A.A. MeieHIIOB

O ITPEJICTABJIEHUAX KYCOUYHO-IIOJIMHOMUMAJIBHBIX ®YHKIIN,
3AJJAHHBIX HA EJMHUYHOM YETBIPEXMEPHOM KYBE’

B onyOnukoBaHHBIX paHee paboTax paccMaTpuBaliach 3ajiadya MPUOIMKEHUS

dbyukiui AByX nepemeHHbIx Co00JIeBCKOT0 Ki1acca
S)=f(x,x,) € sz[lz],
rae 1< p<oo; ¢ - HATypPaJIbHOC YUCIIO; X = (X,X,).

Bosbiiryto poJib B 3TOM HCCiIe0BaHuU chirpaia jJemma 1.1 [1, § 1] o mpencras-
JIEHUH KYCOYHO-TIOJIMHOMHUAIBHBIX (DYHKIIMN B BHJIe OMIMHEHHOW (DYHKIIUM C MUHH-
MaJIbHBIM YHCJIOM CJIaracMbiX.

Ecnu mponomxars HauaTsie B padote [ 1] uccnenoBanus mist pynkiuu CoOoes-
CKOTO Kjacca W, [I"] n TEPEMEHHBIX, TO IPEACTABISAETCA BAXKHBIM MCCIEN0BATh BO-

MPOC O BO3MOYKHBIX MPEACTABICHUSIX KYCOYHO-TIOJMHOMHUANBHBIX (DYHKITUH, 3a7aH-
HBIX HA 7n-MEPHOM eIWHUYHOM KyOe. Cmydail n=2 OBUT paccCMOTpeH B paboTe
[1,§1], cnmyuaii n=3 B pabote [2]. [lanHas pabora paccMmaTpuBaeT 3ajady O BO3-
MOXHBIX MPEICTABICHUAX KYCOUYHO-TIOJIMHOMHAIBHBIX (PYHKIMM, 3aJJaHHBIX Ha 4Ye-
TBIPEXMEPHOM KyOe.

[Myctb 1* =[0,11x[0,1]x[0,1]x[0,1], X =(x,,x,,x,,x,)€I*. BBenem pazOuenue orpes-
Ka [0,1] Ha ocu Ox, TOYKaMHU

_ .0 1 i Ny _
O=x<x}<.<x/<.<x*=

1 0 1
Axyt =[xy 5x],
Axf;‘ z(xi4_l;xi“] (i, =2,,3,,....N,),
. . L
| A |=x3 —x; (4, =1,,2,,3,...,N,).

b

IIycTh
I, ={x|x, € Axy, x, €[0,1], x, €[0,1], x, €[0,1]}.
J{ns kaxaoro 1, BBEIEM CBOE pazouenue oTpeska [0,1] Ha ocu Ox, TOUYKAMU
Ozxé)”4 <x§3i4 <...<x§3i4 <...<x3N3i4 =
IIycth

A =[x37, x4,

* PaGoTa BbINOIHEHA IpH (PUHAHCOBOI TOIEpxKKe rpanTa PODU Ne 09-01-00014-a
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1314 (x(l3 v ax;3i4] (i; =2;,..., Niy)
| A = (B xR (4 =1,,2,,..., Ny,
Ilycte
I, ={x[x, € Ax;, x, € AxP, x, €[0,1], x, €[0,1]} .
JInst kaxaoro IT,, BBCACM CBOC paszbuenue oTpeska [0,1] mo ocu Ox, TOYKaAMU
0= x§2i3i4 < xéziﬁ <...< x§i3i4 <...< xévm =1,

Ly, _ 1,050 1y
Ax5 =[x, x,25 ],

2
bisiy (12 “Diziy . | i3y | =
Ax - 2 axz ] (12 _22’32”' 2’3’4)
o L i .
| A)Cézl}l4 |: x;”"‘ o xélz i (lz = 12 ’ 22 s IV

2['31'4) .
Ilycts
={x|x, € Axff , X, € Ax?i4 , X, € Ax§2i3i4 ,x, €[0,1]}.

