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BBenenne

C 00paboTkol CIly4allHBIX CHTHAJOB NPHUXOAWUTCS WUMETh JEJI0 B
mo0ol  pagMoTeXHWYecKoil cucreme. PaanorexHHYecKHe CHCTEMBI
SIBISIFOTCS. MH()OPMALMOHHBIMH, CHTHAJI B HHUX IEPEHOCHUT HH(OPMAIIHIO.
ITosToMy BaxHeiimast 3a7a4a — 3TO M3BJICUEHNE MH(POPMAINU U3 CHTHAJA.
C oT10it menpio HEOOXOAMMO OIEHWBATH IAapaMeTp CUTHAJa, B KOTOPOM
conmepxurcs wHpopMmanusa. Hambonee tumuuHOW 3amadelt 00pabOTKH
SBISIETCST  OLIEHKA PA3lMYHBIX XapaKTEPHCTHK CIIy4alHOTO CHTHania
(MaTeMaTH4YeCKOE OXXKHAAHWE, IWUCIEpCHs, KOPPEIMIMOHHAs (QYHKIHA,
3aKOHBI paclpeAesIeHus], CIEeKTpajbHasi IUIOTHOCTb MOIIMHOCTH W T.JI.).
I/ICXOZ[HLIMI/I JaHHBIMH JIA OLCHKHU ABJIACTCA MAaCCHUB BI)IGOpO‘-IHI)IX
3HAUYEHHUH X1, Xp,..., Xy . 38ech N — pazmep BHIOOpKH.

Hanee OTPaHUINMCS paccMOTpeHnEM CTaI[IOHAPHOTO
3ProJU4YecKoro mporecca.

CymmecTBYIOT pa3iaWYHbIE METOABI HaXOXICHUS OneHOK. OmHOH H3
HauOonee TMOJNE3HBIX OLEHOK SBJIACTCS  OLEHKA  MAaKCUMAaJIbHOTO
MPaBJIONOA00HSI.

Ouem«a MAaKCHUMAJBHOI0 l'lpaB)IOl'[O)IOﬁl/lﬂ H eé XapaKTEPUCTUKHA

Orenka MaKCUMAJIBHOTO IIPaBIONONO0Ms IapaMeTpa CUTHAla dy
OCHOBaHAa Ha AaHaJM3€ COBMECTHOTO 3aKOHA IIJIOTHOCTH BEPOSATHOCTH
BBIOOPKH, KOTOPHIN HAa3BIBAIOT (QYHKIIMEN MPaBIOIO 00U

Wi (Xg, X, XN | k)
rre Wy (0) — N -MepHBIIi COBMECTHBIH 3aKOH IUIOTHOCTH BEPOSITHOCTH
BBIOOPKH; 8, — MapaMeTp, KOTOPBIH TpeOyeTcst OLEHHTb.

OreHKa MaKCUMAaJIbHOTO TPABIOMOJ00MS — 3TO TaKOe 3HAYCHHE ay ,
npd KOTOpoM  QyHKUMA — NPAaBRONOAOOMS Wy (Xq, X, ..., Xy | 8y)
CTaHOBHTCSA MaKCHMaJIbHOM.

YpaBHeHHe JJI1 HaXO0XJICHUA OLCHKHU MaKCHUMAJIbHOI'O
p a13210n0,u061/1>1 HUMCCT BU

dax
DT0  ypaBHEHHWE  HA3bIBAETCS  YPAaBHEHMEM  MaKCHMAaJbHOIO
npapaonogo0us.  PemieHWeM  3TOr0  ypaBHEHHs — SIBJIIETCS  OIIEHKA
MaKCUMAIBHOTO  mpaBjponofobust — a, = F(Xy, Xy,..., Xy |8¢), KoTOpas



SIBJISIETCSL HEKOTOPO# CIIOKHOM (pyHKLHMEH, 3aBHCAIIEH OT BHAa 3aKOHA
pacrpeneneHus.

Bpluuciienue 3TOM OLEHKHM CYLIECTBEHHO YIPOLIAETCA, €CIU
JIEMEHTHI BBIOOPKH Xy, Xp,..., XN - HE3aBHCHUMBIEC CITydaiHBIC BEIMYHMHBI.
Jig 3TOro crenuanbHO OPraHU3YIOT SKCIEPUMEHTAIbHbIE U3MEPEHUS Tak,
4ToOBl 00ECHEYNTh TAKYI0 HE3aBUCUMOCTb. Toraa MHOTOMEpHBIN 3aKOH
pacupeleNieHuss MOKHO 3alucarb B BHAC INPOU3BEICHMS OZHOMEPHBIX
3aKOHOB:

N
WN (x1,x2,...,xN|ax)=W1(x1|ax)W1(x2 |ax)...= [[WI1(xi |ax).
i=1
Ilpy 3TOM B YypaBHEHHM MPABIONOAOOHMS HAAO BBIYUCIATH
MPOM3BOJHYIO OT TPOU3BEICHUSI OIHOMEPHBIX 3aKOHOB. JTO CIOXHO
MaTeMaTU4eCcKH W IPUBOAUT K TPOMO3AKHM BBIPAKEHHSM, M3 KOTOPBIX
NPaKTHYECKH HEBO3MOXKHO MOJY4YUTh perieHue. s obiierdeHus moucka
MaKCHMaJIbHO TIPaBJOINOJO0OHONW OLEHKH YacTO WIIYyT MaKCUMyM He
¢yHKIMK TpaBhomomoOus, a e€ morapudma. Ilpm 3TOM  PyHKIHSA
NPaBIOIONO0HS HMEET BUIL:
AX1, Xg,. 00 XN | 8y) = INWR (X1, X0, .., XN | 8y) -
B sTOM ciyyae yke NPHUXOAUTCS BBIYHCIATH MPOU3BOJHYIO OT
CyMMBI (pYHKIUH, 4TO, HECOMHEHHO, POIIE:

d_A(ll;_XguLN_l_ax_) -0.

