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PaccmompeHo rpumeHeHue Kpumepusi 2 [TupcoHa O71si MPoepKuU 2urnomesbl 0 MPUHadIEXHOCMU 6bI60PKU HOpMalib-
HoMy 3aKoHy. MocmpoeHbl mabiuybl NMPOUEHMHbLIX ModYeK U Modenu npedesnbHbiX pacrpedeneHuli cmamucmuku. [Momayqe-
HbI OUEHKU MoujHocmu Kkpumepues x2 MupcoHa u HukynuHa—Pao—Po6coHa omHocumenbHO psida KOHKYpUPYHOWUX 2Uro-
me3. [MpueedeHbl pe3ynbmambi CPaBHUMEbHOZ0 aHau3a MOWHOCMU MHOXeCmea Kpumepues HOPMasibHOCMU.

Knro4eenbie cnoea: kpumeput lNupcoHa, kpumeputi HukynuHa—Pao—PobcoHa, MOWHOCMb Kpumepusl.

The application of the chi-squared Pearson test in testing the hypothesis of normality has been considered. Tables of
percentage points and approximations of the limiting statistic distributions have been obtained. The power of the Pearson
and Nikulin—Rao—Robson chi-squared tests has been estimated for various pairs of competing hypotheses. The
comparative analysis of normality tests in terms of power has been presented.

Key words: Pearson test, Nikulin—Rao—Robson test, test power.

[MpeanocbInkon NPYMEHEHNss MHOTMX KacCUYecKUX MeTo-
[OB N KpUTEPMEB NPOBEPKN CTAaTUCTUYECKMX MMMOoTe3 SABMNSEeTCS
npeanonoXeHne O NPUHaANEXHOCTU aHanU3Mpyemblx Crydaw-
HbIX BEMUYMH HOPMarnbHOMY 3aKOHY. TOMbKO NPW BbINOMHEHWN
3TOro npeanonoxeHnsi obecneunBaeTcsi KOPPEKTHOCTb POPMU-
POBaHNs CTAaTUCTUYECKOrO BbIBOAA C MCMNOMb30BaHWEM COOTBET-
CTBYIOLLIETO KpUTEPUS.

[ns npoBepku rMnoTesbl O NPUHAANEXHOCTU BbIGOPKM HOp-
ManbHOMY 3aKOHY MOXHO MCMOMb30BaTb TPW FPynnbl KpUTepu-
eB. OCoBeHHOCTN NPpUMEHEHUs, AOCTOMHCTBA U HEAOCTATKM Cre-
unanbHbiX kputepmes Lannpo—Yunka, dnnca—Illannu, $po-
cuHu, Xerasn—IpuHa, Lnurensxanestepa, Mpu n Josnga—Xap-
Tnn—TIlnpcoHa nogpobHo obcyxaatoTtca B [1—4]. Bonpocsl npu-
MEHEeHUs HenapameTpuyeckux Kputepues cornacus Konmoro-
poBa, Kpamepa—Muzeca—CmupHoBa, AHaepcoHa—LapnuHra,
Kynepa, BaTcoHa npu npoBepke CrOXHbIX runote3 Hanbonee
MOMHO U3NoXeHsbl B [3, 5], B YAaCTHOCTU, Npu NpOBEPKe HOpMarb-
HOCTWU OTAEeNnbHO paccMoTpeHbl B [4]. Kputepun Konmoroposa
ONA NpOBEPKM HOpMarnbHOCTU BrepBble Obin npumeHeH B [6],
kputepun Kpamepa—Mwnzeca—CmupHoBa un AHgepcoHa—/[ap-
nuHra B aTux xe uensx — B [7], Kynepa n Batcona — B [8—10],
kputepumn XXaHra — B [11]. HekoTopble HegocTaTkm nocnegHux
OTMeYeHb! B [4].

[na npoBepku runoTesbl O NPUHAANEXHOCTU aHanuanpye-
MOV BbIGOPKM HOPManbHOMY 3aKOHY TPaAMLMOHHO UCMONb3yT
KpuTepun cornacus Tuna 2. Mpumenenne kputepus x2 Mupco-
Ha Npu NPoOBEpKe CIOXHbIX rMMoTe3 (B TOM YncCre Npu NpoBepke
HOpPMarnbHOCTM) NpegycMaTpuBaeT OLEHMBaHWE HEW3BECTHbIX
napameTpoB 3aKOHa MO rPynnUMPOBaHHbLIM AaHHbIM, TaK Kak B
cryyae BblYMCMEHMS OLIEHOK MO HerpynnvpoBaHHOW BblGOpke
pacnpefeneHns cTaTUCTUK KPUTEPUS CYLLECTBEHHO OTNNYatoT-
ca oT y2-pacnpeneneHuin. IMeHHo no aToii npuunHe 6bin npea-
NOXeH PAa MOANMULIMPOBAHHBIX KPUTEPUEB cornacus Tuna x2,
Hanbonee U3BECTHbIN U3 HUX — kpuTepuih HukynnHa—Pao—
PoGcoHa [12—14].
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Huxe nokasaHa BO3MOXHOCTb MPUMEHEHUsI KpuTepus 2
MupcoHa Ons NpoBEpPKM HOPMAarnbHOCTU C OLEHMBAHWEM Mapa-
MEeTpPOB MO HErpynnMpoBaHHbIM AaHHBbIM U MeTo4aMn CTaTUCTU-
YeCcKoro MoAenMpoBaHUs MccrefoBaHa MOLLHOCTb KpUTepUeEB
TMNa %2 OTHOCUTENBHO HEKOTOPbIX KOHKYPUPYIOLLMX 3aKOHOB.
Mpwn nccnenoBaHun pacnpedeneHnii CTaTUCTUK KOSTMYECTBO UC-
nblTaHuin Metogom MoHTte-Kapno 3agasanu 108, uto obecneun-
BaeT MOrPELUHOCTb OLEeHUBAHUSA (PYHKUUIA pacnpepeneHns Be-
posTHoCTel nopsiaka +1073.

