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OBIITAA XAPAKTEPUCTUKA PABOTbI

AkTyasibHOCTB padoThl. [Ipn 06pabOTKE CTATUCTUICCKUX JIAHHBIX BO3-
HUKaeT HeOOXOTUMOCTh TMTOCTPOEHUS OIEHOK BEPOSATHOCTHBIX XapaKTEPUCTUK CITy-
YaWHBIX BEJUYUH, SIBJAIONIUXCS (PYHKIIMOHAJAMHM OT HEM3BECTHBIX PacIpesiesie-
Huit. B cutyaruu, Korjia QyHKIIMOHAJIBHBIN BUJI KICKOMOTO PACIpe/Ie/IeHNsT HEN3-
BECTEH, W NPObJIEMY HeTb3sl CBECTU K MapaMeTPUYeCKOMY OIEHUBAHUIO, TTPUMe-
HSIOT HETapaMeTPUYecKne ONEHKH, ToJydaeMble TyTeM TMO/ICTAHOBKY B MCKOMBbI
byHKITMOHA SMIMPUIECKON (PYHKIINN.

Ha mnpakTuke MMeOT MECTO CIydad, KOIJIa B YCJOBUSAX HelapameTpude-
CKOIl alpMOpHOI HEeOIpeIeIEeHHOCTY CYIIECTBYET AOMOJTHUTENbHAS MH(MOPMAIILs
0 QYHKITUM Pacpe/iesieHus UCC/IelyeMOoit CaydaiiHOl BeJTUYNHBI, HAIIPUMep, ee
HENPEePBIBHOCTY, CUMMETPUYHOCTH, MOMeHTax U mp. McTounukom 3Toit nndopma-
IIUU MOTYT CJYKUTb YCJIOBUSI SKCIEPUMEHTa, TEOPETHUEeCKNe BBIBOJbI, (DU3MUe-
CKUIT CMBICJT aHAJIU3UPYEMOH ciryuaitHoit Besimanabl u T.71. Ci1e10BaTebHO, BO3SHU-
KAIOT BOTIPOCH yUETa UMEOIENCs TIOTOTHUTENbHON MHDOPMAIINT TPY TOCTPOEHUN
HeTMapaMeTPUIeCKUX OIeHOK pacipejeaennii, (byHKIIMOHAJIOB OT HUX, KPUTEPUEB
MIPOBEPKU TUIIOTE3, & TaKXKe HCCIeJTOBAHUN CBONCTB IONYyYaeMbIX IIPU 3TOM CTa-
TUCTUK.

3agaun IpUBJIEYEHUS AIPUOPHON MHPOPMAIMKY IIPU CTATHCTUIECKONR 00-
paboTKe HaHHBIX paccmarpuBajuch B paborax FO.H. Tiopuna, E.F. Schuster,
D. Hinkley, B.4. Jlesura, KO.A. Komesnuka, B.H. Ilyrauesa, ®.II. Tapacen-
ko, FO.I'. JImurpuesa, I'M. Komknna, KO.K. Ycrurosa. OgHako B 9Tux paborax
IpeIIoIaraaoch 3HaHUe IOJIHON BBIOOpKM. Ha mpakxThke 9acToO BO3HUKAIOT CH-
Tyaly, KOI'JIa BbIOOPKA, SIBJISIETCSl HEIOJHOM, a MMEHHO ype3aHHOM (ycequHOf’/I)
WJIN 1IeH3y PUPOBAaHHOK. JlaHHBIE TAKOTO PO BCTPEUYAIOTCI B TEOPUH HAIEKHOCTH,
IIpHU IPOBEAECHUN MEIUIIMHCKUX, OMOJIOTMYEeCKNX, OeMOrpahuIecKX, SKOHOMITYIE-
CKUX MCCIEeIOBAHUI U IIpP. SHAYNTE/BbHBIN BKJIAJ B pelleHne mpodiaem obpadoTKn
HenoaubiX BeIOOpoK BHecan B.M. Ckpunuuk, A.E. Haszun, FO.H. Bnarosemen-
ckuit, FO.I'. [Ipuxogpko, A.C. Aranos, B.1O. Jlememxko, M.C. Tuxos u ap.

B cBgasu ¢ Tem, 4TO 1EH3YPUPOBAHKUE U ypPe3aHUE PUBOJAT K CYIIECTBEH-
HBIM IOTEPSIM MHQOPMALIH, HEOOXOAMMOCTh B UCIONIL30BAHNAN JOMOTHATEILHBIX
CBEJIEHUIT O pacIpeie/IeHIN CTAHOBUTCS OCOOEHHO aKTyajbHOi. KpomMe Toro, mpo-
BEJIEHNE MHOTUX IKCIEPHMEHTOB 3aTPATHO MK TpeOyeT MHOTO BpeMeHH TS TI0-
JIYYEeHUs Pe3yJbTaTOB, IO3TOMY BO3HUKAET 3aJlava IPUBJEUEeHNs allPUOPHBIX CBe-
JeHuit o pacrpeeseHun AJ1sI COKpallleHNsl KOJIUYIeCTBa MCHBITAHUI W MPOIOIKU-
TeJIbHOCTU OIIBITOB.