dax
Tak kak BbIOOpKA COAEPKHUT CilydailHble 3HA4YEeHUs, TO Jro0as
OLICHKA SBISETCS CIlydallHOM BEJIMYMHOW. BaKHBIMU XapaKTepUCTHKaAMU
000 OIIEHKH SABJISIOTCS MaTEeMaTHUECKOe OKUIaHUE U AUCTIEPCHSL.

Eciun mMarematnueckoe OXKHMAAHHE OICHKH COBIAJACT C TOUYHBIM

3HAYEHHUEM DTOH BEJIMYHHBI
A

Elax]=ay,
rae E[e] o3nauaer ycpemHeHue, TO OlleHKa Ha3bIBaeTCsS HECMEIEHHOW. B
IIPOTUBHOM CJIy4ae OLIEHKA HA3bIBAETCS CMELMIEHHOM.

KomnuectBeHHo#t ~ Mepoit ~ pa3bpoca  ciaydaHOM  OIIEHKH
OTHOCHUTCJIBHO TOYHOTO 3HAYCHUA  ABJIACTCA CPECAHEKBAIPATHICCKOC
OTKJIOHEHHUE OIICHKH.

I\(/];erafa[/xl\)]a:T I% C{ﬁ Bfn[m»ﬁ@l . a3bIBAIOT JAUCIIEPCHUEH:

ax  E &
dusnuecku AUCTIEPCUSL — 9TO MOIITHOCTb HCpCMCHHOﬁ
COCTaBJ’IfIIOIIICﬁ cnyqafmoro mnmpouecca.
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Jpyroi Mepoyl KadyecTBa OLCHKHU, CBSI3aHHOM C JUCIEPCUEH OLEHKY,
SBIIIETCA  3aKOH DPACIOpelesieHHs IUIOTHOCTH BEPOSTHOCTH  OLEHKH.
Hanpumep, nist OeHKH MaTEMaTHYECKOTO OXKHMIaHHUS BO3MOKHBI BAPHAHTBI
IUIOTHOCTH BEPOSTHOCTH, IOKA3aHHBIE HA PHC. 1.

Wm,)

0 m

x

B

.
Pucynox 1 — Bo3moxHBIE (OPMBI 3aKOHA paCIpElETCHUS OICHKH

Ecmm ¢yHKIMSA TIOTHOCTH BEPOSTHOCTH IMTUPOKAs, TO BO3MOYKHBIC
3HAYCHUS OIICHKH CHJIBHO pa3dpocaHBl BOKPYT TOYHOTO 3HAYCHUS
OIICHMBAeMOro mapamerpa. [IpuHATO cumMTaTh, YTO ITO IUTOXas omeHKa. 1
HA00OPOT, €CIIM 3aKOH PAaCIpeeNieHIsI CKOHIICHTPUPOBAaH BOKPYT TOYHOTO
3HAuUEHUs], TO ITO OILICHKA Xopoluas. YeM MeHbIIe JUCTIEPCHs OLIEHKH, TeM
y’Ke 3aKOH pacHpeeIeHUs.

OmuH u3 crnoco0OB OINMUCaHHUS KAauyecTBa OLEHKH — 3TO yKa3aHHUe
JIOBEPUTEIILHOTO HMHTEpPBaja, T.C. MHTCPBAla 3HAYCHHN BOJIM3M TOYHOTO
3HAueHUs, B KOTOPBI OIIEHKAa TOMaJaeT ¢ 3aJaHHOW BEPOSITHOCTHIO. DTy
BEPOSITHOCTh HA3bIBAIOT JOBEPUTENBHOH. UeM O3TOT HMHTEpBAI YXKe, TeM
Jy4YIlie OICHKA.

B 3aBHCHMOCTH OT TOTrO, Kak BemyT ceOs 3aKOH pacIlpelesieHUs U
JWCTIEPCUSl OIICHKH TIPH yBEIHYCHHH O0BbeMa BBIOOPKH, pPAa3JIMYalOT
COCTOSITENIBHYIO M HECOCTOSTENbHYIO oIleHKH. Ecmm mpu pocte oObema
BEIOOPKH AHCIIEPCHUS OLICHKH CTPEMHTCS K HYJIIO, T.€. 3aKOH PaclpeeIcHHs
Cy)KaeTcs, CTATUBAsICh K JIeTbTa-(PyHKIIMH, TO OIEHKA COCTOsATENbHAsA. Ecmu
e ITOT0 He HaOJIr0aeTcs, TO 3TO HECOCTOATENbHAs OICHKA.

Ouenka MOMEHTOB

OCHOBHBIMH MOMCHTAaMH, IPEACTABIIAIOIINMHA HpaKTI/I‘IeCKI/Iﬁ
HUHTEPEC, ABIAOTCA MATEMATUYECCKOE OKUIAaHUC U JUCTIEPCHA.