Kputepun cornacus x2 Mupcona. Mpoueaypa nposepku rv-
noTes ¢ MCMoNb3oBaHMEM KpuTepues Tuna 2 npegycmarpusa-
€T rpynnupoBaHue ncxodHom Belbopkun X,, Xy, ..., X, o6bemom n.
Ob6nacTb onpefeneHns CcriyYaHon BenMUUUHbLI pa3buBaloT Ha
k HernepeceKarLMXCa UHTEPBArioB rPaHNYHbIMK TOUYKaMu

X < Xq < ... <Xp_q <X

rae Xg, X, — HWXHAA N BEPXHAA rpaHnLbl obnactu onpeneneHnsa
cnyqa|7|H0|7| BeNMYUHbI. B coOTBETCTBUM C 3agaHHbIM pas6|/|eH|/|-
eM NoacyYUTbIBAOT KONMYecTBO HabnoaeHuin n;, nonasWwnx B
I-n UHTepBaJy, W BEPOATHOCTM nNonagaHuWA B UHTepBan

X
P (6) = [f(x,0)dX, cooTBeTcTBylOWME TEOpETUECKOMY 3aKO-
Xj -1

k
Hy C yHkuMeir nnotHocT f(x, 6), mpu 3TomM n = Y n;,
i=1

k

Y. P.(6) = 1. B ocHOBE CTaTUCTVK, MCMOMb3yEMbIX B KPUTEPUSX
i=1
cornacusi Tuna 2, NeXuT U3MepeHne OTKIOHeH!I n,/n oT P, (8).
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CraTuctuky kputepus cornacus y2 MupcoHa BLIYUCASAIOT Mo
dopmyne

10 ' (M

lMpy cnpaseanMBOCTY NPOCTON NPOBEPSAEMON runoTesbl H,
(koroa n3BecTHbl BCe NapaMeTpbl TEOPEeTUYECKOro 3akoHa) u

n — oo 3Ta CTATUCTMKA NOOYUHSAETCH sz -pacnpeeneHunio ¢

r=k—1 creneHamu ceobogbl. MNNoTHOCTL sz -pacnpepeneHns

onuncbiBaeTCcAa COOTHOLUEHUEM

g (S) = Sr/2—1 e—s/2/ [2r/2 r (r/ 2)]‘

rae T (-) — ramma-cpyHKkuma Snnepa.

MpoBepsiemyto rmnotesy H, He OTKIOHSAKT, €CNN AOCTUTHY-
TbIl YPOBEHb 3HAYMMOCTM MPEeBbILIAET 3a4aHHbI YPOBEHb 3Ha-
YMMOCTM 0., T. €. BbIMOMHAETCA HEPaBEeHCTBO

oo

PIX2> X2} =1 [s7 e 2 ds 50,
o orl2 ) XL
n

rae X ,2,*— CTaTUCTMKa, BblYMCIIEHHAs B COOTBETCTBUM C (1).

B cnyyae npoBepku CNOXHOWM rMnoTe3bl U CnpaBeasIMBOCTM
H, npu ycnosum, 4TO OLEHKV NapaMeTpOB HaXOAAaTCs B Pe3yrib-

Tare MUHMMn3aumm CTaTUCTUKU X,% no aTomn e Bbl60pKe, aTa

cTaTUCTMKa aCUMMNTOTUYECKN NOAYMHSAETCA X,.2 -pacnpeaenenno
C Ynucnom crteneHen ceoboabl r = k— m — 1, rae  m — 4nucno

OLieHeHHbIX NapameTpos. CTaTucTMKa X2 MMeeT TO Xe pac-

npegenexHve, ecnu B Ka4yecTBe MeToaa OLIEHUBAHMSA BbIOMpatoT
MEeTO, MakCMMarbHOro npaBAonogobusa 1 OUEHKM BbIMUCHIAIOT
no CrpynnMpoBaHHbIM AaHHBbIM B pe3ynsrate MakcuMm3aumy no
0 yHKUMKM NpaBaonoaobus:

K
L) =yIIP" (0), )
i=1

Xj
rAe Y — HekoTopasi KoHCTaHTa; P (0) = J'f(x,e)dx — 3aBuca-
Xj—1

Las oT O BEPOSATHOCTb MonafgaHust HabnaeHUs B i-i MHTepBarn.
370 Xe cnpaBeanvBo Ans NobbIX METOAOB OLeHMBAHMWS MO rpyn-
NMUPOBAaHHbLIM JaHHbIM, NPUBOASALLNM K aCUMNTOTUYECKN adhdek-
TUBHbLIM OLEHKaM.

