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3agaye 0 ManbIX YKIOHEHUSIX AJIs HOPM rayccoB-
CKUX CIy4yaliHbIX (PyHKIUI 32 IOCIeJHIE FOfibl ObLIO
yAEJIEHO MHOTO BHUMaHUA (CM., HallpuMeEp, 0030PbI
[1,2]). Kak npaBuio, peys 1111a O HUXKHUX U BEPXHUX
OLEHKAX [JI1 BEPOATHOCTEHW MAaNbIX YKIOHEHUH, a
TOYHYIO U Jla’Ke JTOrapu(PMUIECKYIO aCHMITOTHUKY C
SIBHO BBINIACHIBAEMBIMU KOHCTAHTAMH Y aJIOCh HATH
JIALIB 7151 HEOOJBIIOrO YUCIa MPOCTEHNIINX IayCcCOB-
CKHX Ipo1eccoB, cM. [1-3]. B HacToseit pabote Mbl
BBIYMCIIUM ACHUMIITOTHUKY BEpOATHOCTEN MalbIX
VKJIIOHEHUH B L,-HOpMeE [IJ1d IpOLeccoB U noJjeit Ma-
TepHa.

st v > % onpenenumM nporecc Marepraa XV)(r),

t € [0, 1], KaKk rayccoBCKUil IpoIiecC C HYJIEBBIM CPEfl-
HUM 1 KOBapHUAIlMOHHON (PYHKIMEN

G (s, 1) = ﬂm—ﬂv—”l( (s—1))
XU T(v-1/2) voIe ’
s, te [0, 1],

rne K, — mopudunupoBanHasa ¢pyHkuusa beccens c
WHJIEKCOM 0. DTHU TPOIEeCcChl ObLIH, MO-BUIAMOMY,
BIIEPBBIE PAaCCMOTPEHBbI B 3ajayax IeOCTaTHCTHKU
[4]. OHn TakXe MOSBISAIOTCS BO MHOTHX HPHKJIIAf-
HBIX BEPOSITHOCTHBIX MOJIEIISIX CTaTUCTUISCKON THJI-
POMEXaHUKH, TEOPUH IJEKTPUUECKHUX IIYMOB, CM.,
Hanpumep, [5]. [Toast MatepHa — T€H30pHBIE TPON3-
BeJICHUS MPOIieccOB MaTepHa — ObIITN MPEIIOKEeHBI B
3ameTKke [6]. OHM UMEIOT Ba’KHble NMPUMEHEHUs B
MPOEKTUPOBAHNY W aHAJIN3€ KOMITBIOTEPHBIX 9KCIIe-
PUMEHTOB, cM. [7, 8].

Iycrb Q — orpannyennast obnacts B RY. Tt coy-
yaiiHoit (pyHKuuu X(x), x € €, ¢ HyJIeBbIM CPEHUM U
KoBapuanuoHHO# yHkuued Gy(x, y) = EX(x0)X(y),

Canxm-Ilemepbypeckuii 20cy0apcmeeHHblli
YHU8epcumem

X,y € Q, u CyMMUPYEeMOIl HEOTPUIIATEIIBLHON (PYHK-
uu P(x), x € €2, MOTOXKUM

172

1Xl, = | [X*(0)p(x)dx
Q

(unpexc p OypeT omyckaThcs pu P = 1). Hac unTepecy-
eT acumnroruka npu € — 0 Bepositiocru P{||X]|, < €}.