OneHka MATEeMATHYECKOT0 OKUIAHHS

Ilo ompeneneHnio MaTeMaTUYECKUM OXKHUJIAHUEM CTAUOHAPHOTO
npouecca X SIBJISICTCS BCIIMYMHA
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m, = E[x]= }OXW (x)dx,

rae W(X) — GyHKIHS IIOTHOCTH PACTIPEACICHUS BEPOSTHOCTH.

DTO mepBbId HAYANBHBIM MOMEHT. {7l CTallMOHAPHOTO 3ProAUYECKOro
mporiecca MOXeT 6]>ITI> 3ammcaHo

m I|m fx(t)dt
X T~>00T T

I[J'IH AUCKPETHOTO CTAIITMOHAPHOTO 3ProaANYECKOTO CHUTrHaJla MOXXHO

3aIucaTh . 1 N
m = lim X

X Now 2N +1n-_n

Ecnu 3TOT MeTon MaKCHMAalbHOTO IPaBAONOA0OWS TPHMEHHTh K
HOPMAJIbHOMY 3aKOHY pacHpeielieHHsd, TO IoJydaeM MAaKCHUMAaJIbHO
MPaBAONONO0HYIO OIIEHKY MaTeMaTHYECKOTO OKHIaHUS B BUJIC

A 1 N

My =~ >xn.

N n=1

3Ty BeTMYUHY HAa3bIBAIOT BEIOOPOYHBIM CPEIHHM.

N 31€Ch JOIDKHO OBITH JOCTATOYHO BEJIHKO.

lpu stOM |, ~ SBISCTCS CIIy4alHON BEIMYMHOM, KOTOpas HMeEeT

CBOH 3aKOH pacnpeaeeHus] U CBOM MOMEHTBHI.
ﬂ)ﬁﬂleﬁop¢qH9rm c|}£) JTHETO PIIRHKA SBASETCS HECMEIIEHHOI:
ST zrﬁ]e zmo= mN=m.
L_N_ ) I"IJ _N_ _N_ X _N_ X X
n=

n=1 n=1
T.. yKa3aHHas OIIGHKA  MaTeMaTU4eCKOTO  OXHJAHUS  SIBJISETCS
HECMEIEHHOMN.

I[I/ICHepCI/ISI OLCHKHU B BUJIC BbI60p0‘IH01“O CpCAHECro paBHaA
A G2
Var[mx]="x

Ilpn  yBenmueHnnu 00BEMA  BBIOOPKM  JUCIEPCHS  OLEHKH
MaTeMaTHYECKOTO OXHJAHHS CTPEeMHTCS K Hymo. T.e. 3TO cocTosTenbHas
OLICHKA.

Ouenka qucnepcun

OHpe[LeJ‘IeHI/Ie M CH pCI/II/I ﬂ}%ﬂﬂeTCﬂ BBIpAXKCHUC
D=0 —varfdjl f )W (x)dx.

—0
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OT0 BTOPOI LIEHTPaAJIbHBII MOMEHT.

Jnd  OmeHKM — JUCTIEpPCHUH HOPMAJIBHOTO CTallMOHAPHOTO
3pr0;(1/1qecxoro CHAYYAMHOrO NpolIecca UCTONb3YETCs BRIPAKEHHE

D =lim~ [x(®)-m ]°dt.

X X

T T e
Hﬂﬂ AUCKPETHOTO CTAIITMOHAPHOTO 3ProaANYECKOTrO CHUTrHaJia MOXXHO
3anucarh 1 N
: 2
D = lim (x -m )>.
X
N—w 2N +1n-—nN

OTcro/1a MOKHO 3aIHcaTh BEIpaKEHUE IS BHIOOPOYHOHN MUCTICPCHH:
A

A 1 A
Dx =02 =__>(Xn-my)2 .
N

Maremarudeckoe OXHUIOaHHUEC OJIA 3TOH OLICHKH UMECT BU
2 N -1
Z

E[Gx] = G, .
CJ'IeZ[OBaTeJ'ILHO, OIICHKAa JUCHICPCUN ABIIACTCA CMCH.IGHHOﬁ, HO IIpU pOCTE N
9TO CMCHICHHC CTPEMHUTCA K HYIIO, I[MO3TOMY OTY OICHKY HAa3bIBAKOT
ACUMIITOTHYCCKHU HE CMCmeHHOﬁ.

Tak xax HaM U3BECTECH KOB(i)(I)HLII/ICHT I/ICKa)KCHI/If/lI, TO OLICHKY MOXHO

CKOPPEKTHPOBATE:
A2 l
COx=—">(X — mx)
N -1 *

D710 yKe HeCMEIleHHAs OIeHKa.
I[chepcym OLICHKHN I[I/ICHepCI/II/I UMECT BU]

Varfo']= © [EX]- * EX].
“ N N
OTcroza cienyeT, 4To OHa COCTOSATENbHAs, TaK KaK NPU YBEINYEHUU
00béma BbIOOpKH N JHCHepCHst CTPEMUTCS K HYJIIO.

