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OBIIAA XAPAKTEPUCTUKA PABOTDBI

AKTYAJIBHOCTB TEMBI. B 30-e rombl mpomnioro BeKa Mpu pere-
HUWM ypaBHeHWH ¢ JacTHbIME npousBogabivu C. JI. CoGoses 3amoxur oc-
HOBBI Teopun (MYHKINH ¢ 0OODIEHHBIMIA TPOU3BOIHBIMHU, PA3HDBIE ACIEKTHI
KOTOpOIl oTparkeHbl B ero MoHorpadun [12], ecm. Takxke [13]. Hdanbrefinee
pasBUTHE TOrO HAIIPABJICHUS ObLIO MOTHMBHPOBAHHO IMPUMEHEHUSIMU KJIac-
coB CobosieBa K TEOPUM yPABHEHWI C YACTHBIMU IMPOU3BOJHBIME U JIDYTUM
obusactam, cM., nanpumep, kauru C. M. Hukosnsekoro (8], E. M. Creiina [14],
O. B. Becosa, B. II. Wibuna, C. M. Huxkonsckoro [1], B. M. Tonpamreiina
u 0. I. Pemernska [4], B. I. Masbu [6], FO. . Pemernsika [9], B. 1. By-
peHkoBa [16] u ApYrux aBTOpPOB.

Bosbmoe snavenune B Teopun (pyHKIUOHATBHBIX MTPOCTPAHCTB, TEOPUN
nndGEepEHIIANTBHBIX YPABHEHAN ¢ YACTHBIMA MTPOU3BOIHBIMUA U JIPYTHX BO-
IpOcax UMEIOT UHTErPaJIbHbIE IPEICTABIEHNs (DYHKIHI, 3aJaHHBIX B 0018~
CTSAX €BKJIMJIOBBIX TTPOCTPAHCTB.

B pa6orax moc/ieqHux JieT WHTEHCUBHO U3y9aloTCsa (DYHKIUH KJIACCOB
CoboJteBa Ha, HETOJIOHOMHBIX MHOT000pa3usx u 06ojiee 00X METPUIECKHUX
CTpyKTypax. Baumanme K 3TuM Bompocam OOYCJIOBIEHO MHOTOYHCJIEHHBI-
MU TIPUJIOXKEHUSIMEA K MCCJIEJOBAHUIO CBONCTB PEMIEHUH CyO3 UIAIITHIECKIX
nuddepeHIuaIbHbIX yPaBHEHU, cM., HanpuMmep, padborsl JI. Xepmamie-
pa [26], . Txxepucona [27], JI. Pormuabn u E. Creiina [29], A. Canuec-
Kasure [30], JI. Kanonsn, J1. Jaruenan u H. Tapodado [18,19], B. ®panku
u E. Jlankonesm [23], K usy4enuo KBa3suKOH(MOPMHOIO aHA/M3a, CM. Da-
6orel C. K. Bogonbsanosa [2,31], H. C. daup6ekosa [20], FO. Xeiinonena u
U. Xononaiinena [25], # KO MHOTMM CMEKHBIM BOIIPOCAM.

Hamomunm, ato npoctpanctea Kapuo — Kapareomopu — 310 riajgkue
MHOT000pa3usi ¢ BBIIEIEHHBIM KACATEILHBIM II0[PACCIOCHUEM, YIOBIETBO-
PSIIONIMM HEKOTOPBIM aJIre0paldecKuM yCJIOBUSIM. BEKTOpHBIE IOJISI YIIO-
MSIHYTOTO TOJPACCIOCHUST HA3BIBAIOT TOPU3OHTAILHBIMHA. | e€oMeTprsi 1po-
crpancts Kapno — Kapareonopu JIOKaIbLHO MOJIEIMPYETCS TeOMeTPHUEdt o I-
xopsmeii rpynnsl Kapro. Kiaceer CobosneBa yHKIWMiA, 3a1aHHBIX B 0014~
crax npocrpancts Kapuo — Kapareomopu, onpeengiorces 4epes Mpou3BoI-
HBIE BJIOJIb BEKTOPHBIX TI0JIEHl U3 BBIIEIEHHOTO MOAPACCIOCHUS.

B mekoTophIx paboTax MHTErpaIbHBIMUA MPEICTABICHUAMA (DYHKIHH,
OlpeJieIeNHbIX B mpocTpancTBax Kapuo — Kapareonopu, HassiBaoT Hepa-



BEHCTBa BHUJa

IV fl(y)

p(z,y)r=t " @

@) - G| < Cy /

B(z,C3r)

rue x € B(z,1), a Cy, C3 ue 3aBucar or z, r u f, Vi f — BekTop-QyHKIUA,
KOMITOHEHTBI KOTOPOI — BCEBO3MOYKHBIE TOPU30HTAJIBHBIE TPOU3BO/THBIE TI€D-
BOT'O MOPsiJIKa KOMIIOHEHT BeKTOp-byHKImn f, p(x,y) — merpuka Kapuo —
Kapareonopu, v — pasmeprocts Xaycaopda OTHOCHTEIBHO 3TONH METPUKH.