Bce BhITIIeCKa3aHHOE TIOKA3bIBAET aKTYaJbHOCTb PAOOTHI, IOCBSTIEHHOM TTPO-
OsieMe TIpUBJIeYeHUs] allPUOPHON MHMOPMAIUU O PA3IUYHBIX THUIAX CUMMETPUN
pacrupeneseHus Mpru TMOCTPOEHUHN CTATUCTUIECKUX TPOTIEAYP 00paboTKM JaHHBIX
KaK JIJIs TIOJTHBIX, TaK U JJIsT 1IeH3YPUPOBAHHBIX U YPEe3aHHBIX BHIOOPOK.

IMesas pabotsl. llennbio nccnemoBanuil BASIETCS MTOCTPOSHIE CTATUCTUYE-
CKUX TIPOIEIyp 00pabOTKU KAaK IMOJIHBIX, TAK U HEIOJHBIX (I€H3YPUPOBAHHBIX W
YPE3aHHbBIX) BBIGOPOK C UCIIOIb30BAHNEM MHMDOPMALNK O PA3JIUYHBIX BHIAX CHM-
MeTpuu (PYHKIINYN pacIpeeseHus], a TakKXKe aHaJIu3 UX CBOUCTB.

MeTtomuka nccienoBaHud. [Ipu pelerny ocTaBaeHHBIX 33,134 IIPUMe-
HSIJTACh METO/Ibl MaTEMATHYECKOr0 aHaaMn3a, (DYHKIIMOHAJIHHOTO aHAIN3a, TEOPUN
BEPOSITHOCTEN, MATEMATHYECKON CTATUCTUKHI, NMUTAIIMOHHOIO MOIETHPOBAHIS.

Hayunas HOBU3HA PabOTHI COCTOUT B TOM, UTO B HEIi:

— Mpea/IoXKeHbl HOBBIE KJIACChl paclipeesiennii, obagaolire CBoHCTBAMI
CUMMETPUU Pa3JIUIHOTO XapaKTepa;

— pa3paboTaHbl METOAbI MPHUBJIEUYEHUsT UHMOPMAIIUNA O PA3IUYHBIX BUIAX
CUMMETPUU B MOCTPOEHNU CTATUCTUYECKNX TTPOIEYP KaK JJIS MTOTHBIX, TaK U JIJIs
IIEH3YPUPOBAHHBIX U YPE3aHHBIX BHIOOPOK;

—  OpeioKeHbl MOAMMPUIMPOBAHHBIE C VIETOM PAa3JUYHBIX BUIOB
cuMMeTpun Kpurepuu corsacus Koamoroposa;

— M3Y4YeHbl CBOMCTBA MOAMMUIIMPOBAHHBIX KPUTEPHEB, & TaKKe OIEHOK
HEM3BECTHON (DYHKIIMU pACTpeIeeHns KaK JJId TOJHBIX, TaK W JJIA IeH3yPH-
POBAHHBLIX U YPE3aHHBIX BHIOOPOK.

IIpakTuieckoe 3HaUeHUE PabOTHI 3aK/IIOYAETCS B TOM, UTO MPeIo-
JKeHHbIe CTAaTUCTUYECKHe TPOIEAYPhl MOTYT 3HAUYUTEIbHO COKPATUTH 3aTPAThI
(PUHAHCOBBIX CPEJCTB U BPEMEHH Ha, SKCIIEPUMEHT, YIYUIIUTh KaUeCTBO KJIacCuie-
CKUX OIIEHOK M KPUTEPHUEB, BOCIIOHUTD ITOTEPIO NH(MOPMAIINY, BOSHUKAIOIIYIO TPU
yCeUueHUN 1 1IeH3y pupoBaHnn, 3ppeKTUBHEE TJIaHUPOBATH MPOBEEHIEe HATYPHOTO
SKCIIEepUMEHTA.

Armnpobamnusa paboTsl

PaboTa mokmagnpiBagach U 00CYKIaJach Ha HAYIHBIX CEMUHApaX Kadeaphb
TeopeTnyecKo# KubepHeTUKN (paKyabTeTa MPUKJIAIHON MaTeMaTHKNU U KHOepHe-
uku TT'Y, a Takke Ha CIeAYIOMNUX HAYIHBIX KOH(MEPEHINIX U CUMIO3UYMaX:

Hayuno-ipaktudeckuit cemunap "[Ipobsembl cuHTE3a M IPOECKTUPOBAHUS
cucreMm apromarudeckoro yupasienus" (Hosocubupcek, 2001); 111 Beepoceniickmii
CHUMIIO3HMYM 110 IIPUKJIAHOM 1 TpombiiierHoit maremaruke (Coun, 2002, Ocennss