Y4ér 0cobeHHOCTEl AJIrOPUTMOB YHCJIEHHOH OlleHKH

AJIFOpI/ITMLI BbIYHCJICHHUA MAaTEMATUYCCKOI'0 OKUJAaHUS U JUCIICPCUN
O4YCHb MPOCTbI, HO MOI'YT OKa3aTbCd COBCEM HCIPUTI'OJHBIMH, €CJIM HNPU
YHCIICHHOM OLICHKE MAaTEMAaTU4YCCKOI'0 OXHUJAAHUA U JUCHECPCHUU BO3HUKHYT
AOTIOJITHUTCIIBHBIC  MOT'PCIIHOCTH, 0COOEHHO B TOM cily4ae, e€cCjln
BBIYUCIIUTCIIBHOC YCTpOﬁCTBO pa60TaeT C HEOOJBIIMM YHCIOM pa3psAao0B.
HpI/I 00JIb1IOM 00BEME BBI60pKI/I N HayuHasg ¢ HEKOTOPOIro HOMEpA OTCHETAa
NOpAAOK, T.€. UHACJIO paspaa0B CyYMMBI, 6y,HCT CYILIECTBEHHO 0oJIblIIE YKCIa
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pa3psmoB ciaraeMbiX. B pesynbrare mpou3oHAET MmoTepss TOYHOCTH. JTO
MPOUCXOMUT W3-32 TOTO, YTO MHPH CYMMHPOBAHHH YHCEN HPOUCXOIUT
BBIpaBHHBaHHE NOPAAKOB. T.e. MaHTHCCa YHCIA C MEHBIINM HOPSAKOM
CHIBUTraeTcsl BIPABO Ha KOJIMYECTBO Pas3pslOB, PAaBHOE Pa3HOCTH MOPSAKOB
CyMMHUpYeMBIX uuncen. Eciam 3Ta pasHOCTh BelMKa, TO 4YacTh WIM BCe
paspsigpl cllaraeéMoro MOTYT BBIMTH 3a Pa3psAHYI0 CETKY BBIYHCIIHTEI.
I[osromy mpu 1udpoBoit 06paboTke, dTOOB HM30EkaTh ATOTO 3PdeKTa,
MOJYKHO HCIIOJIb30BaTh 0O0JIee CIIOKHBIE alrOPUTMBl BBIYUCICHUS. OTOT
anropuT™M Hcmonb3yercs, eciu  N=2". BBeaeM HOBYW (yHKIHIO

X+
fooy) =27,
2

HNmeeM maccuB uncen Xp, Xp,..., Xy -

AJITOPUTM BBIYUCIICHUS MATEMAaTHYECKOTO OKUTaHIsI HMEET BUI:

1) k=0;

2) Sk = f(Xak, Xk 1), k=k+1;

3) ecmu K <N/2 unru na (2);

4) N,=N/2;

5 N,=N,/2, k=0;

6) Sk = f(Sak, Saksa), k=k+1;

7) ecmu k <N, uaru x (6);

8) ecimu N, >1 uaru k (5);

9) m =5S,.

B aToM anropuTMe BCe BpeMsl CKJIaIBIBAOTCS 1BA YHMCJIA, MOPSIKU
KOTOPBIX OJIM3KH, TI03TOMY MOTEPH TOYHOCTH HE POUCXOIHT.

Kpome Toro, ects 0COOEHHOCTH NPHU BBIYUCIEHHU Aucnepcuu. Jis

BBIUMCIICHHUS TUCTIEPCHH HamboJiee TPOCTO C MPAKTUIECKON TOUKH 3PEHUS
HCIOJIB30BaTh POPMYITY
o'= 1 fua 1]x Y.
©ON-Lm T Nl )

B oaroii dopmyse BHyTpH (UIypHBIX CKOOOK €CTh JIBE CYMMBbI,
KOTOpBIE Ha3bIBAIOT JOCTATOYHBIMHM CTATHCTHKaMH. J[JI1 MX MOJIy4eHUs U
JUIsL pacuéra JUCIEpCHU HE HY)KHO B NPAKTHYECKUX W3MEPEHUSX OMHUTH
BCE OTCYETHl cUrHana. J[OCTaTOUHO UMEThb BCErO JABE IMEPEMEHHbIE IS
HaKOIUICHMS! CYMMBI BCEX YHCEN M CyMMBl MX KBajparoB. Ilpuuém sT0
MOXHO JeiaTh B OAHOM mukye. OJHAaKo ciaraeMbple B CKOOKax mpu
BBIUMCIIEHUH MOTYT OKa3aTbCs ONMM3KuMH 1o mopsaky. Ilpu HeGombmom
gucie 3Hadamux mudp u npu N — oo o6a yrcna OyAayT 0JTHOTO MOPSIKA U
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NPU  BBIYUCICHUHM YHUCIIO, KOTOpOE TPEJCTaBIseT AMCIEPCUIo, OynaeT
comepxaTh Mano 3Hayamux udpp. Takum oOpa3oM, B 3THX BBIYHCICHUAX
MPOUCXOIUT ITOTEPS] TOYHOCTH.

Ucxonnast ¢opMmyna MeHee YyBCTBHUTENbHa K 3TOMY 3(QQeKry, HO
BEIUMCIICHUSI TI0 He TpeOyroT Oombimero oObeMa MaMsITH W BPEMEHH.
[TpuxoxuTcs XpaHUTh B MAMSTHU MOJIHOCTHIO BECh MACCHB OTCYETOB CUTHANA
U BBITIOJIHATE Pacy€Thl C MOMOILBIO OPraHU3alii JBYX LUKJIOB.

OneHKa 3aKOHOB pacrpe/esieHust

CymecTByloT [Ba THIIAa 3aKOHOB pacHpefelicHhs — 3aKOH
pacupeleneHns BEPOSITHOCTEH W 3aKOH pacHpelesieHHs IUIOTHOCTH
BEpOSITHOCTH.

IlepBoHaYaIbHO  PAacCMOTPUM  OIICHKM  (DYHKIUH  IUIOTHOCTH
BeposiTHOCTH (DIIB). [l UX OIEHKH MCHOJB3YIOTCS MapaMeTpUYecKue U
HEMapaMeTPUYECKUE METOIbI.

