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! IpKyTCKMit TOCYIapCTBEHHbBI YHUBEPCUTET MyTeli COOBIIeHMS
! 'HCTUTYT AMHAMMKY CUCTEM U Teopuu yipasiaeHust umenu B.M. MatpocoBa CO PAH, MpkyTck

[17151 IByX pa3HO-PeryAMpyeMbIX ITyYKOB (KOHEYHbIX, CYUETHBIX, WM 1a)Ke KOHTMHYAJIbHBIX) YIIPaB/ISIeMbIX TPa-
€KTOPHBIX KPVBbIX TUTIA «TPAEKTOPYSI, YIIPABJIEHMEY, MHAYIIMPOBAHHbBIX 33IaHHOI HECTAIIMIOHAPHOI IMIiep6o-
JIVUECKOV CMCTEMOVA, HO C Pa3HbIMM ITOJIIMHEHBIMY PETY/ISITOPaMM, TIOKa3aHO, UTO, C/TV HEJTMHENHbI (DYHK-
LIMOHA/IbHBIN oriepaTop Pernes-Putiia GyfeTr MoMyagguTMBEH Ha JIMHEHOV 060/IouKe OT O0bemMHEHNS ITUX
ITYYKOB, TO paspelMa 3aa4ua CyIecTBOBaHMsI OOIIEro (MHBAPYAHTHOTO) HECTAIMOHAPHOTO MOVTMHEITHOTO
PeryisiTopa, Mpy HaJlmuuy KOTOPOT'O B CTPYKTYPe JAaHHOI TUITePOOIMUECKONi CYCTEMBI, 00beIMHEHNE ITUX TPa-
€KTOPHBIX ITyYKOB COIEPSKUTCSI B CEMEICTBe e€ NOITyCTUMBIX peliieHuii. [IpyBeneH WUTIOCTPUPYIOLINI TIPUMeED.
Knrouegoie cnosa: monvnvueiinas quddepeHnyanbHas peanusanys, runepooaueckast CUCTeMa, MHBA-
PUaHTHbIN NOMMUIMHENHBIN PEryasTop.

Paboma evinonxena npu ¢uHaxcosoti noddepicke PODU (npoekmot 19-01-00301, 19-08-00746).

BBEJIEHUE

KauectBennas teopusi nuddepeHInanbHON peann3aln yIpaBisIeMbIX JTUHAMUYECKUX CH-
CTEM B HACTOsIIEe BPEeMsl, U BEPOATHO HAJI0JITO, IPEICTABIISIET JOBOJIBHO aKTUBHYIO 00JIaCTh UC-
clieloBaHUN B 00ylacT 0OpaTHBIX 3ajay MaremaThueckod ¢usuku [1]. B maHHOM KOHTEKcTe
HacToslas padoTa MPoI0JHKAeT U3bICKaHus [2], TOCKOIBKY €€ 11eJIb — UCCIIe10BaTh IK3UCTEHIIMO-
HAJTBHBIC JJOKA3aTeIbCTBA CYIIECTBOBAHMS ONMEPATOPHBIX KOY(PPUIMEHTOB' HHBAPHAHTHOTO 10~
JWJIMHEHHOTOo peryisaropa (/P-perynstopa) HecTaluOHAPHOW runepOoInuecKOi CUCTEMBI; BITPO-
YyeM, JJaHHbIE Pe3yJbTaThl PaclpoCTpaHUMBl Ha CTallMOHApHbIe ciayyau [3-7]. UHBapuaHTHOCTH
peryisiTopa npeanosiaraeT, YTo uccieayemas (Mogeaupyemast) rurepOoandeckas CucTemMa J10JxK-
Ha coJiepKaTh B KJIacce JOMYCTUMBIX PEIICHUM JiBa (PMKCHUPOBAHHBIX y4Ka YIPaBISIEMBIX Tpa-
EKTOPHBIX KPUBBIX, P 3TOM KaXKIbIF IIy4YOK HEOTPAHUYEH 110 MOITHOCTHU (KOHEYHBII/CUeTHBII/
KOHTHMHYAJIbHBIN) 1 HHAYIHUPOBAH CBOUM (MHAMBHUAYaTbHBIM) MTOJUINHEHHBIM PEryJISITOPOM.

1. TEPMHWHOJIOI'US U IIOCTAHOBKA 3AJTAYHN

Hanee (X, |||lx), (Y, Ill¥), (Zi |Il2), i =1, ..., n — BemecTBeHHBIE cenapabenbHble THILOSPTOBBI
MPOCTpaHCTBA (IPEATWIILOESPTOBOCTH [8] onpenensitor HOpMEI ||-||x, |||y, [|]|2), U =Y X Z1 X ... X Z, -
rHIE6EPTOBO MPOCTPAHCTBO-MIPOM3BEACHHE C HOPMOIA [|(1, z1, ..., zo)|u = (I + 2 1. ll2i 2%

L(Y, X) - 6aHax0BO NPOCTPAHCTBO C ONEPATOPHON HOPMOH ||-||1(v,x) BCEX TMHEHHBIX HENPEPBIBHBIX
orepaTopos, aekcTByromux u3 ¥ B X (ananornaso (L(X, X), ||||lcax) 1 (L(Z:, X), |||uzx)), X' - i-as
JIEKapToBa cTeneHb npoctpancTa X, Z(X ', Z;) - IPOCTPaHCTBO BCEX HENMPEPHIBHBIX i-IIMHEHHBIX
(TTOTMJIMHEHHBIX ) 0T06pa>KeHHfI2 3 XB Z,.

Ilycte T':= [to, t1] — 0Tpe30K YnCcI0BOM NpsAMOM R ¢ mepoit JleOera p u g, — 6-anredpa Beex -
u3MepuMbIX moaMHoxkecTB u3 7. Eciim umxke (B, ||||) — HekoTOpoe 6aHaXx0BO MPOCTPAHCTBO, TO
uepe3 L,(7, w, -B), pe[l, «) Gyaem o6o3Ha4aTh GaHAXOBO (HAaKTOP-IPOCTPAHCTBO KIIACCOB |-
OKBHMBAJIEHTHOCTH BCEX MHTErPUpPyeMbIX 1o boxuepy [8] orobpaxkenuii f: T — .53 ¢ HOPMOIA (f T
Hf(’c)H"u(dr))l/p , uepe3 Lo(7, W, -55) — MPOCTPAHCTBO BCEX SKBUBAJICHTHBIX KIIACCOB [L-U3MEPUMBIX U

' D10 CBOANT 333Uy CTPYKTYPHOH MACHTH(GUKAIIME HEIMHEHHOrO PeryssiTopa CHCTEMBI, KaK aoCTEPHOPHOI pea-
JIM3alMK ero OOIIeH MONMHIMHEHHOM CTPYKTYpBI, K 0oJiee ocsizaeMOou 3a/1aue pa3pelinMOCTH pealii3alii aanTaly-
OHHBIX (HACTpauBaeMbIX a posteriori) onepaTop-QyHKIUNA PH MYJIbTUIUIMKATUBHOM MPE/CTABICHUHU [-THHCHHBIX
aJIIUTUBHBIX YICHOB 3TOW CTPYKTYpPBI; APYyroii (OoJiee paauKaibHbIN) MOAXOM CBsI3aH ¢ HASHTH(UKAIMEH onepaTo-
POB M3 i-KpaTHBIX TEH30PHBIX MPOU3BEIACHUI T'HMIIBOCPTOBBIX MPOCTPAHCTB, B YACTHOCTH, MOJIIPOCTPAHCTB IPO-
crpancTtBa Poxka [8].

