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PaccmarpuBaercs nocrpoerue GyHKIUN HAAEKHOCTH MO PE3yIbTATAM YCKOPEHHBIX HCIBITA-
auit (mocrpoenue AFT-moneneti). [Iposepka amexsarnoctu mocrpoenusix AFT-moneneit ocy-
IIIECTBIISIETCS Ha, OCHOBAHUN aHAIN3a BEIOOPKYM OCTATKOB. [IJIs1 IPOBEPKU COOTBETCTBUSI BHIDOPKU
OCTATKOB 0Aa30BOMY 3aKOHY PACIPENEIEeHUs BEPOSITHOCTEN UCIOIL3YIOTCI MOAU(PUIINPOBAHHBIE
HEemapaMeTpUYecKne KPUTEPUU COrIacus. IIpu OTCYTCTBUU HEH3YyPUPOBAHUS B IMPUMEHSIEMBIX
KPUTEPUSIX MpeIaraeTcs UCIOIb30BAThH PaHee IOCTPOEHHBIE MONEIN PACIPENeIeHN CTaTHC-
TUK OjIs CATYAIlUN MPOBEPKM CIOXKHLIX rurore3. B cioyuae nemsypuposBanus I mmm IT Ttuma
PACIpenesieHnsl CTATUCTUK KPUTEPUEB COIACKSI HAXOMATCSI METONAMU CTATUCTUYECKOTO MOME-
JINPOBAHUS.

Kaouesvie caosa: yckopernsle ucneitanus, AFT-Monens, nensypupoBadabie N3MepPeHnus,
ouenkn Kanmama — Meiiepa, HemapaMeTpudYecKue KPUTEPUU COTIACHUS, MOAU(PUINPOBAHHBIE
KPUTEPUH.

BBenenue. 3anaun, cBI3aHHbIE C UCCIEIOBAHIEM HAMEXKHOCTH, AaHAIII30M BBIXKIBAEMOCTH,
B KOTOPBIX OMEPUPYIOT HAHHBIMU THIIA BPEMEHN! KW3HW, PACCMATPUBAIOTCS BO MHOTUX 0O0OJIac-
TSIX HAYKW U TEeXHUKN. B WHXKEHepHBIX pacyéTax >TO BPpeMeHa OTKA30B HEKOTOPBIX IIPUOOPOB
Ul TEXHUIECKUX cucteM. B MenunuHe Takume maHHBIE TPEACTABISIOT cOOOW BpeMs MO M3MEHe-
HIISI HEKOTOPBIX OMOXMMUYECKNX TOKa3aTesell, BpeMs IO PEMUCCHN IOCJe ONpeneIéHHOTO BUIA
TeUeH!s UM BpeMs KHU3HU MallueHTOB.

Kax mpaBumio, o0LmM CBOMCTBOM aHAIU3UPYEMBIX HAHHBIX (Pe3yabTaTOB M3MEpPeHuil, pe-
3yIBTATOB HAOIIONEHNIT HAI UCIBITYEMBIMI OOBEKTAMNI) B TAKUX 3a0aUaX SIBIAETCS UX HEIOI-
HoTa. Hanpumep, BO BpeMs MCIBITAHWIT MOYXKET BBINTHU U3 CTPOsS JIUIIb HEKOTOPAs MOJIST UCCIIe-
IyeMBbIX OOBEKTOB MM YaCTh OOBEKTOB MO KAKMM-TO MPUINHAM CHSITA C UCIBITAHUN. Bpewms
UCTLITAHUN MOXKET OBITh OTPAHUYEHO, U K KOHITY SKCIEPUMEHTA 3HAUNTeIbHAs YacTh OOHEKTOB
ocTaHeTcs: paboTocrnocobHol. Takne naHHBIE HA3BIBAIOT IIEH3YPUPOBAHHBIMHE CIIpaBa. B ycmoBu-
X OTPAHUYEHHOCTH HKCIEPUMEHTA 0 BPEMEHU MOJyYaloT MeH3YPUPOBAHHYIO BRIOOPKY | Tuma.
[ensypupoBanue [I Tuma Bo3HUKAET, €CIIN UCTBITAHUS TTPOIOIZKAIOTCS O HACTYILICHNS 3apaHee
ONPEIEIEHHOTO KOJIMIECTBA OTKA30B (Pe3yIbTaTOB M3MEPEHHUN ).

AHanausy maHHBIX THUIA BPEMEHM KU3HU MOCBSIIIEHO MHOXKECTBO MyOJInKanuii, pa3padora-
HBI CITOCOOBI OMMCAHUS W TIPENCTABIIEHNS, TPEIIIOKEHBI PA3INIHbIE MONENN, YINTHIBAIOIINE NX
0COGEHHOCTH [T PA3HBIX mpuioxenuii. B mepseix paborax [1-10] paccMaTpuBaiuch B OCHOB-
HOM TIPOCTBIE MOIEIIN, PAa3InJaionimecs mapaMerpusanueil pyuknnn Hanéxkuaoctu. Cpenu >Tux

*PaboTa BLINOMHEHA Npu momAep:xkke Munucrepctsa obpasosanus u Hayku PD (mpoext Ne 8.1274.2011) u
®denmepaabHON HemeBoi mporpaMMbl « Hayunbie 1 HayuHO-TIemarornueckue Kaapbl MHHOBAIMOHHON Poccums.
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Mofesiell MOYXKHO BBIACTUTH (QYHKIINN HAOEKHOCTHU, OMUPAIOIINECS Ha SKCIOHEHIUAJIbHBIN 3a-
KOH pacIipenesieHnsl BeposTHOCTel, pacupenenenune BeiiOyiia, ramva-pacipeneaesne, oopaTHoe
rayCcCoOBCKOe paclpeneseHne u IpyTrue.

Oco6oe MecTo B T€OpUN HAAEKHOCTU 3aHUMAIOT MOIeIN yCKOPeHHBIX ucnbiranmii (AFT —
Accelerated Failure Time), uatepec K KOTOPLIM B TOCJEIHEe BpPEMs BO3pACTAeT B CBI3U C
VBeJIMUeHUEeM IO MTPOU3BOICTBA BBHICOKOHAMEKHBIX 1 BBHICOKOTEXHOJIOTUUHBIX U3OETUN U CHUC-
TeMm. [IpoekTupoBaHme n co3maHme TaKUX YCTPOWCTB OPMEHTHPOBAHO HA 6€30TKA3HYIO paboTy
B TeUueHUe MIUTEILHOTO Mepuoma. 3a BpeMs, KOTOPOe MOXKeT ObITh OTBENeHO Ha MCILITAHUS
U UCCJIENOBAHUS HAMEKHOCTHU TPU HOPMAJIBHBIX YCJIOBUSAX DKCINIYATAINN, BEPOITHOCTb OTKa3a
YCTPOWCTBA OKA3bIBAETCS OUE€HBb MaJjioil. UTOOBl B MOMOOHON CUTYyalWy TOJIYUYUTH MTOCTATOUYHOE
KOJTMYIECTBO MAHHBIX IJIS aHAJIN3a, UCHBITAHUS ITPOBOMAT MPU BO3MIEHCTBUAX, MPEBHIMIAIOIINX
HATPY3KY, PACCINTAHHYIO /I HOPMAJIBHBIX yCa0Buil. COOTBETCTBYIOIINE UCITBITAHNS HA3BIBA-
0T YCKOpPeHHBIMU. [[prMeHeHne MOBBIIIIEHHBIX BO3ACHCTBUI YKOPAUNBAET NINTETHHOCTD KU3HI
CHCTEeM, U OTKa3bl OYIYT HAOTIONATHCS B TeUeHNe BPeMeHW, OTBENEHHOTO Ha cOOp HKCIepUMeH-
TAJIbHBIX TAHHBIX.

AFT-Momenu npemHasHavYeHbl I8 ONEHUBAHUS (DYHKINN HAMEKHOCTH W3Aenuil (cucrem),
pPaboTAIIINX B HOPMAIBHBIX YCIOBUSAX SKCILUIyATANNN (MIPH BO3AEHCTBUN HOPMAIBHBIX HALDY-
30K), 110 JAHHBIM 00 OTKAa3aX, MOJIYUYeHHBIM B Pe3ybTaTe YCKOPeHHBIX ncnbrranuii. OcobeHHOC-
T noctpoerns AFT-monemneit miis pa3ImaHBIX IIAHOB YKCIIEPIMEHTOB, & TaKKe AHATNTUIECKIEe
BBIKJIAIKI ISl UX [HapaMeTpU3anuil mogpobHO paccMOTpeHbl B [5-8].

HecmoTps Ha TO uTO BompocaMm mocTpoeHmus mapamerpudeckux AFT-momemnell mocssiieHo
MHOXKECTBO (B OCHOBHOM 3apy0exkKHbIX ) IIyOIUKAINI, B 5THX 3a0a9aX OCTASTCS MHOTO HEPeIéH-
HBIX po6iieM. Bo-nepsrix, Ha kauecTBo AFT-Monerneii (Ha oneHKE napaMeTpoB) CYIIECTBEHHOe
BIINSHIE OKA3bIBAaeT HAJIMUNE IEeH3yPUPOBAHHBIX HaOMOmeHNH. BO-BTOPLIX, HAINUIO psam mpoo-
7ieM, CBSI3AHHBIX C IPOBEPKON amekBaTHOCTH mocTpoeHubrx AF T-momereii.