iyiziy

Jlist kaxknoro I1,

iisly

BBEJIEM CBOE pazOueHue otpeska [0,1] Mo ocu Ox, TOYKaMH

0, 7y531, 1, 1y031 Niiyisi
0:x11234 <x11234 <. <X 121304 :1

b

Liii 0. inisi i .
Ax1112’3’4 — [x1112’3’4 X x12’213’4] (ll — 2’ 3’.“’N ) )’

Liyisiy

hiyisly (1—1)1114 11114
Ax1123 _( 1 213 10213 ] (ll , , ">N1i2i3i4)a
‘ ﬁ)fllll213l4 |: x‘1l21314 _ x(l )iyiziy (ll — 1,2,.”,N

1 1 liyisiy ) -
[Iycts
— iy I3i4 lyiziy Iiiylsiy
b, = X Xy €AXS Xy € AT, x, € AXTEY, X € AR )

MmuosxectBo I1,, .. OyaeM Ha3bpIBaTh dJIEMEHTAPHOU STUECHKON

ll ll
— Axllllzl3l4 XAx;213l4 x Ax;3l4 % Axr .

iyisiziy
OueBHUAHO, YTO

N4 N314 N213L4 N11213I4

U U U U zlzzim:ﬂ

iy=1 iz=1 i,=1 i) =1

=)

TOTJAa U TOJBKO TOrAa, Korjaa Vs (s =1,2,3,4) BeimodHsercd i, =i',. [Iponenannoe pas-

N ot s s
l]lzl3l4 lllzl3l4

OueHue /' Ha 3JIEMEHTApPHBIC YCTHIPEXMEPHBIC TUCHKH IT,, iy, HA30BEM pa3OHMEHHEM

R N4N3i4N2i3i4 N1i2i3i4
K >

rac
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N4 N314 N21314

K=2, 2, 2 N,

iy=1 iz=1 1i,=1

Ha xaxnou siieMeHTapHOU sSYehKe Hili2i3i4 3a/1aJIMM MHOTOYIEH CTENEHU [ IO COBO-

KYITHOCTH IIEPEMEHHBIX X,,X,,X;,X, C MYJbTUHUHACKCOM T = (7,7 ,7 47 ,)
— Iihylyly Ty Ty T3 T4
Pili2i3i4 (x) - Zcrlrzr3r4xl Xy  X3" Xy ’ (1)
0<l<i
rne |rl=7,+7,+7,+7,.

PaccMoTpuM XapakTepucTuyeckyro (pyHKIUIO

( ) 1’ re Hi1i2i3i4
11121214 , X & H11121314
U XapaKTepUCTUYECKUe PyHKITUU
(x.) I, xeAx)
X ig x4 = :
A 0, x¢ Ax;“ ’

iyiyiziy
x, € Ax,

0, x, &Ax"™""

OueBHUIHO, YTO

(X) Z 14 (x4) Z 1314 (x3) Z 121314 (xz) Z 11121314 ('xl)

11121314
PaccMoTpuM KyCOYHO-TTOTMHOMHUANIbHYIO (DYHKIINIO, 3aIaHHYI0 Ha /* W CBS3aHHYIO C

NNlNllNiii
pasouenuem R, T

N3 ig N2 i3i4 1121314

hibhiy  T1 172 .73 .Ta
T (xl,x2,x3,x ) Z Z Z Z IH11121314 (x) Z C71127374x1 x2 x3 x4 -

ip=1 =1 i=1 =1 0<|r|<!

N4 ‘N314 ]\721314 ]\[1121314

_Z Z Z Z X A (X4 )Z Ay ()('3 )Z 134 (xz )Z A2 (xl)z Z qlzz'zlzrl:axl X2 )% =

L=l 4=l L=l 4= ,=0  0<p+n+n3<d—7y

IV314 N213l4 ]\[1121314

—ZZ ,4(x4)z 22 2 X O ()2 (8) D Gl x| =

iy=1 p=l =l 4=l 0= +7,+13</-1,
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N3t4 N21314 1\[1121314

