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BBenenue

Teopembl BIOXKeHUsT 1JTsT H30TPOIHBIX (DYHKITMOHATBHBIX ITPOCTPAHCTB BIEPBLIE
nosaydensl B paborax C. JI. Cobouesa [1,2]|. B nanbHeiiimem a1u pe3ysbrarTsl ObLIN
06O0IEHbl B MHOTOUNCJIEHHBIX paboTax pasHbix aBTopoB. Ormernm pabotsr [3-7],
[Jie C TOMOIIBI0 MHTETPAJIBHBIX IIPEJICTABICHUI JTOKA3aHbl TEOPEMBI BIIOYKEHUS JIJIsT
AHM30TPOIHBIX TPOCTPAHCTB. lIpakTHveckun Bce pe3ysIbTaThI IO TEOPEMaM BJIOZKE-
HUS#, BIJIOTH 710 70-X IT. IIPOILIOrO CTOJIeTHsI, MOXKHO Haiitu B [8]. B mamnoit pabore
MIOJIy9€HO MHTErPAJIBHOE IIPEJICTABICHNE M JOKA3AHBI TEOPEMBI BJIOYKEHUS I 1
MEPHOT'O IIPOCTPAHCTBA B CJIyYae, KOTJIa BIIOJIHE IPABUIHHBIII MHOTOIDAHHUK NMEEeT
OJIHY BepIIUHY aHu30TponHOCTH. PaboTra siBisiercs npogoskenuem |9, 10], rae goka-
3aHbBI TEOPEMBI BJIOXKEHUST Uil II0cKOCTH. [losiyueHHbIe TeopeMbl BIOXKeHUsT 0600-
IAIOT U3BECTHBIE TEOPEMbI U3 BBIMIEYKA3aHHBIX pabOT JJIsi MYJBTHAHU30TPOITHBIX
MIPOCTPAHCTB, & B CJIyYae aHU30TPOITHBIX MPOCTPAHCTB COBIAAIOT C HIMU, HECMOT-
psi HA TO, 9TO 37€Ch IPUMEHSETCS IPYTON TOIX0/ K HHTEIPAJIHHOMY [IPEJICTABIICHITIO
dyHKIN Yepe3 MOHOM MyJIbTunHIeKcoB. [Ipu nosxydenun npejcrapienns GyHKIANA
UCIOJIb30BaHbl MeTo/bI U3 [11], e narerpanbHoe npejcrasiaenne C. B. Yenenckoro
yepe3 KBasUJUIANTHIECKHil onepaTop (cMm. [12]) 0606IeHo Jyist peryasipHbIX MHIO-
JUINIITUIECKAX OMepaTopoB. HeobXoauMOoCTh M3yYeHHs TAKUX TEOPEM BJIOXKEHUS
00ycCJIOBJIEHA T€M, YTO B OOIEM CJIyUae XapaKTEPUCTUIECKUIT MHOTOTDAHHUK THIIO-
JIIUITUYECKOrO oneparopa (cM. oupenenenue s [13]), kak nokasano B [14], Buosme
IIPABUJILHBINA.

Pab6ora BbInOSIHEHA 1IpY (DPUHAHCOBOI IOJIIEPyKKE TEMATHIeCKOro dhuHaHcupoanusi Komurera
HayKHU [IPU MUHHACTEPCTBE o0pasoBanus u Hayku PA (koz nmpoekrta SCS Ne15T-1A197).
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1. MynbTuaHn30TPONHbBIE SIApPa U UX CBOICTBa

ITycrs R™ — n-mepHOE IpOCTPaHCTBO U Z! — MHOXKECTBO MYJILTHHIHJIEKCOB,
T.e a€Z", ecm g, ¢ = 1,2,...,n, — IeJble HeOTPUIATeIbHBIE Yncaa. Jlns
&neR™ aeZt nut >0 BBegeM creyronme 0b03HaYEHU: | = ag + -+ + ap,
£ = &gyt = (A t™), Dy = $52-, k= 1,...,n; D* = DY ... D —
0606mennas mpouspoHast mo C. JI. CobosieBy mopsinka «. [liist Hekoroporo Habo-
pa MyJbTUHHIEKCOB 0003HAYUM depe3 Il HAMMEHDBINUN BBITYKJIbIH MHOIOIPAHHUK,
cojiepaKaImii Bce TOYKM jgaHHOro Habopa. Mmororpannunk 1 HA3BIBAETCS 6NnOAHE
NPABUALHBLM, €CJIU OH UMeeT BEePIIUHY B HadaJle KOODIUMHAT U Ha BCEX KOOD/MHAT-
HbBIX OCfX, a BHEIITHUE HOPpMaJI BCEX (n— 1)—I\leprIX HEKOOPINHATHBIX r‘paHef/'I nMernT
[IOJIOYKUTEJIbHBIE KOMITOHEHTHI.

IIycte 91 — BnoJsiHe mpaBuiabHBLIT MHOTOrpaHHUK B R™. Yepes m;l—l, T =
1,..., M, obosnauum (n — 1)-MepHbIe HEKOOpAUHATHLIE I'PAHM MHOrOrpaHHuKa 1.
Hanee, mycts p, i = 1,..., M, ecThb Takas BHEITHSS HOPMAJL PAHH ‘J’(?‘l, pu
KOTOPO#l ypaBHEHUE TUIEPILIOCKOCTH, COJIepXKaIlell JaHHyo IpaHb, 3ajaeTcs (op-
mymoit (o, put) = 1, i = 1,...,M. B nammoit paboTe m3ydaercsa ciydaii, Korja
BEpINMHAMHY BIIOJIHE TIPABMJIBLHOIO MHOTOrpanHuka N spustorcs Toukn (11,0, ..., 0),
(0,12,0,...,0),...,(0,0,...,0,1,), (a1,2,...,0y), T. . N UMeeT OJHY BepIIU-
HY MYJbTHAHU30TPOIMHOCTH. B HaJibHeiineM 3T BepIIuHbl OyaeM 0003HAYATH de-

pes {a!,a?,..., a" o™}, Bagaaum crremyronTyo HyMepaImio BHEITHIX HopMaJieil

phy, i = 1,...,n: p' COOTBETCTBYET TI'MIEPIIOCKOCTH, IIPOXOJMIIIEN Uepe3 TOUKU
1,2 i il ntly (5

{at,a?, ... a0 o a1 Y (i =1,2,...,n).

s iponsBoIbHOrO TapaMeTpa v > 0 1 HaTypajbHOro Yncia k BBEIEM Cliery-
omye 0003HaAYeHMS:

1 2k n 2k n+1 2k
P, &) = W€ ) +--+ @) + @ ), (1.1)
Go(v;€) = e P9, (1.2)
j 2k—1
G (v, &) = 2k(we™) e PO j—1. . n+1 (1.3)

st soboro 3navenns napamerpa v > 0, oueunno, Go,G1; € S, rne S =
S(R™) — MHOXKeCTBO GBICTPO YOBIBAIOIMINX HA GECKOHEUHOCTH GeckoHedHO nudde-
pernupyembix dyukimii. [Tycrs (A;Q(t7 v), él,j (t,v),7=1,...,n+ 1, cyTb cooTBer-
crByoIue npeobpaszoanus Pypbe GyHKIUMIA, T. €.

~ 1 . .
Gt v) = ——= /eﬂ(t’f)Gl,j(g,y) g, j=1,....,n+1.
(2m)2
RTL
Kax wmsBectno, mpeobpazopanue ®ypne nepesomur S Ha S, T. e. @Q(t, v),
Gl,j(t,l/) eS, j=1,...,n+1.
s mro6oro MynbrunHgeKca m = (mq, ..., My ) U3YIUM [OBEJICHAE UHTEIPAJIA

I=1I() = /g;”l L Eme PO ge L de, (1.4)
Rn

B 3aBUCUMOCTHU OT 3HadeHusd v, rae 0 < v < 1.

p
Paccmorpum  ma: ‘= . Bo3MOXKHBI IBa BapraHTa.
j=1,..nM+

(a) MakcuMyM JIOCTHIaeTCsl TOJIBKO Ha OJHON KOOpAMHATE ig, 1 < ig < n, T. e.

