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technology developed by US companies to take care of those coming back from
Afghanistan and and Iraque with lost limbes or with severe disabilities. The goal
is to give a full life by using not only the best technology, but by creating it, and
to train the unfortunates to be able to live their new lives to the fullest degree.

This is important because it reflect the filosophy inherent in human mind,
to create society and to shape the future and push the frontier forward.

The awful worry is that comflicts and wars seem to be the very best
innovative forces, leaving us with an even worse question: Do we need wars to
renew our technology, or do the systems work for wars?

Technology is not free of charge, it requires change and resources, resources
in the fullest extent of the word.

And it requires people with training, not a handful, but a critical mass,
enough to implement ideas and products and put them to the market.

New technology is today making change in the most remote places, and
linking people together in a way never foreseen. When great accidents or
catastrophs happened 150 years ago, people did not know and could not do
anything. Today we can, we know immediately, and relief systems can be
operational within hours. Such logistical operations require massive use of IT
and reliable and valid datas.

New ways to make statistical data operational and fit for scientific work
will come and change science also. Above all, to make it possible not only to
descibe the past, some of the present, but also to describe future ways and future
scenarios. Today some of the litterature within social sciences do not come up
with the best solutions, the best options. Science is too often too slow to push
forward new solutions, new practises, not only because of lack of relevant and
sufficient data, but because the courage and relevant understanding is lacking.

In short: Even if we lack data, we know what is reality, what is good and
not good, what is just, and not just, what is a good distribution of wealth and
opportunities and what is not. Science does not exist for itself and for the people
Iucky enough to make a living of it, it has a defined role in any society.
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1. BeBepgeHue

Teopust AMCKPETHBIX CUCTEM HAXOAUT IMIPUMEHEHNE B TAKUX 00JIACTSIX TeX-
HMKHM, KaK cucTteMbl ¢ DBM B KOHType yIpaBiIeHUSI U UMITYJIbCHBIE CUCTEMBI
C pa3IMYHBIMU TUTIAMU MOIYJIsILMU. MIcTOprYecKu 3Ta TeOpus pa3BUBajiach Kak
OTpaXkeHHe TEOPUM HEMPEPBIBHBIX CHCTEM, IMOCKOJbKY HaOJIomanach mapai-
JIEJIbHOCTb B Pa3BUTHUM MOHSTUI U TIOIXOI0OB B PEILICHUU TPAAULIMOHHBIX 3a1a4
aBTOMaTHU4ecKoro ynpapieHus. [Ipu 10cTaTouHO MajioM MepUoae BPEMEHHOTO
KBAaHTOBAHUS CBOMCTBA MTUCKPETHBIX U HETIPEPBIBHBIX CUCTEM OJIMHAKOBHI, YTO
U yTBepXaaeT u3BecTHast TeopeMa KorenpHrkoBa. OqHaKO HUKaKasi aHAJIOTUSI
He OBIBaeT MOJIHOM.

JleiicTBUTENIbHO, B AMCKPETHBIX CUCTeMaX HaOJII01al0TCS BUIbI IBVKEHUSI,
KOTOpbIE HE CYIIECTBYIOT B HEIPEPBIBHBIX CUCTEMax: IMPOIECCHl KOHEYHOM
IUTUTEJIBHOCTU, CKPBIThIE KOJIeOaHMSI, TIOUTH Tepuoanyeckue Konebanus. Ya-
CTOTHasl XapaKTepMCTHUKa JIMHEWHOM DUCKPETHOM CHCTEMBI MEPUOIMYHA, UTO
CBSI3aHO CO CTPOOOCKOIMMYECKNM 3(PPeKTOM.

B ob6nacti Teopru aGCOMIOTHOM YCTOMYMBOCTH HEJIMHEMHBIX TUCKPETHBIX
CHUCTEM IIHMPOKO M3BECTHBIN KpuTepuii [TormoBa— LIbIMK1HA MOJIHOCTHIO aHa-
JIOTUUEH KpyroBomy Kputepuio. OIHAKO yCHJIEHME 3TOTO KpuTepusi Ha 0ase
KBaJpaTMYHOro NpeobpazoBaHus [1, 2] IPUMBOAUT yKe K PE3YJILTATY, HE TIOBTO-
psIolIeEMY B HOBBIX TePMUHAX KPYrOBOW KPUTEPHIA.