_ZZ;{ z4 (X4)X4 Z Z Z X 1314 3);( 12'314( Z)Z 11121314 (xl) z C;]llrzzl}rl:u lrlx X3

iy=17,=0 =l L=l 4=l 0t +0y+13<l—14
)
O603HaYNM
@, (Xy) = X s (x,)x,*
N 3ig N, 20304 ]\/1121314
l//r4,i4 (xl9x29x3) Z Z Z V4 1314 (X3 )Z 12'314 (XZ)Z 11121314 ('xl) Z Cgl;;l:qxllx?x;}
L=l L=l = 0 +n,+53<l-1,
Torna (2) npumeT Bu
Ny |
T (30,25, %,) = D D 0 (W, (00,00, 3,), 3)

iy=1 74=0
IZIe YUCIO ciaraemMeix M = N,(/+1). Ecinu monoxuts y = (x,,x,,x;) U INOACTaBUTh x U

y B(3), T0 T,(x,,x,,%;,x,) IPUMET BUJl OMIIMHEHHOU (DYHKIINH

Tk(xl,xz,x3,x4):gM(x4,y)=Z¢s(x4)l//S(y), (31)

s=1

OpUHAAJeKallel Kiaccy OWIMHEHHbIX QyHKUMU G, , tie M =N, (+1). OueBuaHO,
yro  dyskumo Y, , (X,X%,,X;)  MOXKHO  paccMaTpuBaThb ~ KaKk  KyCOYHO-

NOJIMHOMHAIBLHYIO (DYHKIIHIO, 3aIaHHYI0 Ha STUHUIHOM TPEXMEPHOM KyOe 7°.
[IpeoOpasyem ee TakuM 00pa3omM, YTOOBI MOKHO OBIJIO 3aT€M BOCTIOIB30BATHCS
pe3yiibTaTamu, NoJlydeHHbIMU B paboTe [1, nemma 1.1] (CM. puUCyHOK).

Nv314 N21314 N1121y4 o
sl T
l//r4,i4 (xl > X2 > x3) Z Z Z V4 34 (X3 )Z 21314 ( )Z A1234 (xl) Z C‘Z;;ria xl ! X2 X33 =
K=l L=l §=l : 0<q+1,+13<l-1,
N, N, 203i4 Nllzt3/4 -4
105151 0.0
- Z Z Z Z 1314 (x3 )Z 121314 (XZ)Z 11121314 (‘XI)ZXS Z 62;2;3414)(1 1XZ2 -
=l =l §=l =0 O0<r+7,<l-14—
N: 3ig - Ty N; 2134 ]\[1121314
i T 115151 T
- Z z ,}C o (753))(33 Z z ‘,Z 121314 (xz))( l1121314 ( ) Z Cirllz%;r:axl le (4)
13 =1 T3 =0 l2 =1 ll =1 OSTI +Tz SI_T4 _T3
0O603HauuM
T
f1i3i4r3 (x3) = X s (%3)x5°
N2i3i4 Nli2i3i4 o
— E 4 UL LA I )
ngéiﬂa 7y (xl ,XZ) o Z AT (x2 )Z Ax)234 (xl) Z ql 07 X 1.X2
=l =l 0 +7,<l—14—13

[ToncraBum BBeieHHBIE 0003HaUYeHUSs B (4) U 3aTeM B (3) moryyaem
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N3t4 - Ty

N, I
Tk(xlaxzaxp)%):ZZZM&(M)X ZZZ%()%)X [f213l4r3r4 1»x2)]—

iy=1 7,=0 i3=1 73=0

N3r4 /- Ty

- Z Z z ZZ i (x4)7( i3 (), x33f213z4r3r4 (X, X,) . (%)

iy=174=0i3=17;3=

BBCI[GHHBIC 0003HaYEHHS MO3BOISIOT npeacTraBuTb

N4 N3L4 - Ty

T (X, %y, X5, X,) = ZZ Z z 1414( 4)f1i3i4r3 (x5 )f2i3i4r3r4 (x;,%,) (6)

iy=1 =1 7,=0 73=0
Hucno cnaraeMbIX B 3TOM CyMME PaBHO
& (I +2)( +1)
2N
* 2

iy=1

O0o3HaYnM
f?>i3i4r3z-4 (x5,%,) =%, i (x4)ZAx§3i4 ()%’

