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Annomayus. Jlaetcst 0030p METOIOB pelieHus GyHIaMEHTAIBHON 3a/1auu yuéTra
anpuopHON MH(POPMAIIUHU B BUJE OJHOCTOPOHHETO OTPaHUYEHUS Ha OLICHUBAEMBbIi apaMeTp
IMpU MOCTPOCHUU JOBCPUTCIIbHLIX NHTCPBAJIOB.

[TonpoGHO paccMaTpuBaeTCs T.Ha3. METOJI IIpe/ieia YyBCTBUTEIbHOCTH, AAIOIINHN, KaK
MOKa3bIBaeTCs, GU3NUECKH KOPPEKTHOE PELICHHE 3a/1auH.

Crposites pelenus A1 CUTyaluil ¢ HEIPEPHIBHBIM Paclpeie/IEHUEM B Cllydae
HEOTPULIATEIILHOT'O OLIEHUBAEMOI0 IMapaMeTpa, a TAKXKE JIsl JUCKPETHBIX pacnpeieieHui, B
YaCTHOCTH JIJIsl ITyaCCOHOBCKOTO Tporecca ¢ hoHoM. [ 3THX e IBYX ClIy4yaeB MOCTPOEH
HaWJTy4IIUi BEPXHUH MPEJIeN, YIUTHIBAIOIINN HATMYNE allpUuOPHON HH(MOpMAITUH.

Jl51s BaKHOTO B PU3NYECKUX MPHUIIOKEHHUAX ClTydas TyacCOHOBCKOTO paclpe/IesIeHus ¢
HEH3BECTHBIM MTapaMETPOM paCIpeesIEHUs] U U3BECTHBIM ()OHOM IpUBECHA Ta0IHIIa
JOBEPUTEINIBHBIX HHTEPBAJIOB IS ITapaMeTpa, a TAaKXKe IIpeIcTaBlIeHa II0IHas IIporpaMma
pacuéToB s MPOU3BOJIBHBIX IOBEPUTEILHBIX YPOBHEN U 3HaUeHU (poHa (TTporpaMma

HaXOJIUTCS B OTKPBITOM JIOCTYTIE).

Abstract. We review the methods of constructing confidence intervals that account for a
priori information about a one-sided constraint on the parameter being estimated. We show that
the method of sensitivity limit yields a correct solution of the problem. The solutions for the
cases of a continuous distribution with non-negative estimated parameter and a discrete
distribution, specifically a Poisson process with background, are derived. The best upper limit is
constructed that accounts for the a priori information for the two cases. For the physically
important case of Poisson distribution with unknown mean and a known background, a table of
confidence intervals for the Poisson parameter is provided that correctly accounts for the known
background, along with the software for calculating the confidence intervals for any confidence
levels and magnitudes of the background (the software is freely available for download).

PACS: 29.85.Fj
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1. Beegenue

ITocTpoeHne HENMaHOBCKUX JOBEPUTENbHBIX HHTEPBAIOB [ 1] 17151 3KCIIEpUMEHTaIbLHO
U3MEpPSEMBIX TApaMEeTPOB — OJHA U3 BaXKHEHIIMX 3a/1a4 00paboTku JaHHBIX. [Ipu a3TOM "acTo
BCTpEYaeTCs caydaid, Korja uMmeercs anpuopHasi nH(popMalus 00 OLleHUBaeMbIX TapaMeTpax, 1
Ba)XKHO KOPPEKTHO U TIOJIHOCTBIO YUECTh 3Ty HHPOPMALIMIO TPU OCTPOCHUN UHTEPBAJIOB.

[Tpumep anpruopHO HHPOPMALUU — OTPAHUYCHHOCTH O0JIACTH 3HAYCHHUN TTapamMeTpa, u
npo0JeMa BO3HUKAET B ClIydae, KOI/la 3KCIIepUMEHTalIbHAs OLEHKA BbIIIAIaeT U3 3TON 00JIacTH.

Hampumep, B axcnepumenTe TpouIK-HIO-MAcC IO U3MEPEHUIO0 MacChl HEUTPUHO B OeTa-pacmaje

TpuTHUs [2] mapamerp mf 3aBeZIOMO OoJIbIIe JIMOO paBeH HYJO, OAHAKO TIOJYICHHOE

bopMaTbHBIM QUTHPOBAHHEM 3HAYEHHUE M1, OKA3AIOCh MEHBIIE HYJIS.

Jlpyroi BaKHBIH CiTy4aid, KOT/1a Hy)KHO YYUTBIBATh alpUOPHYIO HH(POpMAIIHIO, —
IIOCTPOEHHE JOBEPUTENIBHBIX HHTEPBAJIOB B CIIy4ae MyaCCOHOBCKOIO IIpoliecca MNPy HAINYUHU
IIyaCCOHOBCKOT'O k€ (pOHA. DTO OOBIYHAS CUTYAIMs IPU U3YUYEHUH PEIKUX COOBITUH (B
AKCTIEPUMEHTAaX IO TTOUCKY IBOWHOTO Oe3HEUTpUHHOTO OeTa-pacrnaja [3], B SKCIIepuMEeHTax 1o
ocuuUIsuusaM Hertpuno, Hanpumep T2K, MINOS [4], u npou.).

Jlnst perieHus 3Toi 3a1aun ObUTO MPEIIOKEHO HECKOJIBKO pelIeHHd. PermeHus MoxxHO
pa3OuTh Ha JIBE TPYIIIHI IO CIIOCO0Y MCTIOIB30BaHUS CBOOO/IBI, 3AJI0)KCHHON B HEMMaHOBCKOMH
IpoLIeIype MOCTPOCHHUS TOBEPUTEIbHBIX NHTEPBAJIOB.

B mepBoii rpynme pemennii anpuopHas HHGOPMAITUS UCIIOJIB3YETCS Ha CTaIUN
MOCTPOCHUS JIOBEPUTENBHBIX oOnacTeil. K aToMy THITy pereHuii OTHOCHTCS IOCTPOCHHE
®enpamana u Kazunca [6], a Takke criocod orpaHuYeHUs HHTEPBAJIOB ¢ IOMOIIBIO (DYHKIIUN
MOUIHOCTH, NpeiiokeHHbIi Kaysnom u nip. (T.Ha3. meton CCGV [7]). OnHako MHTEpBabl,
MOCTPOEHHBIE, Hanpumep, 1o penenty denpamana u Kazunca (croco0, UMM OrpOMHYIO
UTUPYEMOCTh), HE MO3BOJISIOT MPOU3BECTH OOBEKTUBHOE CPABHEHUE PE3YIBTATOB PA3HBIX
HKCIEPUMEHTOB (IKCIIEPUMEHT C 3aBEAOMO XYy/IIEH YyBCTBUTEILHOCTHIO U CUCTEMATHKOU
MOXET JaTh JYYIIH UHTEPBAII).

Jpyras rpynmna pemeHnuid mpeAnoaracT HCIoJIb30BaHUE alPUOPHON HHPOPMAIIUH O
napameTpax npu BeIOope caMoii olieHKH (estimator). K 3Toii rpymnme, mo cyTH, NpuHaIICKUT
KOHCTPYKILIUS TOBEPUTEIIbHBIX HHTEPBAJIOB, YKa3aHHas B pabote [8], rae, oqHako,
paccMmaTpuBaeTcs TOJIbKO Cllydail OLIEHUBAHMSI 10 METOAY MaKCHMaJIbHOTO MPaBA0Non00us,
paccyX1eHHs HE BIIOJIHE ITPO3payvHbl (M MECTAMHU UCKYCCTBEHHBI), U J1aXK€ HE IPUBOJIUTCA SIBHAS
dopmyna s oueHku. [1o 3TUM MpUYUHAM HE BHJIHO, YTO OKOHYATEIIBHBIN PEIETIT MOXKET OBITH

HCIIOIL30BaH C JII0OBIMHU METOAaMU OLICHUBAHU . HaI[O rnojiaratb, YTO UMCHHO IMO3TOMY
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KOHCTPYKIUS JOBEPUTENIbHBIX HHTEPBAJIOB [8], pusmuecku, kak BhIACHIETCS, KOPPEKTHA,
OCTaBalach, CyJsl O UCTOPUU LUTUPOBAHUS, TPAKTUYECKH HEU3BECTHOM.

[TonHoE penieHue, He 3aBUCSIIEE OT CrIoco0a oreHuBaHus (OyIb TO METO MOMEHTOB,
METO]I HAMMEHBIIINUX KBAJPaTOB HJIK METOJ MAaKCUMAJIBHOIO IPABI0N01001s), C ABHON
dbopmyII0ii 17151 OTICHKH OBLTO HaiiieHo B padote [9], rie, B oTyimuue oT paboThl [8], 7aHa sicHas
rpaduueckas U aHATMTHYECKAsi HHTEPIPETaIus AJIsl BCEH KOHCTPYKITHH.

Oxa3bIBaeTCsl, UTO ATa KOHCTPYKIUS sl HEPUZUUECKUX, T.€. BHIMAAIOIINX 32 alIPUOPHYIO
IPaHUIly 3HAYE€HUH OLIEHKH COBIAJAeT C IMIIMPUYECKUM PELENTOM T.Ha3. Ipejiesia YyBCTBUTEb-
HOCTHU (MCMOJIb30BaHHBIM, HAIPUMEP, CPEIU MTPOUNX METOJIOB JIJISl PECTABICHUS PE3YIbTATOB
HKCIIEPUMEHTA 110 U3MEPEHHI0 Macchl HeTpuHO B Maiiniie [10]), moaTomy Mbl Oy/ieM Ha3bIBaTh
paccMaTpuBaeMyl0 KOHCTPYKIIMIO METOAOM Ipeeia YyBCTBUTEIbHOCTH.

Bo3MoxHO, T71aBHBIM JOCTOMHCTBOM METO/1a IIpe/iesia YyBCTBUTEIBHOCTH SIBISETCS TOT
¢akT, 4TO OH MO3BOJISIET HANPSAMYIO OOBEKTUBHO CPAaBHUBATH PE3YIbTAThl PA3IIUYHBIX
HKCIIEPUMEHTOB, HE TpeOys MOBTOPHOI 00paboTku. IMEHHO Tak, HanpuMep, HOBBIE Pe3yJIbTaThl
sKcIepuMeHTa TpoulK-HIo-Macce [2] cpaBHUBAIOTCS KaK C YIIOMSHYTBIM CTapbIM U3MEPEHHUEM B
MaiiHiie, Tak U ¢ pe3yJIbTaTOM CTapoil 00padoTKu JaHHBIX Tpounk-Hio-Mace [11].

B 5TOM OTHOIIEHMU METOJ KaU€CTBEHHO MPeBOCX0aUT nocrpoenue denpamana n Kasunca
[6], roe B HepHU3MUECKOM 007acTH TOBEPUTEIBHBIA HHTEPBAJ 3aBUCUT OT SKCIIEPUMEHTAIBHOTO
3HAYCHUS OLICHKU MapaMeTpa U Ja)e MPOTUBOECTECTBEHHO YMEHBIIAETCS M0 MEPEe YAAJICHUS OT
bu3rUecKoi rpaHuIlbl B Hedu3ndeckyro odmacts. @aktuuecku penent Denpamana u Kasunca
He 1aéT pe3yabTaToB, KOTOPbIE MOKHO ObLIO Obl CPaBHUBATH.

HuTepecHo, 4TO MPUMEHEHHE BTOPOTO MOaXoAa (T.€. YyU&T anpruopHoit nHpopMarmu emé
MIPU TIOCTPOEHUU OLICHKH) MO3BOJISIET TAKKE YKa3bIBaTh KOPPEKTHBIE U ONITUMAJIbHbBIE
OJHOCTOPOHHHME (CBEPXY WJIM CHU3Y) OTPAHUYCHUS Ha MapaMeTpsl [12].

Jlnst pacipocTpaHEHUsI peIICHUS Ha Clydyail JUCKPETHBIX paclpeleNICHUI TakKe Mpouie
BCero (¥ MOHSATHEHN) UCIONIb30BaTh MpoIeAypsl padot [9], [12].

CHayana B pazjene 2 Mbl HATOMHUHAEM HEHMaHOBCKYIO KOHCTPYKIIUIO, GOPMYITUPYS €€ B
BUJIE, YAI0OHOM i BBIBOJIa METO/Ia Mpeieia YyBCTBUTEIbHOCTH. [Ipu 3TOM 0c000
paccMaTpuBaeTcs IUCKPETHBIN CIy4al, TJIe — B CHITy CaMOU TUCKPETHOCTH — HEOOXOIMMO
OTKa3aThCsl OT PABEHCTB, OMUCHIBAIOIINX BEPOSITHOCTHOE COJIEpKAHUE JTOBEPUTETbHBIX
WHTEPBAJIOB, B MMOJIB3Yy HEpaBeHCTB. OOCYKAaeTCs MOCTPOCHUE HHTEPBAIIOB CHMMETPUYHBIX,
HECHMMMETPUYHBIX, a Takxke crnocod noctpoenus Ctepua, Kpoy u IN'apauepa [5].

B pasnenax 3-5 maercsa 0630p koHcTpykumii Kaysna u np., @enpamana u Kazunca u

MannenskepHa u Ilynbra cCOOTBETCTBEHHO.
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B pasnene 6, cnenys [9], mpoBOAUTCSI MOCTPOCHHUE METOIA TIPEIesia YyBCTBUTEIILHOCTH ISt

HEMPEPBIBHOTO CITy4asi, KOT/1a anpuopHast uHGopmanus 006 u3MepseMoM MmapaMeTpe UMEeT BH/]T

HepaBeHcTBa 6 = 0. B pasnene 7 paccMaTpuBaeTcs JUCKPETHBIN Cilydail IyacCOHOBCKOTO

Inponecca ¢ HCU3BECTHBIM ([ , HO U3BCCTHBIM 3HAYCHHUECM IIYaCCOHOBCKOI'O (bOHa b. HaKOHeLI, B

pazzene 8 cTpoATCsA HaWIydllue BEPXHUE IPEIEIbI I HENPEPBIBHOTO U JUCKPETHOIO CIIyYas.
BriBoibI cyMMHpOBaHBI B paznene 9.

[ToguepkHeM, 4TO B JaHHOH paboTe paccMaTpUBaeTCs TOJIBKO HEHMaHOBCKas MPOLEAypa
IIOCTPOEHUS JOBEPUTENIbHBIX HHTEPBAIOB. Takue UHTEPBAJIbI UMEIOT SICHYIO MHTEPIIPETALUIO B
paMKax 4aCTOTHOT'O MOAX0Ja K MHTEPBAIbHOMY OLIEHUBAHUIO. J[pyroi NCIOJIb3yeMbI TOAXO0/
— 0aiiecOBCKMM — XOTSI U MOXKET ObITh IPOUHTEPIPETUPOBAH B TEPMUHAX CTATUCTUYECKUX
ancambOuieit [13], HO mpuMeHsieMast SKCIIEPUMEHTATOpaMH MPOLEAYpa OCTPOCHUS OalieCOBCKHIX
MHTEPBAJIOB UCIIOJIB3yET HEM3BECTHYIO APHOPHYIO (QYHKIHUIO TUIOTHOCTH BEPOSITHOCTH ISt
napaMeTpa, 4YTO HapyllaeT yCIOBUs IPUMEHUMOCTH TeopeMbl baiieca B y3KOM CMBICIIE U
3aTpyIHSAET UHTEPIIPETALUIO Pe3yIbTaToB. MBI HE paccCMaTpUBaeM B HAcTOsIIEH paboTe u
MOCTPOEHUE JOBEPUTEIIbHBIX HHTEPBAJIOB MeTO10M CLs [14], MOCKONBbKY OH HE UMEET SICHOU
UHTEPIpETali HU B paMKax YaCTOTHOTO, HU 0aleCOBCKOT0 MOAX0/1a, XOTS M IIHPOKO

HCIIONIB3YETCS, HAIPUMED, B MPEACTaBICHUHU PE3yJIbTaTOB MoMcka 0030Ha Xurrca [15].

