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0. 1. Maike (in-r maremarnkn HAH Vepaiuw, Kuis)

OIIHKA 3BAJKEHOTI'O PIBHSI TACIHHS OBMEXEHNX 35YPEHD
Y JECKPHIITOPHUX CHCTEMAX

We establish necessary and sufficient conditions for the validity of the upper bounds for the performance criteria of linear
descriptor systems characterizing the weighted damping level of external and initial disturbances. The verification of these
conditions is reduced to solving matrix equations and inequalities. The main statements are formulated with an aim of their
subsequent application in the problems of robust stabilization and in the H ., -optimization problesns for descriptor control
systems.

BeranopneHo HeoOXiNHI Ta JOCTATHI YMOBM BUKOHAHHS BEPXHIX OUIHOK Ui kpHTepiiB AKOCTi JIHIHHHX AeCKPHNTODHHX
CHCTEM, [I0 XapaKTePH3YIOTh 3BaXKEeHHH PIBEHb I'aCiHHA 30BHILIHIX 1 Mo4aTkoBUX 30ypens. IlepeRipka 1aHKX yMOB 3BOMTACS
10 po3B’A3yBatHs MATPHYHUX DPiBHAHE Ta HepiBHOCTeH. OCHOBHI TREPIMKEHHS CHOPMYILOBAHO 3 METOH IX MOAANBILOTO
3aCTOCYBAHHS B 3anauax poGacTHO! ct1abimisanil 1a Ho -ONTUMIZALI] JECKPHIITOPHUX CUCTEM KepyBaHHS.

1. Beryn. VY cyvacHil Teopii kepyBaHHS pO3BUBAKOTHCA 1 HIMPOKO 3aCTOCOBYHOTHCH METOMH o -
onTHMizalii cuctem, Aki 3abesneuytors poOacTHy CTIHKICTH CTaHis pIBHOBAvH Ta MIHIMI3YIOTh He-
TaTMBHMHM BIUIMB 30BHIMIHIX 30ypeHb Ha NUHAMIKY KepOBaHMX 0O’€KTiB (NHB., Hanpukiai, [1-6]).
TunosuM KpurepieM AKOCTI v 3agadax . -onTumMizanii HenepepBHUX Ta IUCKPETHUX CHUCTEM Ke-
PYBaHHA 3 HYNBOBUM MOYATKOBMM CTAHOM € PiBeHDb TAciHA 30BHIMIHIX 30ypeHs, SIKOMY BIIIOBiZac
MaKCUMAJIbHe 3HAUYEHHS BITHONIEHHs Lo-HOPM BEKTOPIB KepoBaHOTO Buxoay o0’ekta i 30ypeHb. Y
[7~11] 3acTtocoByBayuch Oinbill 3araibHi KPUTEPil AKOCTI, AKI XapakTepH3yiOTh 3BAXCHUW pIBEHb
raciHHf fK 30BHIIIHIX, TaK 1 NOYATKOBMX 30ypetb, 10 o0yMOB/CHI HEBIIOMHMHA HEHY/IbOBHMH 3HAYE-
HHSMH [TOYaTKOBOTO BEKTOpa. BBeeHHs BaroBux xoehillieHTIB B y3arajibHEHHX KPUTEpPIAX KOCTI aae
MOXJTMBICTb BCTAHOBUTH NPIOPHTETH MK KOMIOHEHTAMY BEKTOPIB BUXOIY, 30BHIMIAIX 1 ITOUATKOBUX
30ypens 7, 12, 13].

Bigomi Metonu cuntesy H,-KepyBanug 0a3yioThCd Ha yMOBax BHMKCHAHHS BEPXHIX OLIHOK
UL BIATIOBLAHMX KPHUTEPIiR AKOCTI, BCTAHORICHMX V TEPMIHAX MATPHUYHMX PIBHAHB Ta HepiBHOC-
Tel (TBepMKeHHs THIY ,,bounded real lemmas™ {5, 14, 15)). s xnacy mHIHHAX JIeCKPANTOPHHUX
(nudeperuiansHo-airebpaiunux} cucTeM ananoridHi yMoBH BeTaHoBieHo B [16—18). Taxi cucre-
MM YacTO BHHUKAKOTHL NpU JOCTIAKEHH] JMHAMIKM CKIaanux o0 €KTiB MEXaHIKH, €l1EeKTPOTeXHIKH,
€KOHOMIKH Tomo [19-22].

Crix 3a3Ha9MTH, WO NPAKTHYHE 3aCTOCYBAHHS Gararb0X METOIB CHHTE3Y HEMEPEPBHHUX TA JMC-
KPETHBX CHCTEM KepyBands 0a3yeTsed Ha poss’si3yBaHH NimiHIX MaTpudHEX HepiBHocTel (JIMH).
JIJisl IbOTO CTBOPEHO A0CTaTHBO edekTnBHi 3acobn LMI Tooibox xomn'toteproi cuctemu Matlab [23].