B cuny knaccudeckoro pasnoxenus KapyHena—
JlosBa UMeeT MecTO PaBEHCTBO IO PACIPEEICHUIO

IXI2 = ¥ 8

n=1
rac &n’ ne N, — HE3aBUCUMBIC CTaHJAPTHLIC rayCCOB-

CKHE CITyvaiinble BennunHbl, a A, >0,ne N, z A, <eo,

n
SIBJISIIOTCSI COOCTBEHHBIMH 3HAYCHUSIMA MHTETPallb-
HOT'O ypaBHEHUSI

M) = [Gulx MPIPOIS ()Y, xe Q.
Q

Takum oOpa3oM, UCXOHAs 3a/jaya CBOJUTCI K OIH-
caHuiO TmoBefeHuss npu € — (0 BeposiTHOCTH

oo

P 2 A& < e€?}. Eciu u3BecTHa JOCTATOUHO TOU-
n=1

Hasl aCHMITOTUKA A, TO aCAMITOTAKA BEPOSITHOCTH
MaJIbIX YKIIOHEHUH ¢ TOYHOCTBHIO O KOHCTaHThI MO-
KeT OBITH MMOJyUeHa C TOMOIIBIO TEOPEM CPABHEHHS,
YCTaHOBJIEHHBIX B [9], ¥ pe3yIbTAaTOB O MAJIBIX YKIIO-
HEeHUSIX 0ECKOHEYHBIX KBaJIpaTUUECKUX (DOPM OT He-
3aBUCHMBbIX ciyvaiiHbIX BennuuH u3 [10]. Ecniu xe
M3BECTEH TOJLKO TJIaBHBIN YJIE€H aCUMIITOTHKU COO-
CTBEHHBIX UYKCEJI, TO MOXKHO MOJYUYUTH JIorapupmu-
YECKYI0 aCUMIITOTUKY MaJIbIX YKIIOHEHUT.

BBegeMm o603HaueHmE

J, = Jp(x)”hdx.
Q

741



742

JJOTAPUPMHNYECKAA ACUMIITOTUKA

PaccMoTpuMm cHavana 3ajjaqy O HaXOXKJEHUU JIO-
rapupMuyeckon acumnToTuku. Onupasce Ha pe-
3yabTathl [11, 3], momyyaeMm, 4To cripaBedyinBa cie-
AyIOIIast

Teopewma 1. Ilycmw p —cymmupyemas Heompu-
yameavHaa ¢pynxyusa Ha [0, 1]. Toz0a

time? > e, <o) =

2v/Q2v 1)

2T (V)

_ ( nJ,,
" T(v = 112)

)1/(2V 1)2V -1

. Tt
2vsin —
2v

d
W)
O6ozHaumM Xy v, v, (X) = A®1X,- "), x = (xg,
je

X5, ..., X)) € [0, 114, te X;V’) — HE3aBUCUMBIE TIPOIIEC-
cbl MaTepHa ¢ MHIEKCOM V;. JIOKa3aTesLCTBO MABYX
CIIEAYIOIIUX TEOPEM O JIOTapu(PMUUECKUX MaJbIX
YKIIOHEHUSIX nosiell MaTepHa X(thz, ...v,) OCHOBAaHO
Ha [12].

B Teopeme 2 n3ydaeTcs ciydaii TEH30pPHOTO TPO-

U3BCICHUS ITPOLECCOB MaTepHa C OJMHAKOBbLIMHU HH-
JECKCaMu.

Teopema 2. IIycmo v > % IIpeonoaoxcunm,

YUMO P — CYMMUPYEMAS HECOMPULAMEAbHAA DYHKULA
Ha [0, 11, umerowas 6uo

d
p(x) = [Tpi(x-
j=1

Toz0a 0as noan X, =X, ) 66PHO COOMHOULEHILE

veey

2/(2v - l)ln—ZV(d— 1)/(2v - 1)1

lime -InP{|X,||,<e} =
lim = InP{|X[, <e}
21"(\,) diev-1roy — | 1-2v(d-1)/2v-1)
= _( 2v_1/2 ) ( ) ) X
' I'(v-1/2)

