4. O6paboTKa pe3ynbLTaToB MaTeMaTU4eCcKoro
MoAenupoBaHus

Kaxk 6b1710 0TMEYEHO BO BBEJIEHUU, OCOOEHHOCTBIO PAAMOTEXHUYECKUX
CUCTEM SIBJISIETCS MOCTOSHHOE BO3JIEHCTBUE HA HUX CIIYYallHBIX (PaKTOPOB.
CrnenoBatenibHO, pe3yJbTaThl MOJAEIUPOBAHUS OYAYT TaKK€ HOCUTH CIIy4ailHbIN
xapakTtep. [loaToMy, npuHUMasi BO BHUMaHUE, YTO BPEMs SIKCIIEPUMEHTa U 00beM
MOJIYYEHHBIX TaHHBIX OIPaHUYEHbI, HEOOXO0IMMO TaKk 00padaThIBaTh Pe3yabTaThl,
YTOOBI NMOTyYaeMble OLEHKH HAMITY4IIUM 00pa3oM JaBalld MPEACTABICHHUE O
CBOMCTBAX U IapaMeTpax MOJAEIUPYEMBIX YCTPOUCTB.

[TockonbKy, BCIEICTBUE OTPAHUYEHHOCTH MOJTYYEHHBIX B X0J1€
MO/ICJIMPOBAHUS JaHHBIX, MOKHO TOBOPHTH JIUIIb 00 OLEHUBAHUU TEX WM UHBIX
CBOICTB U TapaMeTpPOB, HEOOXOIUMO ONPEIETUTh KAKUMH KaUeCTBAMU JOJIKHBI
o0naaaTh 3Tu olleHKU. 3 Teopuu cTaTUCTUYECKOTO OLIEHUBAHUS U3BECTHO, YTO
KAa4eCTBO OLICHOK ONPENEIAETCS CIAEAYIOIMIMMU TOKA3aTEISAMM:

1. Cocmosimenvrnocms. O1leHKA €HA3BIBACTCS COCMOSIMENbHOU, SCITH
BEPOSITHOCTh €€ OTKJIOHEHHSI OT UCTUHHOTO 3HAYEHUSI OLIEHUBAEMOTI'0 ITapamMeTpa X
IpYU YBEJTMYEHUU pa3Mepa BBIOOPKHU JaHHBIX N CTpPEMHTCS K HYJIO, T.€.
BBIITOJIHSETCS CIIEIYIOILIEE YCIOBUE

lim Pr{€—x>¢}=0 (4.1)

N—>w

IZie € - IPOU3BOJIBHOE, MOJOXKHUTENBHOE, CKOJIb YTOJHO Majoe 4ucio. CMbICH
ycnoBus (4.1) COCTOHUT B TOM, YTO AJIsi COCTOSITENBHOM OLIEHKU MTPH YBEIHUCHUU
o0beMa HaOMI0AEeHUI 3HaYEHUs OLICHKU BCe OJIMKe U OJIMKe TpYIIUPYIOTCS
BOKPYT HCTUHHOTO 3HAYEHUS MapaMeTpa.

2. Cmewennocmo. CMeleHnEM b OLIEHKH £ Ha3bIBAETCS PA3HOCTh

b, = E{€}—x (4.2)

rae £ {3@} - MaTeMaTH4eCcKoe 0kuIaHue oleHkH. OleHKa Ha3bIBaeTCs
Hecmeuennou, ecnu b, =0. JT0 03HAYAET, YTO LUEHTP rPYNIMPOBAHUS 3HAYECHUM
HECMEILIEHHOM OLIEHKH COBIMAJIa€T C UCTUHHBIM 3HAYEHUEM OLIEHHMBAEMOTO
napameTpa.

3. Dgpghexmuenocmo. Ilpu 1O0CTATOUHO OOUTUX MPEAMOTOKEHUIX
OKa3bIBAETCS, YTO JUCHEPCHS OLIEHKH £ NpU (PUKCUPOBAHHOM 3HAYEHHH pa3Mepa
BBIOOpKH N HE MOXKET OBITh MEHBIIIE, YEM HEKOTOpas BenuunHa D, T.e.

D{€}> D, (4.3)



VYcnosue (4.3) HasbiBaeTcs Hepasencmeom Kpamepa — Pao, a BenuunHa D,
- COOTBETCTBEHHO 2parnuyeti Kpamepa — Pao. I'pannna D, MOKeT OBITH
BBIYHCIIEHA JOCTATOYHO MPOCTO

ob, 2 (4.4)
-3

D, =-

82
Eq o Llrlx)
ox
rae L(r\x) - norapuM QyHKIIMU MPaBaAONOa00Us HaOII01aeMOM BEIOOPKH

T
r=(,...,r,) ; E{} - onepaTop BBIUMCIEHNS MATEMATHYECKOTO OKHIAHMA. 32
Mepy 3ggexkmuerocmuy OLICHKU € MPUHUMAETCS BETUYMHA

D, (4.5)
D{e}

B cuny nepaBenctBa Kpamepa — Pao 0 <¢ <1. Onenka Ha3biBaeTcs
aghghexmusnoti, ecnu € =1, T.e. ee qucnepcus MUHUMAaJbHA U PaBHA TPaHULIC
Kpamepa — Pao.

