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VccnenoBaHbl HEKOTOPBIE CBOMCTBA CEMUBApHUOTPAMMBl BHYTPEHHE CTAI[HOHAPHOTO CIIyYaifHOro mporecca ¢ KoHed-
HBIM MOMEHTOM BTOPOTO TOPsIJIKa U HENPEPHIBHBIM BpeMeHeM. HaiineHbl HeoOX0AUMBIE M JOCTATOYHBIC YCIOBHS IS
TOTO, YTOOBI HENpepbIBHAs PyHKINS ObUTa ceMuBaprorpaMMoi. OrpeaesneHsl IpaHnIbl HEHTPATIbHBIX JTOBEPUTEIBHBIX
WHTEPBAJIOB TSI CEMHUBAPUOTPAMMBI IEHCTBUTEIEHOTO CTAIIMOHAPHOTO TayCCOBCKOTO CIy4aifHOTO TIporecca. [Ipencras-
JIEHHBIH TIOIXOJl HHTEPBAIBHOTO OIEHHBAHMS CEMHBApPHOTPaMMbI OCHOBAH HA CBOMCTBAX X -pacrpeeneHus. IIpemo-
JKEHHbIE HHTEPBAJIbHBIE OLIEHKH OoJiee NHPOPMATHBHBIL, YEM PaHee MOCTPOCHHbBIE TOUSUHbIE.
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Properties of the semivariogram of an intrinsically stationary continuous-time random process with finite second
moment are investigated. A necessary and sufficient conditions for a continuous function to be semivariogram are found.
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Confidence intervals for the semivariogram of Gaussian stationary stochastic process are defined. Properties of y*-dis-
tribution are used for constructing confidence intervals for semivariogram. The proposed confidence intervals are more
informative compared with point estimates of the semivariogram.

Key words: stochastic process; intrinsic stationarity; semivariogram; confidence interval.

leocraTrcTryeckue METONIbI HHTEPIIONSAIUHY B MTOCIIEAHEE BPEMS TIOTYYarOT ITUPOKOE MPAKTUIECKOE TIPH-
MeHeHre. KiTroueBbIM MOHATHEM Te€OCTATHUCTUKH SBJISETCS BaprorpaMma — MOMEHT BTOPOTO TOpsKa, Xa-
PaKTepU3YIOIIUN CTENeHb JIMHEHHON 3aBHCHMOCTH MEXIY COCTABIISIONIMMH PacCMaTpPHUBAEMOTO TpoIlecca.
B cBs3u ¢ 3THM aKkTyaNbHBI 339K MCCIIEIOBAHUS CBOMCTB BAPHOTPAMMBbI, 4 TAKXKE TIOCTPOCHUS U M3YUICHUS
OIIEHOK 3TOM QyHKIMU. HacTosias paboTa siBIsieTcst IpoIoiHKeHneM ucclenoBanmii [ 1-3] B odnacTu Bapuo-
IPaMMHOTO aHaJIN3a CITyYaiiHbIX TPOIIECCOB.

HexoTopble cBOMCTBA CEMUBAPUOTPAMMBbI
PaccMmoTpum nelicTBUTENBHBIN BHYTPEHHE CTAlMOHAPHBIN cllydailHbId npouece X (t), teR= (—oo, + oo),

C MareMaTU4eCKUM O)KUJaHueM E {X (t)} =0 wu Bapuorpammon

2y(t—s)=D{X(r)-X(s)},
rae ¢, s € R; D — cumBon nucnepeun. OyHKms 'y(t) Ha3bIBAETCS CEMUBAPHOTPAMMON. 3aMETUM, YTO 'y(O) =0;
Y(t)=v(-1) u y(¢)20.

[IpeanonoxuM, 4TO MOMEHT BTOPOTO Mopsiaika £ {X : (t)} < oo mipH M1000M £ € R.

