eKBIBAJIEHTHE J10 HHOI'0 BKJIFOUEHHS
0 € X(N,xq) + (—1)M,,.

BuxopuctoBytoun (2) i (3) OJIEP’KUMO, 1110 1715 BCIX Xg € M, MaeMo

(x5, 0" (NYP) + Z c(U(s), C*(s)0°(N, s + 1)) +
+C(MN, Y) =0, €Sy,

3 0CTaHHBOT HEPIBHOCTI BUILINBAE
min (xo, O*(N)Y) + c(My, =) +
+ X850 C(U(S) C*()O*(N,s + DY) =2 0,9 € Sy, 4)
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OCKUIBKH

xr(gilal()(xo' G)*(N)l/)) = _xrgleell\/)lifxo‘ _9*(1\,)1!}) = _C(MO' —G)*(N)l/)),

TO 3 (4) oepKyeEMO
My, =) — c(Mo, ~0" (YY) +

£ CU(),C()O W5 + DY) 2 0, €5,
s=0

Omxe, 3 o3nauenns 1.4 purumsae W () = 0,9 € S,y
HocraTtHicTb. 3 yMOBHU W(z,b) > 0, Y € S BumuBae, 110

c(My, —) + Z c(U(s), C*(s)0°(N, s + 1))

= c(M,, o (N)Y), ) € Sy
Toni ast BCix X, € M, ogepx yemMo
c(My,—¢) +
N-1

+ Z c(U(s), C* ()0 (N, s + 1)) = (o, 0" (N)), 1 € S,

Omxe, BUXOJSTYM 3 O3HAUSHHS OMOPHOI (PYHKITIT, 3HAAEThCS Xy € My,
JUTSL SIKOTO

N-1

(i, =) + D c(U(E), €SO, 5 + D) = (g, —6" (N)P),
s=0 lp c SnN’

3BIJIKH
N-1

(O(N)xo, ¥) + z c(U(s),C"(s)O"(N,s + 1)) = (xn, ¥), P € Sy,

3 (3) onepxxyemo
C(X(N, MO)' lp) > <xNJ lp), l/) € SnN'

21



Otxe, xy € X(N,M,) i BUKOHYyeThCS O3HaueHHS 1.3 mOBHOL
kepoBaHocTi cuctemu (1) 31 Bciel MHOXHMHU M, B MHOXHMHY My Ha
inTepBani 0 < t < N. Teopemy 10BeICHO.

Mpuxnan 2 Poszensnemo cucmemy (1) 3a ymosu, wo MHONCUHA
nouamxosux cmanie My = Ky, (X0, 7o), mepminanvra MHoMNCUHAG

My = Ky, (x(ny, ),  MHOdMCURG  OOMedicenb — HA  Kepy6auHs.
Ut) = Kn(0,p:). Tym xy € R", xpyy €R™, 15,>0, 1y >0,
pe >0,t=0,1,...,N — 1. Tooi ¢hynxyia keposarnocmi

W) =y =70 Il 67 (NY) Il =(xw, ) + Cxo, O°(N)) +
+Z ps I C*($)O*(N,s + DY I, € Sy,
s=0

YMoBa MOBHOT KepoBaHOCTI 31 Bciei MHOXMHH M, Ha iHTepBaii
0 <t < N y 1pbOMy BUNAJKy Ma€ BUIJIST

Jnax {(xen, ) = (x0, " (N)Y) + 10 1 ©°(N)P) Il =

N-1

— 2 ps Il C*(s)0*(N,s + DY I} < ry.

IloBHa KepoBaHicTb Ha TepMiHaJAbHY MHOXKUHY. [loBHa
KepoBaHIicTh cucteMu (1) Ha TepMiHAJIBHY MHOXXHHY BH3HAYA€THCS
TakK.

O3unauvenns 5 Cucmema (1) Hasusaemuvcst NOGHICMIO KEPOBAHOIO HA
mepMiHanbHy MHOdCuHy My 3 muoocunu My na inmepeani 0 <t < N,
AKWo 014 0yob-akozco cmawny Xy € My icnye mouxa xy € My i
oonycmume xepysanns u(t) e U(t), t=0,1,..,N —1 maxi, wo
xX(N, xp,u) = xy.

AHai3 moBHOI KepoBaHOCTI cucTeMHu (1) Ha TepMiHAIEHY MHOKUHY
0a3yeThcs Ha PyHKIIIT KEpOBAHOCTI.

O3navennst 6 Oyukyis

ZGh) = c(Mo, 0" (NYP) — My ) +
+ Z c(U(s),C* ()" (N, s + 1))
s=0

HA3MBAETHCS (QYHKINEI0 KepoBaHOCTI cuctemu (1) Ha TepMmiHAIBHY
MHOXXUHY My, 3 MHOXMHU M, Ha inTepBaii 0 <t < N, ne p € R™,
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Mae wmicie Taka Teopema.