[Ipu 06paboTKe pe3ynbTaTOB U3MEPEHUH CIEIyeT CTPEMUTHCS K TOMY,
YTOOBI HCIIOTB30BATh COCTOSATENLHBIE, HECMEIICHHBIC U () (PEKTUBHBIC OIICHKH,
OT10 ynaetcs qajeko He Bcerna, [loaTomy nHOr1a BhlllIeHa3BaHHbBIE TPEOOBAHUS
CMSTYAIOT, 3aMEHSISI CBOMCTBA HECMEIIICHHOCTH U 3P(HEKTUBHOCTH
COOTBETCTBYIOIIUMH aCUMIITOTHICCKUMHU CBOWCTBAMM:

4. Acumnmomu4eckol HecMeueHHOCMbIO

limb, =0 (4.6)

N—o©
5. Acumnmomuueckoii 3¢hgpexmusHoCcmbio

lime =1 4.7)

N>

PaccmoTpum Teneps TOT mepeyeHsb 3a/1a4, C KOTOPHIMH Yallle BCero
BCTPEUAETCs MCCIEA0BATENb, OCYIIECTBISIOMUN 00paboTKy pe3yIbTaTOB
U3MEpPEHUN.

OO6bI4HO 1pu 00pabOTKE Pe3yJbTATOB MAITUHHOT'O MOJICTUPOBAHUS
BO3HUKAIOT CJIEAYIOIINE MPOOIEMBI:

e oOmpejeNeHNe SMIUPHUUECKOTO 3aKOHA PAaCTIpeIeTICHUs] BEPOSITHOCTH
OLIEHUBAEMBIX B XOJI€ SKCIIEPUMEHTA MTapaMeTPOB;

® TIPOBEpKa COBMAJCHUS IMIIMPUIECKOTO 3aKOHA pacTpeesieHus
BEPOSATHOCTH C MOJICTILHBIM PacIpe/ieliCHUEM;



¢ OICHKA IMapaMETpPOB paClpCACIICHNA OLCHUBACMOI'0 IapaMeTpa.
PaCCMOTpI/IM, KaK pCiaaroTCs BbINICHA3BAHHBIC 3a/1a1H.

4.1. OueHka 3aKOHa pacrnpedesieHuUs1 eeposimHocmeu

ITycTs B pe3yibraTe 9KCIIEPUMEHTA ISl OLIEHUBAEMOT0 IapaMeTpa x
HOJYYEH PsJl OLUEHOK £,%,,...,€, . DTOT psJ Ha3bIBAETCs BHIOOPKON 00beMa

(pazmepa) N . CyiecTBYIOT JiBa Croco0a OIEHKU SMIIUPUUECKOTO pacipeiecHus
BEPOSATHOCTH OLICHKU: OLIEHKA IJIOTHOCTH PACIpEAesICHUs U OLEHKA (DYHKIUU
pacnpezeseHusl.

[Ipu oueHMBaHUM MIIOTHOCTH pacnpenenenus (quddepeHunanbHoM
(GyHKUMN) BeCh HHTEPBAJ BO3MOXKHBIX 3HaUECHUH OLICHKU € pa30uBaioT Ha K
MHTEPBAJIOB. [|IMHBI HHTEPBAIOB HE 005A3aTEIBHO JTOJKHBI OBbITH paBHBIMU. [loce
NOJTY4YEHUs BBIOOPKU £, %, ,. .., €, HOJACUUTHIBAIOT KOJUYECTBO MONAaJaHUN

BbIOOPOYHBIX 3HAUEHUH B Kaxblil U3 K MHTEpBaJIOB - m, , k =1,K u onpenensor
4aCTOThI

m, — (4.8)

v, =—,k=1LK
N

Ecnu k -it unTepBan umen juiHy Ax, , TO 32 OLEHKY 3HaY€HHUS IUIOTHOCTH
pacnpenenenus f (x) Ha ATOM HHTEepBaje OepyT

4.
ﬁ(X): Vi = e > Xp g Sx<xk ( 9)
Ax,  NAx,

r7ie X, , U X, - TpaHuLbl k -ro nHTEepBana. Takum oOpa3oM, olleHKa ﬁ(x) UMEeT

BU/JI CTYTNIEHUATON (DYHKIIUU UK eucmozpammol. [103TOMY TaHHBIA METO/] B
JUTEepaType NOTYyUU Ha3BaHUS Memooa eucmozpamm. MOoXKHO MoKa3aTh, YTO
MOJIYYEeHHAs! OLIEHKA SIBJISIETCS COCTOATENbHOM, HECMEUIEHHON U 3(DPEeKTUBHOM.
HenpocTbiM BOpocoM IpH UCTIOIB30BAHUHM METOJIa THCTOIPAMM SIBJISIETCS] BEIOOD
KOJIMYECTBA MHTEPBAIOB K . CUUTAaEeTCs, YTO IS MMOTYUYEHNS IPUEMIIEMBIX
PE3yJIbTATOB HEOOXOAMMO, YTOOBI B KaXK/blii HHTEPBAJ MOMAJI0 HE MeHee 8
3HAYEHUM ciay4yalHoO# BenuuuHbl €. OIHAKO 3TO TpeOOBaHUE CII0KHO
UCIIONB30BaTh Ais onpeneneHns K . CymecTByeT SMIUPUUIECKOE NPABUIO
LImiwopzeeca, KOTOpOE YyTBEPKIAAET, YTO YUCIO UHTEPBATIOB TUCTOTpaMMbl K U
00BbeM BbIOOPKH N CBSI3aHBI CIEIYIOUIUM COOTHOIIEHHEM

K=1+32IgN (4.10)

Tax mpu N =1000 nomyuaem, uto K ~10.



OOpatumcs Tenepsb K OLICHKE MHTETPaabHON (YHKIINU pacIpeacICHHUS.
Pacrionoxum pe3ysibTaTel SKCliepuMenTa €, £, ,. .., €, B IHOPSAIKE BO3paCTaHU.