Nurerpaibibie npeicrasienus Buaa (1) MOryT GbITh UCIIOIb30BAHBI IPU
nokazaresbcTBe HepaBeHCTB [lyankape m CoboseBa, OIHAKO, HOKA3ATEIIhb-
CTBO MHOTHX pe3ysibTaToB Teopun mpocrpaHcTs CobosieBa TpebyoT Gosee
TOYHBIX cooTHOMeHMIt. [IpuMepoM Taknux pe3ysbTaToB MOIYT CIYXKUTH KO-
SPIUTHUBHBIE OLEHKHU isi i pepeHImaJbHbIX oneparopos. st BeIBOIA
9THX OIEHOK HEOOXOJIMMBbI MHTErpaJjibHble IpejacraBienust Tuna Cobosiesa,
KOTOPBIE IIPUHSTO 3AIUCHIBATH B BHUJIE

f(z) = P(f) + K(V]), (2)

rue P(f) — mekoropslil mosmaoM, a K — MHTerpajbHbIi OlepaTop ¢ KOH-
TPOTUPYEMOI OCOOEHHOCTBIO.

Ha rpynmax T'eiizenbepra nHTerpajbHble IpecTaBieHust (MYHKIINN BUIA
(2) moayuensr B padore H. H. Pomanosckoro [10], KOTOpBIH ecTecTBEHHO
0606mm nogxonsl C. JI. Cobosnesa u 0. T'. Pemernska [9], nznauanbuo
peaIm30BaHHbIE B €BKJIMI0OBOM IIPOCTPAHCTBE. B HaIeit paboTe MbI BEIBOIAM
UHTEerpaJibHble TIpeJicTaBIeHns Buja (2) Ha rpymmax Kapwo.

Kak 06bL10 oTMeueHO paHee, Teopusi mpocTrpaHcTB CobojieBa Ha HeEro-
JIOHOMHBIX MHOr0OOpa3usiX MMeeT IPUJIOZKEHUE K TeOpuH CyO3/iIunTude-
CKUX YPABHEHUH, MPECTABJISIIONIX COOON BarKHBIM ITOIKJIACC THIODJLIUII-
Tudeckux ypasuenuii, cM. [26]. Kpome Toro, oHE BO3HHKAIOT B KBA3UKOH-
dopmHOM aHaIM3e, B PUHAHCOBOII MaTeMaTuke W HEHpOOMOJOTHH W T. II.
UcciietoBanre CBOMCTB PEryJISIPHOCTH CyO3JIIUIITUYIECKUX yPABHEHNI Hada-
To B paborax [18,19,23,26,27,29].

DTUM UCCJIEIOBAHUSIM IIPE/IIIIECTBOBAJIO OOIIMPHOE PA3BUTUE TEOPUH JI-
JINOTUYIECKUX ypaBHeHu. A uMeHHO, B 50-e rojbl ObLIN U3YYEHbI JIUHEHHbIE
YPaBHEHU, UCCIEJ0BAH KJaCC KBa3WIMHENHBIX YPABHEHUN C AUBEPreHTHOM
[JIABHOW YaCThIO, YACTHBIM CJIy9aeM KOTOPBIX sIBJISIETCS YpaBHeHue Ditrepa



BapUAIMOHHON 3a/1a9u /10 (DYHKIIMOHAIA

I(u) :/F(x,u,uz) dz.

Q

B konne 60-x romos H. H. Ypasbiesa [15] uccienosana perysisipHOCTb pe-
[IIEHUsT BAPUAIMOHHON 3a/1a49u JJIsi KBA3UPErYJISIPHOTO (bYyHKIIMOHAJIA

/|Vu|p dx.
Q

B marmeit pabore paccmarpuBaeTcsl OIUH KJIACC KBA3WIMHEHHBIX ypaB-
HEHUIl C JIMBEPreHTHON I'JIABHON YaCTbi0, KOTOPBIE SIBJISIFOTCS yPABHEHUSIMU
Ditnepa miga dyukuuonata suga I(u) wa rpymmne eitsenbepra. Bosee kon-
KPETHO, MCCJIEyeTCsT BOIIPOC PErYASPHOCTH CJAa00r0 PEIIeHust U € Wlif ()
ypaBHEHUS

2n

— ZXiAi(q, w, X1ty ..y Xopu) = f(q,u, X1u, ..., Xopu). (3)

i=1

B Jsiuneiinom ciyuae, korga A;(q,u, ) = &;, ypasuenue (3) aBigercs cybiia-
[LJIACHAHOM, MU3y9YeHUEeM KOTOPOI'O 3aHUMAJIUCH MHOTHE aBTOPBI, CM., HAIIPH-
Mep, [21,28].