Hanpuwmep, ouenkn Makcumasnbaoro npasnononoous (OMIT) napamerpos 3akoHOB pacmpe-
TesIeHns 1Mo MeH3y PpupoBaHHBIM BeIOOpKaM [ win II Tuma aBngtoTcsa acuMmnToTudeckn 3heKTuB-
HBIMU, T. €. B ACUMIITOTUKE MOMUMHSIIOTCS HOPMAJIbHOMY 3aKOHY. OMHAKO TPU OTPAHTIEHHOCTI
00BEMOB BEIOOPOK 1 HAJTMUNH 3HAUNTETLHON NON IeH3YpUPOBAHHLIX HaOmomennit I win [1 Tuma
pacmpeneneHns OIMEeHOK MapaMeTpPOB HAOTIOOAEMBIX 3aKOHOB PaCIpeNeleHnsT BePOITHOCTEN CTa-
HOBSITCSI aCUMMETPUYHBIMI, & CAMU OLEHKN OKa3biBatoTCs cMmeréuubivu [11, 12]. Ecrectsenno,
HTO OTPAKAETCSI HA KAaUeCTBE MOCTPOCHHBIX MOIMENel 3aKOHOB.

Kpome Toro, neH3ypupoBaHme OTpaxaeTcs Ha MPOLEdypax MPOBEPKN ATEKBATHOCTH MO-
neneii. Hampumep, npu mpoBepke CIOXKHBIX TUIOTE3 O MPUHAMLJICKHOCTH TOJHBIX BBIOOPOK K
HEKOTOPOMY TeOPeTHYECKOMY 3aKOHY U ONEHUBAHWUY TapaMeTpPOB 3aKOHA MO TOW XKe CaMOH BbI-
OOpKe pacrpeneseHns] CTATUCTUK HellapaMeTPUUeCKNX KPUTEPUEB COTIACHS 3aBUCIT OT CJemy-
101X (PaKTOPOB: OT 3aKOHA, IO KOTOPOMY MPOBEPSeTCs COTIIache, OT UNC/Ia U THUTIA OMeHEHHBIX
mapaMeTpoB, OT 3HAUEHUs mapameTpa (GopMbl [13-24]. B ciiyuae meH3ypupOBAHHBIX BEIGOPOK K
yKa3aHHBIM (paxTOpaM moOaBIsSeTCs eIIé U 3aBUCUMOCTD PaCIpenesieHnii CTATUCTUK OT CTENeHn
IeH3ypPUPOBaHUs [25].

[Ipn mocTpoennn u ananumze AFT-momeneil mepeunciaeHHbe TPOOIEMEL, CBA3AHHBIE ¢ HAJI-
YneM [EeH3YPUPOBAHHBIX MAHHBIX, COXPAHSIOTCS U yCUINBAIOTCS.

HawuGomee pacnpocTpaHéHHBEIM METOIOM IIPOBEPKHN aMeKBATHOCTHU mapameTpudeckoir AFT-
MOIIeNIN Pe3yIbTaTaM HaOMIONeHUN (M3MepeHNnil) SBISeTCS aHAIN3 3aKOHA DACIPEeNeeHns Tak
HA3bIBAEMBIX OCTATKOB. Ecimu runore3a 0 MpUHAMIEKHOCTU BEIOOPKU OCTATKOB K 0A30BOMY 3a-
KOHY paclpeneieHns He OTKJIOHSEeTCS, TO TO CBUAECTETLCTBYET 00 aIeKBATHOCTHU IOCTPOCHHON
AFT-monmenu. Oguako B myOIuKanusgx, MOCBSIIEHHBIX CTATUCTUKE YCKOPEHHBIX WCIBITAHUI, O
IpPOBEpKe aleKBATHOCTH mocTpoeHHbIX AFT-momeneit wacto nubo e ynomuuaercs [1-3, 58],
au0O0 TPOBEPKY COTJIACHUS BBHIOOPDKH OCTATKOB C 6A30BBIM 3aKOHOM pACIpeNeeHns OCYIIIeCTBIIs-
10T rpaduyeckumn Metonamu [9]. [Ipuamesr 5TOr0 KpooTes Kak pa3 B NpobiaeMax, CBA3aHHBIX
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C WCIOJIBL30BAHNEM KDUTEPUEB COIJIACUS B YCJIOBHUSX MPOBEPKU CIOXKHBIX rumores [13-24], ycy-
ryOJisieMbIX HaJIWYUEM B 3alladax HCCIENOBAHUS HAMNEXKHOCTH [IeH3yPUPOBAHHBIX HAOIONEHMUI],
UTO CKA3LIBAETCS HA CBOMCTBAX ONEHOK MapamMeTpos Momenei [11, 12] u, B ¢Boto ouepens, Toxe
OTPAXKAETCS HA PACIPENENeHUSX CTATUCTUK MPUMEHsSeMBIX Kpurepues cornacus [25]. Heobxo-
OIMOCTB MpoBepkn amekBaTHOCTH AFT-Momeneil cyimecTByeT, 5Toil Mpo6IeMOil CepbE3HO 3aHIM-
MAalOTCS, OMHAKO Ha HACTOSIIIN MOMEHT MOXKHO OOHO3HAUYHO YTBEPXKIAThH, YTO B PAMKAX UUCTO
AHAJIUTUIECKOTO MOMXOMa OHA He MOXKET OBITH pelleHa.

[lens mawHOW PAbOTHI — UCCIENOBAHUE BOMPOCOB MTPOBEPKN AAEKBATHOCTH ITapaMeTPUUIec-
kux AFT-moneneil Ha ocHOBe aHaJM3a BHIOOPOK OCTATKOB.

AFT-monens. [Iycts T — mHeoTpunaTenbHas CilydaiiHas BeIWYINHA, ONMPEIeIsIoias Bpe-
Ms pabOThI UCCIENYEMOTO O0OBEKTa M0 BbIXOma U3 cTpos. DyHKINeNl HaIEKHOCTH HA3ZBIBACTCS
BEPOSITHOCTH O€30TKA3HON pabOTHI 3a HEKOTOPOE BpeMsi HApPabOTKH t:

S(t) = P{T >t} =1— F(1), (1)

roe F'(t) — coorBercTByomias GYHKINS PACTPeNeeHus BePOSTHOCTEI.

HanéxHOoCTb 00BeKTa 3aBUCAT OT HEKOTOPHIX €r0 XapaKTePHCTUK W YCIOBHI HKCIIyaTa-
nny. BamsHne 5THX XapakTepUCTHK YUIUTHIBAIOT C HOMOLIBI OOBICHIIIINX HePEMEeHHEIX (KO-
BAPHUAT), KOTOPBIE B TEOPUN HANENKHOCTH OOBITHO HA3BIBAIOT BO3IEHCTBUSIMI WM HAIDY3KAMIL.

BospeitcrBue z(-) sSBISETCs MOBBIMIEHHBIM II0 OTHOLICHHUIO K BO3meidcTBHIO ¥(-), ecin mis
COOTBETCTBYIOMINX (HYHKINI HANEKHOCTU BBIIOIHSIETCS COOTHOIICHHE

Sm(.)(t) < Sy(.)(t), t>0. (2)

B kauecTBe BO3meicTBUS z(+) MOXKET BBHICTYHATH JHO0ON MOKA3ATETh HKCIITYATAIIOHHOTO TPO-
mecca: HaIpsKeHNe, TaBJeHne, BIaXKXHOCTh, TeMIepaTypa u T. 1.

[lenb yCKOPEHHBIX UCTBITAHUH 3aK/II0UAETCSI B TOM, YTOOBI HA OCHOBE HAHHBIX, MOy YCHHBIX
IpU TOBBIIIIEHHBIX HArpPy3KaX, OIMeHUTb (PYHKINIO HAMEXKHOCTU, COOTBETCTBYIONIIYI0 HOPMATb-
HBIM YCIIOBUSIM (DYHKIMOHUPOBAHMS.

Pacemorpum, HampuMep, ciaenyolnme BO3MOXKHBIE TITTAHBI UCTIBITAHNIN:

1. Habmromaembie 00BEKTHL IEASITCS HA [ TPYIH U TECTUPYIOTCS MO MOCTOSTHHBIMU BO Bpe-
MEHU BO3IEHCTBUSMIE X1, . . ., X[, T. €. IO BO3IeicTBIEeM X;, i = 1, [, TeCTUPYIOTCS N; OOHEKTOB
1-W TPYMIIBL.

2. Bce 00BEKTEI TECTUPYIOTCS TOI CTYMEHIATHLIM BO3meicTBueM 1z (t):

X1, tO <t§t17

:L‘(t) _ X9, 11 <t <o, (3)

x;, tio1<t<t.