[Npn nNpoBepke cornacusa ¢ HopMaribHbIM 3aKOHOM U OLEHU-

BaHWUW BekTopa napameTpoB T = ({i,6) MO rpynnMpOBaHHOM

BbIOOpPKE MUHMMM3ALMEN CTaTUCTUKU sz, Unn makcummsauuen

no yHKUMM npasaononobus (2) BepoaTHOCTY nonagaHus B UH-
TepBan BbIYMCSAOT B COOTBETCTBMN C COOTHOLLEHNEM

ti 212
F(8)=—— [e!"?dx,

rae t; = (x;—[1)/ 6. Mpoepsiemyto rMnoTesy H, He OTKIMOHSIOT,

€Cn JOCTUTHYTbIN YPOBEHb 3HAYMMOCTM p{xﬁ > xﬁ} BbIYMC-

NSieMblid MO COOTBETCTBYHOLLEMY X? -pacnpegeneHunto, npeBbl-
WwaeT 3a4aHHbIl YPOBEHb 3HAYMMOCTM O, UMM eCNi 3HaYyeHue
CTaTUCTUKK Xﬁ MeHbLLE KPUTUYECKOTO x%a, onpeaensemMoro

N3 ypaBHEHUA

oo

% J‘sr/2—1e—s/2 ds=aq.
2°4T(rl2)
Xr,o

MpV BblYMCIIEHNN OLIEHOK MaKCMManbHOro npasgonofobus
(OMI1) no HerpynnMpoBaHHbIM AaHHbIM 3Ta e CTaTUCTUKa pac-
npegenexa Kak cymma He3aBMCUMbIX craraemMbix

m
2 2
Xk-m-17+ 217~j 5. rne&,, ..., &, — cTaHaapTHble HopMarbHble
j=

cnyvaiHble BENUYUHbI, HE3aBUCUMblE OfHA OT APYron u oT

x%,m,1; A4 -y A, — HekoTOpble uncna mexay 0 v 1 [15], npen-

CTaBNAoLNEe KOPHU ypaBHEHUSA
[(1-2)Jd(6) —J.(0)| =0.

3aeck J(0) — nHpopmaumoHHas matpuua duwepa no Herpyn-
NMPOBaHHbIM HabMNAEHUSM C dNeMeHTamu

of (x,8) Of (x,0
J(6,,6,) = jéTXl) O(T"j)f(x,e)dx;

J.(6) — vHdOpMaLmoHHas maTpuua no rpynnmpoBaHHLIM Ha-
onogeHusam,

Jr (6) = iVPi (0)V'F,(8)/ P ().
i=1

Opyrvmun crnoBamu, pacnpegeneHne crtatuctukm (1) npy umc-
nons3oBaHun OMI1 no HerpynnMpoBaHHbIM AaHHLIM HEW3BECT-
HO ¥ 3aBMCUT, B YaCTHOCTW, OT cnocoba rpynnuposaHus [16].

Mpn NpoBepke HOPManbHOCTU C OLEHMBAHWEM MO BbIGOpKe
OMI1 napameTpoB L, G MO HErpynnMpOBaHHbIM AaHHLIM MOXHO
BOCMOSb30BaTbCA MPMBEAEHHbIMK Tabn. 1, 2 acMMNTOTUYECKU
ontumanbsHoro rpynnupoBanus (AOI). Npy 3TOM MUHUMU3WPY-
I0TCA noTepu B uHdopmauun Puilepa o0 napameTpax 3akoHa,
cBA3aHHbIe C rpynnuposaHuem [3], a kpuTepuin x2 TupcoHa
MMeeT MaKCUMarbHY0 MOLLHOCTb OTHOCUTENBHO OYeHb 6nus-
KMX KOHKYpUpytoLmx runotes [3].

B 1abn. 1 rpaHuyHbIe TOYKM MHTepBanos t, i=1, (k—1) npu-

BeieHbl B BUAe, UHBAPNaHTHOM OTHOCUTENbHO NapameTpoB |, G
HOpPMarnbHOro 3akoHa. lNpu BblMMCAEHUN cTaTUCTUKK (1) rpaHu-
Ubl X;, pasaensaiolime MHTepBasbl Npy AaHHOM K, HaxoasaT no
3HAYeHMAM f;, B3ATbIM U3 COOTBETCTBYIOLLEV CTPOKW Tabnuupbi:

x; = 6t; + [i;, rae (I, 6 — OMIN napameTpoB, HaigeHHble Mo

AaHHOM BbIGOpKE. 3aTem MOACHMTLIBAIOT YMCNO HabnoaeHun n;,
nonaBLUMX B KaXadbl MHTepBan. BeposaTHOCTM nonagaHus B UH-
TepBar npu BbIYMCIEHUM 3HAYeHNs cTaTucTukm (1) 6epyT 13 co-
OTBETCTBYHOLLIE CTPOKM Tabn. 2.
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[Ons cnydas ucnonbsosaHnsa AOT B kputepun x2 MupcoHa

nony4yeHHble NPOLUEHTHbIE TOYKU %i,u pacnpegeneHui craTtuc-

TVKM (1) 1 NOCTPOEHHblE B AaHHOW paboTe moaenu npepenb-
HbIX pacnpeaenexnii npeacTasneHsl B Tabn. 3, rae B, (8, 04, 6,,
03, 04) — Geta-pacnpepnenenve lll poga ¢ ykasaHHbIMM Nnapa-
MeTpamMu 1 NNOTHOCTbIO
0 89 -1 01-1
_ 00 [(x=84)/65]"0 [1- (x=04)/65]"
f(X)—e B(6g,01) 0 +6
3EROTU [t (02-M(x-04)/03] 0

[na NpuHATUA pelleHnsa o pesynbratax NpPoBEPKN MMNoTesbl

HO 3Ha4yeHne CTaTUCTUKnN X,% CpaBHMBaAKT C KPUTUHECKNM 3Ha-

YyeHvem ﬁ,a, B3ATbIM U3 COOTBETCTBYIOLLEN CTPOKM Tabn. 3, unm

e LOCTUTHYTbIN YPOBEHb 3HAYMMOCTU P{Xﬁ >X,% } onpege-

nsieMbli B COOTBETCTBUM C MOAENbIO NpeaenibHOro 3akoHa, yka-
3aHHOM B 3TON e CTPOKe Tabnuubl, CpaBHMBAOT C 3adaHHbIM
YPOBHEM 3HAYMMOCTU (.