ceccust); Beepocceniickast nayano-npaktudeckasi Koudepennus "Mubopmarmon-
HbIe TEXHOJIOTUY U MareMaTndeckoe mogenuposanue’ ( Ankepo-Cymxenck, 2002);
X 100uIefiHbII CUMIIO3UYM I10 HETTaPpaMETPUIECKUM U POOACTHBIM CTATUCTUIECKIM
meronam B kubepreruke (Tomck, 2002); Il Cubupckast HaydHasi MIKOJIA-CEMUHAD
¢ MEXKIYHApPOAHBIM yuacTueM '[IpobiieMbl KOMIIBIOTEPHOM O€30IaCHOCTA U KPHII-
torpacdusi”". — SYBECRIPT 03 (Tomck, TTY, 2003); IV Bceepoccuiickuit crumiio-
3UyM IO TIPUKJIAIHON 1 npoMbiiierHoit Mmaremaruke (Coun, 2003, Ocennsist cec-
cust); VIII Beepocceniickast HayuHo-nipakTryaeckas kondepentus "Haydarnoe TBop-
gecrBo mosomexu' (Tomck, 2004); V Bceepoccniickuii cuMIosuym 1o TIPUKIIAI-
HOU 1 npowmbiiierHol Maremaruke (Coun, 2004, Ocennss ceccusi); 111 Beepoc-
cuiickas HayJIHO-TIpakTrudeckas KoHdepenms "aHbopMamoHHbIe TEXHOJIOTUT 1
maremarudeckoe mogenupopanue (Auxkepo-Cymxkenck, 2004); MexayHapousas
KoHdepenius, nocesimennas 70-jeruo npodeccopa A, Mensenepa (MuHCK,
2005); IV Cubupckasi Hay4Has IIKOJA-CEMUHAD C MEXKJIYHAPOIHBIM y4acTHEM
"TIpobiieMmbl KoOMIIBIOTEPHOH Oe3omacHocT 1 Kpunrorpadust”". — SYBECRIPT 05
(Tomck, 2005); VI Beepoccniickuit cummio3uyM 10 HTPUKJIAIHON U TPOMBIILIEH-
noii maremaruke (C.-Ilerepbypr, 2005); I Beepoccuiickas HaydHO-IPaKTHYECKAsT
KOH(DEPEHIIUS CTYIEHTOB, aCIIMPAHTOB 1 MOJIoAbIX yueHbix (Tomck, 2005); VI Bee-
POCCUIICKUY CUMIO3UYM I10 IIPUKJIQIHON U IIPOMBIIIJIEHHON MaTeMaTUKe (Coqﬂ,
2005, Ocennsist ceccust); [V Beepoccuiickast HaydHO-IpakTHYECKask KOH(EPEHIIUs
"MrdopMannoHHble TEXHOJIOIMH W MaTeMaTudeckoe mouenuposanue (Axxkepo-
Cymxkenck, 2005).

[To pe3ynbTaTaM BBITTOJHEHBIX KUCCIEI0BAHUI OMyOIUKOBAHO 15 mevaTHBIX
pabor.

Crpykrypa aucceprarumu. PaboTa cocTOUT U3 BBeIeHNs, YeThIPEX TJIaB,
3aKJIIOYEHNs, CIIUCKA JIUTEPATYPBI U YeThIpex npuioxkeHuii. Obbem juccepranun
6e3 mpuminoxkernnit — 137 crpannm. OObeMm npuioXKeHnit — 42 CTpaHUIBI, B HUX
cojiepkuTcd 83 pucyHka. KomudecTBo UTUPYyEMbIX UCTOYHUKOB — 89.

COAEP2KAHUWNE PABOTHI

Bo BBeseHUU 00OCHOBBIBAETCS aKTYaJbHOCTH TEMBI, MPUBOAUTCS 0030
paboT mo paccMaTpuBaeMbIM IpobieMaM, JaeTcsa O0INas XapaKTePUCTUKA JUCCED-
TAIMOHHON pabOTHI.

B nepBoii riase BBOAUTCA TOHATHE Sp? -HepaBHOIIJIEYHO cuMMeTpun k-To
nopsiaka (byHkuuu pacupenenenust F(z), © € R.



Onpedeuanenue Bysem rosopurs, uro d.p. F(z), z € R, obaa-

maetr ceoticmeom S,° -nepasronsenot cummempuu k-20 nopadra OTHOCUTETHHO
BEKTOpa LEHTPOB € = (C1,...,Ck), THe g i = 0,k — 1 ¢; < ¢j+1, C M3BECTHLI-
mu Becamu (pi, ..., pk), tae pj = F(c¢;) = F(e; +0), 5 = 1k, po = F(cy) = 0,

Pr+1 = F (cry1) = 1, ecnm ona ynosiersopster yenouwo: mist j = 1,k u z < ¢jiq

F (max {z, S;(2)}) = pjs1 — p%zf (min {z, S;(z)} +0), (1)

rne mist § = 1,k dysxumn S;(z), * < ¢j41, — HEIPEPHIBHBI, MOHOTOHHO yObIBa-
I0I1E W VIOBAETBOPSAIOT TPeOOBAHUSAM

(S)7" (z) = Si(z), Sjlej) =¢j, Sjlcjr1) =co, j=Lk.