JlaHy poGOTY IPUCBSYEHO 3a/184aM OUIHIOBAHHS BIUTHBY 3OBHIUHIX I HoYarkoBuX 30ypeHp Ha
AKICTBb JIHINHUX AECKPUITOPHHX CHCTeM. PO3ITISNAIOTBCA 3BAXKEHI KPHTEpil SKOCTI TAKUX CHCTEM
BiJHOCHO BEKTOPA BHXOIY i [IPOBOAUTHLCS IX OLIHIOBAHHA METONOM KBaAPaTUUHMX QyHKLIH JlAyHOBa.
B pe3y/eTari YMOBH BHKOHAHHS 33/IlaHUX BEPXHIX OHIHOK JUIA JAHUX KPUTEPIiB AKOCTI TOAAOTHC Y
BHITIAA] JIMH ra JIOIATKOBHX PAHTOBUX OOMEXEHb Ha MaTpH4Hl KoeilieHTH.

ByeMo BUKOPHCTOBYBATH TaKi 1103HaueHus: I, — ofMHKMYHa MaTpuLd nopsiky n; X = X >0
(> 0) — cumeTprYHA JONATHO (HEBiN eMHO) Bu3HaueHa Marpuns X; i(X) = {i;,i-, ip} — iHepmiz
cUMETpUMHHOT Marpuii X, Ky yTBODIOITH KUIBKOCTI il J0MAaTHUX, BIA€MHHX 1 HY/IOBHX BIACHUX
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1542 0.T. MA3KO

3HaY€Hb 3 YpaXyBaHwHAM KPAaTHOCTI; 0(-) — CIEKTp Marpuui (B’A3kM MaTpuub); [[z|lg — 3BaxeHa
L -nopma BexTopHOi dyHKuii 2(t).
2. 3paxeHmii piBeHn raciHHs MO4aTKOBHX 30ypenb. PosmisHeMo JiHiHHY JeCKPUNITOPHY CHC-

TEMY
Ei = Az, y=Cux, z(0) = zg. (2.1)

ne z € R™ i y € R! — Binmosiauo BekTopH cTaHy i Buxonay, ., A i C' — crani MaTpuii BimmoBiTHuX
PO3MIpiB, MpHYOMY B’si3Ka Matpuls F(A) = A — AE € pecymspnoio, o610 det F(A) # 0 opu A € C.

Hapeznemo BiIoMi BIIAaCTHBOCTI PerynspHOi B’s3kH Marpulp {24]. ¥V Bunagky rank & = p < n
kaHOHiuHa (opma Beltepiitpacca B’si3kn F'(A) Mae Burasa

Ay = M, l 0
0 | I,_. — AN

t

LF(\)R = (2.2)

ae L 1 R — meBupomxeni marpumi, A; — (r X r)-Marprus, BjacHi 3Ha4YE€HHSA KOl YTBOPHOKOTH
ckiguenHuii cuexktp o(F) = {A1,.... Ay}, @ N — nesxa HiIBNOTEHTHA MaTpus isgekcy v. Ilpu
npoMy B’s3ka F'(A) (abo BimmosinHa cucrteMa (2.1)) Mae r CKiHUCHHHMX IUHaMIYHHX MOI, 1 — p
HEeAUHaMiYHMX 1 p — r IMIYJIBCHBHUX MOA [25].

Perynapuy B’s3ky marpaus F(A) npH BIACYTHOCTI IMIIYABCHBEUX Mof (p = 1) OyleMo Ha3uBaTH
HeimnyabcugHoio. B ipoMy BHnazky 8 (2.2) N = 01 v = 1. Ckpizs y nomajbINX BUKIAAKaX B sA3Ka
Marpuulb F(X) € cmitikow, 10610 0(F) C C7 = {A:ReX < 0}, i v = 0, saxmo p = n. B'sska
Matpuis F'(\) HasuBaeTbCK Oonycmumoro, IKLIO BOHA PErysispHa, CTifika 1 HeIMITyJIbCHBHA.

