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BEPOATHOCTHBIE XAPAKTEPUCTUKU MHTEPBAJIBHBIX U TPEHAOBbIX
CTATUCTHUK ITPU HEI'AYCCOBBIX PACIIPEJEJEHUAX OLLIUBOK
N3MEPEHUSA TAPAMETPOB I'TJ

PaCCManI/IBaIOTCH BEPOATHOCTHBIC XapPaKTCPUCTUKHU CTATUCTHUK MHTCPBAJIbHBIX OLCHOK M TPEHIAOBBLIX CTAaTH-
CTHUK IIpH aHAJIN3C MMapaMETPOB PETrUCTpalln FT}I CHCTEMaX TEXHUYECKOI JUArHOCTHKH.

TEXHHYICCKAA TMArHOCTUKA, pacipeaejcHue 01[[“60K, TpeH}IOBBIﬁ aHaJIn3

ITocranoBka npodJ1eMbl
U LeJIb HCCIeJ0BAHUSA

[TpoGiieMHBIM BONIPOCOM TOBBIIIEHHST YPPEKTUBHO-
CcTH cucTeM TexHuueckou nuarnoctuku (CTII), umero-
LM B HACTOSIIEE BPEMs BBICOKHI ypOBEHb TEXHHUYE-
CKOT0, aJITOPUTMHYECKOI'0 U IPOrPaMMHOIO COBEpIIIEH-
CTBa, SIBJISETCS COOTBETCTBUE IPUHATHIX CTaTHCTHYeE-
ckux mozeneit (CM) dhopmupoBaHus JaHHBIX (aKTHYe-
CKU peanu3yeMbIM. AKTyaJlbHOM NpHUKIaJHOW 3amadeit
JIUaTHOCTHKY I10JIaTaeTcsl YCTaHOBJICHWE BIMSHUS pa3-
JUYUR yKa3aHHBIX MoOJeNlell Ha BEpOSTHOCTHBIE Xapak-
TEPUCTUKH CTATUCTUK WHTEPBAJBHBIX OLEHOK U TPEH-
JIOBBIX CTATHCTHK IPU aHAJIN3€ PeajbHBIX BPEMEHHBIX
psnoB mapamerpoB peructparuu ['T/I.

W3zBecTHbII TeopeTnueckn 0OOCHOBAHHBIH U DKCIIE-
PUMEHTAIBHO MTOATBEPIKACHHBIN (DaKT BBICOKON 4YBCT-
BUTEJIBHOCTH BBIOOPOYHBIX OLIEHOK K HAaJHYHIO B JaH-
HBIX CYIIECTBEHHBIX OTKJIOHCHHH (BBHIOPOCOB) 00ycCiIO-
BWJI BO3HMKHOBEHHUE B MPHUKIANHON cratuctuke [1] ca-
MOCTOSITEIBHOTO HAarpaBleHUus] — «po0acTHOW» CTaTH-
cTuKH [2, 3], B paMKax KOTOpPOro pa3paboTansl ¢ ¢ek-
TUBHBIE aJTOPUTMBI LIEH3YPUPOBAHUS JAaHHBIX H CO-
CTOSITENIFHBIX OLIEHOK. B TO e Bpems B OmyOJIMKOBaH-
HBIX pabOTax yaensieTcsi HeAOCTaTOYHOE BHUMAHHUE HC-
CJIE/IOBaHUIO BIUSHUS OTIH4ui npuHsToi CM (00b14HO
9TO TPUHAJJISKHOCTh BBHIOOPKM K T'€HEepajbHOW COBO-
KYTHOCTH HEKOpPPEIMPOBAHHBIX HOPMAJbHO paclpese-
JICHHBIX CIY4alHBIX BEJIMYMH) OT (PAKTUUECKH peau-
3yemoil. HerayccoBocTh pacmpeneneHus MorpenrHo-

cren PA3JIMYHBIX JATYUKOB U M3MECPUTCIIBHBIX KaHAaJOB

(MK) [4], a Taxke pe3ynbTaToB 00paOOTKH KOCBEHHBIX
u3MepeHuil 00yCIIOBIMBAaeT HEOOXOAMMOCTh IpOBEsie-
HUSI MCCIIEIOBAHNI HAJEKHOCTU MPUMEHSEMBIX CTaTH-
CTHUK JUI BEIOOPOK YKa3aHHOI'O XapakTepa, OCOOCHHO B
YCIIOBHSIX MaJoro o0bemMa BEIOOPKH.