IIpoctpanctBo Z(X °, Z) nuHeliHoe (Kak MPOCTPAaHCTBO (YHKIMN CO 3HAYCHHSIMU B BEKTOPHOM MPOCTPAHCTBE Z:
CITO’KEHHE ¥ YMHOXKEHHE Ha CKAIAP IPOM3BOIUTCS OTOUYEUHO), pu 3toM o B € Z(X ¥, Z) monumaercs Takoe coot-
BeTcTBHUE z = B(x1, ..., X;) MEXKIY YIOPSIOUEHHBIMU CUCTEMAaMH (X1, ..., X;) DJIEMEHTOB 13 X U dJIEMEHTaMu U3 Z, KOTO-
poe JTUHEHHO M0 KKIOMY X; IPH (DUKCUPOBAHHBIX OCTAJBHBIX 3JIEMEHTAX, U JUIsl HEKOTOPOro ¢ < 0 yJI0BJIETBOPSET
[1BCx1, - .. x|z < cllxillx - - - |IXl|x; 3TO SKBHUBaNIEHTHO: ISt KQXKIAOTO I U JHOOBIX X|, ..., Xi1, Xjsl---» Xx €X BEPHO X; >
B(xy, .. xi . x) € LX, 2).
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ITycts T :=[to, t1] — OTPe30K UMCI0BOI psIMOIL R ¢ Mepoii JleGera p 1 g, — G-anre6pa Bcex |- U3MepUMBIX
noaMHoxxecTB u3 T. Eciv Huke (B, |||) — HeKoTopoe 6aHax0BO MpocTpaHcTBo, TO Yepes Ly(T, 1, B), pe[l, =)
OyzmeM 0003HaUaTh 6aHAXOBO (HaKTOP-TIPOCTPAHCTBO K/IACCOB [1-9KBMBAJIEHTHOCTY BCEX MHTEIPUPYEMBbIX I10
Boxuepy [8] oTo6paxkennii f: T — B ¢ mopmoit (|7 |If(t)|Pu(dr))”?, uepes L.(T, y, B) — IpOCTPaHCTBO BCeX K-
BUBAJIEHTHBIX K/IACCOB [1-M3MePUMBbIX U [1-CYlleCTBEHHO orpaHnyeHHbIX QyHKUMit u3 T B B. Kpome Toro, AC
YT, X) — MHOXecTBO Bcex GyHKUM ¢: T — X, mepBast MPOU3BOAHAS KOTOPBIX SIBJISIETCS aBCOTIOTHO Herpe-
poiBHOI Ha T QyHKIMe (OTHOCUTEIBHO MepHI |1), CBepX TOTO, [Jis YIIPOIeHYsI TpUMeM

I1:= ACKT, X) x Ly(T, 1, Y) X Lo(T, 1, Z1) X ... X Lo(T, 1, Zp).

BBezmeMm BcrioMorartenbHble KOHCTPYKIIUY, CBSI3aHHBIE C CYCTEMO 0003HaueHuit. Yepes

Hy:=Ly(T,n, Y) x Lo(T, u, Z1) X ... x Lo(T,, 1, Zy)

0003HauMM IIPOCTPAHCTBO-IIPOM3BEIEHIE C TOIIOJIOTMEN, MHAYLYPOBAHHOM HOPMOIt

W0y vy Wl = (1 Wo(T), ey WD) ||7, (T2, (W, ..., W) € H;

SICHO, YTO H; — rib6epTOBO MPOCTPAHCTBO (B CUITY [8] KOHCTPYKIMYU HOPMBI ||-||1).
Hanee, paccMOTpMUM 6aHAaXOBO MPOCTPAHCTBO-TIPOM3BEIEHE
LZ = LZ(T7 u, L(Y7 X)) X LZ(Tr H, L(Zb X)) XX LZ(T’ H, L(Zm X))

KIaCCOB U-3KBMBaJIEHTHOCTH YIIOPAOOUYEHHDBIX CCTEM OHEpaTOp—(bYHKLU/Iﬁ C HOpMOﬁ

[Tyctb 3amanbl onepaTop-QyHKIuu Ao, A; € Li(T, 1, L(X, X)), Az € L.(T, p, L(X, X)), ipu 3TOM U-TIOYTH
Bcogy B T omepatop Ao(t), t € T caMOCONPSDKEHHBIN U CTPOTO MOJNIOXKUTEIbHO-ONpefie/IeHHbIN, a TakkKe
(bUKCMPOBaHbI HATYPATBHOE UUCIIO N, i-NViHeliHbIe 0ToOpaxenus Bie L(X', Z),i=1,...,nu

Ny c {(x, u, Bi(%), ..., Bu(x, ..., X)) € IT}, Card N; < oo,
ey
N, c{(x, u, Bi(x), ..., Bu(x, ..., x)) € T}, Card N, < s,

IBa (OUMKCUPOBAHHBIX BapyUaHTa MOBeIEeHMS VCCAeyeMOi IMHAMUYeCKOi CYUCTeMBI C TPAeKTOPUSIMMA X, ITPO-
TPaMMHBIM YITPaBIE€HWEM U U MTO3ULIMOHHBIMM 0OpaTHBIMU CBA3sIMM (popmamm) Bi(x), ..., Bu(x, ..., X), ipu
atom N; N Ny = J; 3neck u nanee Card N; — MOITHOCTb MHOsKeCTBa (Tyuka) N;. SIcHO, uTO

Bi(x, ...,x) € L.(T, n, Z), Vi=1, ..., n, V(x, U, Bi(X), ..., Ba(x, ..., x)) € N}, j = 1, 2.

VcoBUMCS Iajiee OTIMYATh B 0003HAUEHUSIX BEKTOP-DYHKINIO (X, U, B1(¥), ..., Bu(x, ..., X)) € IT Kak Kacc
9KBMBANEHTHOCTH (MOod 11) OT KOHKPETHOTO MPeACTaBUTENS U3 ITOTO KIacca — <MHIVBUAYATbHO» BEKTOP-
byHKIVIM BUIA:

t (x(t), u(t), Bu(x(®)), ..., Ba(x(®), ..., X(1))).
Hanee mpepronaraemM, 4To B JeMCTBUTENIbHOCTHU yIIpaBiseMble JuHamudeckue mydku Ni, Ny — CyTb pe-
IEeHUST 00HOTI TUTIEPOOTYECKON CUCTEMBI C PA3HBIMU TTOTIATVHEHBIMY PETY/ISITOPAMMA:
AdeX/dtz +Asdx/dt + Aox = Boih + X i1, BnBi(X, ceey X), (B()l, ceey Bm) € Ly,
V(x, u, Bi(x), ..., Bu(x, ..., X)) € Ni;
2
Azd ZX/dt2 + A1dX/dt + AoX = Bozu + Zi=l,...,n B,‘zB,‘(X, ceey X), (Boz, veey an) € Lz,
Y(x, u, Bi(x), ..., Ba(x, ..., X)) € Ny,
(B(n, ceny Bnl) * (Boz, ceey an);
3[1eCh U Jjasiee ¢ yYETOM JieMMblI 1 [1] B aHAIUTHUUeCKOI KOHCTPYKLIMM X-pelneHust cienyem § 121 [9].