2. HeiiMaHOBCKO€ OCTPOEHUE

a) HenpepbIBHBIH ciay4aid

[TpuBenem BHavase CTaHAAPTHYIO MPOLEAYPY IIOCTPOCHUS TOBEPUTEILHBIX HHTEPBAIOB 110
Heiimany [1] u 3aduxcupyem ocHOBHBIE 0003HAUYCHHUS, KOTOPBIE OYIyT UCIIOJIb30BATHCS B

IajIbHEUIIeM.

[Tycth @ — 0OBIUHAS OIIEHKA JIJIsT HEU3BECTHOTO MapaMeTpa &, TO €CTh OICHKA,

nojy4deHHas 0e3 yuéra anpuopHOro OrpaHudeHus (Hanpumep, GyHaaMeHTalIbHBIM METOI0M

MoMeHTOB [16], [17]).
Crnydaiinas BenmuunHa 6 siBisieTcst GyHKIMEH Habopa SKCIEPUMEHTATBHBIX JaHHBIX X:
6 = 6(X) . IINOTHOCTH BEPOSTHOCTH 3TOU Ben4nHbl d,(6) 3aBUCHT OT @ Kak OT IapameTpa.

HPGI[HOJIaFaGTCH, 4TO IMJIOTHOCTb BEPOATHOCTU U3BCCTHAA, HCCUHTYJIAPHAA (byHKI_[I/IH, KakK TOro

TpeOyeT cTaHAapTHAs HeMMaHOBCKasl MPOLEAYypa NOCTPOCHUS JOBEPUTEIBHBIX HHTEPBAJIOB [1].
[Inotaocts d,(6) comepxut B cebe BCIo HHPOpMALHIO 00 H3MepeHnr napamerpa 6 B

OKCIICPUMCEHTC, BKIIFOYasd MECTOA OLICHUBAHUWA 3TOI'O MapaMeTpa.

[lycTh @, & — Manble HeoTpunaTenbhble Benunuunbl. Onpenenum L, (0) u U, (0) kax
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P(-o<f<L,(60))=a. P(U,(0)<b<+o)=a (1)

BeposATHOCTD MOJTyYuTh BENMYMHY OlleHKH MeHblie L, (6) pasua &, a Gonbme U, () —

Takum o6pasom, L, (6) coorsercTByeT onpenenénnoii B pazaene 9.1.1 [16] Bennunne Z gy,
Ecnu npeanonoxkuts takke, uro L, () u U, (6) obparumbie dyukunu 6, o (1) MOKHO

nepenurcarb B BUIC

P(L,(0)<0)=a. P(O<u,(d)=c (2)
e u, =U,', |, =L . W3 (2) caeayer, 4To BEpPOSTHOCTb NOJYYUTD CIy4aiiHyt0 BETHUMHY

l, (é) (uy, (é)) MEHBIIIYIO (OOJIBIYI0), YeM HEU3BECTHOE UCTUHHOE 3HaYeHHe @ paBHa o ().

o\ L0)S
- ua'(é)
Q//‘/a// aq
P
/ )
> s
0 0

Puc. 1. Tloxasausl pyskman 6 =1, (0) u 6 =u,, () (wm, ¢ apyroii ToKH 3peHus,

=L (0) u 6= U, (6)). B obuem ciydae nuaronans 6 = 6 He nexur MEXy IBYMs

o

KPUBBIMH (Ha MOCIEAYIONIMX WJUTIOCTPALIUAX JUaroHaidb 0ToOpaxxkaThes He Oyzer). JlBe
CIUIONIHBIE JINHUU OYAYT MUCHOIb30BaThCS B NajbHEMIIEM Ui CiIydasi, KOTAa OHU COCTaBIISIIOT
CTaHJAPTHYI0 CHMMETPUYHYIO CUCTEMY JOBEPUTEIBbHBIX HHTEPBAJIOB C YPOBHEM JIOBEPUS

p =1-20a.Yem meHbiie BenuurHa [, TeM YK€ TOBEPUTEIIbHBIC HHTEPBAIIBL.

MoxHo niepenucats (1) B Bume

P(L,(0)<6<U,(0))=1-a-a'=p (3)

Tor/:[a N3 3KBUBAJICHTHOI'O BBIPAXKCHUSA

P(uy (8)<0<1,(6))=5 (4)
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CIIEyeT, YTO C BEPOSITHOCTHIO [ (IOBEPHUTEIBHBINH YpOBEHb, Hartpumep, 90%) ciydaiiHblii

unrepsan [u, (6), 1, (6)] nakpsiBact HemsBecTHOE 3HAYCHUE 6.

Beibupas o=’ =(1-f3) / 2 , IOJIy4UM CTaHAAPTHBIA CUMMETPUYHBIN JOBEPUTEIIBHBII

1osIC (CUCTEMY JOBEPUTEIILHBIX HHTEPBAJIOB).
Takoe mocTpoeHre CONEPIKUT CIESAYIONIYI0 CBOOOTY. 3apUKCUPYEM YPOBEHD TIOBEPHUS

S (manpumep, S =90% , nanee Be3ne nonaraem S (uKcupoBaHHbIM). Bribepem aBe GpyHkuuu L,

U, yaOBIETBOPSIOLIUE YCIOBUIO
P(L)<b<u®)=8 (5)

Eciu 5TH QyHKIMHU Tak’ke MOHOTOHHBI, TO CYIIECTBYIOT obpaTHbie uM u=U ", 1 =L".

Torna 13 SKBUBAJICHTHOTO BBIPAXCHHS
P(u(6)<0<1(8))=5 (6)
CHOBA CIICAYET, UTO CIIyyaiiHbIii uHTEpBAT | U (), l(é)] HaKpbIBACT HEU3BECTHOE 3HaUeHHE 6 ¢

BEPOSTHOCTHIO f3.

3amernm, uto murms 6 = u(6) pacmonoxena Hwke 6 = ul_ﬁ(é) (1o ectb u(6) < ul_ﬁ(é) ).

AHaJornyHo, TuHUA 6 = 1(0) orpannyeHa cHu3y. Kaxmas mapa Takux JUHUAN 3a1aéT

JOIYCTHUMBIN TOBEPUTEIBHBII MOSC ISl JOBEPUTEILHOTO YPOBHS f3.

Ha Puc. 2 B 1onoIHEHHE K CAMMETPUIHOMY JIOBEPUTEIBHOMY TOSICY C YPOBHEM JIOBEPHSI
[, BBeIIeH TaKoke Gosiee y3KHiA TOsIC IS MEHBIIETO YPOBHS 0BepHs f=1-2 (1-8)=1-4a<p
(HaKJIOHHBIE TTYHKTUPHBIE JTUHUK ). O003HAYEHHSI PA3INYHBIX TOUCK MTEPECECUCHUS 1

TOPU30OHTAJIbHBIX JIMHUH BBCACHBI IJI4 yI[OGCTBaZ OAHMHAKOBO 0003HaYCHHBIC HA MOCJICAYIOIINX

HWIUTIOCTpAalUAX TOYKU COBIMAAAOT TOYKaM Ha JAHHOM PHUCYHKE.

J I
A L6 6, o)

Puc. 2. [Tapb! cIIOMIHBIX ¥ MYHKTUPHBIX HAKJIOHHBIX JIMHUNA OTPaHUUYUBAIOT

CHMMETPHUYHBIC JOBEPUTEIbHBIC MOsICA ISl JOBEPUTEIBHBIX YpoBHEH f=1-2a u
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L=1-2(1-f)=1-4a; cm. Puc. 1. Ha pucyHke ykasaHbl (yHKIIMH, COOTBETCTBYIOLIHE

muausiM. Touka A - iepecedenue BepTukanbHoi ocu ¢ muaueit 6 =1 (6). Touka A 3anaét
ropusoHTanbHyto muaui0 KF ¢ apyrumu Toukamu nepecedenuii. Touku C u Q - nepeceuenus

manuit @ =u,_;(6) u @=u,(6) c ropu30HTANTEHEIMU OCSAMH.

OG6o3HaYnM OpAMHATY TOUKU A (TIepecedeHue BepTHKAIbHOH ocu 1 nipsimoit KF) 6, :
On=1,(0) (7)

Yucna 6, < 6. < 6 cyrs opaunarsl Touek C, E, F:

ec:Ul—,B (0)’ eE:Ul—ﬁ(eA)’ eF:Ua(eA) (8)

0) JlnckperHslii ciayvai

Bynem paccmatpuBath CUTyalnio, KOT/1a B 9KCIIEPUMEHTE AETEKTUPYETCS YUCIO COOBITUI

n. Yucno 3aperucTpupoBaHHBIX COOBITUI MOXKET OBITh pacIpenesieHo, Hanpumep, o [lyaccony:
n

B (n) =2 9)
3nmech (4 - mapaMeTp IMyacCOHOBCKOTO paclpeieNieHusl, CpeaHee Yuciio cooblTuil. ([lansHelnme
paccyXIeHHs HE 3aBUCIT OT KOHKPETHOI'O BU/IA pacIpeieeHuUs. )

JIMCKpETHOCTh pacnpeaeeHusl IPUBOJAUT K HEKOTOPBIM U3MEHEHUSIM B IOCTPOCHUH
JIOBEPUTEIIBHBIX HHTEPBAJIOB 110 CPABHEHUIO C HENPEPBIBHBIMU PACIIPEACIICHUSIMU.

JU1st MOCTPOCHUS JOBEPUTENIBHBIX MHTEPBAJIOB BEIOEPEM, KaK OOBIYHO, TOBEPUTEIHHBIIN

ypoBeHb & (Hampumep, 95%). [1o onpenenennio HEOOXOAMMO yKa3aTh TAKME UHTEPBAJIBI,

KOTOpBIE OyoyT cOollepKaTh HEN3BECTHOE HICTUHHOE 3HAUYEHHE [/, B J10JI€ SKCIIEPUMEHTOB PaBHOM
a.

P(IUOE[,UI,,UZ])ZOZ (10)

BcenencrBue muckpeTHOCTH pacipenereHuss Heooxoaumo ocinadbuts ycnosue (10), n3meHuB

€ro Ha HepaBeHCTBO " =" [6].

I[JBI KaXXI0ro 3Ha4CHUA ( MOXCEM yKa3aThb 3HAYCHHUA 71, YIOBJICTBOPAIOIINEC YCIIOBUIO:

Pﬂ(ne[nl(ﬂ),nz(ﬂ)])ZQ' (11)
PaccmoTpuM cHauvana oqHOCTOPOHHUIN MHTEPBAI:

P(nSna(,u))Za' (12)
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Jlyist onipeiesieHns TOBEPUTEIHLHOTO MHTEpBANIA ISl 4/ MOXKHO CJIeNaTh MpeoOpa3oBaHue

BBIPa)KEHUS B CKOOKaX:
P(uzu*(n))za (13)

Hepasenctpo (13) o3HavaeT, 4To B 10JI€ > & SKCHEPUMEHTOB (M3MEpPEHUH Ynciia n) Oyner

MOJIYYCHO 3HAYCHHUC 11 TAKOC, YTO HCU3BCCTHOC HCTHUHHOC 3HAYCHUC ITapaMeTpa YAOBJIICTBOPACT
yenoBuo [ > p*(n).
B ciydae IMCKPETHOTO PacIpeielieHus isl BelMIMHbI 7 GyHKus 4 * (n) onpenenena, Ha

TIEPBBIN B3I, HE OJHO3HAYHO (KaKIOMY 3HAYCHHUIO 71 COOTBETCTBYET HA0Op 3HAUYCHHUM L ¥,

IIPU KOTOPBIX BBHINOIHEHO HEpaBeHCTBO (13)). Huke Mbl HOKakeM, 4TO yCIOBHE
KOHCEpPBaTUBHOCTU MHTEpBasia [6] (TpeboBanue BbimonHeHus (13) 11st 1100bIX (UKCUPOBAHHBIX

M) OTIpefieNIsieT €IMHCTBEHHOE 3HAYCHHUE L * ISl KXKI0To 1. DTO 3HaUeHUe U * u OyaeT
TpaHMIIEH TOBEPUTEIHLHOTO HHTEPBAIA.

Jlns naxoxaenust (4 * (n) BBenéM crenyrouee 0003HAYEHHE: MyCTh A, - 3HAYCHHE
ImapameTpa, IIpH KOTOPOM BBIIONHSETCS TouHoe paseHcTBo P(n<n,(u,)—1)=¢a (upu stom

P(n<n,(u,+€)-1)<au P(n<n,(u,+€))>a),rae &- cKolIb yroIHO Maioe
TIOJIOKMTENBHOE YHCIIO.
TTokaxkeM, 4TO eCiu BbIOpaTh B Kauectse 4 * (n) Benmumny u*(n)= p, + €, 10 ycnosue

KOHCCPBATUBHOCTHU HC 6y,Z[GT BBIIIOJIHCHO.

[pu TakoMm BbIGOpe [ * (1), €CliM NUCTHHHOE 3HAYEHUE [/ JIEKUT B UHTEpBane (4,1, +€),
yciosue (13) Oyner Hapymartbces. J[edCTBUTENBHO, B TAKOM Cily4dae f OKaKeTCs 0oJibIe 100

PaBHOI ciry4aiiHoii Bennmuune [ * (n) = [, + € TONBKO B TEX CIIydasX, KOT/a MPU U3MEPEHUH
OynyT nosyuensl 3Hauenusin =n, (#)—1, n=n, (4)—2 u T.1. BeposSTHOCTb MOIYYUTH TAKHE
3HA4YEHUS 1 paBHA P(n <n,(u>u +¢€)- 1) < & (cornacHo BbIOOPY BEJIMUUHBI U, ).

CrnenoBarenbHO, HHTEPBAI [, + £,+°0) 10 ONPEACICHUIO HE SIBIIETCS JOBEPUTEIbHBIM
MHTEPBAJIOM.

[pu BeIGOpPE B KauecTBe 4 *(n) ciyd4allHOW BENMYMHBI [, , YCIOBUE > [l Oymer

BBITIOJIHEHO B JI0JIC U3MEPEHHUH > (&, UYTO YIOBJIETBOPSIET ONMPEICICHUIO TOBEPUTEIHHOTO

WHTEpBaJIa JIJIsl mapaMeTpa [ .
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Takum 0Opa3oM, OJTHOCTOPOHHUH JOBEPUTEIBHBIN HHTEPBA B CITydae TUCKPETHOTO

pacnipesienenus 3a1aéTcst GOPMYIION L > /L , T/Ie BENMYUHA £, OTIPENETAETCS YCIOBUEM:
P(nSna(,un)—l)=a'.

AHAIOTHYHO MOKHO paccMoTpeTh uutepsan P(n > n, (4))= . CoorsercTByIOmast
BEPXHsisl TPAHUILIA JOBEPUTEIBHOTO HHTEPBAA [isl [ OyzeT onpenenstbes Gopmyson 1< i .
3nech 4 sanaéres yenosuem P(n>n, (1)) +1)=a.

JIMCKPETHOCTD pacIpeleICHAsI BHOCUT JOMOJHUTEIBHYIO HEONIPEIEIEHHOCTD B
IIOCTPOEHHE ABYCTOPOHHUX JOBEPUTEIIBHBIX HHTEPBATIOB. TaK, HAIpUMEpP, MOXKHO 33]1aTh
JIBYCTOPOHHUI TOBEPUTEIbHBIN HHTEPBaA, 00BEIUHSS BEPXHIOIO U HIKHIOIO TPaHHIIbI

OIHOCTOPOHHUX MHTCPBAJIOB!:
P(n(u)sn<n(u))za =P(u(n)Spusp(n))za (14)

B KkauecTBe [ U [, BHIOUPAIOTCS COOTBETCTBYIOIME 3HAYCHUS £, M [/ . SHAYCHHS ITHX

BEJIMYUMH JJI KaXKJ0T0 71, OYEBUJIHO, 3aBUCST OT JIOBEPUTEIHLHOTO YPOBHA (X .
Takoil BbIOOp MPUBOAUT K MPUOTUZUTETHHO CUMMETPUYHOMY TI0BEPUTEITHLHOMY

uHTepBay. [IpuOANM3UTENBHOCTE COCTOUT B TOM, YTO BEPOATHOCTHOE COZEpKaHue obacTeit

n<n (u) un,() <n MOKET HE OBITH OMHAKOBBIM.