Ilenpto Hacrodmieidl paboThl SABIAETCA OLEHKA CMe-
LIEHHs] YPOBHEH 3HAYMMOCTH W 3HAYEHUH TOBEPUTEIb-
HBIX BEPOSITHOCTEW CTATUCTUK WHTEPBAJIBHBIX OL[EHOK U
HEKOTOPBHIX TPEHIIOBBIX CTATHCTHUK B 3aBUCUMOCTH OT
9Kcliecca alpHOPHOTO paclpeiesieHus BBIOOPOK aH-

HBIX MapaMeTpoB peructparmu ['T/I.

OcHoBHbIE pe3yJIbTaThI

[Mpunsrtas npu uccnenoBanusx anpuopnas CM mo-
POXXKIEHUST NaHHBIX BHIOpaHa B BHJE IIMPOKO HpUMeE-
HSIEMOW TIPU aIlPOKCUMAIIUK HErayCCOBCKUX IUIOTHO-
creii BepositHoctu (IIB) Momenm pasnoxeHus B psin
I'pama-Illapase [5, 6], nepBble WieHB KOTOPOrO MO3BO-
JISIFOT Y4ecTh B yJ00HOH (hopMe MOMEHTHI J10 YETBEPTO-
ro TOpsAKa BKIIOYUTENIBHO, OOBIYHO HCIOJIb3yeMbIe
TIPY aHAJIN3E TAHHBIX
1 +%j1 (x3 - 3x)+

fna(x)zfn(x > (1)

1. (a4 .2 )
+4!]2(x 6x° +3

rae f,, (x) — IIB HOpMaNkHOTO pacnpeeneHus;

= “%3, jy = “%4 -3 - K03 HIMEHTHI

ACUMMETPUH U SKCIECCa COOTBETCTBEHHO.
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B pamkax WITIOCTpUPYEMBIX HCCIEIOBaHUN aHAIH-
3UpOBAJIOCH BIMSHHUE 3KCLIECCa paclpeseeHus, Mo3To-
My B nocieayromeM nonaraercst j; =0. Uro kacaercs
JIOITyCTUMOCTH anmnpoKcuManuu peanbHbx I1B B BHIe
(1), To wnemecooOpasHo mHpUHUMATL j, =¢<1, HO-
CKOJIbKY ITpU OOJNIBIIMX 3HAYEHUSIX DKCIIECCa HapyIlaeT-
cs1 yciosue HeoTpuuatensHoctu I1B Buma (1).

Juamnazon Bo3aMoxkHbIX CM Trmna (1) wutrocTpupyet
puc. 1, rae Taxke U300pakeHa il CpaBHEHHS I'ayCCOB-
ckas I1B.

BbIOpaHHBIH TyTh JOCTIKEHUSI LETH paboThl 3a-
KJIIOYAaeTCsl B aHAJIUTHUYECKOM OIpEeIesIeHUH BUAA OC-
HOBHBIX CTaTHCTUK HMHTEpBAJbHBIX OLICHOK U TPEHIO-
BbIX cTatucTuK i CM mopoxnenus maHHbX (1) B
3aBHCHMOCTH OT JKcllecca € U oObeMa BBIOOpKH N.
WHTrepBanbHble  OLEHKH

CpC€aAHEro  ONpCACIAIOTCA

t(x, N ) pacnpenenenueM CTbIOIEHTa, TUCIEPCHHM —
%’ (x, N') pactipenenennem, CTaTHCTHKH UCTIEPCHOHHO-
ro ananusza — [ (x, Nl,Nz) pacnpenenenueM duiepa.
LleHTpanbHBIM BOMPOCOM SBIISIETCS ONpENENeHUe BUIa
cratuerukn 2 i pacnpenencuns (1), TOCKOIBKY
cratucTuku CthrofieHTa u Puiepa OCHOBaHbI Ha CTa-