[Toay4um B pe3ysbTaTe T.H. 6APUAYUOHHDBIL PO
£ <Y <. < gM (4.11)

[lycth x - HecnmyuaiiHas BenuuuHa. KonnuecTBo 4jieHOB BapUaIIMOHHOTO
psna (4.11) MEHbIIUX X HA3BIBACTCS IMRUPUYECKOU YACMOMOT

v(x)zM,E(’") <x,m=1,...M (4.12)

Imnupuyeckou hynkyueti pacnpeoeieHus Ha3bIBaeTCs QYHKIUS

0,x<€" (4.13)
ﬁ(x):‘/](vx): M/N, €™ <x< g™
1, €Y <x

OyHKIUSA ﬁ(x) MMeEET CTyneHuaTsli Bua u uamensaercs ot 0 go 1. Ckauku
(YHKIHH PUXOIATCS HA BEIOOPOYHBIC 3HAUCHUSI U MX BENWYMHA paBHa 1/ N . B

MaTeMaTH4eCKOM CTATUCTUKE TOKA3aHO, YTO ﬁ(x) - COCTOSITEIIbHAS U
HECMEIIEHHAas OIIEHKa MHTErpajJbHON (YHKLIMU pacipeieIeHusI.

4.2. [Iposepka coomeemcmeus ebibpaHHOU MoOesiu pacnpeodesnieHus
OaHHbIM 3KcrnepumeHma

Bo MHOruXx ciry4asix HCCII€J0BaTellb, IPOBOAUBIIAN MaTEMAaTUYECKHUM
DKCIIEPUMEHT, C TOM UM UHOU CTENEHBI0 YBEPEHHOCTU MOKET IIPEANOIO0KHUTD,
4TO HAOJII0JacMas OLICHKA € MMeeT HEKOTOPOE MOJENIBHOE PACIIPEIEIICHUE
BEpOATHOCTEN. B 3TOM citydyae BEIOOpOUHBIE JaHHBIE £, %, ,..., €, MOXHO

WCIIOIb30BaTh JJIsl TOTO, YTOOBI IUOO MPUHATH TUIIOTE3Y O CIPABEIJIMBOCTH
CEJIaHHOT'O MPEANOJIO0KEHU, TUO0 OTBEPTrHYTh €€. 3aja4ya NpoBEpKU
COOTBETCTBHUSI BEIOPAHHOM MOJIENN pacIipeieieHUs U IAaHHBIX YKCIIEPUMEHTA
pemaeTcs ¢ NOMOIIBIO T.H. Kpumepues co21acusi. AIrOpUTM IMPOBEPKH IS BCEX
KPUTEPUEB COTJIACUSA CIICAYIOLIUN.

ITycte H | - runoresa o TOM, 4TO IOJy4YEHHOE dIMIIMPUUECKOE

pacnpezeseHue BeIOOpKH €, €, ,..., €, COIACYETCS C HEKOTOPBIM MOJIEIbHBIM.
Jl1st HOATBEPKACHUS WA OTPULIAHUS TUIIOTE3bI /1, BBIOUPAIOT HEKOTOPYIO

¢yukuuo U, 3aJaHHYI0 HA MHOKECTBE SMIIUPUYECKUX U MOJIEIbHBIX
pactpenenenuid. Benmnunna U, BBIYMCIIEHHAS HA MIOJYYEHHOM SMIMPUYECKOM U
BBIOPaHHOM MOJIEJIbHOM PACTPEEICHHUH, SIBISIETCS CIIyYailHOW U Ha3bIBAETCS
pewaroweli cmamucmuxotli. B kauecTBe pelariieil CTaTUCTUKHU Helb3s OpaTh



M00yI0 PYHKIIHIO, TOCKOJIBKY B OOIIEM clTydae €€ pacipeiesieHHe BEPOSITHOCTH
3aBUCHUT U OT (PaKTHUECKOTr0, U OT MOJIEIBHOr0 pacnpeaeneHuii. O1Hako npu
pa3paboTKe METOJI0B corjiacus ObLIM HaliieHbl Takue PyHKuu U, cTaTUCTHKA
KOTOPBIX MPAKTUYECKU HE 3aBUCUT OT YCIOBHIA IKCIIEPUMEHTA U MOKET OBIThH
omnpeeseHa 3apanee. [Ipyu ucnonp30BaHUK TaKOM PELIAOIIEN CTATUCTUKH
npoLeaypa NPUHATHUS TUIOTe3bl [, COCTOUT B IPOBEPKE yCIOBUS

U<U, (4.14)

rae U, - mopor cpaBHEHMs], KOTOPBIH BBIYMCIIAETCS HA OCHOBAHUHU PEIICHUS
OJIHOTO U3 CIEAYIOIINX YPaBHEHUIN

Pr{U>U,}=0a uwm Pr{U <U,}=1-a (4.15)

B ypaBHenusix (4.14) — (4.15) cOOTBETCTBYIOIIKE BEPOSITHOCTH
BBIYHCIISIIOTCS. HA OCHOBAaHUH U3BECTHOTO paclpeeieHHs] BEpOITHOCTEN
pemaronieit cratuctuku U . [locTosiHHAsA o , KOTOpasi HA3bIBAETCS YpoGHEM
3Hauumocmu, BBIOUpaeTcs 3apaHee U YCTaHABIMBAET JOMYCTUMYIO BEPOSITHOCTh
omuOKy npu nposepke runoressl H,. O0bano o =0,05...0,1. B ciy4ae, ecau

HEpPaBeHCTBO (4.14) He BbINONHAETCS, TUNIOTE3a [, OTBEpPraeTcs, U UCCIe10BaTEb

JOJKEH MPEJIJIOKUTDh JPYTYI0 THIIOTE3Y O BUE MOJEIBHOrO pacipeaeneHus. Bee
CYLIECTBYIOLIME KPUTEPUH COTJIACHS PA3IMYaAIOTCA 110 BUAY periaroniei
CTaTUCTUKHU. PaccMoTpuM Hanbosiee 4acTo UCIOIb3YEeMbIE KPUTEPUH COTIACHS.