HEJIb PABOTHI. Ilesb paboThl COCTOUT B TOM, 9TOOBI

1) BeIBeCTH HHTETpasbHBIE IpecTaBieHns Cobosesa Bua (2) mis byHK-
Ui, OIpeIeJIeHHbIX B 0bacTsax rpynn KapHo;

2) MCCIEIOBATD BOIPOC O PErYJISIPHOCTH CJIAOBIX PEINeHul KBa3uaInHen-
HBIX cyOaJummMITuIeckux ypasuenuil Buga (3) na rpynnax [eiizenbepra.

METOIUKA NCCJIEJOBAHUS. B nuccepranuonnoit paboTe UCIoh-
3yIOTCsl MeTOJIbI Teopun mpocTtpancTB CoboJieBa, JUMMIITHIECKUX U Cy0aII-
JIMIITUYECKUX YPABHEHMUIA, a TaK¥Ke KJIACCHYECKHe METOJbl AHAJIN3A.

HAVYUYHA A HOBU3HA. Bce 0CHOBHBIE PE3yJIbTATIL, TIOJIY Y€HHBIE B JIUC-
CepTaIyy, sIBJISIIOTCST HOBBIMU U CHAOXKEHBI CTPOIUMHE JIOKA3ATEbCTBAMU.

TEOPETUYECKAA U TIPAKTUYECKAY HEHHOCTD. Pesysnbra-
TBI PabOTHI UMEIOT TeopeTudeckoe 3naderHne. MeToabl u pe3yabTaThl pabo-
TBI MOI'YT OBITH IPUMEHEHBI B Teopuu mpoctpancTts CobosieBa Ha HEroJo-
HOMHBIX MHOI000Pa3usix, Teopuu CyOaumnrudeckux uddepeHmaabHbIX
ypaBHEHUi, B KBA3UKOH(DOPMHOM AHAJIN3E U JIP.



ATTIPOBAIIA PABOTHBI. Pesyabrarsl auccepranyy 10K/, IbIBAIUCH
na XLI —XLII, XLIV — XLV MexX1yHapogHbIX HAYIHBIX CTYIEHYECKNX KOH-
depennusax «CrygeHT u HayuHO-TexHHUecKuil nporpeccs (Hoocubupck,
2003, 2004, 2006, 2007 rr; Jumiom Tperbeit crenenu B 2003 1.); na Mexry-
HaPOJHOM IKOJIe-KOH(MEPEHIINN, TOCBAIEHHON 75-tetnio akajgemuka FO. T
Pemernska (HoBocubupck, 23 asrycra — 3 cenrsabps 2004 r.); na Mexy-
HapoJHOI KoHpepeHuu, nocesmenHon 100-jgeruio akagemuka C. M. Hu-
kosbekoro (Mocksa, 23 — 29 mas 2005 r.); Ha Poccniickoit kondepenun,
nocssmennoit 50-seruio Uucruryra maremarukn um. C.JI. Cobosea CO
PAH «Maremaruka B coBpemennoM mupe» (Hosocubupck, 17 — 23 cenrso-
ps 2007 1.); Ha gecaToil u oMuHHAAIATON PernonajabHbix KOH(MEPEHIHIX 10
martemaruke «MAK» (Baprays, 2007, 2008 rr.); Ha cemmnape «[eomerpn-
gecknii anasm3y Uucturyra marematuku um. C. JI. Cobosrea CO PAH mox
pykoBojictBoM 1.¢d.-m.H. C. K. BojonbsinoBa; Ha ceMuHape OT/e/1a aHaIn3a
u reomerpun Wucturyra maremarnku uMm. C. JI. Coboresa CO PAH mox
pykoBojcrBoM akagemuka PAH FO. I'. Pemernska.

ITo pesynabraTam paboThl OIyHUeHA BTOpAs MpEeMEs Ha KOHKypce uM. M.
A. JTaspentbena (2005 1.), mumaom Ha OTKPBITOM KOHKYPCE Ha JIYUIIYIO Ha-
YUHYIO PabOTY CTYIAEHTOB 110 €CTECTBEHHBIM, TEXHUYIECKUM 1 I'YMaHUTAPHBIM
HaykaMm B By3ax Poccuiickoit @enepanuu (2005 r.) u crunengug Cubupckoro
MaTeMaTHIecKoro xKypHasa (2007 r.).