9 o omy (1.5)
mio =+ 1

QG
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. . . —pto
npu j = 1,...,n, j # ip. Torna mocse 3amensl iepemMeHHbIx & = v~ H "1 B nHTErpase
I mosyanm (1ocTaTouHO paccMaTpuBaTh MHTErpaJbl or 0 710 +00)

2kl

o0 o0
i i 2kl ig—1
1< CV—WOH(mMOD/_../n’f“ e et
0 0

2klig+1 2kly 2kay  2kan
x e T+l e e T dpyy L dy,
) ) o0 ay an  Mig
— Oy~ Uu 01+ (m,u'0)) “ig , ig
=Cv (1]1 e Mg - T )
0
o1 an  2kag, o an
,(no‘io s na'io) aig @i
x e~ 7 Mg Nn d(nl e Mig oM )
o0 o0
S Ep e 2kl _Ongp. _ 9n
0 0
Tak Kak BBINOJHSIIOTCsT HepaBeHcTBa (1.5), nmeem
= WO« - I
my — Stmg, — gt > 1,
_ &n P 77} _
Mn = e Mip ~ g > —1

I KasKIplil 13 mHTerpasos cxomutces. B urore I < Cy~(#C1Hmu™) qhg gexoropoit
nocrosinaont C' > 0.

(6) MakcuMyM JocTHraeTcst BO MHOTUX MeECTaxX, T. €. XOTsl Obl B OJHOM U3
coorHorenuit (1.5) nMeeT MECTO PaBeHCTBO.

st onpejiesiennocTu OyIeM CIUTATh, 9TO 49 = n. CHadasa pacCMOTPHUM CJIy-
vaii, Korjia paBeHCTBO UMEET MECTO TOJILKO B OJIHOM u3 cooTHoinenuit (1.5), nampu-
Mep, ipu j =n — 1, T e, 9L < mutl , Gn=2 o Maoaptl iomoy  maoa ]

[e79 my+17 """ Qo mp+1 7 an  mptl
Wurerpan I npenctaBuM B BUIE CYMMBI

I= del e denl szﬁmGo(&V) dén

+O/d§1...0/d§n_1 / M Co(er) ey — Tr 1 Iy,

n
v Hn

n
B unrerpane I; cuenaem 3ameny nepemenubix £ = v~ # 1. Iomyanm

o'} 00 1
n n 2klq 2kly 1
— +(m, m My — M,
I = v e "))/dnl.../dnn_l/nll...nn e~ e
0 0 0
2kory 2kan, 2kly

oo
P dnﬂ§CV—(WH(m,u"))/n;me—m dm
0

o'} 1
2kly, n n
./nggl—lefm,fl 1dnn71/n3?" dy, < Cy—(" 1 m™).
0 0



576 I A. Kapanersin

n—1
Ocymecrasist B uarerpasie Iy npeobpasosanne & = v~ H 7, umeem

oo o0 oo
n—1 n—1
o, +(m, m1 My
I = v~ " Omap ))/dnl.../dnn,l / et
0 0 [ N
2kl _2Rln—2opl,  _2kay  2kap
xe ez T TeT Tt T,
0 2 @
1
_ n—1 n—1 mi—g——Mn-1—5 _ 2kl
(e >>/771 o e = g
0
s m _%n-2 . _%n-—2 2kl < o1 o2 an  Mnp-—1
. n—27 % 1 Mn-1T%5 "7 _7]”7;72(1 An—1 An—1 Xn—1
— n— e M=
T2 e I M1 """ )
0 0
a:il a:il azyil an—1 o1 a2 an
- _ ap 1 Qa1 a,_1
X e (771 up NMn—1Mn ) d(nl n 772 n . nn—lnnn )
o0
et
X dnn,
n
V*u:{+u271
B cuny ycnosus (6)
oq my +1 Qp_2 <mn_2+1 Qn Myt 1
? ottt ) - )
Qp—1 Mp—1+ 1 Qp—1 Mp—1 + 1 Qp—1 Mp—1+ 1
CJ1eJ0BATEJILHO,
aq aq Qp—2 QAp—2
my — Mp—1 — > _17 y Mp—2 — Mp—1 — > _17
Qp—1 Qp—1 Qp—1 Qp—1

n n—1
HO3TOMY TIepBble n — 1 UHTerpasios cxofsrcd. Ecmu pl~t < pm ro vy~ Hathe >

1 u nocjenHuii MHTErpaj paBHOMEPHO orpanmuen no v. Eemm p? > p?~1 to
n n—1
yTHnTHL " < 1 g, pa3buB mociiemHuil HHTerpasl Ha JABa MHTerpaJa, IIOJLy<rM
e 2kl 1 2kl 0 2kl
e n " e ln " e ln "
—dn, = —dn, + | ———dn, < (Ch]Inv| + C2),
Tn Tn Mn
n—1 n—1 1

e v iy

rie C1,Cy > 0 — HEeKOTOpbIE MOCTOsIHHBIE. PaccMoTpuM cirydail, Korjga B COOTHOIIE-
nugx (1.5) umeem ! pasencts u n — [ — 1 vepasencrs. Ilycrs, Hanpumep,

a _mg+1 Qp—i—1 _ Mp_j—1+1
o mp+1 777 a, my +1 (1.6)
Qpn—y My g+ 1 Qp-1  Mp1+1 ’
an  mp+177777 a, ma+1

ITosroxkum M? = 1{1111 Wy, J =mn—1,...,n, n uarerpan I pazobbeMm Ha Ciey-
i=1,...,n

veey
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omue 7 cJlaracMbIX:

.0 0
v HFn—i41 n

Idel...ngn_l_l ledfn_l 0/ den_m...yo/ £ Gy (€,v) dt,

.0 0
v Hn—i41 v Hn

+07d§1...07d§n_l_1 7 dén—i O/ d&n—ii1- - / "Go(& v) dén

_ .0 0
Fr—t

+...+Zd§1...07d§n_l_1 _Z Ay .. ]o EmGo(&,v)déy = Iy + Iy +- -+ 1.

—u9

v

B kaxjom u3 ciaaraembix I, k # r, cyliecrByeT XOTsi Obl OJIMH UHTErPaJ OT
0 1o v (most HekoToporo HOMepa j, n — 1 < j < n). Torma B wHTerpasue Ij
IIOCJIe 3aMEeHbI TIEPEMEHHBIX & = 1/_”1777 rae ¢, ¢ = 1,...,n, — UHJEKC, JJIT KOTOPOTO
M? = ,u;-, TIOJTY UM

00 00 00 1 00
I, < Cy=(u - (ma®) /dm /dnn -1 /dnn_l.../dm/dm+1
0 0 0 0
oo
2kl _pPRli-1 _ 2ken okap 2klz+1 2kip
./n{”l...n;””e ot et e e T e e~ " dny,
0
oo oo
_ i i _ 2klq i _
< Oy~ (' (m.p ))/77{'“6 m d771--~/77;nn e Mn-t-idp g
0 0
1 oo [e'S)
) 2kl; - ; ;
m; M1 - —(Jp[+(m,
/771 dni/nH‘l e it dnHl.../nZ‘”e T d,, < Co~ WMD)
0 0 0