4.2.1. Kputepuum lNupcoHa

Pa306beM 0011acTh OnpeeIeHnss MOJEIbHOM IIIIOTHOCTH PacIIpe/1e/ICHHs
BepoATHOCTEN F (x) Ha K MHTEpBaJIOB U 0003HAYNM BEPOSTHOCTH MONAJaHUs

OLIEHKU £ B k -if uHTEpBan A, depe3 p, = Pr{;@e A k}. CornacHo KpUTEPUIO
[IupcoHna pemaronen CTaTUCTUKON SBJISETCS CIEAYIONIAsA Mepa PaCX0KIACHUS
MOJEIBHOTO U AMIIMPUYECKOTO PACIIPEAECICHUI

SVASS ORI ETY) @16

rjae m, - KOJIM4eCTBO 3HAUCHUI OLIEHKH, IIONABIIUX B k -if nHTEpBaN A,

(> m =N).

ITupcon nokasai caeayroulyro treopeMmy. Ecnu nposepsemas runoresa H
00 MUCTUHHOCTH MOJEIBHOrO pacnpeaeneHus F (x) BEpHA, TO MPH 00bEME
BbIOOpKH N —> 00 3aKOH pacHpejieJIeHUs pelaroend craTucTuku U 3aBUCUT



TOJILKO OT YMCJIa UHTEPBATIOB K U MPUOIMKAETCS aCUMITOTUYECKU K 3aKOHY
pacnpeneneHus xz (xu-kBagpart) ¢ s =K —J —1 crenensimu cBoOObI, T1€ J -
YHUCJIO HEU3BECTHBIX MAPAMETPOB MOJIEIIBHOTO PACIPENCIICHUS.

BeiiBruHyB runoresy /4, 00 ICTHHHOCTH MOJENIBHOTO PACIIPEIEICHUs
F (x), MBI TEM CaMbIM YCTAHABIIMBAEM, OT KaKOTO YKCJIa TapaMeTpoB J OHO
3aBUCUT. Ecu 3HaUEHHs BCEX WM YaCTH MMapaMeTPOB HE U3BECTHBI, TO OHU
3aMEHAI0TCS OLeHKaMU. [lociie onpeesieHns: OLIEHOK NapaMeTPOB MOAEIbHOM
byukiuu F (x) pacupeneseHus BBIYUCISIIOTCS BEPOATHOCTH p, = Pr{;@e A k}

Py :F(xk+1)_F(xk )» Ay =X, —X, 4.17)

NOTIAIaHUs OLIEHKU B k -il MHTEepBal A, .
N3 teopemsl [lupcona cienyer, yTo KakoBa Obl HM OblIa TUIIOTETUYECKAS
(byHKUUA pacnpeneseHus BeposiTHocTe F' (x) cinyvaiiHas BenuuuHa U npu

N — o0 uMeeT pacnpejiefieHue y

F(V 7) (4.18)
Pr{U <u}= jL%
rls
2
u/2 %
rae F(% ,%): J‘xs/ *1e™dx - HenomHasd, a F(%): J‘xs/ *le™dx - monmHas ramMMa —
0 0
(GyHKUMH, KOTOPbIE MOTYT OBITh BBIUKUCIEHBI JINOO YUCIEHO, TUOO0 MO Tadaunam.
Taxkum o0Opa3oM, nmpoueaypa NpOBEPKH FMIIOTE3bl /1, COTTaCHO KPUTEPUIO
[TupcoHa BBITJISIAUT CJIEAYIOMKUM 00pa30M:
1. 3ajaeM 3HaYEHHUE JOBEPUTENILHOM BEPOATHOCTH P) =1 — o um
ypoBHs 3HaUnUMOCTH o . O6b1uHO o0 =0,05...0,1.
2. [To 3HaueHUIO0 (@ W YUCITY CTENEeHe CBOOOIbI § Ha OCHOBAHUU
(4.18) HaxonuM BeMUMHY nopora cpaBHeHus U .
3. Ha ocnoBanuu (4.16) u (4.17) BeryuciasieM 3HaYEHUE PEIIAOIICH
craructuku U u cpaBHHBaeM ero ¢ noporom U . Ecnu 3Hauenue
U wmensie nopora U, To runore3a H, npunnmaercs. Eciu
U >U,, T0 rAnore3a oTBEPraercs.
Kpurepnii [lupcona siBisieTcst OqHUM U3 HauOoJiee MUPOKO UCTIONb3YEMBbIX
Ha MPAKTUKE U JAeT XOPOLIUe pe3ysibTarhl Ipu o0beme BeIOOpku N mopsaka 100
u Bblle. Henpocrarkamu KpuTepust sSBIASIOTCS:
1. Heo6XxoaumMoCTh UMETh CPABHUTENIBHO OOJIBLIYIO BEIOOPKY.
2. TlpousBonbHOE pazOueHust 00J1acTH ONpeeICHUs] MOICIbHON MITIOTHOCTH
pacnpeneseHust BEposiTHOCTEN [ (x) Ha K WHTEpBaJIOB, KOTOPOE HE
yuuTHIBaeT ocobennocTeil Gpynkimn F(x).