I3 (2.2) BumuBaroTh Taxi 306paXKeHHS MaTpPHILE;

I, 0 ) - TAy 0
E=1r7"! R, A=L"" RL (2.3)
0 J’V— O In,——r
I3 ypaxyranssM (2.3) BBeieMO MaTpHIi
1 I, 0
Z=—-—— ¢ F Y Nd\=R L, (2.4)
2mi o 0
E < J,
L S A E ) 25)
EZE, v>j,

1€ W — 3aMKHEHMI KOHTYD, IO OXOIIoe crieKTp o(F'). Matpuug Z € ¢AMHHM PO3B’I3KOM MAKCH-
MaJBHOTO panry r anreGpaiunoi cucremu [7]

AZE =EZA, Z=ZFEZ,
aqucia v 1 v MOXHA 3HAWTH Y BUDIAA]L
r = rank AL, v = min {ls: e N: rank A¥ = rank Aiﬂ},

ae Ay =F Y a)E, ago(F)iN={0,1.2,...}.
I3 (2.3) 1 (2.4) BUIIMBAC KPUTEPil HEIMIYJILCHBHOCTI B'SI3K) Marpris F ().
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OLIIHKA 3BAJKEHOI'O PIBHS TACIHHA OBMEXEHUX 35YPEHb ¥ JECKPUIITOPEUX CHUCTEMAX 1543

Jdema 2.1, B'aska mampuye F(\) neimnynocuana mooi i muie mooi, Koau 6UKOHYCMbCA PIGHICb
EZE =E.
Jema 2.2 [18]. B’asxka mampuyv F(\) € donycmumoro modi i auwe modi, Konu 0 Oeskoi
mampuyi U
E'U=U"E>0, A'U+UTA<O.

3acrocyeaBi B (2.1) HeBUpOIKeHe HepeTBOPeHHS x» = Rjx; + Roxg, se R = [R},RQ},
1 € R" 139 € R, orpumaemo z; = 0 1 mijcuciemy

&y = Az, y = Cix, z1(0) = 2p1, (2.6)

ne €1 = CR;. Tomy nis ROBUIBHOTO NOYETKOBOIO BekTopa zg € X cHcrema (2.1) mae eaununi
pos’szok z(t) € X, ne X = ImR; € R’". HynsoBui po3s’s30k cucremd (2.1) acCHMIOTOTHYHO
crifikuil, axmo o(A;) C C

Beenemo xpuTtepiit akocti cuctemy (2.1):

o0
Warll -
url = sup — ———————-'y“(‘d) s 2Q - /y Qy dt' (27)
roEX,z0#0 /3? XOQO

ne ||lyllg — 3Bakena Lo-nopma Bextop-dyukuii y(t), a Q = Q7 > 0i Xo = X > 0 — nesxi
BaroBi MaTpuili. 30Kpema, SIKIIO HOKIaCTH

s H H-") .
Xo=E HE, H:LT( 1 L 2.8
G , \H Hs;! ; (2.8)
abo
Xo=FE HE, = R7'T [H i1 0] R, (2.9)
L0 0]

ge H=HT >0 — 3agana MaTpHils, a Matpuns F BH3HAYeHA B (2.5}, 10 i1y - Xoxg = leHlazm i

Hagll s
1]1 = 8up —*‘I_]FL“%:_
201 #0 v/ iy Hizo

€ XapaKTEPUCTNKOI MiAcHCTeMH (2.6), AKa OIMHCYE 3BAKEHUIT piBelb BILIMBY TOYATKOBUX 30ypeHb Ha
Buxin y. Y Bunaaxy v < 1 marpuui (2.8) 1 (2.9) 36irarorscs MK OO0k, 3U4YE€HHS Tg, [P AKOMY
ACCATAETRCS cynpeMyM Y (2.7), € natizipuiim BIAHOCHO BBEIEHOTO KPHTEPilO SKOCTL.

HacTynni TBepIKeHHs JAr0Th HeoOXiIHI i AOCTATHI yMOBH BMKOHAHHS BepXHiX oniHok Ji < v i
Ji <~y 13 3a/1aHAM 3HAYEHHAM v > 0, siki 103BONSAIOTE OOUVMCIHTH XapaKTepHCTHKY Jy K PO3B’A30K
OnTHMI3aLiHHOT 3ana4i IpH OﬁMe/KEHH}IX y Buraaal JIMH.

Jlema 2.3. Sxwo ons desxoi mampuyi X = X | sukonyemoca cucmesta JIMH

ATXE+ETXA+CTQC <0, (2.10)
0<ETXE <~%X,. (2.11)

mo Ji < ~. Hasnaxu, skwo .J; < 7y, sukonyiomuoca ymoeu (2.9) i
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1544 0. I MA3KO

rank {EC:, = rank Fs, (2.12)
Mo AIHIlHE MAMPUYHE PIGHAHHA
A XE+E XA+CTQC =0 (2.13)

mae pess’szox X = X |, wo 3ad0801buse cnissionowenns (2.11).
Jdema 2.4. Hexau sacosy mampuyro Xo 3a0anc y euz2a0i (2.9). Tooi suxonyemuvcsi cmpoea oyiHKa
Jv <y, akyo cucmema cnissionowens (2.10), (2.11) i

rankY = r, Y = E'XE - ~+Xo, (2.14)

cymicna gionocno X = X', Haenaku, skwo J, < ~ i surkonyemscs ymosa (2.12), mo mampuyne
pisnsanns (2.13) mae pose’azsox X = X ', wo 3000eonvisie cnigsionowenns (2.11) i {2.14).