Teopema 3 /[ns moeco, wob cucmema (1) Oyia nosmicmio
KePOBAHOI HA MEPMIHANLHY MHOdCUHY My 3 MHOMICUHU My Ha inmepsani
0 <t < N neobxiono i docmamuwvo, woo

Z(@) 2 0,V € Sy,

Hosedenns. Heobxinuicts. Ipuiycrnmo, 1o cucrema (1) € nosHictro
KEPOBAHOI) HAa TEPMiHAIbHY MHOXKHHY My 3 MHOXHHH M, Ha
iaTepBaiti 0 < t < N. Toxi 3 o3HadyeHHA 1.5 BUTUIMBAE, 1110

X(N,xy) € My.
BukopucToByr0UM BIACTUBOCTI OMOPHUX (PYHKILiT, 01ePKYEMO

c(X(N,Mp), ) —c(My, ) 20,V €S, .
[lizcTaBuMoO B ocTaHHIO PiBHICTH Gopmyiy (3)

¢(My, 0" (YY) = c(My, %) + ) c(UGs),
C*(5)0" (N, + 1)) = 0,9 € S 5)

3a osnayenHsaM 1.6 ue osnaqae, mo Z(Y) = 0,P € Sy, .

Hocrarnicts. ko Z () = 0,y € S, , TO e 03HaYaE, IO CIIPaB-
JuKy€eThest (5). Bpaxosytoun Gpopmyity [1uist OlOPHOT HYHKLIIT MHOXHHH
nocspkHocTi cuctemu (1), maemo

c(X(N,My),¥) — c(My, ) = 0,V € S,

BpaxoBytouwn, mo maoxuHa nocsokHocTi X (N, M) cucremu (1) €
ONYKJIMM KOMIIAaKTOM, II€ O3Haya€, mi0 BOHA Hanexutb My. OTxe,
CpaBKyeThes 03HaueHHs 1.5 1 cuctema (1) € MOBHICTIO KEPOBAHOIO HA
TEOpPMiHAJIbHY MHOKUHY My 3 MHOXMHH M|, Ha iHTepBaii 0 <t < N.
Teopemy noBeaeHO.

Mpuxnang 3 Posenanemo cucmemy (1) 3a ymosu, wo MHONCUHA
nouamkoeux cmanie My = Ky, (X(0), 7o), mepminanvha MHodCUHA
My = Ky, (X(n),Tn),  MHodicuna — obmedicenb — Ha  KepyeamHs
U(t) = Kn(0,pe). Tymx gy € R™, x(yy) € R™, 15 > 0,1y > 0,p, > 0,
t=0,1,..,N—1. Tooi ¢pynryis keposarnocmi
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YMOBa TOBHOI KEpOBAHOCTI HAa TEPMiHAIBHY MHOXUHY My 3
MHOXXUHU M Ha iHTepBani 0 < ¢ < N y 1boMy BUIIAJKy Ma€ BUIJISA

Join {(x0, O"(N)Y) — (xn, ) + 15 1 ©°(N)P) I +

N-1

+ Z p Il C* ()0 (N, s + D I} = 7.
s=0

BucuoBku. 1. Jlnsi nNiHIHHOI AMCKPETHOI CUCTEMH KEPYBaHHS 31
3MIiHOIO pOBMlpHOCTl BEKTOPY CTaHy 3a 0OMEKeHb Ha BEKTOp KepyBaH-
H$l, IOYATKOBHIA 1 KIHIIEBUI CTaHU OOTPYHTOBAHO KPUTEPiil 4aCTKOBOI
KEpPOBaHOCTI.

2. JloBeneHo Kpmepm TOBHOI KEPOBAHOCTI 3 MHOXHMHH T0YATKO-
BUX YMOB Uil JIHIMHOI JMCKPETHOI CHCTEMH KepyBaHHs 31 3MiHOMO
pO3M1pHOCT1 BEKTOpy CTaHy 3a OOMEKeHb Ha BEKTOP KEpyBaHHI,
MOYATKOBUH 1 KIHIIEBUH CTaHH.

3. st miHIHHOT AMCKPETHOT CUCTEMH KEPYBaHHS 31 3MiHOIO pO3Mip-
HOCTI BEKTOpPY CTaHy 3a 0OMEXEHb Ha BEKTOP KepYBaHHS, TOYaTKOBUH
1 KIHIICBUI CTaHW OOTPYHTOBAHO KPHUTEPiii MOBHOI KEPOBAHOCTI MO0
TepMiHAJILHOT MHOKHWHH.
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