Paccmompum 3adauy: onpeenuThb (B TepMUHAX BeKTOP-QYHKIMIT 06beayHeHHOT0 yuka Ny U N,) aHanu-
TUYEeCKMe YCJIOBUS CYIIeCTBOBAHUSI YIIOPSOOUYeHHOI CUCTeMbl omepatop-byHkumii (By', ..., By") € L, mas
KOTOPOIT ocymiecTBuMa AuddepeHIMaabHas pean3sanus qguHammyeckoro mydka N, := N;U N, Buga:

Ayd’x/dt? + Aydx/dt + Apx = By'u + X is1,..0 BiBi(%, ..., X), (©)

.....

Y, u, Bi(x), ..., Bu(x, ..., x)) € N..
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ITocTaHoBKa 06paTHOI 3amaun (3) MPUBOAUT K HEKOTOPOMY KOJIMYECTBY METOIOIOTMUECKUX CXEM MaTe-
MAaTUYECKOTO MOJIETMPOBAHMS®, TPABMIBHO OOBSICHSIIOMINX (GU3NUECKYIO TE€/iCTBUTEIbHOCTD, BhIpabaThIBast
HOBYIO MaTeMaTUUEeCKYI0 MHTYULIMIO B 06J1aCTV 0OpaTHBIX 3aau rurnepboamdeckux cuctem [10].

3ameuanue 1. OTMETMM, UTO HET CTPYKTYPHBIX MPEISITCTBUI, UTOGBI PACIIPOCTPAHUTH IMOTyYEHHBIE
HM3Ke pe3ysbTaThl Ha KaueCTBEHHYIO TeOPUIo peanusanyy IP-perynsTopa runepboanyeckoii cuctemsl (3),
BKJIIOUAIOIIEr0 B CBOJI COCTAB IOIMIMHEIHbIE OIIepaTOPhl — IPOrPaMMHO-TIO3ULMOHHbBIE cBsi3u 13 L(X X Y,
7)), N comepsKallye B KauecTBe MOIOJHUTEIbHBIX IepeMeHHbIX k-pa3 (k < i) mpousBomHyio dx/dt u 1-pas
MIpOTrpaMMHOE yIIpaBJIeHle U; ICHO, UTO B TaHHO¥ mocTaHoBKe B(x, ..., dx/dt, ..., u) € Ly(T, u, Z;) ns mo60ro
otobpaskenns B € L(Xx Y, Z). TIpu atom, ecnu ayis nuddepeHnanbHoii peanusanyy (3) CTaBUTh 3aJauy
paspenMOoCTH peaansalum IoanmInHeHbix dopm us L(Xx Y, Z),i=1, ..., n, To 0CHOBOIt MaTeMaTHUECKO-
ro armapara MOXKET CIYKUTh KOHCTPYKLMS T€H30PHOIO IPOM3BeIeHNs® TMIb6EePTOBBIX IMPOCTPAHCTE [8],
T.K. €0 CTPYKTypa CBOJUT M3yUeHMe MONVINHENHbBIX OTOOpaskeHUH K M3YUEeHMIO TMHEMHbBIX 0TOOpaskeH
IyTeM BBeJeHMSI HOBOV OIepalniy Ha KaTeropum JIMHENHbIX TPOCTPaHCTB.

2. TIPEABAPUTEJIbHBIE CBEJEHUVSI

O603HaunM uvepes L(T, y, R) MpoCTPaHCTBO KJIACCOB [-3KBUBAJIEHTHOCTM BCEX BEIECTBEHHBIX |1- M3Me-
puMbIX Ha T GYHKRIMI U TIyCTh <;, — KBasuymnopsimouenue B L(T, 1, R) Takoe, 4To ¢1 <i, dz, ecyint 01(t) < ¢2(t) u-
routy Bciony B T. HaumeHbIyi0 BepXHIO rpaHb Iyt mogMHokectBa W < L(T, 1, R) 0603HaumMM yepes supy,
W, eciut sTa rpaHb CyIIeCTBYeT AJIsI IOAMHOXeCTBa W B CTPYKType YaCTMYHOTO YIOPSIAOUeHNS <.

Omnpegnenenune 1 [2]. Paccmompum onepamop W: I1 — L(T, n, R), nocmpoenHslil coenacHo npasuna

(14x(®)d?q(0y/dt? + Ait)da()/dt + Aot)a(®)]lx (Iwo(®) |17 +
W(q, Wo, ., W) =3+ X icr,n |IWiD) Hé Y12, ecnu (Wo(b), ..., wa(t)) 20 € U, 4)
L0 € R, ecnu (wo(t), ..., wa(t)) =0 € U;
cnedys mepmunonozuu [12, 13] onepamop (4) Haszosem onepamopom Penes—Pumya.

B KOHCTpyKIMM oneparopa ¥ KoppekTHo BkimoueHme d2q/dt* e Li(T, y, X) (B cumy iemmsl 1 [1]).

Ilycts N < {(x, u, Bi(x), ..., Bu(x, ..., x)) € II}, Card N < « u Q — HeKOTOpoe (T.e. JIT0O60e) TMOoTIoIIaIIee
MHOXeCTBO B Span N; B reoMeTpuy TIOTJIONIAIOIEro MHOXecTBa cienyeM [8], T.e. U{aQ}q0 = Span N. Ouk-
CUPYSI TEPMUHOJIOTHUIO (MOTUBALIMM CM. B TeopeMe 2 [2]), 6yieM TOBOPUTD, YTO MYyYOK YIIPABISIEMBIX ITMHA-
MMUYECKHUX IIporeccoB N pezynapHblli Ojis TPOVKU orepatop-QyHKIuit (Ao, A1, A;) rMIepooIMIecKoii cucTe-
Mbl (3) B TOM 1 TOJIBKO B TOM CJIyvae, eCiy UMeeT MeCTO Cjefiylolilee MooXKeHe:

{t e T:||A2(t)d?q(t)/dt? + Ay(t)dq(t)/dt + Ao(t)q(t)||x= 0} D

3ameuanwe 2. i) Ecim, ipy aHam3e JUHAMUYECKOTO ITyuka N, 00HapY>KMBAETCS, UTO
Uit,...n supp [Bi(x, ..., X)llz =
= supp ||x|lx (mod p), V(x, u, Bi(x), ..., Bu(x, ..., X)) € N,
TO Iy4ok N 6yJeT peryasipHbIM 15 J1I000# TPOIKM orepaTop-QyHKINiA
(Ao, A1, Az) € L(T, p, L(X, X)) X Lu(T, p, L(X, X)) x L(T, p, L(X, X));
ii) B custy Teopembl 2 [2] u ipencTtasaenust (2) Ny, Ny u3 (1) cyTb peryisipHble AMHaMUYeCKMe ITyUKU.
[TpuBegeM HeOOGPEMEHUTETbHBIE ICXOMHbIE TIOJIOKEHNSI, YTOUHSIONIVE TO3UIMIO 1) 3aMedyaHus 2.

