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B crarbe npuBoguTcs 0630p OCHOBHBIX HAYYHBIX PE3YJILTATOB, ITOJIYYU€H-
HBIX COTPyJAHUKaMU Kadeapol 0bmmx mpob/ieM yIpPaBIeHUS B TIOCJIEIHUE T'0-
JTBL.

Karuesnie cao6a: SKCTpeMaTbHbIE 33]a41, TEOPUs TPUOJINKEHUN, BOCCTA-
HOBJIEHUE, ONTUMAIBHOE YIIPABJICHUE.

In this paper we survey recent results obtained by the staff of the Chair
of General Problems of Control.

Key words: extremal problems, approximation theory, recovery, optimal
control.

1. BBenenue. Hayunbie unTEepechl COTPYIHUKOB Kadeapbl oBIITHX mpo-
6aem ynpasienus (OILY) mmpoku u pazaootpastbl. OHE CBSI3aHBI C 3a/a4a-
MU 0BIIeit TEOPUU FKCTPEMYMa, TEOPUH YIIPABJIEHUS, TEOPUN TPUOJINIKEHHUA,
¢ 3a7auaMu O0TeKaHUs YKUJIKOCTHIO OMPDAHUYEHHOTO Teja, 33/[adaMu OITH-
MaJIbHOT'O BOCCTAHOBJIEHUS U MHOTUMU JAPYTrUMHU. Psiji BOIIPOCOB, OTHOCATITNX-
¢ K YKa3aHHOI TemMaTuke, obCcyxkpaercd B 9ToM ob63ope. Hukecsemyrornmuit
TEKCT COCTOUT W3 PAa3/esioB, KaXJblil W3 KOTOPBIX HAIMCAH OJHUM U3 CO-
TpyaauKoB Kadeaps OITY. Pasgessl pacnookersbl B aadaBUTHOM TOPSIIKE
davuanit X aBTOPOB.

2. Tlomepeunuku 1o Kosmoropory. Pasnen moaroroeiner A.A. Ba-
cunbeBoit. Ilycrs X — mopmwuposannoe mpoctpamctso, M C X, n € Z4,
L,(X) — COBOKYIHOCTH BCEX MOANPOCTPAHCTB B X DPa3MEPHOCTH He BhIIle
n. Konmmoroposckum n-nonepeunnkom MmuOXkKecTBa M B npocrpanctee X Ha-
3BIBAETCS BEJIMINHA

dp(M, X)= inf sup inf ||z —y].
LeLy(X)xzeM yeL

IIyctb m, k € N, 1 < p < o0, 1 <0 < co. Yepes l;:”ék 0603HAYNM TIPO-

& k rm 6/p\1/0

crparcTBo R™* ¢ mopMoii H(:cm)lgigm,1§j§k||lmék = (Z (Z |45 p) ) ‘
», j=1 V=1

Hns p = oo nam O = oo onpejesienne MoguUIUPYeTCs eCTeCTBeHHBIM 00pa-

oM. Yepes B;”ék 0003HAYNM EJUHUYHBIH AP ITPOCTPAHCTBA l;”ék. B cayuae
k=1 HpOCTpajHCTBO ¥ eIVHUIHBIN map Oymem obo3HaIATH COOTBETCTREHHO
wepes [,' u B

TlopstakoBBIE OTEHKW BEIWINH dn(BéV , lév ) C TOYHOCTBHIO JI0 MYJIBTHILIN-
KQTUBHBIX KOHCTAHT, 3aBUCIIINX TOJbKO OT ¢, u3BecTHbI jjd 1 < g < 00
1 TPOM3BOJILHBIX P, & TakxKe jaasd ¢ = oou p > 2 (mpup > qu p = 1,
¢ = 2 BBIYUC/EHBI TOYHBIE 3HAUEHWs )(MCTOPUIO BOMPOCA u OGubamorpaduro
cM., HanpuMmep, B [1]).

9.M. Taseesbim [2] 6blIM  [OJYYEHBI  IIOPSJKOBBIE  ONEHKH
dn(ﬂaeAyaB;)\g, lév) mpu N = 2n (31ech v, > 0, a € A). Dror pesyabrar
pacmpoctpanen A.A. Bacunbesoit vHa caygait N > 2n. [Tokazano, 9To oreH-
Ka TIOMEPEUHUKA IePECEUEHUs MAPOB CBOJINTCS K BBIYUC/IECHUIO HHMUMyMa
MHOYKECTBa BEJWIWH BHUIA Vdn(BéV , l(]]V ). Tounas bopMyMpPOBKA PE3YJIBTA-
Ta mpuseleHa B 3| u [4; npennoxkenue 1|; ormernM, dTo mpeyioxkenne 1 u3



[4] HeTpyIHO pacupocTpaHnTh Ha Cirydail IPOM3BOIBHOIO A, paccyx/jas Tak
ke, Kak B |5, §5]. ITosyuenHblil pe3ysibrar 103B0OJISET PACIPOCTPAHUTD TE€0-
pemy .M. TaneeBa [6] 06 oreHKax MOMEPEYHUKOB KOHEYHOTO TIE€PECEUeHNUsT
kiaaccoB CobosieBa Ha OJHOMEDHOM TOpE Ha CAydall Majo#l TIagKOCTH TPH
q > 2 (cm. [5]).

Kpowme Tor0, mosydenbl TOpsiaKoBbie OMeHKH dyp (MNae AVQB;Z 77];@7 ln?(}k) st
2<q,0<00,n< mTk; obozuavueHust U (HPOPMYJIUPOBKA PE3YJIBTATA TTPUBE-
JIeHEBI B [5].

3. O zagaue obrekanmsi. A.B. [opmkos nccaenoBas IBYMEPHYO 3a-
Jnady obTrekaHnsd HECKMMAEMOl KUJIKOCTHI0 OMPAHUYEHHOTO TEJIA C yCJIOBU-
€M TIPU/IUIAHUS Ha TPAHUIE, TUHAMUKA KOTOPOIl OIUCHIBAETCS HEJTMHEHHBIM
BHXDEBBIM ypaBHeHUeM (ypasHenue L'ebmrosibia). OCHOBHOI 3a1aqeii 66110
[IOCTPOEHUE TPAHUYHOIO YCJIOBUS NPUJIMIIAHUS B BUXPEBOH dopMme u J0Ka-
3aTeILCTBO PA3PENIMMOCTH BO BHemHeil obractu ) C R?.