Ocraercs onerntsb I,. Bo3bMeM OJMH M3 WHJEKCOB, JJIsi KOTOPOTO B COOTHO-
menusx (1.5) uMeer MeCTO PaBEHCTBO (JIOIYCTHM, 9TO HHIEKC n), U B uHTErpase I,
n
cnenaeM 3aMeHy nepeMeHHbIX £ = v~ H 1. UMeem

oo o0 o0
L —(u"+(m,
I, =v (le™ [+ (m,p ))/dm /dnnflfl / dpn_i
0 0 ,,7“91—14”‘2 1
o0
2kly 2kly 1 2kay 2kan
My, N —
/?71 N re ™ R 1/
P T
oo n2kll 0 7772’“%7171
- —1-1
_ "4 (™ (& 1 (& "
< Oy (" (mop ))/7dm--- i
771 Mn—1-1
S okl 00 7]2kl,n71 0o
e “hin—t e 'n-1 _¢2kan
B / —dip—r - / 7dnn—1/tm"6 Yt
Tn—1 Nn—1

— 0 n _,0 n
P v Hn—1 Ty
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aq n—1

an

t=mn"...1,°% Nm,ap;,t=1,...,n—1—1, cyTb HEKOTOpPBIE YnCIa, GosbIme —1.
CrenoBaresbHO, iepBbie n—[—1 uHTErpasioB cxonsrcs. Ilociemanit nHTErpaJ TAKXKe
cxomuresa. OcTaeTcs MCCIeIoBaTh UHTErpaJibl oT n — | 1o n — 1. Pacemorpum oann
u3 3tux uHTerpasioB. Ilycte n—[1 < i <n—1. Tak kak —/,L?Jr,u? >0u yH <1,
nMeeM

2kl 2kl;

1 o)

T it M

/ eidm: / eider/eidmgClHnu\Jng.
i ' 1 i

7
0 — 0 n
v p‘i p‘i v ‘ui ‘Li

CrenoBaTesibHO,
I < v~ W Hmm™) (i)' + Gy | Inw| ™ + - 4 Co) (1.7)

JIJIsT HEKOTOPBIX MOJIOXKUATEIbHBIX ocTossHHBIX Co, C1, ..., ).

[Iycts aas Mynbrumagaekca o™ L = (aq, ..., a,) (BepmuHb MEHOTOrpanHuKa N)
MeeT MEeCTO HEPaBEHCTBO (v < (g < -+ < Qlp.

Pacemorpum mpsiMyto, npoxogsiiiyto depe3 touku o’ = (0,0,...,0,) n «
(a1,..., Q). DTa UpsiMasi IPUHAJJIEIKAT BCEM TUIIEPILIIOCKOCTSIM, UMEIOIIAM BHEII-
mue mopmasm gl p?, ..., u" . BamagpM IAHHYIO IPAMYIO AHAJUTHUECKH: T —
a1 —tay, o = ag—tg, ..., Tp_1 = Qp_1 —tap_1, Tp = ap+t(l, — ). O6o3HATUM
uyepes = (B1, ..., Bn-1,0) TOUKY HepeceveHUst JAHHON IPSMOI C TUIIEPILIOCKOCTHIO
z, = 0. Torma 8; = l:‘ilgn, i=1,2,...,n—1. Tak kak a1 < ag < -+ < Qp_1,
0 f1 < B3 < -+ < fBr_1. PaccmoTpuMm npsaMyIo, TPOXOISAILYIO Yepe3 TOIKH
a1t = (0,0,...,0,-1,0) w B = (B1,B2,--+,Pn_1,0). Dra npaMasg TpuHAIe-
JKUT BCEM THIEPILIOCKOCTSM, MMEIOIIIM BHemHIon nopmaab pb, u?, ... u"~2. Tou-
Ky IlepecevdeHUs IPAMON, ITPOXOJAIIell depe3 TOUKU an !l = (0,0,...,0,-1,0) m
B8 = (61,P2,...,0n-1,0), c rUNEPILIOCKOCTBIO L1 = 0 oOO3HAUUM dUepe3 7y =
(V1,725 -+, Yn-2,0,0). Tak kax 81 < B2 < +++ < Bp_1, TO 1 < Y2 < -+ < Yp—2.
Anasiornuno npogokum nporece 10 Touku o = (01,0,...,0), KOTOpasd IpUHAJ-
JIEYKHUT TUIIEPILTIOCKOCTH C BHEITHeH HOPMAJIBIO ' 1 ABJIfeTcs TOYKON IepecedeHns
npsmoit, poxongmieit uepes Toukn o = (0,lz,...,0) u § = (61,02,0,...,0), ¢ TH-
HePILIOCKOCTBIO T3 = 0. TeM caMBIM I'MIEPIUIOCKOCTH 4! IpHHAIIEIKAT BCE TOUKH
a,B,7,...,0. llyctb N — gerHoe uucjo takoe, ato BeKTopbl Na, NG, N, ..., No
SBJIAIOTCS MYJIBTUAHJIEKCAMU, MMEIOIIAMY YeTHbIe KOOPAMHATEL (9TO BO3ZMOXKHO, TaK
KaK BEKTODBL , 3,7, ...,0 UMEIOT PAIMOHAJIbHBIE KOODAMHATEI).

ITpumenss ouenky (1.7), mokaxkem ciexyiomyo JjemMmy (aHajor Jjemmbr 1.1

s [9]).

n+1 —

JlemMma 1.1. Ilycrh oy < ag < --- < ay,. Torma st 1r060ro MyJIbTHHHIEKCA
m = (m,...,my) u Joboro deraoro uucaa N, yIOBIETBOPSIIOIIErO BbIIIEYKA3AH-
HOMY ycioButo, cymectByior mnocrosiabie Co, Cy, ..., C; (3aBucsmue or m, N, k, «)

Takwe, 4To JIst Jiioboro v, 0 < v < 1, uMeroT MecTa HEPABEHCTBA

\D’”@r(t, V)| < o i:r?,".‘..,n(l” [+ (m,put))

(Cilnvl' + C_q vt 4 Cy)

1y N(gVongoe o g VB g Nouo )

, (1.8)

rmer =0mmr =1,7,5=1,....n+1,al,l =0,1,...,n — 1, — KosmgecTBo
paBeHcTB B coorHomenusix (1.6).
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HOKA3BATENBCTBO. Ouennm Gy ;(t,v), j = 1,...,n+ 1. Ousa moboro Mymb-
TuuHAEKCa M = (My, . .., My, ) UMeeM

—1

) i 2k
D™Gh (t,v) /gml...gyneﬂ(tf)%(yga') P08 dey .. dE,. (1.9)

Paccmorpum Bepmuny o« = (g, ..., Q,) MHOrOrpaHHuKa Il U MyJILTUUHIEKC
m = (m1,...,my). Ilycrs MeXIy BEKTOpaMH (& U 1M HMMEET MECTO COOTHOIIE-
uue (1.6). Toruma, Kak u npu oneHKe UHTErpasa I, eciu cuenarb 3aMeHy IePeMeHHbIX

i . .
& = v™H 1 (ays mekoroporo i, 1 <i < n) B uHTErpaJiax, TO B oTm4ne or I NOsABIs-
2k— 16_(V1,((!j,ui)naj)2k

ercss MHOXKUTEs Tuna (v~ C O‘J) KOTODBIii
, PBIil PABHOMEPHO

OTpaHWYEH 0 ¥ ¥ 1O 1) IpH ¢ # j. Ecmm i = 7, o

(nai)2k7167n2w _ (nai)Qkfle,n(%fl)aie,nai < Oefnai

i
Tem cambim mocste peobpazoBanus £ = v~ # 1 moxyanm

oo o0
|D™ Gl,j(t v)| < Cv~ (" - (mope? )/.../n’lm ...n,’f”e‘ép(”’”im") dny ...dn,
0 0

—  max +(m, -
< B (G [ Gy, (110)

rjie | — KOJIM9eCTBO PABEHCTB B COOTHOIIeHHAX (1.6).
—N;Na Noy A
Omenum Bemmuuny v~ Vi) ... ¢, *»D™G, ;(t,v). B cuny mpeobpasoBamus
Dypbe NPUXOIUM K BLIPAKEHUIO

1 .
V—NtNal tNaanGl ( ) _ - /I/—NDé\/oq o Dé\/ozne—z(t,f)
(2m)2 ! "
R’n
my emn o\ P
X &M e (2k)(ve™) T e .. dé,,

KOTOpOE I10CJIe MHTEI'PUPOBAHUA 110 FaCTAM CBOJUTCHA K OII€HKE MHTEIrpaJia

_N 2k— 1/ /‘DNOQ ..Dé\ian

x (gt ERmhes | gmatGhmlan —PwO)| g, de,,.