[TnaH ucIBITAHUN MOXKET MPENCTABIATH COOON KOMOWHAIINIO MePETINCICHHBIX TIaHOB.
[Tonyuennyio B pe3yibTaTe UCIBLITAHUN BEIOOPKY HAOIIOMEHNH OOBITHO 3aINCHIBAIOT B BUIIE

Xn = {(X1,01,xY), ..., (Xpn, 0, x™)}, (4)

roe 0; = 1, ecnu X; SBIIs€TCS MOMEHTOM OTKaza (mOmHBIM HaGmomenuem), u §; = 0, ecin X;
SBJISIETCSI MOMEHTOM IIEH3yPUPOBAHUS; X' — 3HAUEHUE KOBAPUATHI, MIPU KOTOPOM 3apPETUCTPH-
poBaHo HabmOmeHNe X;.
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[Tapamerpuueckas AFT-monens HaméxHOCTH MOXKET OBITH 3aaHA KaK

Sotn(0) = 5o / r(a(s))ds). (5)
0

roe So(t) = 1 — Fy(t) — 6azoBas dyHKIWs HANEKHOCTH; 7'(+) — HEOTPHUIATENIbHAS (BOYHKIWS
oT BO3meiicTBuUil. B mpumoxkenusx mHamboJee MOMYISPHO WCIOJJIB30BAHNE CAEMYIOIINX MOMIesIei
(pyHKIIUN OT BO3MECTBUIL:

— JOTTINHeHAs MOIeNnb Buma r(x) = ePo+hiw IpUMeHseTCs, HAIPUMep, IJIS aHaIn3a HaH-
HBIX YCTAJOCTHU TP TECTUPOBAHUN PABIUIHBIX HIEKTPOHHBIX KOMIIOHEHT;

— MOIeNh TPABUIIA MOIITHOCTH B dopme r(x) = efot+pfina UCTOJB3YETCA B CIIYyYasX, KOTOa
BO3H617ICTBPI€M ABJIAIOTCA HAIIPsA2KEHNE, MEXaHYECKasl Harpy3Ka;

— Momens Appenuyca Buma r(r) = efo+b/x NpUMeHSeTCs, KOTIa B KadecTBe HAarpy3Ku
BEICTYIAET, HAIPpUMEDP, TeMIepaTypa;

— momenb Buza 7(x) = S0+ A1+ BmEm penonpsyeres, korma Bo3meficTBIIE MHOTOMEPHO
(m — pasMepHOCTH BEKTOPa BO3LENCTBUS).

B cayuae crymenuaToro BO3medcTBHS, KOTHA TJIAH MUCIBITAHUN 3a0AaETCS COOTHOIIEHUEM
(3), pyHKUIUS HANEKHOCTH OOBEKTA, KOTOPHII HAGTIOMAIICS MO BO3IEHCTBUEM X;, OMPENesieTCs
BBIpaKeHneM [5]

Silt) = So (i, B) (¢ — 1) + 3 rlx;, B)(t — t-1) ). (6)

j=1

B nmapamerpuueckux AFT-momensx npenmonaraercs, 9to 6a30Bas GYHKIUS HAXEKHOCTH
So(t) = 1— Fp(t) 3amagércs HEKOTOPBIM MApaMeTPUICCKUM CeMeiicTBOM pacupenenenuit Fy(t; 6).
B kauecTBe 6a30BBIX 3aKOHOB YACTO HCIOJIB3YIOTCS CIIEAYIOLINEe PACIPENeIeHNs:

fo(tae):ieXp(— t)

to b0
— DKCIMIOHEHIINATBHOE;
10.0) = e (5 (0 (7))
— JIOTHOPMAJIbHOE;
0= 8)" oo - ()
— Beiibymnna;

= )" (0 )")™ e 0= 0 )"

— obob1énHOe pacupenenenue Beiibyiia;

0.0~ ()" e (- 1)

— raMMa-pacupenesieHne u Ipyrue.
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OrmeHkn MakCUMAJIBHOTO TIPAaBHOMONoOust Hem3BecTHBIX mapameTrpoB AFT-momenu mo men-
sypupoBanHOit BEIGopke X, = {(X1,61,x),..., (Xp, 0p, X")} MOTYT HAXONUTHCA B Pe3yabTaTe
MaKCUMU3anuu jorapudmMuaeckoil GyHKIUN TPaBIOTONOOus

n

InL(Xn; B,0) = Y (0iln foy(Xi) + (1= 6:)S,()(X3)) (7)
1=1

no mapamerpam (3 u 6.

B Boeipaxennn (7) mnoraocts f(t) momywaercs u3 6azosoit fo(t, @) npu 3aMeHe B MOCIICIHEIT
MacIITabHOTO MapamMeTpa fy BeTuInHOi, 06pATHO TPOMOPINOHATLHON (GYHKIINN OT BO3IEACTBUS
1/r(x).

ITposepka anekBaTHOCTH nTapamerpudeckon AFT-monenu. [[ns npoBepkn amnekBar-
HOCTU TIOCTPOEHHON mapaMerpudeckoin AFT-mMomenu 06bITHO aHATU3UPYIOT BHIGOPKY OCTATKOB,
KOTOPBIE BBIUHUCIISIIOTCS CIIEAYIOIINM 0Opa3oM:

i A .
Z; = Xir(x",B), i=1,n, (8)
IJIS CIIyvas TOCTOSHHBIX BO BPEMEHU BO3MEHCTBUN 1

q
Z; = T(X;, B)(X; —ti—1)+ Z T(X?, B)(tj — tj_l), 1=1,n, 9)
j=1

I CTYIIEHYATOTO BO3/IeiicTBUs Buia (3), rme xfl — HTO 3HAUYEHNE BO3MCHCTBUS, IIPU KOTOPOM 3a-
peructpupoBano Habmomenne X;. Eciu maHHbIe XOPOIIO OMUCHIBAIOTCS MOCTPOEHHOM MOMEbIO,
OCTATKH MOJIKHBI IPUHAIIEKATH K 6a30BOMY 3aKOHY pacupeneieHns oTkas3os Fy(i; é), roe @ —
HallIeHHAS OIEHKA BEKTOpA MapaMeTpOB, CTAHAAPTU30BAHHOMY MO TMApaMeTpy Macinraba (mpu
napamerpe macuiraba 6y = 1).

Il mpoBepKM THUIOTE3BI O MPUHAMIEKHOCTH BLIOOPKEU OCTATKOB K 3aKOHY pacCIpenesie-
aus Fy(t; @) MODYT IPUMEHSATBHCS PA3IIYHBIC KPHTEPHH CODVIACHS, UCIOIB30BAHIE KOTOPHIX B
MAHHON CUTYAIMN COMPSIKEHO CO CIASHYIOIIMME npobieMaMu. Bo-nepBeIX, U3MepeHust, Kak mpa-
BILJIO, OKA3BIBAIOTCS II€H3YPUPOBAHHBIME, UTO OTPAKAETCS W Ha CBOHCTBAX OneHok [11, 12], u
Ha BO3MOKHOCTH TIPUMEHEHNs] KOHKPETHBIX Kpurepues corsiacus [25]. Bo-Bropsix, mposepse-
Masl TUIOTE3a ABJISIETCI CJIO)KHOﬁ, TaK KaK IIO pe3yjJabTaTaM UCIBITAHIN yxe ObLIIN OII€HEHEBI
mapaMeTphl MOMEINH, a Telephb M0 HUM ¥Ke HAIO MPOBEPSITh MUIOTEe3Y.

[Ipu mpoBepKe CIIOXKHBIX TUIOTE3, KOTIa HEM3BECTHBIE TTapaMeTPhI OIEHUBAKOTCS MO TOM XKe
BLIOOpKE, HelmapaMeTPUUIeCKne KPUTEPUN COTJIACUsS TEPSIOT CBONCTBO CBOOOMBI OT pacipemnesie-
Husa. B srom crnyuae pacnpenenenus G(S | Hy) cratuctuk S HemapaMeTpUUIecKuX KPUTEPHEB
corJiacusi TIPHU CIPABEIJIMBOCTH ITPOBEPsIeMOil TUIoTe3bl H( 3aBUCSAT OT HEKOTOPHIX (DAKTOPOB:

— OT BHIa IPEeNNoIaraeMoro 6a30Boro pacupenenenus orkasos Fy(t; 6);

— OT THUIAa U KOJINYeCTBa OIEHWBAEMBIX 110 BHIOOpKE IMapamMeTpPOB;

— OT METOIa OIEHUBAHUS MAaPAMETPOB;

— BO3MOXKHO, OT 3HAUEHUS mapaMeTpa (GopMbI (HATIPUMED, OT 3HAUEHUS MApaMeTpa FaMMa-
pacupenenenns [17] unn obobménHOro pacupenenenus Beibymaa [20]).