4.2.2. Kputepun KonmoropoBa

CornacHo 3TOMy KPUTEPHIO KOJIUYECTBEHHON MEPON COOTBETCTBHS MOJCIIBHOTO
F (x) 1 OMITHPUYECKOTO ﬁ(x) pacIpeeneHuil BEpOATHOCTEN 7Sl BBIOOPKH
€,%€,...,€, 00beMa N CIIy’)KUT MAaKCUMyM UX MOJYJISL Pa3HOCTU

U= maX‘F(x) — ﬁ(x] (4.19)

Konmoropos nokasai, 4To €ClM IpoBepsieMas Tunoresa f, BepHa, To Ipu
N — 00 ¥ IONIONHUTENBHOM NPEANIOJIOKEHNN O HEIPEPBIBHOCTH [ (x) byHKUMA

pacripesiesieHus BeMUuHbl ~/ NU aCUMITOTUYECKH CTPEMUTCS K (DyHKYUU
Konmozeoposa

Pr{/NU <z{=K(z)=1- 2i(_ 1) et (4.20)

k=1

[IpencraBnenue (4.20) ynoOHO UCIIONB30BaTh TP z > 1, KOraa psia
cxoauTtcs osicTpo. [Ipu z <1, koraa psan B (4.20) cxoguTcst MEJUIEHHO, yI00HEee
MOJIb30BAThCS APYTUM MPECTABICHUEM

(21 (4.21)

Z k=l

K(z):

Taxkum 00pa3oM, mpaBUIIO IPOBEPKU TUIOTE3bI /1, COMNIACHO KPUTEPHIO

Konmoroposa TakoBo:
1. 3agaem 3HaYeHHE JOBEPUTENILHOM BEPOATHOCTH P) =1 — 0o um

ypoBHs 3HaUMMOCTH o . O6b1uHO o =0,05...0,1.

2. Tlo 3HaueHUIO0 @ W YKUCITy CTENEeHel cBOOObI § HAa OCHOBAHUU
(4.20) wim (4.21) HaxoUM BEJIMYMHY ITOpOTa cpaBHeHHs U .

3. Ha ocHoBanuu (4.19) BbruucisieM 3HaU€HUE peIIatoIIeH
craructuku U u cpaBHHBaeM ero ¢ noporom U . Ecnu 3Hauenue

U wmensbue nopora U, To runoreza H, npunumaercs. Eciu
U >U,, T0 rAnore3a oTBEPraercs.

Kak n kpurepnii [Tupcona, kpurepuit Konmoroposa ucnonb3yercst npu
JI0CTaTo4YHO Oonbmux oobemax BoiOopkH (N =50...80). Onnako npu
MCIIOJIb30BAaHUU 3TOr0 KPUTEPUs HE TPEOYETCs JOMOIHUTEIBHOIO pa3orueHus
oGmactu onpenenenns F(x) Ha MHTEPBAIBL

4.2.3. Kputepuun Kpamepa — Museca



CornacHo 3TOMY KPUTEPHUIO KOJIMYECTBEHHON MEPOl COOTBETCTBUS JIJIS
BBIOOpKHU 00beMa N CIYKUT 3HAUEHUE CPETHETO 3HAUYCHUS KBaJpaTa OTKIOHEHUS
MOJIEJIBHOT'O PaCIIpelesICHUsI OT SMIIUPUYECKOTO

0= [lF)- £ o) @

rae f (x) - IVIOTHOCTH pachpeaeneHus f (x): df;(x) . [loncranoBka (4.13) B (4.22)
X

Y UHTETPUPOBAHUE MTO3BOJISIET MOJYYUTh APYrOo€ BBIPAXKEHUE ISl PEIIAKOIIEN
CTaTUCTUKHU

N INRE (4.23)
_ 1 2 s {F(gn))_ba 1}
12N? N 2N

s Benmuuunbl NU B MaTeMaTUYECKUX TaOJMUIIaX MOXKHO HAUTH
npeaesnbHoe npu N — o0 pacnpeaeieHue BEpOATHOCTEN, HA OCHOBAHUHU KOTOPOTO
10 3aJJaHHOMY YPOBHIO 3HAUYMMOCTH O MOYHO ONPEAECIUTh BEIUYUHY MTOpOra
cpaBHeHus U . JlabHenIas npoueaypa UCIoab30BaHUs KPUTEPHUS HUUEM HE

OTJINYAETCS OT aJITOPUTMA MCIOJIb30BaHMs Kputepus Koimoroposa.
Kpurepunit Kpamepa — Muzeca MOKeT UCIIOJIb30BAThCS PU MaJibIX 00beMax
BbIOOpKH (N <50).

4.3. OueHka MOMeHmoe pacnpedesieHus

OneHka SYMIIAPUYECKOTO PACTIPEAEIICHUS U ITPOBEPKA €TI0 COOTBETCTBHUSI
MOJICJIBHOMY pacIlpeesIeHUIO He SIBISI0TCSA €IMHCTBEHHBIMU ITpo0ieMamu,
BO3HUKAIOLIMMU MTPU 00paboOTKe pe3ynbTaToB 3kcnepruMeHTa. OObIYHO MpU
00paboTKe OlIEHUBAIOT MOMEHTHI pacnpenesienus oneHku €. Kak npasuso, npu
ATOM OTPaHWYMBAIOTCS JIUIIB IIEPBBIMU HAYaJIbHBIMHU WM LIEHTPUPOBAHHBIMU
MoMeHTamMu. OLleHKa MOMEHTOB pacIlpeeIeHUsI CIIy4YallHOM BEJINYNHBI €
ITO3BOJISIET HE TOJBKO ONPEAEIUTh LEHTP IPYNIUPOBAHUS PE3YIBTATOB U3MEPEHUM
U Mepy UX pa3dpoca, HO U CYyJIUTh O KAYECTBEHHOM XapaKTepe pacrpeeeHHs
BEPOATHOCTEHN.

