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VIIPABJIEHUE ITPOITECCOM U3MEPEHUA
B IMHAMNYECKHNX CUCTEMAX!
A.B. ®omunbix (Caukr-Ilerepoypr, PP)
alexfomster@mail.ru

Jlokyiar TTIOCBAIIEH HEJWHENHON CHCTEMe, XapaKTepe3yIolell HelpephIB-
HBII 3aKOH M3MEHEHHsl KOBapHAIIMOHHON MaTpPHUIIBI HaOII0LAEMOro O0beK-
Ta [1]

D(t) = A(t)D(t) + D(t)AT(t) — D(t)V (t)D(t) + K (t),

D(0) =Dy, te]0,T], (1)

Bnecy K (t) xapakTepusyer BO3MYIIEHUs, NefCTBYIOIMNE HAa CUCTEMY (eCiu
oun orcyrcTByioT, To K (t) = 0). V(t) XapakTepusyeT mporecc HabIIOIeHUs
1 3aBUCHT TOJBKO OT COCTOAHUSA U3MepuTesteii. Ecim MoKHO N3MEHATH BEIOOD
HaOJIFOaeMBIX TTAPAMETPOB UM TOYHOCTb M3Mepenus, To V (t) urpaer poJb
yIPaBJICHHUS.

Paccmorpum dbyukimonan [ = fOT fo(V,t)dt, tme fo(V,t) = 1. Torma
I = T upencrasisger coboil IJINTEIHLHOCTH HAOJIOAEHHUs. Terepb MOXKHO
chopMyIMpoBaTh 3a4ady ONTHUMAJIBLHOTO II0 OBLICTPOAEHCTBHUIO YIPABJICHUSI
HabIoneHneM V'

D(t) = A(t)D(t) + D(t)AT(t) — D)V (t)D(t) + K (¢),
D(0)=Dy, D(T)=Dy, I=T—min, Ve, (2)

rame Dy — HavaygbHOE ycjoBue, Dy — 3HadYeHne MaTpurbl [) B KOHEUHBIH
MoMmeHT Bpemenu 1, U — KJiacC JOMYCTUMBIX YIIPABICHUIA.

Ceeniém 3amady 6bicTpojeiicTBus (2) K 3a7a4e ONTUMAJIBLHOIO YIpaBJie-
HUSA B CMBICTIE JeMiipupoBanus GpyHKIuU W, KoTopas XapakKTepusyeT pac-
crosiaue oT Tekyirero 3Hadenus D(t) no 3amannoro Dr. Torma jyis permenns
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331891 HEOOXOIMMO IIOZ00paTh TaKoe yIIpaBJieHne, Ipu Koropom W ybniBaeT
3a KpaTdaiiiee BpeMs. B kauecTBe dpyukiun W MOKHO B3ATH

W =||D(t) - D(T)|]*. (3)
Torma Wpey =0, W > 0 V D(t) # D(T).

K paccmaTpuBaeMoii 3ajade MOMBITAEMCS IPUMEHUTH METOJ JIMHAMUYe-
ckoro nporpammupoBanus [2]. Ilepeitném or marpuunoro muddepernuab-
HOTO ypaBHeHust (1) K BEKTOPHOMY U TIEDEINHUIeM 3a/a9y B HOBbIX 0003HAYe-
HUSAX

djini) = dj = a;d + da; — d; Z o'd] + K, (4)
1=1
5(0) =8, 6(T) = Ir,
I=T —min, weU 1j5=1,n.

rme a; — 4-9 CTPOKa MaTpuubl , d; — -9 cTpoka Marpunbl D, d/ —
j-it crobern maTpunsl D, k; — i-g cTpoka MaTpunbl K, k7 — j-it crosber Mar-
punet K, o' — [-it cronbern marpumpt V, u = (uq, ..., Uzp), Ujingi-1) = v (£),
1,9 =1,n.