Hosedenrin nem 2.3 i 2.4. BuxopucraeMo xsanparnuny dysxuito Jlanysosa v(z) = ¢ E' X Ex.
Sxkmo X = X T sagoonsuse JIMH (2.10) 1 (2.11), To

o) +y Qu=a (ATXE+E XA+C QC)z <0,

T

/ () + 57 Qy) dt = vlx(r)) - v(zo) + / Y Qyadt <0,
0

0

ne v(x) — noxigna ¢yskwii v(x) B cuay cuctemu (2.1). Ockinbku v(z) > 01 v(z(7)) — 0 npn
T — 00, TO , 7
Hyl]é < wlxg) = 2y ET X Exg < v2zg Xoio. g € X,

tobro J; < . Skio nopu npoMy NOKJIaCTH

X Xy . X X,N X
X=1L L, E'XE =R} ) R,

X, X NTX, N'X3N|

TO 3a YMOB JeMu 2.4 BynemMo MatTh

X o _[Xi—22H 0
E'XE=r'"" IR v=RV" R <0, 2.15)
0 0 0 0
npugomy 0 <= Xy < 4%Hy i X1 < (v — £)2H; mas nesxoro manoro £ > ). Toni
Iyl < v(wo) = woy X121 < (v — &)’z Hizor.  zo1 € R,

TOOTO BUKOHYETHCS CTpora oliHka J; < .
Hexait Jy < ~ i marpung Xy mae Buray (2.9). Marpuune pipnanna (2.13) 3801uThCa 10 TPHOX

He3aJIEXKHUX PIBHAHD
Al X1+ X4+ € QCy =0, (2.16)
A XoN + X0 + C QCy = 0, (2.17)
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X3N + NTX3+C)QCy =0, (2.18)
ae [C’l,Cz] = CR. Sxmo o(A;) ¢ €7, 1o pieHaHHs Jlanydora (2.16) mMae €quHMii Po3B SI30K
X1 > 0. Panrose oOmexenns (2.12) o3nauae, mo Co = GN, ge G — gesxa marpuus, abo Cy = 0.
V nepmomy Bunaaky N2 = O i pipusnns (2.17), (2.18) 3a10BOARHAOTE BiAMOBiAHI MaTpHIIi

! 1, .~ -
X, = —-C] QGN. X5 = —5(67 "QGN + NG Qa). (2.19)

Ilpu npoMy BHKOHYIOTECS criBBimHomieHHs (2.15) 1

o0 oS
¢ T " d ‘,\
Iyl = - /arl* (A] X1 + X1 A1) 21 dt = — / i‘gi’— dt =
0 0

T 2.7 .
- $01X11’01 < :L‘OlHl:Ifoh ol € R".

Ocrasus HepiBHICTH Oyle CTPOrON Afis JOBUIBHOIO BEKTopa Zo; # 0, axmo J; < ~. Haseneni
CHIBBIAHOMECHHA BUKOHYIOTHCA TAKOXK JUIst JESKOTO pO3B’ 3Ky pisusuys (2.13) npu ymosi Uy = 0. B
OHOMY BHTIAJKY MOXKHA TIokTacTd X9 = 01 X3 = 0.

Ormxe, Ans BKa3aHUX pO3B’A3KIB MATPHUHOTO piBHAHHA (2.13) BHKOHYIOTECA HepiBHOCTI (2.11), a
3a YMOB jeMu 2.4 -— cniBignourenas (2.11) 1(2.14).

Jlemu 2.3 1 2.4 noeegeHo.

3ayeancernn 2.1. Sxmo B nevax 2.3 1 2.4 zamicts (2.12) BUKOpHCTATH YMOBY

F4
rank o = rank £, (2.20)

fiKa ekBiBasieHTHA piBHOCTI Co = 0, To Marpuuro X y BIMNOBIZHUX TBEP;UKEHHAX MOXKHA IOOVIYBaTH
Y BUIJIAII

~ X 0}
' (2.21)

X=2XZ=1L"|
0 0

ne X i Xy — Hemizomi Marpuiti. 3okpema, 3a ymoB (2.9) i (2.20) ouinka J; < y BUKOHYETHCA TOAI 1
Amme Toxi, Konu icHye marpung (2.21), mo 3anoBoasHse criBBigHomenns (2.11), (2.13) 1 (2.14).
3aysarcenns 2.2. 13 noseaeHHA nemy 2.4 BHIUIMBAE, IO TS BUKOHAHAK CTPOroi ouinkm Ji < 7y
kpurepiie sixocti Trrry (2.7) 3 Barosumu Marpuismu (2.8) abo (2.9) nocrainso, mo6 Gyna CyMicHO
cucrema JIMH (2.10) i
E'XE >0, X < ~*H.