JI7 ciydanHbIX BEJIMYUH B TEOPUU BEPOSITHOCTEN BBOJSTCS HAYAIbHBIC
MOMEHTBI

2 4.24
M, = prf(x)dx,p=1,2,... ( )

N OCHTPAJIbHBIC MOMCHTBI



® 4.2
mpzJ(x—Ml)pf(x)dx,p=2,3,... (429

—00

rae f (x) - IUIOTHOCTB pacupeaesieHus OEHKA €. Mexay ceMencTBaMu

HAYaJIbHBIX U LICHTPUPOBAHHBIX MOMEHTOB CYIIECTBYET B3AUMHO OJJHO3HAYHOE
COOTBETCTBHE.

HauGonbiiee npuMeHeHNe HAIIUIM BEJIMYUHBI, CBS3aHHBIE C TIEPBLIMU
YETBIPbMSI MOMEHTAMH PACTIPEACTICHHUS.

1. MaremaTndeckoe OKUJaHue

pu=M, (4.26)

[Ipencrasnser co0oii LIEHTP TPYNIUPOBAHUS PE3YTbTATOB U3MEPEHUH.
2. lucnepcus

D=m, (4.27)

MpeCTaBIsAeT cO00i Mepy pa3dpoca ciydailHoM BeTuYuHBbL. J{J1s ciydaitHbIX
MPOIIECCOB JUCTIEPCHUS PaBHA CPEIHEN MOIIIHOCTH IpoIiecca.
3. Koadduruent acummerpuun

_om (4.28)

YHauMonanbHoe pacnpenaenenue ¢ B, <0 nMmeeT JeByl0 aCUMMETPHIO, C
B, >0 - mpasyto (puc. 4.1). Eciu 8, =0, pacnpeneneHne CUMMETPUYHO.

f(x) f(x) f(x)

1<0 B1=0 B:1>0

Puc. 4.1

4. KoaddunueHt skciecca



m, (4.29)

XapaKkTepu3yeT OCTPOTY BEPIIUHBI IIOTHOCTU paclpeaesieHus. 3a HOMb 1O IIKae
2

[, IPUHAT KCLECC FayCCOBCKOI0O pacnpeeseHus (B 3TOM ciaydae i, / (m,) =3).

[TnotHocTH ¢ B, <0 HMerOT OoJiee IUIOCKYIO BEPIINHY, YEM IrayCCOBCKas

IUIOTHOCTB, a INIOTHOCTH ¢ f3, >0 - Oosee octpyro (puc. 4.2).

f(x)

Puc. 4.2

HauanbHble MOMEHTBI paclipe/ieleHns OLIEHUBAIOTCS 110 BEIOOPKE
€,%,,...,€, CIeAylOIUM 00pa3oM

1 & (4.30)
M= e
p NZ€1

n=l1

JlaHHBIE OLIEHKHU SABJIAIOTCS COCTOATEIbHBIMU U HECMEIIEHHBIMHU.
Heckonbko cioxkHee 00CTOUT 110 C LIEHTPaJIbHBIMH MOMEHTAMH U, B
YaCTHOCTH, ¢ Aucnepcuei. Ecian matemaTueckoe 0KUIaHUE [ OLIEHKH €

HU3BCCTHO, TO OICHKA p -ITO MOMCHTA HAXOOUTCA KaK

4.31)

M, Jﬁl(ﬁz —u)

N n=l1

AnNpuopHOE 3HAHUE MATEMATUYECKOTO OXKUIAHUA LI HA IPAKTHKE
BCTPEUYAETCA HE TaK PEAKO, KaK 3TO MOXKET MoKa3arkca. Hanpumep, npuHumaemMble
PaaUOCHUTHANBI YACTO SIBIISIOTCS CIIyYalHBIMH MIPOLIECCAMU C HYJIEBBIM
MAaTEMATHYECKUM OKUJAHUEM.



Ecnu marematnueckoe oxxujaHue (I HEU3BECTHO, TO olleHkH (4.31), rae
BMECTO LI TIOJICTABISETCS oleHKa €= M, 6yaer cMemmennoit. CMeneHne MOXHO
C/ieJIaTh PaBHBIM HYJIIO, €CJIU HECKOJIBKO U3MEHHUTH (4.31)

N ) 4.3
=Y (€ - ) (
N il 3
’€3 - (N—l)(N—z)nZ::‘(ﬁl - ﬁe) D

. - N> —2N+3 i(%—ﬁ)“ 3(2N - 3) ){Z(E ‘@)T

(N-1)N-2)N-3)% N(N -1)N -2)N -3

N
rae g=N . Zﬁz - OIICHKA MaTEMaTHYECKOTI'O OXKUIaHU.

n=l1

4.4. OyeHka KoppesnsiyuoHHOU BYyHKUUU csly4auHOo20 rnpouyecca

OrieHKa KOPPESIITUOHHOMN ()YHKITUU MTO3BOJISIET HE TOJIKO ONPEIeTUTh
CTEMEHb CTATUCTUYECKON 3aBUCUMOCTH JBYX PAa3HECEHHBIX 110 BPEMEHU OTCUYETOB
CJIy4ailHOTO MPOILIECCa U ONPEICIIUTh OAUH U3 BAXKHBIX MApaMETPOB Mpoliecca —
BpeMsl ICKOPPEISALINH, HO TAKXKE SBIISICTCS HEOOXOUMOMN onepalnuent s
JAJIbHEUIIIETO CIIEKTPAIBHOTO aHAJIN3a.