Jlnst yka3aHusl MHTEpBaJla MOXKHO TaK)Ke PyKOBOJICTBOBATHCS (PU3NUECKUMU

cooOpakeHusiMH. Tak, eciii BaXKHO MOJIyYUTh OTPaHUYCHHE Ha MTapaMeTp CBEPXY, TO MOXKHO

norpeGoBarth BbioNHeHns ycnosus P(n<n, (u))<(1—a)/2. B takom ciyuae BeposSTHOCTHOE
coziepkanne 001acTH Bbille BepXHeii rpanuip Oyzer < (1—)/2. IlocTponM HIDKHIOH
I'DaHHILy JTOBEPUTENLHOTO MHTEPBANA, HCIIONb3Ys 3HAYeHUs 71, ({) KaK JIEBYIO rPaHHUILY B
yenosun P (n, () <n<n,(4))= . B 5ToM ciyqae MOXKET OKa3aThCs, UTO yCIOBHE

P(n>n,(1))<(1-@)/2 ne Boimonneno. HukHsis rpaHiLa 10BEPUTENBHOTO HHTEPBAA IIPH

TaKOM IIOCTPOEHUHU MOJKET HE COBIAAATh C TPAaHULIEW OAHOCTOPOHHETO NHTEPBAJIA, TOTYyYEHHON
u3 ycinoBus (12). B To xe Bpemst Takoil uHTepBai OyaeT MeHee MEePEeKPBIBAIONINM, TO €CTh
BEPOSITHOCTHOE COJICPYKAHUE COOTBETCTBYIOIICH JOBEPUTEIBLHON 00J1acTh OyAeT OMmxKe K
3a/laHHOMY 3HA4€HUIO ¢ (KaK CIIPaBEUIMBO yKa3aHO B [6], 7TO KaueCTBO — NEPEKPhIBAHUE —
ABJISIETCS HEXKEIATENbHBIM ISl IOBEPUTEIbHBIX HHTEPBAJIOB).

AHaJIOTMYHO MOXHO yKa3aTh HHTEPBAJ, €CJIM BaXKHO O0Jiee CTPOroe orpaHuueHue Ha

U3MEPSEMBIN ITapaMeTp CHU3Y.
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Emgé oqun crioco0 mocTpoeHus TOBEPUTEIBHBIX HHTEPBAIOB IipeaiokeH CtepHom, Kpoy u
Iapnuepom [5]. Unes ciocoba 3akiitoueHa B KOHCTPYUPOBAHUH JJOBEPUTEIBHOM 00IacTu
no0aBJIeHHEM B He€ TOUYEK B MOPSAIKE YOBIBAHUS COOTBETCTBYIOIIECH BEPOSTHOCTH (B OTIHYKE OT
MOCTPOEHHUS CHMMETPUYHOMN CUCTEMBI HHTEPBAJIOB). BriepBhie crmocod ObLT MPUMEHEH K
OMHOMHUATBHOMY (JUCKPETHOMY) paCIpeeICHUIO, XOTSI BO3MOXHO €r0 paclpocTpaHeHHe U Ha
HeTpepbIBHBIE pacnpeneieHus. Takoe mocTpoeHue MpUBOAUT B OOIIEM Cllydae K
HECUMMETPUYHBIM UHTEPBaJIaM, HO COOTBETCTBYIOIINE UHTEPBAJIbI UMEIOT MEHBIIYIO JUIUHY.
Kaxk mokazan Kpoy, Takoii crmoco6 m1aét JoBEpUTEIbHYIO MTOJIOCY C HAaMMEHbINEH o0mmein
IJIOIIAJBIO.

Takum oOpazom, 1 KaKIOTO U3MEPEHUS BETHUUHBI 71 MOXKHO YKa3aTh JOBEPUTEIILHBII

WHTEPBAJ I HEM3BECTHOTO Mapamerpa /L B Gpopme

/,[E [/’lna’ ;a]

HECKOJILKUMH criocobamu. Be160p KOHKpeTHOTro crioco0a 3a/1aHusl T0BEpUTEILHOIO HHTEpBAIa,

KaK 00BIYHO B 3a/1a4ax 00pabOTKU JaHHBIX, OCTAETCS 32 IKCIIEPUMEHTATOPOM.
3. IlMocTpoenue CCGV

[epeiinéM K OCHOBHBIM, U3BECTHBIM U3 JINTEPATYPHI, CIIOCOOaM y4uETa anpuopHOU
UH(pOpMaLIMHU B IPOLEAYPE NOCTPOCHUS JOBEPUTENIBHBIX HHTEPBAIOB. PaccMoTpuM BHavae
HOMBITKY y4€Ta apuOPHONH HH(POPMALIUU NIPU TOCTPOESHUH JOBEPUTEIBHOIN 00acTh (perieHus
NEPBOM TPYIIIIbI).

Kaysn u 1p. npejioxunyu MeTol, NOJIyYUBIINM Ha3BaHUE OTPAaHUYEHUS HHTEPBAJIOB C

MOMOIIBIO (DYHKIIMHM MOITHOCTH [7]. DTOT METOJ] COCTOUT B cienyromeM. BeiOupaercs: Hekuid

CTaTHCTHYCCKUI KPUTEPHH CO CTATHCTHKOM ¢, = ¢, (x) (anst ynoGcTBa BHIOMPAETCS CTATUCTHKA,

YBEJIMYUBAIOLIASCS TIPU YBEJIMYEHUN HECOTTIACUS MEKY SKCIIEPUMEHTAIbHBIMU JAHHBIMU X U
BEITMYMHOM mapameTrpa (). JIist 3Toro Kputepust CTpouTes (QYHKIIUS MOIIHOCTH, KOTOPAast U

SABJIACTCA KIIFOUCBBIM 3JICMCHTOM 3TOI'0 TOCTPOCHUA:

M,Ll' (ll’l) = P(q,u ('x) > qﬂ,crir

/’
K)
PaccmarpuBarorcs ase runoressl: 4 =0 (curaan orcyrcTByeT) U 4 >0 (cymiecTByer
HEHYJIEBOI CHTHA) M COOTBETCTBYIOMAs hyHKimst Momuoct M (). Beibupaercst HeKOTOpoe

IOpPOTroBOE 3HaYCHHUE (PYHKIIMUA MOUTHOCTH M ., M 00JIaCTh 3HAYCHUN [ pa30MBAeTCs Ha JBE:

min °

€CJI JUIs HEKOTOPOTO 3HaueHus1 M 3Hadenue M, (L) OKa3bIBAaETCs HUKE MOPOTOBOTO, TO

CYHUTACTCA, YTO YYBCTBUTCIBHOCTH K 3TOMY IIApaMCTPy CIMIIKOM MaJia, U TAKHUC 3HAYCHUA U HC
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MOTYT OBITh TPOBEPEHBI. TakuM 00pa3om, 4 HE BKIIOYACTCS B IOBEPUTEIHHBIM HHTEPBAI IS

HEKOTOPOT0 KOHKPETHOT0 Hab0opa SKCIIEPUMEHTANIBHBIX IaHHBIX, eclid 1) 4 oTBepraercs

KPUTEPHEM ¢, TIPH 33JaHHOM JIOBEPUTEILHOM YPOBHE (f , K 2) UyBCTBHTEIBHOCTH K [
nocrarouna, .e. M, (u)=M .

Bce 3HaueHusa 4, HE yIOBIETBOPSIONMINE YCIOBUAM 1) MM 2) COCTABIISIIOT HCKOMBIN

JIOBEpUTENbHBINA HHTEPBAJ.

BeposTHOCTB, ¢ KOTOPOM 1OBEPUTEIBHBIN UHTEPBAIl HAKPHIBAET JAHHOE 3HAYCHUE /[,
paBHa 100%, niist Tex M, 1Ui KOTOPBIX (DYHKIIKS MOLUTHOCTH MEHbIIIE TTOPOrOBOTO 3HAYCHUS, U
o s TeX U, 1S KOTOPBIX MOIITHOCTH O0JIbIle MO0 paBHA MOPOroBoil. Beibop moporosoro

3HayeHus M, OCTa€Tcs 3a DKCIEPUMEHTATOPOM.

n

Takum oOpa3om, noctpoenue Kaysna u np.
1) comepxut nepekpriBaHue (M30BITOYHOE BEPOSATHOCTHOE COJEPIKAHUE TIOBEPUTEIHHOM
obnacTu) B caMoi IPOIeaype;

2) He Ja€T sICHOM UHTepIpeTaluu 3HaueHuss M KOTOPOE U ONPEACIISIET KOHEUHBIA BUJ]

min
HWHTEPBAJIOB,;
3) He pemraet nMpobJeMy YMEHBIIICHHS JOBEPUTEIbLHBIX HHTEPBAJIOB B He(DU3NUECKON

o0mnacTH.
4. ITocTpoenue Peabamana u Kazunca

[TocTpoeHne mOBEPUTEIBHBIX HHTEPBAIOB, MpeayioxkeHHoe dDenpamanom u Kasuncom [6],
Tak ke Kak u crocod CrepHa, Kpoy u ['apHepa, ocHOBaHO Ha CHieIMaaIbHOM TMOPSIKE
n00aBIIeHUs TOUEK B JOBEPUTENIbHYIO 0071acTh. [lopsiiok 100aBieHus: TOYEK ONpeaessieTcs
OTHOILIEHHEM TPaBONOI00HIA.

Paccmorpum cenyromuii mpumep. [1ycTh B SKCIEpUMEHTE U3MEPSAETCS YHUCI0 COOBITHH 71,

pacnipenenénnoe no Ilyaccony, ¢ mapamerpom (4 +b). 31ech [ - HEU3BECTHBIN MAPAMETD,

KOTOPBIIl HEOOXOAMMO OLICHUTH, b - U3BeCTHBIN (PoH. Eciin 0003HaYUTh BEPOSTHOCTH MOTYyYUTh

B OKCIIEPHMEHTE YHCIIO COOBITUH 1 Ipu [ = (I, uepe3 P(n |4, ), TO BHILEYOMSHYTOE

OTHOIICHHE TTPABAONOI00UH €CTh

_ P(nlu)
RO = ) (15)
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e Benmunna L, = max (0,n—b) 1) makcumusupyer P(n ) npu nannom n; 2)
HCOTpUIaTCJIbHA. Haﬂee, JJIA KAXXKI0Io 3HAYCHU A ﬂ TOYKHU n ,Z[O6aBHHIOTCH B TOBCPUTCIIbHYIO
O6HaCTB B IOPAAKC YMCHBIICHUSA COOTBCTCTByIOH_[eﬁ BEIUYUHBI R (n) A0 TCX IOop, MMOKa

CyMMapHasi BEpOSITHOCTb, COZIepKaliasics B JOBEPUTEIbHOM 00J1acTH, HE JOCTUTHET 33JaHHOTO
JIOBEPUTENBHOIO YPOBHSI.
Takol pernent NoCTpoeHHUs JOBEPUTEIbHBIX HHTEPBAJIOB, KaK OTMEUEHO B CaMOU paboTe
[6], HE pemraeT BakHYIO MPOOJIeMy, BOSHUKAIOIYIO B CIy4ae MEHbIIETo, 4eM (OH, YncIIa
COOBITHI: TOBEpUTEIbHBII HHTEPBAT OKA3bIBAECTCS TEM MEHBIIE, YeM MEHbILIEE YUCIO COOBITUI
HIOJIy4EHO B pe3yibTare 3KcrnepuMenTa. Ciie1oBaTeIbHO, HE3aBUCUMO OT BETMUYUHBI (JOHA B
JKCIIEPUMEHTE MOKET MOJyUYUTHCS CKOJIb YTOJAHO CHJIBHOE OIPaHUYCHHE HA BEJIMYUHY CUTHAJIA.
Amnanornysaas npo6jgemMa BO3HUKAET PU IPUMEHEHHUHU perienTa [6] u it orpaHuYeHHBIX
napaMeTpoB HEMPEPHIBHBIX pacrpenenenuii. UeM panbiie B He(hU3nuecKoi 00acTu
OKa3bIBACTCsl OKCIIEPUMEHTAIBHOE 3HAYEHHUE OLICHKH, TEM MEHBIINN JJOBEPUTENIBHBIN HHTEPBAI
TaKOMY 3HAUYE€HHIO COOTBETCTBYET. Penient @enpamana n Kazunca ga€t B 3TOM ciydae
napaJoKCaNbHBIA pe3ynbTaT — Hanbosee HeHaEKHbIE PE3yJIbTaThl (OILICHKH, JIeXKAIUE B
HepHU3UIECKOi 061acTn) AT HanbosIee CHIIbHOE OrpaHUYEHUE Ha OLIEHUBAEMBIH MapaMeTp.
O0e yka3aHHBIX IPOOJIEMbI TOCTPOEHUS [6] IPUBOIAT K TOMY, YTO HEBO3MOXKHO IPOBECTH
CPAaBHEHHE HE TOJIBKO PE3YJIBTATOB PAa3HBIX KCIIEPUMEHTOB, HO U PE3YJIbTATOB OAHOIO
HKCIIEpUMEHTA (HalpuMep, ABYX pa3HbIX CEAHCOB), €CIIU PE3yJIbTaThl MPEACTABICHHI B (hopMe
JIOBEPUTENBHBIX HHTEPBAJIOB, MOIYYEHHBIX 110 peuenty Penpamana u Kasunca.
HeBo3MOKHOCTh CpaBHUBATH JOBEPUTEIIBHBIC HHTEPBAJIBI XapaKTEPHA Ul BCEX PELICHUN
W3 MEPBOU TPYIIIHI (CM., HAIIPUMEDP, MOMBITKY AajbHEHIIeH MOAU(PUKAITIN CAMUX HHTEPBAJIOB U
HOpsi/IKa MOCTPOSHHSI TOBEPUTEIbHOM obsacTu B padote [18]) .

DTOro CyIeCTBEHHOIO HEOCTAaTKa JIMIIEHB! PELIEHHs] BTOPOW I'PYIIIIHI.

5. Koncrpykuusi Manaenaskepua u Hlyabna

[Tpensiaymme uccaenoBaTeNy UCIIOIb30BAIM U3MEHEHHUE MOPAIKA 100aBICHUS TOYCK B
JIOBEPUTEIBHYIO 00JIaCTh I MOJTYyYSHUS JOBEPUTEIBHBIX HHTEPBAJIOB C YUETOM
JIOMOJIHUTEIBHON HH(OPMAINK O MapaMeTpax.

OnHaKo UX MOCTPOEHUS MPUBOJAT K HE(PU3NUECKH KOPOTKUM TOBEPUTEIbHBIM HHTEPBAIaM
BOJIM3M TpaHULIbI (PU3UYECKH JOMYCTUMBIX 3HAUYCHHUI MapameTpa. DTO MPOUCXOAUT OTTOTO, YTO

CHoco0 MOCTPOCHHUS OLIEHKU (PaKTHUECKU HE YUUTHIBAET (PU3NYECKOTO OrpaHUYEHUS Ha
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MHTEPECYIOIINE TapaMeTphl, U UCIOIb3YETCsI T K€ OLIEHKA, YTO U B CiIy4ae 0e3 allpuOpHBIX
OTpaHUYECHUU.