IIycTh
n
Frei. .. X(zn)(zl’ coz,)=Eexpiiy, 2, X(1,) (1
k=1
€CTh XapakTepucTuieckass (YHKIHS /1-TO TOPsIKa CIy4YaiHOTOo mporecca X (t), met, e Rok=1,2, ..., n;
(zl, ey zn) — IEeWCTBUTENBbHBIN BeKTOp; n € N = {1, 2,3, }

Teopema 1. {13 mozo umo6wt nenpepwisnas gynxyusa Y(t), t € R, 6v11a cemusapuozpammoii nekomopozo

sHympenne cmayuonaphozo cayuaiinozo npoyecca X (t), t € R, ¢ koneunvim momenmom 6mopozo nopsoxa,

—ay(t)

HeoOX00uMo u docmamouro, 4umoobwl 07 1rvdozo a > 0 hynkyusa e te R, ovu1a HeompuyamenvHo onpe-

oelena.
HNoxkazartenbcTBO. HeobxoaumocTh. [lycts 7y (t) — CeMHUBapHOTrpaMMa BHYTPEHHE CTAIIMOHAPHOTO

ciyvaitHoro mpornecca X (t) [Mokaxkem, uto mns r0doro a > 0 hyHKIHS e 10 HEOTPHULATEIBHO OINpEAcIIe-
Ha. [lo [3, Teopema 1] HalTyTCs BEpOSITHOCTHOE MPOCTPAHCTBO M 3aIaHHBIN HAa HEM JNEHCTBUTEIBHBIN Tayc-
COBCKHH CllyyaliHbIi Ipolecc Y(t), t € R, umeromnuit E{Y(t)} =0mu D{Y(t) —Y(s)} = 2'y(t - s) MpU BCex
1, s € R. 3amerum, uto npouecc Y (#) BHyTpEHHE CTALMOHAPEH.

~iJay(s)

[Tonoxxum, uto Z (s) =e , Y BBIYUCINM KOPPEISIIHOHHYI0 (DyHKITHIO 3TOTO Tporecca. 1o ompenene-

HUIO KOPPEJSIIMOHHON (DYHKIIMH KOMILIEKCHOTO CIIyYaiHOTO Tpoliecca UMeeM
Ry (s, s+1) = E{Z(5)Z(s+ 1)} = {00000, @)
C yuerom (1) u cBOHCTB mporiecca Y(t) mpaBast 9acTh (2) st modoro ¢ € R, oueBUIHO, paBHA

“Aply(s+1)-¥(s)} —a
lIlY(S+1‘)—Y(s) (\/Z) =e? =e V(t)a a>0.

Y(’), t € R, sBnsiercst xapakrepuctuueckoil. ClieioBaTelbHo,
~ay(1)

Takum 06pasom, s Jiodoro a > 0 Gyskmus e *

cornacHo TeopeMe boxHepa — XununHa [4, c. 305] e — HEOTPHLIATEIBHO OmpeeneHHass QyHKIHS.
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HocraTtounocTh. [lycts e ", a> 0, t € R, — HeoTpuuareasHo onpezenennas GpyHkuus. Toraa 1mo Teo-

peme boxnaepa — XuHunHA dTa GYHKIMS XapakTepucTuieckas. JlanpHeiiee 10Kka3arelbCTBO JaHHOU Teope-
MBI TTOBTOPSIET JI0Ka3aTeIbCTBO JOCTATOUHOCTH Teopemsl 1 [1].

Caencrsue. IIycmo ¥(1), t € R, — cemusapuozpamma snympenie cmayuonapnozo ciyuaiinozo npoyecca
X (t) t e R, yoosremsopsiioweeo ycrosuro E {X z (t)} < oo npu mobom t € R. Toeda ons 0boco a > 0 ¢hynx-

—ay(t .
) teR, ecmp KOppenayuonnas GyHKyus HeKkomopo2o CIyyatino2o npoyeccad.

yus e
Teopema 2. B cayuae nenpepuisnocmu cemusapuozpammvl Y(t), t € R, enympenne cmayuonapnozo cy-
uatinozo npoyecca X (t), t €R, ¢ KOHeuHbLIM MOMEHMOM 6MOPO2O NOPAOKA IKGUSANEHMHbL CLEOVIOUUE Y-
BEPAHCOCHUL:
1) y(t) — YCNIOBHO OMPUYAMETILHO ONPEOETICHHAS (DYHKYUS,

2) e _ HeompuyamenbHo onpedenennas Qynxyus ons moboeo a >0, teR.