[TycTh HabmOa€TCS CiTydyallHBIN MTPOIIECC 5( ) U NOJy4eHO N €ro OTCueToB

[O] [N 1] B IUCKPETHBIE MOMEHTHI BpeMEHU. {7151 OLIEHKU KOPPEIALMOHHON

(pyHKuHI/I UCIIOJIB3YIOT JBa Croco0a.
Hecmewennas oyenxa. OueHka 3HaUCHHsI KOPPEISITUOHHON (DYHKIIMU B
MOMEHT m1 paBHa

Nofm-i (4.33)

ﬁ[m]—— > En)Eln+m]

n=0

rae & [n] =& [n]— {€ - LEHTPUPOBAHHBIN OTCYET MPOLECCA, T.€. OTCUET, U3 KOTOPOro
BBIYTEHA OIIEHKAa MaTeMaThuueckoro oxuaanus . Ouenka (4.33) sBusiercs
HecMelleHHOM. OJHaKo 3Ta OLIEHKa 00J1ajacT OTHUM HEJOCTaTKOM: IIpU
YBEIIMYEHUH M JAUCIEPCUS Ie[m] pacteT. OT0 00BsACHAETCS TEM, UTO JUIsl pacyera
Ie[m] UCIIOJIb3YyETCs (N - m) 1ap OTCYETOB CIy4alHOoro mpouecca. B ¢Bsa3u ¢ oatum
IIPU YBEJIMYEHUU M KOJMYECTBO Mpou3BeaeHu B cymme (4.33) ymeHbII1aeTcs U
KAa4ecTBO yCpeaHEeHHUs yxyamaeTcs. [1o03ToMmy Ha IPaKTHUKE Yalle UCIOJIb3YIOT
IPYTYIO OLEHKY KOPPEIALMOHHON (QYHKUIUH.

Cmewennan oyenka. B 5TOM cilydae OLIEHKA BBIUYUCISAETCS KAK




Ly

Rl)= L S E el e ml={ 1= |

n=0

(4.34)

I[aHHaSI OIICHKA XOTA N UMECT CMCIIICHUC, HO TUCIICPCHA OIITMOKH
OICHHUBAHMUA 1JIs1 HCC MCHbLIIC, YCM Y HECMEIICHHOU OoLicHKU. [IoHATh MNpUYIUHY
9TOr0 HECJI0KHO, €CJIN YUYCCTh, YTO CMCIICHHAA OICHKAa MOKCT OBITH oJIydcHa u3

HECMEIIEHHOM YMHOKEHHEM nocieHeil Ha TpeyronbsHoe okHo wim]= (1 —|m|/N),
3HAYEHUs OTCYETOB KOTOPOTO YOBIBAIOT C YBETMUEHUEM 711 .

4.5. OyeHka cnekmpasibHOU NMI0MHOCMU MOWHOCMU criyYalHbIX
npoueccoes

OreHka crieKTpaibHOM MIOTHOCTU MOITHOCTH (CIIM) ciyyaiiHbix
MIPOIIECCOB SIBJIIETCS HAaUOOJIee YacTo BCTpeyaroliencs 3aaayueit mpu oopadoTke
PEe3yJIbTaTOB U3MEPEeHH. BaxkHOCTB 3TOM nMpobieMbl MOATBEPKAAETCS OTPOMHBIM
YKCJIOM NMyONauKaluuii Ha JaHHyto Temy. K HacToseMy BpeMeHU MpeasioxKeHo
0O0JIBIIOE YUCIIO METO/I0OB CIIEKTPAJILHOTO OLICHUBAHUS, JaXKe KPATKOE
pPaccMOTpPEHUE KOTOPBIX B HECKOJIBKO pa3 YBEJIMYMIO Obl 00bEM HACTOSAILETO
yueOHoro nocodus. [103ToMy Mbl OrpaHUYHUMCS] pACCMOTPEHHUEM JIUIIb ABYX
KJTACCHYECKNX METOJI0B CIIEKTPaIbHOrO aHaIn3a .

4.5.1. MeTop Koppenorpamm

CIIM u koppensiuuoHHas (PYHKIMS CIIy4ailHOTO CTallMOHAPHOrO Mpolecca
é(t) B COOTBETCTBHMU C TEOpEMOM Bunepa — XuH4YMHA CBA3aHBI IPSIMBIM

npeobpazoBanueM Oypbe

S(0)= [Re)edr (339

[TycTh kKOppensiumonHas GyHKIHS OIlEHEHA B TUCKPETHBIE MOMEHTHI
Bpemenu nT,n =0, N . Torna onenka CIIM mMokeT ObITh BBIUKCIIEHA, €CIIH
uHTerpani B (4.35) BBIUUCIUTH METOJIOM MPSIMOYTOJIbHUKOB

So)=T Y firle 3

n=—N

1 o o

Tex, kTo 3auHTEpECyeTCs NPOOJIEMOH CIEKTPaIbHOI0 aHAJIN3a U €€ COCTOSIHUEM Ha HACTOSIIUI MOMEHT, MBI
anpecyem k MoHorpaduu C. JI. Maprui-mi. [{ugpoBoii ciekTpaibHBIN aHATHM3 U ero npuiokeHus: [lep. ¢ aHTI. —
M.: Mup, 1990.



rae Ie[n] npu 1 <0 BBIYUCISIIOTCSA HA OCHOBAaHUM U3BECTHOI'O CBOMCTBA
KOPPENISALUUOHHON pyHKIUN

R[— n]: R*[n], n=12,...
Pacuer ${(®) yn06HO MPOM3BOIUTH B IMCKPETHBIX TOUKAX

2 (4.37)

o, =m———,m=02N -1
2NT

Tornma

N-1 2E 4.38
f[m]zT Zl@[n]e N m=0,2N -1 (4.3%)

n=—N

[MocneqHee paBeHCTBO 1EIECO00Pa3HO MEePENHUCaTh B BHJE YAOOHOM IS

MCIIOJIb30BaHUS IPU BBIUUCICHUSX AJITOPUTMA Obicmpo2o npeobpaszosanus Pypwve
(bIID)

Ny-1 27 (4.39)
Sim]=T> Rlnle ™ ,m=0,N, -1
n=0
rae N, =2N, R[n], n=0,N, —1 - Bextop pasmepHocT: 2N
B ﬁ[n],OSnSN—l (4.40)

Rln]

| #2N-n] N<n<2N -1

OtmeTum, 4To A ucnonb3oBanus anroputma BII® N nomkHO ObITh
PABHO LIEJION CTENEHU YHCIIa 2.