ManpenskepH u Llynbip [8] mpennoxuiiv nucronb30BaTh B PEHICHUH 33a4H IPYTYIO
orieHKy. B acTHOM cirydae, paccmaTpuBaeMoM B padote [8], moaxoasiiasi OlleHKa HaXOUTCS C
UCIIOJIb30BAHUEM METOJ]a MAaKCUMAJILHOTO ITPABI0NIO100N.

B ¢ynkumio npasronogodus BBoauTcs GpakTop — GpyHKIMSA XeBucaiina, SBHbIM 00pa3zoM
OTpa)karolllasl yCJIOBUE OIpaHUYEHMSI IApAMETPA, U MOJIY4aeTCs OLIEHKA, BCET/Aa JeKalias B
(Gu3nyeckoil odbmacTu A NaHHOM 3a1a4u. Mexay TeM, BBEIEHUE TaKOro (pakTopa BBITJISIIUT
HCKYCCTBEHHO (TIOCTYJIUPYETCs), & KOPPEKTHOCTD PELENITA CTAHOBUTCS OYEBHTHOM JIUIIIb
nocT(hakTyM — CpaBHEHHUEM pacrpeaeeHus A OUeHKU u3 [8] ¢ oburum pemenueM [9].

JlanbHEeUIIHNi BEIBOJ TOBEPUTEIbHBIX HHTEPBAIOB MPOU3BOIUTCA 0€3 KaKUX-JIH00
JOTIOTHUTEIIBbHBIX NPEATION0KECHUH.

OtMeTuM, 9TO Takas Impoleaypa He SABIIIEeTCS 0alileCOBCKOM: HCKITIOUEHNE He(DU3NISCKUX
3HaYeHU TTapameTpa He SIBJISIETCS aHAJIOTOM BBEJICHUS! paBHOMEPHOI! OaiiecoBCKOW anpuopHOH
(GyHKIMU pacTpeaeIeHHs.

YactHoe pemenue [8], BooOIIe roBOpsi, KOPPEKTHO (XOTsI, TOBTOPUM, YOSTUTHCS B 3TOM
IPOILE BCETO, CPABHUB €T0 € OOIIMM PELIEHUEM): TAKOE TOCTPOEHHE

1) B omnume ot nocrpoenust Penpamana u Kasunca popmansHo pentaer npodiaemy
MEHBIIETO YeM (POH U3MEPEHHOTO YUCIIa COOBITHIA (JIIs TyaCCOHOBCKOTO Ipoliecca ¢ poHOM) U
YMEHBILIEHUS JOBEPUTEIIBEHOIO UHTEPBaa Ulsl OTPULIATEIbHBIX 3HAYEHNUN OLICHKH 3aBEA0OMO
IIOJIO’KATEIBHOTO MTapaMeTpa rayCCOBCKOIO PACIPENCICHUS;

2) naét npaBUIBLHOE BEPOSITHOCTHOE COJIEPYKAHHUE JOBEPUTEIBHOM 001aCTH, B OTIMYUE OT
flip-flop peuenTos, Hapymatonux yciaosus (3) u (11).

C npyro#t CTOpOHBI, peLeNT MOCTPOCHUS OLICHKH 37€Ch OCHOBAH HA METOJE
MaKCHUMAaJIbHOTO IPaBJONO0100us, U UCKIIIOUAeT LEeJbIM Kilace 3aa4, e H3HadajlbHO BEIOpaH
JIpYro METOJ OLICHUBAHUS.

BeposiTHO, Bce 3TH IPUUYUHBI U 00YCIOBUIIM TOT (haKT, YTO MOAX0a MaHenbKepHa U

[Ilynpiia mOYTH HE UCIIOIB30BAJICS HA MTPAKTHUKE.

6. OGocHOBaHHE KOPPEKTHOMH CHCTEMBbI I0BEPUTEIbLHBIX HHTEPBAJIOB IS

HeNpepbIBHOIO CJIy4Yasi

[TonHOE pemieHue 3a1a4n 0 JOBEPUTEIBHBIX HHTEPBAJIaxX Ul apaMeTpa HEIIPEPHIBHOTO
pacrpenenenus ¢ yu€ToM anpuopHoi HHPOpMAaUK 00 OrpaHNYEHHOM 001aCTH 3HAUCHHH

napamerpa gaércs B padore [9].
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Kak yxe oTMeqanocs, KIIOYEBbIM 3JIEMEHTOM B IIOCTPOECHUU JOBEPUTEIIBHBIX HHTEPBAJIOB

SIBIISIETCS OLIeHKa (estimator). MOXHO OCTaBUTh BOIPOC: KaK MPaBUIIHHO BBIOPATH OIICHKY
0 =06(X), ecnu 3apaHee U3BECTHO, 4TO € =07

OmnpenensironmM CBONCTBOM JTFO00W OIICHKH SIBIISIETCS TO, YTO OHA Ja€T 3HAUCHUE

Haubosee 01m3Koe K HemsBecTHOMY 6. Torza onpenearM HOBYIO OLEHKY KaK:
é:max(é,O) (16)

OueBHIHO, YTO € HaeT OICHKHU, KOTOPHIE 3aBEOMO OJMKe K HEU3BECTHOMY 3HAUCHUIO 6,

A

yeMm @ . Takasi OllEHKa COJIEPKUT KaK CTAaTUCTHYECKYIO HH(OPMAITHIO, 3aKITIOYCHHYIO B OOBIYHOM

A

OIleHKE @, TaKk W anpuopHYI0 HHGopMaIHio o ToM, 4to € = 0. [Tocie 3Toro ocTaércst IOCTPOUTh

JIOBEPUTENBHBIE UHTEPBAJIBI 1J11 HOBOW OLICHKH 6 .

[Ipexae ueM mpoI0IKaTh MOCTPOCHHE, 00Cy UM onpenenenue (16).
Pacnpenenenue BepoATHOCTH 111 6 umeer CHEAYIOLINNA BUI;:
d,(0)=H(8)d,(0)+c,5(6) (17)

rae H(t) - oObruHas GpyHkius Xepucaiina, o(f) nupakoBckas O-QyHKIMS U
¢;=[" a6 d,6) (18)

CrnenoBatenbHO, BOSHUKAET JIOMOJIHUTENbHAS CI0KHOCTh, CBA3aHHAs! C CUHTYJISIPHBIM
BK1asioM B (17). JInst paboThI ¢ TAKUM BKJIaJIOM MOKHO HCIIOIB30BaTh CTaHIAPTHBIC METOBI,
1100 MPUMEHUTH CHeHHaTbHBIN NpuéM. IIpuMeHenne cTanaapTHOTrO Moaxoaa (Peryssipru3alium)
omucaHo B padore [9].

[Ipeiinem k onucaHuio cienuaibHOrO MpuéMa. Bocnonb3zyeMces cieayronm

A

HaOmonenueM. Onpenenenue (16) o3Havyaer, yTo CiydaifHbIe 3HAYCHHS] OOBIYHOMN OIICHKU 6 B
UTOore HepeHOC}ITCH B TO‘IKy HOJIb U CKAIIJIMBAKOTCA B 3TOI>'I TOYKEC. 3TO O3Ha4acT, 4TO BCC TaKHUC

S3HaYCHUA CTAHOBATCA HCPA3TIUUIUMBIMU: OHU AaAYyT HYJICBOC 3HAUCHUC MOI[I/I(bI/IHI/IpOBaHHOI\/'I

OIICHKH & — |, CIIeJIOBATEIHbHO, OJIMH U TOT )K€ IOBEPUTENBHBIN HHTEpBaJ. Toraa Bce

A

HETOJIOKUTEIbHBIC 3HAUCHHUST @ Jal0T B UTOTE OJMH M TOT XK€E JTOBEpUTEIbHBIN uHTEepBa [0,

A

const], rme KOHCTaHTa HE 3aBUCHUT OT O .

Kax Tonsko 3TO cTajo IOHATHBIM, TIOCTPOCHUEC JOBECPUTCIIbHBIX HUHTCPBAJIOB MOXET OBITH

MIPOM3BEICHO IIEIMKOM B TEPMHHAX OOBIYHOM OLIEHKH & ; MoAuUIIMpOBaHHAS OIlCHKA &

HCIIOJIB3YCTCA JIMIIBb KaK JOIIOJHHUTECIBHOC YCIIOBUE: UTOIOBBIC CUCTEMBI JOBCPUTEIIbHBIX

A

MHTEPBAJIOB JIOJKHBI YIOBJIETBOPATH YCIOBUIO, YTO BCE 3HaUEHHS 6 3a anpuOpHOI rpaHuiien

JIOJ>KHBI 1aBaTh OJUHAKOBBIN JOBEPUTEIbHBI HHTEPBAJL.
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DTO AOMOIHUTEIBHOE YCIOBHE UMEET SICHBIM SKCTICPUMEHTAIBHBIA CMBICIT: YCIIOBHE
MO>KHO c)OpPMYTHPOBAThH KaK TpeOOBAHNE YCTOMUYUBOCTH TIOBEPUTEIHHBIX HHTEPBAJIOB K
BO3MOXKHBIM 3KCTIEPUMEHTAIBHBIM JeheKTam, 94To IpUIaET BCe KOHCTPYKIIHH
JOTIOJTHATEBHBIN (u3ndeckuii cmbici. Creayer, 0JHaKO, TOMHHUTh, YTO MPUBEIEHHOE

paccyXJIeHHe MpOo3pavyHo U KOHKPETHO U caMo 1o cebe He TpeOyeT HeKUX MeTaphU3nIeCKUX

A

000CHOBaHUM: IOCTPOCHNUE HHTEPBAJIOB B TEPMUHAX OOBIYHOM OIIEHKH € C BBIIICYIOMSIHYTHIM
JOTIOJTHUTEIbHBIM YCJIOBUEM DKBUBAJICHTHO HETNIOCPEICTBEHHOMY IIOCTPOEHHUIO JOBEPUTENBHBIX
HOSCOB JUISI MOM(UITMPOBAHHOM O1leHKH (16), KOTOpask BKIIOYAET B ceOs allpUOPHYIO

uH(popManrio Hanbosee MPOCTHIM U MTPO3pauHbIM 00pazoM.

T'opuzonmanshuie depopmayuu. ITpuém ropuzoHTaIBHBIX AedhopMaIiii OCHOBaH Ha

CIIEIYIOIIMX CBOMCTBAX JOBEPUTENBHBIX MOSICOB 115 pukcupoBanHoro . Eciu mis nanHoro 6

senuuuna U (6), onpenenéunas Gpopmyinoi (5), cMmemaercs K €& HukHelt rpanuie U, 5 (),
TOTJIa COOTBETCTBYIONIEE 3HAYECHUE BENUIMHBI L (6) — —oo (aHATOTMYHO MOXKHO CMeIaTh L K

e€ BepxHeil rpanune). Ecnu L u U MoryT ObITh TaKUM 00pa3oM J1e()OpMHUPOBAHBI (IIPU YCIOBUU

MOCTOSTHHOTO COXPAHEHUs HETIPEPHIBHOCTH U MOHOTOHHOCTH ), TO CYIIIECTBYIOT KOPPEKTHO
o 1 -1 o
onpeaenénubie oopaTHble GyHKIMU u =U"", [ = L Ha KaxI0M mare nedopMaiuii — TO eCTh

CYIIECTBYET JOBEPUTEIIbHBIN TOSC [T YPOBHS A0Bepus 3.

Ha nammx rpadukax takue aedopmaniy NpoucxoaiaT B TOPU30HTAIbHBIX HAPaBICHUSX.
OTo0 nokaszaHo Ha Puc. 3: )xupHble KpUBbIE JOJIKHBI JIEXKATh BHE BHYTPEHHETO 10SICA U MOTYT
TOJIbKO MPUOJIMKATHCS K TPaHUIIaM 3TOr0 Nosica (B TOPU30HTAILHOM HAIlPaBJIEHUH, KaK
noka3aHo Ha Puc. 3 cTpenkaMu) ¢ OJHON CTOPOHBI, IIPX 3TOM C APYroil CTOPOHBI KPUBAsI

yJaJeTcsi OT TPAHUIBI HA OECKOHEYHOCTb.

/l 0 7
s h u /
6 > v 1ﬁ( ) . s
s /
/ 7
s
7

7
o A
/ 7

®
7/ 0 )/ 0

Puc. 3. [1apb! CITOMIHBIX ¥ MYHKTUPHBIX HAKIOHHBIX IPSIMBIX OIPAaHUYHUBAIOT

CHMMETPHUYHbIC JOBEPUTEIbHBIC MOsICA ISl JOBEPUTEIBHBIX YpoBHEH f=1-2a u

L=1-2(1-B)=1-4a (cp. Puc. 1). JIBe KUPHBIX KPHBBIX IIOKA3bIBAIOT BO3MOXKHbII BBIOOD 1,

u JUISL JOBEPHUTEIBHOTO ypoBHS [ =1—2¢ . CTpenku yKa3bpIBalOT HAIIPABIICHUE

TOPU3OHTAIIBHBIX JeopMmarinii, 00CYTaeMbIX B TEKCTE.
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Kak To1pK0 0f1Ha U3 JKUPHBIX KPUBBIX MIEPECEKACT TPAHUIY CHMMETPHUIHOTO
JIOBEPUTEHHOTO T0sica (CTUIONIHBIE HAKIIOHHBIC TIPSIMBIE), BTOpast )KUPHAsL KpUBas MepeceKaeT
JIPYTYIO TPAHUILY, KaK 3TO MOKA3aHO C MOMOIIbIO TOPU30HTAIbHON MYHKTUPHOMN JTMHUEH.

Omnucannas cBo0oaa ObLUTa UCIIOIB30BaHAa B pabote [6], rae mapa L, U Oblna BeIOpaHa Ha
OCHOBE Bephl B "'Maruio npasaononoouit”. Beioop cucteMbl MHTEPBAJIOB U3 pabOTHI [6] mokazaH

Ha Puc. 4.

Puc. 4. JloBeputenbHBIi MOsIC (OrpaHUYCHHBIN JKUPHBIMH JIMHUSIMU) OTIPECIIEHHBIN B
pabore [6] (cp. ¢ Puc. 10 u3 ykazanHoit padotsl). OcTalbHBIC JMHUH T€ K€ 4TO U Ha Puc. 3.
[IpaBoii >kupHOI KpUBOI, MPUOIMKAIOLIEHCs K MyHKTUPHOM rpaHUIle, COOTBETCTBYET JIeBast

KpHBasi, yXo/s1as Ha 0ECKOHEYHOCTh ¢ MPUOIIKEHNEM K TOPH30HTalIbHOU ocH, cp. Puc. 3.

Hakomnern, MoxHO niepeiTu k nepeneny, negopmupys L Takum o6pazom, 4To e€ 4acThb

CTaHOBHUTCS YaCTbIO KPUBOH L, g (8) (cm. Puc. 5). D10 MOXKET IPUBECTH K TOMY, uT0 L (1 U)

NEPECTaHyT OBITh HEMIPEPHIBHBIMU Ha rpaHulle 3Toi yacTH. OHAKO €CIH COOTBETCTBYIOIINE

obparasle GyHKImH u =U"", [ = L' HenpepbIBHO NPUOMIKAIOTCS B Mpesiesie K XOPOIIo

A

OTpeieIEHHBIM HEeTPEPhIBHBIM MOHOTOHHBIM (HEYObIBarOIUM) (QYHKIMSAM BETHUUHBI 6 , TO
CUCTEMa JOBEPUTEIbHBIX HHTEPBAJIOB (6) OyneT HempepbhIBHO MPUOIHKATHCS K XOPOLIO
OTIpeNIeNIEHHOMY pe3yJIbTaTy, a MpeAeIbHBIN TOBEpUTEIbHBIN MOsC OyIET HACTOIBKO ke XOPOII,
KaK 1 JII00OOW JOMYCTHUMBII TOBEPUTEIbHBIH MOSIC I OLIEHKU TapaMeTPOB.