OTnnune peanbHbIX pacrnpeneneHui G(X,z,\Ho) cTatucTu-

kit (1) OT COOTBETCTBYIOLIMX X2_ 4 -PAcNpeaeneHni npu crpa-

BEANMBOCTU rUMnoTesbl H, nokasaHo Ha puc. 1.

[na npoBepkM HOPManbHOCTU C BbIYUCIIEHWEM MO HErpyn-
nupoBaHHon Bbibopke OMI Tonbko napameTpa | unu ¢ Tpeby-
emble Tabnuubl AOI, NPOUEHTHbIE TOYKM M MOLENU npenenb-
HbIX pacnpeneneHnin MOXHO HaWTu B [4].

B tabn. 1, 2 npvBeaeHbl 3HAa4YEHUA OTHOCUTENBHOW acumn-
TOTMYecKow nHpopmaumn duwepa

A=detJ, /detJ.

Mpn AOI" oTHOCKTENBHO BEKTOpa napameTpoB U k = 15 uH-
TepBanax B rpynnupoBaHHOW BbIGOpKE COXpaHAEeTCs OKOIo
95 % wvHopmaumn. JanbHenwee yBenuyeHne Ymncna k uHtep-
BarnoB CyLLUECTBEHHOIO 3Ha4YeHWs He MMEET, ero crnegyet Bbiou-
paTtb, UCXO4sA U3 crneaywmx coobpaxeHuin. MNpy ontumansHOM
rpynnmpoBaHnM BEPOSITHOCTM MonagaHnsa B UHTepBarbl B 06-
Lem crnyyae He paBHbl (0ObIMHO MUHMMarbHbI BEPOSTHOCTM MO-
nagaHvs B KpawHue nHTepBarnbl), NO3TOMY K >XenaTenbHO Bbl-

Gupatb 13 ycnosusa nP; (6) 2 5...10

Tabnuua 3 nng no6oro uHTepsana. Mo MeHb-
MpoueHTHbIE TOYKK i,z(a ANs CTaTUCTUKKU KpuTepus MupcoHa Wweit mepe, npu BeiGope Kk cnepyet
’ npuaepxXneaTbca  pekoMeHaaumm
npyu OUEHWBAHMM NapaMeTpoB |1, G
: m.in{nP,- (9)‘i=1,k}>1- Mpun BbINOMHE-
p=1-a i
k Mogenb npeaernbHoro pacnpeaeneHus
085 | 09 | 095 | 075 | 0.9 HUM 3TOTO YCTIOBMS B Cryyae cnpase-
NMBOCTU MpoBepsieMoit runoTessbl H,
4 2,74 | 3,37 |4,48 5,66 7,26 By, (1,2463; 3,8690; 4,6352; 19,20; 0,005) JMCKpPeTHOE pacrnpeferieHne CTaTucTu-
5| 4,18| 5,00 |6,39 7,77 | 9,59 By, (1,7377; 3,8338; 5,5721; 26,00; 0,005) ku (1) HecylecTBEHHO OoTnM4YaeTcs oT
6 | 561| 654 (8,09 9,61 | 11,62 By, (2,1007; 4,1518; 4,1369; 26,00; 0,005) COOTBETCTBYIOLLIErO acUMMTOTUYECKOTO
7| 695 7,98 [967 | 11,31 [ 1343 | B, (2,5019; 4,6186; 3,4966; 28,00; 0,005) npeaensHOro pacnpepenexus. Ecnu
8 | 8,28| 9,40 |11,21 | 12,95 | 15,22 B,, (2,9487; 5,8348; 3,1706; 34,50; 0,005) 9TO YCIOBUE HApYyLIaeTeA, TO OTNnN4mne
9 | 956| 10,76 |12,69 | 14,53 | 16,87 | By, (3,5145; 6,3582; 3,2450; 39,00; 0,005) WCTVIHHOTO Pacrpefienenns cratneTi-
’ ’ i ’ K1 OT npefensHoro 6yaeT npuBoanTb
10 | 10,84 | 12,11 [14,16 | 16,12 | 18,58 By, (3,9756; 6,7972; 3,0692; 41,50; 0,005) K yBEMMYEHMIO BEPOSITHOCTM  OLIMBOK
1" 12,08 | 13,42 |15,55 17,59 20,19 Blll (4,4971, 6,9597; 3,0145; 43,00; 0,005) 1-ro poda no CpaBHEHWIO C 3aJaHHbIM
12 | 13,34 | 14,74 16,98 | 19,10 | 21,77 By, (5,1055; 7,0049; 3,1130; 45,00; 0,005) YPOBHEM 3HAYMMOCTU o.. Takke crnegy-
13 | 14,56 | 16,01 | 18,34 | 20,53 | 23,30 By, (5,7809; 7,0217; 3,2658; 47,00; 0,005) €T y4UTbIBaTb, YTO NPU Marnbix obbemax
14 | 15,78 17,29 [19,68 | 21,96 | 24,81 | B, (6,6673; 6,9116; 3,5932; 49,00; 0,005) BbiBGopok n = 10...20 AnckpeTHble pac-
15 | 16,98 | 18,54 |21,04 | 23,40 | 26,37 | B, (7,0919; 7,2961; 3,4314; 51,50; 0,005) MPEACNEHIA CTATUCTVK CYLLECTBEHHO
OTNNYAIOTCA OT aCUMNTOTUYECKMX. YKa-
5 3aHHOE YCroBUe Npu BbIBope k 3a0aeT OLEeHKY CBEpXY Ars Yuc-
G(Xp1Ho) na wHTepBanos (k < k.. ). YCno MHTepBanoB rpynnupoBaHus
10T e BMMSIET Ha MOLLHOCTb KpuTepus x2 MupcoHa [17]. CosepLueHHo
| HeobsA3aTeNnbHO, YTO €ro MOLLHOCTb MPOTUB KOHKYPUPYIOLLEro
0’8_ K= 3aKoHa (rvnoTesbl) OyaeT mMakcumarnbHom npu k = k..
0.6 YT06bl CPaBHWUTL MOLLHOCTL KpuTepus x2 MupcoHa npu npo-
o BEpKe HOPManbHOCTW C MOLHOCTBIO CreLmanbHbIX U Henapa-
0.4 13-pacnpesenehie METPUYECKNX KPUTEPUEB COTMACUS, MOLLHOCTb OLIEHWUIIN OTHO-
_ CUTENBHO TEX e KOHKYPUPYIOLLIMX 3aKOHOB (r1noTes), uTo 1 B [4].
x3 pacnpeneneHve N
0,2 B kauecTBe npoBepsiemMoil runoTesbl H, paccmaTpusanack
- ¥5-pacrpenenerime npUHaAnNeXHoCTb HabrogaemMon BbIBOPKM HOpManbHOMY 3a-
0% T I I T I KOHY pacnpefeneHust
2 4 6 8 10 12
2
Xn f(x) =