Monenu pacnpenesieHnit CTaTUCTUK HeMapaMeTPUUIECKUX Kpurepues corjacusi Komvoro-
posa, Kpamepa — Museca — CwmupuoBa n Aumepcona — [HapmuHra npu mpoBepKe CIIOXKHBIX
runore3 ¢ npumererrmeM OMIT mig pasmmuHbIX KOMOMHAIII MapaMeTpoB B CIIydae MOJIHBIX
BBIGOPOK (6e3 [eH3ypPUPOBAHHBIX HAOIIONEHNIT) IpencTaBieHsl B paborax [17-24].
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II71st TpOBEpKM TUIOTE3BI O MPUHAMIEKHOCTH BBIOOPKH OCTATKOB K 3aKOHY PACIPENeSICHUs
Fy(t; @) npu HaMUIun neH3ypUPOBAHHBIX U3MEPEHUIT MOKHO BOCIOIb30BATHCI MOMU(DUIINPOBAH-
HeIMU KpuTepusMu corjacust Tuna Komamoroposa, Kpamepa — Museca — CmuproBa u Aunep-
coHa — [lapnmHra, B KOTOPBLIX B BEIPAXKEHUSX IS CTATUCTUK BMECTO SMIUPUICCKON DYHKIINT
pacrpenesenns: NCIoIb3yeTcs HeapaMeTpuyeckas ounenka Kammana — Meitepa [26].

O6o3nauum uepes a1 < a2 < ... < ar = 7T, k < n, 3HaAUeHUs MOJHBIX HAOIIONEHUIT
(Zi,0; = 1) B BBIGOPKE OocTaTKOB (Z1,01),(Z2,02),...,(Zn,0n). Torma ouenky Kamnama —
Meiiepa MOXHO BBIYUCTUTH MO (HOPMYIIE

Fu(ty=1- ] (0 =difes), (10)

a; <t

roe d; = Y, 0j; ¢; — KOJIMUECTBO HAOIIONEHUIl, IS KOTOPLIX Zj > a;, j = 1,...,n.
Zj =a;
B monudunuposanrom kpurepun Koamoroposa s MeH3yPUPOBAHHBIX BBIOOPOK B Kaue-
CTBe PACCTOSHUS MEXIY SMIUPUIECKUM U TEOPETUIECKNM 3aKOHAMU PACIpeNeeHns NCIOIb-
3yeTcs BeJIMYNHA,

D, = sup ﬁ'n(t) — Fy(t;0)|,
0<t<r

rie ﬁ'n(t) — ouenka Kammana — Meitepa dyukiun pacnpenenenns; Fy(t; @) — Teopernueckas
(byHKIUS pacrpenesieHus, COOTBETCTBYIOIIAs TPOBEPSIEMOIl THIIOTE3e.

II719 TOro 9TO0BI CHU3UTD 3aBUCHMOCTE PACIHpPEIeNeHns CTATHCTHKA OT 00b&Ma BEIGODKH,
Ipu MaJIBIX N B MOOU(UIMPOBAHHOM KpuTepuu KoIMOroposa meaecoo6pa3Ho MPUMEHNTh CTa-
TUCTHKY C mompaskoii Bombuiesa [27):

_ 6nDp+1
- 6yn ]
rne D, = max{D;", D, }; D} = mzax{ﬁn(ai) — Fo(a;;0)}; D, = mlax{Fb(ai; 0) — F(ai_1)}.

B momudunuposannom kputepun Kpamepa — Muzeca — CMmupHOBa B KauecTBe PaccTOs-
HUSI MEXIY paclpeneleHusIMu OepeTcs BeITmInHa

Sk (11)

T

W? = / (Fu(t) — Folt:8))2dFo(t; 0).
0

Craructuka sToro kpurepus ¢ onenkoin Kamrana — Meiiepa npuauMaeT Bum

S§ = §Fo a1; 0 +7LJZ:1 [ (aj)(Folaj+1;0) — Fo(aj; 0)) —
. 1
— Fo(a)(F§(aj4+1;0) — Fi(aj; 0)) + g(Fo?’(ajH; 0) — Fj(a;;0))|. (12)

B monudunupoBanrom kpurepun Anmepcona — [apiamHra B KauecTBe MePhbI PACCTOSHUS
paccMaTpUBaETCS BEJIMUNHA

B X dFy(t; 0)
0 = [(hite) - Fult ) 28D
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COOTBETCTBEHHO €I0 CTATUCTUKa IIOJIY4YaeTCA B BUOE

S§ :n{ Fy(a1;0) + Z [Fo aj; 0) — Fo(aj1+1;0) + F2(a;)(In Fy(aj+1;0) — In Fy(aj; 8)) —
j=1

— (1 = Fu(a;))*(In(1 — Fy(aj+1;0)) — In(1 — Fy(aj; )| — In(1 — Fy(as; 0))} (13)

HHH TOro 4TOOBI IMETHh BO3MOXKHOCTbH NpUMEHATH Kpurepum COrjiacusd, HeO6XOI[I/IMO 3HATH
pacmpeneneHusl CTATUCTUK DTUX KPUTEPUEB MPU CIPABENJINBOCTU MPOBEPSIEMON TUIOTE3BI, CO-
OTBETCTBYIOILIME MJAHY W pe3yjlbTaTaM HCObBITAHUN, 0a30BOMY 3aKOHY pacupenesieHusi, THUIY
n CTeneHn HOEH3YPUpPOBAHNA. PacnpeaeﬂeHmI CTAaTUCTUK KPpUTEepueB UJIM MPOUOEHTHBIEC TOYKH,
HEOOXOMUMBIe I/ TPOBEPKU TUMOTE3bI, MOTYT OBITH CHOPMYIUPOBAHBL C UCHOIB30BAHIEM TIOM-
xona u3 [17-24], onupatorerocst Ha KOMIIBIOTEPHbBIE TEXHOJIOTUN U CTATUCTHYECKOE MONETNPO-
Banue. Heo6xomuMo 4éTKO MOHUMATDH, UTO HAJIMYNE MHOXKECTBA YKA3aHHBIX (DAKTOPOB, BIIUS-
IOIIUX Ha pachnpeneeHnd CTaTUCTUK BBIIMICICPDEYUCIICHHBIX KPUTEPUEB, HE IMO3BOJIAECT 3apaHee
NOCTPOUTDH PACHpENeIeHns] CTATUCTUK, COOTBETCTBYIOIINE KOHKPETHBIM YCIIOBUSIM UCIBITAHUII.
PeanbHble pe3ynbTaThl UCHBITAHUN U 3HAUEHUS (GAKTOPOB, OT KOTOPBIX 3aBUCAT PacIpeete-
uus G(S| Hp) craructuk S KpuTepueB COrIacus MPU CIPABEMLINBOCTH TPOBEPSIEMON THIOTE3bI
Hy, cTaHOBATCS M3BECTHHI TOMBKO mocie cosmanus AFT-momenu. U Torma myTéMm KOMIOBIOTEp-
HOTO MOOEJIMPOBaHMA CTPOUTCA SMINPUYIECKOE pacClpencjicHne CTaTUCTUKN (I/I.]'II/I axkKe HpI/I6JII/I—
WKEHHAS MOIENb PACIPEIENIEHNs ), TI0 KOTOPOMY MOYKHO BBIUUCIUTH NOCTUCHYTHIA YPOBEHb 3HA-
YUMOCTU W TPUHSITH pelieHne 00 ageKBATHOCTU MOMAeNun. 1akoil MHTePAKTUBHBIN aJIrOPUTM
MOIENUPOBAHUS PACIPENeNeHIll CTATUCTUK UCHOIB3YEeMbIX KPUTEPUEB COTIacus 00eceunBaeT
KOPPEKTHYI0 MPOBEPKY aeKBATHOCTU MOCTPOEHHON MOMIETN.

NHTEepakTUBHBLIA aJTOPUTM MOOEJIUPOBAHUS PACIpPENeJIEHUNl CTATUCTUK KpU-
Tepues. [locaemoBaTENBHOCTE NENCTBUN MPU MOIEINPOBAHUN (MCCICNOBAHNE) PACIPENETeHNS
craructuku G(S | Hy) npuMeHseMOro Kpurepus 3amaéTes CeYIOLIITM o6pazom.

1. CMomenupoBaTh MOJHYIO BEIGOPKY OTKAa30B (X1,61 =1,xY,...,(X,, 61 = 1,x") B co-
OTBETCTBHUI C HPOBepsieMoll Momenbio Fy(i; A, 0) rme Buf — OMH napamMeTpoB MOIEIN MO
ICXOOHOI BBHIOOPKE.

HpI/I 3TOM MOMEHT OTKa3a O6’I)eKTa, HaXOOgIIerocda Ion ITOCTOSIHHBIM BO3H6171CTBPI€M X,
MOIENUPYETCs B COOTBETCTBUE C BhIDAKEHUEM

X = Fy ' (y,0)/r(xi, B), (14)

rIe y — MCeBIOCITyYaiiHas BeMNUNHA, PABHOMEPHO pachpenenéunas uHa unrepsane [0, 1].
MoMeHT 0TKa3a 06BEKTa, HAXOMSIIErocs Mo CTYIeHUATHIM BO3IeicTBIeM (3), MOmeTupy-
ercs cienyiommM obpaszom. BosmeilicTBre X; onpenenseTcss n3 yCJIOBUS MOMAMAHUS BEIMIUHBL I

o i

B unTepsan (b; —1,b;], 7= 1,1, rme by = 0, b; = F0< Yoo (X],ﬁ)( 41— )), by =1.Ecmi=1,
Jj=0

MOMEHT OTKa3a BBIUUCIsAETCS B cooTBercTBun ¢ (14). B mporusrOM ciiyuae

X=ti 1+ |F'(5.0)-> rx-1.08) _tj—l)]/ (i, B). (15)

j=1

2. [Ipu HEOOXOMMMOCTU B COOTBETCTBUU C 3aJAHHOW CXEMON IEeH3ypPUPOBAHUS TPeodbpas3o-
BaTh MOJHYIO BHIGOPKY B Hem3ypupoBanayio: (X1,61,x1), ..., (Xp, 0y, x7).
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3. Onpenemuts OMII mapamerpos B u 0 mo BeiGopke (X1,61,x),. .., (Xn, 0n, X").