KoppekTHoe nocTpoeHne 10BEpUTEIbHBIX HHTEPBAIOB MOKHO ITPOBECTH C
HCITOJIb30BaHUEM OMMCAHHOTO MTpHUEMa TOPU3OHTANBHBIX Aehopmanuii. B o603nauenusx Puc. 2
U [T GUKCUPOBAHHOTO JOBEPUTEIBHOTO YPOBHSI 3 paCCMOTPUM JTOBEPUTEIBHBIH MOSIC

COOTBETCTBYIOIIHH IBYM (PYHKITUSM [, 1, BRBIOpaHHBIM TaK, Kak Mmoka3aHo Ha Puc. 5 (cp. Taxxke

Puc. 3 u 4).
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vV 0 W 9

A

Puc. 5. )XupHple THHUN OTPaHUYHUBAIOT JOMYCTUMBIN JOBEPUTEIBHBIN TOSIC 11 6 1
JIOBEPUTEIBHOTO ypoBHS . OCTajbHbIC JIMHUK M TOYKH COBMaaaroT ¢ Puc. 2. JKupHsie KpuBbie
OTKCBIBAIOTCS ABYMs pyHKUMsAME [ ¥ u. UepHBIME cTpenkamMu 0003Hau€Ha rOPU30HTAIbHAS
nedopmanusi, IpuMeHseMast Ut OJyYeHHsI JOBEPUTEIBHOTO 10sICa, KOTOPbIA yIOBIETBOPSIET

JOIMOJTHUTCIIbHOMY YCIIOBHIO.

Kak 00Cy>X1a10Ch BBIIIIE, MOXHO ITPOBOIMTH TOPH30HTATIBHYIO Ae(OopMaIiuio,
0003HaueHHYO Ha Puc. 5 uepHbIMU cTpenkamu, moka cermeHT kpuBoit WF He mocturaer
nomanoit CEF. Cerment xpuBoit AV pakTHuecKkn BBIIPSIMUTCS, IPEBPATUBINUCE B psimyio AK

(6enas crpenka). [IpenenbHbIN JOBEPUTEIBHBIH MOSIC XOPOIIO ONpeenéH U okas3aH Ha Puc. 6.

R

<Y

0 Q

Puc. 6. /e nomanbix xupHbix tuanin KAJ u RCEFH orpannunBarotr okonuaTe pHbI
JOBEPHTEIIBbHBIII TI0SIC (C yPOBHEM J0BEpHs ) 15l OLEHKH 6 , KOTOpBIH YIOBIETBOPSCT
JOTIOJTHUTEIBHOMY YCIIOBHIO U, CIICOBATEIBHO, KOPPEKTHO OTOOPaXKaeTCsl Ha TIOBEPUTEIbHBII
nosic s 6, onpeznenéunoi Yp. (16). O6xacts CEFQ, Beipesannas u3 HeMOAUDUIIMPOBAHHOTO

JIOBEPHUTEIBHOTO T105ICa, PEACTABISIET COOON BBIMTPHIIL, ITOJYYEHHBIH 3a CYET anpuOpHON

uHpopmanuu.

HaHOMHI/IM, YTO KOHCTPYKIUSA BKIIIOYACT B ce0bs ABa CUMMCTPUYHBIX JOBCPUTCIIbHBIX

A

UHTEpBaJIa 17151 OOBIYHOM OLIeHKH 6 :

1) ciMMeTpUYHBIH MMOSIC IS ypOBHS A0Bepus [ =1— 2, B HamIMX 0003HAYCHUSIX

VMEIOLIUHA BUJL [Ma(é), la(é)] ’
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2) CHMMETPUYHBIN MOAC I YPOBHS IOBEPHUSI ,5’ =1-2(1- B) =1-4«a, umeromuii Buz

[”1—/3 (é) > ll—ﬁ (é)] .

Bepx#sis rpanunia joBepuTesbHOro nHTEpBaia [0, const], 0OTBEUarOLIETO BCEM

A

He(U3UUECKUM 3HAYEHUSIM 6 , U OTpeieiIeT TaK Ha3bIBaeMbIi npeoden 4y8cmeumenbHoCmu.

A

Bennunna npeaciza 4yBCTBUTCIIbHOCTU, OYCBUIHO, HC 3aBUCUT OT KOHerTHOﬁ BEJIUYMHBI & ,a

3aaéTcs TONMbKO OmUOKoM onpeneneHus € . Takum oOpa3oM, peies 9yBCTBUTEIIBHOCTH
OTpa’kKaeT BEIMYMHY SKCIIEPUMEHTAIBHOM OIMOKH U 1aET 0ObEKTUBHOE NPEACTABICHUE
Pe3yJITaTOB 3KCIEPUMEHTA, €CITH SKCTICpUMEHTAIbHAS OIICHKA ITapaMeTpa JISKUT B

He(du3nyeckon 00acTy.
7. Cnyyai oUCKpEeTHbIX pacrnpeaneneHum

PaccmoTpuM cHOBaA citydai, KOria B SKCIIEPUMEHTE IETEKTUPYETCST YUCIIO COOBITHI 1,

npuuéM n umeet pacupenenenue Ilyaccona (9) ¢ napamerpoM 4 . YUTéM Tenepb HAIUUUE
¢doHOBBIX cOOBITUH. UncI0 GOHOBBIX COOBITHH - U3MEpsAeMas BETUUNHA, CIE0BATEIbHO, B

o0mmeM cirydae u3BeCTHO pacnpenencuaue Py (b). 3aech [ - HEM3BECTHOE HCTHHHOE 3HAUCHHE

TSl CpeTHero yncia (OHOBBIX COOBITHH.
B pabore [6] paccMaTpuBacs ciydai, Korjaa cpeaHee 9ucio (OHOBBIX COOBITHI N3BECTHO

TOYHO U paBHO b. Toraa 4ucio COOBITHIA, 3aPETHCTPUPOBAHHBIX B OKCIICPUMEHTE, OyIeT
pacnpeneneno mo [yaccony co cpemaum (L +b):
— (,u + b)n ~(u+b)
P,(n)= e (19)
n
Hcnonb3yeM Teneph JA0NOJHUTENbHYIO0 HHPOPMAILHUIO 0 (GOHE U TIOCTPOUM J0BEPUTEIbHBIE

MHTEpBaJbI U151 TapaMeTpa L B ayXxe paccyxkiaeHuit [9]. OcHOBHas uaesi COCTOMT B TOM, YTO

anpuopHas “H(pOpMAIHs O MapaMeTpe MOXKET OBITh CHOBA yuTeHa B BEIOOpE OIIEHKH (esitmator)
JUIs JaHHOTO mapameTtpa. [locie 3Toro mocTpoeHne HHTEPBAIOB MPOU3BOJUTCS aBTOMATHUECKU
(cp. ¢ mpeABITYIIMMY TTOTBITKaMu [6] Moan(UKaMK HENOCPEACTBEHHO JJOBEPUTEIHHBIX
MHTEPBAJIOB, COJCP)KAIIMMHE B ce0e JIEMEHT Mpon3Boia). B yactHOM cirydae, Koraa cpeanee
3Ha4YeHue JJs POoHA U3BECTHO TOUYHO, MOXKHO IMPUMEHUTH TpueM U3 [9] 1 BEIOpaTh B KauecTBe

OIICHKH (estimator) CJIeIyIOUIyI0 BEIUUHHY:

(1 +b)=max(n,b) (20)



Lokhov, Tkachov Page 19 16.11.2013

OLICBI/II[HO, 4qTO U3MEpAEMad B OKCIICPUMCHTC BCIIMYHUHA 11 MOXKET OBITH BBI6paHa B

Ka4eCcTBE OLICHKU I ( M+ b) , HO, B otiinuue ot (20), AoMyCcKaeT OTpULlaTeNIbHbIE 3HAUCHUS IS

M . I3mepss n 1 ucnionb3ys oueHky (20), B pe3ysbTaTe BBIUUTaHUS TOCTOSIHHOTO (hoHA b
MOJIYYMM 3aBEIOMO HEOTPHUIIATEIBLHYIO OIICHKY TTapameTpa (i .
Pacnpenenenue qis orieHku (20) MO3BOJISIET CTPOUTH JOBEPUTEIBLHBIC HHTEPBAIBI IS

(,U + b) H, CJICOOBATCIBbHO, I BEJINYNHBL [ . I[I/ICerTHOCTB pacnpeaciiCHUA NIl BCIMYUHEL 1

(19) mo3BoJIsIET IPOBECTH ClIEAYIOMIEe paccykaeHue. /st moOoro 3a1aHHOTO 4 W3BECTHA
BEPOSITHOCTH MOJYYUTh MPU U3MEPEHHUH 3HAUEHUE 1 < b, OHA paBHA:

Ll (u+b)

—(u+b
P(nSb)zzue (er+) (21)

- n!

n=0
rae [b] o603HayaeT, Kak OOBIYHO, IIENTYIO YacTh YKcia. Toraa, ucroib3ys oneHky (20), B
pe3ynbTare u3MepeHui Oy1eM oay4yaTh 3HAYCHHE ITON OIIEHKH paBHOE b C BEPOSTHOCTHIO (21).

Takum 06pa3oM, paclpeeicHue BEPOATHOCTEN TSl CITydaiiHOM Benmuunnbl max (7,b)

Oyzet cocTosATh U3 pacnpeaeneHus (19) npu 3naueHusX n > b, 1 BepoATHOCTH (21) MOITydUTH

IIpYU U3MEpPEHUsIX Benuuuny b (Puc. 7).

P(n)

0
3 4 5 6"

Puc. 7. Cxema nu3MeHeHUs pacrpeieiieHUs] BEPOSITHOCTEN MPH MEPEXOJIEC OT OLIEHKHU

(#4+b)=n (urpuxosauublii rpaduk B 06mactu n < b) K OLEHKE BHA (/,u\/-i-b) = max (n,b)

(crutorHOM rpaduk) npu BeauurHe GoHa b = 3. [Ipu n > b 3HaYeHUS BEPOSTHOCTEH s

OOBIYHON ¥ MOU(UITMPOBAHHON OIICHOK COBIA/IAIOT.

Hcnonb3ys momydeHHOE pacripe/iesieHne BepOATHOCTEH MOXKHO, CleAys IPEIbIIyIeEMY
paszieny, HOCTPOUTH AOBEPUTENBHBIA MHTEPBAI Ul BENUYKHBI (L +b) U, COOTBETCTBEHHO,
MHTEPECYIONIETO HAaC mapaMerpa [ .

JJig IpakTU4eCKOro MPUMEHEHUS YI00HO yKa3aTh JOBEPUTENIbHbIE HHTEPBAJIbI B

nepeMeHHbIX 4 u n (Puc. 8). B TakoMm npeacTaBieHU TpU NOJTYYEHUH B SIKCIIEPUMEHTE

3HAYEHM 71, MO>KHO HEIOCPEICTBEHHO YKa3aTh JOBEPUTEIbHbIN HHTEPBAI AJIS IapaMeTpa [ .
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3aMeTHUM, 4TO BCE 3HAUYCHUA n < b HEpazIMYMMBbI MOCIIe nepexoa kK oueHke suaa (20). [Toatomy
BCEM ATHUM 3HAYCHHSIM COOTBETCTBYET OJMH M TOT K€ JIOBEPUTEIbHBIN HHTEpBaIl. BepxHsis

rpaHMIla TAKOTO MHTEpBaa COOTBETCTBYET TaK Ha3bIBAEMOMY npeoeny uygcmeumenvrocmu. OHa

HeceT MHPOPMALIMIO O BeNUYHHE (POHA B KOHKPETHOM 3KCIIEPHUMEHTE.

00

Puc. 8. JloBeputenbHble HHTEPBAIIbI 151 HEU3BECTHOT'O CUTHANA A TIPU HATUYUHU
MyacCOHOBCKOTO ¢oHa co cpeaHuM b=3 (3enéupiii(1) - 90% cuMMeTpUUIHBII TOBEPUTEIHHBII
UHTEpBaJI O6e3 yuéTa anpuopHoOil nHpopManun; KpacHsli (2) - oqHOCTOpoHHMIH 90% MHTEpBa
0e3 yu€ra undopmanuu o Gone; cuuuit (3) - 90% nOBepUTENBHBIN HHTEPBAII, TOTyUYESHHBIN C

y4€TOM anpuopHor nH(pOpMaIuu B OIIeHKE (estimator) mapamerpa U ).

Puc. 9. [loBepurenbHble HHTEPBANbI JUIsl HEU3BECTHOI'O CUTHAJIA A IPH HATUYUH
yacCOHOBCKOT0 (poHa co cpeanuM b=3 (cunuii(1) - 90% noBepUTENbHBII HHTEPBAI C YIETOM
anpuopHoi MH(POpMaIuK (aHAJIOTHYHO pHC. 8), cepblii(2) - 90% noBepHUTENbHBIN HHTEPBAI,

noctpoeHHbId o merony denbamana u Kazunca [6]).
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Ha Puc. 9 npuBenens! nHTEpBabl, NOCTpoeHHbIE 110 MeToxy Denbamana u Kazunca
(cepblil), 1 HHTEPBAIbI, IOCTPOEHHBIE C YUETOM anpruOPHON MH(OPMAIIMH B OLIEHKE (CUHUI).
OueBUIHO, YTO JOBEPUTEIbHBIE HHTEPBAJIBI C KOPPEKTHBIM YUETOM anpuopHON MHPOpMALUU
(cuHM TpaduK)

1) maroT KOPPEKTHYIO OIEHKY B 00yiactu n < b ;

2) UMEIOT y4acTok, aHanornunblid yyactky CEF Ha Puc.6, natoT Haminy4dyro olueHKy
HWKHEW IPaHULIbI TOBEPUTEIBHOTO HHTEPBAIA;

3) no nocTpoeHuto odecreynBaroT 6m3Koe kK 90% BepOSTHOCTHOE COJICpKAHHE
JIOBEpUTENBHON 001acTh (7151 AUCKPETHBIX pacipenenaeHuit noinyuuts 90% coaep:kanue B
00111eM ci1ydae HEeBO3MOXKHO).

Jlnst ynoOcTBa cpaBHEHUs ¢ KOHCTpyKuuei [6] mbl npuBoanM Tabnuiy 1, aHamoruuHyio
Ta6muuawm II - IX B pabote [6], B KOTOPOil TAIOTCSI UHTEPBAIbI ISl JOBEPUTEIHHOTO YPOBHS

90% w nns pa3aUYHBIX 3HaYeHUH (HoHA U M3MEepEeHHOTO YKcia coosituii (b ot 0 1o 10,
n, = (O..ZO)).

[TporpammHoOe obecrieueHne, MO3BOJISIONIEE PACCUUTHIBATh MHTEPBAJIBI JIJIs JTFOOBIX
3HAUEHMH JOBEPUTEIBHOIO YPOBHS, IAPAMETPOB (L, b U n,,, a TAKIKE PHCOBATH

COOTBETCTBYIOIINE KAPTUHKH, CBOOOTHO JOCTYIHO ¢ anpeca [20].

7.0

6.0

50

4.0

3.0

20

0.0

Puc. 10. JIoBeputenbHble HHTEPBAJIBI AJI1 HEU3BECTHOIO CUTHANA L/ TIPU HATMYUU
myaccoHOBCKoro (oHa co cpenuuM b=3 (cunuii(1) - 90% noBepUTETLHBIN HHTEPBAJ C YIETOM
anpuopHoi nHpopmaruu, KpacHbli(2) - 90% noBepUTENbHBIN HHTEPBAI C YUETOM allPUOPHOM
uHpopmanuu o GoHe, IOCTPOSHHBIN IS ciydas, KOTJa BaKHO HAMTH OrpaHUYEHHUE CBEPXY Ha

HCCIIElyeMbIN TTapaMeTp U ).
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brnaronapst nonmoaHUTEIEHOM CBOOOE, BO3HUKAIOIICH MPU MOCTPOCHUH TOBEPUTEIIBHBIX
MHTEPBAJIOB JIJIs1 TApaMEeTPOB AUCKPETHBIX paclpeaeiaeHuil (3aMeHa TouHoro paseHcrsa (10) Ha
> (11)), MOXXHO MUHMMM3HPOBATH BEPOSTHOCTHOE COJIEPKaHKE JOBEPUTEIBbHOM 00acTHy,
npUOJIU3UTE €ro K TpedyeMoMy JOBEPUTEILHOMY YPOBHIO (B Hamux npumepax - 90%).