[Toncrasnsist BBeieHHOE 0003HAUYECHHE B (5), MOTYyUUM

N, N3, I-14

T (), %y, %3, X,) = Z Z Z Zfslmrm rx4)f2i3i41374 (x;,%,) (7

iy=liy=17,=073=0

[+2)(1+1
Yucrno cnaraeMsix B 310t cymme M = ZN3,4 %
ig=1
OyHKIUSA leé,-m” (x;,X,) mnpencraBnser coOoi KyCOYHO-TOIMHOMHUATBHYIO
byHKIMIO, 3amMaHHy0 Ha [° =[0,1]x[0,1]. B padote [1, § 1] B temme 1.1 ObLIO pac-

CMOTPEHO NpEeJ/ICTaBICHNE TaKOW (DYHKIIMH KaK OMIMHEHHOW PyHKIUHU BUA
M
gM(xl,x2)=Z¢s(x1)l//s(x2)a (8)
s=1

raie M =N(/+1), N - B JaHHOM CJydYae YMCIO TMOJIOC MPU Pa30MEHUN €TUHUIHOTO
KBajpata /> 1o ocu Ox,, | - CTENEHb MMOJMHOMA 10 COBOKYITHOCTH NIEPEMEHHBIX.

B namem ciyyae 4ucio mosioc npu pazoueHuu mo ocu Ox, N =N

2isiy 0

a CTCIICHb

MOJIMHOMA IO COBOKYIMHOCTH TNEPEMEHHBIX 3aBUCHUT OT 7, U 7, W paBHA [—7,—7,.

[IpencraBum HyHKITHIO f2,~3,~4,3,4 (x,,X,) B Buze OunuHeiHOM QyHKIMHK Bua (8)

NZ i3i4 Nllzl3l4
— Iiylziy 71 | —
f‘2i3i4z’3r4 (xl 7x2) - Z ZZ 121314 (xz))( 1112’314 (‘xl) Z C 1727314 x2 -
=1 =1 0<7)+7,<I-74 73
N21314 N1121314 - Ty4—T3 - T4—T3—7)
— iiylsiy T —
S| L & A (g () 208 2, G|
ip=1 =l 7,=0
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N2l3l4 [- Ty—T3 N1121314 1—1'4—‘[3 7y

hialzly 71 —
Z /1/ 1213'4 ('x2 ZX Z Z 11121314 (xl) ZCZ'12'2T3T4 l -

i =1 7,=0 i =1 7,=0
N21314 - T4~ T3 N11213z4 I- —T4— 1377
E E E E iy304 Tl
- Z 121314 (xz ) l 11121314 (x] pfl T2 T3 T4 .
l2 —1 Tz —O ll —1 Tl —O

O0o3HaYnM
ﬁ1i3i4r3r4 (xz) = ZAX?ISM (xz )xzfz )

N1121314l T4—T3—7

Iiqisiy X0
f51213l41213r4 1)_ Z Z Z 1112'314 (xl)Cz']z'zr3z'4 1 -

i =1
ITocie 4gero f2i3,-4,3,4 (X;,X,) MOXHO 3anmcarh Kak OMnnMHENHHy0 QyHKIUIO Buaa (8) ¢

MHHUMAJIBHBIM YHCJIOM ClIaraCMBbIX

N21‘§l4l Ty—T3

ﬁ1314r3r4 1:x2) Z Z f41314r3r4 2)](‘5121314121314( ) . (9)

=1 17,=

Yucio craraeMeIX B 3Toi cymMme paBHO 1V, 20, (!l -7, —7,+1). Moncrasuss (9) B (6),

I[IOJIy4YUuM
N, Ny 21314 I-74—174
T, (‘xl ’ ‘x2 H X3 s X4) z Z Z Z (01414 4 )fiz3z4r3 3) z Z 1314‘[31'4 2 )f;zi3i4‘rz‘r3z'4 (‘xl) =
iy=1 i3=1 7,=073= =1 1,=
Ny Ny Naigiy -1, [-14-15