IMIYBJINKAIINU. PesyabraThl auccepTanun OnyOIMKOBaHBI B [32-42].

OB'BbEM U CTPYKTYPA INCCEPTAIIMN. Tuccepraiius u3jioxKeHa
Ha 82 CTpaHUIAX, COCTOUT U3 BBEJCHUS, [SITH TJIAB U CINCKA JIUTEPATYPHI
u3 69 HamMEeHOBAHUIA.

COJIEP?KAHUE PABOTHI. Bo BBeiennu jjaercst KpaTkuii 0630p UCTO-
pU7 1O TeMe JUCCEPTAINN U IPUBOIUTCH KPATKOE M3JI0XKEHUE PE3YIIbTATOB
JIFICCEPTAIIHH.

B niepBoit riaBe fuccepranyuy IpUBOIATCS OCHOBHBIE OIIPE/IeIeHUsT 1 060-
3HAYCHUs], & TAKXKE CCBLIKU HA M3BECTHBIE PE3yJIbTATHI, KOTOPbIE OY/IyT UC-
[I0JIB30BaThC B pabore. OCHOBHBIM sIBJISIETCS MMOHATHE TPyHIIsl Kapmo.

Onpenenenue 1.1. I'pynnot Kapro G eayburo. m nasveaemcsa c8A3HAA
odnoceasnas Huavnomewmmas epynna Jlu, aneebpa JIu V' xomopot epa-
dyuposana mak, wmo V. = Vi @ --- @V, 2de [V1,V;] = Vjp1, j < m,
[V1,Vi] = 0.

IIycts dimV; = n;;, N = ny + --+ + n,y,, JIeBOUHBAPUAHTHBIE BEKTOP-
Hble HOIA X1, ..., X,, 00pa3yror 6a3uc Vi, Xp 4o dni 1415 -« Xngt-tnys



1 < i < m, — 6asuc V;, 06pa30BaHHbIil HEKOTOPHIMU KOMMYTATOPAMHU II0-

psnka ¢ — 1 mosteit npocrpancrsa V. Bekropnere nons Xy, ..., X,, OyxeM

HA3bIBATH 20pudonmanvhoimu. Pasmeprocts Xaycnopda rpynnst G orHo-
m

CUTEJIbHO 33JIAHHOI METPDUKN DABHA V = Y . in;.

i=1
[naea 1 cocrout us nmsaru naparpados. B § 1.1 npuBeeHbl onpegesieHust

aByxcryneHdarbix rpynn Kapao u rpynn [eitzenbepra, KoTopbie sBJISIOT-
¢ MOZIesIbHBIME citydasvu rpynn Kapro. B § 1.2 onpenessiioress byuakitmo-
HasibHbIe TpocTpancTa Cobostea u [€nbepa Ha rpynmax Kapro, a Takxke
dbopmyupyercst TeopemMa BiIoKeHus. B ciemyionem naparpade mpuBeieHb
M3BECTHBIE HHTErPAJIbHBIE HepaBeHCTBa |'6/1b1epa 1 MUHKOBCKOIO, KOTOPBIE
WCITOJIB3YIOTCS TIPU Oy YeHUN WHTErPAJbHBIX OIEHOK.

B §1.4 BBOmaTCcs nmBa Tmna obsacTeil, Jyia KOTOPBIX OyIyT JTOKA3aHBI
OCHOBHbBIE PE3YJILTATHI, KPOME 9TOr0 ¢(hOpMyJIMPOBAHA JIeMMa, Y UTHH O Jie-
KOMIIO3UIINM, KOTOpasl JIoKa3aHa B padore [22].

Omnpenenenne 1.9. Omxpwumoe mnoocecmeo W C G 36e3dm0 6 obaacmu
U Cc G omnocumenvro nexomopozo wapa B € U, ecau das mobux movex
x € W, y € B mouka x-5;(x"1-y) npunadaescum obaacmu U daa 6caxozo
t e (0,1].

Onpexnenenune 1.10. Obaacms U nasweaemes obaacmoio owcona (U €
J(a,0),0 < a < B < ), ecau cywecmsyem evidesennas mowka po € U
maxas, 4mo dan a06ot mowku p € U cyuecmeyem cnpamaiemas Kpusas
¥(s), 0 < s <1< B, dan xomopot ¥(0) = p, ¥(I) = po u dist[e(s), U] =
G2, das mobozo s € [0,1].