[pu k =1, p1 = % u S1(z) = 2¢; — = nonyuuM OOLIUHYIO CUMMETPHIO OTHOCH-

TeJILHO 1IeHTpa €]

F(z) =1— F(2¢; — z + 0). 2)

B pabore naitnen sun dbyukuuit S;(z), j = 1,k, 1js HENPEpHIBHO BO3-
pacraromux (QyHKIU pacnpenenaenns. 1loka3aHo, 9TO JOTHOPMAJBHOE, PaBHO-

MepHOe, 9KCIOHeHIInAIbHOe U TPeyToabHoe paclipeiesieHns 00/1aJal0T CBOHCTBOM
S,¢ -HepapHoILIeUHOM cuMMeTpun k-ro nopsjika. B uacrHoCTH, JUIA TPEYTOIBHOTO
pactpeneiierns ¢ napamerpoum ¢ € [0, 1] dyrkimu S;(z), onpeaensoTcs caemnyo-

M 06pasoM: i ¢y = ¢, pr = F(c), pj =%, j =1,k —1

2 = o
Ciyq — 7073’:16 , x €[0,¢],

SJ('CU)_ 2 2
C? : %7 A (Cjacj-i—l]?
c—(1-— T C — Prx
Sk(a:):{ (pk Pk) cx € [O,C};lektxé (c,l]}.

Bo BTOpOIii rmase mocTpoeHa OLEHKa HEM3BECTHON (PyHKIMH pacIpenese-
mua F'(z), € R, mopuduuposansas ¢ yderom cBoiicTsa S,° -HepaBHOILIEYHO#
cuMMeTpHuH k-TO IIOpsIKa.

[ycre X = { Xy, ..., Xy} — Boibopka u3 pacupemesnenns F(x), rorma ouen-
ka F(z) ¢ yuerom cpoiicra (1) crpoutcs no dpopmyie

Fy(z) = UM (), (3)



roe dbynxmus UF(z) crpoutca myrem mociesoBaTenpHoro mpuMenenus k pas
cnenywoteit opmyasl: aas § = 1,k

U= (), z < ¢,

Pja1 — WW—” (S;(z) +0), = € (¢j,¢501],
)

U(j)(a;) —

U (z) = pyF¥(z), roe Fi(z) — sMnupudeckas dbyHKIUS PacHpeieNenys, 1Io-
CTPOCHHas# Ha OCHOBE S,° - MEPAGHONAELUHO k-CUMMEMPUs0osaHHot 6v60pPKU
X* = {X{, X5,..., XN}, nonydaemoil myTeM HOCIEI0BATENBHOIO IPUMEHEHUA
k pa3 dopmybl

Xi(j) = min {Xz'(j_l)a Sk-j+1 (Xi(j_1)>}7 =1k,

rre o i = LN X = X;, X7 = X,

2

Teopewnmal Ouenxa Fy(z) acisemes necmeuwennot, ee ducnepcus
onpedeasemcs Gopmyaoti

DFy(x) = DUM (x),

2de DU (k)(a;) CMPOUNCA NYMEM NOCAEA0BAMEALHO20 NPUMEHEHUA Kk pa3 caedy-
rowet Gopmyaol:

DU (a) DUV (z), z < ¢j, T
T) = . l_j2 s - I
(pﬁp?p)DU(J D(Si(z) +0), z € (¢4, 7

20e DU () = N71F(z)(p, — F(z)). IIpu omom
. 2
lim NM (Fy(z) — F(z)) =0, z€R.

Ha pucynke 1 mnpusemenbl TpaduKd HOPMUPOBAHHBIX —JUCIEPCHit
02(x) = NDFy(z) (rp. 1) u 05%(z) = NDFg () 1/ 3KCIOHEHIHAILHOIO Pac-
npejenenns ¢ napamerpoM A = 0.02 : rp.2 — ¢ yueToM CUMMETPUN 1-TO TOPsSIIKa,
OTHOCUTENLHO IIeHTPa ¢; = 50; rp.3 — ¢ YIETOM CUMMETPUH 2-TO TOPsIKa OTHO-
cuTeabHO HenTpoB ¢; = 10, co = 50.

[Tokazano, uro ounenka F' j\g,(a:) B CPeIHEKBAIPATHIECKOM CMBICTIE JIYYIIIe
OOBIYHOM aMOUpUUIecKolt (DYHKINU pacupeaenenus. HalieHo TouHOe pacmpese-
JeHre MOANMDUIUPOBAHHON OLEHKN. BeposTHOCTY IIONajaHus OueHku (3) B 3a-
JAaHHBIE TIOJOCHI OIPEIe/IsSIeT



NDF n(x)
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Pucynox 1

Teopewma 2 Iyemov a(t), b(t), t € (0,1), — npoussoavruvie deticmeu-
meavhvie pynkyuu; F, G — nenpepwiervie @.p., obaadarowue ceoticmseom (1), mo-
2da