’B [2] KopoTKO 06CYKmaeTcs Apyras (reoMeTpuIeckast) TPAaKTOBKa 06paTHON 3amaun (3) U AaeTcs BApUAHT €€ peleHus
— Teopema 3 [2]. B pasgesne 4 maHHAs TPAKTOBKA MOMYYUT JasibHelIIee pa3BuUTe (OHO BIMICAHO B (OPMYIMPOBKE TeO-
peMblI 2 1 e€ CJIefCTBUS 3) IPY ONpeie/IeHHbIX OTPaHMYeHMSIX Ha MOIHOCTb AMHAMMUYECKMX ITyIKOB N1, Na.

* DTOro HeJb3st CKA3aTh B OTHOIICHNUH CTPYKTYPHI PErYISTOPa C MPOrPaMMHO-TTO3ULIMOHHBIMM CBsi3sivMu 13 L(X XY7, Zj),
j > 2, TIOCKOJIbKY B JaHHOM C/Iydae, T.e. KOrjja 06/1acTh onpemenenus onepatopa B e L(X XY/, Zj), j > 2 Briiouaer j-pas
TepeMeHHYIO (YIIPaBJIeHMe) U, MOXKET He 8bINONHAMbCS (CM. KOMMEHTapuii CHOCKM 2) ycimoBue B(x, ..., dx/dt, ..., u) € La(T,
W, Zj).

5 HekoTOpble 31eMEHTbI 3TOTO TEOPETUKO-TEeH30PHOTO paclipeHus oTpaxkaeT pabota [6] u anroputm (2.1)—(2.2) [11]
CTPYKTYpHO-TTapaMeTpUUYecKoi uaeHTUdGuKanuu; cM. Ha ero 6ase mpumep 1 [11] armocTeprMopHOr0 BOCCTaHOBIIEHMUS
nmuddepeHIaTbHBIX YPaBHEHMIT HEJIMHEIHOI IMHAMMKY ITPOCTPAHCTBEHHO-BPAIATENbHOTO IBUKEHMSI, OMTMCHIBAEMO-
TO YpaBHeHMeM Jdiiiepa ¢ MONUIMHEeHBIMM WieHaMy OTHOCUTEIbHO KOOPAMHAT YIIOBbIX CKOPOCTei 1 PEerylIsITOPOM UX
IeMIGUpOBaHMS.
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Jemma 1 (Momuduxanyst nemmsl 1 [14]). Eciu ker By = 0, mo dunamuueckuti nyuox N 6ydem pezynsipHbim
021 n00bIx onepamop-GyHkyuii Ao, A1 € Li(T, u, L(X, X)), A, € L.(T, u, L(X, X)).
JTokasaTebCcTBO. SIcHO, uTO moJioskeHue ker B; = 0 Bieuder

Ui, Supp IBi(x, ..., x)llz =
= supp |Ixllx (mod 1), V(x, u, Bi(x), ..., Ba(x, ..., X)) € N.
[ToaTOMY IOCTATOYHO ITOKAa3aTh, UTO IJIs 066X GyHkumii f e AC(T, X), g € L(T, u, R) paBencrtso df(t)/dt =
=0 BpIMonHsIeTCS P-TIouTH Bcrony B Ty :={t € T: |If(t)llx + Ig(t)| = 0}; sicHO, YTO B CTPYKTYpe JOKa3aTeabCTBa
TeopeMmbl 1apa (f, df/dt) BLITIONHSET IBOSIKYIO POJIb — POJIb TApHI (X, dx/dt) v mapsl (dx/dt, d*x/dt?).

IIycte Ty:= {t € T: f(t) = 0}. [TockonbKy T;> Ty, To B ciryuae u(Ty) = 0 yrepxxaenue {t € T ||df(t)/dt||x= =0} o
Ti; (mod p) mpospauno. [TosTomy paccmoTpum BapuanT u(Ty) # 0.

0603Haunm uepe3 Ty :={t € Tr: 3 > 0, u((t-4, t+3) N Ty = 0}. TTokaxxem, uto Y(To) = 0. [y 3TOTO BHIGEPEM
Kaxxpomy t € Tp KOHCTAaHTY &' > 0 Tak, uto u((t-8°, t+8°) N Ty = 0. Haiimém Takue paiyoHaabHble uncaa &',
8", uto & e (t-8'4, 1), 8”1 (t, t+8") u mycTs I, := (8, §”,). Torga cemeitcTBO UHTEPBATOB {I;}co TOKPHIBAET
MHOXeCTBO Ty, a T.K. KakKAbIi MHTEPBAJ I; IBJSETCS OTKPBITBHIM C paliMOHAJbHBIMM KOHIIAMM, TO CEMENICTBO
MIOCKOJIBKY IS JII060r0 MHmekca i = 1, 2, ... BeIIOIHSETCS Iy © (684, t+84), To u(ly N Ts)= =0, ¥ 3HAUUT
CIIpaBe[JIMBa CIeAYIOlIas «IelouKa» [1-OTHOIIeHMiA:

w(To) =w(To N Ui=1,2,..In)) =
=pUi=1,2..To N Ii) £ Zi,2,.. 1(To N In) = 0,
otkyza u(To) = 0. Tenepp mpoBeaEM 3aBepIIAIOIILYI0 YAaCTh A0Ka3aTeIbCTBA.

[Tyctb t € TA\To, TOTHA Ay1s1 JIo6oro & > 0 6ymet p((t-6, t+8) N Ty) > 0, u mockobky fe AC(T, X), TO HaiigeTCs
takoe MHOKecTBO T < T, uto u(T") = 0 u Vt € TAT" cymiectsyer df(t)/dt. Ilokasxkem, uto df(t)/dt =0 gysi t €
TN(To U T7). HeiicTBUTENBHO, /st TH060T0 HaTypaabHOro k umeem u((t - 1/k, t + 1/k) N Ty > 0 u, ciemosa-
TEJIbHO, HAETCS MOMEHT ty# t, |ti-t] < 1/k, tye Ty Ho TOTIa B CTPYKTYpE CUIBHOI TOMOIOTYY GYIET BHITIOJI-
HSATCS TIPeIeTbHbIN TIepexof, (UTO, B KOHEUHOM UTOTe, ¥ TPe6oBaioCch I0Ka3aTh):

df(t)/dt = lim{(f(t-At) - f(t))/At: At — 0} =
= lim{(f(t,) - f)/(t- ) =0e X: k> o} =0e X.

CnepctBue 1. Eciu (x, u, Bi(x), ..., Bu(%, ..., x)) € Il u ker B; =0, mo g, g, ,2dev,v_— coomsemcmaywujue

J1e06e208CKU NONOJIHEHHble BUXeguopUCmuUUecKue Mepbl 8Uda

V() = Is (U@} + it IBAX(D), ooy (@) |7 (AT), S € 04
v_(S) = [s||Ax(t)d *x(t)/dr? + A(t)dx(t)/dr + Af()x(D)||x(dT), S € @y,
npu amom, ecnu Im By = Z;, mo
|A2d %x/dt* + Ardx/dt + Aox]|x (Ilu ||§ + 21,0 IBilx, ...y x)||§ )Y2e Ly(T, 1, R) &
o |JAd2y/de? + Adx/dt + Al (llulf; + X[ + s, IBi(X, ey )| )2 € Ly(T, 1, R),
0715 1106bIX 0nepamop-@yHKyuL
Ao, A1 € Li(T, n, L(X, X)), Az € L.(T, u, L(X, X)).