B §1.5 matorcs orpejiesieHusi TOPU3OHTAJIBHBIX U OJIHOPOJIHBIX ITOJIUHO-
MOB Ha Tpymnax KapHO u mpuBoIsiTCS JBa CBONCTBA 9TUX MOJMHOMOB, O/I-
HO 73 KOTOPBIX cjemyeT u3 pesdyiabratoB paboror C. K. BogombsroBa n
U. M. Ilyusunesa [3], a Bropoe nokazano B muccepranuu. Kpome sroro,
BBOJINTCS OIIpeJiesIeHre OJHOPOAHOM (byHKIN Ha rpynnax Kapwso.

Bropasi riiaBa mocBsiieHa WHTErpabHBIM IIpejcTraBieHusiM Tuia Cobo-
seBa QYHKIMIA, onpejiesieHHbIX B obsacTsx rpynn Kapro [41,42]. B ekin-
JIOBOM CJIydae WHTErpajbHbIE IPEJICTABICHUs JAHHOTO BUJIA OBLIN MOy de-
ubl FO. I. Pemernsikom [9], MeToz KOTOPOro 6bLI PACIPOCTPAHEH HA, TPYIIIIBI
Teitzentepra B cratbe H. H. Pomanosckoro [10]. OcHOBHBIE pe3ysibTaThl Ii1a-
BBl — TeopeMsbl 2.1, 2.2 u 2.3.

napa 2 cocrout u3 dersipex maparpados. B § 2.1 qokazana Teopema 2.1,
B KOTOPOI TOJIyI€HbI WHTErPAJIbHbIE MPEJICTaBIeHNs (DYHKIU, 33 aHHBIX



B 3Be3IHDLIX 0bjacTax rpymn Kapro, wepe3 mepBble Mpou3BojHbe. Kpome
9Toro, B jJemme 2.1 chopMyImpoBaHO CBOMCTBO MOJIyYE€HHOTO siyipa [

IMycrs U C G orpannvennas obmaacts, U’ C G 3Besugna B obnacru U
orHocuTesbHO Iapa B(a, R), dynkiust ¢ € C3°(B(a, R)) ynosiaersopsier
coorromenmo [ ¢(x)dx = 1.

B(a,R)

Teopema 2.1. Ecau dynxyus [ npunadaescum kaaccy C(U), mo das
mouex x obaacmu U’ cnpasedauso caedyrouee unmezpasvhoe npedcmasae-
HUe:

' N
160 = [ ey + [Texyie) (3 Pt yXif(y) dy.
U U =1

20e D(x,y;0) = — [o(x-6(x~1-y))t* "L dt, a Pi(x) — 0dnopodnwidi noau-
1
Hom cmenenu d;.

B §§2.2-2.3 paccmarpuBaeTrcs ciydail AByXCTyIeHIATHIX Tpymn KapHo,
Ha KOTOPBIX IEPBbIE BEPTUKAJIBHBIE IPOU3BO/IHDIE IIPEICTABIILAIOTCS B BUJIE
JINHEHO}M KOMOMHAIIMY TOPU30HTAJILHBIX IPOU3BOIHBIX BTOPOT'O IOPSIKA.
Tem caMbIiM, Ha JABYXCTYIIEHYATHIX Ipynnax KapHO B MHTErpajbHOM IIpejl-
CTaBJIEHUH, TIOJIyIeHHOM B Teopeme 2.1, MoxkHO "mepekunyTs" oiHY ropu-
B0HTAJILHYIO IPOU3BOJIHYIO Ha sJIPO (3TO HO3BOJIIET CeaaTh 6oJiee TOHKOE,
4yeM B JieMMe 2.1, CBOMCTBO sijiep, KOTOpoe YCTaHoBJIeHO B jieMMe 2.2). Takum
obpazoM, B TeopeMe 2.2 HOJIyUeHbl UHTErPaJIbHbIE IIPEICTABICHIS TOJIBKO
4Jepe3 IEpBble NOPU30HTAJIbHBIE Ipou3BonHbE. [lajee, JoKazaHa Teopema
2.3, B KOTOPOIl BBIBEJEHBI NHTErPaJIbHbIE IIPEICTABICHUsT (DYHKIINIA, 38 1aH-
HBIX B 3BE€3JIHBIX 00JIACTSX JIBYXCTYIeHIaThIX rpymn KapHo, gepe3 ropu3on-
TaJbHBIE IPOU3BOIHBIE IIPOU3BOIHLHOTO MTOPSIKA.