HaganbHao-KpaeBas 3ajiada ¢ yCJIOBHEM NPUIUIIAHUS HA TpaHUIle obacTu
B BUXPEBOM IIPEJICTABJIEHUN IEPEXOIUT B MHTErPAJIbHBIE COOTHOIIEHUS, 3a-
JaHHBIC Ha BCell BHENTHOCTHU OTPaHWYEHHOTO TeJIa. 9TI/I COOTHOIIEHUA ABJIA-
FOTCH YCJIOBUSIMY OPTOTOHAJIHHOCTH (DYHKITUU POTOPA TAPMOHUIECKUM (PYHK-
OUAM. Z[.HH BHEIITHOCTHU O,ZLHOCBH3HOI71 O6.HaCTI/I C 3aJJaHHBIM TOPU30HTAJIHHBIM
[OTOKOM Ha GECKOHEUHOCTH Voo = (Uso, 0) 9TH yCJIOBUS HA BUXPEBYIO (DYHK-
A0 W UMEKT BUJ,

1 w(x)d )0, ke NU{0}, k #1,

1 — =
(1) 21 Jo @(2)k v oo, k=1,

rae ®(z) — orobpaxkenne Pumana u3 ) Ha BHemHOCTH Kpyra Buma $(z) =
2+ 0 (%)

Bajiaua BOCCTAHOBJIEHUS COJIEHOMIAJIBHOTO BEKTOPHOTO TIOJIA V 10 BUX-
peBoit dbyHKIMM w (B aHIIOA3LIYHON JuTeparype oHA HasbiBaercs div-curl
problem) mmeer eIMHCTBEHHOE DEIIEHUE ¢ TOYHOCTHIO JIO TAPMOHUIECKUX
MoJieit. DTU 1MoJIst SIBJISIOTCS TUPKY/ISIMOHHBIMUA 1 0618 1a0T H6eCKOHeTHO
KMHETHYIECKO# sueprueit. [1ockonbKy u3 ycioBusi oproronansrocTn (1) npu
k = 0 ciemyer, 9To cpejiHEe POTOPA PABHSIETCS HYJI0, TO COrJIACHO (hopMYyJIe
Crokca mpu BBITIOJTHEHUN YCJIOBUS TPUJIAIIAHUS Y T€UEHUS OY1eT OTCYTCTBO-
BaTh HUPKYJISIUS Ha OECKOHETHOCTH. DTOT (DAKT MO3BOJISIET TOJIYIATh yIKE
CPEJIHEKBQIPATHYECKUE OIEHKH JIJIs BEKTOPHOrO 110Jisi. JIOKa3aHbl 0IHO3HAY-
Hasl PA3PENIMMOCTh 3a/a41 JUBEPIeHIIns-POTOD € YCJOBUEM IIPUJINLIAHUS 1
orenka [|[V(-) = Vool 1) < Cllw(x)(1 + ]x|2)N/2HL2(Q), cripaBejyinBasi Py
mobom N > 1. JIyist TMHEHAHBIX BUXPEBBIX YPABHEHWH yCIOBUS OPTOTOHAb-
nocru (1), pacipeesennsie o Beeit GeckoHeuHoi obmacTn §), MOXKHO CBECTH
K TPAHUYHBIM, PACIPEIETEHHBIM YK€ TOJBKO 1m0 Tparute obgactu 0S). s
BHEITHOCTH KPYra, PaJnyca ryg FPAHUYHOE YCJIOBUE MPUTUIIAHUS B TEPMUHAX
koaddurmenros Pypue wy(t, -) Buxperoit Gysxmmun w(t, -) Gyer uMers BUL

6’(1)k (ta T)

k t =0, keZ.
LD Iklw(tr) =0, ke

To



Jluneitubiii omepaTop BUXPEBOIO YPABHEHUS C TAKMM KPAEBBIM YCJIOBUEM
HOPOXKIaeT BBIPOXK/IeHHOE npeobpazoBanue tuna Pypoe F', koropoe nme-
€T OJHOMEpHOe ANpo, ¢ Ha3UCHON (pyHKIMEN ey U IsT KOTOPOTO PABEHCTBO
Hapcesas npuobperaer suf || f||2 = || F[f]||1> + (f,e0)?, Fleo) = 0.

C ucnoib30BaHMeM STUX MPAHUIHBIX YCJIOBUI B paboTe aBTopa [7| HaiigeHa
siBHas opMyJia pemrerust cucreMbl CTOKca 0bTeKaHUsT KPYTOBOTO MAJIUHIPA
B BuXpeBoii hopme. B pabore [8] mocTpoero cxozkee TpaHUIHOE YCJIOBUE JIJIsT
cucrembl Hasbe-Crokca. Camo mpeobpaszosanme F' nccrenosano B [9)].

4. OnTuMu3aiusa TPAeKTOPHUil KocMudeckoro ammapara. Co3zaa-
HUE U OIITUMHU3ANUS COBPEMEHHbIX (DUHAHCOBbIX UHCTPYMEHTOB U
rexaosgoruii. M.I1. 3amrernn 3anmMaeTcss MCCAETOBAHMEM CJIOMKHOBIX 3a-
Jlad TPAEKTOPHOM ONTUMMU3AINH, TPEOYIONNX JJIsd CBOEr0 PEIeHus CUHTE3a,
METOJIOB JIOKAJbHOI 1 MHOT'O9KCTPEMAJIBHON ONTUMU3AINN, ONTUMATHLHOTO
yIpaBjeHust, KOCMOJUHAMUKN, MEXAHUKN KOCMUYECKOro Iojiera, HeOecHOit
MEXaHUKHU U YUCJIEHHBIX MeT010B. [locTaBiiena TpexMepHas KOCMOIMHAMUAYIE-
CKag 33a/1a4a CKBO3HOU ONTUMU3AIUN TPAEKTOPUU MEXKILJIAHETHOrO TepeieTa
KA ¢ equabiM QyHKITMOHATIOM, TOAPOGHBIM PACCMOTPEHNEM TIJIAHETOIEHTPH-
9eCKUX YIaCTKOB 0€3 MCIOIb30BaHus rpaBucdep HyJAeBOH MPOTIKEHHOCTH,
¢ KOMOMHUPOBAHHOM Taro# n (aszuposkoit. [Ipeamoxkena MeTOINKA PEITIEHNST
MHOTO9IKCTPEMaJIBHBIX 3aJa9 OIITUMHU3AIIUN TpaeKTOpI/Iﬁ MEKIIJIAHETHBIX IIE-
PeJIETOB ¢ BO3BPATOM K 3eMJIe, C yIeToM 3eMepu ], ¢ XKeCTKo (hasupoBKOii,
OTPAHWIEHHOW KOMOMHUPOBAHHOM DOJIBITION W MAJION KyCOUHO-HEMPEPLIBHOMN
THFOﬁ, BKJIIOYAOIad PEIIeHne Ceprur BCIIOMOTATE/ILHBIX 3ada4 B yIIPOIICH-
HOM ITOCTAHOBKE U ITPOIOIKEHNE PEIeHud Mo napaMerpy. Pazpaboranbr amnc-
JIECHHBIC METOJbI PEIICHUA KPAEBbIX 3ada4 NPUHIUIIA MAKCUMYyMa, BO3HUKA-
OmMUuX 1Ipu yIIpaBJeHUNU COBOKYIIHOCTBIO AWHAMWYCCKUX CHUCTEM, C YyYI€TOM
s¢pdexTa moTEPU TOYHOCTU U MEPECTPONKYN CTPYKTYPhI TPACKTOPHUU TTPU W3-
MEHECHUUN KOJINYECTBA aKTUBHBIX y9aCTKOB BO BDEMA ITPOAOJIZKCHUA PCIICHU A
1o napamerpy. Pesysibrarsl 4uciaeHHOroO pelienus 3aja4d onucansl B [10,11].