Hpuvenns bopmyiy s npomssoguoil byukmmn ®(€)e~F€) | kax u B [9], mo-
JIy9UM

o0 o0
y—N+2k-1 Z C]%a/ / m1+(2k L)og ;nn+(2k—1)ail)
0

Bty=Na

[l

x Y e P HD"J ) de ... dE,, (1.11)

olgetolvl=

rjie npousBejienue Gepercs 1o TeM o7, Jyis KOTopbIx |07 | > 0.
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Ecin 3abuKCHPOBATE HEKOTOPBIE MyIbTUAHIEKCH (3,7, 0L, ..., ol Takue, uro
B+y=aN,o' - 4ol =~ 10 B KaXIOM craraemom B (1.11) 1011 3HAKOM HHTE-
rpajia HOJLy9uM MHOroOwWIeH ot &: 7' ... §0m, upudeM p;, i = 1,. .., n, OIpeIesIsoTcs

"3 COOTHOIIEHU

pi =m; + (2k — Do — Nag +2k(a} + - +af), i=1,...,n,
IJie KOJIMYECTBO CJlaracMbIX B IIOCJICJHE CyMMe paBHO |'y|7 a UHJEKCHL 7, . .., q He3a-
BUCUMO JPYT OT JIpyra NpUHUMAIOT 3HadeHus 1,2,...,n+ 1 (HOBTOpeHI/Ie UHJIEKCOB

He MCKJII0IAETCs).
U3 BbIpakeHusl BEJMYUHBI p; CJEYET, UTO €CJIU IIPU HEKOTOPBIX i,7], i #£ 7,

nMeeMm o* Zib TO JIst J1E060r0 N MOXKHO 10J00paTh k TakKuM 00pasoMm, 4To
J J
Qg pitl
A pi+1°
HaJtee, eciu B mHTErpase (1 11) nuist HEKOTOPOTO HOMEDA 4, ¢ = 1,. .., N, CIeTaTh

3aMeHy IepeMeHHBIX & = v~ H' 7, TO, yunThIBasi, 9TO DB = 1/(” ’B)Dﬁ B CTEleHu V
TIOJTY TAM
s~ N+H(Na,u®)+(2k=1) (1~ (o 1)) H V2k(1—(a'”7ui))y—(\uiH(m,ui))’ (1.12)
ks
rjie B IPOMU3BEJECHUHM KOJIMYECTBO MHOXKHUTEJEH DaBHO |7y|, a MHIEKC 7 IPUHUMAET
3Havenud 1,2,...,n + 1, npudeM MOBTOPEHNE MHJIEKCOB HE MCKJIIOYAETCS.
Pacemorpum kaxoe ciaraemoe B dopmyse (1.11) u BosbMeM TOT HHIEKC i,

Pi0+1 S PJ‘+17 ] =1
aio

711 KOTOPOT'O o ,n. s onpeneneHHoCTH Oy/IeM CUMTATH,

9TO tg =N U

p1+1 Unl=1 _ Pnoi-1 +1 any  ppn-g+1 Qp—1  pn-1+1

On pn+17'”7 Ap pnt1 T ay B pn+17'”7 Qp B pn+1-
Kaxnoe ciaraemoe B (1.11) onenuBaercs tak e, Kak u unrerpai I B opmysie

(1.4). B uTore, UCX07ist U3 TOTO, YTO B OOIIEM CJIydae MO MPEJIIOIOKEHUIO B COOTHO-

menusx (1.6) umeer mecto | paBeHCTB, i HEKOTOPbIX nocrosHubx Cp, O, ..., C)

MIPUXOIUM K HEPABEHCTBY

[Nt N DG ()|

— max I (ol B
<y A ) o o T e Gy (113)

O1ieHnM BETMUNHY V_Ntivﬁl . Nﬁ"’lGl i (t,v). Bce paccy K aenust mpOBOIATCS
Ha aHAJIOTUU C HPeIbLLyIIAM CIydaeM C TOi JIMIIb pasHHIel, 9To Be3e MYyJbLTHUH-
JIEKC (v CJIEJLyeT 3aMEeHUTh MyJIbTuuHiekcoM 5 = (81, B2, ..., Bn_1,0). Tak kak Touka
3 IpUHAIIEKUT TUIEPILIOCKOCTSM, IMEIOIIIM BHEIIHIO HopMaah i, u2, ..., u" L,
to (NB, ') = N, i =1,....,n—1,a (NB,u") > N (coriacHo MocTpOEHUIO TOU-
ku (). B wurore mosydymM, Kak u B IpPeABUIYIIEM CJIydae, 9TO CTEleHb I OOJIblie

WIE DaBHA — Inax (|47 ] + (m, p?)). Cremosarensuo, v NN NB””Gl St v)
TOKe OIIEHUBAETCsS HEPaBEHCTBOM BUIA (1.13).

Anasornano onenupaercs wien v NN N'y" °Gy ji(t,v), ecnn yaecTs, 1TO
Touka ¥ = (Y1,...,Yn—2,0,0) HAXOMUTCA BHE MHororpaHHHKa N m IpUHAIIEKUT
THITEPILTOCKOCTSIM, IMEIOMIIM BHeNTHIo HopMasb ub, u?, ..., u" 2 ciemoBaTenbho,
(Ny,u') = Nupui=1,...,n—2u (Nv,u" 1) > N, (Nv, u") > N. Haxonen, jis
Toukn 0 = (01,0,...,0) HY?KHO Yy4eCTh, YTO OHA NPUHAJJIEXKAT TUIEPIIIOCKOCTH C
sremeit nopmasbio pul u (No,pl) = N, (No,ut) > N, i =2,...,n, T. e. JjIs BCex
cyaraeMbIx uMeer Mecto HepasencTso (1.13). Cremosarensho, HepaBercTBo (1.8) n
agemMa 1.1 nokazanbl. [
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JlemMma 1.2. Ilycth o < g < --+ < an. Torga cymecTByIOT IOCTOSHHAST
C > 0 m HarypaJbHOE uncjao Ny Ttakue, 4ro st jgroboro N > Ny u st jioboro v,
0 < v < 1, umeer MecTo HEPABEHCTBO

dtidty ... dt, il
// _N(4Nay Nocn N’Y1 Nyn—1 Noy SCV“ ' (114)
g TN +tp ot +o 417

n—1

JIOKABATE/ILCTBO. Tak Kak a1 < ag < -+ < @, T0 P1 < P2 < -+ < Pr_1,
V1< Yo < o0 < Ypoo, B = B %y g Tocse 3aMeHbI IlepeMeHHbIX t = v 7

az P2 72
I/IHTeraJI HpI/IMeT 1534918

1
v ldny .. dny,
0‘1 apn_1 Nan B1 Bn—2 Nﬁnfl

O T (n™ om ™t mn) (T S ) e

NO'1

o1
B nociiegnem uHTErpasie, Ipou3BoJs 3aMeHy IIeDEMEHHBIX T = 1)1, T2 = 1), ° N2,
o1 o On—1
G Tn = NN ., 2% My W YUIHTBIBAd, ITO AKOOHMAH IpeoOpa3oBaHUs PaBeH
_ a1 a3 Sn—1
@2 3

Ty Ty e Tp_1 ", HOJydHUM

J < CV|# \/ / — drite...dt, . .
0 7'1 Tnjil (]_+7'1N”1+. T Bn—1+ Nan)

Hocienunit nurerpan cxomurca upu min(Noy,...,Nay,) > n, tak kak of < 1,
2 < L.,z <1. O

Paccmorpum caydait, korma a1 < ag < --- < . J1d ompesieIeHHOCTH MyCTh
ap<ag < <app<ap 1< -<a,(k=1,...,n—-1).