Puc. 1. Pacnpegenenus ctatuctuku (1) npu oLeHkax MakcMmanbHOro
npaegonoaobusi napamMeTpoB HOPMarbHOTO 3akoHa MO Herpynnupo-

2
BaHHbIM AaHHbIM N COOTBETCTBYIOLWIMNE X _ m_1 -PacnpenereHna

1 (x-p)?
ool

B kauecTBe KOHKYPMPYHOLLMUX FMNOTE3 NpY UCCrEea0oBaHUM
MOLLHOCTM paccMOTpeHa MPUHAANEXHOCTb aHanu3upyemoii

UNsmepumenbHas mexHuka Ne 6, 2015
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BbIGOpKM criepyowmm 3akoHam. KoHkypupytolei runotese H,
COOTBETCTBYET 0006LLEHHbIN HOPMaribHbIN 3aKOH (CEMENCTBO
pacnpegeneHuin) ¢ NIIoTHOCTbIO

02
_ 62 |x =60
F(X) = 25,1 (176,) °*P _( 01 )

1 napameTpoM popmbl 6, = 4; runotese H, — pacnpepeneHue
Jlannaca ¢ nnoTHOCTbIO

f(x) = zi%exp{—\x—eo\/m};

rmnortese H3 — JlormcTunyeckoe pacnpeneneHue ¢ nioTHOCTbIO

2
- gigeol ) ool ]

o4eHb bnnskoe K HopmanbHoMy. Ha puc. 2 nokasaHbl yHKUMM
MOTHOCTM pacnpefesieHnii, COOTBETCTBYIOLMX runoTesam H,,
H,, H;, npu sHaueHnsx napameTpoB maclitaba, npu KOTopbIX
3TW pacnpegeneHns Hambornee 6nnsku ctaHgapTHOMY HopMarb-
HOMY 3aKOHy. Takon BbIGOp rMNoTe3 MMeeT onpeaeneHHble oc-
HoBaHusa. [vnotesa H,, cooTBeTcTBylolWas pacnpeaenexuio fan-
naca, fiBnseTcs Haubonee othaneHHon ot H,, nx pasnuyexvie
06bI4HO NMpobrem He BbI3biBaeT. Jlornctuyeckoe pacnpegene-
HWe, COOTBETCTBYOLEE rMnoTese H,, oueHb 6nn3ko K Hopmarb-
HOMY, WX, KaK NpaBuno, TPyAHO pasnuyaTb C UCMOMb30BaHWEM
KpuTepueB cornacus.

KoHkypupytowas runoTesa H,, KOTopoi CooTBETCTBYET 0606-
LLEHHbIN HOPMATIbHBIN 3aKOH C NapameTpom opmbl 6, =4, npea-
CTaBnseT «MakMycoByto Gymaryy», NpOsSIBNSIOLLYIO CKPbITble He-
[ocTtaTkn HekoTopbIx kputepues [1, 2, 4]. Okasanock, 4YTo npu
MarnbIXx o6bemax BbIGOPOK N 1 ManbiX 3afaHHbIX BEPOSATHOCTAX
o owmbok 1-ro pofa psia KpuTepues, UCNOMb3yeMblX Ans npo-
BEPKN rMnoTe3bl O HOPManbHOCTK, He cnocobeH oTnuyaTb 6nm3-
KMe K HeMy 3aKOHbl OT HopMarbHoro. MowHocts 1 — f oTHoCwK-
TEMNbHO rUnoTesbl Hy, rae B — BepoATHOCTb OWNBKK 2-ro poAa, B
TaKux criyyasx npeactaBnseT cobow BENUYMHY, MEHBLLYIO o.. OTO
O3Ha4aeT, YTO 3aKOH, COOTBETCTBYIOWMI H,, «<HOpMarnbHee Hop-
MarbHOro», 1 CBUAETENbCTBYET O CMELLEHHOCTU KpUTEpHs.