I Z Z Z D ) Friiie, O Frne, o) fsiiierne, (K1) (10)

iy=l =l =1 74,=0 r3=

T4 f

Pucynok. ['eomeTpuueckas nHTEpIpeTalivs PE3yJIHbTATOB

[ 1=ty l-14-74
Yucno cnaraeMbuIx B CyMMC Z Z Z paBHO
74=0 73=0 7,=0
(+DI+2) 1A+ 12
2 2 2
34
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=—IZH:S(S+1)——{IZH:S +IZ+1:S:|

Hcnonb3ys nzBecTHbIE (hOPMYJIBI
. 2 n(n+1)(2n+1)
pr 6

i, n(n+1)

l=——,

b

Jajiee moay4aem

[is +§} [(l+1)(1+2)(2l+3) (1+1)(1+2)}

6 2
_l‘(l+1)(l+2){2l+3+1}_1_(l+1)(l+2)‘(2l+6)_
2 2 3 2 2 3

_(+DU+2)(0+3) _ (+DI+2)([( +3)
6 3! '

CrnenoBatenbHO, o01ee unciio ciaraeMbix B cymme (10) paBHO

N L (L + 1) +2)(1 +3)
>y N, D

ig=liy=1
OTMeTuM, 4TO M HE€ 3aBHCHUT OT 4YacTOThbl pa3doueHuil mo nepemeHHou x,. Cymma

(10) MmoxeT OBITH TIPE/ICTABIICHA B BHJIC
M
T, (%), %5, x4, X,) = Z¢s(x4)f1s(x3)fs () £ () . (11)
s=1

[To ananoruu ¢ OunMHENHONW (QyHKIMEH U TPEXJIMHEWHOM, MOJYyUYEHHOE MpeICTaBe-
Hue T, (x) €CTeCTBEHHO Ha3BaTh YeThIpeXJMHEWHON QyHkiued. Ecou (9) momcraBuTh

B (7), TO OMy4YUM

N4 N34 N213t4 - 1'4] Ty—T3

T (X, %5, X3, %) = Z Z Z Z Z Z fszgwm( 3 4)f;113l4‘r3z'4( 2)f51213z412r3r4 (%)) (12)

iy=1 i3=1 i,=1 74,=0 73=0 7,=
OLICBI/II[HO, YTO YHUCJIO CJIara€MbIX B 3TOM CyYMMC 6y,Z[€T TaKUM JKC, UYTO U B CyMMC

(11).
[ToaBons UTOT, MOKHO CHOPMYIUPOBATH CIEIYIOUTYIO JIEMMY.
N N3L4 N213L4 N1121314

Jemma 1. IIycms R’ - pazdueHue uyemvlpexmepHoco eOUHUYHO2O

kyoa I* na K s1eMeHmapHbxX 4emulpexmepHbLX IUeeK 1 noJy4aembvlix 6Havane

iiyiziy »

pasbuenuem kyéa I* na ocu Ox, na N, vemvipexmepnvix cros Hi4 u 3amem Kaoic-

0020 cros 11, UHOUBUAYaIbHO no ocu Ox, HA Ni4 ayeex 11

4 3anmem pa36ueHueM

I3l4 >

Kaxcooll U3z noayyenHvix aveex 1, unousuoyanrvno no Ox, Ha 1V, Aueex H,~2,~3,~4

u, Hakouey, Kasxcoyio uz aveex Il .. no-ceoemy pasbusaem no ocu Ox, na N,

Iyi3iy
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971eMEHMAPHBIX AYeeK 1 obwee uucno komopwvix pasro K. Ilycms T (x) - Ky-

RN4N34N234N1234
COYHO-NOJIUHOMUATIbHAA ¢yHKl4u}l 3a0aHHas Ha pa36ueHuu u Ha Ka-

2HCOO1 3]Z€M€HmapH011 Auetixe COGI/ICZOCUOM/{CZ}Z C HEKOMopvIM MHO2OYUNIEHOM

iyiyisiy
iiyisiy (X1, X5, X3,X,)  cmenenu I=a-1 no COBOKYNHOCMU nepemeHuvix. Toeoa