B Hacrosmeit pabote paccMaTpuBaeTCs MOJCPHM3allvsl KpUTepus ab-
COJIIOTHOM YCTOMYMBOCTY OMCKPETHBIX cucTteM [1, 2], ucnonbsyiomero Meroxn
KBaJIpaTUYHOTO MpeoOpa30oBaHuUsI BEKTOpa cocTosiHYs. Llenh MonepHU3aum co-
CTOMUT B IOJYy4eHUU (POpMBI KpUTEPHsI, KOTOpasi HE 3aBUCHUT SIBHO OT TOHSATHI
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sroro Meroma. HoBas dhopmynnpoBKa TMO3BOJISIET MPOBOAUTH BCE BHIUMCIIE-
HUSI B TIPOCTPAHCTBE MCXOMHOM pPa3MEpPHOCTU, YTO YMEHbIIIAET TPYIO0EMKOCTb
pemeHust 3amaud. JlaHHas paGoTa TpeacTaBiseT cCoOOil pa3BUTHME ITOIXOMA,
MPENIOXEHHOTO B [3] /151 HEMPEPBIBHBIX CUCTEM.

2. NocTaHoBKa 3apauun

PaCCManI/IBaIOTCH CHUCTEMBI C TUCKPETHBIM BPEMECHEM BHIA

z(t+1) = Az(t) + bE(), t=0,1,2... (1)
() = p(o.1), 2
o(t) = cz(t), (3)
rme z € R*, £ € R', A—n xn — maTpuua, cOGCTBEHHbIE 3HAYEHUSI KOTOPOii
Al, ..., Ay TIO MOAyTIO MeHblIe equHuLbl. HenuueitHas oyHkuus ¢(o,t)
VIIOBJIETBOPSIET YCJIOBUIO TIPMHALIEXHOCTH K cekTopy [0, k]:
o,t
0< 228 )
o

Xopouio u3BecTeH [4] mocTaTouHbIil KpUTEPHIt a6COMIOTHOM YCTONYMBOCTH
cucremsl (1-4):
ReW () +k'>0, 0<w<m, (5)

raoe

W(z)=c(A-2I)""b (6)
— TepegaTovyHas (YHKIWS JMHEWHON YacTW CHUCTEMBI, IITPUXOM O0OO3HA-
YyeHa orlepalusi TPAaHCIIOHUPOBaHUS MaTpulibl. OTMETHUM, YTO IepenaTodHast
GbyHKLMS SIBJISIETCSl OTHOILEHMEM TOJMHOMOB OT TepeMeHHoit z: W(z) =
= N(z)/D(z).

Kpurepuii (5) mpoct u 3¢ dpeKTUBHO MTPOBEPSieM, HO HEAOCTATOYHO TOYEH.
[ToBbIllIEHWE TOYHOCTU ONpeleeHUs] 00JIaCTH YyCTOMYMBOCTU B TIPOCTPAHCTBE
MapaMeTpOB MOXKET OBITh MOJIYYEeHO C IMMOMOIIBI0O METOJa KBaApaTUIHOTO TIpe-
o6pasoBanus [1,2]. B aToM MeTozmE BEKTOp COCTOAHMA T € R™ npeoGpasyercs
B BeKTOp Y pasmepHoctd m = n(n + 1)/2, 371eMeHTaMU KOTOPOTO SIBISIIOTCS
JIMHEHO He3aBUCHMBIE JIEKCUKOTPaUIeCKH YITOPSIOUYEeHHBIE TTPOU3BEICHUS
QjrT; Ty, TIE QU = V2, ecmn j £k, u aji; =1, ecmu j = k. CooTHOLIEHNS
areOpbl CTENEHHBIX NpeodpasoBanmii gaHbl B [2, 3]. TIpuMeHeHMe KBaapaTHy-
HOTO Tpeobpa3oBaHusl K ypaBHEHHIO (1) MPUBOOUT K CIIEAYIOIIEMY:

y(t+1) = APly(t) + P& (1) + bray An(t), (7)
rae 7(t) = &(¢)z(t) u maTpuusl ALl pl2l bjy] MMEIOT Pa3MEPHOCTH COOT-