Mpu 3aaaHHbIX 06bEMax BbIGOPOK N MOLLHOCTb KpUTepus 2
lMupcoHa nccnegoBany Npu pasnMyHOM 4Yucne MHTepBarnos
k < Ko B T@0N. 4 npuBeneHbl MakcmarbHble 3Ha4YeHUs MOLL-
HOCTM KpuTepus %2 MNMpCOHa MO OTHOLLEHNIO K KOHKYPUPYIOLLIMM
runotesam H,, H,, H;, cooTBETCTBYIOLME ONTUMATBHOMY YUCTTY

f
0,64
— Nannaca
0,48
TorucTnueckoe Hopmanstoe
0,32 0O606LeHHoe

HOpMarbHoe

Puc. 2. TINOTHOCTM 3aKOHOB pacnpefeneHus, COOTBETCTBYOLLME pac-
cMaTpuBaembiM runotesam H;

UsmepumenbHas mexHuka Ne 6, 2015

Konr WHTEpPBAnoB rpynnupoBaHusa. Ha npefactasneHHble B
Tabn. 4 3HayeHust K, . B 3aBMCMMOCTU OT N B ONPEAeENeHHOw
CTeNeHN MOXHO OpueHTUpoBaTbLCA Npu Bblibope K.

Tabnuua 4

MowHocTb Kputepus xz MupcoHa oTHOCUTENbLHO
rvunotes H,, H,, H,

n kmax konT ¢

015 | 01 [ 005 | 0025 001

H1
10 4 4 0,235 | 0,146 | 0,043 | 0,032 | 0,002
20 4 5 0,262 | 0,177 | 0,100 | 0,058 | 0,021
30 5 5 0,312 | 0,216 | 0,136 | 0,079 | 0,043
40 6 5 0,336 | 0,267 | 0,168 | 0,111 0,061
50 6 5 0,401 | 0,311 | 0,204 | 0,129 | 0,068
100 9 5 0,558 | 0,479 | 0,352 | 0,254 | 0,158
150 10 7 0,722 10,634 | 0,486 | 0,353 | 0,217
200 1 9 0,783 |1 0,695 | 0,548 | 0,417 | 0,279
300 13 1 0,907 | 0,858 | 0,756 | 0,646 | 0,492

H2
10 4 4 0,267 | 0,206 | 0,074 | 0,058 0,01
4 0,264 (0,177 | 0,104 | 0,067 | 0,037
20 N 5 0,247 | 0,189 | 0,116 | 0,061 | 0,024
30 5 5 0,312 | 0,261 | 0,153 | 0,103 | 0,044
40 6 7 0,443 | 0,358 | 0,250 | 0,167 | 0,101
50 6 7 0,500 (0,423 | 0,312 10,225 | 0,138
100 9 9 0,770 | 0,708 | 0,596 | 0,494 | 0,379
150 10 9 0,899 | 0,860 | 0,785 | 0,705 | 0,596
200 1 1 0,964 | 0,946 | 0,908 | 0,880 | 0,786
300 13 13 0,996 | 0,993 | 0,985 | 0,974 | 0,950

H3
10 4 4 0,221 0,150 | 0,046 | 0,034 | 0,003
20 4 4 0,194 | 0,125 | 0,059 | 0,038 | 0,016
30 5 5 0,169 | 0,125 0,062 | 0,034 | 0,012
40 6 7 0,204 | 0,143 | 0,082 | 0,045 | 0,020
50 6 7 0,214 | 0,155 0,088 | 0,050 | 0,023
100 9 10 0,303 | 0,231 | 0,146 | 0,090 | 0,047
150 10 10 0,359 0,284 0,191 | 0,124 | 0,072
200 1" 1 0,432 | 0,355 | 0,250 | 0,175 | 0,105
300 13 13 0,566 | 0,486 | 0,373 | 0,280 | 0,190

Kputepun cornacusa HukynuHa-Pao-Po6coHa. B [12—14]

NPEANOXEHO BUAOU3MEHEHNE CTaHOApTHON CTaTUCTUKM X2,
npy KOTOPOM NpefernbHbIM pacnpegeneHnemMm MoamguLmMpoBaH-

HOW CTaTUCTUKU sIBRSieTCS X,%,-I -pacnpegerneHue (‘-IVICJ'IO cTe-

neHen cBoboabl HE 3aBMCUT OT YMCIia OLlEHUBaEMbIX NapameT-

7
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poB). HenssecTtHble napameTpbl pacnpegenenuns F (x, ) B
3TOM crniyyae crnefyeT OLeHMBaTb MO HerpynnuMpoBaHHbLIM AaH-
HbIM METOAOM MakcumanbHoro npasgonogobus. [Npu aTom
Bektop P = (P,,..., P,)T npeanonaraioT 3agaHHbIM, a rpaHuy-
Hble TOYKM UHTEPBAsIOB OMPEAENAT MO COOTHOWEHUAM X; (0) =