2v/(2v-1)
nJ,,

(d-1)! - 2Vsin%

B Teopeme 3 n3ydaetcs ciydaii TEeH30pPHOTO IPO-
U3Be[eHNUs IpoleccoB MaTepHa ¢ pa3nuYHbIMU UH-
nekcamu. OKa3bIBaeTCsl, YTO MOPSIOK BEPOSTHOCTH
MaJIbIX YKJIOHGHI/Ifl 3aBUCHUT TOJIBKO OT COMHOXKUTC-
75 C HAaUMEHBIIUM HMHIEKCOM, a [JIsi HaXOXJACHUS
KOHCTAHTbI JIOTAapU(PMUUYECKUX MAJbIX YKIOHEHUI
HEOoOXOoAuMa JOBOJIbHO IOApPOOHas MH(pOpManus o
BCEX COOCTBEHHBIX UYHUCJIAX OCTAJIbHBIX COMHOXMHTE-
nemn.
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Teopewma 3. Ilycmp Vv, = minv; u v; # Vv, npu
J
j#m. Toz0a

. 2y, -
lime

e—0

- T1( %«

jEm\n=1

N ) lnP{"X(Vl’Vz’ '“’Vd)” < 8} =

2v,/(2v,,—1)
1/ Q2v,)
A j X

1@y, ~1)
21°(v,,)

X o X
T (v, —1/2)

2v,/(2v, = 1)

% 2v,,—1 T ’

2 T

2v,,sin—

2v

m
20e 7\,51]), n e N, — co6cmeennble wucaa kosapuayu-

o (v)
OHHOU qbymcuuu npouecca X .

ACUMITOTUKA C TOYHOCTBIO
IO KOHCTAHTHI JJISI TIPOLIECCA
MATEPHA

ITponecc MarepHa ¢ MHEEKCOM 1 — 3TO XOpOIIO
U3BECTHBIN mpouecc OpHcTeiitHa—Y nenbexa, Ajs Ko-
TOPOrO TOYHAS ACHMIITOTUKA BEPOATHOCTEN MaJIbIX
ykJIOHeHu# HaipeHa B [13]. B HacTosiiieM paszpmene
BBIUUCIISIETCSl TOYHAS acUMITOTHKA JJIsl Mpolecca
Marepna ¢ uagekcom 2. KoBapuarmonHas (pyHKIus
nporecca X

GX(z)(S, ) =(1+ |s—t|)exp(—|s—t|),
s,t€ [0, 1],

aBnsgeTcd pyHkuuei I'puna kpaeBoil 3agauu s ca-
MOCOIPSIKEHHOTO iU PepeHInaIbHOro onepaTopa

v

u —2u" = pu =Ha [0, 1],
u"(0)-3u'(0)+2u(0) = 0,
u"(0)-2u'(0)+u(0) =0,
u"(1)=3u'(1)-2u(l) = 0,
u'(1)+2u'(1)+u(l) = 0.

Hcnonb3ys [3], ymaeTcd NHONYyYUTH HABYUYIIEHHYIO
aCUMITOTUKY COOCTBEHHBIX YHCEIL.

JTemma. ITycmo A, — cobcmeentble uucaa Kosa-
puavuu npoyecca Mameprna X® ¢ eecom p. Ecau
¢pyHKUUA P € Wi, O, D up@®>0,te [0, 1], mo npu
n— oo
-4
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ToM 422  Ne 6 2008



MAIIBIE YKJIOHEHMS IMOJIEM U TTIPOUECCOB MATEPHA 743

Hcnone3ys pesyaptatel [9, 10, 3], momydaem
ACHUMIITOTUKY C TOYHOCTBIO O KOHCTAHTHI JJIs1 B3Be-
LIIEHHOT O ITpouecca MarepHa.

Teopewma 4. I[lycmb ¢pyrkuua p € W20, 1) u
p(®>0,te [0, 1].