aysasrcennan 2.3. Sxio cucrema (2.1) cnocmepescyeana, To0TC

[A-\E
rank [ ~ =n, A€ ofF),

Lo

T0 y iemax 2.3 i 2.4 po3B’s30K MaTpuyHOro pisHAHHs (2.13) 3a10BOIBHSE YMOBH

E XE>0, rank(E'XE)=r,  i.(X)>n

ISSN 1027-3190.  Vip. mam. sciph. 2018 m. 70, A2 11



1546 0. I MA3KO

3. 3pakenuit piBess raciHns 30BHILIMIX i HOYATKOBNX 30ypenb. PO3IIAHEMO NECKPUNITOPHY
cHcTeMy 31 30ypeHHIMH

Ez = Ar + Buw, y=Cxz+ Duw, 2(0) = zo, 3.1

zez € R", w € R®iy € R! — BinnopimHo BekTOpH CTaHy, 30BHIMIHIX 30ypHs i Buxony, K, A, B, C
1 D — cram marpiui BIZMOBIXHUX po3MipiB, a B's13ka Marpuub F(A) = A — AE perymipha i criiika.
Y BHNaaKy BHPO[KeHO! Marpuul F JlaHY CHCTEMY MOXHA 3aNHCaTH y BULIAAL (AHB. IONEpenuii
TIYHKT)

i1 = Arzy + Biw, NZg = 29 + Bow, y = Cizy + Coxg + Dw, (3.2)

aex; €R”, rg € R,
r=R| |, w=R| |, LB=|_| = CrR=[0,C)

Sxmo B'aska Marpuus F(A\) = A — A\E reimnyascusHa, 10 B (3.2) 22 = —Bow i 114 KOXHOI
KyCKOBO-HeHepepBHOi BekTop-¢yHKIIl w(?) cuctema (3.1) Mmae eaunuii HENepepBHMH PO3B’A30K.
Sxmio

rank [Eg, BJ = rank Fjy, 3.3

10010 N B9 = 0, i x € poss’szkom crucremu (3.1), 10 2 (3.2) Nz =01 29 = —Baw.
Hexall HeBizomuil BekTop 36ypers w(t) oOMexeHuii 3a 38axeHO10 Lo -HOPMOKO [jw

T o . . .

marpuneio P = P’ > 0. Y3aransHuMo KpuTepiit sxocti (2.7) mwis cucrems (3.1) y BRI

P 3 BaroBoio

P e (3:4)
(wxo)EW \/“wH% + xg Xoxo

ge W — muoxuHa nap (w,zg), I8 AKMX 1aHa CUCTEMA Mac PO3B’A30K i BUKOHYETHCA HEPIBHICTH
0 < fjwll% + zg Xozxo < 00,3 Xp = X, > 0 — mesxa Barosa Marpuus. 30Kkpema, s MaTpuii (2.9)
x; Xoxo = .rng 1201 1 3HaueHHs J He 3aj€XKUTh BT Zp2.

3uavenns J XapakTepu3ye 3BakeHWH piBeHE BIUIHBY 30BHIILIHIX 1 HOYATKOBHUX 30ypeHDb Ha BUXIX
cucremd (3.1). Aaumit kpyuTepiit AKOCTi IpH YMOB] xg Xoxg = U nossainmo uepes Jy. OQueBunHo, 1Mo
Jo < J. Houarkosnii 1 30yproiounit BEKTOPH, IIPH AKUX JI0CATACTBCA cynpemyM y (3.4), € natizipuunuy
BIZHOCHO KpUTEpito sKocTi J.

Jdema 3.1. Sxwo ons Oesxoi mampuyi X = X ' euxonyemvcs cucmena JTIMH (2.11) i

 JATXE+E'XA+CTQC FEXB+CTQD
PX) = ' - <0, 3.5)
BTXE+DTQC DTQD — AP

mo J < ~. Hasnaxu, sxwo J <~y i suxonywmucs ymosu (2.9), a maxoxc (2.20) abo (2.12), (3.3) i

I
rank [DTQC] = rank ¥, (3.6)

mo cucmema JIMH (2.11) i (3.5) € cymicuoro.
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Jema 3.2. Hexaii sazosy mampuyio Xo 3a0ano v suziaci (2.9). Todi akwo 6’13ka mMampuyb
F(X) neimnyascuena, mo cmpoza oyinka J < ~ € kacaiokom cucmemu cniggionowens (2.11), (3.5) i

rank ®(X) =r + s, rank (ETXE — ﬂ_y‘zXo) =1 3.7)