T, (X,,X,,X5,X,) MONCHO NPEOCMABUMb KAK

® oOunuHelinyro ¢hyukyuro kiacca G, uoa

T (x) =g, (x,,3) = D0, (x, W (»), (13)

s=1

20e y=(x,x,x) U M=N,I+1) (cm. (3), (3.1));

o Oununelnyro pyuxkyuro kiacca G, 8uoa

TK(x):gM(Zl’Zz):Zf&s(zl)fzs(zz), (14)

2o0e z,=(x;,x,), z, =(x,,x,) U

(ZNg, J(l i 1)(.1 *2) (em. (6));

®  mpunuHelnyio yuxkyuro kracca G, 6uoa
M
TK(X):Z¢s(x4)fl‘s(x3)f‘23(22)’ (15)
s=1

20e z, =(x,x,) U

[ZN J(z+1)(z+2)

®  mpununelHyro ynxyuro kiacca G, euoa
TK(X):z%(zl)ﬁm(xz)fss(xl): (16)

2o0e z, =(x;,x,) U

Na oy [+1)(1 +2)( +3
{ZZN%MJ( - )( -; )( - ) (CM' (12))3

iy=liz=1

® yemvipexauHelinylo yukyuio knacca G,, 8uoa

T (x)= ZQ(M )15 () S, 06 f5,(x) (17)

20e

AERET [+1)(1+2)(1+3
(ZIZ ]( P (e (1))
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O.U. Kimomnukos, A.B. CrenanoB, M.I'. HeuaeBa

PACYUET KO®PUIIMEHTOB K YPABHEHUSAM CBA3U

[lepexon OT M3MEPEHHOW MHTEHCUBHOCTH aHAJIUTHUYECKOMN JIMHUM K COJIepKa-
HUIO OIPENIEIIIEMOTO 3JIEMEHTA — 3Tall , 3aBEPIIAOIIUNA TTPOLIECC PEHTTEHORJIECKTPOH-
HOro aHanuza. Ero ocHoBHas 3aaua — 00€CleunTh MOJyYeHUE MTPaBUIILHOTO 3HAYe-
HUSI KOHIEHTPAIMU 3JIEMEHTA B AHAJM3UPYEMOM Marepuasie. DTy 3ajady pelIaroT
Pa3IMYHBIMUA MYTSMU B 3aBUCHUMOCTU OT THUIIA U CJIO0KHOCTU XMMHUYECKOIO0 COCTaBa
poOBbl, a TaKkKe TPEOOBAHUMN, MPEIBABISIEMBIX K BOCIIPOU3BOAUMOCTH U MPABUIILHO-
CTH pe3yJIbTaTOB aHAIU3a.

[Ipu BBEIOOpE METONMK KOJWYSCTBEHHOTO aHAIW3a MCXOJAT W3 BO3MOXKHOCTH
MOJIyYeHHUS JOIYCTUMOTO 3HAYCHUS BEJIUYUHBI JOBEPUTEIHLHOIO UHTEPBAJIA PE3YJIb-
TaTa U3MEPEHUS UCCIIETYEMON BEIIMUUHBI.

MHOrO4YHMCIICHHBIE AKCIEPUMEHTAIIBHBIE JaHHBIC PAa3HBIX ABTOPOB MOKA3aJA

I
TOT (aKT, YTO OTHOIICHUE (—-) ,BEIMYMHBI MHTCHCUBHOCTH |; K KOHIICHTpAIIMH dJIe-
C,

1

MeHTa B obpasnie C; , koTopoe uaMmeHsiercs B auamnazone C; ot 0 mo 1, ocraercs
MPAKTUYECKU MOCTOSIHHBIM.

DTO MO3BOJUIIO HEKOTOPBIM aBTopam, [ 1+ 3], mpeajokuTh UlIe0 Ompeaee-
HUSl KOHLEHTpAIMK U3 MEPBbIX NMPUHIHUIOB. Ve COCTOUT B JTMHEHHON HMHTEPIIOs-
[IMA UHTEHCUBHOCTHU CUTHaNIA [, 311eMeHTa A B TBEpJOM Telie, IO OTHOLICHUIO K MO-

? PaGoTa BhINOMHEHA IpH (QMHAHCOBOI TOIIEpXKKe rpanTa PODU Ne 09-01-00014-a
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