ITocTponm KOMILIEKTBI BEKTOPOB CJEAYIOMIIM 0Opa3oM. PaccMoTpuM T'paHb,
poxoiAIIyto uepes Touku {a?, ..., a" o™} ¢ BHemmeit Hopmasbio . IIpomos-
JKUM 3Ty I'DaHb JI0 HepecedeHnst ¢ k runepriockocTsymu (z1,...,2n—1,0), (z1,...,
Tn—2,0,2n), (X1, Tk, 0, Tp—ks2,...,Tn_1,Ty). Kak u BoilIE, 0603HAYNM UePE3
(B1,- -, Bn-2, Bn-1,0) TOUKy nepecedeHrsi KOOPAMHATHON TUIEPILIOCKOCTH (1, . . .,
Tn_1,0) 1 mpsAMoit, mpoxomsameil wepes Toukn o = (0,...,0,1,) " = (a1, a9,

,0p); epe3 ¥ = (1,92, - - -, Yn—2,0,0) 0603HATNM TOUKY TE€peCcevIeHnsT MPMOii,
npoxoismeit gepes Touku o~ = (0,...,0,1,_1,0) u 3, c runepIIOCKOCTHIO (1, T2,

,Tn—2,0,0), u T. 1. 10 mocrpoenus touku & = (dy,...,0k,0,...,0). Hamee mo-
0YepeJIHO MOCTPOUM TOUKH (N, ..., Nk—1,0,0,...,0), (q1,...,qk-2,0,0,...,0) ur 1.
1o (r1,0,0,...,0). Iomyuum mepBbIil KOMILIEKT 72 BEKTOPOB. 3aTeM IIOCTPOMM CJie-
ayomuil KoMiekT n Bekropos. O6osnauum udepes ¢ = (01,...,0,-2,0,0,) TOUY-
Ky HepecevdeHnsl KOOPIAMHATHON MMIePIIOCKOCTH (21, X2, . . ., Tn_2,0, Zy) U TIPAMOIL,
npoxofismeit uepes Toukn " = (0,...,0,1,) u o™t = (a1, 2, ..., qy); depes O =
(61,...,0n-3,0,0,0,) obosHaunM TOUKY II€pecedeHusi MpsIMOii, IPOXOAIIeil depes3
toukn " ! = (0,...,0,1,_1,0) u 3, ¢ TENEPIIOCKOCTDHIO (T1, T2, ..., Tn_3,0,0,2,),
U T. . JI0 IOCTPOeHHs TOYKH ¢ = (q1,...,qk,0,...,0). Hasee noouepesHo mocrpo-
uM Touku (l1,...,lk—1,0,...,0) 1m0 (01,0,...,0). Takum 06Paz’OM IOCTPOUM BCE-
BO3MOKHBIE KOMILIEKTHI 7 BEKTOPOB C BCEBO3MOXKHBLIMI BapUaHTaAMU ITIepPeCeTeHHit.
Nx kommaectso Oyger k!. O6G03HAYMM MTOCTPOEHHOE MHOYKECTBO KOMILJIEKTOB UYepe3
3. Yepes B 0603HATNM MHOKECTBO BCEBO3MOXKHBIX KOMOUHAIIAN 1-MEPHBIX BEKTO-
poB ¢ koopmuuaramu 1, 0, re mepsble N — k KOOPJAUHAT ITUX BEKTOPOB PABHBI 1, a
ocranbubie k Koopaunar pasuel 0 mwin 1. Ux uncio pasno 2F.
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IMycrs (1,...,1,1,0,0,...,1) — Hekoropsbiii iement u3 B. ComocraBuM emy
——
n—k
cneayromumii KommiektT u3 4. Ilepswlii snemenT «; eciau mociennuit 0 B BeKTOpe
(1,...,1,1,0,0,...,1) naxogurcs nHa i-m mecre, To 6epem B = (81, ..., 81,0, Bit1,
——
n—k
., Bn). Hanee, ecau npeaunocae Huil HyJIeBOH JEMEHT HAXOIAUTCA Ha j-M MeCTe,
j < ia TO pacCMOTPUM BEKTOD 7y = (717 sy Vi—1s 07’Yj+17 sy Vi1, Oa Yit1s- .- 7’Yn)
W T. 1. JUIs BeexX Hyseil. 3aTeM MOoOvYepesiHo CIpaBa HAJIeBO MPUPABHUBAEM K HYJIIO
Te KOODJIMHATHI TI0Jy9IeHHBIX BEKTOPOB, rie B Bektope (1,...,1,1,0,0,...,1) crosr
——
n—k

euHUNEBL. [IpormuiocTpupyeM 3To Ha npuMepe, korga k = 4, n = 6.

Bekropy (1,1,1,0,1,1) comocraBisiercas koMmiiekT «, (01,62,03,0,05,06), (£1,
€a,€3,0,¢5,0), ..., (m1,0,0,0,0,0), a sexropam (1,1,1,1,1,1), (1,1,1,1,1,0), (1, 1,
1,1,0,0), (1,1,1,0,0,0), (1,1,0,0,0,0) — o7uH 1 TOT Ke KOMILIEKT (1, A2, . . ., Qg),
(ﬂh 627 e 7ﬂ57 0)7 (’71772a Y3, V4, 0) 0)7 (017 02,03, 07 07 0)7 (517 627 07 07 07 O>7 (n17 07 07
0,0,0).

IIpu k = 1 Bekropam (1, 1) u (1, 0) conocraBigeTcst OMH KOMIUIEKT (i1, - . . , (iy, ),

(517 --76n 1, )7 . (51a I 30)

IIpu k = 2 Bekropam (1, 1 ,1), (1,1,0) u (1,0,0) conocrapnsieTcst KOMILUIEKT (v,
(B1s.--yBn-1,0), ..., (61,0 ,...,0), sekropy (1,0,1) — kommiekT o, (01,...,0n_2,
070n)7 (717"'7771—170’0)7""(l17 7"'70)'

Ilpu k = 3 sekropam (1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0) conocras.isi-
eTcst KOMILIEKT, Kak 1pu k = 1, sekropy (1,1,0,1) — KoMILIeKT «, (B, Bn—2,0,08n),
(¥,%-2,0,0), ..., (n1,0,...,0), Bexropy (1,0,1,1) — xommiexT o, (B, Bn—2,
Brn-1,0), (%,0,9%-1,0), (§,0,0,0), ..., (m1,0,...,0), Bekropy (1,0,1,0) — Kom-
ekt a, (3,0,0,0), (7,0,9-1,0), (5 0,0,0), ..., (I1,0,...,0). Bekropy (1,0,0,1)
conocrasyserca &, (8, Bn—2,0,08,), (7,0,0,7,), (U,0,0,0), ey (r1,0,...,0).

Tak xax k! > 2% mpu k > 4, mig Bcex sieMenToB m3 B Beerja CyIecTBYeT
COOTBETCTBYIONNiI HAOOP u3 Ll

Jlemma 1.3. Ilycts a1 < ag < -+ < ap—g < appy1 < -+ < ap. Torza
JUIST JII0OOOTO MYJIBTHHHJEKCA M W JII060r0o 4eTHOro 4dmucjia N, yIOBJIeTBOPSIONEro
BBIIIIEYKA3aHHOMY yCJIOBHIO, cyinecTBytor rnocrosiaaeie Cy, 1 = 0,1,... 1, Takue, 4ro
st Jiroboro v, 0 < v < 1, uMeroT Mecta HepaBeHCTBA

D" Gy ()] < v R

y (Clinv|" + Cr_y || 4 -+ C)
(1+v= NN tNp oo gNoY) (14 v NN .. 4 ¢Na))’
e B MHOXKUTEIIX 13 HepaBencTs (1.15) yyacTByIOT Te KOMILIEKTBI 1 BEKTOPOB H3
2, gepe3 KOTOpbIe OLEHUBAIOTCS BCE djeMeHThl MHOKecTBa B, ar =0 wimm r = 1,7,
j=1,...,n+1; 1 paBuo uuciy pasercrs B ¢popmyie (1.6).