Hasnaku, akwo J < vy i suxouyiomsea ymosu (2.20) abo (2.12), (3.3) 7 (3.6), mo icuye sampuys
X = X" wo 3adosomusc cucmeny cniggionowens (2.11), (3.5) i (3.7).
Hoeedennsn nem 3.1 3.2. O6uucanMo Brpas
oz +y Qy—~*w Puw = [J:* u'ﬁ‘r]ﬁb(X) Lﬂ
ae v{zx) — noximna dynxuii v{x) = ' £ X Ex 8 cuny cucremu (3.1), i npunycTuMo, IO BAKOHY-
I0TBCS MaTpuaHi HepisHocTi (2.11) 1 (3.5). Toni (7B, goseaeHus aem 2.3 1 2.4)

Iylld = lwl} < v(zo) = 25 BT X Bxg < %20 Xowo.  (w,z0) € W,

TOOTO BUKOHYCThCA HepBicis J < ~. /Ing BCTADOBICHHS VMOB BUKOHAHHS CTPOIoi HepiBHOCTI

J <~ B nemi 3.2 nepersopumo Groxn marpit (3.5):

. - - TN A
A'XE+E XA+C QC=R" . !R»-»L’
Vv v

Vi=ATXi+ XA+ 0] QCy,  Va=A] XuN + Xo+ C] QCo,
Vs = XyN + NT X5+ C) QCa,
XDy + XoBy + ;;j'f QD

ETXB+CTQD=R"| _ ’ }
NTX, By + NTX3B: + € QD]

Ipu ymoBi {2.9) XoN = 01 NTXeN = 0.V sunanky N = 0 i3 (3.5) smwmsae V3 < 0,
Coy =01 X5 = 0. Orxe, 32 yMOB JeMH 3.2 MaeMo

Je.(x) 0
SX)=T | 7, (3.8)
0 0
ae
) — {AIXWXIAWGJ QC1  X\Bi+ClQD
r(&)= | B/ X, +DTQx DTOD — 4P |
[0 l s Oﬂ( det T o
T = ( , et T # 0,
0 0 0 A
0 I,. |0 :

npuyomy 3rimHo 3 (3.7) ®.(X1) < 0i 0 < Xy < ~2H,. Tomy na ocuesi nemu 2.3 [12] Maemo

cTpory ouiHky J < .
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Hasnaxy, axmo J < v (J < ), To icHye marpuns X Taka, mo 0 < X; < v2H; i &,(X1) <0
(®,(X1) < 0). Panrosi obmexenns (2.12) 1 (3.3) 3abesneqyrors icCHyBaHus MarpHle S 1 G Taxux,
mwo By = NS i Cy = GN, a piegicts (3.6) osnavae, mo D' QC, = 0. Bpaxosywoun HapejeHi
YMOBH, HIYKaHy MaTpuiio X MOXiHa MeOyayBaTH y BUITISAL

X X
X=1 L
X; X

Tak, moG BUKOHyBajIoch cHiBBigHomenHs (3.8). Jlng uporo Gmoku Xo 1 X3 3a yMor (2.9) 1 (2.20)
MOXH2 B3ATH HYJILOBUMH, a 33 YMOR (2.9}, (2.12), (3.3) 1 (3.6) — y s (2.19).

Jlemn 3.1 1 3.2 nosenesno.

3aysascenna 3.1. Sxwo y nemax 3.1 1 3.2 ukopucrars ymosy (2.20), To marpumio X y Biamno-
BIAHUX TBEPIKCHHAX MokHa nobynysatn y Burasai (2.21). 3oxpema, 3a ymor (2.9) i (2.20) cTpora
oninka J < 7y BUKOHYETBCS TOII 1 IMiIe TOAL, KO icHye Marpuus (2.21), o 3a10BOIBHAE CIiBBIA-
nomenns (2.11), (3.5)1 (3.7). Jpyre cuiBsinsomedHs B (3.7) 3agKIi BHKOHYEThCH, skmo X < v2H.
SIKIO BUKOPUCTATH KpHTepiil skocTi (3.4) 3 A0BLILHOK BAroBoro Marpuuers Xo = Xy > 0, To ans
BHKOHaHHA OHUIHKHK J < -y V BHIAJKY HEIMITYIRCUBHOI B’S3KH MaTpuilk F{\) J0CTaTHbO CyMICHOCTI
CHCTEMH criBBiHoLIEHSs (3.5) 1

rank ®(X) =r+s, 0<E XE <~ Xo.