Takke paccMaTpUBaeTCs Cepus 3aJa4 ONTUMUBANUNA [TOCTPOEHUS OpOu-
THI CIIyTHUKA JUCTAHIIMOHHOTO 30HmupoBanus 3emun (/133), omenku tmia-
HA U BO3MOXKHOCTEH I CheMKHN WHTEPECyoIeil 001acTi Ha MOBEPXHOCTH
Semnu. IlpuBenena mporpaMMa BU3ya UM3aIuu OPOUTHI JIFOOOTO JTOCTYITHOTO
KOMMEPYECKOT0 KOCMUYecKoro anmapara /33 B Tpebyemblit iepuo/; BpeMe-
HU, OIEHKU U IJIAHUPOBKU CHeMKH YKA3aHHOU TEpPUTOPUU OIpeJe eHHbIM
KOCMUYECKUM aniiapaToM. BeraucinrenbHas YacTh TPOrPAMMbI OCHOBAHA Ha,
mozenan SGP4, ncnonb3yorei obmenocrynuble ganubie TLE q1g cnyTHUKOB
33, va hopmynax chepudeckoit TPUTOHOMETPHE U ABPUCTUIECKUX METOJIaX
COKpaIlleHus! BbIIHCIeHni [12].

[IpoBenienbl ucceoBanusi, CBI3aHHble C TPOPAOOTKON KOHIEITTHH JTyalb-
HOCTH TOBAPOB B YaCTU PA3BUTHS €€ TEOPETUYUECKUX ACITEKTOB U MaTeMaTude-
CKOI'0 allliapara ¢ pa3paboTKoil 1 000CHOBaHMEM MAaTEMaTUYeCKOI0 WHCTPY-
MEHTapus, IO3BOJISIONIEr0 06pabaThiBaTh BpEMEHHbBIE PsJIbI C [EJIBIO BhIsBJIe-
HUs CBOMCTBA JyaJbHOCTH TOBAapa IO OTHOIIEHUIO K BRIOPAHHOMY TOBapy (B
9ACTHOCTH, K 30JI0TY), & TaK¥Ke C pa3paboTKO CXeM, aJITOPUTMOB U MPABUIT



OPpUHATHA PEIICHN A B BOIIPDOCE OICHKU AYaJIbHOCTU TOBAPOB 11O OTHOIIECHUTIO K
BbIOpanHoMy ToBapy. Pesysibrars uccieosanus 1ar0T BO3MOXKHOCTL cop-
MUPOBATH (PUHAHCOBBIN WHCTPYMEHT, KOTOPBIH JTOKUTCS B OCHOBY JI€HEIKHO-
ro obecniedernst. COBOKYMHOCTD TTOJYIEHHBIX HAYUIHBIX PE3YABTATOB MOXKET
OBITH UCITOSIB30BAHA MPU CO3IAHUU WHBECTUIIMOHHOTO PE3EPBHOTO KOHTYPA,
BCTPAMBAEMOTO B CYIIECTBYIOIIYIO BaJTIOTHO-(PUHAHCOBYIO cuCTeMY 6e3 KOH-
(bAMKTOB € MEXKIYHAPOIHBIMU 00s13aTeTHCTBAMY U PETJIAMEHTAME, a TaKIKe
[pU TOCTPOEHUU PACUYETHO-KJIUPUHIOBBIX CHCTEM MEKJIYHAPOJIHBIX COK30B
[13-17]. Monorpadun “/lyampubie ToBapbl” [13] GbLia mMpHCBOEHA TpPEMUs
“QkonoMmudeckad Kaura roga — 2023”7 B momunanun “Monorpaduu. DKOHO-
MuUeckue uccaenopanust’ MekayHapoabiM coto3oMm sKoHoMucTos (IUE).

5. PerysispHOCTb CyOPUMAHOBBIX Ie0Ae3nveCKnX. ABTOPHI pas3/iesa
— JI.B. Jlokynmesckuit u M.W. Sesmkun. Pacryimit nHTEpEC MaTeMaTUKOB K
HETOJIOHOMHBIM U CYOPMMAaHOBBIM 33/1a4aM BO3HUK HAauMHAS C cepeuHbl XX
BeKa B CBs3u ¢ paboTaMy 3HAMEHUTHIX MATEMATUKOB, TAaKuX, Kak J. KapraH,
M.JL. I'pomos, P. Moutromepun, k. Mutges, A.M. Beprmuk, A.A. Arpades,
" MHOTUX JPYTHUX. MHOFI/Ie TTPUKJIQIHBIC 3aJa491: 3aJa91 KUHEMATNYIECKOTO
yIPaBJIEHUS, 33,1891 YIIPABICHNST KBAHTOBBIMU CUCTEMaMHU, 330249 00paboT-
K1 n300paKeHunit U APyTue eCTeCTBeHHO (hOPMYIUPYIOTCA KAK 33,a9N TOUCKA,
cybpuMaHOBBIX Teome3ndecknx. Hanbosiee TAMHCTBEHHBIM W WHTPUTYIOIIUM
00BEKTOM B 3TOI TEOPUHU CJIYKAT AHOPMAJBHBIE Te0Ie3NIECKIe, BOZHUKA0-
IMe KaK KPUTHIECKNE TOYKM IKCIOHEHIMAIBHOrO oTobpaxkenus (end-point
map). C camoro Haua/1a BOSHUKHOBEHUS HHTEPECA K OCOOBIM Ie0/e3MIeCKIM
BCTAJI BOIIPOC O METOMAX WX WCCAEJOBAHU, W, B YACTHOCTH, IO CUX MOP HE
pasperies 10 KoHIA Boupoc 06 mx riaagkocru. OH He TOJABKO MMEET BaXK-
HOE TEOpEeTHIeCKOe 3HAUYEHWE, HO W MPEACTABISIET DOJBINON MPAKTHIECKNT
uHTEepecC.