P (b(G(x)) < Fy(z) < a(G(z)), z € R) =

= Qn(F*((G*) M), F*((G") 7 (H)))),
2de

—i+1
Qu(cidi, i =1, N) = Nldet [<max{9’ di —¢;})"™" ]
(j—i+1)! -

oasni=1,N

o _mln{l maX{O SUP{t Liwt) < piy }}}
[+ it

F*(af):min{l’ p1 } ol )—min{ ;T}

dynryuu L§(t), LY(t) noayuaromes nymem nociedosamensvrozo npumenenus k

by = max{O,min{l,inf {t: Li(pit) > p




pasz popmy.avi

T L Si_ t . S

)= min{Lf(t),pi_lp £ ))} ,i=2,k+1,
Pi — Pi-1

i — LE(S;—1(t S

i-1(t) :maX{Lf(t),piqp Si-a ))}, 1=2,k+1,
Pi — Pi-1

Li(G(#)) = max {b<G<x>>,pkpk+1 ;:ffj””} |

Pht1 — b(G(Sk(x)))}
L .
Pk+1 — Pk

L{(G(z)) = min {a<G<x>>,p

Ouenka (3) obobmaer npegoxennyo 8 1988 F0.I". Imurpuessiv u FO.K. Ve-
TUHOBBIM 717 cilydas k = 1, py = 1 omenky

FS(z) = Fy(z)+1— f;N (S1(z) + 0)’ (4)

rie Fy(z) — smoupudeckast QyHKIMs pacpeesenns, IOCTPOEHHAsE 10 BBIGOPKe

X.

B Tperbeii riaBe npeiokeHbl MOAUGDUIUPOBAHHBIE ¢ YIETOM CUMMETPUN
(2) oueHKN HemsBeCTHON (DYHKIMM PACIpEEIeHUs 10 IIPOIPECCUBHO LEH3Y PUPO-
BaHHbIM (1eH3ypupoBaHue | Tuna) u yceuennbiM Boibopkam. HaiineHsl Tounble 1
ACUMIITOTUIECKHE (DOPMYJIBI JIIST X MATEMATUUIECKUX OXKUJIAHUN U JIUCTIEPCHiL.

PacemarpuBanach ciyuaithas sesuuuna 7 € [0,T], ¢ dyHkuueit pacupe-
nenenust F'(t) = P(r < t), upu arom F(t) obnagaer cBoiictBoM cummerpun (2)
OTHOCHTENILHO TEHTPA .

Ouenka F'(t) o 1eH3ypupoOBaHHON BHIOOPKE
ycres (X,I) = {(X1,6L), (X2, I3),....,(Xn,IN)} — nporpeccusro
IeH3ypUpOBaHHas BhIOOpKA obbema N, e gasgs ¢ = 1, N

0, ecm X; — nonHag HapaboTka (HapaboTKa JI0 0TKa3a),
I; =< 1, ecmu X; — ycnosmas napaborka (HapaboTKa 70 TeH3ypu-
POBaHWsi, HEMOJIHAA HAPabOTKA),

MOMEHTHI lLeHsypuposannua 1;, j = 1,m, — necnyuvaiinsle, Ty = 0, T, = T.

en3ypupoBaHue CTPOMJIOCH II0 CJCAYIOIIEH cxeme: st § = 1,m KOJIMYECTBO
CHATBIX C HaOJIOIeHNs U3Je/nit — ciaydJaiiias BeJUYNHA, YUCIEHHO paBHad JI0Je
gj OT YHCIIa UCIPAaBHBIX u3nennii B Koxue uarepsana (1;_1,T;], rome 0 < g; < 1.

9



B wactHOCTU, €ciu 1eH3ypPUPOBAHUE OJIHOKPATHOE, MOMEHT IEH3YPUPOBA-
Hus 17, TO OlleHKa ONpeenseTcss POpMYJIoit

( 1 N
NZI[O,t) (Xi), t € ]0,11],
i1
Y U Gt B TP
FN(t): N_i_ N, iZEI:z:O [T1t)( Z)a 1> U, (5)
r
— N =0
N’ 1=
tc (Tl,T}

Buech I4(z) ={0: z ¢ A; 1: £ € A} — unnukaTopHasi GYHKUUSL, T — KOJMIECTBO
nostHbIX HapaboTok B uaTepnase [Ty, T1], N1 — KonmuuecTBo usjenuii, 3a KOTOPbIME
Benerca naGmonenne B nnrepsate (T3, T]. Ouenxa Fr(t) ans cayaas m > 1
3/1eChb He MPUBOJUTCS B CIUTY TPOMO3JIKOCTH BBIPAYKEHMUSI.

Ouenka (5) sIBJISIETCS ACUMITOTUYIECKY HECMEIIEHHOM, € ACUMIITOTHYECKA S
HOPMUPOBAHHAA JIACICPCUST a%é(t) = All_r}Iloo NDF #(t) onpejenserca popMyJIoit

, Ft)(1 - F(t)), t € [0,T1],
oy(t) = F(t)(1— F(t)) + g(Fg)__]S)((ll__g];(t)), t € (T, T],
riue
p= F (T1)7

pu 3rom p € (0,1).
Moaudukanust ouenku (5) ¢ yaerom cBoficTBa (2) cTpomaach 1o Gopmysie
(4), KoTOpast B pacCMaTPUBAEMOM C/Iydae NPUHUMAET BUL

_ Fy() +1— F(T —t+0)
— 5 ,

Orenka (6) siBJISIETCS ACUMITOTUYIECKY HECMEIIEHHOM, € ACUMITOTHYECKA S

FE @) te[0,T). (6)