HenapaMeTpnqecmle METO/AbI

OTH MeTOABl HCIONB3YIOTCS, KOTJa HET HHUKaKOW amnpHOpHOM
nHbOpMAIMM O THIE 3aKOHa pacmpeneneHus. Ho  HekoTopsie
MIPEANOJNIOKEHUS JOJDKHBI OBITh: HampUMep, YTO OH HENPEPHIBHBIN.
Cy1iecTBYIOT Pa3HOBHIHOCTH 3TUX METOJIOB OLIEHKHU:

1. T'mcrorpaMMHBIH METOJI.

2.  Meron ITap3eHa.

3. Meron paznoxeHus 110 6a3UCHBIM (YHKLIUSIM.

4.  Mertoa nonurono CMHUpHOBA.

5. Merox K-Ommxkaimux cocenei.
l'uctorpamMMHBI  METOJM TMOJYYHJI camMoe OOJBIIOE PACIpPOCTPaHEHHUE.
[IpumensieTcsi TUCTOTPAMMHBIH METOJ] JJIsi aANpHUOPHO HEMPEPBIBHBIX
3aKOHOB PaCHpe/eeHNUs TNIOTHOCTH BEPOSITHOCTH, OTIMYHBIX OT HYJIA, HA
BCEM paccMaTpWBaeMOM MHOKECTBE 3HAUCHHWI apryMeHTa X W B Ciydae,
Korza 00beM BBIOOPKH JOCTaTOYHO BelHK. OOJIaCTh BOZMOKHBIX 3HAYCHUM

CHUTHAaJja (Xmin ) Xmax) pasz6uBaercs Ha M HemepecekaromuMXcst OAUHAKOBBIX

WK PA3JINYHBIX IO pasMepam HOIIO6J'IEICT€I7L B OJHOMEPHOM CJiy4dac 3TO

HWHTEPBAJIbI Axk! a B MHOIOMEPHOM — MHapaJuiejicnruieabl. 3areMm
A

HOJCYUTBIBACTCS YUCIIO OTCUETOB 4y (X) HCXOJHOM BBIOOPKH 00B6EMOM N,

MOTABIINX B KXIYIO 1MOJ00TAaCTh, M BBIUMCIIAETCS OIEHKA IIOTHOCTH
BEPOSITHOCTH 110 hopMmyIe



\;/(x):@-

AxkN
Yarme BCETO TMCTOTPAMMHBIN METOJ IIPUMEHSETCS B OTHOMEPHOM
ciyydae. HpI/IqéM pasMEpbl HUHTCPBAJIOB 3aAJar0T OJWHAKOBBIMU. Torﬂa
rpa¥K MoJTy4eHHOM OLIEHKM MMEET BUJI, IOKa3aHHBIN Ha pHcC. 2.
—
W —
W,
.
| >
0 X min Ax i Xnax X

Pucynok 2 — I'mcrorpamma

Oto crynen4artas QyHKIHS, IJIONIA b 0] KOTOPOi paBHa 1

A

S=W, Ax =1.

OTOT mNpHU3HAK MHCHONB3yeTCs JUIs NPOBEPKH IMPaBHIBHOCTH
IIpolecca OUEHKH.

B ciygae mocTpoeHMS THCTOrpaMMbl HEOOXOAWMO NPaBHIBHO
BBIOMpATh YHCIO MOZOOIAacTed WM WX BENM4YMHY. Ha mepBwIii B3rIsn
Ka)XeTCs, YTO 4eM OoJIbIlle MHTEpBAJIOB, TeM Jy4ie. Ho 3o He Tak. Yucno
HMHTEPBAJIOB CBEPXY OTPAHUYHBAIOT JIBE€ IPUYHHBL.

IlepBasg — oueHkn W, — 3TO CllydaiiHble BEJNIMYMHBL Benuuuna v

MOXET MNOPUHUMATL TOJBKO HEJIBIC 3HAYCHHUA, W TIPpU MaJbIX Vi

OTHOCHTENBHBII pa30poc OYEHB BEIIHK.

Bropas KBAHTOBAaHHBIM  XapakTep JaHHBIX. SIcHO, 4TO
OeccMbiciieHHO Opath N Ooublile, YeM YKHCIIO YPOBHEIH KBaHTOBaHHMS, HO H
IIpU MEHBIIMX N BO3MOXKHBI CHTYallUH, PE3KO HCKa)KAIOI[He HCTHHHOE
MIOBEICHHUE TUIOTHOCTH BEPOSITHOCTH.

Ilpu 00paboTke IH(PPOBBIX CHTHAJIOB KOJHYECTBO WHTEPBAIOB
nenecoobpa3Ho BbIOMpaTh KpaTHeIM 2" B mpexpenax (8...16) Ilpu stom
IpaHUIIbI UHTEPBAJIOB COBINAAYT ¢ HEKOTOPBIMHU YPOBHSIMH KBaHTOBAHUSL.

Jnst BuiGopa KommuecTBa wuHTEpBaToB M ecTh mpakTHuecKue
pexomenmanuu. O6sr9HO MX ymeno 10, 12, 15 mpu o6béMe BBIOOPKH HE
menee 100.

JIOCTOMHCTBOM TUCTOTPaMMHOIO METOJa SIBJISIIOTCS IPOCTOTa
OIICHUBAHMSI 17§ SICHBIHN (buznueckmii CMBICH OIICHKH.
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N

HenocraTku ructorpaMMHO#l oLieHKH: eciid N BEJTHMKO, a KOJIMYECTBO
MHTEPBAJIOB HEU3MEHHO, TO OLEHKa cxoautcs He camoil ®IIB, a k

uHTerpaiy ot Hee: W, — A[W (x)dx .