M.WN. Benukunbiv u JI.B. Jlokymmesckum B 2023 1. m10/IyUeH 1epBbiii pe-
BYJBTAT O PErYIAAPHOCTA CYOPUMAHOBBIX T€0IE3UICCKUX, HE UCIOIb3Y Ot
HUKAKUX AlPUOPHBIX 1penoozxkenuit [18]. Jokazano, 410 cKOpocTh Ha BCsi-
Koit cyOpuMaHOBOIl Teoie3maeckoil obg3aHa ObITE L, énbaeposoit. OTme-
THM, 9TO pPE3yJbTaThl APYTUX ABTOPOB B 3TOI 0OJACTH BCET/Ia OMUPAJUCDH
HA Te WM WHBIE BECbMA OTPAHUYHUTEIbHBIE ANPUOPHBIE MPEINOJOKEHUS O
CTPYKType cybpuManoBa MHOrooOpasus WU O CaMoil Me0Ie3MIeCKOIL.

WccnemoBats 1IaKOCTh T€0I€3MIECKUX B PUMAHOBON IeOMeTpUN HECTOXK-
HO: Jr00ast PUMAHOBA T'€0/Ie3MYecKasi Y/IOBJIETBOPSET CHUCTEME ypaBHEHUi
Ditnepa—/larpanxka u moromy ob6s3aHa OBITH MIAAKON (MM TayKe aHAJIUTH-
geckoit). CyOpuMaHOBBI reosesnveckne He 00g3aHBl yIOBIETBOPSTH YPaB-
HEHUIO Dijiepa—/larpanka, BMECTO 3TOT0 OHU MOJIUHSOTCS TaMUJIBTOHO-
BOl cucreMe BK/IIOUeHMH mpuHimna makcumyma llonrpsiruna. Eciau rias-
Has YacThb FAMWJIBTOHWAHA HE BBIPOXK/IEHA, TO COOTBETCTBYIOIIAs I'€0/1e3U-
YecKas Ha3bIBAETCs HOPMAJIBHOMN, OHA YJIOBJIETBOPSET ypaBHEHUAM Diljiepa—
Jlarpanxka u noromy obsizana 66T Iviakoi. OHAKO [PU MOIBITKE UCCJIe-
JI0BaTh TVIaJKOCTb AHOPMAJIbLHBIX T'€0/IE3UYECKUX [JIABHASA YaCTh ITOHTPATUH-
CKOTO TaMWJIFTOHWAHA BRIPOXKIaeTcs n aAnddepeHnaabHoe BKIIOUEHNE He



SKBUBAJIEHTHO KAKOMY-/IHO0 OOBIKHOBEHHOMY uPDEPEHITNATLHOMY yPaBHE-
HHUIO. HeKOTOprM HNCKJ/JIIO49€HNEeM MO2KHO CYUTATb Cy6pI/IMaHOBbI MHOFOO6pa—
3us TUIYOWHBI § = 2, TaK KaK B 9TOM CJIyYae COTVIACHO YCa0BUIO l'oxa aHop-
MaJIbHBIE Teojie3ntdeckne orcyTcrByror (cum. [19]). Onmako maxke B caydae
§ = 3 uccaenoBaTh TVIAAKOCTH AHOPMATBHBIX I'E€0Je3UIeCKUX TAaKUM CIIOCO-
60M OdYeHb 3ATPYAHUTEJBLHO (HO B 9TOM HANPABJICHUU €CTh Dsifl PE3YJIbTa-
tos [20]). Ha ruy6une s = 4 o6mux pe3ysibTaToB yiKe MOYTH HeT (paboTa
[21] stBISLTACE €IMHCTBEHHBIM MCKJIFOUEHneM Ha Hadaao 2023 1.).

B 2016 Beinta pabota [22], B KOTOPOIi JOKa3aH 3aMeYaTeTbHbBIH pe3y/ih-
TaT: cybpuMaHOBbI aHOPMAJIbHBIE M'E0JIE3UYECKIE HE MOTYT UMETH YIVIOB. Xa-
PaKTEPHO, 9TO JI0KA3ATEJTHCTBO STOI0 PE3YJIbTATA HE ONUPAETCS HA TTPUHITUIT
Makcumyma IloHTpsiruHa, a moyyueHo ¢ UCIOJIB30BAHUEM COBEPINEHHO JIPY-
rux coobpaxenuit. PopMaJIbHO STOT PE3YJILTAT HUKOUM 00pa30M He KOHTPO-
JINPYET TJIAJIKOCTh reojie3nvdeckux. Tem He MeHee y HErO eCTh MHOI'O HHTEPEC-
HBIX cegcrBuii. Hampumep, B pabote |23] mokazano, 9To reojie3udecKue Ha
TPEXMEPHBIX CyOPUMAHOBBIX MHOI'000pA3UsiX HE3ABUCUMO OT TVIyOUHBI JOJIZK-
HE1 661Th Cl-rmagkmvm. YromsmyTas seime pabota [21] Towke ommpaercst Ha
pe3yabTarT 06 OTCYTCTBUM YTJIOB.

Tem He MeHee K HACTOSAIIEMY BPEMEHM, HECMOTPS Ha HETTPEK PAIIAIOITHECs
YCHUJINA MHOTUX BEAYIINX MaTeMAaTUKOB, HE IOKA3aHO, 9YTO aHOPMAaJIbHBIE Te0-
Jle3nyeckie Ha CyOpMMaHOBBIX MHOI00Opa3msax B ODIIEM ciydae sBJISIOTCSH
raagkumu. TTupoko uzsectabr npumepst [19, §12.6.1] anopmanbHBIX 9KCTPe-
Maselt (HO He reo/Ie3nvYecKnx) Ha CyOpPUMAHOBBIX MHOTOOODA3HAX, KOTOPHIE
HE ABJIAI0TCA IVIQIKWUMHKW, HO J0 CHX TIOP HE M3BECTHO HU OAHOTO IIpHUMEpPaA
HETJIAJKON aHOPMAJIBbHON TeOME3nIeCKO.

B pa6ore JI.B. Jlokynuesckoro u M.I. Benukuna [18] Ha ocHoBe Heko-
TOPOM HETPUBUAJILHON JABOMCTBEHHON MHTEPIOJIAIUOHHONA OLEHKU Ha aHopP-
MaJlbHOE yIIPABJIEHUE [I0JIYY€EH CJIEe/YIONINN PE3YIbTAT.

Teopema. Ha a060m cybpumano8om muo2000pa3ul, NOCMOAHH020 PAH2G,
mobas zeodezuneckan umeem Ly-2éavdeposy npoussodnyro daa eécarozo 1 <
p < Q.