HJoxkazarenscTBo. JloKka3aTesbCcTBO cienyeT U3 TeopeMbl 1 HacTosmeit pabots! u u3 [ 1, Teopema 1].

[Mony4yeHnusle pe3yasbrarbl OyIyT MCIOJIB30BAHbBI B JajbHEHIIEM JJISi CTATHCTUYECKOTO aHalu3a Ciydaii-
HBIX TIPOILIECCOB B YaCTOTHOM 00JIACTH, B YACTHOCTHU JUISI TIOMCKA CIIEKTPAJIbHBIX MPEJCTABICHUI BHYTpPEHHE
CTaIMOHAPHBIX CIYYalHBIX MPOIIECCOB U MX CEMUBAPUOTPAMM.

HNHTepBa/IbHOE OLICHMBAHNE CEMHUBAPHOTPaAMMbI
PaccmoTpuM  IEHCTBUTENBHBIM CTAlMOHAPHBIMA TrayCCOBCKMN CilydaiiHblii mpouecc Y (t), teZ =
= {0, +1,+2, }, C HYJIEBBIM MaTEMaTHY€CKUM O’KUJaHUEM U HEU3BECTHON CEMUBAPUOTPAMMOiL y(t), tel.

Herpynno BuzaeTh, 4to npu GUKCUPOBAHHBIX f, /i € 7, BeTMYUHA

P+ n) -y} =20(n)xi.

e X]Z — Cily4aiiHasi BEJIM4MHA, PACIIPEACIICHHAs 110 3aKOHY X2 C O/IHOM cTeneHbio cBoOoAbI. Clie0BaTeNbHO,
E{Y(t+h) =Y ()} = 2y(h); D{Y(1+h)-Y ()} = 2{2y(n)}’.

Ilycts ¥V (1), Y (n) — 1 TIOCJIE0BATEIBHBIX OTCUETOB IIpouecca YV (t), t € 7. B xadecTBE OLIEHKU CEMU-
BapUOTPAMMBI PACCMOTPUM CTaTHCTHUKY BHIA

1 n—h

?(h)=m;(Y(t+h)—Y(t)), h=0,1,...,n—1. 3)
Honoxnm, ¥(=h)=7¥(h), h=0,1,....,n—1, u J(h)=0 s |4 = n.

BripakeHust 4711 MATEMaTHYECKOTO OXKHIAHUS U TUCTIEPCHU OIICHKH CEMUBApHUOTPaAMMBI '?(h) OBLTH TIONTY-
YEeHHI B [2] U UMEIOT BU]I

E{y(n)}=(7);
1 n—nh

ply(n)} = > S {y(s—t+h)+y(s—1—h)=2y(s—1)},

(n —-h )2 s,t=1
e Gyuxiust Y (h) — ceMuBapHOrpaMMa paccMaTpUBAEMOTO CIly4aiHOTO IpoLecca.

B [2] HalineHo TaKke IpeaeabHOoe pacipeelieHue CTAaTUCTUKY (3) M Ha OCHOBE HOPMaJIBbHOH aIpoKcuMa-

unn pacnpenenerust ¥ (h) MOCTPOEH LEHTPAIBHBIN JOBEPUTENBHBIN HHTEPBAN A1 ceMuBaprorpammst Y (4).

Kak u3BecTHO [5; 6], clyuaiinas BenmMumHa )° NpUMEHSAETCA ISl TIPMOTIKEHHS CTydaiHONW BEITMUYMHEL,
MIPUHUMAIOIIEH TONBKO MOJIOKUTENbHBIE 3HaUeHHs. B yacTHOCTH, B 337a4ax anmpoKCUMAaIMK pacIpeeseHui
CIIa’KeHHBIX OIIEHOK CHEKTPaIbHBIX TIOTHOCTEl ) -pacnpe/ieienre 3aHIMaeT IeHTpanbHoe MecTo [5]. B Ha-
CTOSIIEH CTaThe PACCMOTPUM MOJXOM, OCHOBAHHBIN Ha ) -IPUOTHKEHUH K PACIPEETCHUIO OLEHKH CeMH-