Haiiném

22 8ir)0; —225 u, g; (8)) + c'(a, 6, k) =

= (u, g(5)) + c(a, d, k). (5)

Paccmorpum MHOKecTBo ympasiaenuit U = {u € R*" | ||ul| < ﬁ”} Ucnosb-
3ys TOXKIeCTBO max (u,g) = 1, momygaem

Il < g
e, (u,9(6)) + cla, b, k) = (u", 9(9)) + c(a, b, k) = =1+ ¢(a, 6, k), (6)
Ilull< g
ut = . 7
TolP g

[To semme [3| ynpasierue (7) onTUMAaJbHO B CMBICIE JeMI(DUPOBAHNUS
dyukmuun W. Kpome Toro, Kax OBLIO OTMEYEHO BHIIIIE, W|5(T) =0,W >0
V § # 6(T). OueBumno TakKe, 4TO 9Ta (PYHKIUS BEIECTBEHHA W HEIPEPHIBHA
Vtel0,T], 6 € R?. Torma ¢ yuérom (3) mo Teopeme 3y6osa [3| ecm

Wl = —1, (8)

TO 9TO yIpaBJeHNe u* ONTUMAJIBHO TT0 OBICTPOAEHCTBUIO.
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[Toncrasum waiinennoe ynpasienue (7) B (4). [Momyuum HesmHeRHYyIO
cucreMmy muddepeHnInaIbHbIX YpABHEHNH, IpaBas 4aCTh KOTOPOH 3aBUCHUT
TOJILKO OT M3BECTHBIX 3JIEMEHTOB a, k m oT 0.

DTO MO3BOJIIET UCIOIL30BATH YUCIEHHbBIE METOIbI PEIIEHUS CUCTEM OObIK-
HOBEHHBIX AuddepeHnuaabHbIX YpaBHeHnil. Bocmoab3yemMcs, Hampumep, Me-
trogom Pyrre-KyTTsr 4-ro opsizika. sBecTrbl HauanbHoe 3Havenwue 6(0) = dy
n koneunoe 6(71) = 7. Ilomyuns npubmmxénusie pemenns §(t,,) CHCTEMbI
B MOMEHTHI t,,, MOJCTABUM WX B 3aBUCAMOCTb (7), TakuM oOpa3oM Haiijém
ONTHMAJILHOE yIpaBenue u*(t,) B MOMeHTHI t,,, m = 0, M, Mh =T, h > 0.

Ncnonbsyem coorTHoienue (8) i HAXOXKJEHUsT MUHUMAJBLHOIO BpeMe-
Hu T’ 1mepexoja CUCTEMbI U3 HAYAJIBHOIO IOJIOKEeHNs B KoHedHoe. Marerpu-
pya (8) Ha mpomexyTKe BpemeHu OT ty 70 T, GyJeM MMeThb COOTHOIIEHUE

W(T) —W(ty) = =T + to. Bmecnb to = 0, W (T') = 0, mosromy
16(to) — 8(T)II* = [1d0 — 07| |* =T. (9)

PaccmarpuBaercss mpuMmep peasim3aliuid MTOCTPOEHHOI'0 aJrOpUTMa, B KO-
TOPOM BBITIOJIHEHBI YCJIOBUA TeopeMbl 3yO0Ba U yaaJI0Ch ITIOCTPOUTH IIPUOJIH-
JKEHHOE PEeIleHre CUCTEMbI U OITHUMAaJIbHOE 110 OBICTPO/IEICTBUIO yIIPpABJIEHHE,
IIepeBOJIsIee CUCTEMY B 3aJlaHHYIO TOYKYy. KoHedHbIit MoMeHT BpemeHu 1’
BBIYNCJIEH AHAJUTUYIECKU.