Hcnonp3oBanue METOa KOPPEIOrPaMM B BBILIEU3TI0KEHHOM BHJIE
MIPUBOAUT K BOSHUKHOBEHHIO 3HAYUTENIBHBIX ITysnbcaunid y orieHku CIIM.
[IprunHOM 3TUX MyNbcalUil ABIsETCS 00pe3aHue «XBOCTOBY KOPPEIALIMOHHON
byHKUMU TpH niepexoie oT uHTerpana (4.35) k koneuHoi cymme (4.36).
[Tockonbky 310 0Ope3anre PakTUUECKU FIKBUBAJICHTHO MEPEMHOKEHUIO
OECKOHEYHOM N0 CBOEH MPOTSHKEHHOCTU KOPPEISALMOHHON (YHKIIMU Ha
MPSIMOYT'OJIbHOE OKHO MPOTSKEHHOCTH 2N, TO 3/1€Ch Mbl BCTpEYaeMcs ¢
obcyxnaBmuMcs B paznene 3.1.4. apdexrom ['u66ca. Jliis yMeHbIIEeHUST YPOBHS
MyJbCalluid, KaK 3To 0bU10 caenano u npu cuuteze KUX ¢punpTpoB, ncnonb3yrores
pa3nu4HbIe BECOBbIE OKHA (CM. TalJ. 1), HA KOTOPbIE YMHOKAIOTCSI OTCUETHI
R[n], n=0,N, —1. IIpu 3TOM ypOBeHb ITynbCauil yIaeTcs yMeHbIUTh. OqHAKO



pasperarormasi crrocoOHOCTh TAKOTO CIIEKTPOAHAIM3aTOPa XYKe, UeM Y
CIIEKTPOAHAIN3aTOpa C MPSIMOYTOJIBHBIM BECOBBIM OKHOM.

4.5.2. MeToa nepuogorpamm

[TycThb B pe3ynbTaTe SKCIIEpUMEHTA MOTyYeHa TUCKPETHAS BBIOOPKA
OTCYETOB IIpoLecca 5[0] [N 1] be3 norepu 00IMIHOCTH MOKHO CUHUTATh, YTO
MaTeMaTHYECKOe OXKHIaHNE ITHX OTCYETOB PaBHO HYI0. Berancnum ams
MOJIy4YE€HHOU BBIOOPKU Ouckpemuoe npeobpaszosanue Pypve (J11D)

N-1 L. - 4.41
Glnl=TY elle " m=0.N -1 .
n=0
riue G[m] - IMCKPETHBIH OTCYET MPHOBEHHOTO CrieKTpa mponecca G(w) npu
o, :2—ﬂm. Berauncimm TN‘l‘G[ln]‘2
NT
N-1 N1 2 k) (4.42)

TN G[m]" =TN"" E[nE[k]e

[IpocToii 3aMeHOM MHAEKCOB CYMMUPOBAHUS ABOMHYIO cCyMMY B (4.42)
MO>KHO MTPUBECTHU K BULY

Nl _,lm,, (4.43)

o Glo] =1 S A

—(N- 1

rac

N\m\l

ﬁ[m]—* > Enleln +m] -

n=0

CMElIeHHas OLIEHKa KOppeasiuMOHHOM QyHKIMHN npouecca. CiegoBaTenbHo,
npaBasi 4acTh paBeHCTBa (4.43) apnsietcs 11D oneHku KOppesiimoOHHOM
(GYHKIIMU U MOXKET OBITh MPUHSITA B CUITYy Teopemy Bunepa — XuHunHa 3a OIIEHKY
CIIM. Takum o6pazom, oueHnka CIIM MoxeT ObITh MOJTy4Y€Ha C UCIIOJIb30BAHUEM
nepuoorpaMMbl (MTHOBEHHOT'O CIIEKTPA) G[m] Kak

$hnl= Glnl'm=0.N =1 (4.49)

B »>TOT M 3akiroyaeTcs CMBICI METO1a MepuoaorpaMm.



B Teopun crniekTpanbHOIO aHajau3a JOKa3bIBAETCs, YTO OLUEeHKH (4.39) u
(4.44) HecocTosATENBHBI, TIOCKOJIBKY IIPU YBEIMYEHUU N UX JUCHIEPCUs HE
CTPEMHUTHCS K HY0. B MeToe neprogorpaMM yMeHbIIEHUE OIUMOKN OIl€HUBAHUS
JOCTUTAETCS TEM, YTO:

® [IPOU3BOJMTCS YCPEAHEHHE B CKOJIB3ALIEM OKHE COCETHUX OTCUETOB
nepuogorpaMmsal (Mmeton Jlannesna);

e BCs BhIOOpKa pa30MBaeTCs HA HEMEPEKPHIBAIOIIMECS MHOKECTBA
OTCYETOB MPOLECCa C MOCIEAYIOIIMM PABHOBECHBIM YCPEIHEHUEM
NepPUOI0TpaMM 3TUX MHOXeCTB (MeTon bapnerra);

e BBIOOpKA Mpoliecca pa30oUBaeTCs Ha NEPEKPHIBAIOIINECS MHOKECTBA
OTCYETOB MPOLECCa C MOCIEAYIONIUM YCPEAHEHUEM MTEPUOIOTPaMM
3THX MHOXKECTB B BECOBOM OKHE (MeToJ1 YaIr4a).