=F1 (Py+...+ P), i=1, (k—1). MNpeanoxeHHas ctaTucTika ume-
et Bua [13]:

Y2(0) = X2 + n"'a" () A(0)a(6), 3)

roe sz, BbluMCNSAIOT NO (1); ANA 3aKOHOB pacnpeaeneHns, onpe-
Aensemblix TONbKO MapameTpaMu casura n maclutaba,

A®)=1J(0)=J ()7

B CIy4ae HOpMarbHOro 3akoHa C BEKTOPOM NapameTpoB 07 = (i, G)
MHbopMaLMoHHas mMaTpuua duiepa umeeT Bua

1162 0
J(0) = , |
0 2/o

3MEeMEHTbl  MH(OPMALMOHHOW MaTpULbl MO FPYMNMPOBaHHBIM
AaHHbIM J_(6) onpenensioTca BbipaXeHUsmm

_ )2
H, u) = ZGZP( tl 1) f(tl)) ;
ho o) =S 1 2o tim Pl = 6 (),
i=10

Jo(w, 0)=Jr (o, n) =

ZGZP (F(ti—q) = FUEN WG 1 F(t_1) = G F(E));

-1
2
= (X— W/o; tg = —=; = oo F(t) = [JZn e /2] — nnoTHOCTS
CTaHOapTHOro HOpManbHOrO 3akoHa, 3fIeMeHTbl BeKTopa
a'(0) =[a (u), a (c)] HaxoasaT U3 COOTHOLLEHUI

K oni (F(ti_q) — () ’

a(“): /; oP: ()

=

a(o)= i f(ti_q) =t (E)-

Kak n B crniyyae kputepusi MNnpcoHa, npu NpoBepke Hopmarb-
HOCTW C oueHuBaHuem no Bbibopke OMI1 napaMeTpoB W, G
Mo HerpynnuMpoBaHHbIM OaHHBIM MOXHO BOCMOJb30BaTbCS
Tabn. 1, 2.

Mpu BbMMCREHNN CTaTUCTUKK (3) rpaHuLbl X;, pasaensiole
MHTEpBarnbl NpW AaHHOM K, HAaXOAAT MO 3HAYEHUAM f;, B3ATLIM U3
COOTBETCTBYHOLLEN CTPOKM Tabn. 1 cornacHo COOTHOLLEHUIO

X; = 6t,~ + (1, roe ﬁ 6 OMI1 napameTpoB, HangeHHbIE NO AaH-

HOit BbIOOpKe. 3aTem MoACcUMTLIBAETCS YMCIIO HabnoaeHui n;,
nonaBLUMX B Kaxzbli MHTepBan. BepoatHocTu P; (6) nonaaaHus
B MHTepBasl Npu BbIUUCIIEHUN cTaTUCTUKK (3) GepyT U3 cooTBeT-
CTBYytOLLEW CTPOKW Tabn. 2. Mpu BbIYACIIEHUN 3NEMEHTOB BEKTO-

pa a(0) u matpuubl A(6) UCronb3yloT TabrmyHble 3HadYeHus &, P;

8

N NoJ1y4eHHble OLIEHKU 6 . ,D,J'Iﬂ NPUHATUA pelleHnda O pesyrnbra-

*
Tax NpoBepPKU rmnoTe3bl HO 3Ha4YeHne CTaTUCTUKMn Yn2 CpaBHWN-
BalOT C COOTBETCTBYHOLNM KPUTUHECKNUM Xi—l(x nnn OOCTUrHy-

Thlil YPOBEHb 3HAYMMOCTM P{Ynz> Y,.,2} HaxodAT no cooTeeT-

CTBYIOLLIEMY xi_rpacnpeueneHwo. [ns npoBepkn HopmarbHO-
CTU C BblYMCIIEHMEM MO HerpynnupoBaHHoW Bbibopke OMIT oT-
Tabnuua 5

MowHocTb kpuTepusa HukynuHa-Pao-Pob6coHa oTHOCUTENBHO
rvunotes H,, H,, H,

n Kenax | Konr o
015 | 01 [ 005 | 0025 o001
H,

10 4 4 0,348 | 0,1 |0,029| 0,009 | 0,006
20 4 | 5 [0234(0,143 0,074 (0,041 | 0,016
30 5 | 5 02560197 0,102 | 0,053 | 0,023
40 6 | 5 |0293]0221(0,123|0,079 | 0,035
50 6 | 5 |0,3260,240 (0,148 | 0,083 | 0,040
100 9 5 0,485 (0,395 |0,271| 0,179 | 0,102
150 10 |8 [0619/0530]0397]0284 | 0179
7 0,641 0,539 | 0,383 | 0,261 | 0,148

200 11 | 9 ]0713]0,616|0,464 (0,339 | 0,214

300 13 " 0,872 (0,810 | 0,695 | 0,573 | 0,420

H,
10 4 4 0,368 | 0,103 | 0,055 | 0,031 | 0,007
20 4 5 0,250 | 0,210 | 0,126 | 0,065 | 0,039
30 5 6 0,349 | 0,265 | 0,185 | 0,127 | 0,078
40 6 7 0,474 10,403 | 0,297 | 0,218 | 0,149
50 6 7 0,548 10,473 | 0,365 | 0,281 | 0,190
100 9 9 0,807 | 0,755 | 0,667 | 0,583 | 0,482
150 10 9 0,919 10,889 [ 0,834 | 0,774 | 0,691

200 1 11 0,973 |1 0,961 | 0,933 | 0,900 | 0,849
11 0,997 | 0,995 | 0,990 | 0,983 | 0,968