(1.15)

JOKA3BATEJBCTBO. Ilycts r = 1,j. asg mgoxkasaTeiabCTBa HY?KHO OIEHUTD
BBIDayKEHUsI TUIIA

(I NN tNe Ny (1 NN N DTG (E v). (1.16)
HOCJIG PACKPBITUA CKO6OK u IIpUMEHEHU A CBOICTBAa HpeO6pa3OBaHI/IH (I)ypbe BO-
IIPOC CBOAUTCA K OIICHKE CJlaraeMbIX THUIIa

N / e O DI DB (e L gm - G (6, v)) dés - dEy,

Rn
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riae = B1,-.., 0y — MyJIbTHHHJEKCHI, KOTOPBIE OJIYYAIOTCsI IPU BCEBO3MOXKHBIX
YMHOXKEHUSAX CJIAraeMbIX, IpUCyTCTByomux B dopmyne (1.16), 1 = 0,1,... k. Has
OIIEHKH KaXKJIOTO CJIAraeMoro, Kak W IIpH oOleHKke uHTerpasa (1.4), Hy»KHO ONEHHUTH
COOTBETCTBYIOILYIO CTEIEHDb V. Y YUThIBasi BHIOOPHI MYJIbTUNHJIEKCOB B BBIPAYKEHUSIX
(1.15), KaK u IpU HOKA3aTEJIbCTBE JIeMMbL 1.1, MOXKeM yTBEpXKIaTh, 94TO CTEIEHb
v GyJer GoJbllle WM paBHA — . Elllaxnﬂ W]+ (m,u')). B urore xaxjoe ciaraemoe
— max_(|p'|+(m,p?)) I
Boipazkenust (1.16) onenuBaercst yepes v =1 (Cillnv| +---4+Cp). O
Jlemma 1.4. Ilycrs jrst myabrunngekca o = (auq, . . ., (i) BBIIOJIHSIETCS YCJIO-
Be 0] < Qg < -+ < Ok < Qpgr1 < -+ < . Torma cymecTByroT Takwe dmciia
a;, © = 0,1,...,1, u Takoe Harypasapnoe ducao Ny, aro mis jgoboro N > Ny u
Jioboro v, 0 < v < 1, uMmeeT MECTO HEPABEHCTBO

7 7 dtydts ... dt,
) A NN gNB Ny (1 e N (N . NG
0 0

< I l(ao| ln1/|l o lnV|lfl +eeda), (1.17)

e | — 4mcsio paBeHCTB MeXKJ[y KOOpAHHATAMH BEKTOpa @ = (1, ..., ).

st moKa3aTebCTBa BBEJIEM 00O3HATEHUE u? = max Wi =n—k+1,....n,
i=1,...,

u unrerpaj B HepasencTse (1.17) pa3obbeM Ha T CjaraeMbIX, Kak U B uHTErpaje |
B caydae (6). 3arem kaxjoe ciaraemoe I, k = 1,... 7, OUEHUM 110 OTIEILHOCTH.
IIpu onenke I, mpuMeHsIETCS METOJ JIOKA3aTeTLCTBA JieMMbl 1.2. B oTiudne ot orieH-

ku (1.14) nosiByisieTcst MHOXKUTEb |Iny|, Tak Kak a(-lil
:

= 1 B HEKOTOPBIX OTHOIIEHUSIX
BHYTPHU HHTerpaja J.
s v > 1 uMeeM CIIeYIONLYIO OIEHKY.

JlemMma 1.5. /J[ist 1106010 MyJabTHHHIEKCA M H JIOOOr0 HATYPAJBHOIO THC-
J1a N, yI0BJIETBOPSIFOIIErO BBIIIECKA3aHHBIM YCJIOBUSIM, cylecTtByer mocrossHHas C,
TaKasi, 9T0 JJjist JIIoboro v, v > 1, nMeer MeCcTO HEpaBEHCTBO

1
o= N )

|D™Go(t,v)| < Cr(AFm2) , (1.18)

F,Zle)\:(/\l,...,/\n):(l i).

PEEERER™

JOKA3ATE/JBCTBO. Tak Kak

P(r,€) = (€)™ + o e 4 (),

B BbIpazKeHUU

~ 1 )
D™"Gy(t,v) = ﬁ/ﬂnl g 1E) g = P(E) e
(2m)% J

HOC/Ie 3aMeHbI HePeMeHHBIX & = v~ ) mosTyanm |Dm€¥0(t7 V)| < Cy=(AHmA)
Ipu onenke Boipazkenus v~ Nt D™ Gy (t, v) B crenenn v kpome — (| A+ (m, \))

nogBJsioTCs Boipazkenus (1—(a”; A))2k, r = 1,...,n+1, KOTOpbIe HEIIOJIOKUTEIIHHBI

((a";A\)>1,r=1,...,n+1), a Tak Kak ¥ > 1, B ©TOre IIOJYy4UM, 4TO

[y NN DG (8, )| < Cu (MmN,

Amnajrormano OIIEHUBAIOTCA OCTaJIbHBIE CjlaraeMbIe. O
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2. Ycpenuenue PyHKIHNI 1 €ro CBOCTBa
s mroboit dyuknuu U paccMOTpUM ee yCpeJIHEHUE C sIPOM éo(t, v):
1 ~
U (z) — —— / U)Colt — z,v) dt. (2.1)

%
(2m) i

HSqu/II\I CBOICTBa 3TOTO yYCpeJaHEeHUs.

JIemma 2.1. Ilycrs f € L,(R™), 1 < p < co. Torga f, € L,(R™) u Hfl,||Lp(Rn)
— 0 npum v — o0.

JIOKA3ATEJIbCTBO HE OTJIMYAETCS OT J0KA3aTe beTBa JeMMbl 2.1 u3 [9)].

Jlemma 2.2. Ecin f € L,(R™), 1 <p < o0, 10 f, € L,(R™) u
gii% £ — f“Lp(R”) =0.

JIOKA3BATEJILCTBO. Tak kak

1 ~
W /Go(t7y) dt = GO(O,V) = 17
T 2
R

fa) = (2;)3R[ F@)Colt,v) dt
u s pazHocTu f, — f umeem
£@) = @) = — [ (e 1) = @) ol )
(m)f J

Orciona, mpumensis 0000IIEeHHOe HEPABEHCTBO MUHKOBCKOTO, Oy IUM
1 ~
U=l < g [ 1657 = 50l Gt

B semme 1.5 mpu v > 1 mokazanu HepaseHcTso (1.18) s A = (i,...7

1
Hoxraxkem, uto npu 0 < v < 1 mis 9T0r0 A CIipaBeinBa OIEHKA

1

~
)=
~—

Go(t,v)| < Cy~PIH(1=(a)2k 7 2.2
Go(t.v) oy 2

rae C' — HeKoTopas TOCTOsTHHAS, He 3aBUCAIIAs OT U U t.
Ecm B dopmyne Go(t,v) craenaTs 3aMeny mepeMeHHBIX & = v~ n, To s

e~ P8 nomyunm

1112k In 2k 1—(X, 2k 2kl 2kly
e P8 _ o= () = (lp) P e (O )P g2 M

s oneHku I/_N’tfwiéo(t, v)

Z/_N/|D2Mie_P(”’§)| dg.
Ry

,t=1,...,n, clleyeT OIEHUTh BEJIMINHY
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Ecim B Kax1oM caaraemom dopmyast (1.11) caenars 3aMery iepeMeHHbIX & = v~ 2,

. R p— s
TO B CTEIEHAX I MOSBIISIOTCH Bhipazkerns v~ N T NEAi—IAl 11 p2R(=(a"0) e kosmm-
ks
YEeCTBO IPOU3BEIECHUI PABHO || U UHIEKCHI 7' MOI'YT IIOBTODPSITHCS.