4. BBIYuCIuTh OCTATKE I/ HpoBepsiemoit Momenu (mo (8) umu (9)).

5. [To BEIGOpKe OocTATKOB HaliTu 3HaueHne craructuku kpurepus (o (11), (12) munm (13)).

6. IloropwB mnm. 1-5 N pa3, mOAyYnTh SMIUPUIECKOE paCHpeneseHne CTaTUCTUKI
GnN(Sn | Hp).

Bri6op 06béma N 06y CII0BIIEH KeJI1aeMOoil TOYHOCTHIO MOIEeINpoBaHus (onpobHee 0 BEIGOpe
N cwm. B [24]).

B pesynbpraTe mccmemoBaHUS MPOOJIEM, CBA3aHHBIX C NMPUMEHEHHEM MONU(GUINPOBAHHBIX
KPUTEPUEB COTJIACUsI IJIs aHAJN3a BBIOOPOK OCTATKOB, MPEIJIOKEH MHTEePAKTUBHBIN aJIrOPUTM
POBEPKN aNeKBATHOCTH mapameTpuueckoit AFT-momenu, 610K-cxeMa KOTOPOTO MpUBemeHa Ha
puc. 1.

PazpaboTaHHble B MpENCTABICHHOM HNCCIIENOBAHUU AITOPUTMBI MOINETMPOBAHUS PACIpEIe-
JeHnil CTATUCTUK KPUTEpUeB coriacus ¢ mapamerpudeckoii AFT-monenbio HA OCHOBE BEIGOPOK
OCTATKOB PEaIM30BAHBI B IIPOrPAMMHON CHCTEMe CTATUCTUIECKOTO AHAIN3a, MAHHBIX THUIIA, BPe-
menn xu3uu LiTiS [28]. Ora cucrema nossonser Borunciasts OMII napamerpos AFT-momenu
IUTSE IIIPOKOTO KPyra, 6A30BBIX 3aKOHOB PACIPENEEHUS U PA3INIHBIX (QYHKINUNA BO3MEHCTBUS,

Brerancnerne OMIIT é

v

dopMupoBanue BHIGOPKN OCTATKOB 110 (8) mym (9)

v

Beruancienne craructuk kputepues 1o (11), (12) unn (13)

y

Bosnencrsue
3aBHCHUT OT
BpemeHn?

Ianubie
ABIIIOTCS
MTOJTHBIMI !

l \/

B xauecTBe pacnpemesennit CTATUCTHK MomnenupoBanue pacrupenenenuit
G(Sn | HO) MOYKHO HCIIOTB30BATH cratuctuk G (S” | Hy)
PAaCIpeNeNeHns, MOy YeHHbIe B [24] C TIPUMEHEHUEM WM3JI0KEHHOTO BBIIIIE
TSI TIOJTHBIX TAHHBIX 0e3 KOBApUAT aIropuTM™Ma

| |
!

Pacuér nocTurayTOro ypoBHsS 3HAUNMOCTY KPUTEPUsI

Tunoresa Hy npunnmaercs, ecnu o, > @,

B IPOTHUBHOM cilyuae runoresa Hy orsepraercs

Puc. 1. Biok-cxeMa, airopuTMa, IPOBEPKM TUIOTE3EL O COMNIACUN ¢ mapamerpudeckoir AFT-
MOIIEJIBI0 HA OCHOBE BBIOOPOK OCTATKOB
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KOPPEKTHO OCYILIECTBIISATH MpoBepky nocrpoennoit AFT-monenu ¢ ucnonb3oBanneM Momuguim-
POBaHHBIX KPpUTEPUEB COTJIACUA, & TAKKE MOOECJINUPOBATH PacCHIpede/IeHnd OOCHOK N CTaTUCTUK
KpuTepues cormacus s 3agaHabix AFT-Moneneit n miaHOB MpOBEIEHNUS NCIBLITAHMIL.
ViccnenoBanue pacrnpeneseHuil CTATUCTUK KPUTEPUEB B CIy4ae MOCTOSHHBLIX BO
BpeMeHu Bo3nencTBuil. [[poBenéHubie B mpencTaBlIeHHON paboTe HCCICHOBAHUS TOKA3AJIN,
4YTO, KaK 1 CJI€HOBAJIO OKMOATh, B CJIy4Ya€ IMOJJHBIX HAaHHBIX, KOTOa COOTHOIICHUA OJIA CTaTUC-
tuk (11)—(13) coBmamatot ¢ knaccuaeckumu, pacupenenenus G(Sy, | Hy) paccMaTpuBaeMbIX Kpu-
TepueB He 3aBUCAT OT Buma byHkuum npu BosmeicTsun r(-). TakuMm o6pasoM, Hs TPOBEPKH

TUIOTE3Bl O IPUHAIEKHOCTU BEIOOPKU OCTATKOB K pactupenenenuio Fo(t; é) (myis mpoBepKu ame-
kBaTHOCTU mapamerpuueckux AFT-momerneit) ¢ mpuMeHeHneM MOAUGDUIMPOBAHHEIX KPUTEPUEB
COTJIACHs. MOXKHO UCIOJIB30BATh NpenebHble pacupenenerus craructuk G(Sy, | Hy), mpencras-
neruble B [17-23] u HanGosee monHo B padore [24]. PesynbraThl cTaTHCTHYECKOTO MOLEIIPO-
BaHUS MONTBEPIOUIIN, UTO MaXke IMPU MaJBIX 00bEMaX BBIOOPOK OCTATKOB pacIpenereHus CTa-
TUCTUK HeapaMeTpUIeCKnX KPUTEePHeB COBIAMAIT € aNIPOKCHMAIUSIMI PACIPeneIeHn STIX
CTATHUCTUK, MOJYYeHHBIME IJIs Momeseil 6e3 koBapuar [17-24].

B cnyuae neH3ypumpoOBaHHBIX TAHHBIX pAacCHpenesieHns CTATUCTUK 3aBUCSAT KaK OT CTeleHH,
TaxK U OT THIA HeH3ypupoBaHus. [[pu 5ToM BaKHBIM (HAKTOPOM SIBJISIETCST TaKXKe CXeMa IIeH3Y-
pupoBanus. Hanpumep, orpannuenne no BpemMenn (meH3ypupoBanue | THma) miam orpaHudeHne
110 KOTTMYECTBY OTKa30B (men3ypuposanue [ Tuma) MoxkeT GBITH 3a0aHO TU60 eUHBIM I BCEX
n 00BEKTOB, MO0 OIMpeneseHo OTIeIbHO I KaXKIOH Ipynnbl 00beKTOB. B mocrmemuem cioydae
BBIOOpKA OCTATKOB MPENCTAaBIIsIeT cOOO MHOTOKPATHO IEH3YyPUPOBAHHYIO BBHIOODKY.

WNccnenoBanme pacrpeneieHUI CTATUCTUK KPUTEPUEB B CJIydae CTYNEHUYATOIO
Bo3meiicTBUsA. Eciau 00beKTE HAGTIONAINCH IO CTYIEHUATHIM Bo3AeiicTBIeM (3), TO pacmpe-
IeJIeHNs CTATUCTHUK, TTOMYYaeMble Ha OCHOBE BEIGOPOK OCTATKOB (9), MOTYT CYIIIECTBEHHO OTIIH-
YaThCS OT PacCIpeeieHnil CTATUCTUK TTPU MMOCTOSTHHBIX BO BPEMEHU BO3AECTBUsAX. B kauecTBe
npuMepa Ha PHUC. 2 MPEACTAaBICHBI AMIUPUUYECKUE pacipenesieHns craTuctukn Kommoroposa
IpH IPOBEpPKe CIOXKHOI TMIOTe3bl 0 cormacun ¢ mapamerpuueckoit AFT-momensio Beiibymnna
IpU OBYX CHEOVIONINX IJTAHAX MPOBENeHUS NCIBITAHUI.

1. [Tnan ¢ MOCTOSTHHBIM BO3IEHCTBUEM: BCe OOBEKTHI PA3lesIeHbl Ha IBE T'PYIILI C BO3IEH-
CTBUSMU T1 = 1 1 29 = 2 o n1 = 20 u no = 20 HAOTIOOEHUA B KaXKIOMH.