Teopema 2.2. Jlas awbot gynkuyuu f xaacca C(U) 6 obaacmu U’ cnpa-
6€0AUB0 CACOYIOULEE UHTMERPAALHOE NPEICTNABAEHUE:

109 = [ 10y + [ 3 Kby Xef ) dy, x< U
U v =1

ede K; € O (RN x RN\ {x = y}), dymxuuu K; durummnv, no emopomy
apeymenmy u YyoosAemeopAIOM HEPAGEHCNEY

IXIXJ K (x,y)| < Oy 701t ),



Teopema 2.3. Ilycmov dynxuyua f npunadaescum xaaccy C°(U), k —
ar06oe namypaavroe wucao. Tozda 6 obaacmu U’ cnpasedauso caedyrowee
UHMEZPANDHOE NPEICaABAEHUE:

flx) = / Pe(x,¥; 00) () dy

U
ni (4)
7 inseie=1

2de x € U'; Pr(-,y;00) — 20pusonmasvhoiti noaunom nopsadka k — 1,
supp P (x,¢00) C B, |Py(x,y;00)| < Cr(r, R, 0); Kiy..i), € C°(R™ "2 x
R™M*m2\ {x = y}), dynryuu K, ., Punummis, no emopomy apeymenmy u
YO0BAEMBOPAIOM, HEPAGEHCTNGY

| XXy Ky ip ()| < Oy |77 ()

B §2.4 cdhopmynuposana teopema 2.4 [11], nossonstomas guddepen-
[IMPOBATH BBIBE/IEHHBIE NHTETPAJIbHBIE ITPEICTABICHIUS BIOIb TOPU30HTAIb-
HBIX BEKTOPHBIX TOJefl. B eBKIMIOBOM Cilydae 9TOT Pe3yJIbTaT IOKA3aH
C. . Muxumabiv [7]. Kpome sToro, mokasana jgemma 2.4, TOKA3BIBAIOIIAL,
9TO sIJIpa MHTErPAJIbHBIX MPEJICTABICHUIN JeHCTBUTEIHHO YIOBIETBOPSIOT
YCJIOBUSIM TEOPEMBI 2.4.

Tperbs rmaBa mocBsIIeHa JIOKa3aTeLCTBY HepaBeHeTB [lyankape. B ma-
parpade 3.1.1 ¢ TOMOIIBI0 MHTErPAJBbHBIX MPEJICTABJICHUI Yepe3 IepBbIe
MIPOM3BOIHDBIE TIOJTYIeHbI HepaBeHCTBa [lyankape Ha obmux rpymnmax KapHo
(reopema 3.1). Hauee, B §3.1.2, ucnonb3ysi HHTErpaJbHbIE TIPECTABICHUSI
Jepe3 rOpU30HTAJIbHBIE IPOU3BO/IHBIE BBICIIIUX HOPSIKOB HA JIBYXCTyIEHYa~
ThIX rpynnax KapHo, moKa3aHO HepaBeHCTBO Oojiee 0OIIero Buia, KOTOPOe
[IPUHSATO HA3BIBATDH CJIa0BIM HepaBeHCTBOM llyankape:

Teopema 3.2. [lycmv 1 < p < oco. Tozda dan ecaxozo k € N natidem-
ca npoexyuonmwili onepamop PF, nepesodawuti dyrmyuu xaacca WZ’f(U ) 8
20PUBOHMANBHBIE NOAUHOMYL CTNENEHY, He sviwe k — 1, maxot, wmo cnpa-
6€0AUBO HEPABEHCTNEO

IXI(f = Pof)llp, () < CrF=Hi

ni
3 Xil,l...Xik,lf‘
1

)
L B
i17...,ik— p(ﬁl )

2de I — myavmuundexc, ||, < k, kxonemanwma C 3asucum om r,v,p u
svmonneno coomnowenue k— [I|, > 2.



B §3.2 mokasbiBaercs obobiiennoe HepaBeHcTBO Ilyankape st dyHK-
1uii, onpeiesiIeHHbIX B obstacTax Jxxona obmux rpynmnax KapwHo, mpu ycio-
BUH BBIIIOJIHEHUsI cj1aboro HepapercTBa. Ciie10BaTeIbHO, IPUHUMAsT BO BHU-
maHue pe3ysbrars § 3.1.2, 060bmenHOe HepaBeHcTBO [lyarkape Ha AByXCTY-
meH4YaThIX Tpymnmnax KapHo nMeer mMecto 6e3 JIONOJHUTETbHBIX yeaoBuil. B
3TOM maparpade HCIoIb3yeTcest MeTOM PaBoThl [24], KOTOPBIH OCHOBBIBAETCST
Ha JIeMMe YUTHH O JIEKOMITO3UIIHH.