Hacnioox 3.1. Mxwo 6 aska mampuys F (A} neimnyrvcuena i
E
rank = rank &,
C

mo Jy < v mooi i nue mooi, Koau cucmema cRiesiCHOWEHb
®(X)<0, rank®X)=r+s,  EXE>0,

€ CYMICHO0.
3ayeancenns 3.2. Sxmo S = 2P - DTQD > 0, to JIMH (3.5) ekiBaneHTHa MaTpudHiii

HepisHOCTi THITy Pikkar
AJXE+E XAo+ E'XBS™'B'XE + Qo <0,
ae .
Ap= A+ BS™'DTQC, Qo=CT(Q+QDS'DTQ)C.

Jita knacy cucteM (3.1) 3 ZONyCTHMOIO MaTpHYHOWX Ba3kor0 F(A) 1 kpurepiem axocTi (3.4) 3

BArOBOIO MaTpHileto (2.8) CTIpaBIKyEThCA TAKE TBEPIKECHHA.
Jlema 3.3. Sxwo icnye mampuys U, wjo 3ad008016HAE CRIGGIOHOUEH A

0<EU=UTE<~*Xy, rank(E'U—~"Xy) =rankE, (3.9)
ATU+UTA+CTQC UTB+CTQD]
Y(U) = - . . |<o, (3.10)
BTU+DTQC DTQD —~*p

mo & nzka mampuys F(X) € oonycmumoro i J < +. 360pomue meepodicents GUKOHYEMbCs NPU ymosi
(3.6), 0¢ E| = E.
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Josedenns. Hexali BUKOHYOTBCA cHiBBizHOmerHs (3.9) i (3.10). Tomi ATU+U A< 0isa
nemoto 2.2 B’a3ka Matpuib F()\) € nomyctumoro. Bukopuctosyioun dyrriiio v(x) =« E Uz i 1i
HOXigHy B cuiy cuctemi (3.1), ofuncinioeMo BHpas

= Ty, 2.7 0T Tl w]
O(x)+y Qy—~w Pw= [T ,w [ B(U) .

Bpaxosyiouu (3.9} 1 (3.10), MaeMo crisBigHomen s (4B, JopeieHns jeM 3.1 1 3.2)
I3 — V2 lloll? < v(zo) = 20 E Uz < v°2] Xozg,  (w,20) € W,

10610 J < . HacnpaBmi BUKOHYETHCs cipora ominka J < vy, ockineku cmiBpigHOWEHHA (3.9) i
(3.10) He topymIyIOTBCA IIPH 3MEHILICHH] ¥ Ha JOCTaTHLO Mase ¢ > (.
Hexaii J < +y 1 B’si3ka Marpuup F(A) € nonycrumoro. Posrisnemo 8 (3.2) miacucreMy

Ty = A1z + Bywe, y = Cray + Dyw, 21(0) = zo1,
ae Dy = D — Ca By, i xpuTeplit gKOCTI

Jr = sup

S - -
O<wl Bty Hizor<oo v lw)|% + zg; Hixoi

OueBunno, mo J, < J, ocxigbka B (3.4) spavenns J = J, nocaraerbes np xgp = —Bow(0) = 0.
Bigomo [12], mo J, < + Tomi i muIue Tomi, koau icuye Taka Marpuua X1, mo 0 < Xy < v?Hi i

[ A X+ X4, +CQC,  X.Bi+Cy QD
o, (X)) = - _ , < 0. (3.11)
L .Bf)\’] + Dll QU D, QD —~°F
Tobynyemo uHeimomy Marpuio U B (3.9) 1 (3.10) y surosnu
X 0
=17 ' R (3.12)
~CyQC, W
mze W, = —C;QC2 — cl,_, < 0 iz > 0. CrisBingHouerHs (3.9) MO&kHA JIeTKO MEPEBIPUTH.

BpaxygaBim ymoBy (3.6), eKBiBal€HTHY DPIBHOCTI DTQC, = 0, nepeTBOPUMO i OUIHMMO BHPa3
(3.10): W(U) < TTQT, ne

Al X+ XA +CTQCT XiBy +C) QD 0 ]
b= B{ X:+ D] QC DTQD-~P  BIW.I.
" | 0 W. By W,

a Matpuiito neperoperns 1' gu3HadeHo B (3.8). [dani, Bpaxosyrouu (3.1 1), ass mestKoro Majnoro € > 0

MaeMO o .
- <I>-r5 ('Xl ) 0 '
0 We |

e
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=10 I 0
0 ~-By In

0 0
@rrg(,‘x'l)zér(Xl)_\LE .
0 BJB,

ki

Ortxe, noOynosana matpuia (3.12) 3agoBonbise cuiBeigaomenns (3.9) i (3.10).

Jlemy noBeaeHo.
3ayearcenns 3.3. Cnigsignomenns £ U = UTE > 0 8 (3.9) moxua nofaty y surnani JIMH

BIJTHOCHO IBOX MatTpuie U 1 V'
[V V-E'U

N >0, (3.13)
lv ~UE 0

Ipu wsomy i(V — v2Xo) = {0,r,0}, e V=ETU =U"E.