G(Sn | Ho)

L0 e o |
G(Sn | Hy) npn P 3

CTYIEeHYaTOM
BO3MIEICTBUL

08 N
0,61
04 S

i
I
|
|
| )
|
027" 2 4
. G(Sn | Ho) upu
TOCTOSHHOM
BO3IENICTBUL

0 i :
0,2 0,4 0,6 0,8 1,0 1,2 Sy

Puc. 2. Pacupenenenus craructukym KoaMoropoBa Oiisi pa3iIWUHBIX IJIAHOB IPOBE-
OEeHUs UCIBITAHIN
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2. [Tnan co crymeHuaTbiM BosdeiicTBueM: Bce N = 40 HaOIIOIEHUN MOMEINPOBAINCH TTPI
BO3[IEIICTBUNI

r1=1, 0<t<1,
z(t) =
9 =2, t>1.

PaccmaTpuBamack JOTIHHEEHHAS MOneTh GYHKINT oT Bo3meiicTems Buma r(z) = efo+A12,
Wcerunnee sgauvennsa mapamerpos AFT-momenu: Sy = —1, f1 = 1, mapamerp GopMEBL 6a30BOr0O
pacupenenenus f1 = 1. Ouenku mapameTpos [y, S1 u 01 BEIUNCISIINCH METOIOM MaKCHMAJIbHOTO
npapaonomoous. KomuaecTBo Momenupyembrx Bei6opok N = 5000. [Insg cpaBHeHUsS Ha PUCYH-
Ke MPEICTABIICHA ANMPOKCUMAIINs TPENebHOTO pacnupeneseHns craTucTuku Kommoroposa npu
MPOBEpPKe CIIOKHON THUIOTE3bl O COTJIACUN C pacupenenenueM Beiibymma, momrydeHHas B paboTe
[18] mns mamubIX Ge3 koBapuaT (raMma-pacipenenesne ¢ napamerpamu casura 0,2598, macira-
6a 0,0563 u dopmsr 6,6012).

Kak BumuO Ha puc. 2, maxe mpu MOJHBIX TAHHLIX paclpeneeHne CTATUCTUKN KPUTepUs
COTJIACUS IIJIST 3aBUCIINX OT BpeMeHN! KOBapuWaT CYIIECTBEHHO OTINYAETCS OT AITPOKCUMAIIIT
IpeneIbHOTO paclpeneieHns cTaTuCTuKu. Taxum oOpas3oM, B OTJINYHE OT CIAyYas C MOCTOSH-
HBIMI BO BPEMEHN BO3NENCTBUSMU HPUMEHEHNe IIOCTPOEHHBIX B [24] Momeneil pacupemeneHuit
CTATUCTHUK PACCMATPUBAEMBIX KPUTEPUEB M1 BHIUUCICHUS TOCTUTHYTOTO YPOBHS 3HAYUMOCTHT
OymeT HeKOPPEKTHBIM MpU TPOBEPKe amekBaTHOCTH mapamerpmueckoit AFT-momenu ¢ 3aBucs-
[IIMEU OT BPEMEHU KOBAapWATAMU. 3IeCh PACIPENeeHUs] CTATUCTUK MOTYT OBITH TOJIyYeHBI
MEeTOIaMI CTATUCTUIECCKOTO MOMETMPOBAHUS C MCIOJIB30BAHNEM TTPENCTABICHHOTO BBIIIE aJIr0-
puTMma.

Bui6op 6a3oBoii pynknuun HagéxHocTu. OMHON U3 KITIOUEBBIX MPOGIeM MpU MOCTPOe-
HIW TTapaMeTPUIecKux Momenell QyHKInil HaaéKHOCTH, B TOM YHCJIe MOIeNell ¢ KoBapruaTaMu 1
AFT-Mmomeneii, aisgercsa npobdsieMa BeIOOpa 6a30BOT0 3aKOHA, WM CeMeiicTBa pacupenenennii. Ha
NpaKTUKe, KaK MPABUIIO, aIPUOPHON MHOOPMAIINN IS OMHO3HAYHOTO BRIOOpaA 0A30BOTO 3aKOHA
UM ceMelCTBa pacIpeleleHnil 0Ka3bIBaeTCsI HEIOCTATOUHO.

B xauecTBe MephI, yKa3bIBAOIIEH HA MPEANOYTUTETHbHOCTE BEIOOPA TOTO WM WHOTO 6a30BO-
ro pacmpenenenusi BepostaocTeil Fy(z; @), MOXKHO HCHOIB30BATH NOCTUTHYTHIE YPOBHU 3HAUN-
MOCTH, TTOTyIeHHBIE PN TPOBEPKe THUIOTe3 0 TPUHAMIEXKHOCTI BBHIOOPKU OCTATKOB K 6a30BOMY
saxony Fo(2;0) ¢ IOMOIIBIO KPHTEPHEB COrTACIHL

IIpumep 1. IIpomeMoHCTpUpPYeM TaKyi BO3MOXKHOCTL Ha MpuMepe mombopa 0a30Boi
GyHKIUN pacupeneneHus s 330a9U TOCTPOEHUs (PYHKINN HAIEKHOCTH SJIEKTPON30JISIINOH-
HBIX KUIKOCTEH, Pe3yIbTAThl YCKOPEHHBIX UCIBITAHUI KOTOPLIX NpHUBeneHsl B [2]. B ucmeira-
HUSIX BCE OOBEKTHI ObLIN pa3OUTHI HA CeMb T'PyN. BHYTpu KaXmoit rpynnbl 06 beKThHl HaOII0ma-
JIUCH O TIOCTOSTHHBIM TOBBIIIEHHBIM HampsxkeHueM oT 26 mo 38 kB. [lenb yCKOpeHHBIX UCIIBI-
TaHU 3aK/TI0YaIach B OIEeHKe QYHKINN HAMEKHOCTU AIEKTPOM3OIIINOHHBIX KUTKOCTEH MO
«HOpMaJIbHBIM HanpsikerneMm B 20 kB. 3amernm, 910 B 9TUX 5KCIePUMEHTAX BCE UCITBITAHUS
3aKaHUYNBAINCH OTKA30M UCIBITYEMOTO OOBEKTa, CIeMOBATEIbHO, MaHHbIe 00 OTKa3aX SBIISIOT-
Csl MONHBIME (HET LEeH3ypHPOBaHHLIX HaOmionenuit) (rabm. 1). Cremyer o6paTuTh BHEMAaHHE,
YTO BpeMs OT Havajla UCIBITAHUS O MOMEHTAa OTKa3a C MOBBLIIIIEHIEM HAMPSKEHNS CYIIeCTBEH-
HO COKDPAIIAeTCs, N; YKa3bIBaeT Ha YNCJIO WCIBITAHUN, TPOBEOEHHBIX MON COOTBETCTBYIOIIEN
HATPY3KOIL.

dyHKIUsS BO3IENCTBIS BEIOpAHA B TakoM ke Bume, kKak u B [2]: r(z) = ef0 /102 B gaqe-
CTBe BO3MOXKHBIX BapMAHTOB 0A30BBIX pacCHpeneeHnil PACCMOTPEHBI CIeMYIOIINe 3aKOHBI: HKC-
MOHEeHINAIbHLIN, Beiibynna, o600méHHbIin Beitbynma n raMma-paciupeneneHne.

Tak kax DaHHbBIE SBISIIOTCS MOTHBIMU (LEH3YPUPOBAHHBIE M3MEPEHUs] OTCYTCTBYIOT), TO
B KauecTBe MPenebHBIX paclpeneeHnii CTATHCTUK PAcCMATPUBAEMBIX MOTUMDUIINPOBAHHBIX
KPUTEPHEB COTJIACHS MOTYT OBITH B3STHI Mozenu u3 [17-24].



H. C. T'anauosa, b. FO. Jlememxo, E. B. Yumurosa 63

Tabauma 1
Il;1aH HCOBITAHUII U MOMEHTBI OTKa30B

Hampsixenne, kB | n; MomeHTHI 0TKa30B, MUH

26 3 5,79, 1579,52, 2323,7

28 5 68,85, 426,07, 110,29, 108,29, 1067,6

30 11 | 17,05, 22,66, 21,02, 175,88, 139,07, 144,12, 20,46, 43,40, 194,90, 47,30, 7,74

32 15 0,40, 82,85, 9,88, 89,29, 215,10, 2,75, 0,79, 15,93, 3,91,
0,27, 0,69, 100,58, 27,80, 13,95, 53,24

34 19 0,96, 4,15, 0,19, 0,78, 8,01, 31,75, 7,35, 6,50, 8,27, 33,91, 32,52,

3,16, 4,85, 2,78, 4,67, 1,31, 12,06, 36,71, 72,89

36 15 1,97, 0,59, 2,58, 1,69, 2,71, 25,50, 0,35, 0,99,
3,99, 3,67, 2,07, 0,96, 5,35, 2,90, 13,77

38 8 0,47, 0,73, 1,40, 0,74, 0,39, 1,13, 0,09, 2,38

B Tabn. 2 npencrasieHBl NOLyYEHHBIE ONEHKHW mapaMeTpoB momenei, 95 %-meri mosepu-
TeJILHBIT NHTEPBAJI I OIEHOK mapaMeTpPOB MOIeTell, a TakKe 3HaAUeHns jJorapudma QyHKINT
IPaBOOMOIOOMS.