THCTUKE Xz . Onpez[eneHI/Ie BUIa HMCKOMOM CTaTUCTHKH

xi(x, N,s) npenamnonaraer nonydenue [IB kBampata

CB, pacnpeneneHHol o 3akony (1) ¢ mocneayrornieii N-

MepHOH mocnenoBatensHol cBepTkoi I1B. [/Ins Bbimon-

HEHUS YKa3aHHOU B aHAJIUTHYECKOM BHJIE MCIIOIb30BaH
Toolbox

MATLAB, conepxaiieil sApo CUMBOJIBHON MaTeMaTH-

MakeT pacmupenus  Simbolic CHUCTEMBI
ku MAPL. Cgeprka ompezeisiack IepexonoM B 00-
nacte n3obpaxkenuii [1B, Bo3BeneHHEM U300pakeHNUs B
N-10 cTerieHb U OOpaTHBIM MEPEXOAOM B 00JacCTh OpH-

THMHAJIOB HCKOMOM

xi(x,N,s).

KoHTponb KOPPEKTHOCTH CHMBOJIBHBIX IpeoOpaso-

JUIIsL MOTYUCHUA INIOTHOCTHU

BaHUU OCYHIECTBJIICA OAHOBPECMCHHBIM HCIIOJIHCHUCEM

yKa3aHHO! MPOLEAYPHI U HOPMAIBHOTO paciipesene-
2
HUS. 3aBUCHMOCTh CTaTHCTHKM )~ OT JKclecca pac-

npezenenus B Buze (1) wiumoctpupyer puc. 2.

Kak 310 ciefyer U3 BBINOJIHEHHOI'O aHAIU3a U NPU-
BEJICHHBIX WJUTIOCTPALIMi, Ja)ke BechMa YMEpEHHbIE
OTJIMYHS DKCIIECCa OT €ro 3Ha4eHHs Uil HOPMAaJbHOTO

pacnpeaciacHusa CymeCTBEHHO CMCIAIOT KBaAHTHUJIN pac-
2
npeaciacHud 7 , 4YTO UMCCT BAXKHOC 3HAUYCHUC JJId yC-

TAHOBJICHUS] MHTEPBAJIBHBIX OIIEHOK JWCIIEPCHUH Ha 3a-
JTAHHOM YpOBHE 3HAaYyMMOCTH. Eciu HHTepBasIbHbBIE
OLIEHKH YCTaHOBJIEeHBI ucxonsd u3 CM o HOpMalbHOM
pacripesieieHy JIaHHbBIX, (QaKTUuecKas IpUHaIeK-
HOCTbh BBIOOpKH K CM Buza (1) MpUBOIUT K CMEIIEHHIO

YPOBHS 3HAYMMOCTH, YTO WIITIOCTPUPYET pHC. 3.

CBs3aHHBIE C xz cratuctuku Ctoiogenta u duie-

pa NMoaYy4€HbI COOTBETCTBYIOIIIUMUA HEJIMHEHHBIMU pe-

oOpa3oBaHusAMH [6].
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X

Puc. 1. AnipropHas MjI0THOCTb BEPOSITHOCTH
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Puc. 2. 3aBUCUMOCTh CTaTUCTUKU xz OT 3Kclecca

N

0.9

™~

-1 -0.8 -0.6 -0.4 -0.2 0

ep

0.2 0.4 0.6 0.8 1

Puc. 3. 3aBucumoctb I[OBCpPITCJ'IBHOﬁ BEPOATHOCTH OT SKCIIECCa

I[J'Iﬂ CTaTUCTUKU CTI)IOI[CHTa COOTBCTCTBCHHO KakK

orHomienne CB tuma (1) m CB ¢ pacnpenenenuem

xg (x, N ,8), a g cratuctuky duiepa — Kak OTHOLIE-
nue 1aByx CB ¢ pacnpenenenusmu xi(x, Nl,s) U