HOPMUPOBAHHAs TUCIIEPCHUST a*{f (t) = ]\}im NDF #S(t) omnpeiensiercs 1o popmMyie
— 00

1 F(tmaz) — 2F (tmin)
s2 _ 2 mazx min) 2 )
rie
tmin = min{t, T —t + 0},  tmee = max{t,T — ¢+ 0}. (8)

Bamerum, uro dopmyia (7) BepHa u mas m > 1.
Hng cnydass m = 1 ObLIM HalJIEHBI YCIOBUS, IPU KOTOPBIX

oy (t) < o*(t) = NDFy(t),
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NDF (1)
0,6

_____ Ip 1
—1p. 2
095 e VR —1p. 3
0,4 —pmemmm e
0,3 e
0.2 e B BT U
0,1 ~-mmms S
0 T I T
0 2,5 5 7.5 10t
Pucynox 2

rae DFy(t) — mucniepcust sMunpudeckoil (GyHKIMN paclpee/IeH s .
Ha pucynke 2 npusegens! rpaduku o2(t) (rp. 1), O'z(t) (rp. 2), Jﬁf(t) (rp.
3) mast ciydas F(t) =t,t €[0,10], m =2, Ty =2, T, = 6.

Ouenka F(t) mo ype3aHHOM BbIOOpKE
[Iycts XY = {le, X4, .., X,y} — BBIOOPKa, Ype3aHHas B MOMeHT 717, 06beM
BHIOODKM T — CIy4daifHas BeJUdMHa. B KauecTBe OleHKH PacCMOTPUM

(0, ecan t < 0,
1.r
“ S Iy (X7), r>0
Fi)={ rz=100 ( ' ) TR omt € [0, 1], (9)
0, r =0,
1, ecmu t > 7.
Orenka (9) gBIseTCs CMENEHHOM, TPU HTOM
0, t<O0,
MY = tim MEY) = ZO tejo,my)
Noeo N D ’ ’ )
1, t > 1Ti,
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F(t)(p— F(t))
o%(t) = lim NDF(t) = po , t€[0,T4],
Yy N—-oo
0, t>T17.

Mogudunuposartas ¢ y4eToM CBOHCTBA (2) OLEHKA CTPOUIACH 110 (DOPMY-
e (4):

FIt)+1—F{T —t+0)

FY(t) = > . teo,T], (10)
pu atom s MY (t) = A}l_I)nOO MFJg\{S(t), J2ys(t) = z\}l—{%o NDF]%S(t) Oy YUM
F(t
()7 t § Tmim
2p
%7 Tl S %a
S
MYi(t) =9 2P() =1+4p o ¢ ¢ tE (Toin, Tnae)
’ 1 9
2p 2
20— 1+ F(t
p _I_ ( )7 t > Tmaarn
2p
( F min —F min
u )(£p3 ( ))a t % (Tmzz;naTmaw) )
‘722(75) = (zl’(t VA=Ftmin)  1—p-+2DF (tsn) hs 2’
min p3 min . 4p3 min , Tl > 57
t € (Tmim Tmam) 9

Ta€ tyin OUpenessierca no gpopmye (8),

Tmz’n = mm{Tl, T — Tl}, Tmaw = maX{Tl, T — Tl}
%, T.. MOMEHT Ype3aHus U IEeHTpP CUMMETPHU COBIIa-
naroT, oueHka (10) gBIgeTCa aCUMITOTUYECKY HECMELIEHHOI, IIPU 3TOM

a3y (t) = F (tmin) (1 = 2F (tmin)) < 0°(t).

B cnyugae, ecmm p =

Ha pucynke 3 mpusesenns rpadbuku o2(t) (rp. 1), J%S(t) (rp. 2) ms
F(t)=t,te0,1], Ty =7%.

Taxum oOpaszoM, B paboTe BBIABAEHDBI CIyYad, KOT/IA yUIeT anpuOPHON MH-
dopManu 0 cMMMeTPHUH IIpu 00PAOOTKE HEIIOJHBIX BHIOOPOK MMO3BOIM MOJIYUUTh
ACHMIITOTUYECKH HECMEIIEHHBIE OIEHKN ¢ aCHMITOTHYECKAMY HOPMHUPOBAHHBIMUI
JMUACIIEPCUAME, He TPEBBIMAIONIMME HOPMUPOBAHHYIO JUCIEPCHIO IMIUPUIECKOM
dbyuxnun pacupeaenenus. [lonyuentnas nudopMalns MOXKeT ObITH UCIOIb30BAHA
IpY IUIAHUPOBAHUN HATYPHOT'O SKCIEPUMEHTA, JJIsl MOBBINIEHUsT (P PEKTUBHOCTH,
COKpAILEHUsI 3aTPaT U IIPOJOIKUTEILHOCTH IKCIEPUMEHTA.
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NDF (1)

0,25 - —
S RS p. 1
o N —rp. 2
O)_) | //’/ \\\
= s \\
. "
0,15 .