B Tabn. 3 mpuBemeHbI BBIUNCIEHHBIE 3HAUEHUS CTATUCTHUK MPUMEHSEMBIX KPUTEPUEB CO-
I7IacUs U JOCTUTHYTHIE YPOBHU 3HAUNMOCTH.

BemencTBue TOTO UTO B MAHHOM TIpHMepe OTCYTCTBOBAIU IEeH3YPUPOBAHHBIE M3MEpEHNs,
IpH IPOBEpKe aIeKBATHOCTH U BBIOOpe Hanbomee monxomsiieir AFT-mMonenu B kauecTBe pacipe-
IeJIEHUi CTATUCTUK MPUMEHSEMBIX KPUTEPUEB COTIIACHS OBLIN B3ATHI PE3yIbTATHL u3 [17-24].
Kax Bumao n3 Tabn. 3, mpu ypoBHe 3HaunMOocT @ < 0,09 rumoTesa o coriacum He OTBEPTraeTCs
ITIS BCEX MOJeseil, KpoMe MOIeTN, TOCTPOEHHO Ha OCHOBE HKCIIOHEHIINAIBLHOTO 3aKOoHA. OmHAKO
miast AFT-momenu, co3mannoil Ha 0CHOBe 000OIIEHHOTO pactpeneenus BeitOyiia, DOCTUTHY Thie
YPOBHU 3HAYMMOCTH MO BCEM KPUTEPUSIM CYIIeCTBeHHO Bbire. CIenoBaTenbHO, 5Ta MOMeNb 1
SIBJISIETCS HAanMbOJIee TPeNNOITUTEIHHON 13 pACCMOTPEHHBIX 0a30BBIX 3aKOHOB.

Tabauna 2
OneHkKy mapaMeTpOB U [IOBEPUTEIbLHbIE NHTEPBAJIbI

Bbazoswiit 3axon Ouenkn IloBepuTeILHBIN UHTEPBAJT InL
OKCIOHEHINATBLHBII ﬂOA: —64,1303 —64,17 —64,10 —305,55
By = 17,481 17,47 17,49
Bo = —63,8973 63,98 —63,81
BeitGymta By = 17,457 17,43 17,48 —300,83
6, = 0,7762 0,74 0,82
By = —64,3374 —64,42 —64,26
Camma, By =17,434 17,41 17,46 —301,61
6, = 0,6923 0,65 0,73
By = —62,8442 —62,98 —62,72
O6061énnsi Beiibynna BAl = 17,402 17,36 17,44 —300,47
6, = 0,9238 0,87 0,98
6, = 1,6220 1,53 1,72
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Tabauma 3

Pe3yabTaThl IPOBEPKU T'UOOTES
0 IIPUHANJIE2KHOCTU BBIOGOPKM OCTATKOB K 0a30BBIM pacHmpenesieHUSIM OTKa30B

Kpurepuit
BasoBbIii 3aK0H Kommoroposa, Kpawmepa — Museca — | Agpepcona — Iaprmrra
CmupuoBa
Sy P{S, > S;} Sy P{S, > S:} Sy P{S, > S:}
DKCIOHEHINATLHELI 1,46 0,00 0,51 0,00 2,95 0,00
BeiiGymna 0,67 0,33 0,06 0,29 0,39 0,38
Tamma 0,86 0,10 0,11 0,09 0,62 0,12
O6006wénnnii Beibyia 0,55 0,76 0,04 0,71 0,28 0,70

ITpumep 2. B kauecTBe nmpumepa momdbopa MOMEIN 1O MEeH3YPUPOBAHHBIM U3MEPEHUSIM
paccMOTpUM MaHHBIE 00 0TKa3aX MOTOPOB. [lan ncneITanuil u naHHbe 00 OTKa3aX MPUBEIEHbI
B [29], a ux anamuz — B [30, 3.

B mpenmaraemoii paboTe uccaemyeMble OO0BEKTH HNOMETeHb Ha YeThIpe TPYINBL, B KaXKIOH
13 KOTOPBIX OHU HaOJIIOMAJINCH MOl BO3IENCTBUEM TOBHIIIIEHHON TeMmepaTyphl. Bpems ucnbira-
HUI OBIJIO OTPAHUYEHO IS Kaxkmou rpynmel. 3 Habmonaembrx 40 o6bexToB oTkaszanu 17. [enb
NCCIENOBAHUN 3aKTI0YATACh B OIEHKe HANEXKHOCTH OOBEKTOB B HOPMAJIBHBIX YCIIOBUAX (DYHK-
nunonupoBauus — upu Temmeparype 130 °C. B Tabn. 4 npuBemeHbl 3HAUEHUs MOBBIIIEHHOTO
BOBMENCTBUS MJIsT KAXKIOH W3 TPYII U MOMEHTHI OTKA30B.

B kauecTBe GyHKIUU OT BO3MEHCTBUs ObIa BHIOpAHA Ta ¥Ke, UTO U B [3], mormuHeiHas
mozenb Buga r(z(x)) = e +812()  pre spavenne BosneiicTeus (B rpamycax Ilenbens) nepecan-
THIBAETCS B COOTBETCTBUU ¢ cooTHoIeHneM z(z) = 1000/(273,2 + x).

B ta6n. 5 npuBeneHs noaydeHHbIe OneHKN, 95 Y%-HEBIll HOBEPUTENbHBIN NHTEPBAJ U 3HAUE-
HIs GYHKINE TPaBIONONOONs Mt pa3nundubix mapamerpuueckux AFT-momeneii.

[To snauenusm In L mist pacemorperabix AF T-mMomerneit MOXKHO TPEANIONIOKNTE, 9TO TPEITIO-
YTUTETBHBIMI SBISIOTCS MOOENN, OMUpAoIIecs Ha 6a30Bble 3aKOHBI pacupenenenus BeibGymma
n o6o0méHub BeitGymna. s ompenenenns nanbonee momxomsieir AFT-monenu ¢ ncmomnb3o-
BaHUEM HEMapaMeTPUUIECKNX KPUTEPHUEB COTJIACHUS MPOBEPSIINCH TUMOTE3bI O MPUHAMLICKHOCTH
BBIOOPOK OCTATKOB K COOTBETCTBYIOIIEMY 6a30BOMY 3aKOHY. PacrpenesieHust CTaTUCTUK KPUTe-
pueB, IPUMeHSeMbIX I IPOBEPKU CIIOXKHBIX TUIMOTe3 OTHOCUTETBHO PACCMATPUBAEMBIX 3aKO-

Tabnuma 4

Ilmau IIpoBegeHuss HCIIbBITAHAN M MOMEHTBI OTKAa30B

Temmneparypa, °C Bpemena orkasos, u
150 Hensypuporano 10 8 moment 8064
170 1764, 2772, 3444, 3542, 3780, 4860, 5196

eun3ypuposano 3 B momenT 5448

190 408, 408, 1344, 1344, 1440
Hensypuposano 5 B MmomeHT 1680

290 408, 408, 504, 504, 504
[Men3ypupoBaHO 5 B MOMEHT 528




H. C. T'anauosa, b. FO. Jlememxo, E. B. Yumurosa 65

Tabauma 5
Mopmesiu 6a30BbIX 3aKOHOB pacrpenesieHus:

Basoeriit 3axon Ouenkn HoBepuTenbHLIN HHTEPBAI InL
Bo = 15,2813 15,20 15,36
OKCIOHEHITNABLHBII - —155,3647
£1 = —10,8408 —10,88 —-10,81
Bo = 12,9681 12,92 13,02
Beii6ymnma B = —9,5471 —9,57 —9,53 —146,2894
6, = 3,0867 2,76 3,44
Bo = 14,5602 14,50 14,62
Tamma B = —9,5845 —9.,61 —9,56 —147,3728
6; = 4,4626 4,26 4,68
Bo = 10,5386 10,43 10,57
O606ménns Beitbymma B} = —9,6778 —9,73 —9,66 —145,8709
6, = 2,6329 2,60 2,73
fs = 0,0010 0,00 0,0013
Bo = 13,2782 13,21 13,34
JlorHOpMabHBIL B = —9,6591 9,63 9,69 —148,5752
6, = 0,5927 0,54 0,65

HOB (IIPU HAJIMYNM UMEIOIIENCS B TAHHOM CIIyuae CTeleHH IeH3yPUPOBAHUS), HEM3BECTHEI, HO
OHI HeOOXONUMBI 71t GOPMUPOBAHUS OKOHYIATEILHOTO BEIBONA. [loguepkHéM, UTO Tpu mMpoBepKe
CJIOXKHBIX THIIOTE3 OTHOCUTE/IHFHO OOOOIIEHHOTO pacipeneeHus BeiiOyiia pacupeneseHus cTa-
TUCTUK COOTBETCTBYOLIMX Kpurepues cornacust G(Sy, | Hy) 3aBucaT oT 3HaYeHUs mapamerpa
fy 5TOro pacupeneseHus.