BETCTBEHHO M X m, m X 1 u m X n. CoOCTBeHHbIE 3HAYECHUST MaTPUILI Al?]
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JiexaT BHyTPH €AMHUYHOTO KPYra, IIOCKOJIbKY OHH SIBIISIIOTCS IPOU3BEACHUSAMM
AjAr cOBCTBEHHBIX 3HaYeHMil MaTpuubl A. Kak mokasaHo B [5], abcomorHas
yCTOIMBOCTD cucTeMBI (1)—(4) 9KBUBaAIEHTHA A6COMIOTHON YCTONYUBOCTH CH-
cremsl (1)—(3) ¢ nepeMeHHBIM KO3(DDOUIIUEHTOM:

£ =u(t)o(t), (8)
npudeM KodGduimeHt u(t) — 3T0 KYCOYHO-MOCTOSHHAS (DYHKIMS, TPUHK-
Matollasi TobKO aBa 3HadeHns u(t) = 0 u u(t) = k. Mosromy u?(t) = ku,
& = kdn, v monens (7) IpMHUMAET BUIL:

y(t+1) = A%y() + by din, A, = A+ kbc /2. 9)
HepaBeHCTBO (4) TakKe MOXKET OBITh 3aIIMCAaHO B HOBBIX KoopauHaTtax:
nQ(s —k™'n) >0, (10)

rae s = O,SCf[zly, () — TIpoM3BOJIbHAS TTOJIOXUTETBHO OMpeAe/cHHas MaTpulla
obiero Buma (Q MoxeT GbITh HECUMMETPUYHOI). OCHOBHOIA pesybrar [1, 2]
TIpEeCTaBIISAET

Teopema 1. Cucmema (1)—(4) abcoaromno yemoiiuusa, ecau cyuecmeyem
maxas n X n mampuya € > 0, 045 KOMOPOI 8bINOAHEHO YCa08Ue

Re Q(®(e“) +k 'I) >0 VYwe[0,x], (11)

2de
®(2) = 0,5¢ (A" — 21) by 4, (12)

— nepedamouHas mampuya npeoopaz08anHoil cucmembi.

Kak nokasano B [1, 2, 6], kpurepuii (11) siBisietcst 6oliee CUIIBHBIM, YeM
kputepuii (5). OnHAaKO BbIYKMCIEHHE TTepeaaToqHoi MatpuLsl (12) ais npous-
BOJIBHO# Pa3MEpHOCTH sIBJISIETCS] TPOMO3KOIA 3anaueil. Kak Bunno us (12), mwist
BBIYUCIIEHUS 1 X 1. MATpULbl P(2) TpebyeTcs: BHIYMUCIUTH U OOPATUTH MATPHILY
AR1— 2T ropasno Gosee BBICOKOI pa3sMEpPHOCTH 1 = n(n+1)/2, npuyem B mpo-
LeCCe ONTUMU3ALMU ITaPAMETPUIECKON OOJACTU YCTOMUMBOCTY 3TU OTEPALIUI
MPUXOIMUTBLCA BBINOJHATL MHOIOKPAaTHO. B HacTosuieil paboTe npemiaraercs
ornvcaHue Marpuibl ®(z), He WUCIONB3YIOLIEe MOHATUI KBAIPATUYHOTO TMpeE-
o0pa3oBaHUs M MO3BOJIIONIEE TPOU3BOAUTL BCe BhIYMCIeHUsT B R™.

3. OcHoBHOW pe3ynbTat

OTMeTHM CHayana, 4To peleHue ypaBHeHust (1) umeer Bux

t—1

z(t) = A'z(0) + > A“ ue(r). (13)

7=0
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Wcronb3yst z-npeobpasosanue, u3 (1) momydaem
7(z) = 2 (Iz — A)~'2(0) — ¢ (4 — 2I)'bé(2), (14)

e BOJHOW CBepXy OOO3HAYCHBI Z-TPeoOpa3’oBaHMsl OT COOTBETCTBYIOLIMX
koopmuHaT. OTciofia CiiefiyeT BBIpaKeHUE Uil UMITYJIbCHOM XapakTepuCTUKY
w(t), TBISTIOLIECST OPUTHHATIOM TS M300paxeHust W (z):

w(0) =0, wt)=—-cA""'s, t=1,2,.... (15)