0 .
0 0,5 1

Pucynox 3

B gueTBepToOii r1ase npeaaraioTcs MOANMUKAIIIN KpUTepus cornacus Koi-

MOT'OpOBa, C y4eToM S © -HEPaBHOIJIEYHON CUMMETPHH k-ro Topg/iKa.

[Iycrb  u3BeCcTHO, YTO  HenpepbiBHAS  (DYHKIUS  PACIPEAESCHUs
F(z), zeR, obnanaer csoiicrsom (1), re. F € F°, rue F° — kmace Beex S,° -
HEPaBHOTIJIEYHO CHMMETPUIHBIX QYHKIHI pactpenenenus. T pebyeTcs TpoBepuTh
TPOCTYIO TUTIOTE3Y

Hy: F(z)=G(z), F,GeF° =zcR,
IIPOTUB aJIbTEPHATHUBLI BH 4
H? : F(z)= V(G(z)), F,V,Gec F° zeR,

rae V() — dyukiust pacnpenenenus ¢ Hocurenem [0,1].
1t IpOBEPKY I'UNIOTE3bI H@g BOCIIOJIB3YEMCs JIByCTOPOHHENH MOJIUMDUIIIPO-
BaHHOII craTrcTuKoil Kommoropona

dy = sup ‘Ff,(a:) — G(z)

—oo<r<4+00

: (11)

rie onenka Fy(z) onpenenserca dbopmyoit (3).
Tounoe pacnpegenenue craructuku (11) onpenessiercs cieayomumM obpa-
3oM: sy > 0
P{dy <y|H{}=N! (12)
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(H“”<{O>Hﬂn{17zl&£ﬁ}-—rnnl{l,K%%@l}}>j‘“4

D1
(j—i+1)!

-det

5,j=1,N,

roe st ¢ = 1, N

. ,
b; = max {O,min{l, ZT + ﬂ}} , @ = min{l,max{(),% - &}},

n P1
3HaUYEHNE Y1 [MOJIyIaeTCd MyTeM [IOCIEJ0BATEIbHOTO TPUMEHEHUA k pas cbopMyﬂbI
. Di 1 F .

Y; = Mmin § Y;+1, “Yi+r1¢, =L, 7, Y1 =Y.
Pi+1 — Di

Canenmcreuel. [IpuV(t) =1t us (12) swmexaem gopmyaa dia 6vi-
wucaenus pacnpedeaenus moduduyuposarnot cmamucmury npu 2unomese Hy
npu amom pacnpedesenue cmamucmuky (11) ne 3asucum om F(x), m.e. modu-
Puyuposarmvill Kpumeput A6AAEMCA HENAPAMEMPUHECKUM.

Cnencrrue?. [Ipu eunomese H, (‘)g MOYHOE pacnpedeseHue CmamucmuKy
d% €843aM0 ¢ pacnpedesenuem cmamucmuru Koamozoposa

dy = sup | Fy(z) — C(a) |
zeR
COOMHOULEHUEM
P(d§<y|H§):P(dN<]%|H§), y >0,

2de

k . —m.
p* — H max {pl, pl(pl+1 pl)} .
i=1 Di

[TycTh
Hi: Flz)=V'(G(), seR,

r71e GYHKIUS PacIpeIe/eHns

V*(t) =min {1,2°V ()}, t€[0,1].

Teopewma3. Ecaup; = ora 7 =1,k, mo mowmocmv modudu-

ok—j+1
UUPOBAHHO20 KPUMEPUA NPOBEPKU 2UNOMESDL Hﬁg , OCHOBAHHO020 HA CMAMUCTIUKE
dY, c6A3aMa € MOUHOCTIHI0 06bINHO20 KpUMeEpUs cozaacus Koaimozoposa dopmy-

2070

WS =P(d} >ys | HY) = P(dy > ya | HY) = W,
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)
)
=
]

6 7 8 9 10 11 12a

Pucynoxk 4

2de
Yo = 2ky§'

B kauecTBe npuMepa PACCMOTPUM TUIIOTESY
Hy: F(z)=R(z)==z, =z€]0,1],

IIPOTUB aJIbTEPHATHUBLI

roe st a > 0
(22)*+1— (1 — 2z)®

Viz) = (2—20)+1— (ém 1)

4 ?

—_ DN =

1 —

o= O
A
8
A

B ciyvae a =1V (z) = z.
Bruto nokazano, uro dyekumu pacnpenenenust R(z) u V(z) obmanaror
- _ 1 1
cpoiicTsoM (1), rme k = 2, p1 = ¢1 = 3, p2 = ¢ = 5. Ha pucynke 4 npusene-
HbI IpadhruKy 3aBUCHMOCTH MOIIHOCTEl OT mokazaTess crernenn a npu « = 0.05,
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N = 17: W — rpacduk morrHoctu odbrdnoro kpurepus Koamoroposa, Wy — rpa-
UK MOLIHOCTH KPUTEPHsi, MOAUMUIUPOBAHHOTO ¢ yueToM cummerpun (1) mepso-
'O MTOPSIIKA OTHOCUTEIBLHO IIEHTPA, %, W — rpaduk MOIIHOCTY KpUTepus, MOauu-
IUPOBAHHOIO C y4eToM cuMMeTpru (1) BTOporo mopsiika OTHOCHTETBHO EHTPOB
11
472

B mpuiaoxKeHUAX OpuBeIeHbl TpaduKu AUCIepCcuit MOIUMUIIPOBAHHBIX
OLIEHOK JIjIsI TIOJMHBIX 1 HEIOJHBIX BBIOOPOK, IpaUKK MOIIHOCTEH MOAUMUINPO-

BaHHBIX KPUTEPUEB U TIP.