Takum o6pazoM, ecjin HETVIAJKHE aHOPMAJIbHBIE T€OIe3UYecKne U CyIiie-
CTBYIOT, TO JIEY)KAT OHU B OYeHb Y3KOM KJIACCE KPUBBIX, CKOPOCTH HA KOTOPBIX
L,-renpneposa ¢ HeKoTOpeIM HoKazaTeseM 0 < o < 1, HO IIpH 3TOM He fB-
astercst rmagkoit. [lpm a0 > % sTroT Kjacc Boobire myct. Jlo 2023 r. mombIToK
MOCTPOUTE HETJIAJKYI0 CyOPUMaHOBY Te0Je3MIeCKy0 IMEHHO B TAKOM KJIaC-
ce He npepuHIMaoch. B pabore [18] upusejena reopema, KoTopasi XOTh 1
dopmysiupyercs 60J1ee IPOMO3/IKO, HO JIAeT KOJMIECTBEHHY) PABHOMEPHYTO
OTIEHKY TIOKa3aTesasd ( Ha JIFDOOM KOMIAKTe, KOTOpas HAMPIMYIO CBsS3aHA C
rayOuHOM § cyOpUMaHOBa MHOr00Opasus.

[ToMuMO 0YEBHIHOrO TEOPETUYECKOTO 3HAUEHUsT NAHHBIN PE3YJIbTAT MO-
KeT OBITH UCIOJIB30BAaH JJIsi 0OOCHOBAHUS YHCACHHBIX METOIOB HAXOZKJIe-
HUsT perternii. A uMmenHo: B pabore [18] mosydueHs! 1Ba BayKHBIX TPAKTHIE-
cKuX cyefcTBust: 1) goKazana ObICTpasi CKOPOCTh yObIBaHUs KOI(DMOUITHEHTOB



Dypbe reogesndeckux; 2) JI0Ka3aHA NOJMHOMUAbHASA (DHEKTUBHOCTD IPU-
OJIMKEeHUsl CKOPOCTU Ha reojesundeckux C L pnagkumu KPUBbIMU (HAIIDUMED,
criafinamn).

Onra u3 BaXKHeHINUX mpobJieM KBAHTOBBIX BBEITUCICHUI CBsI3aHa, C TTOCTPO-
€HNeM MUHUMAJIbHBIX KBAHTOBBIX TIEMeil — KOPOTKUX MOC/IEI0BATETbHOCTE
KBAHTOBBIX I'€fITOB, PEAJIU3YIOIIUX € HEKOTOPOU TOYHOCTBIO 3aJaHHBIN yHU-
TapHBI omeparop Ha cucreMe u3 n Kyburos (B rpymme SU(2™)). M. Hesb-
cou u M. Hoymuar (2006) mokazasm, 9TO pasiokKeHHE YHUTAPHOTO OIMepa-
TOpa B IIOCJIEIOBATEIBHOCTD I'effTOB MOYKHO SKBUBAJIEHTHO PACCMATPUBATH
KaK HaXOxKJeHHe Kpardaiimero mytu B SU(2™), COeINHAIONIEro ¢ TMHNTHbIH
OIIepaTop € 3aJIaHHBIM B CHOENHATBHON pUMaHOBOi MeTpuke Ha SU(2"), Ko-
TOpas CONepX)KuT Hekuii “mrpaduoit” napamerp p > 0, CBA3BIBAOIIUN JJTHHY
OyTH U CJ0XKHOCTH KBaHToBoi 1enu. lllrpadHoit mapamerp mo/keH ObITH
OUYeHb BEJIUK, YTOObI HUBEJIMPOBATH HEKOHTPOJIUPYEMYIO YacThb omubku. [Ipu
p — 0O yKa3aHHblE COOOpakKeHWd NPUBOAAT K CyOpMMAaHOBOIl 3ajade Ha
rpymme SU(2"), reoge3udeckue B KOTOPOit MOTYT OBITH HAICHBI YUCICHHO, 1
JA0T PA3JI0XKEHWE JaHHOTO YHUTAPHOTO OMEPATOPA B MOCIEI0BATEIHHOCTE
KBaHTOBHIX TefiToB. [lomydenmbie B pabore M.M. 3enmwkuna u JI.B. Jloxy-
[IMEBCKOTO KOJIMYECTBEHHBIE OIEHKN HA MTOKA3aTe/n TEIbAePOBOCTH CyOpm-
MaHOBBIX T€OJC3UYCCKUX ITO3BOJIAIOT OIICHUTDL 3(1)(1)6KTI/IBHOCTB YUCJIEHHBIX
AJITOPUTMOB B 9TON 3amade. Takke cyOpMMaHOBa TeOMETpPUd W OCODEHHO-
CcTn!n CY6pI/IMaHOBOfI METPHUMKHN TECHO CBA3aHBI C OIITUMAJILHBIMU PEINIEHUAMU B
3ala9aX YIIPaBJICHUA 3aMKHYTBIMU KBAHTOBBIMU CUCTEMAMU.

6. JlokambHAdg yHpaB/JseMOCTh WM OONTUMAJBHOCTBL. Pa3sen moxaro-
toaer [.I. Marapun-Unbsgesoiv. Teopusa onTtuMaspbHOTO yHOpaBieHUS —
BasKHENIast COCTABIMIONAs O0IIell TeOPUU SKCTPEMYMA, & B IPUKJIAIHBIX
BOIIPOCAX — 9TO OJHA M3 Hanboee BOCTPeOOBAHHBIX Teopuii. Jlia 3amaun orm-
TUMAJIbHOI'O YIIPABJICHUA BBOAUTCA NNOHATHUEC TPACKTOPUUN JIOKAJIBHOT'O I/IH(l)I/I-
MyMa — GyHKIE, 0000IAIE MOHATHE ONTUMATBHON TPAEKTOPUH. DTO
byHKIM, Ha KOTOPOIl JIOCTUIraeT JIOKAJbHBIN MUHUMYM I1€1eBO# pyHKIm-
OHAJT HA 3aMBIKAHUU MHOXKECTBA JOMYCTUMBIX TPAEKTOPHUil, paccMaTpuBae-
MOTO KaK TIOJIMHOXKECTBO HEMPEPBIBHBIX (PyHKINI. TpaekTopus JOKATHLHOTO
nHUMYMa He ABJSeTCs, BOOOIIE TOBOPS, TOMYCTUMON TpaeKTOpueil, HO siB-
JISIeTCsI, OYE€BUTHO, PABHOMEPHBIM TTPEJIEIOM TaKOBbIX. OTTUMATBHAS TPACK-
TOPHUST MOYKET HE CYIIECTBOBATDH, HO CYIIECTBOBAHUS TPAEKTOPUHU JIOKAJIBHO-
ro wHMUMyMa, BIIOJHE JOCTATOYHO JJisi npujioxKenuii. s TpaekTopun Jio-
KaJIbHOr0 WHMpUMyMa MOJIyUeHbl HEOOXOIUMbBIE YCJIOBUS [TEPBOIO W BTOPOTO
nopsifkoB [24-27|. Eciu, B 9acTHOCTH, TPAEKTOPHUST JTOKAJBLHOTO HHMOUMYyMa,
SIBJIAETCS. ONTUMAJIBHON TPAaEKTOpHEN, TO TOJIyUYeHHbIE YCJIOBUS COIEPIKAT
KJTACCHYIECKIe HEOOXOIMMBIE YCIOBUS MEPBOTO MOPSAIKA (IPUHITUIT MAKCHMY-
Ma [loHTpsirvHa) U W3BECTHBIE YCIOBHST ONTHMAJIBHOCTH BTOPOTO MOPSIIKA, &
TaKKe JpyTrHe COOTHOIIEHNUS, KOTOPbIe, KAaK MOKA3bIBAIOT IIPUMEPHI, JIAI0T J0-
[OJTHUTEJIbHYIO U BEChMa COJEPXKATEIbHYI0 nH(MOPMAIU0 00 ONTUMAIBEHOM
nportiecce. B 3Tom cMbIc/ie IOy YeHHBIE YTBEP2KIEHUS YCUJINBAIOT U3BECTHDIE
Pe3yJIbTATHI.