YcaqoBue 1. Ilpednonosicum, wmo das purcuposannozo 1 < p < 0o u 0as
0600 pynryuy f € W; (G) swvinoansemea caaboe nepaserncmeo Iyankape

ni
Z X ... X f
1

01,0t =

IX(f = Pef)lln,m) < Cré-Hh

)
Lp(k1B)
20e B — mexomoputi wap, I — myavmuundexe, |1, < k, xonemarwma C
sasucum om r,v,p u Pgf — 2o0pusonmanvnoii nosurom cmenenwu k — 1.
OCHOBHBIM PE3yJIBTATOM TJIABBI 3 SBJISIETCS CJIEIY OIS

Teopema 3.3. ITycmo sunoanaemes yeaosue 1, uw U € J(a, 3). Toeda dan
ecarxozo k € N natidemca npoexyuonnwnt onepamop P, nepesodawuids dyrx-
YU KAQCC WI’,“(U ) 6 20pPU3OHMAABHVLE NOAUHOMYL CMENeNY He sbuue k— 1,
Maxot, 4mo cnpasediuso HePABERCMEO

IX(f = Pf)|r, @) < C(diamU)"~ I

ni
| Z Xil...Xikf‘

b
L,(U
T1yeeeyle= p( )

20e I — myavmuundexc, |I|;, < k, koncmanma C 3agucum om v,p,, B,k
u 6vinoaneno coomnowenue k — |1, > 2.

B uerBeproii ryiaBe Ha rpynnax ['eitsenbepra uccireryercst BOIIPOC O pery-
JIIPHOCTH CJIaObIX PEIIEHU JTUHEHHDBIX CyOIITUIITHIECKUX YPABHEHUI BI/IA

2n 2n 2n

— Z Xi[ainjw + (li’LU} + Z bzsz + aw = g + Zngz

i,j=1 i=1 i=1

ITonyuaennsre pesysbrarel 0606maoT pesyiabrarsl O. A. JlagbpkeHcKol n
H. H. ¥Ypasnsuesoii [5].

B §4.1 dpopMmynupyroTcss 1 9aCTUYHO JHOKA3bIBAIOTCS BCIOMOIaTe/IbHBIE
yrBepxkaenus. B §4.2 Beomurca kiace dyuxmmit B(Q, M, v, 71, %) U JIOKa-
3BIBAETCS, 9TO (DYHKIMH JAHHOTO KJIACCA YIOBJIETBOPSIOT YCIOBUIO [ Ehae-
pa (reopema 4.2).
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Ounpexnesnenune 4.1. Pynryus w(q) npunadaesicum xaaccy B(Q, M, ~y,v1, %),
ecau w(q) € WH2(Q), sup jw| < M u ¢ynxuuu v(q) = +w(q) ydosaiemso-
Q

pAOM HEPABEHCTNBAM

/ |X’U|2 dq < {7072,072(171//5) IEgi((v(q) _ k‘)2 Jr,yl}(mes Ak7p)172/s’

Ap.p—op

ede Ay, = {q € B(p) : v(q) >k}, 0 € (0,1), B(p) C QY u B(p—op) — npo-
U3B0NLHBIE KOHUEHMPUYECKUE ULaPbL, k — NMPOU3BOAbHOE YUCAO MAKOE, 4MO
k > supv(q) — 2M, s > v, M,v,71 — PUKCUPOBAHHBIE NOAOHCUMEADLHBIE

Teopema 4.2. ITycmo w(q) € B(Q, M,~,7, %) u wap B(pg) C Q. Tozda
cywecmeyem o > 0, wmo das a06020 Konuenmpuseckoeo ¢ B(py) wapa
B(p), p < po, 6bIN0OAHAEMCA HEPABEHCTNEO

osc{w; B(p)} < C(p/po),

20e C' = C(v, po,7,%0,t, M,s). To ecmo waacc B(Q, M,~y,v1, %) 6KAa0bL6a-
emea 6 C*(Q).

Jasiee B §4.3 mokasbiBaeTcst, 9yro B obsiactu JlkoHa ) ciaboe perre-
1,2 .
e w € W7 () smneiinoro ypasuenus npuna ekt B (2, M, v, 1, %),
a, caegosaresbno, C%(Q) s mekoroporo a > 0. OCHOBHBIM PE3YJILTATOM
TJIABBI 4 ABJISETCS CJIETYIOIAs

Teopema 4.3. IIycmo  — obaacmo owcona, w € Wlif (Q) — caaboe pe-
wenue YpasHeHus

2n 2n 2n
=Y Xilai Xjw + aiw] + > biXow+aw =g+ > Xigi,
ij=1 i=1 i=1

KoaPuyuenmv, Komopozo YJoeaemEoPAIOM YCAOBUAM: CYULLCTEYIOM KOH-
cmanmot i1, fha, 43 > 0 maxue, wmMo 0As S > U 6ePHYL COOMHOULEHUS:

2n
2 2
u1&” < Z a;; &5 < peé”,
i,j=1
2n 2n 2n
2 2 2
a; + bs + la < s H < u- H - < Ua.
Hz_; z_; alll, , o SHs ]|, o < Ho: ;gz o SH