13 QyHKIMOHAIBHOV KOHCTPYKIMM (4) C 0OUeBUIHOCTBIO CIeyeT, UYTO omepartop Penes—Purtia ymosie-

TBOPSIET MPOCTHIM (HO BasKHBIM) COOTHOIIIEHUSIM
0<¥Y(9), tme 0e L(T,u, R), o € II, (5)
Y(Po)=¥(9),0=PeR.

Teopus oneparopa Peyess—PuTiia HY>XJaeTcsl B O4eHb TOYHOM TeOPeTUKO-MHOKeCTBEHHOM SI3bIKe, UTO
3aCTaB/IsIeT HAC YAEIUTbh ITOMY SI3bIKY 0co60e BHUMaHMe. [I03TOMY Mpeskie ueM MATH Jaibliie, HaM OymeT
yI06HO BBECTH JOMOJHUTEIHHYIO TEPMUHOJIOTHIO.

Omnpepenenue 2 [12, 13]. Onepamop Penes—Pumya Hazoeem nonyadoumueHsim ¢ 8ecoM o. € R Ha MHOxMce-
cmee E c T1, ecnu dns no6oti napst (01, ¢2) € EXE cnpasednueo HepaseHcneo

(o1t ¢2) SLot¥(9r) + o (¢2).

Jlemma 2. [TosryaddumusHocmes (C puKCcUposaHHsimM 8ecom) onepamopa Penes—Pumya ecms c80iicmeo KoHeu-
H020 xapaxkmepa 0711 N0OMHOxcecme MHoxcecmaa I1.

JokasarenbcTBO. [IycTh Ha HeKOTOPOM MHOXecTBe E  IT oneparop Penesi—Puria W nmosmyaggutuseH ¢
HEKOTOPBIM BECOM 0., TOT/Ia JaHHbIII oriepaTop OyoeT MOTyagAUTHBEH C STMM BeCOM Ha JII060M KOHEYHOM
mogMHoskecTBe U3 E. C mpyroit cTopoHsl, eci W MONMyagAUTUBEH C TeM K€ BeCOM Ha JII0GOM KOHEYHOM
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MTOMHOKeCTBe MHOXKeCTBa E, TO 1151 /1106071 Tapbl BeKTOP-QYHKUIMI (¢1, 02) € EXE 6ymeT BoITOMHATHCS (¢
+ ) <L oW (1) + P(2), MOCKONBKY Ha IIOgMHOXKeCTBe {1, ¢.} < E onepatop ¥ nonyagauTiBeH ¢ BeCOM o. [

B3auMoOTHOIIIEHe MeKIY JIeMMOit 2 1 teMMoit Teiixmioiepa—ThIOKM® TPUBOIUT K BasKHOI reoMeTpu-
YyeCcKolt XapaKTepucTuKe MoayaaauTUBHOCTY orniepaTopa Penesi—PuTiia, a uMmeHHO: B IT CyIeCTBYIOT MaKCu-
MaJibHble MHOKECTBA, HAa KOTOPBIX OrepaTop (4) moayagauTUBEH C HEKOTOPBIM Becom o, > 0, Ipu 3TOM JaH-
Hble MHOXXECTBA He MOTYT ObITb JiuHeliHbtmu B cirydae o € (0, 1); 4TOObI yOeIUThCS, JOCTATOYHO PACCMOT-
peth perictBue VW Ha mape (¢, 0) € EXE, ¢ # 0 3a ucknoueHeM TpuBuanbHoro Bapuanta E= {0} c I1, umeHHO
II03TOMY HIDKE B JieMMe 3 (M IT0 YMOJYaHUIO [aJibliie) [PearoJiaraeTcs, 4YTo Bec nojayaaIuTUBHOCTHU Olepa-
Topa ¥ — HeKoTopasi pMKCHMPOBaHHAS TOCTOSTHHAS O € [1, o).

Jlemma 3. ITycmb o € [1, ), mozoa 8 II cyujecmeyem (He eOUHCMEeHHOE) MAKCUMAIbHOE OMHOCUMENbHO
meopemuKo-MHONECMEEHHO20 8KII0UEHUS TUHeliHoe MHoxcecmeo E, Ha komopom onepamop Penes—Pumua no-
JayaddumueeH ¢ 8eCoM .

IlokaszaTenabCcTBO. [TyCTh (q1, Wor, ..., Wn1) — HEHYJIeBOII aiemMeHT B I1. Torma B cuity (5) oneparop W mony-
aIIUTUBEH C BECOM ¢, Ha JIMHeHOoIi o6os0uke E; Haf (qi, Woi, ..., Wn). Jlaniee, IycTh (g2, Woy, ..., Wn2) € I1, (q2,
Wo2, .., Wi2) € E1 1P monyanmutuser Ha E1 U {(q2, Woa, .., Wn2)} C BECOM 0; €C/TY TAKOBOTO 3JIeMEHTA He CyIle-
CTBYeT, TO E1 — ICKOMOe MaKCMMaJbHOEe MHOKECTBO. BoibepeM B E; + Es, rhe E, — MuHeliHasg 060109Ka Haf,
(q2, Woa, --., Wn2), IPOU3BOJIbHBIN 3JIEMEHT

B1(q1, Wot, -, War) + Ba(qz, Wog, ..., Wn2), B1, B2€ R, B2#0.
B TaKkoit moctaHOBKe B COOTBETCTBIUY ¢ hopMymamu (5) GYAYT BITOTHSATHCS COOTHOUIEHMS :
"I"(Bl(Ch, Wty «eey Wn1) Bz(Qz, W02y +eey Wi2)) =
= T(Blﬁz-l(qh Wity ooy Wn1) + (qZ, W02y ..y an)) <L
<L oc‘I’(Bl[iz’l(ql, WOty «eey Wnl)) + OL\P((,Zz, W02y «eey an)) =
= (X\P(BI(QI, WOty «eey Wnl)) + (X‘P(Bz(ﬂlz, W02y «eey an)),
OTKyJa CIeyeT, 4yTo oreparop ¥ momyaniuTUBeH Ha JIMHeTHOM MHOroo6pasuu E; + E; ¢ Becom o. Paccysk-
Jast aHAJIOTMYHO, MOYKHO TTOKa3aTh, UTO B MPeIbIAYINMX BbIKIaAKAaX E; MOKHO 3aMEHUTH Ha 1000 HeHyJIe-
BOe JInHeltHoe oagMHokecTBO 13 I, Ha KoTopom V¥ MosyaiIUTUBEH C BECOM PaBHBIM Ol.

OcrasibHbIe TOCTPOEHUSI OYIYT KacaThCsI IeIeii, T03TOMY ITyCTh P — ceMeiiCTBO BCEX YIOPSIAOYEHHBIX Map
(E*, o), rme E' — HeHy/eBoOe JiMHeliHoe MHOXeCTBO B IT 1 o € [1, =), mpuuém onepartop Penes—Puria nomy-
annuTuBeH Ha E¥ ¢ BecoMm o. BBefleM B P UaCcTUUYHOE yTOpsiioueHue <<, CUuTast

(E#’ (x#) << (E##, u##) = E#C E##’ a#: a##.