Taxk kak N[;A; = N, (", A) = 1,r =1,...,n,1 ("1, \) = (o, \) > 1, cremnenn
v oneruBaercst 4epe3 —|\| + (1 — (a, A))2k, 9T0 U mOKa3BIBAET HEPABEHCTBO (2.2).

Pacemorpum A-paccrosiane py(z) = (x%ll 4+t ) 2 Tlpencrasum | f, — fllz,
B BHJIE

Ifo = fll, <C / IF(+7) = FOllp, 1Golr,v)| dr
pa(r)<v?
vC [T = SOl Golr ) dr = Av() + A0,
px(T)2v?
rue 6 € (0,1) moka 910 IPOU3BOJIBHLI ITAPAMETD.

Ouenum Ap(v). Ipumenss onenky miusa Go(t,v), npu m = 0 (cm. jgemmb 1.1,
1.3) umeem

— max_|p'|
M) C sup 16 = IOy [ i

pa(m)<v?
pa(m)<vo
U3 BLITyK/I0CTH MEOTOTpananKa N ciaemyet, 9to [A| > max |u?|, smadanT, Moxk-
i=1,...,n
HO mozgobpars unciao 6, 0 < 6 < 1, rakoe, uro O|A| > max || Tocnennnii wH-
i=1,...,n

Terpajl OLEHUBAETCA € IOMOLIBIO A-cdepudeckoro npeobpasosanus (cM. [8, §4]).

Beenem obosnadenne 0y = rMwi, ..., Ny = PVwy, e w12 4w = 1
Torna .
A= max [u’[}
A (v) <Cv e sup [|f(-+n)— f(')”Lp(]R")'
px(m)<vl

Y4uThIBast, ITO IMOKA3aTeNb CTENEHH ¥ HOJM0KUTeIeH, a GyHknus f us L,(R™)
HenpepbiBHA B 1estoM npu 1 < p < oo (em. [8]), momyuum, uro A;(v) — 0 upu v — 0.
ITpumensist HepaseHCTBO (2.2), 1uist Ao (V) nmeem

Ax(v) <2 A= () 2k /
o0) 211, ooy -

pxa(T)>v?

dry...dm,

(TlNll‘F"'+T»,]LW").

Orciofa mociie Ipeobpa3oBaHus T — U 1) IPUXOAUM K HEPABEHCTBY

dny ...d
(1—(,\))2k m "n
Aa(v) < 200l v [

pa(n)zvo=t

_ dTl ‘e dTn
< 2C||f|| . V(l (a,N\))2k / 2t rin
ErE) L+ p} (n)

pa(T)>vo-1

Ucnonb3yst B MOIy<IeHHOM HHTETrpasie A-cdheputieckoe mpeodbpa3oBaHue, MOy IUM

ez [ PN
A2(1/) S 2C||fHLp(R")V(1 ( ’A))2k / / m ZA?wﬁ dw
i=1

V=1 pa (@) =1

P B e L LG T

po—1

IN
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ITycrsb umcno N TakoBo, 4ro IOKa3aTeib v mosioxkuresied. Torga As(v) — 0 npu

vr—0. O

Caencrsue 2.1. Ilycrs feL,(R™), rge 1 < p < co. Torza cymecrByer mocie-
JsoBaTeibHOCTD v, — 0 npu k — 0o Takas, 4To klim fu () = f(x) must mourn Beex
— 00

z e R™

JIOKABATEJ/IBCTBO HEMOCPEICTBEHHO CJIEJIYET U3 CBONCTB LP—CXOLLI/IMOCTI/I.

3. NuTerpanpHOe mIpeacTaBieHne dyHKIWA
Yepe3 MYJIbTHUAHU3OTPOIIHBIE A/Ipa

Teopema 3.1. Ilycres mist pyukiuu f cymectByroT mnpousBogabie DY f| i =
1,...,n+ 1, rae ' ABJAIOTCS BepUIMHAMHE BIIOJIHE IIPABUJILHOIO MHOrOrpaHHHKa
i .
u D* feL,(R"), 1 <p<oo,i=1,...,n+ 1. Torza arsa mnourn Bcex r€R" mmeer
MeCTO MpeACTABICHUE

n+1

fla) = fulz +hmZ /dV/D”‘ )Gy (t—a,v)dt.  (3.1)

HOKABATEJILCTBO. U3 dopmysnsr Heorona — Jleitbnuna u u3 ycpemnenust
(2.1) umeem

h
ule) — fola) = %/%dl//f($+t)éo(tw)df
RTL

= %//f(m+t)%éo(t,u)dtdy. (3.2)

Borancoinm nponsBogiyio %ao(t, v):

a n+1
Y A 7z(t£ —P(v,§) 2k—1 ¢2ka’
o Golt,w) (k) 1ge g
n+1
p itE) . P(v, i 2h—1
,ZDQ/ O (aky(wer) " de
Rn
1 n+1

= —s Dajé 1 t7V .
(2m)? Z t LJ( )

=1

[Moxcrasiss nosydennoe Boipazkenue B (3.2) u yaurbiBasg, 9r0 Jjis dbyHkmuu [ cy-
j
mecTBYI0T 0000IeHHbIe Tpon3BoAHbIe DY f | mosmydmm

n+1

fn(@) = fo(z z + )G 4 (t,v) dtdv. (3.3)

Mpumenssa x (3.3) caexcrsue 2.1, npugem K pesysabrary Teopembl 3.1. [
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4. TeopeMbl BJIO>KE€HUS
IJISI MYJbTUAHU30TPOIIHBIX IPOCTPAHCTB

Pacemorpum npocrpancrso WH(R™) = {f : feL,(R™), D feL,(R"), i =
1,...,n + 1}, HasbiBaemoe MysbrHaHu30TponHbIM npocrpancrsom C. JI. Cobose-
Ba. Ecim M = {a;|a|] < m}, T0 370 mpOCTPaHCTBO COBIANAET ¢ M3OTPOIHBIM IPO-
crpancteom W5 ecmn N = {a; (o, A) < 1}, e A = (A1,..., ) = ( Lo ),

my’ ? My,

10 W (R™) coBmanaer ¢ anu3oTponnbiM npocrpancrsom W™ (R™). Tlosromy
IPHBECHIbIE HIKE TeOPeMbl ByozKerus s npocrpancts W (R™) mozkmo pacemar-
pHBATH KaK 0000IIEHIEe COOTBETCTBYIONMX TEOPEM B MYy/IBTHAHH30TPOITHOM CJLyTae.

Teopema 4.1. Ilycre mymprunbiekc o = (aq,...,Q,) TAKOB, 9T0 @ < Qg <

- < Qp, & 9ucaa p U q yJaoBaerBopstor coorHomeHusM 1 < p < q¢ < 00 mim

1 < p < oo mpuq = 0o. asa HEKOTOPOro MyJAbTHHHIEKCA M = (My,...,My)

0b03HATIM
) . 1 1
1
= s (4 ()~ (1341,
i=1,...,n p q

Torza ecmn x < 1, 7o D™W(R™) < Ly(R™), . e. mobas ¢pynxnus feW, (R™)

uMeer 0606ieHHy0 npon3soaHyo D™ f. npunamiexamyio kiaaccy Ly(R™), n aus
Jiro6oro h > 0 mMeer MecTO HEpaBEHCTBO

||Dmf||Lq(Rn) < hlix(alﬂn h|l 4t ao)

n+1
j - l
X Y D fllp, @y + h XA - bo)l|Fll, gy (441)
j=1
IIPH HEKOTOPBIX ITOCTOSHHBIX ag, . .., a7, by, ...,b;, 1€ | — KOJIM9eCcTBO paBEHCTB B

coornomrenusx (1.6).