Tozda w € C ().
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. 1,2
B ngroii rimase ucciaemyiorcs ciaabsie pemenns u € Wi 7 (1) xsasuim-
HEHOro CyGIUIUNITHIECKOTO YPABHEHUST

2n
- Z X Ai(q,u, Xqu, ..., Xopu) = f(q,u, X1u, ..., Xopu), (6)
i=1
rjie KoappUIMEHTH! YI0BIETBOPSIIOT HEKOTOPHIM CIIENUAILHBIM YCJIOBHIM.
ITosyuennble pesyabrarsl 0600matT Teopemsl JI. Kamnonsu [17], B pa6o-
T€ KOTOPOro Ha rpynmnax leitzenbepra nccIeayoTes CBOMCTBa peryIsspHOCTH
pelleHnii ypaBHeHUS

2n
— ZXzAz(CL X1u, . 7)(gnu) = f(q)

i=1
T'maBa cocrout u3 Tpex maparpados. B §5.1 npusenensr BcriomorareibHbIE
yrBepxKaenusi. B §5.2 BBemeHO ompeesieHne pa3sHOCTHOTO YaCTHOTO U J0-
kKazaHa Teopema 5.1, mosBosstomnast " muddepenimpoBats" ocHOBHOE ypas-
HEeHUe BJI0JIb JIEBONHBAPUAHTHBIX BEKTOPHBIX 1oseii. Kpome sToro, B Teope-
Max 5.2 u 5.3 yCTaHABIUBAECTCS, UTO BEPTUKAJIbHASA U TOPU3OHTAJIbLHBIE TIPO-
U3BOJHbBIE €1a00ro perneHusi ypasHeHusi (6) IpUHAJJIEKAT MPOCTPAHCTBY
Wlif(Q) U SBJISIIOTCS CJIA0OBIMU PEIIeHnsIMA JINHEHHBIX yDABHEHUI BUIA

2n 2n 2n

i,j=1 i=1 i=1

B §5.3, ocHoBbIBasich Ha IOJYYEHHBIX Pe3y/IbTarax M pesysbrarax 4 ria-
BBI, JIOKA3bIBAETCSI I'€JIb/IEPOBOCTH PUMAHOBA I'DaJIMEHTa CJIabOro perieHns
ypasuenus (6). OCHOBHBIM DPE3yJIBTATOM IATO IJIABbI ABJILETCS

Teopema 5.4. ITycmo Q C H" — obaacms orcona, u € VVIiCQ(Q) — caaboe
peweHUE YPABHEHUA

2n

- ZXlAZ(qa u, X1u7 s 7X2nu) = f(q7u7X1ua s 7X2nu)7

i=1

ede Ai(q,u, &) : H" x R x R?" — R — dudpeperyupyman dyrryua. Kpome
2M020, BLINONHANMCA CACOYOULUE YCAOBUA HA KOIPPHUUUEHMBL: CYULECMBY-
rom koncmanmo, C; > 0,Cy > 0,C3 > 0 maxue, wmo

2n
_ 0
Cl 1|77|2 g Z %Ai((bua f)nz% < C1‘77|27
J

,j=1
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(Zﬂa (w9 ) < a1+ e

(Z\a () ) <ot + el

cywecmsyem koucmanma > 0, wmo daa r > v u amo60z0 1 < iy < 2n

HZ( i(q, u, Xu) +Z(8§j (q,u, Xu))2

i X <
+ ‘auf(%w u) Laa SH
suy, Xu < u,
anan(q ) o SH
2n
9 2
Ai(q,u, Xu H <,
Z;(afhn-i-l (q )) r,Q a
0 flg,u, Xu) + 9 f(quXuTu—i—Z Ai(g, u, Xu)X;Tu
Dai, T g, T 2= 08,
+ su, Xu)Tu + Ai(q,u, Xu < u,
Za i(a Z A X <p
0 0 2
7A1 ) 7X T 7141 ) aX < )
H;(a@o (¢, u, Xu) g (¢ u U)) Lo SH

2de jo=1dp+mn, npul <ig<n, ujo=1ig—n, npun+1<ig < 2n.
1,2
Tozda cywecmeyem pumanos epaduenm Vu € Cf (Q) N W 7(Q2), 2de
€ (0,1) — nexomopoe wucao.

B szaxsiouenue aBTOp BBIpayKaeT INIYOOKYIO OJIaro/lapHOCTh HAyIHOMY
pykoBomuTesio a. ¢.-m. H. C. K. BomonbsiHoBy 3a mocTtaHoBky 3amadu, mo-
CTOSTHHOE BHUMAHWE ¥ HEOIEHUMYIO IIOMOIL B paboTe.
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