[Tonsarre ympapaseMoCcTH yupaB/IsieMOl CHCTEMON SBJISAETCS OJHUM U3
BAXKHEHNIIMX B TEOPUM ONTUMAJBHOIO YIIpaBjieHusi. BBomuTCcs MOHATHE
YIPAaBISIEMOCTH CUCTEMON OOBIKHOBEHHBIX TudhepeHnnaaIbHbBIX YpaBHEHUT
¢ KPaeBBIMHU YCJIOBUSIMU OOIIEr0 BUJA W BBIBOAATCS YCJIOBUS, TAPAHTUPYIO-
I[ITHE YIIPAB/IIEMOCTD HE TOJBKO UCXOTHOM YIIPABJISIEMONH CUCTEMBI, HO U HJIM3-
KUX K Hell CHCTeM, IPUYeM [IJIs YIIPABJIFeMOCTH OJU3KUX CUCTEM JTOCTATOUHO
JIUIIb HEITPEPBIBHOCTH BXOJAIINX B WX OIpefeeHne orobpaxkenuii [28-31].
Ha npakTuke 6yim3kue oToOpazkeHus BOZHUKAIT KaK CIeJICTBAE HETOUYHOCTH
3a/laHUs UCXOHBIX JAHHBIX W/WIM KaK AllPOKCHMAINS “CJA0KHBIX 0TO6-
paxkenuii 6oJjiee TPOCTBHIMU, KOTOPBIE, KAK [IPABUJIO, JIUIIb HepepbiBHbI. C
9Toit mpobJIeMAaTHKON TECHO CBsI3aHBI BOIPOCH! O HEIPEPBIBHON 3aBUCUMOCTH
perenus JuddepeHnaibHOr0 YpaBHEHNs] OT €ro IIPABOil YacTh U KPAEBBIX
yesioBuii. Jlokazano obiee yTBEpKIEHUE O HENPEPBIBHON 3aBUCUMOCTHU pe-
IIEHUs OT IMPABOW YaCTU W KPAEBBIX YCJIOBWil ODINEro Buja, U3 KOTOPOrO
CJIJTyeT Dsiji W3BECTHBIX Pe3ysIbraros [32].

Crenyer ckazarb, 4YTO JOKA3aTEIbCTBO MHOIMX K3 YKA3aHHbLIX BBIIIE
YTBepP>K IeHNi MOTPed0BaJI0 PazpabOTKU HOBBIX MATEMATHIECKUX CPEJICTR, B
YACTHOCTH TEOPEM O CYIeCTBOBAHUN HESTBHONW (PYHKIIUN He TOJBKO Y MCXOJI-
HOTO OTOOpaAYKeHWsi, HO U y OTOOpayKeHuit, 6, IM3KUX (B OMPEIETEHHOM CMbIC-
ae) K ncxoguomy [29]. Bee mepeunciientble BbIe HCCIE0BAHUST TIPOBEIEHBI
coemecTHO ¢ E.P. ABakoBbium.

7. O HeKOTOpPhIX MHOTOMEPHBIX TOYHBIX HEPABEHCTBAX KOJIMO-
roposckoro tuna. Pasaen noarorosien K.F). Ocunenko. Iloa nepasen-
CTBaAMU KOJMOTOPOBCKOTO THUIA JJISI TPOU3BOIHBIX Ha MPSIMOI TPAJUITHOHHO
MOHMMAIOT HEPABEHCTBA BUIA

@) 1e® Oy < KO3 @ le® O g,

e 0 < k <n—menste, 1 < p,q,r < o0, a, > 0. B 1939 r. A H. Kon-
MOTOPOBBIM OBLTH HaliIeHbl TOYHBIE KOHCTAHTH B (2) IpU p = ¢ =7 = 00 B
obrrieM ciaydae, T.e. Tpu JitoObIXx 1 > 2 1 0 < k < n. DTOT pe3y/IbTaT SBJIIET-
cst HanboJtee IPKUM B JTaHHON npob/ieMaTuke. Pe3yibTaTsl, aHAJIOTHIHBIE TI0
CBOEIl 3aBEpIIEHHOCTH KOJIMOIOPOBCKOMY, MOJIYYEHbl Ha MPSIMOM JIUIIE €I11e B
Tpex caydasx (p =q=r =2 — I Xapau, k. JIntasyx u I'. llomma (1934),
p=q=r=1—29.Creiin (1957), p =r = 2, ¢ = oo — JL.C. Taiikos (1968)).

Ecsu 3amennts dyukimio z(-) Ha ee npeobpasosanne Oypwe, TO ipu r = 2
¢ = 00,2 ymaercda moryanthb (cM. [32]) mazke Gosee obInie HepaBeHCTBA,
CTIpaBEeJINBBIE HE TOJBKO I Beex n > k (n > k 4+ d/2 B caygae ¢ = o0),

HO it Bcex 1 < p < o0 (2 < p < o0 B cayuwae ¢ = 2). Ilonoxum
_ n—k—d/2 ~ 1
VT nrdz=1/p) 4T 120072-1/6)

Teopema. ITyemv 1 < p < o0, k>0, k+p >1,an > k+d/2. Tozda
UMEETN, MECTNO MOYHOE HEPAGEHCTNEO!

(=222 ty < Kk mIFO] g (- A) 2213



2de

_ 1/a
V=) T (B@/2+ 1,30 -2 2\

Ky(k,n) =

Fx(-) — npeobpasosanue Pypove dpynxyuu x(-), a B(-,-) — B-dynkyua Ii-
Aepa.