T.e. »Ta oLEHKa HeCOCTOSTENbHAasi, OJHAKO €CTb METOJHI,
MIO3BOJISIOIUE OOONTH 3Ty HETIPUSTHOCTb.

Yay4duieHne rucTOrpaMMHOIO METOAA
Jyis Toro 4ToOBI OLEHKA CONUIaCh K TOoYyHOMY 3HaucHH0 DIIB,

OT00IAaCTH TOJDKHBI BEIOMPATHCS M M3MEHATHCS TaKUM 00pa3oM, YTOOBI
BBITIOJTHSIJIHCH TPH YCJIOBUSL:

1) limAV =0;
N—0

2) limv, =co;
N—w
A%

3) lim=0.
> N

IlepBoe ycrmoBue oOecrmeynBaeT CXOJUMOCTb IPOCTPAHCTBEHHO
YCPENHEHHOTO OTHOWmIEHHss P/AV K IUIOTHOCTH BEPOATHOCTH TIPU
OIHOPOJHOM COKpAIleHHH O0JacTe W TIpH HENPEPHIBHOM XapakTepe
3aKOHa paclpeneneHus. BTopoe ycnoBHe HMeEET CMBICH, €CIH BO Bcell
obnactu ompenenerms  W(X)#0, W obecreumBacT CXOAMMOCTb O
BEPOSITHOCTH. TpeThe yciaoBHEe HEOOXOIMMO, ECIIH OLIEHKa BOOOIIIE MOXKET
COUTHUCH K TOYHOMY 3HAUECHHIO.

CymectByer nABa cnocoba MOJNydeHHs  I10OC/IENOBATENbHOCTU
01001aCTe!, YOBIETBOPSIOUINX 3TUM YCIOBHSM.

IlepBeiii 3akmioyaeTcs B CXKaTUM HadaldbHBIX oOOJacTeil TakuM
00pazom, uToObl nx 00bEM Kak GyHkims ot N Oob1 V, =1 N . Dto meTon
ITap3eHOBCKOTO OKHA.

Bo BrOopoMm ciydae pasmep monobiacteid BBIOMpaeTcs Tak, 4TOOBI
YUCIIO OTCYETOB, TOMABIIMX B KaXAyld U3 Tmoxobnacteld, ObUIO
IIPONIOPLIMOHAIIBHO . T.e. 00b&M nM3MeHseTCS TaK, YTOOBI OXBATHUTH V

cocefiell. DTO METOJI OLICHKH 110 V | ONIKAHIINM COCEasIM.

Henapamerpuueckasi OLleHKA 3aKOHA pacnpe/eeHusi BEPOATHOCTH

Or HCAOCTATKOB OLECHKHU IUIOTHOCTU PACIPCACIICHHUA BEPOATHOCTH
CBO60)IH3. OIICHKA UHTETPAJIBHOTO 3aKOHA PACIIPCACIICHHUA:

11



L { o<x +ma ="
Pm X, —

MUH X N

l/:\)O {X S X,mm }: 0 !

N

Py {X< X, e J= 1.

B pesynsrate momydaercsl cTymneHdyaras (GYHKIHs, TTOKa3aHHAs Ha
puc. 3.

>
0 X X X

Pucynoxk 3 — OneHka 3aKoHa pacipeesieHNs! BEPOSITHOCTH

AN
B cnyyae amanoroBoro curHana omeHka Pn  cTpemutes 1o
BepositHocTd K P, mpu N —> 00, TIpr 5TOM KOJIMYECTBO CTYNEHEK TAKKE

JOJDKHO CTPEMUTHCSA K OCCKOHEYHOCTH, a BEJIMIMHA KaXJIOH CTYIICHBKH — K
HyJi0. B pe3ynprare cTyneH4aras KpuBasi CTPEMHTCS K HEITPEPBIBHOM.
JUis udpoBOro cUrHaia 3TO HEBO3MOXKHO H3-3a KBAaHTOBAHHOCTH,

r
BCJICACTBUC YCTO KOJHUYCCTBO CTYIICHCK HE MOXKCT ObITH Gonee 2 , 4TO
OTPAHNUYUBACT TOYHOCTDH OLICHKU.

IIapamerpuyeckuii MeTOJ OLICHKH paclpele/IeHUH.
ANNPOKCHMAIUA IKCIIEPUMEHTAJIbHBIX pacnpeaeJeHu

Cama mo ce0e S3KCIEPHUMEHTAIHLHO IOJTYyYEHHAs OLEHKAa KPHBOH
IJIOTHOCTH PAclpeesieHUusl BEPOATHOCTU IIPEICTaBISIeT MaJo LEHHOCTU. B
HOAABJIAIONIEM OOJBIIMHCTBE CIIy4aeB HEOOXOAUMO HATH aHATUTHYECKYIO
3aIUCh 3aKOHa pacrpejeneHus. Jlnsd pemeHus 5TOH 3aJa4d  MOYKHO
BOCIIOJIb30BAThCSl HECKOJIBKMMH METO/IAMHU.