W3 noeepenns nemMu 3.3 BHILIMBAOTH TaKi TBEP/OKSHHS.

Hacnivox 3.2. i suxonanna cmpozoi’ oyinku J < ~ kpumepir axocmi (3.4) 3 dodamuo
BUIHAYEHOW 84206010 Mampuyeto Xy docmamnbo cymicnocmi cucmemu JIMH (3.10), (3.13) i V <
< ’}’QXO. .

Hacnidox 3.3. B’ssxa vmampuys F(X) oonycmuma i Jy < 7, saxwyo cucmema JIMHA (3.10) ¢
(3.13) e cyaticuomw. 3eopomue meeposcenns euxonycmocs npu ymoesi (3.6), oe By = E.

Sayeancennn 3.4. Heraxko BCraHOBUTH, IO BCi TBepmxenus aem 2.3, 2.4, 3.1-3.3 ne nopy-
HWIYIOTECA, IXKI0 B ymosax (2.12), (2.20), (3.3) i (3.6) samicts Ey i Fy BMKOPHCTATH BIATIOBLIHI
MaTpHLUi

E, v<1, E, v <2,
Ey = Ey =
EAYL w1, EAV=2 v > 2,

ne Ay = FY{a)Eia ¢ o(F).
ITpuknao 3.1. Posrsimemo cueremy (3.1) 3 MaTpHIsMui

11 0 o 9
E=[0 1 o], A=|3 -2 1],
0 o o 12 a
B=[p 1 0, cCc=[1 0 0, D=1

a TaKoxk KpUTepii sikocTi (3.4) 2 Barosumu koedimienramu P = 1, () = 11 X = ElrEl. Bianosigaa
B’sm3ka-matpuls F(A) = A — AE e perynsapHO0 NIpH NOBiIEHOMY ¢ € R i HeIMOYIHCHBHOIO [PH

£ 0[6].

V Bunianxy @ = 0 Maemo o(F) = {-b}), r=1, v =21

[- 1 -1 —2_] 3,5 0 0
Z=1-0,5 0,5 1, E,=1-05 g 0 Ey=F
_-—1,5 1,5 3 0 g 0

Ioxngasmn v = 1, 5, 3HailgeMo po3p’ 430K
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0,7746 —0,7746  —~1,5492
X = |—-0,7746 0,7746 1,5492

--1,5492 1,5492 0 ]
cuctemu JIMH (2.11) 1 (3.5), axa 3a nemoro 3.1 3a6esneuye ouinky J < 1.5, [Ipn bOMY BUKOHYIOTBCS
paHrosi ymoBu (2.12), (2.20), (3.3) i (3.6).

Y punanky a = 1 maemo o(F) = {—-0,6277,-6,3723}, r =2, v =11
1 -1 0
Z =110 1 -11, E,=Fy=F.
-1 -1 2 |

3HOBY MOKJIABIM v == 1, 5, 3HaiiaemM0 Marpurri

1,0704  0,8552 0 ] ~1,0704 —0,8552 O
U= {-02153 00047 0o |, = |-0,8552 —08598 0
| 50120 —9,1585 —4,1532] 0 0 0

siki 3az0BonbHsEOTE JIMH (3.10) 1 (3.13). Tlpu usomy i(V —v?Xy) = {0,2,0} i BUKOHY€TbCA paHTOBa
yMoBa (3.6). Omxe, J < 1,5 (nuB. siemy 3.3 1 sayBaxeuns 3.3).

4. BucHoBok. JI1a JIHIAHKRX JSCKPUOTOPHUX CHCTEM BCTAHOBICHO YMOBM BHKOHAHHS BEPXHIX
OLIIHOK /15l KPUTEPiiB AKOCTI, 1110 XapaKTEPH3YIOTh 3BAXKCHHIH PiBEHD raciHHS 30BHIIIHIX 1 TOMATKOBHX
30ypens. [lepeBipka NaHUX YMOB 3BOAMTLCA /0 po3B’a3yBaHHs cucteM JIMH i Moxe OyTH peasizo-
BaHa 3a JIOIIOMOTOI0 KOMIT roTepHo! cructemu Matlab. OTpuMari O1IHKH MOXYTL OYTH BUKOpPHUCTaHI ¥
MafOyTHIX JOCTIIKEHHSAX, IPUCBAUEHHAX y3arajibHeHUM 3ajadaM H o ~onTumMizanii 1eCKpUNTOPHUX
CHCTEM KepyBaHH#, V AKHX 3aMKHeHa cuciema ,,00 exr-peryiatop” mae purman (3.1).
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