ITomoxkum
_ n—=k B 1
T rda2—1/p) TRz 1)
_ - (B@d2+ Lal -3«
Kylk,n) = =572 (n— k)T(d/2)

Teopema. ITycmv k>0, n >k u 2 < p < oo. Tozda umeem mecmo mouwroe
HEPABEHCMBO:

NV 22 ey < Byl m) [F ()]

< roy I (=) 22 ()1

La(R4)"

8. CrkaTbie u3MepeHunsi, BOCCTAHOBJIEHUE PUIK-(PyHKIUN, 10JI1-
Homuanabable npubsnzkenusi. K.C. Proruabiv nostydensr [34,35] pesyiib-
TaThl 10 3aJlade IEJOYUCIEHHBIX CKATBIX U3MEpeHui, mpeioxKenHoi JI.
Oyxmancku, . Humenn n B. Cynakoseim B 2019 1. Ilo BerkTOpY Az, Tre
A — nenounciennas (m X d)-marpuiia (H3MepeHwuit), Hy?KHO BOCCTaAHOBUTH
BEKTOP &, KOTOPBI TPEJIIIOIATAETCS S-PA3PeNHCEHHBIM, T.€. €70 HOCUTETh UMe-
eT MOIMHOCTH S, < d. B pabore C.B. Konsaruna u B.Cynakosa [36] nana
KOHCTPYKIIMS XOPOIIeil MaTPHUIGl M3MEPEHN ¢ MaJbIMK 110 aOCOTIOTHON Be-
JUauHe sjgeMeHTaMu, T.e. (m X d)-marpunsl A,m < d, Takoif, 9To JI060it
s-paspezKennblil BekTop © € Z% s < d/2 MoxKeT 6bITbh OJHO3HAYHO BOCCTA-
mHoBJIeH Mo BekTopy Az. K.C. ProTun npeaioKur afropuTM BOCCTAHOBIEHHUS
JI7IE 9TON MATPHIIBI ¥ OIEHUJ €r0 CA0XKHOCTH (T.e. KOJHIECTBO OIepAaruii).
Kak cregcrsue mpu 6ombumx N u robom s < ¢; N/ log N cymectByer GyeBa
(caslog N) x N-marpuria ¢ 3bdEKTHBHBIM OHO3HATHBIM BOCCTAHOBICHIEM
JOBBIX S-Pa3pPEeKEHHBIX BeKTOPOB 13 Z V.

T.N. aitnesoit, F0.B. Masubixunbiv u K.C. Prorunsiv (cm. [37]) 6611 npes-
JIOXKEH aJIFOPUTM BOCCTAHOBJICHUS puK-DyHKIuY (“IIOCKOM BOJIHBI) TI0 ee
SHQUEHUAM B KOHEYHOM YHUCJI€ TOYCK, KOJINICCTBO KOTOPBIX ITOJIMHOMUAJIBHO
3aBUCUAT OT PA3MEPHOCTHU M, €CJIU HOPOKIAAIONIAs PYHKIMS (0 TPUHAJIEKHAT
€CTEeCTBEHHOMY K/IACCY aHAIUTHIeCKuX (pyHKIuit. To ecTh MBI BOCCTAHABIIN-
BaeM byukmmio f(x) = ¢((a,x)), tae a,z € R",|a] = 1, (-,-) — craxsap-
HOE TIPOM3BENICHNE, & ¢ — AHAJNUTHICCKA (PYHKIHSI B OKPECTHOCTH OTPE3KA,
[—1, 1], mo Habopy 3HaYeHWIT (JAHHBIX ¢ MOTPEITHOCTHIO) DYHKIUU f B TOU-
KaX T1,...,TN W3 eIAHUIHOrO mapa R™, mpw 9TOM @, HAM HEeW3BECTHHI.
IIpeaoxkeH OpUTHHATIBHBIH (BEPOATHOCTHBII) aJTOPUTM, COYETAOIINIT TO/I-
XO/BI U3 MATEMATHIECKOH CTATHCTHKY W TEOPUH SKCTPATOIATINN TTOJTHHOMOB
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KOMILIEKCHO} TIepeMEeHHO, u OleHeHa ero TOYHOCTh. Jlannas pabora cyime-
CTBEHHO JIOIOJIHSET PEe3y/IbTaThl P/ aBTOPOB 110 3TOH mpobiieMaTuke.

10.B. Massixuneiv u K.C. Protunbiv B [38] mocTpoenb! siBHbIE KOHCTPYK-
TUBHBIC MTOJUHOMUAJIbHBIE TPUOIMKEHUST BBICOKONH TOYHOCTU JIOKAJIHHO-
MOCTOSTHHBIX (DYHKITHH Ha 00 TMHEHNN KOHETHOTO IUCIa T3 HIOHKTHBIX OT-
peskoB Ha mpsiMoit. TlosrydueHHbIe OMEHKYM CBEpXY TOYHOCTH MPUOINKEHUST
MPABUIHHO OTPAKAIT 3aBUCHMOCTD OT TEOMETPHIECKUX XaPaKTEPUCTHK Ce-
MeHCTBa OTPE3KOB B JIBYX HanboJee MHTEPECHBIX ACHMITOTHIECKUX PErKH-
Max (Korja Bce OTPE3KHU JOCTATOTHO MAaJjbl U KOTJIA HEKOTOPbIE W3 HUX OKa-
3BIBAIOTCs OYeHB OJm3KuME). [locTaHOBKA OTHOCHTCS K KJTACCHYIECKOW Teo-
puu npubsnKeHnit moJsmHOMaMn u cBs3aHa ¢ nMmenamu E.M. 3osorapesa,
H.. Axuesepa, C.H. Bepumretina, [. Cere, I. ®abepa, Ho moge3na st
U3y9€HNs] TUCKPETHBIX 00bEKTOB (CI0KHOCTH Oy/IeBbIX (DYHKIIHIT, TEH30DOB).
OcobeHHo NHTEPECHBIM IIPECTABIAETCH TAK HA3BIBAEMBII METOJT YJIy UIIeHIS
IpUOINKEHU, TPUMEHSIIONNICT B TEOPUH CJIOKHOCTH U TEOPUHU TIOTIePEIHNU-
KOB.

9. O 3azmave cTadUIU3AIU HEKOTOPBIX CUCTEM TUAPOIAMHAMUIE-
CKOTO THTIA MOCPEJICTBOM YIIPaBJeHNd ¢ 00paTHOH cBaA3bio. Omican-
HBIH Toz1x071, n3s0keH B pabore A.B. ®ypcukosa [39], B Koropoii rakxke npu-
BezleH moApodHbBIH CriCcOK mybimKaruii mo 3Toit remaruke. [1aBuoit ruapoam-
HAMWIECKOM CHCTEMOT, I/Tsh KOTOPOH 3TeCh M3y IaeTCd 33,14 CTabMTN3AITHH,
sBasgeTcs cuctema ypapuennii HaBre—CTokca BA3KON HECKNMAEMOI KUIKO-
cru, 3ajJaHHag B orpaHndenuoil obaactu ) C R3. HeussecrubivMu dbyHKIMs-
MU B HE#l sIBJSIOTCS CKOPOCTD n fassenune xuakoctu (v(t, ), p(t, ), (t,x) €
Ry x Q), a rakxke ynpasuenune u(t,x), (t,x) € Ry x 09, 3ananHoe Ha
rpamunre 00JACTH W COBIAAIONIEE C TPAHNIHBIM 3HAYCHUEM CKOPOCTH YKHU/T-
KOCTH. SaﬂaHHbIMI/I beHKHI/IHMI/I ABJIAIOTCA HAYAJIBHOEC 3HAUYCHUE CKOPOCTH!
vo(x) = v(t,x)|i=0, BHEMHSs cusa f(x), x € ), U CTAMOHAPHOE DellIeHUe
0(x), x € §, cucremb HaBbe—Crokca ¢ Toit ke npasoit yacreio f(x).