1. MoXHO TIONB30BATECS CBOMM IPEAIICCTBYIONINM OIIBITOM,
uHTYHIHed. CTposIT THCTOrpaMMy M 3aTeM €€ CTIaKMBaIOT, KaK MOKa3aHO
Ha puc. 4.
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ITo Buny criaskeHHON KpUBOM CyIST O TUIe pactpesneneHus. CaMblii
CYIIECTBEHHBI HEIOCTAaTOK JTOr0 METOAAa — pasHbele JIOAW HPUAYT K
Pa3HBIM BBIBOJIAM O THIIE PACIIPEAECICHUS.

2. Bribop THna pacupenelieHus Ha OCHOBE M3YYEHHSI TUCTOTPaMM U
(U3MIECKOH TPHUPOIBI SBICHUA. DTOT METOA NPHUMEHHM B OYCHb PEIKUX
cinydasx. OdYeHb 4YacTO TPYAHO CONOCTaBUTH (PU3HWKY IpOIEccCa U €ro
BEPOSTHOCTHBIE XapaKTEPUCTHUKH.

X

Pucynok 4 —CriakeHHas rucTorpaMma

3. OueHp 4YacTO NPUMEHSETCS METOJ MOMEHTOB. JTOT METO[
H03BOJIAET YCTPAHUTh CYOBEKTHBU3M, (POPMaH30BaTh MpoLenypy noadopa
pacIipeseneHuii, aBTOMaTH3UPOBATh BCIO TIPOLEYPY aHAIH3a.

OTMeTHM, 4YTO HayaJbHBIM MOMEHTOM K-ro mopsika sBIseTCs
BEJIYMHA

we= Xw(x)dx.
I%/IHGHT aﬂBHb;MdMOMeHTOM k-ro NopsAKa Ha3bIBAOT
= X.

= (X—-pu

k 1
—0

MoOMEHTHI ABISIOTCS BEIMYMHAMH, KOTOPBIE XapaKTepu3yloT Gopmy
pactpenenenus. Eciu cymecTByloT Bce MOMEHTBI, TO MOXKHO yTBEpXK/IaTh,
YTO OHM TIOJHOCTBIO ¥ OJHO3HAauyHO OMNPEASNSAIOT BHZ (DYHKIUH
pacipezneneHusa. OTO yTBEpXKAEHHE CIPAaBEJIUBO Uil MOAABIIAIOLIErO
OOJIBIIMHCTBA BUJIOB pacipeeseHuid. T.e. MOXKHO YTBEP)KAATh, YTO 3HAHUE
MOMEHTOB SKBUBAJIIEHTHO 3HAHUIO (YHKIIMU PacHpeaeIeHHUS.

B OonbmmHCTBE ciy4aeB Ui yAOBJICTBOPHTEIHHOH IOJTOHKU
SKCHEPUMEHTANBHOW (DYHKIIMHM pacrlpeneieHnusl JOCTaTOYHO 3HATh BCETO
YeThIpe TEepBHIX IEHTPAJbHBIX MOMEHTa. M make He caMH MOMEHTHI, a
KO3 QHUINEHTHI, CBA3aHHBIE C HUMH (DYHKIIOHAIBHO:

2

KO3 uUIMeHT acuMMeTprd 3 — M:
17 M3

2

M,

u ko3 dunuent sxcuecca 3, = Miz .
2
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Ha npaktuke Mbl 3HacM HE TOYHBIC 3HAYCHUS MOMEHTOB M 3TUX
A AN
K09 QUIMEHTOB, a UX OLEHKH B1, B2, momydeHHBIE dYepe3 OIEHKH

MOMeHTOP‘ 1w~

i W% " 0
. (x-u ).
k EZ&: i 1

C yBenmueHneM 00bpEMa BEIOOPKH TOYHOCTH OIIEHKH, KaK IIPaBHIIO,
YBEJIMYHBACTCSL.
Oxa3bIBaeTCsl, YTO €CIIM HAHECTH TOYKU Ha Tpaduk B OCIx (B B 2
1

TO ISl KaXJOTO pPaclpelelieHnus] Ha 3TOW IUIOCKOCTH CYIIECTBYET CBOE
MECTO, T.€. TOYKA, JIMHHUS WM Liejias 00JacTb. DTy IUIOCKOCTh HA3bIBAIOT
miockocThio [Tupcona (puc. 5).

B A Jlorapudm. HOpM.
2

pacrpe/ieieHue ¥ - pactipeseinenme

Hopwm.
pacmp.

BB - pacnpenencuue

KpuTuyeckas obnactb

0 1 2 3 4 5 B

Pucynok 5 — [Tnockocts [Mupcona

Ha s1y miockocts HanocaT onenkn B, B, u cMorpsar, k kakomy
pacnpeneneHuio OIrKe BCETo JIOKUTCS 3Ta Touka. [Ipu 3TOM B HEKOTOPBIX
MECTax »JTOW IUIOCKOCTH BO3MOXKEH HEOJHO3HAYHBIA BBIOOp THIA
pacripeneneHus.

Korma Tun pacnpeaeneHust onpenenéx, mporenypa noaoopa ene He
3aKOHYCHA, TaK KaK KpOMEC THUIIa PACIIPCACIICHUA HGOGXOHI/IMO HaWTH €ro
napameTpsl. IlapameTpsl pacnpeneneHusl >KelnaTenbHO HCKaTb, €CIU 3TO
BO3MOXXHO, METOJOM MAaKCHMAJIBHOTO TIpPaBJONOA0OUs. DTOT MeToA
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HanOonee 3¢ pexTrBeH. HamoMHUM, 4TO B 3TOM METO/E B Ka4eCTBE OLICHKH
mapaMeTpa BBIOMPAIOT Takyl BEIWYMHY, KOTOpas MaKCHMU3UPYET
COBMECTHYIO (DYHKIMIO PAcIpelesieHns] BCEX JJICMEHTOB BBIOOPKH ITyTEM
pemieHusl ypaBHEHHs Tnpapponogobms. Eciom oneHWBaeTcs HECKOIBKO
apaMeTpoB, TO MOJYdYalOT CHUCTEMY ypaBHEHHH mpaBpomonodms. Merton
MaKCHMAaJIbHOTO IIPaBAONON00HS DaET HAMIYUIIYIO OIICHKY.