Hampumep, va Puc. 10 o61acTh npaBee/HuX)e BEPXHEH rpaHUIIBI YAOBIECTBOPSET YCIOBUIO

P, (n1 (1) = n) 2> 0.95. DOra BepxHss IpaHuLa 3a1aET OAHOCTOPOHHUMN 95% NOBEpUTENbHBIN

nHTepBai. Kak ykassiBanoch Bbimie (pazaen 20), HUKHIOK TPAHUITY MOYKHO TTOCTPOUTh

(bopmanbHo, nexoas us yenosus P, (n, (1) <n)=0.95 (cuunii rpaduk a Puc. 10). Tlpu sToM

3aBe oMo BhionHsercs yenosue Py (ny (4) 2n2n, (1)) =0.90.

Eciu BepXHss rpaHUIA JOBEPUTEIBHBIX HHTEPBAIOB (PUKCHPOBAHA, TO MOYKHO CTPOUTH
HIKHIO TpaHuity 7, (4) cpasy uexons us yenosus Py (n, (4£) 2n >n, (1)) >0.90 (xpachbrii

rpa¢uxk Ha Puc. 10). BeposiTHOCTHOE coniepaHKue JOBEPUTEIBHOM 001acTH BHYTPU KPACHOTO
rpaduka OyneT MeHbIIe TUOO0 PaBHO COEPKAHUIO 00JIACTH BHYTPH CHHETO Tpaduka. Takum
00pa3oM, 0TKa3aBIIMCh OT CAMMETPUYHOCTH, MOXHO IMOJIYUYUTh JOBEPUTENIbHbIE HHTEPBAJIbI,

Oosee OM3KKE K TpeOyeMOMY JOBEPUTEIBHOMY YPOBHIO IO BEPOSTHOCTHOMY COJICPKAHUIO.

Puc. 11. JloBepuTenbHble HHTEPBAJIbI AJI1 HEU3BECTHOIO CUTHANA [ IPU HAJTUYUU
yacCOHOBCKOT0 (poHa co cpeaHuM b=3 (cunuii(1) - 90% noBepUTENbHBII HHTEPBAI C YIETOM
anpuopHoi nHpopmMaruu, TEMHO-cepbIii(2) - 90% noBepUTENbHBIN UHTEPBAI JUIs OLIEHKU
(estimator) Buzaa (20), mocTpoeHHbII ¢ momoIbio npouenypsl CrepHa, Kpoy u 'apnaepa

(Hanbosee KOpOTKask CUCTEMA JIOBEPUTEIBLHBIX HHTEPBAJIOB)).

JIJ1s1 OJTHOTBI KApTUHBI MOKHO TakyKe cpaBHUTH (Puc. 11) noBepuTenbHbIN HHTEPBAJL,

MOCTPOEHHBIHN C YIETOM anmpuopHoi nHpopManuu (CHHUN TpaduK), 1 HHTEPBAJI, TOCTPOSHHBIN B
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cooTBeTCcTBUU ¢ ipoueaypoit CrepHa, Kpoy u ["'apanepa (temHo-cepsiii rpaduk). [Toctpoenue
Crepna, Kpoy u 'apnuepa npousBoaunoch 1yist orieHkH Buaa (20). B obmactu n < b =3 cepslit
rpaduk Aa€T MyCTON TOBEpUTENbHBIA HHTEPBAJ, MOCKOJIBKY olleHKa (20) He MpUHUMAET
3Ha4YeHUH B 3TOM 00nacTu. Takue 1oBepUTENbHBIC HHTEPBAJIBI IO TOCTPOCHUIO UMEIOT
HaWMEHBIIYIO JUIMHY [TPU 33JJaHHOM JJOBEPUTEIIEHOM YPOBHE.

B pesynbrarte yuéra nndopmannuu o GoHe NoJTyd4eHO MHOKECTBO TOBEPUTEIBHBIX
MHTEPBAJIOB 00J1aIAI0LTNX CICAYIOIIUMU CBOHCTBAMH:

- peieHa 0003HaueHHas B [6] mpoOiieMa MEHBIIIETO YHCiIa 3apeTUCTPUPOBAHHBIX COOBITHIA,
4yeM okuJiaeMbiil (hoH (B 00JaCTH, T/Ie YKCIIO COOBITHI MeHbIIe (hOHA TOBEPUTEILHBIN HHTEPBAI

€CTECTBEHHBIM 00pa30oM JaET OLEHKY CBEPXY AJI U3MEPSEMOro rmapameTpa [ , He 3aBUCSIILYIO

OT 3HAYEHH 1, KaK B o0nactu n < 3 Ha Puc. 8);

- HWXKHSS TpPaHUIa MHTEpBaJla UMEET y4acToK, aHasornuHelil yuactky CEF Ha Puc.6.

- Oaroyapsi HEOJHO3HAYHOCTH OTPE/IEIICHUs MHTEPBAJIOB JUISl TUCKPETHBIX
pacnpenenenuii (ycimoue (11)) BO3MOXKHBI pa3IMuHbIE BAPUAHTHI TOCTPOCHUS TOBEPUTEIIbHBIX
WHTepBajIoB (pukcanus HIKHEW WK BepxHel rpanulibl, moctpoerune CKI', ux komOuHammm).
Br160p MOXET 3aBUCETh OT KOHKPETHOM CHTYaIluH, HAI[PUMEpP, OT HEOOXOJUMOCTH MOYYUTh
0oJee cTporoe OrpaHMYEHUE Ha MMapaMeTPhl CBEPXY HIIA CHU3Y.

Takum 0Opa3oM, KOPPEKTHBIA YUET anpuopHOM nHPopMauu 0 HaTMIuu (HoHa pu
BbIOOpPE OIIEHKU TO3BOJISIET CTPOUTDH JOBEPUTENbHbIE HHTEPBAJIbI, OTBEUAIOIINE TPEOOBAHUSIM
(GU3UYECKON peaTuCTUIHOCTH U JTUIIEHHBIC HEJIOCTATKOB MoCcTpoeHui [6], [18] u [7].

ITo ananoruu co cirydaem HENPEPBIBHBIX PaCIpeNelICeHUN, pacCMaTPUBAEMBbI METOJI ITO3BOJISAET

CpaBHHUBATH JOBCPUTCIIbHBIC MHTCPBAJIbI, ITIOJTYYCHHBIC B PA3HBIX SKCIICPUMCHTAX.

8. Haunyuymmii BepxHuii npeaen (HenpepbIBHbIN U JUCKPETHBIN caydyan)

a) HenpepbIBHBIN ciy4ai

PaccMmoTpuM Teneps BaXHBIM 11 9KCIIEPUMEHTAIIBHBIX IPUIIOKEHUN CITydai
HECUMMETPUYHOIO JJOBEPUTEILHOIO MHTEpBaa.

B pasnene 6 oObruHas orneHka 6 napameTpa 6 mepeornpeaensuiach TakuM 00pazoM, 4To

OIICHKA YYHUTHIBaJIa anrpropHoe HepaBeHCTBO & > (). [Tocme aToro asis nmpeonpenenéHHON OIEHKH

6 = max (é,O) (VYp. (16)) moBEpHUTENBHBII MOSC CTPOUIICS OOBIYHBEIM criocoboM. PaGoTa ¢ J-

00pa3HBIM BKJIAJIOM B pacipeesieHne BepOsSTHOCTEH aig € ympocTuiach 6jaroaapsi CBEJICHUIO

3a/1a4¥ K TIOCTPOSHUIO JOBEPUTEIHLHOTO TOsca AJisi OOBIYHOM OlleHKH € TaKkuM o0pa3oMm, 9YTOOBI

UTOTOBBIN MOSIC YJOBJIETBOPSUT JIOTIOJIHUTEIBHOMY YCJIOBUIO (cM. pa3zen 6). [locrpoenue 6b110
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MIPOBEICHO C TTOMOIIBIO MPHUEMA TaK Ha3bIBAEMBIX TOPH30HTAIBHBIX Je(POpMaIliid, MOTydeHHAs
CHUCTEMa MHTEPBAJIOB MpeJicTaBieHa Ha Puc. 6.

B paznene 6 6611 MOMGUIIMPOBAH CTAaHAAPTHBIA CUMMETPUYHBIN TOBEpUTEIbHBIN MOSIC,

COOTBETCTBYIOIHMIT BBIOOPY & = & = (1— ) / 2 B o6o3HaueHusx Puc. 1. EcrecTBeHHBIM

pa3BUTHEM JAHHOTO MOCTPOCHHUS OyJeT Takasl ke MoaudUKaIKs 111 aCHMMETPUYHOTO cllydast

o =0, f=1-a, KOTOpHIif COOTBETCTBYET BEPXHEN IPAHMIIE ISl JOBEPUTEIBHOTO YPOBHS [ :
P(0<1_,(8))=5 (22)

Taxoli BapuaHT y100HO HCIOIB30BATh, €CIIM HEOOXOAMMO U3MEPHUTD MOJOKHUTEIbHBIN CUTHAT, B
TO BpeMs KaK TOYHOCTb HE MO3BOJISET JOKA3aTh HAJIMYME HEHYJIEBOIO CUTHAJIA C JOCTaTOYHOMN
JIOBEPUTEIIPHOM BEPOSTHOCTHIO. B 3TOM citydae skenarenbHO yka3aTh HanOosiee KOMIaKTHBIN
BepxHUH nipenen. Takas mocTaHOBKA 3a/1au U €€ peleHrne pacCMOTPeHbI B padbote [12].
Moauduuupyem 10BepUTEIbHBIN HHTEpBaAT (22) TaK, 4YTOOBI OH yOBIETBOPSII
anpUOpHOMY HepaBeHCTBY 6 = 0.
HeoOxomuMoe reoMmerprueckoe moctpoeHue naércs Ha Puc. 12, KoTopsiil oTIU4aeTcs ot

Puc. 2. no6asnenubsivMu Toukamu riepecedenus (toukn MBDN na ropuzonrtamu LG).

oA 1L.(6)/ 1 ,(6) u,_; ()7

Puc. 12. [Tapb! CIUTONIHBIX ¥ MYHKTUPHBIX HAKJIOHHBIX JTMHUM 32/1al0T CHMMETPUYHBIE
JIOBEPUTEBHBIE TI0sICa IS IOBEPUTENILHBIX YPOBHEH [ =1-2 u ,5’ =1-2(1-4) =1-4e.
DyHKIUH, COOTBETCTBYIOIIIE 3TUM JIMHUAM 0003HaueHbI Ha pucyHke. Touku A u B cyTs
nepecedenns kpusbix 6 =1 () u 6=1_ p (8) ¢ BepruKanbHOii ockto. Toukn A u B 3anaror

ropusonTtansabie tuaud KF u LG ¢ apyrumu Toukamu rnepecedeHwsl.

B nocnenyromem noctpoennn 0yayt ydactsosath Toiabko Touku M, B, C, D, N;
OCTaJIbHbIEC TOYKH YKa3aHbI JJIs1 ABHOU CBsi3u ¢ Puc. 2.

Bennunna 6, ects opaunara Touku B (a taoke Touex M, D, u N):
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b =14 (0) (23)
Benmnuuns! 6, < 6, cyrts abcruccest Touex G u D:
0C:U1—ﬂ (0)’ HD:Ul—ﬂ(eB) (24)
HemoguduuupoBanHas rpanuiia (22) COOTBETCTBYET JI0BEPUTEIIbHBIM HHTEpBaIaM (C
YPOBHEM JI0BepHs [3), KOTOpbIe HAYMHAIOTCS Ha MyHKTUpHOU HUK Bl 1 mpomomkatotcest BHU3

10 OECKOHEYHOCTH.

Jlist monmydenust Mo UKy TpaHuIlbl (22), HAaYHEM ¢ JOBEPUTEIBHOTO TosIca

[u (), l(é)] , 0603HAYEHHOTO Ha Puc. 13 KUPHBIMHU JIUHHUSMH.

Puc. 13. J/IBe KuUpHBIX KPUBBIX 337aI0T JOMYCTUMBIN JOBEPUTEIbHBIN TOSIC IS
J0BepUTEIbHOTO ypoBHS f. Kuphbie muauu "3akperuieHsl” B Toukax M u N. UepHbie cTpesku
YKa3bIBAIOT JAOMYCTUMbIE TOPU3OHTaIbHBIE Aepopmanun. beabiMu cTpeakaMu yka3zaHo

pacupsAMIICHUC COOTBCTCTBYIOIIUX CCITMCHTOB.

[Tocne 3Toro mpoBoAMM ropU30HTaNIbHBIE JehopMaluu u U [, KaKk TOKa3aHO YEPHBIMU
cTpenkamu (moapoOHee mpuéM ormucaH B pasjene 6). B pesynbrare cermeHT 1 Huke Touku N
nprkuMaercst kK npsimoit CD, omHoBpemerHo yactpb [ Bbimie Touku M mprkuMaeTtcst K mpsiMoit
Bl. ledopmariuu ¢ qpyroit cTOpoHbsl 0003HaAYCHBI OETBIME CTpeIKaMu. [10JydeHHBIH TaKuM

o0pa3oM JTIOBEpUTENBHBIN TOSIC TTOKa3aH Ha Puc. 14.
I

P, A
A 117,@(6) ul—ﬁ(é)’

N
=Y
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Puc. 14. JloBepuTenbHbBIN MOSIC, TOJYICHHBIA U3 HEMOIU(DHUITMPOBAHHON BEPXHEH TPAHUIIBI
TSl TOBEPUTEIILHOTO YPOBHS 5 ¢ yuéToM anpuopHoi uHpopmaimu 6 > 0. Obaacts moa

nomanoit CDG sBiisieTcst BRIMTPBINIEM 3a CUET yuéTa alpHOPHON HH(OPMAITHH.

AHAIUTHYECKU TIOCTPOCHHUE MOXKHO OMHUCATh CIECAYIOIIMM 00pa3oM (MBI paccMaTpUBaeM
JIOBEPHUTEIbHBINA YPOBEHD [3):

— Jlna 6 2 6, noBepuUTENbHBINA HHTEPBAII ECTh [BB, l,_ /,,(49)], TO €CTh BEPXHsIS TPAHHUIIA Ta

)K€ camasi, 9To U B HeMoauduiupoBaHHoM cinydae (Yp. (22)), HO OrpaHUYEeH CHU3Y BEIMUNHON

6, . O6nacts nox nomaunoit CDG siBisiercst BIUrphIiieM 3a cYET yuéra anpuopHOM
nHpopmanuu.

— st 6, < 0< 6, NOBepUTEIBHBIA HHTEPBAI [”1_ ﬂ(é), I ﬂ(é)], TO €CTh B TOUHOCTH
HEeMOIU(DUIIMPOBAHHBIN CHMMETPHYHBIN JIOBEPUTEIHHBIA HHTEPBAJ JIJIS IOBEPHTEIHLHOTO
yposust f=1-2(1-B)=1-4a.

— g 0< 0< 0, OBEpUTENILHBII HHTEPBAI [O, [,_ ﬂ(é)] , TO €CTh HEMOAU(PHUITTPOBAHHAS
BEpXHsA rpaHuna (22), orpaHu4eHHasi CHU3Y (PU3HUECKUM YCIIOBHEM.