Bajiaua crabuausanyuu COCTOMT B HOCTPOEHUN TAKOTO yupasienust u(t, x),
ITOOBI MOTYYEHHAS C €r0 MOMOIIbI0 CKOPOCTDb KUIKOCTH v(t, T) yIOBIETBO-
psina yeosuio |[v(t,-) —o(+)|] = 0 mpm ¢ — oo, tae || - || — cooTBercTByMOMIAT
HOpMa. DTa 33Ja4a MOJHOCTHIO PEIIeHa TMPU AOMOJHUTEIBHOM YCJIOBUM, UTO
BesimanHa |0 — vg|| gocTaTodHO Masa (T.e. TPH YCJOBHE JioKaabHOCcTH). B
HEJIOKAJTBHOM CJIyYae, T.e. KOTJA 3TO YCJAOBUE HE BBITIOJHEHO, CIEJaH JIUIIb
[EPBBIN ITIAT K TIOJIHOMY PENIEHUI0 3a/1au1, COCTOAIIIH B caeaytoneM. [Ipex-
Jie BCEro 110 aHAJIOTHH C ITOCTAHOBKOMN MPoOIeMbl MUJIIEHUYMA O CYIIECTBOBA-
HUHU TJIAKOTO permennst Tpexmeproit cucrembl Haphe—CTokca MBI HAUHHAEM
co cuydasi, Korjia BHemHss cwia f(z) paBHa HyT0. Kak m3BecTHO M3 Teo-
pUU JIOKAJIBHOU CTAOW/IM3AIUU, B 3TOM Cjaydae MpobJjieMy MOMKHO CBECTU K
KPaeBoil 3a/lave ¢ MEPUOJANIECKUMHU KPAEBBIMHU YCIOBHAME (T.e. 3aMEHUTH
obmacts € Ha Tpexmepublii Top T3 = (R/277Z)3) u ynpapaennem, 3a1aHHBIM
B IpaBoll YaCTU ypaBHEHUA U COCPEJOTOYEHHBIM B HEKOTOPOH CleluaJjbHOMK
nozobactu Topa w C T3, C 0JHON CTOPOHBI, TEOPUIO HEJTOKAILHOM cTabu-
JIMBANAN HeOOXOIMMO CTPOUTD B KJIACCE TOCTATOYUHO TAAKAX (DYHKIHH, TIe
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pellienne KpaeBoil 3a/jaum eJIMHCTBEHHO, a ¢ JPYroil — B KadecTse (Hha30BOro
npocTpaHcTBa 1H0/1e3H0 B3aTh npocrpancrso (La(T3))3, B koropom mpore
CJIEZIUTD 33 TUHAMUKOIN Tedenus. UToObI YIOBIETBOPUTE 0OOUM YCJIOBUSIM,
nepeiieM oT 3amaun crabunmsanun st cucteMbl Hare—Crokca K aHaJIO-
IUYHOM 3aJade I CHCTeMBI [ eJIbMrosibIla, perenne KoTopoit w(t, x) cBs-
3aHO CO CKOPOCTBIO KUIKOCTH cooTHomenneM w(t,x) = curlwv(t, x) (Te. w
— 5T0 BUXPb CKOPOCTH v). U3BeCcTHO, UTO HEJIMHEHHBII OMepaTop B CHCTEME
lexpmvronbia umeer sug B(w) = @(w)w+ By (w), rne ®(w) — dbysxmmona,
a B;(w) n w oproromansusl B mpoctpancTse (La(T?))3. Orcrona erko BuI-
BOJIUTCSI, ITO OCHOBHBIE TPYHOCTH TIOCTPOCHUST CTAOUIN3AINAHN J1JTsT CHCTEMBI
letbMTOJTBITA CBSI3AHBI € TIEPBBIM CJIATaeMBIM HeJTHHEHOTO onepaTopa B(w).
ITosToMy TmpuHSTA CIAEAYIOMIAs CXeMa peIleHus 3aJaqu crabummsammn. Ha
nepBoM Tare omeparop B(w) 3amensercs wa ®(w)w u crpourcs crabuiu-
3aIust JJTsl TIOJTy I€HHO CHCTEeMBI. DTa 3a/ava ycrmemHo perierna. Ha Bropom
9Tane CaeyeT BEPHYThCS K HCXOJHOMY omeparopy B(w) u pemmrsb 3a7ady.
K coxasenuto, Bropoil mar mokKa CejIaH JIUIb I MOJETHHOTO MpHMepa,
B KOTOPOM BMECTO TpexmepHoii cucrembl HaBhe—(CTOKCA B3ATO ypaBHEHUE
Broprepca.

OrpanndeHHOCTh 00beMa CTATHY HE O3BOJIMJA HaM ITOAPOOHO paccKa-
3aTh O JPYIMX WHTEPECHBIX PaboTax COTPYAHUKOB Kadepbl, TAKUX, KAK UC-
caepopanua wi-kKoppa. PAH B.FO. IIporacosa no rapmormdaeckoMy aHaJu-
3y, YCTONYMBOCTH JUHAMUIECKIX CUCTEM, CAMOIOA0OOHBIM MHOXKECTBAM, TIPO-
deccopa A.C. JlemumoBa 0 9BHBIX UHCIEHHO PEATU3YEMBIX (POPMYJIaX JJIst
oneparopos Ilyankape—CTek/i0Ba U peNIeHnsIX HEKOTOPBIX JIPYIUX ypaBHe-
Huit Mmaremarnyeckoii usukn, gonenra A.C. Kouyposa (comectno ¢ A.C.
JleMu10BbIM) 0 TPUOJIMKEHHOM BBIYUCJIEHUU N-f TIPOU3BOMHON 110 JAHHBIM
u3mepenust pyHknun u (copmectro ¢ npodeccopom B.M. Tuxomuposbim) 06
SKCTPAIOJISINN TOJMHOMOB C JIeAICTBUTE/IbHBIMEI KOIDDUIMEHTAMI B KOM-
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