xg (x, Nz,s). JleTanbHBIN aHANIU3 TOMYYEHHBIX PE3YIb-
TaTOB ITOKA3bIBAET, YTO yKa3aHHBIC CTATHCTHKH HCITBI-
TBHIBAIOT CYIIECTBEHHYIO e(hOPMAIHIO II0 CPAaBHEHHIO C
KaHOHHYeCKUMH, eciii CM MopoXJIeHUs! TaHHBIX UMEET
Bua (1). Tem He ™eHee, craructuka CTbloeHTa

t, (x, N. ,s) OCTaeTCsl CHMMETPUYHO#M, KaK 3TOro Ciemo-
BaJIO OXKH/IATh,  CMCIICHNE €€ KBAHTHJICH B AUANa30He
(0,9...0,95), npencTaBisAIOIIUM HHTEPEC IS MPAKTHKH,
MOXKHO CYHTATh HECYIIECTBEHHBIM, TaK KaK YPOBHH

3HAYMMOCTHU UBMCHAIOTCA Ha JOJIW IIPOLICHTA.

CnenoBatenbHo, B pamkax orpaHumdenuii CM (1),
HMHTEPBAJILHBIC OIIEHKH U TECTHI, B KOTOPBHIX UCIIONB3Y-
ercs cratuctuka CThrOJIeHTa (OIICHKA CPEIHEro, PaBeH-
CTBa CPEIHUX B BBIOOPKAX WM IPYTUE) HE MPETEPIICBAIOT
CYIIECTBEHHBIX M3MeHeHui. st cratuctuku Purepa,
HaIlPOTHUB, CMEIICHNE KBAHTUIIEH SIBIISIETCS CTaTUCTHUE-
CKH 3HAYMMBIM, OCOOCHHO IPU 3HAYUTEIHHOM pa3Jiu-
YuH cTerneHei cBo0omasl Ny u N,. IloaToMy TeCThI, OCHO-
BaHHBIC Ha cTaTHCTUKe Duinepa u ee MOAM(UKANUIX
(v-pacnipeneneHue, z-pacnpeieneHue) s BBIOOPOK
tuna (1) MOryT CONpPOBOXKAATHCS IOTEpEeH YpOBHEH
3HAYUMOCTH, JOCTHrarommmMu 5% u 6onee. B mepByro
ouepeNib ATO KacaeTcsl OLEHOK PaBeHCTBA JUCIEPCUN U
paBeHCTBa CpPEeIHUX MPH 3aJaHHON quctepcuu [5].

HOHOJ'IHI/ITCJ'IBHHC HCCIICAOBaHUA IPOBCACHBI JJIA Ps-
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Jla TPEHJOBBIX CTATUCTUK, mpuMmeHsembix B CT/l razo-
TypOMHHBIX nBuratenedl [7], m mpyrux obnactsx. Bei-
MIOJTHEH aHAJIN3 YyBCTBUTEIBHOCTH K HETayCCOBCKOMY
pacripeqelIeHHuI0 BPEMEHHBIX PsI0B AITOPUTMOB KOMMY-
nsatuBHBIX cyMM (AKC), cratucruku Xanpna-A06e u
kputepuss Pumepa. CUMMETPUYHOCTh HCXOAHOTO pac-
npesiesieHus: 00YCIIOBIIMBAET, KaK M CJIEI0BAIO OXUAATb,
BBICOKYI0 ycToiuuBocth AKC k skcreccy IIB monmenu
nopokieHust maHHbIX (1). s aHanusa CBOWCTB CcTaTHC-
Tuku Xanbaa-A0Oe HUCIONb30BaH YCTAHOBJICHHBIH [8]
(aKT ee CTaTUYECKOW OSKBUBAIEHTHOCTH F-KPUTEPHIO
HekoppenupoBaHHocTd CB u m3BecTHas [5] cBs3b yka-

3aHHOTO KpUTEpHsi cO cTaTUCTHKONM CThIOJIEHTa B BUJIE

t=JN-=-2-17 5
Vl-r
Boruriciienus: moporoBbIX YpOBHEH Uil TPEHIOBOM
CTaTUCTHKH Xaibaa-A00e 1o MOMyYeHHBIM aHaJIUTHYC-