BapUOTPAMMBI ?(h) Buna (3). 3mech m manmee OymeMm Tpenroyiararb, 9TO /i BRIOMpacTCs (PUKCHPOBAHHBIM:
h=0,1,...,n-1.
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ComnnacHo [5] pacripenenenue cTaTUCTUKH (3) MOXKeT OBITh anmpOKCHMUPOBAHO paclpeie]IeHneM ClTydai-
HOM BENMYHUHBI €Y, TIE ¢ — KOHCTAHTa; ., — CIyYaifHas BeJMUMHA, MMEIONIas ) -pactipeieieHue ¢ m cTe-
IICHAMU CBO6OILI>I. HaﬁﬂCM napamMeTpbl ¢ U m METOAOM MOMCHTOB. I[JISI 9TOTO IMPUPABHACM MAaTCMAaTUYCCKOC
OKMJIAHUE U JUCTIEPCHIO CITydaifHOM BETMUMHBI C)., K MATEMATHYECKOMY OKMJAHUIO U JUCTIEPCHH OLEHKH

?(h) ceMmuBapuorpammsl. IIpeanonaraercs, 4To0 MOMEHTBI IEPBOTO U BTOPOTO MOPSIJIKOB OLIEHKU CEMHUBAPUO-

rpaMMbI U3BECTHBL. Torma nMeem
E{?(h)} = cm; D{?(h)} =2c"m.
Perast 3T ypaBHEHHUS] OTHOCHTEIBHO C U /1, TIONYIUM
Al E{vm)
D {? (h)} ’ m

[IpuHKMMas BO BHUMaHNE HECMEUIEHHOCTh OLIEHKH (3), 3aluIlieM BBIpaKeHHs JUIsl TapaMeTpOB alMpOKCH-
MHPYIOIIET0 pacIpeie/iecHus )~ B BUJIE

2(v(n)) |
D{y(h)}’

MMeeT ) -pachpeiesieHne ¢ A CTemneHsaMu cBoOosbl. IocTpoum ms

m = c=

10)
m(h)
v(h)

Hee JJOBEPUTENIbHBIN HHTEPBaJl C KO3((UIIMEHTOM J0BEpUs (1 - 8), 0 <€<0,5. ComnacHo [6] nmeeM

x> (§)<ﬁf—}<lh) < an(l_g) =1-¢;
v(h)

Takum 00pazoM, BeTHMUUHA

&
2 b
e x (o) = Fx_il (0t) — KBaHTHIIb YPOBHS 0L pacmpesieseHnst § ¢ m cTeneHsmu cBobosl, o € (0, 1).

Orcrona BBITCKACT, YTO UHTEPBAJI

i) il
=g

(¢ HOBGpHTSJ’ILHOﬁ BEPOATHOCTBIO (1 - E) ABJSICTCA HEHTPAJIbHBIM JTOBEPUTECIBHBIM UHTEPBAJIOM JJIsI HEU3-

BECTHOU CEMHUBAPUOTPAMMBI ’y(h), h=0,1,...,n—1.
OTMeTHM, YTO TIPH JOCTATOYHO OONBIIMX 71 JIOBEPUTENbHBI MHTEpBAJ Il CEMUBAPHOTPAMMEI y(h)

MOXeT OBITh IOCTPOCH C MTOMOIBI0 HOPMAJIBHOH alpOKCUMALUU paclpeaeeHHs ?(h) [2].

HOCTpOCHI/Ie AOBCPUTCIIbHBIX UHTCPBAJIOB — OJHA U3 OCHOBHBIX 3a/1a4 NpoIecca OLICHUBAHUS. Hpe,[[CTaB—
JICHHBIC B HaCTOHH.ICfI pa60Te PEIYJIBTATHI MMO3BOJIAIOT IMOJYYUTHh HE TOJIBKO TOYEYHBLIC OLICHKH CEMHBApPHO-
I'paMMBbI, HO U OXapaKTCPU30BaATh UX TOYHOCTH IMOCPCACTBOM HOBCPUTECIbHBIX HHTECPBAJIOB C 3aIlaHHOI>i JTOBC-
pHTeJ’ILHOﬁ BCPOATHOCTHIO.
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