— Haxkonen, s 8 <0 noseputenbHblii nHTEpBan (pukcuposad u umeet Buf [0, 6;].

HpI/IMe‘IaTeJ'IBHBIMI/I CBOMCTBaMHM TaKOT'O JOBCPUTCIIBHOIO ITOACA ABJIAKOTCA:

— OrneHuBaHue YCTOHUMBO I HEPU3NUECKUX 3HAYCHUN OLIEHKU TapamMeTpa, TO €CThb s

A

0<0.

A

— BepxHsis rpanuia naTepBaia s GU3NYECKUX 3HaAUCHU 6 Ta ke, 9TO U IS

HEMOIU(DUIIMPOBAHHOTO citydast (22) u SABISETCS HAaUMEHbBIIIeH BO3MOXKHOM JIJIsl JAHHOTO

JIOBEPHUTEILHOTO YPOBHS 3.

— HwxHss rpaHua HHTEpBaia OTXOAUT OT HYJIA B TOUYKE C HAMMEHBIIIEH BO3MOKHOM (117151
JAHHOTO JIOBEPUTEIBHOTO YPOBHSI) a0CIUCCON 6, , KpOME TOTO, HIDKHSS TPAHUIIA SBIISETCS
MaKCHMaJIbHO BO3MOKHOM JUIs JAHHOTO IOBEPUTEIILHOIO YPOBHS B HHTEpBAle 6 < 9< G, .

— JI71s1 BEIYKMCIIEHUsI TOBEPUTEIHLHOTO HHTEPBAIA HE TPEOYETCsl CJI0KHBIX AITOPUTMOB UITH
Ta0IHI] CBEPX CTAHIAPTHBIX MPOIETYP MOCTPOSHHUS JOBEPUTEIIBHOTO HHTEPBAJIA IS
noBepuTenpHOro yposasa f=1-2(1-f)=1-4a.

— BaxxH0i1 0COO0EHHOCTBIO TAKOTO BEPXHETO IMpejiesia OKa3bIBACTCS OTCYTCTBUE

nepeKpbIBaHUS (MPEBBIILIEHUS JOBEPUTEIHLHOTO YPOBHS), XapaKTEPHOT'O AJIs1 HUCKYCCTBEHHBIX

peuenToB Thna [7].
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0) lucKpeTHBIH ciay4daii

Jliig mapaMeTpoB JUCKPETHBIX PACIPEAEICHUN TOCTPOEHNE BEPXHETO IIPEeNa ¢ yUETOM
anpuopHON MH(POPMAITUH TPOU3BOAUTCS 110 AHAJIOTHHU C TIOCTPOCHUEM B HEIIPEPHIBHOM CITyUae.

Ormenka (estimator) Beroupaercs B Buze (20). Janee, anamorununo Puc. 12 u 13,
paccMaTpuBarOTCs JO0BepUTENbHBIE HHTEpBaAIB: 90% NBYCTOPOHHMM 0€3 yduéTa anmpuopHOM
uH(pOpMaLINK, a TAK)Ke BEPXHSA U HIDKHAA rpaHuiibl 90% oHOCTOpOHHUX MHTEpBaIoB (Puc.
15). XoTs Ansi AUCKPETHBIX pacipeaeseHuii Ipoleypa FrOpu30HTAIBHBIX eopMaluii He
ompeneseHa, B pe3yabrare Bpioopa oneHkH (20) ¢ yuérom undopmaruu o GpoHe, moTyInm
JIOBEPUTEIIbHYIO 00J1acTh (OrpaHnueHa YepHbIMU I'padukamu Ha Puc. 15), cxoxyro mo
KOH(UTypaluu ¢ T0OBepUTEIbHBIM MosicoM Ha Puc. 14.

Hawnnyumuii BepxHui peses A1 HEU3BECTHOIO CUTHANA A IIPU HAJIMYUU

ITyaCCOHOBCKOTO (hOHA CO CpeaHUM b ¢ y4€TOM anpuopHoi nHdopmaiuu o GoHe B BUAC OLICHKH
(20) obmamaet caeAyOMMUMH CBOMCTBAMU:

— Ilpu u3MepeHun B SKCIEpUMEHTE J1I000T0 Yrciaa COOBITUH 7 < b TOIXY4YUM OJJMHAKOBBIH
JIOBEPHUTEIBbHBIN HHTEPBAIL. JTO TaKXke peraet npodaeMy MEHbIIETo, 4eM (OH, Ynciia COOBITHH,

0003Ha4YeHHYIO B [6].

— BeposTHOCTHOE cozepikaHue 00JacT MKy YEPHBIMH I'padukaMu OJIH3KO K
TpeOyeMoMy JIOBEpUTEILHOMY YpOBHIO. [IpeBbllieHne TOBEpUTETHLHOTO YPOBHS (TIEpEKphIBAaHNE

B [IOHMMaHUH [6]) sABIIE€TCS HETOCTATKOM HEKOTOPBIX IPYTrUX nocTpoeHuu [19].

— HuxHss rpaHnnia JOBEPUTEIBLHOIO UHTEPBAJIA OTPHIBAETCS OT OCU 711 (CTAHOBUTCS
OTJIMYHOM OT HYJIS) IPU HAaMEHbILIEM BO3MOKHOM 3HAUeHUHU 1. TakuM 00pa3oM, He TOJIBKO
YKa3bIBaCTCSl HAMTYUINi (HanboJsee CHIIbHBINA) BEPXHUH Mpeen AJis mapameTpa, HO U
MOABJIACTCA BO3BMOXKXHOCTb ACTCKTUPOBATH CUT'HAJL (OTJII/I‘IHaH OT HYJId HUKHAIS I'paHUIla B
HCKOTOPOM CMBICJIC 0603HaqaeT HaJIu4ue CI/IFHa.Ha) IIpu A0CTATOYHO MAJIBIX 3HAYCHUAX

HU3MEPEHHOTO YKCIIa COOBITHH.

— Kak u B HenpepbIBHOM Cilydae, 00J1acTh MO HUYKHEH IpaHHIIEeH SBIISIETCS BBIUTPBIIIEM

OT MCTOJB30BAHUS alPUOPHON HHpOopManuu o (hoHeE.
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7.0

6.0

50

4.0

3.0

20

Puc. 15. BepxHsst rpanuiia 10BepuTEILHOTO HHTEPBAIA JIJIs1 HEU3BECTHOTO CUTHANIA [ TIPU

HAJIMYUU TTyaCCOHOBCKOTO (oHa co cpeanuM b=3. (3enéuspiii(1) - 90% nBycTOpOHHMI
JIOBEPUTENIbHBIN HHTEpBaI 0e3 yuéra anpruopHoil nHdopMaiiu, KpacHslii(2) - 90% BepxHHA U
HIKHHME HHTEpBaJIbl 0e3 yuéra anpuopHoil unpopmanuu, 4€pHbIii(3) - 90% ogHOCTOPOHHUIT
JIOBEPUTEIIbHBIN MHTEPBAJ JJIs1 OLIEHKH (estimator) Buaa (20) - HausTydIasi BEpXHss TpaHuIla

WHTEpBaja no ananoruu c [12]).

Puc. 16. JloBeputenpHble HHTEPBAJIbI AJ11 HEU3BECTHOIO CUTHANA  TIPU HATMYUHU
yacCOHOBCKOTO (hoHa co cpeauM b=3. (cunmii(1) - 90% nBYyCTOpPOHHMIA JOBEPUTEIbHBIH
UHTEPBAJI C Y4E€TOM anpuopHOi uHpopmanuu, cepblii(2) - 90% untepBai s oneHk Buaa (20)

- HaWJIy4lIllasi BEpXHss TpaHuIla JOBEPUTEILHOIO HHTEPBAja Mo aHajaoruu ¢ [12]).

Jliig cpaBHEHMSI IPUBEAEM TAK)KE ABYCTOPOHHUH (cUMMeTpHUuHBbIi) 90% unTEpBai C
yuéToM anpuopHoi uHpopmaruu (cuauit rpaguk, Puc. 16) u 90% nawmy4mumii BepXHUN Ipeaen

(cepwrii rpaduk, Puc. 16) nns onenku Buaa (20). BumHo, 4To Hamtydinasi BEpXHsis TpaHUIIA
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JIOBEPUTENIBHOIO HHTEPBAJIa JIJIs MapaMeTpa K JIEKUT HUKE BEPXHEH IPaHUIbl IBYCTOPOHHETO

uHTepBaia. HikHue rpanuiibl coBnaaaoT A0 TOYkd 7 =10 . OueBUAHO, YTO JBYCTOPOHHUN
UHTEpBal AaET OoJiee YHUBEPCATbHYIO OIICHKY - JJIs JII0OOT0 M3MEPEHHOT0 YHcia COOBITHH.
Cucrema 10BEpUTEIbHBIX HHTEPBAJIOB, OMPEACIISIONas HAWTYUIIYI0 BEPXHIOIO TPAHUILY JJIs
napaMmeTpa, Mo MOCTPOSHUIO TaKXKe CYIIECTBYET [ J1to00ro 3HaueHus n. OHaKo, HAaUOOIBIIHA
MHTEPEC TaKasi CUCTEMA HHTEPBAJIOB MPEJCTABIISIET B ciy4dae, koraa n Masio (n <10 ). UmenHo B
9TO# 00JIaCTH C OJTHOW CTOPOHBI BEPXHHH Mpe/ien Haubojee CTPOTHiA, ¢ IPYroi CTOPOHBI
BO3MO>KHO JIETEKTHUPOBAHME (B ONMCAHHOM BBILIE CMBICIIE: OTPHIB HUKHEN TPaHULIBI OT HYJIA).
Emé pa3 noguepkHéM, 4TO KOPPEKTHOE IIOCTPOCHUE BEPXHETO Mpeena ¢ y4€TOM
anpUOPHON MHPOPMAIIUHN B HETIPEPHIBHOM U JUCKPETHOM CIIydasx M0 METOJy Mpejaesna
YyBCTBUTEIBHOCTH JAET BO3MOKHOCTh OCMBICIIEHHO CPAaBHUBATh PE3YNIbTaThl SKCIIEPUMEHTOB,

MPEACTAaBJICHHLIX HCTIOCPCACTBCHHO B BUJC TOBCPUTCIIbHBIX NHTCPBAJIOB.

9. BeiBoabI

Taxum oOpa3om, 3a1a4a 00 yuete anpuopHON HHPOPMALIUU O TTapaMeTpax Mpu
MOCTPOCHHUHU JOBEPUTEIIbHBIX MHTEPBAJIOB JOMYCKAET IMOJHOIICHHOE, (PU3UUECKU KOPPEKTHOE
peleHe, KOTOPOe Mbl Ha3bIBAEM METOOM Ipeiea YyBCTBUTEIbHOCTH, TaK KaK OH yTOUHSIET
U3BECTHBIN peLenT Npezesa YyBCTBUTEIbHOCTH.

OT0 pelieHre UMeeT NPO3pavHoe U NOTOMY YOeIUTEIbHOE 00OCHOBAHUE, U OKAa3bIBACTCS
IPOCTHIM U YJOOHBIM JIJIsl TPAKTHYECKOTO MPUMEHEHHUS.

[lepeuncnum BakHEHIIIE 0COOEHHOCTH PACCMOTPEHHOW KOHCTPYKIIUH.

Henpepuignvie pacnpedenenus

Cucrtema 10BEpUTENIBHBIX HHTEPBAJIOB, IOCTPOEHHAS! HA OCHOBE BHIOOPA OLIEHKHU C YUETOM
anpuopHoi MH(POpMaIUK 00 OrpaHUYCHHOM MTapaMeTPe HEMTPEPHIBHOTO paclpeieeHus,
o0ajaer CleAyIOIMMU TPUMEYaTeIbHBIMUA CBOMCTBAMH (KakK Ui CAMMETPUYHOTO MHTEpBaJa,
TaK ¥ JUIsl HAWIYYIIEro BEPXHEro MpeJiena):

— OrieHUBaHNUE YCTOMYMBO JUTsl HEPU3UUECKUX 3HAYCHHI OLICHKH TTapaMeTpa, TO €CTh IS

A

0<0.

A

— Bepx#uss rpanuiia uatepBana s GU3MUECKUX 3HaYeHUH 6 Ta )Ke, 4To U JUIs
HEMOIU(UIIMPOBAHHOTO CITydas U SBISETCS HAUMEHBIIEH BO3MOKHOM ISl JTAHHOTO

JIOBEPHUTEILHOTO YPOBHS £ (ISl HAMJIYUILIEr0 BEPXHETO Mpefesa). B ciayuae cCHMMETpUYHOTO

A

UHTepBaIa 175 PU3HMUECKUX 3HAUCHUH 6 BEpXHss IPaHMLIA BCET/AA JICKHUT HUKE BEpXHEH

TPaHUIIBI 7151 TOCTpOeHUs [6].
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— HwxHss rpaHua HHTEpBaia OTXOAUT OT HYJISA B TOUYKE C HAMMEHBIIIEH BO3MOKHOM (117151

JAHHOTO JI0BEPHUTENIBHOTO YPOBHs) abcuuccoil 6, (Puc. 6 u 14), kxpome TOro, HUKHsSA rPaHULA

SIBJIICTCSI MAaKCUMAIBHO BO3MOKHOM JIJIs JTAHHOTO JIOBEPHUTEIHLHOTO YPOBHS Ha OTPE3Kax
0. <0< 6. (Puc.6), .<60<6, (Puc. 14).

— JIns1 BBIYMCIICHUS JOBEPUTEIILHOTO HHTEpBaa He TPEOYETCsl CIOKHBIX aITOPUTMOB HITH
TaOJIMUI] TOMUMO CTaHAAPTHBIX MPOLEAYP NOCTPOSHUSI JOBEPUTEIBHOIO MHTEpBaia 1JIs
3aJJaHHOTO TOBEPUTEIBHOIO YPOBHSI.

Huckpemnule pacnpedenenus

B pesynbrare yuéra nndopmaruu o poHe moryueHo MHOXKECTBO JIOBEPUTEIbHBIX
MHTEPBAJIOB 00J1aJaAl0LINX CIECAYIOIIUMU CBONCTBAMM:

— Pemraercs ykazannas B [6] mpo0GieMa MEHBIIIETO YHCIIa 3apETUCTPUPOBAHHBIX COOBITHIH,
4yeM OKuAaeMblid (OH (B 00J1aCTH, TJ€ YUCIIO COOBITUI MeHbIIE (JOHA, TOCTPOCHHAS CUCTEMA
JIOBEPHUTEIBHBIX HHTEPBAJIOB €CTECTBEHHBIM 00pa30M AT OIIEHKY CBEpXY JJIsl U3MEPSEMOTo
napameTpa, He 3aBUCSIIYIO OT 3HaYeHHs 7, Kak B o0nactu n < 3 Ha Puc. 8);

— HumxHss rpanunia MHTEpBaJla UMEET y4acToK, aHalornuHelid yuactky CEF Ha Puc.6;
Osarozapst yué€Ty OrpaHU4EHUs Ha apaMeTp OTPhIB HUYKHEH MpaHUIIbI IOBEPUTEIHHOIO
MHTEPBAJIa OT OCH 71 IPOUCXOAUT PAHBIIE.

— bnarogaps HE0ITHO3HAYHOCTH OINPEAEICHUS UHTEPBAJIOB I JUCKPETHBIX
pactpenenenuii (yciosue (11)) BO3MOXKHBI pa3JIMYHbIE BAPUAHTHI ITIOCTPOEHUS JOBEPUTEIBHBIX
WHTEpBaJoB (puKcanms HIKHEH WM BepXHEH rpaHulibl, moctpoeHue CrepHa, Kpoy u 'apanepa,
WX KOMOMHAIMH). BRIOOp MOXKET 3aBUCETh OT KOHKPETHOW CUTYyaIluH, HAIIPUMED, OT
HE00XO0IMMOCTH MOIYYUTh 00JIee CTPOTOe OrpaHUYCHHE Ha MapaMeTphl CBEPXY WIIM CHU3Y.