[To Teopeme Xaycmopda (mpuHIMI MakcumyMa Xaycaopda [15]) B cemeiicTBe P cymiecTByeT Q — MaKkCH-
MaJIbHa4 1elb (MaKCMMaJIbHOE JIMHEVHO YIIOPSIL0UYeHHOe MHOXEeCTBO), cofepykalas uenb (Ei, o) << (Ei+ Ey,
o). ITyctb ®@ — MHOXKeCTBO BceX JIMHeltHbIX MHOXKecTB E, B I, Takux, uto (E,, o) € Q. Torza @ Oyner 1MHelHO
YIIOPSITOUEHO OTHOCUTENIbHO TEOPETUKO-MHOKECTBEHHOTO BKITIOUEHMS, CIeJ0OBaTeIbHO, 06benuHenne E =
U {E,: E,e ®}o06pasyeT (TpMBMaTbHBIM 00pa30M) 1MHejiHOe MHOroobpasue B II.

Hanee, ecnut (¢1, ¢2) € EXE, TO, 04€BUIHO, (01, §2) € EXE, I/1s HEKOTOpOro MHOXecTBa E,e @, oTkyzna npu-
XOIYM K BECOBOJ MONyaAOUTUBHOCTH AJis apsl (¢1, ¢;) ornepatopa V':

@1+ ¢2) sLot¥(9r) + o' (92)
u 3HauuT (E, o) € Q. [Ipu atom ecsin 661 MHOTOOGpasue E He okazajoch MaKCMMaabHbIM B I, HA KOTOPOM
Hau ornepartop ¥ mosnyagguTUBEH C BECOM O, TO KOHCTPYKUMS IMHENHOTO pacIiiMpeHus], yKa3aHHas Bblllle,
1103BOJTMIIA GBI TIONYYNTh B cemeiicTBe P anemenT (E', o), m1j1st KOTOporo E ctporo comepskut E, HO 9TO IIpo-
TUBOPEUMIIO ObI MaKCUMAaTbHOCTH Lier Q B cemeiicTse P. O

3. TEOPEMA CYIIECTBOBAHUS IP-PETVJISITOPA
[IpenMert Mccieq0BaHMS 3TOTO pasjena — CylleCTBOBaHMe OTepaTop-QyHKIVI MHBAPUAHTHOTO TIOIMAIIN-
HEIHOTO peryssitopa cucteMsl (3). He cTpemsich K hopMyaMpoBKe HAMTYUIIIero Moa0KUTeTbHOTO pesy/bTa-
Ta B 3TOM HalpaBJeHU!, JaJ/M ero B BUIe KOMIIAKTHOI TeOpeMbl — IIPOCTOe AOCTATOYHOE YC/IOBME; BCE
YaCTy ero JOKa3aTeabCTBa MO CYIIEeCTBY yKe MOATOTOBIEeHbl HAMY, M OCTAI0Ch TOJBKO COeIUHUTD UX.
Teopema 1. ITycms N1, Ny  I1 — nyuku dunamuueckux npoyeccos (1), (2). Tozda 3adaua (3) paspewuma, ecau
onepamop Penes—Pumuya nonyadoumueeH ¢ HeKOmMopbiM 8eCoM HA JTUHEHOM MHO02000pasuul

6 . . .
Hamomuum, uto semma Teiixmiomiepa—ThIOKM SIBJISIETCS lbTePHATUBHOI GOPMOIt akcoMbI Bbibopa [15].
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Span N; + Span N;.
3ameuvanue 3. OcTaeTcsi OTKPBITHIM BOIIPOC: 3KBMBAJIEHTHA M TeopeMa 1 Teopeme 3 [2] — pemieHue 3a-
Jauy MHBapPUAHTHOrO paciivpenus audbdepeHINaNbHOM peannsanyy B TepMUHAX YIJIOBO METPUKY IO/ -
MIPOCTPAHCTB IMIbOEPTOBA IIPOCTPAHCTBA; IPM ITOM TeopeMa 1 yKa3bpIBaeT Ha 3HAUMMOCTB ( B Iyxe a majore
ad minus) KOHCTPYKLIMM Beca MOJYaAIUTUBHOCTHU orepaTtopa (4) mpu o6CysKIAeHMM BOIIPOCa O pacIIMpeHnn
ITyYKOB JMHAMMYECKMX ITPOIIECCOB, AOMyCKAIIMX AdGepeHIaNTbHYI0 peann3anuio (3).
ITokaszaTeabcTBO TeopeMbl 1. ITOCKOJIBKY JMHeHbIe 000/0uky Span N; u Span N, — MOIJIOMIAIOIINE
MHOXeCTBa B cebe, TO B CYITy TeopeMbl 2 [2] HaiimyTcs ABe GyHKRIMM 01, ¢z € Lo(T, 1, R), IisE KOTOPBIX OYOYT
BBITIOJTHSTBCS CIeAyIole qBa (QyHKIMOHATbHBIX HepaBeHCTBa’

sup.¥[Span Ni] <1 ¢,
sup.P[Span N;] <1 ¢s.
Bri6epem B MHOTOOGpasuu Span N; + Span N, B KauecTBe €ro MOTJIONA0IEro MHOXKECTBA CAaMO 3TO MHO-
roo6pasmue. Torga B cuity nonyaaautuBHocTi W (¢ Becom o) Ha Span N; + Span N, rosryyaem

sup.¥[Span N; + Span N| <,
<roasup¥[Span Ni] + asup W[Span No] <, ol + ¢2),
OTKY[Ia, CX0s 13 TeopeMsl 2 [2], cinenmyeT (¢ yaetom Span N;U N, = Span N + Span N, 1 nyHKTa ii) 3ameyva-
Hus 2), 4TO MHOXXeCTBO mpotieccoB N; U N, o6nagaet auddepeHimanbHoii peanusaiiueii (3). O

CnepnctBue 2. I[Tycms mHoxcecmsa Ni, N, ..., Ny IT umerom peanusayuu (2). Tozda U1, x Ni, — cemeiicmeo
peweHuti cucmemot (3) dns Hekomopoti ynopsidoueHHoli cucmemot (Bo', ..., B,") € Ly, ecnu ¥ nonyaddumusen c
8eCOM Ha UHELIHOM MH02000pa3uul CyMMbl JTUHELHbIX 000104eK IMUX MHOHCECNE:

Span N;+ Span N;+ ... + Span Ni. [
BCe 9JIeMEeHTbI KOTOPOJi (KaK COBOKYITHOCTb BCEX ITOJAMHOXKECTB eAVMHUIIbI) 0bjIafaroleit peanusaiein (3) ¢
(burcupoBaHHOI MoOmeNbIo (3), MPK 3TOM BOTIPOC 00 «MHAVBUIYATbHOM» XapaKTepUCTUUYECKOM IMpU3HAKe
nvddepeHIMaNBHON peanu3anum Ijsl KaXIoro otaenbHoro myuka N; (i = 1, ..., k) oco6eHHO 1pocTo (KOH-
CTPYKTMBHO) pelIaeTcsl Ha CeMelicTBe 0AHO3IeMeHTHbIX N;= {(X, u, Bi(x), ..., Ba(x, ..., x))i}:
Y((xi, Ui, Bi(X), ..., Ba(X, ..., X)) € Lo(T, 1, R), i=1, ..., k;

YTO €CTh aHATUTHUUYEeCKMIi hakT Teopembl 1 [2]. Eciv jaHHbIe COOTHOIIEHNMS (VT HEKOTOpbIe 13 HUX) He BbI-
TTOJTHSIIOTCSI, MOJKHO CTaBUTh 3afauy cuHTe3a B;e L(X!, Z), i =1, ..., n, o6ecreunBaioiux 03HaueHHbIe YCII0-
BUSI®, IPU 3TOM METOIOJIOTMUECKY 3Ty 3a7auy MOXKHO TPaKTOBATh KakK CTPYKTYPHYIO MAeHTHMKAIMIO® He-
JIVHETHOI KOMITOHEHTbI ypaBHEHU (3); B JAaHHOM KOHTEKCTe CM. TIOJIOKeHusT paboTsI [11].