300 13

13 0,997 10,995 | 0,990 | 0,983 | 0,968

H3

10 4 4 0,321 | 0,083 | 0,034 | 0,014 | 0,005
20 4 5 0,166 | 0,120 | 0,065 | 0,030 | 0,014
30 5 6 0,198 | 0,138 | 0,080 | 0,047 | 0,024
40 6 7 0,232 10,173 | 0,104 | 0,063 | 0,034
50 6 7 0,251 10,188 | 0,117 | 0,074 | 0,040
100 9 10 0,360 | 0,290 | 0,202 | 0,141 | 0,091
150 10 10 0,432 10,358 | 0,263 | 0,195 | 0,131

200 1 11 0,509 | 0,436 | 0,337 | 0,259 | 0,183
300 13 13 0,641 0,572 | 0,469 | 0,381 | 0,288
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AenbHO napameTpoB WL unu ¢ Tpebyemble Tabnmusl AOI MOXHO
HanTu B [4].

OueHkn mowHocTh kputepusa HukynuHa-Pao-PobcoHa no
OTHOLUEHWIO K KOHKYpUpyowwmm runotesam H,, H,, Hay npu k.
npueedeHbl B Tabn. 5. 3TOT KpuTepui, Kak npasuio, MoLHee
KpuTepus lMupcoHa (Hanpumep, CM. MOLLHOCTU OTHOCUTENBHO

KOHKypupyowmx runotes H,, Hy). Mpu atom Yacto k. = K. ..
npv m'in{nP,' (9)}>1. OpHako Tak bbiBaeT He Bcerga. 1o MoLHo-
]

CTW OTHOCUTESLHO «KaBEP3HOW» rmnoTessbl H, OH ycTynaeT Kpu-
Teputo lNupcoHa, a k,,, B 3TOM cy4ae 3aMeTHO MeHblue K. .
npu AOT.

Ecnv obbeanHuTb pesynbtaThbl MCCref0BaHMIA MOLLHOCTM
KpUTepuneB, pacCMOTPEHHbIX B JaHHOW paboTe, c pesynbraTta-
MU, NpeacTaBneHHbIMU B [1, 2, 4], TO BCe MHOXECTBO KpUTEPUEB,
ncnonb3yembiX Afs NPOBEPKM HOPMarbHOCTW, MOXHO YMnops-
[04NTB MO MOLLHOCTU OTHOCUTENBHO paccMaTprBaeMblX KOHKY-
pupytowmx runotes H,, H,, H; cnegytowmnm obpasom:

OTHOCMUTESILHO KOHKYpUpYIOLLIen runotesbl  H, —

M’ AzocmuHo z, > [ssuda-Xapmnu-llupcoHa > lupu > Lla-
nupo-Yunka* > x2 lMupcoHa > XKaHea Z, * » Bamcona >
AHOepcoHa-[apnuHea - ®pocuHu - PolicmoHa - Kynepa -
dnnca-MNannu* - Kpamepa-Mu3seca-CmupHosa - HukynuHa-
Pao-Po6cora - )KaHea Z,* > LUnuzenbxanbmepa* - Kosmo-

2 *

coposa > XKaHea Z, > ['AcocmuHo zZ +z2* > Xezasu-

lpuna T, * > Xezasu-lpuHa T,
OTHOCMUTEIbHO KOHKYpUpYHoLLen runotessl H, —
Lnueenbxanbmepa - Xeeasu-fTpuHa T, >~ lupu > Xeeasu-

pura T, = [OAezocmuro z% +z35 > AndepcoHa-HapnuHea -

BamcoHna > Onnca-lNannu ~ ®pocuHu > Kpamepa-Mu3seca-
Cmuprosa - Polcmona - Kynepa - J>KaHea Z, - ’KaHea Z,
> Xanea Z - Konmoeoposa > Llanupo-Yunka > [seuda-
Xapmnu-llupcoHa - ['AeocmuHo z, > HukynuHa-Pao-Po6-
coHa > 2 lNupcoHa,;

OTHOCUTESbHO KOHKYpUpYtoLWen runotesbl Hy —

Xeeasu-Tpua T, - [J'Azocmuro z2 +z3 ~ LlUnuzenbxanbme-

pa > Poticmona > lupu ~ )KaHea Z, » ’KaHea Z,>- Xeeasu-
lpuna T, > [ssuda-Xapmnu-llupcoHa > Onnca-lMannu ~
XKarea Z, - [’AeocmuHo z, - AHOepcoHa-[apnuHea > ®po-
cuHu = Kpamepa-Museca-CmupHosa - BamcoHa - Llanupo-
Yunka > Kynepa > Konmoeoposa > HukynuHa-Pao-PobcoHa
> x2 MupcoHa.

[Mpu atom cnepyeT yunTbiBaTb, YTO PSA KPUTEpUEB, MOMe-
YeHHbIX Bblle (*), MpU ManbIX N He MOXET OTMMYUTbL OT HOp-
MarnbHOro 3aKOH, COOTBETCTBYIOLLMI rUnoTese H,, BCreacTsune
CMEeLLEHHOCTU pacnpefeneHnin cCTaTUCTUK 3TUX KpUTepues
[1—4].

Pa6oTta BbinonHeHa npu nogaepxke MuHobpasoBaHus PP
B paMKax MpOEKTHOW 4acTW roCcyAapCTBEHHOro 3ajaHus
Ne 2.541.2014/K.
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