PaccMOTpuM Ternepb UMITYJIbCHYIO XapakTepucTUKy 9(t), sIBISIIOLLYOCS 06~
paTHbIM 2 -1ipeobpasoBaHueM oT MaTpulibl $(2). [To aHanoruu ¢ (15) moayyaem:

9(0) =0, 9(t) = 0,54 HWopd, t=1,2,.... (16)

B coorBercTBUM C anreGpoii cTemneHHBIX MpeodpaszoBaHuil [2, 3], mis
JIIOOBIX BEKTOPOB b, ¢ 1 110601 1 X N MaTpULIbl G BBITIOJTHEHBI TOXIECTBA!

1
Gy = (GH) G, S¢21(Gb)py = Gbe — ¢ GBI (17)
HUcnonssys (17), B (16) moydaem

I(t) = (91(t) + ¢a(t)) As, (18)

rae
i) = —w(t) A", $(t) = -A""bdAT, t=1,2,...,

$1(0) = $2(0) = 0.

Haiinem z-npeoGpasoBanue ®(z) ot ¢;(t). [To onpeneneHuo

(19)

Oi(2) = > 2 w(t) A" (20)

t=1

JlanpHelIe BHIKIAOKW OTPaHUYMM CIydaeM HEKPaTHBIX COOCTBEHHBIX
3HAYCHUI \; MaTpULbl A.

MoXHO ToKa3aTh, YTO OKOHYATeJbHbIe (DOPMYJIbI COXPAHSIIOT CBOM BUI U
B CJydae KpaTHBIX COOCTBEHHbIX 3HaueHwMii. IlpemctaBum maTpuiy AB BuIe
CYMMBI

n
A=>"\P, (21)
i=1
rne P; — mpoekTophl, 00Jagalonme CBOMCTBAMM:

n
PP;j=0, PP=P, » P=1I

i=1
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W3 npencrasienus (21) umeem

AT =3P, (22)

Oi(2) =D P>z wt)A (23)
O603HaYNM .
S(z, ) = Z 2 tw(t) A, (24)

OueBUAHO, YTO
S(z,A) =A""W(AT), A#£0; S(z,0)=0. (25)
Urak:

n
O(2) = > PA'W(zA). (26)
i=1
[TocnenHee BbIpaXkeHUeE TpeacTaBisieT OO0 MaTpUUHYIO (QYHKIINIO
®(2) = A" W(zA )= AT'N@EzAT ) (D(zA™") " (27)

OrMmeTuM, 4to obpainate Matpuity A mist BeraucieHus (27) He HYXHO.
JefcTBUTENBHO, TTYCTh

N(z) = bozt + 02" L by,

o (28)
D(2) = ap2" +a:2"" +... + ay,
rae k < n. Toraa
_ k qn—-k-1 k—1 gn—k n—1
q)l(Z)—(b(]ZA + bz A +—‘rbkA )X
X (ag2"I +a,2" "A+ ...+ a, A" (29)

Dopmyia (29) no3BoJSET IPOU3BOINTD BEIYUCIEHUS ¥ IUIS BBIDOXKIEHHBIX
Matpuil 4.

TMonyuum Terieps z-TpeobpazoBanue ®;(z) oTd,(t). Jist MPOU3BOIBLHOTO
BekTopa g € R™ monaydyaeM

g o) = —g' Ao A7 = ¢ A, (), (30)

e ckansipHast GyHkumst wy(t) = —g' A*'b umeer z-npeobpasosanue Wy(z).
[Moageprast (30) z-npeoGpa3oBaHUIO, MOTYIUM

g®(z) =¢ Z 2w, (1A, (31)
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4TO aHAIOTUYHO BbipaxkeHuio (20). TTOBTOPSIs BBIIETIPUBEIEHHBIE PACCYXKIIE-
HUS, TOJYYUM
g0 (2) = c'Aleg(zAfl). (32)
Y106HO B3SITh B KAUeCTBE g €AMHUYHBIA BEKTOD € C eAUHULEH Ha k-oit
nosuiu. Torna dopmyna (32) mact k-yio crpoky Marpuiisl ,(z). Urak:

AW, (247")
dA™'W,,(247")
AW, (z47")
OKOHYATENLHO MOTYYaeM BbIPAKEHUE TSl MepefaTOuHOi MAaTPHIIbI

8(:) = (010)+ () (4 + 5. (34

rne ®(z) u ®,(z) onpenensitorcst popmynamu (29) u (33) cOOTBETCTBEHHO.
TaxuMm 00pa3oM, KpUTEPUil YCTOMIMBOCTH MOXET OBITh C(POpMYIUpOBaH

B BUJIe, KOTOPBII HE UCTTIOJIb3YET IBHO TEPMMHOB U TIOHSTUI METONIA CTETIEHHBIX
npeoOpa3zoBaHUiA.

By(2) = (33)

Teopema 1. Cucmema (1)—(4) abcoaromuo ycmoiiuuea, ecau cywecmeyem
makas n X n mampuya Q > 0, das komopoii evinoanero ycaosue (11), 2de
nepedamounas mampuya ®(z) onpedeasemes gopmyaoii (34).

Mpumep. PaccMOTpUM cUCTEMY BTOPOTO MOPSAKA
z(t + 1) = apz(t) + apz(t) + bi€(2),
T (t 4+ 1) = ayz(t) + anz,(t) + bE(H), (35)
at) = cizi(t) + crzy(t), t=0,1,2....

B manHOM ciydae
0z + Qo

W)= ———, 36
@)= e (36)
rae
s =—(an +axn), sy =det A = aj102 — 020,,
q = —(Clbl + Czbz), qo = C; (a22b1 - a12b2> + Cz(anbz - 021b1>-
COOTBETCTBEHHO MOJIy4aeM
_ _ 012 + @A
SN =A"WiEr) = —F . 37
(N =X Wex ) = (37)
B cootsercTBuu ¢ (29) nmeem
®,(2) = (qi2I + qoA)(2°I + 5,24 + sy A7) (38)
Hcrnons3yst Teopemy Tammnsrona—Kenn, monygaem A2 = —s, 4 — 51,
D1(2) = (2 — 80) " (@2] + @A) (2 + so)T + 5, 4)7". (39)
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IpoBenst HeCIOXKHBIE TIOACTAHOBKM U MPeoOpa3oBaHMsl, MOJTyIUM

o= o ] )

rue
D(z) =(z— so)(z2 + (280 — s%)z + sé),
i = (@12 + goan)(z + S0 + 5102) — gos1a1202,
i = (@12 + @e11)(=51012) + Qon(z + So + s101),
021 = Q0021 (2 + S0 + 8182) — 51021 (012 + goa2),
00 = —o51012021 + (12 + Qa2) (2 + s + s1011).
OTMETUM, 4TO €CIM A;, A; — COOCTBEHHbIE 3HAUEHUS] MATPUIILI A, TO KOPHSIMU
MHorounena D(z) aBisiorcs umcna A Ay, A2, Al
It Beravciienust ®,(z) ormetM, 9TO
4z + ¢ 4z +q
We(2)= 5——"—, o(z)= 57—,
2+ 812+ 8 2+ 812+ 8
rue
q; = by, 46 = anb; —apb,,
q;, = —b,, qg = a;1b, — ayb,.

TTocite HECTOXKHBIX BBIKJIAIOK rojydyaem

/ / U U

-1 Cipn + G cipn + 6Py

‘132(25) =D Z) [ " " " | s (41)
Cipn TGPy CiPin T+ 6Py

e @}, s Pa1> Py NOIYYEHBI COOTBETCTBEHHO M3 BBIPAXEHMI I @11, ¥12, P21, P2

MyTeM 3aMeHBI ¢ Ha §| ¥ gy Ha g, a TOTUHOMBI @Y, ¢, ¥4, P>, TIOTYIEHBI U3 TEX XK€

BBIPAKEHUIA TyTeM 3aMeHbl ¢; Ha ¢} U gy Ha gy . OKOHYATENBHO MOIyYaeM

(42)

a;; +0,5kbic;  ap; +0,5kbc,
0] = (P 0]
(2) = (1(2) + 2:(2)) [021 +0,5kbc;  an + 0,5kb202:| ’

e ®,(z) u ®,(z) onpenensiorest o (40) u (41) cooTBeTcTBEHHO.