Takum obpazom, B JaHHOM JOKJIa/Ie IEMOHCTPUPYETCS BO3MOXKHOCTD ITPU-
MeHEHUsI IIPUHITATIA TUHAMIYIECKOr0 IIporpaMMUPOBaHus beaMana K 3a1ade
OBICTPOIEHCTBHS C HEJIMHEWHOHN cucTeMoii (1) IIpu paccMOTpPEeHHBIX Or'paHU-
YEeHUSIX Ha YIPaBJIEHHUS IIOJyYeHbl HEOOXOAUMBIE M JIOCTATOYHBIE YCJIOBHSI
ONTUMAJILHOTO yIIPABJCHUSA, AaHAJUTUYECKN Hall/IeH KOHEYHbII MOMEHT Bpe-
Menn 1'. PaccMoTpeHHBINH IpUMepP U APYTHe YUC/IeHHbIE SKCIEPUMEHTHI JAI0T
OXKMJIaeMble Pe3YyJIbTAThI MOAaHNd TOYKNA U3 HAYaJbHOTO MOJIOKEHUHA B KO-
HEYHOE 3a BBIYUCJIeHHOE BpeMs 1.
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O ITPOME2KYTOYHOM CJIYVUHAE PEI'VJIAPHOCTU
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MHOTOMEPHBIX MHTET'PAJIOB !
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B muOromepsoit curyarun 3amada gudpepeHnnpoBaHis HEOIPEIJIEHHOTO
HHTEerpaJia mpuobperaer HOMOJHATEIbHYIO CIENn(UKY, KOTOPO HET B OIHO
MEPHOI CHUTyaIlny, 9TO IPUBOAUT K HEOOXOAUMOCTH PACCMOTPEHMS PA3HBIX
ciy4daeB. DTa creluruKa CBA3aHAa C PErYIAPHOCTBIO CUCTEMBI MHOXKECTB, II0
KOTOPBIM IIpoucxoauT auddepennnpoBanne. B pabore moyydeH pe3yabTaT
JIJIL CJIydasl PeryasipHOCTH, IIPOMEXKYTOYHOI'O II0 OTHOIIEHWIO K M3BECTHBIM
KJIACCHYECKIIM.

Omnpepnenenne 1. [ycrs f(z) € L'(RY). Ee neonpedeaenrvim unmezpa-
A0M Ha30BeM (DYHKITUIO MHOXKECTBA!

F(I) = [ f(a)ds,

rae I — m3MepuMoe MHOXKECTBO, a MHTErpaJl IIOHHMaeTCss B cMbIcie Jlebera
o Mmepe Jlebera.

[Tox 6pycom A Gymem monmMarh MHOkecTBo (al;bl) x (a?;b%) X ... X
X (a¥;0™) (rme —oco < a® < b < +00), B KOTOpoe, 6BITH MOXKET, J00aBIeHbI
HEKOTOPble TOYKH TPAHUILI WIH CcojeprKalliie BCIO CBOIO TPaHMIly. B maib-

HelIeM B KadecTBe MHOXKecTB [ OyaeM paccMaTpuBaTh TOJBKO Opychl. Mx

N

muamerpom Gyzem HasbiBarh uncio diamA = [ > (bF — a¥)2. Tlycrs E =
k=1

= {A}}ren — 1moCEIOBaTEIBHOCTD (MK cucTeMa) 6pycoB. Bymem paccmar-

pUBATh TaKWe CUCTEMbI OPYCOB, JJI KOTOPBIX BBIMIOJHEHO YCJIOBHE CXOIIMO-
ctr K 1060it Touke £ € RY, toectb Ve >03I A€ Z: 2 € A, diamA < e.

CkazxkeM, 9TO CUCTEMA = PEryJdpHasd, eCJIu CyIeCTByeT Takoe ducjio L >
> (), Ha3BIBAEMOE TAPAMETPOM PETYISIPHOCTH CUCTEMBI, 9TO s JTI0OOTO Opy-
ca A = (a';bt) x -+ x (aV; ") , A € E, cipaBei/iuBo HEPABEHCTBO:

max{b! —al,...,bY —a}
min{b' —al,..., 0N —a/V}

PaGora mopneprkana PODOU 14-01-00417 u HIII 1096.2014.1.

< L < .
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