ITomoxxeHus1, BBIHOCUMbIE Ha 3aMTUTY. ABTOpP BRIHOCHUT Ha, 3aIUTY CJIe-
JYIOIINe Hay4YHbIE PE3YIbTAThI:

1. Beenenne B CTaTUCTUYECKYIO NPAKTUKY KJjacca (YHKIHUI pacrpemesie-
HUst, OOJIaJIatoIuX CBOUCTBOM S © -HEPABHOILJIEYHO! CUMMETPUH k-TO TIOPHAJIKA,
0DOOIIAOIIEr0 U3BECTHBIE KJIACCHl CUMMETPUYHBIX Paclpege/IeHui.

2. Crarucrudeckne OIEHKN (QDYHKIUU PACIpEeeHUS JIJIsi KJIacca Sp? -
HEPABHOILIEYHO k-TO TOPSIKA CUMMETPUYHBIX (PYHKINN pacrpe/ieeHus.

3. Pe3ynpTaThl aHam3a CBONCTB MOJIUMUITUIPOBAHHBIX OIEHOK, X TOYHOE
pacrpeneaenue U BepoATHOCTH MONAJaHuA B 3aaHHbIE TTOJIOCHL.

4. CrarrucTUYeCKre ONEHKN (PYHKIMN PACIPEICTCHUS JIJIsT CHMMETPUIHBIX
dbyHKIMIT pacnpeesleHds 1 aHAJIW3 WX CBOWCTB JIJIs 1I€H3YPUPOBAHHBIX U ype3aH-
HBIX BBIOOPOK.

5. Momudunnpoantuble  cTaTUCTUKN  KomMoroposa — mjsi  KJjacca
dyHKIUN  pacupeseseHus, 00JAJAIMNX CBONCTBOM Sp -HEPaBHOIJIEYHON
CUMMeTpHUU k-TO MOPSAAKA, UCCAET0BAHIE CBOWCTB CTATUCTUK.

6. MoauduiinpoBanibie KpuTepun KoamMoroposa, UcciaeqoBaHue X MOIII-
HOCTHLIX CBOMCTB.

IIy6aukaiiuu mo padorte

PesynbTaThl paboThl OBIIN OMYOJTUKOBAHBI B CIEAYIONUX CTAThSIX W MaTe-
puaJiaX Hay4IHBIX KOH(EepeHIui:

1. Ivurpues FO.I'., 3enkosa 2K.H. Kpurepun cormacust Konmvoroposa st
cumMeTpudHbx pacupejenenutt // Becrauxk TTY. — 2003. — Ne 6. — C. 265-269.

2. Nmurpues 10T, enkosa 2K.H. Momudunuposantag ¢ yyerom S,-cum-
MeTpuun sMnupuueckast GpyHkius pacnpejeserus // Marepuass Beepoccuiickoit
HAyIHO-TIPAKTHUIeCcKOi KoHdepennmn " THGOpMAIMOHHBIE TEXHOJIOT MU U MaTEMa-

tuueckoe momenupoBanue. Amxkepo-Cymxkenck. 2002. — Tomck, 2002. — C. 368-
370.
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3. Amurpues FO.I'., 3enkosa 2K.H. Henmapamerpuyeckue kpurepun corsa-
CUs JIJIsl pacupejieieHuit U3 anpuopHbIX Kjiaccos // Marepuasbl Hay4IHO-IIPaK-
Trueckoro cemuHapa ''[IpobemMbl CHHTE3a U TPOEKTUPOBAHUSI CUCTEM aBTOMATH-
yeckoro ynpassenusi'". Hopocubupcek. 12-14 utons 2001. — Hosocubupck: 13a-8o
HI'TY. — 2001. — C. 93-94.

4. Hmurpues FO.I'., 3enkosa 2K.H. O HepaBrOmIeYHON cuMmMerpun kK-10
nopsjika dyukuuit pacnpegenenust // Marepuasnst 111 Beepoccuiicko#t HayuHO-
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mojiemnpoBatne’. Amxkepo-Cymxkenck. 2004. — Tomck: TTY, 2004. — C. 12-14.

5. Dvurpues FO.T., Senkoba 2K.H. O cummerpuu pacupesenenuii // Mare-
puasibt VIII Beepocenitckoit HayaHO-TipakTdeckoit koadepennuu ' HayaHoe TBOP-
JECTBO mostoiexku. " Amxxepo-CyIKeHcK. 16-17 ampeJis 2004.
— Tomck: Usn-Bo Tom.yu-Ta, 2004. — 1. 1.— C. 29-30.

6. Imurpues FO.I'., 3enkosa 2K.H. O6 oj1HOIT o11eHKE CUMMETPUIHON PyHK-
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