JIOKA3ATEJILCTBO. B cuiy npencrasienust (3.3) umeem

1 il g J -~
D™ fu(z) — D™ f.(z) = (270;/ dszDa fOD™Gy j(t —x,v)dt.  (4.2)

[Ipumensist K IpaBoil YacT TOrO IpeJIcTaBIeHus: HepaBeHcTBO FOHTa, TOIyInM

n+1 h ]
”Dmfh - DmszLq(Rn) < OZ/dVHDanHLF(Rn)||DmG1,j('7V)HLT(Rn)ﬂ (43)
j=1

1 1_1
rmel—=-—=>—=,
a T p ¢

OmuennM BbIpaskeHne ||Dm@17j(o7 v, (rny- Ucnomb3yst emmy 1.1 (HepaBeHCTBO
(1.8)), HUpUXOIUM K HEPABEHCTBY

1D7 G0l oy < v Cillav|' -+ Co)

3=

" (/ dty ...dt, )
N ™
SN (e e )P ) )

1
ITocne npeobpazoBanus t = v* 1 ¢ yderom jleMMbl 1.2 s N > Ny nveeM

- — max (g (mt)+ L)
1D Gy (V) ey v Gl 4 )

< v X(Cny|" + -+ Cy).
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[Moxpcrasisis nonydeHnyio onesky B (4.3), noaydum

n+1
_ ! j
ID™ fn = D™ el gny < B X(CUAL 44 Co) Y IDY fllp mys (44)
j=1
T. e. mpu h—0 nocrenoBarensuocts D™ fy, dymnamentansua B Ly(R™). Hdamee, mo
aemme 2.2 fo—f mpu €e—0 B L,(R™), 1 < p < co. Orcrona u u3 cBoiicrsa 0600-
meHHol npoussoHoi o CoboseBy (cM. [8, memma 6.2]) mosydnm, 9TO CyIiecTByeT
o6o6mennas npoussonuas D™ feL,(R™) takas, uro ||[D™ f — Dmfg||Lq(Rn) — 0 npu
e—0.
Onenum Hopmy || f|[1, (zn)- 13 Hepasencrsa (4.4) nmeem

ID™ fllp, &y < 1D fallp, ey + I1D™ f = D™ full, &)
n+1 )
- l J
<D il ey + BN G Co) S 1Dl

j=1

Yro kacaercst onenku ||[D™ fy ||, (Rn)> TO, IIPUMEHsIs MHTErPAIbHOE IIPeICTaB-
q
sienne 2.1, u3 Hepasencra FOHra momydaem

1D™ full L, @ny < ClF L, @y D™ Go(s P 1, gemy-

s nepasencrsa (1.8) nst D™Gy(t, v) cienyer, aro
. — max (|t (mp)
1D Go (W), ny S v 7 (Gl + -+ C)

1
=

y (/ dty ...dt, )
N T
SN (e e e )

1
ITocste mpeobpazoBanus t = v* n umeem

. . 1
max (| |+ (mp))+ 4

1D™ fall, gny < B 1 " (A - bo)
d7717"'7d77n )i
X = f ny -
(R[ (1 +mlVerophen o) 11l ey

Ipeanomnarast, uro N > Ny (JuIst CXOIMMOCTH HHTETPAJIA), Oy IUM

m — l
1D full ey < A Xl AL 4+ bo) [ oy O

3AMEYAHUE 4.1. B mepasencrse (4.1) sorapudmudeckuii MHOKUTEIb [OSB-
JISIETCSA TOJIBKO JIJISt TeX MYJBTHUHJIEKCOB, JJIsl KOTOPBIX UMEET MECTO COOTHOIIEHUE
(1.6), a I — gucso pasencrB B coorHomenusax (1.6). Ilpumep, msutocrpupyrommit
nostBJIeHne Jrorapudma, MOXKHO HalTh B [9].

Teopema 4.2. Ilycre mysabruubiekc o = (aq,...,Q,) TAKOB, 9T0 1 < Qg <
< ap_j < ap_ji1 <0 < Qp, a YucaIa p U ¢ yAOBICTBOPAIOT COOTHOLICHUIM
1<p<g<oomml <p< oo npuq = co. i HEKOTOPOro MyJbTHHHJEKCA
m = (my, ma, ..., my) 0603HAIUM

: : . 11
- i B = min |u|(1-=+=).
x = max (|u']+ (m,pu')) — min |p < e q)

[XERE} =1,..,
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Torza ecmn x < 1, 10 D™WY(R") < Ly(R™) 1 mmeer mecro HepaBeHCTBO

n+1
m - k+1 ot
D™ fllp, gy < WX (ag o [In k" +"'+ao)z 1D fll g, &
1=1

R A Bl ey (445)

IIpH HEKOTOPBIX IIOCTOSIHHBIX Ay, . . . ,Qk+1, Do,-..,bp+y, nae k, k < j, — 4wmcio pa-
BEHCTB B MYJIbTHHHJIEKCE (t, & | — YHCJI0 paBeHCTB B cooTHomeHusx (1.6).

JIOKA3ATEJIbCTBO He OTJINYAETCS OT JIOKA3aTeJbCcTBa TeopeMbl 4.1 ¢ mpume-
HeHueM JgemMm 1.3 u 1.4.

Teopema 4.3. Ilycre mysabrunbiekc o = (aq,...,Q,) TAKOB, 9T0 @ < Qg <
-+ < @, a 9uca0 p yAoBjaeTBopser cooTHoireHuio 1 < p < oco. /Jlias HEKOTOPOro
MyJbTHHHEKCA M = (M1, M, . .., My ) 0603HATHM
x = max (|p'|+ (m,pu)) —|p|{1-—).
i=1,...,n p

Torpa ecmn x < 1, 1o D"W)H(R") — C(R™), ©. e. mus moGoit feW(R™)
npousBogHast D™ f mourwn Berogy HenpepbiBHa B R™, 1 nMeeT MeCcTO HEPABEHCTBO

n+1
seuug D™ f(@)] < B X (agflnh|" + - + a) Z ‘|Da]f||Lp(Rn)
x€R™ j=1

= h X (iAo - bo)l| £l gy

JIOKA3ATEJBCTBO. IIpumensisi HepaBeHCTBO (4.3) mpH ¢ = 00, HOJIYYUM, UTO
cemeiictBo dyukimit D™ f. dyHaMmeHTabHO B Lo (RQ) U, CJIEJIOBATEJILHO, CXOIUTCS
K D™ f. Ho tax xax dynkmuu D™ f. HeIPepbIBHBI, cXOMAMOCTD Lo (R?) coBmataer ¢
PaBHOMEDPHOI CXOIMMOCTBIO U npenesibias dyukius D™ f nenpepsiBaa. [lockombky
D™ f onpenesieHa JIMIIb ¢ TOYHOCTBIO J0 9KBUBAJEHTHOCTH, B TEOPEME Ha CAMOM JleJIe
YTBEPXK/IAeTCsI HEIPEPBIBHOCTD IIPOU3BOJIHOIN NCXOMHON (DYHKIMY [TOYTH BCIOAY. L[]

Teopema 4.4. ITycrs Myabrunbgekc « = (Qq,...,Q,) TAKOB, 9T0 @1 < Qg <
< ap—j L ap_ji1 <o <y, a gucao p yAosjaersopser coorHomenuio 1 <p <
00. Jlist HekoToporo MmyiasrunHAeKca m = (my, Ma, ..., My) 0603HATUM

. . . 1
. 7 7 : 7 1 Z).
X = ma (Iu+(m,u))—im1}?}klul< —p)

PN ) yeey

Torza ecmn x < 1, 7o D™WY(R") < C(R™) 1 mMeeT MECTO HEPABEHCTBO

n+1

sup [D™ f(2)] < W' (ar kb 4 4 a0) Y IDY Fllp,

xeRn =

+hX (b h| T e b0) [ gy

JLOKA3BATEJ/IBCTBO aHAJOTHYIHO JI0KA3aTEJIHCTBY TEOpEeMbI 4.3.
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