4. CME>XHBIE BOITPOCBI

Tenepb MOCMOTPUM, KaKye aHaJIUTUUYECKYE Pe3y/IbTaThl B PEIIeHNY 3aau CYIeCTBOBAHMS peann3alnun
onepatop-hyHKimii (By, ..., By") € Ly runepb6oimyeckoii cuctemsl (3) MPUBHOCSIT YCOBUS:

Ni c {(x, u, Bi(), ..., Ba(, ..., x)) € IT}, 1 < Card N; < X, (aned-Hynb) — He 60JIee UeM CUETHBII ITYUOK pelre-
HUIA CYCTEeMBI (2) C YIIOPSIIOYEHHOM CUCTEMOI oniepaTop-GyHKIWMI (Boi, .., Bni) € Ly,

Ny := (X', u’, By(x"), ..., Bu(X, ..., X)) € II — perrenne cucremsl (2) ¢ Habopom onepartop-dyukumii (B, ...,
Byp) € Ly, ipu 3T0M (B, ..., Bi2) # (Bot, «.r, But) ¥ (X', U, Bi(x"), ..., Bu(X', ..., x")) & Span Ny;

T.0. «00beVMHEHHbIIT» JuHaMuueckuit myuok N. := N; U N, 1160 KOHeUHbIi, 1160 CUeTHBIA.

OueBMIHO, UTO B J1060J1 TOUKe t € T BO3MOKHO pasJiOKeHMe B TUIbOePTOBOM ITpocTpaHcTBe U BEKTOpa
W' @®), Bix'(®), ..., BaX'(0), ..., X'(1))) Ha mpoekiuio B Span {(u(t), Bi(x(t)), ..., Ba(x(0), ..., X®)): (%, u, Bi(%), ...,
Bu(%, ..., X)) € N1}, Kotopyio o603uaunm (u'(t), Bi(x'(t)), ..., BaX'(¢), ..., X'(t)))_, v mOTIO/HEHIE

W' @), Bi(x'(t), ..., Bu(x'(t), ..., X ()L =
= ('(t), Bix'®)), ..., Bux'(®), ..., X'(1))) — W'(t), Bi(x'(t)), ..., Bu(X'(2), ..., X'(1)))_.

B maHHOJ ITOCTaHOBKE HECJIOKHO YCTAaHOBUTD, UTO BeKTOp-(bYHKLU/H/I

7 CymectByert (cM. Teopemy 17 [16, c. 68]) cueTHoe MHO)kecTBO Q" < Span Ni Takoe, uto, ecyiu supt¥(Span Ny) € L(T, u,
R), T0 ¢ := supL¥(Span N;) oCyIecTBsIeT SUP-KOHCTPYKINS: t > ¢(t) = sup{¥(q, wo, ..., wa)(t) € R: (q, Wo, ..., wn) € Q')

8 MOSKHO TaKoke MCKaTh Takue GyHKIMK @jp: X — X, uTo W((X, U, Bi(@11(X)), ..., Ba(@n1(X), ..., mn(x)))i) € Lo(T, 1, R), i =1, ...,
k.

% TIoSICHUM: /T B hapamempuueckoll iaeHTudUKaIMu UIIEeTCS aCCepTOPUUECKoe OTHOIIEHNME «=» B HEKOTOPOM R", TO B
cmpykmypHoti unentuduraiuu Bie L(X', Z),i=1, ..., n ycTaHaBIMBAETCS allOAUKTHUECKOe oTHoIIeHne «e » B Lo(T, 4, R).
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t W'(t), Bi(x'(t)), ..., Bu(x'(t), ..., x’ (1)) : T— U,
t= W), Bix'(D), ..., BAX' @), ..o, X () 1: T—> U
SIBIISTIOTCS PU-usmepuMbiMu'®, ITanee, o603Haunm uepes Ei(Ny), Ex(N:) ¢ H, mogmpocTpaHcTBa 13 hopmynu-
poBKM TeopeMbl 3 [2], uepe3 E| (N;) — 3amMbikaHue B Hy TMHEHO 060I0UKI
Span {x-(u’, Bi(X"), ..., Bu(x", ..., X)) 1:x € F},
roe F < L(T, y, R) — ceMeiiCcTBO KJIaCcCOB 3KBUBAJEHTHOCTM (mod 1) BcexX XapaKTepUCTUUECKUX (QYHKIINIA,
MHIYLMPOBAHHBIX 3/IeMeHTaMy G-alredpsl .

Jlemma 4. IToonpocmparcmaa E; u E, opmozoHanwsHsl 8 2u1bepmosom npocmpaxcmee Ha.

Be3pe manee mjist IBYX 3aMKHYTBIX MOAIPOCTPAHCTB M3 MPOCTPAHCTBA H, TakKMX, UTO UX IMepeceyeHune
ectb {0} ¢ H,, a BEKTOpHas CyMMa 3aMKHyTa B H,, yC/IOBMMCS 3HAK MX BEKTOPHOTO CJIOKEHMSI, 0003HAUATh
yepes @, B 4aCTHOCTH, Teopema 14.C [9] u neMma 4 [enatoT KOppeKTHO 3anuch E1 @ E .

3agaguMcst BOIPOCOM: MIPY KaKUX aHATUTUYECKUX YCIOBUSIX, HAK/IaAbIBA€MbIX Ha MHOXECTBA YIIPaBJIsi-
€MBIX IMHaMMUUeckux mpoieccoB N; 1 N,, «paciipeHHoe» ceMeiicTBO mpoiieccoB N, o6nmamaer qubdepeH-
IMaJIbHOM peanu3saumein (3)? Ha ogHOM U3 I1yTel TeOMeTPUUEeCKOro pellieHus 3TOI 3aauy BbICTYIIAeT I10-
CTPOEHME XapaKTePUCTUUECKOTO MPpM3HaKa (CM. HIDKe JIEMMY 5), OITpe/ie/isiolero paBeHCTBO

E1+E2=E1®El, (5)
IMMOCKOJIbKY Ha/IM4uue YaCTHOM (bOprI paBeHCTBa (5), d MIMEHHO, B1aa
E1®E2=E1®El, (6)