Hannyumuii BepxHui penes Ak HEU3BECTHOIO CUTHANA A IIPU HAJIMYUU

MTyaCCOHOBCKOTO (hOHA CO CpeaHUM b ¢ yIETOM anpruopHoi nHpopmaimu o GoHe B BUAC OLICHKH
(20) obmamaet caeayOMMUMH CBOMCTBAMU:

— Ilpu u3MepeHun B SKCIEpUMEHTE J1I000T0 Yrciaa COOBITUH 7 < b TOIXY4YUM OJJMHAKOBBIH
JIOBEPHUTEIbHBIN HHTEPBaIL. JTO, B YACTHOCTH, PELIaeT MpoOIeMy MEHBIIIEro, ueM (oH, yucia
coObITHIA, 0003HAYCHHYIO B [6].

— BeposaTHocTHOE conepkaHue JOBEPUTEITBLHON 00acTH OJIM3KO K TpedbyeMomy
JIOBEPUTEIHHOMY YPOBHIO, IEPEKPhIBAHUE MaJIO (ISl TUCKPETHBIX paclpeesieHnii OJTHOCThIO
ero n3bexarp He ynaércs). [lepexproiBanue (B MOHUMAaHUU [6]) sIBISETCS HEOCTATKOM
HEKOTOPBIX APYrux nocrpoenuit [19], [7].

— HwxHss rpaHuiia TOBEPUTEIBHOTO HHTEPBAJIa OTXOJUT OT OCH 1 (CTAHOBUTCS

OTJIMYHOM OT HYJIS) IPU HAaMEHbILIEM BO3MOKHOM 3HAUeHUHU 1. TakuM 00pa3oM, He TOJIBKO
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YKa3bIBaCTCsl HAaWTy4Ini (HanboJsiee CHIIbHBINA) BEPXHUH Mpeen IJis mapameTpa, HO U
MOSIBIISIETCS BO3MOKHOCTD JE€TEKTUPOBATh CUTHAI (OTJIMYHAS OT HYJISl HUXKHSIS TPaHUIIA B
HEKOTOPOM CMBICIIe 0003HaYaeT HAIMYNE CUTHAIA) TIPU JOCTATOYHO MaJbIX 3HAYCHUSIX
M3MEPEHHOTO YHCIIa COOBITHH.

— Kak u B HenpepbIBHOM ciiyyae, 00J1acTh MO/ HUKHEN TPaHUIIeH SBIISIETCS BRIUTPHIIIEM

OT UCIIOJIb30BaHUS allpHOPHOI nH(popMauu o hoHe.

[IpuBenéHHOE BBILIE TOCTPOECHUE TOBEPUTEIHHBIX HHTEPBAJIOB [0 METOAY TIpe/era

YYBCTBUTCIIbHOCTH AJII HCIPCPBIBHOI'O U JUCKPCTHOI'O CIIy4acB OG.HB.I[B.GT pPAAOM JOCTOUHCTB:

1) npuBeaéH ABHBINA BUA MOTU(UIIMPOBAHHBIX OLIEHOK U COOTBETCTBYIOIINE

pacnpe/eIeHuS;

2) naHa MHTEpPIIpETALMs BUIa PACIIPEAEICHUI: YKa3aHa HEPa3IMYUMOCTb ITOJIy4EHHBIX B

JKCIIEPUMEHTE OIICHOK, JIeKalINX BHE (PU3HUECKOl 001acTH 3HaYSHH TapaMeTpoB;

3) 0 aHAJIOTMK C CUMMETPUYHBIMUA HHTEPBAJIaMU OLIEHUBAETCS HAWIYYIIUN BEPXHUI

npeJien JUisl MapaMeTpoB pacipeieleHnil ¢ yuéToM alpruopHoOi nHpopMaluu;

4) paccMaTpUBaIOTCS BO3MOXKHBIC BapHAIMK: HAITPUMED, TOCTPOCH 00Jiee KOPOTKUI
JIOBEPUTEIIBHBIN MHTEPBAJ LIEHOM 0TKa3a OT CHMMETPUYHOCTH (110 aHAJIOTHH C [5]), a Takxke

MHTEPBaJIbl C 3aKPEIUIEHHBIM BEPXHUM UJIH HUKHUM IIPEIeIaMu;

5) MpaBUIILHOCTH BEPOSITHOCTHOTO COZEPKaHUSI IOBEPUTEIHHBIX 00J1acTeH,
cooTBeTcTBYyMOMIEero ycnousM (3) u (11), mocturaercst 6:aroaps HCIOIH30BAHUIO CTAHIAPTHON
HEIMaHOBCKOM MPOLEAYphl TOCTPOCHUSI TOBEPUTENBHON 001aCTH, HE3aBUCUMO OT BU/1a OLICHKH.

Baxneiimee cBOWCTBO 00CYKIaEMOTO METO/1a — BO3MOXKHOCTD MPSMOTO CPaBHEHUS
JIOBEPUTEIIbHBIX MHTEPBAJIOB, MTOJIYYEHHBIX B Pa3HBIX dKCIIEpUMEHTaX. B oTiauyne ot mpounx
penenToB yuéra apruopHOi nH(pOpMAIMK, METOJT TIPEieia YyBCTBUTEIILHOCTH YCTOHYMB (1a&T
(bu3nyecKn KOPPEKTHbIE MHTEPBAJIbI) BOIM3U (GU3NYECKOM IPaHULIbI 3HAUEHUH TTapaMeTpa.

CrnenyeT MOMHUTB, YTO CYTh U CMBICT OOPaOOTKHU JaHHBIX COCTOUT B TOM, YTOOBI caMa
BEJIMYMHA TIOy4aeMBIX YHUCE HETIOCPEICTBEHHO OTpaxasa Ty HH(OPMAIIHIO, KOTOPYIO
TpeOyeTcs U3BJIeYb U3 JAHHBIX MMOCPEICTBOM 00paboTku. B aToM cMbiciie MeTopl DenbamaHa u
Kasunca u Kaysna u ap. npocTo He TOCTHraroT LEeNH, MOKHO CKa3aTh, UGPYs U TEM CaMbIM
CKpBIBasi HEKOTOPYIO CYIIECTBEHHYIO YacTh MHPOpManuu. MeToJ1 peena 4yBCTBUTEIbHOCTH
JUIIEH 3TOTO HEAOCTaTKa, 3P PEKTUBHO perrasi 3a/1a4y MOCTPOCHHSI IOBEPUTEITHHBIX HHTEPBAIOB

¢ y4€TOM anpuopHON HHPOPMALIUU O TapaMeTpax.
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Ta6bnuua 1

90% noBepuTenbHBIE HHTEPBAJIBI C YIETOM alIPUOPHON HHPOPMALIUY TS TapaMeTpa L , IpH
U3BECTHOM 3HaueHuH (ona b B uaTepBane ot 0 10 10 1 mpu U3MEPEHHOM YUCIIEe COOBITHIA

n, = (0..20) . (ananoruuno Tabmuuam II - IX B pabore [6])

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
0 0.0, 3.0. 0.0, 2.5. 0.0, 3.75. 0.0, 3.25. 0.0,4.3. 0.0, 3.8. 0.0, 4.76. 0.0, 4.26.
1 0.11, 4.75. 0.0, 4.25. 0.0, 3.75. 0.0, 3.25. 0.0,4.3. 0.0, 3.8. 0.0, 4.76. 0.0, 4.26.
2 0.54, 6.3. 0.04,5.8. 0.0, 5.3. 0.0, 48. 0.0,4.3. 0.0, 3.8. 0.0, 4.76. 0.0, 4.26.
3 1.11, 7.76. 0.61,7.26. 0.11,6.76. 0.0, 6.26. 0.0,5.76. 0.0, 5.26. 0.0, 4.76. 0.0, 4.26.
4 1.75, 9.16. 1.25,8.66. 0.75,8.16. 0.25, 7.66. 0.0,7.16. 0.0, 6.66. 0.0, 6.16. 0.0, 5.66.
5 2.44,10.52. 1.94,10.02. 1.44,9.52. 0.94, 9.02. 0.44,8.52. 0.0, 8.02. 0.0, 7.52. 0.0, 7.02.
6 3.0, 11.85. 2.5,11.35. 2.16,10.85.  1.66,10.35. 1.16,9.85. 0.66,9.35. 0.16, 8.85. 0.0, 8.35.
7 3.29,13.15. 2.79,12.65. 2.9,12.15. 2.4, 11.65. 1.9,11.15. 1.4,10.65. 0.9, 10.15. 0.4, 9.65.
8 3.99,14.44. 3.49,13.94. 3.66,13.44.  3.16,12.94. 2.66,12.44. 2.16,11.94. 1.66,11.44. 1.16,10.94.
9 4.7, 15.71. 4.2,15.21. 3.75,14.71.  3.25,14.21. 3.44,13.71. 2.94,13.21. 2.44,12.71. 1.94,12.21.
10 5.43,16.97. 4.93,16.47. 4.43,1597.  3.93,15.47. 4.23,14.97. 3.73,14.47. 3.23,13.97. 2.73,13.47.
11 6.17,18.21. 5.67,17.71. 5.17,17.21.  4.67,16.71. 4.3,16.21. 3.8,15.71. 4.03,15.21. 3.53,14.71.
12 6.93,19.45. 6.43,18.95. 5.93,18.45.  5.43,17.95. 4.93,17.45. 4.43,16.95. 4.76,16.45. 4.26,15.95.
13 7.69,20.67. 7.19,20.17. 6.69,19.67.  6.19,19.17. 5.69,18.67. 5.19,18.17. 4.76,17.67. 4.26,17.17.
14 8.47,21.89. 7.97,21.39. 7.47,20.89.  6.97,20.39. 6.47,19.89. 5.97,19.39. 5.47,18.89. 4.97,18.39.
15 9.25, 23.1. 8.75,22.6. 8.25,22.1. 7.75, 21.6. 7.2521.1. 6.75,20.6. 6.25, 20.1. 5.75, 19.6.
16 10.04,24.31. 9.54,23.81. 9.04,23.31.  8.54,22.81. 8.04,22.31. 7.54,21.81. 7.04,21.31. 6.54,20.81.
17 10.84,25.5. 10.34,25.0. 9.84,24.5. 9.34, 24.0. 8.84,23.5. 8.34,23.0. 7.84, 22.5. 7.34, 22.0.
18 11.64,26.7. 11.14,26.2. 10.64,25.7.  10.14,25.2. 9.64,24.7. 9.14,24.2. 8.64, 23.7. 8.14, 23.2.
19 12.45,27.88. 11.95,27.38. 11.45,26.88. 10.95,26.38. 10.45,25.88. 9.95,25.38. 9.45,24.88. 8.95,24.38.
20 13.26,29.07. 12.76,28.57. 12.26,28.07. 11.76,27.57. 11.26,27.07. 10.76,26.57. 10.26,26.07. 9.76,25.57.
4.0 45 5.0 5.5 6.0 6.5 7.0 75
0 0.0, 5.16. 0.0, 4.66. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
1 0.0, 5.16. 0.0, 4.66. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
2 0.0, 5.16. 0.0, 4.66. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
3 0.0, 5.16. 0.0, 4.66. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
4 0.0, 5.16. 0.0, 4.66. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
5 0.0, 6.52. 0.0, 6.02. 0.0, 5.52. 0.0, 5.02. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
6 0.0, 7.85. 0.0, 7.35. 0.0, 6.85. 0.0, 6.35. 0.0,5.85. 0.0, 5.35. 0.0, 6.15. 0.0, 5.65.
7 0.0, 9.15. 0.0, 8.65. 0.0, 8.15. 0.0, 7.65. 0.0,7.15. 0.0, 6.65. 0.0, 6.15. 0.0, 5.65.
8 0.66,10.44. 0.16,9.94. 0.0, 9.44. 0.0, 8.94. 0.0,8.44. 0.0, 7.94. 0.0, 7.44. 0.0, 6.94.
9 1.44,11.71. 0.94,11.21. 0.44,10.71. 0.0, 10.21. 0.0,9.71. 0.0, 9.21. 0.0, 8.71. 0.0, 8.21.
10 2.23,12.97. 1.73,12.47. 1.23,11.97.  0.73,11.47. 0.23,10.97. 0.0,10.47. 0.0, 9.97. 0.0, 9.47.
11 3.03,14.21. 2.53,13.71. 2.03,13.21.  1.53,12.71. 1.03,12.21. 0.53,11.71. 0.03,11.21. 0.0, 10.71.
12 3.83,15.45. 3.33,14.95. 2.83,14.45.  2.33,13.95. 1.83,13.45. 1.33,12.95. 0.83,12.45. 0.33,11.95.
13 4.65,16.67. 4.15,16.17. 3.65,15.67.  3.15,15.17. 2.65,14.67. 2.15,14.17. 1.65,13.67. 1.15,13.17.
14 5.16,17.89. 4.66,17.39. 4.47,16.89.  3.97,16.39. 3.47,15.89. 2.97,15.39. 2.47,14.89. 1.97,14.39.
15 5.25, 19.1. 4.75,18.6. 5.3, 18.1. 4.8, 17.6. 4.3,17.1. 3.8, 16.6. 3.3, 16.1. 2.8, 15.6.
16 6.04,20.31. 5.54,19.81. 5.52,19.31.  5.02,18.81. 5.14,18.31. 4.64,17.81. 4.14,17.31. 3.64,16.81.
17 6.84, 21.5. 6.34,21.0. 5.84,20.5. 5.34, 20.0. 5.85,19.5. 5.35,19.0. 4.98, 18.5. 4.48, 18.0.
18 7.64, 22.7. 7.1422.2. 6.64,21.7. 6.14, 21.2. 5.85,20.7. 5.35,20.2. 5.83, 19.7. 5.33, 19.2.
19 8.45,23.88. 7.95,23.38. 7.45,22.88.  6.95,22.38. 6.45,21.88. 5.95,21.38. 6.15,20.88. 5.65,20.38.
20 9.26,25.07. 8.76,24.57. 8.26,24.07.  7.76,23.57. 7.26,23.07. 6.76,22.57. 6.26,22.07. 5.76,21.57.
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8.0 8.5 9.0 9.5 10.0
0 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
1 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
2 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
3 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
4 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
5 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
6 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
7 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
8 0.0, 6.44. 0.0, 5.94. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
9 0.0, 7.71. 0.0, 7.21. 0.0, 6.71. 0.0, 6.21. 0.0,6.97.
10 0.0, 8.97. 0.0, 8.47. 0.0, 7.97. 0.0, 747. 0.0,6.97.
11 0.0, 10.21. 0.0, 9.71. 0.0, 9.21. 0.0, 8.71. 0.0,8.21.
12 0.0, 11.45. 0.0,10.95. 0.0,10.45. 0.0, 9.95. 0.0,9.45.
13 0.65,12.67. 0.15,12.17. 0.0,11.67. 0.0, 11.17. 0.0,10.67.
14 1.47,13.89. 0.97,13.39. 0.47,12.89. 0.0, 12.39. 0.0,11.89.
15 2.3, 15.1. 1.8, 14.6. 1.3, 14.1. 0.8, 13.6. 0.3,13.1.
16 3.14,16.31. 2.64,15.81. 2.14,15.31.  1.64,14.81. 1.14,14.31.
17 3.98, 17.5. 3.48,17.0. 2.98,16.5. 2.48, 16.0. 1.98,15.5.
18 4.83, 18.7. 4.33,18.2. 3.83,17.7. 3.33, 17.2. 2.83,16.7.
19 5.68,19.88. 5.18,19.38. 4.68,18.88.  4.18,18.38. 3.68,17.88.
20 6.44,21.07. 5.94,20.57. 5.53,20.07.  5.03,19.57. 4.53,19.07.