4. 3akniovyeHue

[TonyueHa HoBasti (popmMa YAaCTOTHOTO KPUTEpHsl aOCOJIOTHOM yCTONYM-
BOCTU IUCKPETHBIX CUCTEM, YCWJIMBAIOIas IUCKPETHBIM BapuaHT KPYroBOIro
Kkputepusi. OTa ¢opMma BbIBEleHA C MOMOIIBIO METONA CTENEHHOTo Tpeodpa-
30BaHMSI BEKTOpa COCTOsIHUSA. TeM He MeHee OKOHuaTeslbHasi (hopMyJMpOBKa
KPUTEPHUST HE UCITOJIb3YET TEPMUHOB 3TOTO MPeoOpa30BaHusl, a BCE BEIYMCICHUS
MIPOU3BOIATCS B MPOCTPAHCTBE MCXOMHOU Pa3MEPHOCTH.
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MpubnuxeHHoe onucaHue
MHOXECTB NMPUTSXKEHUS CUCTEM
C OrpaHUYEeHHbIM YNpaB/ieHUEM

M. C. Lepbakos

UnetutyT npobnem ynpasnenns PAH, Mocksa

Hccnenyercst 3agaya omucaHusi MHOXECTBA TPUTSKEHUsI JIMHEHHOMN
CHCTEMBI, 33aHHOI B MPOCTpaHCTBe cocTosiHUii. PaccmarpuBaioTcsi orpa-
HUYEHHbIE YIPABIEHUSI B BUJE JIMHENHHON OOpaTHOI CBSI3U MO COCTOSIHUIO,
a TakXKe YNpaBJeHUsl ¢ HacbllleHMEM. MHOXECTBO MPUTSKEHUS] TAKUX CH-
CTEM OITMCBLIBAETCS B TEPMUHAX MHBAPUAHTHBIX JUIMIICOUIOB C IPUMEHEHU -
€M TEXHUKU JIMHEWHBIX MATPUYHBIX HEPABEHCTB U 3a/1a4 II0JIyOIPEIEICHHOTO
nporpaMMupoBaHusl. [Uisl ynpaBieHUid ¢ HACBIILIEHUEM UCIIOJIb3YeTCs UAEO0-
JIOTUSI TEOpUHU aOCOTIOTHON YCTOMYUBOCTH.

1. BeBepgeHue

Heo6xonumocTh onucaHust 00JacTeil MPUTSKEHWS BO3HMKAET BO MHO-
IMX NMPaKTUYECKUX MPWIOKEHUSIX, HAIpUMeEp, MPU KUCCIETOBaHUM MOBEAEHMS
U YIpaBJIEHUM MEXaHMYECKUMU cucTeMaMu. IIpu 3TOM Kak IMpaBUIIO pecypc
yIpaB/IeHUsT OrpaHUYEH, a MOMEIb CHCTEMbl M3BECTHA HETOYHO U MMEIOTCS
HEKOHTPOJIMPYEMBIE BHEIIHHWE Bo3MylIeHUs. OOIIMii ITOAX0M K pelleHUIo He-
KOTOPBIX TMIIOB TAKMX 3aj1ay BIiepBble npeacrasied A. M. ®opmabekuM B [1],
MO3Xe WM H3ydajach BO3MOXKHOCTh HPUMEHEHUsI pa3pabOTaHHBIX METOIOB
K pa3IMYHBIM 3aJadyaM MEXaHMYEeCKOIrO IPOMCXOXICHUS, HAIpuMep, TaKuM
KaK CTaOWIM3aLKs MOJIOXEHMS LIapUKa HA MOIBMXHOM IIOCKOCTH U ap. |2, 3].
B pa6orax A. B. KypxXaHCKoro u coaBTopoB [5] usyuanach 3ama4a ycroKOeHHs
MHOTO3BEHHOM MPYXUHHOI CUCTEMBI, B [4] cTpoMIUCh annpokcuManuu 06a-
CTel IPUTSKEHMST IJIsS CUHTE3a YITPaBJIEHUH KOJIECHBIM poOOTOM; IIPWIOXEHE
K HEJIMHERHBIM cucTeMaM mpemioxeHo B [12]. M3 mocnennux myGaukaumit
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