Toz0a npu € — 0 umeem mecmo coomuouterue

13
P{”X(Z)”p <ep~ Cdistz_(i)sn X

NETAY A

4
3 e -2/3
<ene(() )
4

20e

Mpb1 Hanucanu siBHOE BbIPa>KEeHUE 7151 KOHCTAHThI
Cist» OTHAKO B OOIIIeM cllydae ee BBIYUCIICHHE Tpef-
CTaBJsieT cOOO0I HEMPOCTYIO 3a1a4y U TpeOyeT Hau-
WS TOBOJIBHO TOYHON MH(OPMAIH O COOCTBEHHBIX
¢yHKIUSAX KoBapuauuu. B cinyyae equHIYHOrO Beca
COOCTBeHHbIE (DYHKIMM KOBapHalMM OKAa3bIBAIOTCS
BBIPA>KEHHBIMU Yepe3 TPUTOHOMETpUUecKue (PyHK-
1Y, YTO MO3BOJIIET MIPUMEHUTH METOJI, Pa3BUTHIN B
[13]. B Teopeme 5 copepKUTCS OKOHYATENbHBIA OT-
BET K 3ajadye O HaXOXJEHUH TOYHOH aCHUMIITOTUKH
BEPOSATHOCTEN MaJIbIX YKIIOHEHUH I IIponecca Ma-
tepHa X ¢ ykazaHUEM BCeX KOHCTAHT B aCUMITOTH-
Ke.

Teopewma 5. lIpu e — 0 umeem mecmo coommno-
uieHue
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2) 229/66 5/3 3 2/3
P{”X ” Se}~ =53¢ exp(— ;e )
3n 2

Agstop npuznateneH M. A. Jlucdpmmmy u A.10. Hu-
KUTUHY 32 BHUMaHUe K paboTe U IeHHbIe KOHCYJIbTa-
017078

PaGoTa BeInONHEHA TPY YaCTUYHON (PMHAHCOBOM
noppepxkke rpanTa POOU Ne 07-01-00159 u rpanTa
HII-638.2008.1.

CIINCOK JIMTEPATYPHI
1. LiW.V.,Shao Q.M. Handbook of Statistics. Amsterdam:
North-Holland/Elsevier, 2001. V. 19. P. 533-597.

2. Lifshits M.A. Prob. Theor. Math. Stat. VII Intern. Vilnius
Conf. Vilnius: VSP/TEV, 1999. P. 453-468.

3. Nazarov A.lL., Nikitin Ya.Yu. // Prob. Theor. Rel. Fields.
2004. V. 129. Ne 4. P. 469—494.

4. Matérn B. Spatial Variation. B.: Springer, 1986.

5. Henom A.M. KoppendauuoHHasi TeOpus CTaIOHAP-
HBIX CITyYalHbIX (PYHKIMI C IPEMEPAMH U3 METEOPO-
norun. JI.: Tugpomereonsaart, 1981. 280 c.

6. Stein M. // Statist. Sci. 1989. V. 4. Ne 4. P. 432-433.

7. Williams B.J., Santner T.J., Notz W.I. [/ Statist. Sinica.
2000. V. 10. P. 1133-1152.

8. Loh W.-L. // Ann. Statist. 2005. V. 33. P. 2344-2394.

9. Li W.V. /[ ]. Theor. Probab. 1992. V. 5. Ne 1. P. 1-31.

10. Dunker T., Lifshits M.A., Linde W. In: High Dimension.
Probability. Progress in Probability. B.: Birkhauser,
1998. V. 43. P. 59-74.

11. Widom H. // Trans. Amer. Math. Soc. 1963. V. 1009.
P. 278-295.

12. Karol’ A., Nazarov A., Nikitin Y. // Trans. Amer. Math.
Soc. 2008. V. 360. Ne 3. P. 1443-1474.

13. Hasapos A.1. B c06.: IIpobnemMbl MaTeMaTHUYECKOTO

ananu3a. HoBocubupck: T. PoxkkoBckas, 2003. T. 26.
C. 179-214.

Ne 6 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