TTOJIOKUTETPHO OTBEYAET HA O3HAUEHHBIN BbIIlle BOMIPOC O AuddepeHInaabHOi peaansaiiun paciipeHHo-
ro myyka N, B KOHTEKCTe MOJX0/1a K TeOMeTPUYECKOMY PElIeHMIO 3ajauM CYIeCTBOBAHMS OOIIEro MO -
HEeIHOTO perynsiTopa sl JMHaMudeCcKux mydykos Ni, N, ocHoBaHHOTO Ha TeopeMe 14.C [9] u Teopeme 3 [2];
HIKe OJTHO XxapakTepHoe CBOCTBO paBeHCTBa (6) 06Hapyk1BaeT Teopema 2.
HanbHejilee U3I0KkeHMe TpeGyeT MPUBIEUEHNS JOTIOTHUTEIbHBIX KOHCTPYKIMIL: TIPUMEM, UTO
T:={te T: '), Bix'()), ..., Bs(x'(t), ..., x'(£))). = 0},
M ITYCTBb V' |, V' — 1e6eroBCKie MMOMOJIHEeHMsI (HA COOTBETCTBYIOMIMX PaCIIMPeHNsIX G-aare6p) mep

[l @, Bix @), -, B @), o ¥ @) [ 1), Se 0,
S

[l @, B @), o Bx @), s X O] 1), Se 4
N

Jlemma 5. PaseHcmeo E + E;= E1 ® E| chpasednuso 6 mom u moJivko 8 mom ciyuae, ecu
Ly(T, v'1, R) = - Lao(T, V', R),

20e ;. — xapakmepucmuueckast YyHKyust MHoxecmea T\F.

[IpuBemeM Terepb BApMAHT XapaKTePUCTUUECKIX YCIOBUI paBeHCTBA (6) C HAGPOCKOM JI0Ka3aTeabCTBa.

Teopema 2. [Ipu esinonHeHuu =< (mod W) cnpasediuso npeonoxeHue:

E1®E2=E1®EJ_<:>
& Ly(T, v', R) = Ly(T, V', R).

IoxkasaTtenbcTBo. Ipegioxkenne Ey + E;= E; ® E, & Ly(T, v, R) = Ly(T, V', R) — npsimast KOHCTaTaIus

nemmblI 5. C Ipyroii cTOpoHbI, moaTBepxkaenne dakra E; N E; = {0} c H, BhITeKaeT 13
{te T: (u'(t), Bix'(D)), ..., BsX'(D), ..., x'(t))). = 0} = & (mod p)

u cnenctBus 3 Teopembl I11.5 (Teopema Xana—banaxa) [8].

JlemMma 5 1 Teopema 2 B KoHTeKkcTe TeopeMbl 14.C [9] u TeopeMmbl 3 [2] menaloT cripaBeauBbIM

CinepctBue 3. i) Cnedyrouiue mpu ceoticmea 3K8UBANEHINHbL:

LT, v'1, R) c yuLo(T, v, R) &
& Ly(T, v, R) =y Ly(T, V', R) &
s E+E=E®E,.

ii) Ecnu F= & (mod 1), mo Hanuuue n106020 cgolicmea u3 i) npespawjaem ouHamuueckuii nyyox N. 8 MHoyce-
CMB0 HeJUHEliHbIX YNpassisieMblx Npoueccos ¢ dugdeperuuanvHoii peanusayueti (3).

I'moTe3sa (110 cy1ecTBy obpalnieHne Teopemsl 3 [2] u yacTu ii) ciiencTBus 3):

«ecnu F= < (mod p) u nyuok N, o6radaem peanusayueti (3), mo Ly(T, v, R) < Ly(T, v, R)»

B 00IIIeM CJTy4yae He TTOJITBEPKIAETCSI, UTO MJUTIOCTPUPYET CIeIYIONIVI IPOCTOM MpUMeD.

Mpumep. [Tycts X=Y=Z=R, T=[-1, 1], n = 2. [Ipumem, uto mapameTpsl (ko3 duuyenTtsr) nuddepeH-
LMaJIbHOM CUCTEMBI M MOJe/IMPyeMble TUMHAMUYECKIME ITyYKM UMEIOT [IPeACTaB/lIeHe:

10B cuy cemapabenbHOCTM pocTpaHcTBa U cnabast M CUTbHAsE U3MEPUMOCTH COBIAAAIOT (Teopema 1V.22 [8].
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A0= 2,A1= 4,A2= 2,
Bi=1,B:=(1,1),
Ni={t— (e 0,e% e%):te T},
No=1{t> E+1,4t+2, 2+ 1,2+ 1)): te T}
SIcHo, uTO Myuku Ni, N; umeltot auddepeHnyanbabie peanusauuu (2) ¢ peryasTopamu (Boi, Bii, Ba) = (1,
2, 0), (Boz, Bia, Bx) = (2, 2, 0), mpuuem o6beIMHEHHDIN quHaMuueckuii mydok N. := N; U N, umeet peanusa-
1110 (3) C peryasTopoM, y KoToporo By' = B;" = 2, By = 0, ipu 9TOM 06ecrieueHbl COOTHOLIEHS :
U (1), Bix (1)), Bo(x' (1), X' (1) = (4t + 2, £ + 1, (£ + 1)),
U (), Bix (1)), Bo(x (D), X (1) = (42 + 2,0, 0),
YTO MIPUBOIUT K 0ueBUIHOMY (hakTy F= & (mod u) (xoTs1 F= {27!} # &) 1 Ipo3pauHOMY TIOIOKEHNIO
Ly(T, v, R) = Ly(T, u, R),
Ly(T, V' 1, R), V' = [(41 + 2)*u(dr).
B panHOI mocTaHOBKe
1/(4t + 2) e Ly(T,v'1, R),
1/(4t+2) ¢ Ly(T, n, R),
otkyna Ly(T, v'1, R) & Ly(T, v, R); B cuiy CJIeACTBMsSI 3 TaKKe MPUXOIMM K 3aKIH0UeHMI0, uTo mjis Ny, N; 6y-
net Ey + E;# E; ® E;. Kpome TOTO, TAaHHBII MPUMep MMOKa3bIBaEeT, UTO TeopeMa 3 [2] B 061eM ciyyae He MMe-
eT o0paleHus.
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HHpopmamuka, 8bIHUCIUMETIbHAS INEXHUKA U YNPABIeHUE

ABOUT DRIVING A HYPERBOLIC SYSTEM
TO IMPLEMENTATION WITH A POLYLINEAR INVARIANT REGULATOR
TO TWO DIFFERENTLY ADJUSTABLE TRAJECTOR BEAMS

© 2020 A.V. Daneev, A.V. Lakeyev, V.A. Rusanov, A.A. Vetrov

Urkutsk State Transport University
2 Institute of System Dynamics and Control Theory named after V.M.Matrosov,
Siberian branch of the Russian Academy of Sciences, Irkutsk

For two differently adjustable beams (finite, countable, or even continuous) controlled trajec-tory
curves of the "trajectory, control" type, induced by a given non-stationary hyperbolic system, but with
different multilinear controllers, it is shown that if the non-linear functional Rayleigh-Ritz operator is
semi-additive on the linear shell from the union of these sheaves, then the problem of the existence of
a common (invariant) non-stationary multilinear controller, in the presence of which in the structure of
this hyperbolic system, the union of these trajectory bundles is contained in the fam-ily of its admissible
solutions. An illustrative example is provided.

Keywords: multilinear differential implementation, hyperbolic system, invariant multilinear controller.
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