CKUM BBIPQ)KEHUSIM r(x,N,s) corimacHo mozenu (1)

MOKA3aJI0 BBICOKYIO CTEMEHb YCTOWYMBOCTH HCCIEdye-
MOH CTATUCTHUKH K IKCIECCY paclpeeaeHust B 001acTH
noBepuTenbHBIX BepositHocTer (0,9... 0,95) m ymcna
cTereHeit cBobozpl (ducna orcuetoB psma) N > 20.
CyllleCTBEHHBIE PAa3IM4KMsg BO3HMKAIOT HAa YPOBHAX
(0,6... 0,8), ogHako 3Ta 00JIACTH HE MPEACTaBJISICT
MPaKTHYECKOT0 HHTEPECA.

TpeHgoBast CTaTUCTHKA, OCHOBAHHAS HA KPHUTEPHU
®urepa, 00BIYHO 3a1aeTCA B BUIAC F (x, Ni,N ), rae Ny —

(buKCHpOBaHHOE YHUCIIO, Hampumep, N1=19 a N Bo3spac-
TaeT C POCTOM YHCJIAa OTCUETOB psiAa. AHaIU3 MOBeJe-
HUS ykazaHHOU ctatuctuku ;i CM Buma (1) mokasbl-

BacT, 4YTO JJIid N< N] HaOJIOMaeTcsl 3HAYUTEIbHOE

CMCIIICHUE TTOPOrOBBIX ypOBHeﬁ " NoTEpst 3HAYUMOCTH,

ofgHako mpu N > N| moreps ypoBHEH 3HAUMMOCTU HE

nipeBbimaeT 1%, 4to 1isi 00BIMHO NPUMEHSIEMBIX JIO0BEpH-
TEJIbHBIX BEPOSITHOCTEH HE MPE/ICTABIISIETCS] 3HAYNMBIM.
OTJINYUTENIEHOW OCOOCHHOCTBHIO MPOBEACHHOTO HC-
CJIe/IOBaHUs SIBIISIETCS] TOT (PaKT, YTO BCE MHTEPBAJILHBIE
U TpeHaoBble craTucTHKH it CM mopoxkieHust aaH-
HbIX (1) MOJyYeHBI C MOMOIIBIO YIIOMSHYTOTrO INaKeTa
CHMBOJIPHOM MaTeMaTHK{ B aHAJUTUYECKOM BHJE, YTO
TIO3BOJISIET BBIITOJHUTH MX JETAJIBHBIA aHaIu3, HeoOXOo-
JIMMBIE pacyeThl U Ta0yJIUpoBaTh. I pOMO3AKOCTH IOy~
YEHHBIX aHAUTUYECKHX BBIPAKEHUI HE TMO3BOJSIET HX

IIPUBECTU B paMKax I[aHHOﬁ CTaThHU.

3akjaoueHue

Omnnune npuHsAToN anpuopHoit CM mopokaeHus
JTAHHBIX OT (PAKTUYECKH Pealn3yeMoH MPHUBOIUT, B 00-
mieM ciydae, K CYIIECTBEHHOMY CMEIICHUIO YpOBHEU
3HAYUMOCTH CTATUCTUK MHTEPBAJIBHBIX OIIEHOK M TPEH-
JIOBBIX CTaTUCTHK M, KaK CIEICTBUE, CHIDKEHHIO JJOCTO-
BEPHOCTH CTATHCTUYECKHUX BBIBOJOB O COCTOSIHUH O0B-
exktoB B CTJ. ITosromy ¢opmupoBaHue aneKBaTHBIX
JIUAaTHOCTHYECKUX MoJieNiell MOBEACHUS KOHTPOJIHUpYe-
MBIX 00BbeKTOB B yactHocTH, I T/I, sBiseTcs HEOOXOmU-
MBIM M BaXHBIM 3TallOoM IIOCTPOEHHUsS COBPEMEHHBIX
CT]Jl uto u ompenenseT MNEPCHEKTUBBI JanbHEHIINX

HUCCIIE€TOBAaHUMN.
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