Tax kax B OMICAHHOM 3KCIepUMeHTe MPUCYTCTBOBAJIO IeH3ypupoBaHue | Tumna, mis Haxo-
KIeHUs d>Moupuueckux pacupenenesnit G(Sy, | Hy) cratuctuk (11)—(13) MonudbunumpoBaHHBIX
HemapaMeTpUiecKux KputepueB coryiacus Kommoroposa, Kpamepa — Mwuseca — CmuproBa
u Aunepcona — [lapiauHra MCHOIB30BaHA METONNKA KOMIBIOTEDHOrO Momenuposanus [31] u
ONMMCAHHBIN BBIIIE AJITOPUTM MOOETMPOBAHUS PACTPENeIeHNl CTATUCTUK KPUTEPUEB COTJIACHS,
npuMeHseMbIX B 3amadax aHaim3a AFT-monenmeii. OMmnupuueckne pacupeneneHns CTATHCTUK
MOIIEJINPOBAIIICH B COOTBETCTBHUN C YCJIOBUSIMU MCTIBITAHWUN, 3aaHHBIME B Ta0I. 4 (Harpysku,
MOMEHTHI [EeH3YPUPOBAHUS, YUCJIO TPYII U KOJINIECTBO O0BbEeKTOB B rpymnme npu n = 40). A
maJiee mo MOCTPOeHHBIM pactpenenenusy G(Sy, | Hy) ¢CTATUCTUK U BBIYUCIEHHBIM 110 BHIOOPKAM
OCTATKOB 3HAUYEHUSIM CTATUCTHUK S, KPUTEPHEB COTJIACHS OMNpEeNeseHbl HOCTUTHYTHIE YDPOBHI
smaunmoctu P{S, > Sk}

[Tosyuennsle B pe3yiabTaTe aHAIN3a 3HAUEHUS CTATHCTUK S, KPUTEPHEB COIJIACUS H JIO-
cTUrHyTHle ypoBHEU 3HauuMmocTun P{S, > S’} npusemensr B Tabn. 6. Kax sumum, B o6Gonx
CayJasx MmpoBepsieMas TUMOTe3a He OTKJIOHSEeTCS, OMHAKO IJIs MOIEeIN, CO3MAHHON Ha Oa3e pac-
npenenenus BeiOyia, IOCTUTHY ThIe YPOBHE 3HAYNMOCTHU HECKOJIBKO BhIMIe. Taxum o6pa3oMm, Ha
OCHOBAHUU MPOBEPKU THUMOTE3 MpeamnouTenune ornaéres Gomee mpoctoit AFT-monenu dyHKun
HAIEXKHOCTH, MMOCTPOEHHON MPU HCIOIL30BAHNN B KadecTBe 0A30BOTO 3aKOHA OTKA30B pacIpe-
nenenus BeiiOynma. B To ke BpeMs 10 3HaUYeHHSM CTATHCTUK KPUTEPUEB MOXKHO BUIETH, UTO B
mauaoM cityuae AFT-mMomens, monmydennas mpu BeIOOpe B KauecTBe 6a30BOTO 3aKOHA 000OIIIEHHO-
ro pacupenenenus BeiiOynia, nMmerortero emé u napameTp GopMbl, 6/1mKe K onenke Kammana —
Meiiepa, BBIYUCIEHHON MO pe3yjibTaTaM UCHBITAHUN U SBIISIOIIENCS aHAJIOMOM DMIUPUIECKON
(pyHKIIIM pacupeneeHns.
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Tabnuma 6

Pe3yabTaThl IPOBEPKU T'UOOTES
O DPUHANJIEXKHOCTHU BBIOOPKM OCTAaTKOB K 62a30BOMY 3aKOHY

Kpurepnii
BasoBbIil 3aK0H Komnmoroposa, Kpamepa — Mumseca — Annepcona — Iapauura
CmupnoBa
Sy P{S, > S} Sy P{S, > S} Sy P{S, > S}
Beiibyma 1,64 0,48 0,36 0,48 1,93 0,46
O6061Ennsi Beiibynna 1,63 0,42 0,35 0,41 1,90 0,40

B 3apmavax BRRKWBaHUS U HAIEKHOCTH Hepemko Hanmume meH3ypupoBanus [II Tuma, mpnm
KOTOPOM MOMEHTHI IIeH3YPUPOBAHNUS TPENCTABIISIIOT COO0H HEe3aBUCUMBIE CIyUYallHble BETNINHEL.
[TpoGemer, BOZHUKAIOIINE B 33a49aX NOCTpoeHust u npoBepkn agekBaTHocTn AFT-Mmomeneit mpu
CIyJYailHOM IeH3YPUPOBAHNIN, CIIOXKHEe U MeHee n3ydeHHl. [IpuHnunuaabaas TPYOHOCTH 3aKITIO-
YaeTCsl B TOM, UTO, KaK MPABUJIO, OTCYTCTBYET MHOOPMAIUS O 3aKOHE PACIIPENeSICHIST MOMEHTOB
neH3ypupoBaHus. B paMkax maHHON PabOTHI MBI OFPAHUUUIINCH PE3YIbTaTaMU, CBI3AHHBIMU C
HOJTHBIMU BBIOOpKamMu u BeiOOpkamu ¢ nenzypupoBanueM [ m II Tumos, octaBuB Ha Gymytiee
mpo6IeMBl, BO3HUKAIOIINE B 3amadaX mpoBepku amekBaTHocTn AFT-momeneit mpu criydaitHOM
[EH3YPUPOBAHUN PE3YIHTATOB UCIBITAHUIA.

3akmrouenne. B npencrasneHHoi paboTe pacCMOTPEHO MOCTPOEHUE MOEeIel YCKOPEeHHBIX
UCTBITAHUN U1 HamOoJsiee TOIMYJISIPHBIX BUIOB (QYHKINHN BO3HOEHCTBUSI PA3IUIHBIX HAIPY30K,
NCIOJIBE3YEeMBIX B ICCIIENOBAHUAX HANEKHOCTU U AHATU3E BHIKIBAEMOCTH.

[TomesnocTs cozmanuoit AFT-momenu onpenensercs: TeM, HACKOIBKO TOTHO MTPOTHO3UPYeMast
byHKUMS HATEKHOCTH, HAlNEHHAS 1O Pe3yJbTaTaM YCKOPEHHBIX MCHBITAHWN (IPU MHOBBIIIEH-
HBIX HAIPY3KaX) TeCTUPYEMBIX 00BEKTOB, COOTBETCTBYET HEU3BECTHON (DYHKIINN HAMEKHOCTH,
XapaKTepu3yoieil KuBy4ecTh 0ObEKTOB B HOPMAJIbHBIX YCIOBUSIX.

06 amexkBaTHOCTHU MOCTPOEHHON mapameTpuueckoir AFT-mMonenun MOXKHO CyIuTh IO aHAH-
3y BBIOOpKU OCTaTKOB. PerieHue 00 amekBaTHOCTH MOMNEIN MOXKHO NMPUHSATH MO PE3yIbTaTaM
IPOBEPKU TUMOTE3BI O MPUHAMIEKHOCTH BBIOOPKN OCTATKOB 06a30BOMY 3aKOHY DACIIpPeleIeHIs.
Taxast mpoBepka OCYIIECTBIISIETCS C TOMOIITBI0 MOAUMUIMPOBAHHBIX HEMApPaMEeTPUUIECKUX KPU-
TepueB COTJIACUs.

[Tokazano, 9TO B CiIydae MOJHBIX NAHHBIX (DU OTCYTCTBUE IEH3YPUPOBAHHBIX HAGIIIONE-
HUIl) U TpPU TOCTOSHHBIX BO BPEMEHN BO3NEHCTBUSX B KAUECTBE MPENETbHLIX DACTPeNeTeHui
craTucTuk MomubuupoBaHHbXx kpuTepues Komvoroposa, Kpamepa — Muzeca — Cmupro-
Ba u Aumepcona — JlapiumHra UCIOMB3YIOTCA MOIEIN, co3nanubie B [17-24] nms knaccuuecknx
KPUTEPUEB B YCIOBUSAX MPOBEPKU CJIOKHBIX TUIIOTE3.

[Tpu wamuuun nensypupoBanubix HabOmoneHuit [ wian I Tuna HeobxonuMbIe pacupeneneHus
CTATUCTUK MOOUMDUIIPOBAHHBIX KPUTEPUEB COTACUs Oe3 MPUHIININAIBHBIX TPYIHOCTEH MOTYT
OBITH TOJYYEHBI METOMAMU CTATUCTUIECKOTO MOIEINPOBAHMS.

[ToxazaHo, 9TO, TOCTIENOBATENIHHO OCYIIIECTBIIIS AaHAJIN3 BEIGOPOK OCTATKOB, COOTBETCTBYIO-
IIINX HEKOTOPOMY MHOXKECTBY 6a30BBIX 3aKOHOB PACIIPENE/ICHIST BEPOSITHOCTEN, TI0 MAKCUMAIbHO-
MY IOCTHUTAeMOMY YPOBHIO 3HAUMMOCTH IJIsI KDUTEPUEB COTIIACHS MOXKHO TOTOOPATH HANITY IIIINi
6a30BBIl 3aKOH, a CIIEIOBATEIHLHO, U HAWIYUINYI0 3 paccmaTpuBaeMbix AFT-momens.
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