B cmywae Korga MeTOJOM MaKCHMAJIBHOTO IIPaBAOMOAOOHS He
yAa€TCsl BOCIOJIb30BAaTLCS M3-32 MATEMAaTUYECKUX CIIOKHOCTEM pEIICHUs
CUCTEMBbI ypaBHEHHH MPaBIOIO00Hs, IPUMEHSIOT METOJl MOMEHTOB.

IIpy 5TOM OLEHKM MOMEHTOB, MOJyYEHHBIE SKCIEPHUMEHTAIbHBIM
yTEM, NPUPABHUBAIOT K TEOPETUYECKH IIOIYYCHHBIM BBIPAKEHUSIM MJIL
MOMEHTOB pachpeJielieHHsi, BHIOpaHHOTO Ha IepBOM JdTane. [lpu 3Tom
HCIOJB3YIOT CTOJIBKO MOMEHTOB, CKOJIbKO HEU3BECTHBIX I1apaMETPOB
pacnpeneneHus TpeOyeTcsl ONpeleluTh. 3aTeM pEIIaloT IIOMYYeHHYIO
cucteMy ypaBHeHHiA. YacTo 310 pemieHne ObIBacT HEMPOCTHIM.

Ounenka KoBapHALUU

Astokoppengunonpoi dyukuueii (AK®D) paspiBajor
S P(t)q'iym T T g
X

XX X
—o0

Jlyis ympolneHusl paccykKIeHuid, HO 0e3 moTepu OOIIHOCTH OynemM

CYNTATh, YTO X(t) — 3TO CTaIMOHAPHBIN CIy4aiiHBIH Mpolecc ¢ HyJIEBBIM
MaTeMaTHIECKUM OXHIaHUEM m, =0. Torma HoNydaeM
ABTOKOBApUAIMQHHYIO (QYHKIIHIO

B (’E) = JX(t)x(t - ‘C)W (X, ‘C)dX =R (r),

XX XX
—0

koTopas coBnagaet ¢ AK®.
Hcnonb3yss MOHSATHE BBHIOOPOYHOTO CPEIHEr0, MOYKHO 3amucaTh
OIIEHKY aBTOKOPPEISALIMOHHON MOCIeJ0BATEIEHOCTH:

B, = 1 "¥My X'\m, m=0£122, 11 m<N.
N k=0
Maremarnueckoe OXHNIOaHUue 3TOU OLICHKH HE COBIIAAAacT C TOYHBIM
3HaYEHUEM ABTOKOPREIFHUOHHOH QYyHKINU
["OF | [B (m),

EB, m N

T.€. OIIEHKAa aBTOKOBAPHALMOHHOW (QYHKIMM ABIsAeTca cMeménnoi. Ho eé
MOXHO CKOPPEKTUPOBATh TAK K€, KaK U OLCHKY JUCIIEPCUU

XX
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XX

= N—g:‘—x X = B (m)
Kk km
k=0

OT0 BBIpaKCHUE naét OPpUEMJIEMYIO OLICHKY aBTOKOBapHaHHOHHOﬁ
(byHKHI/II/I JJIA pa3JIMIHbIX 3aKOHOB pacrpeacicHus HUCXOJTHOU
MOCIEA0BATEIbHOCTH OTCUETOB CUTHAIA. Omna saBusercs HECMEIIEHHON U e€

leCHGPCH aBHa]; - Z[BZ (r)+B (r+m)B (f—m)]

XX nQ
(N —|m|) =0
Orta popmyna crpaBemmBa mpa N >>m .

OTC{)HTBM(:uﬂ I{T8

I|mva

T.e. OllCHKa aBTOKoBapuauuu, kak u AK®D, sBuserca
COCTOSITEJILHOM.

IudpoBbie METOABI CHIEKTPAJBLHOI0 AHAJIM32

OCHOBHOW IIEBI0 CHEKTPAJIBHOIO aHaNW3a SIBISICTCS OLICHUBAHHUE
cnekTpanbHOM 1otHoctH MomHocTH (CIIM)  nuckpeTu3npoBaHHOTO
mporecca u oOHapy)KEHHE MPHCYTCTBUSA B HEM B TCUCHHUE OINMPEACIEHHOTO
HHTEpBAJAa BPEMEHH MEPUOJMYECKOT0 CHUTHAlIa C ONpeAeTEHHBIMU
napamerpamu. [Tox CIIM nonumatot npeobpazoanue @ypre or AKD:

G,y (0) =_0£B o (D)exp(- jot)dr.

Hpyrum OHpeﬂfﬁHwaI/IeM CIIM ﬂBJ‘[ﬂeTZfﬂ

0) '

Gy © = lim4
J

T%| LT
D10 mpemen MoOAyns KBajpaTa mpeoOpasoBaHms Dyppe OT
00pabaThIBaEMOT0 CHT'HATIA.
OTH BBIpaOKEHHS SIBJITIOTCS OCHOBOM IS Pa3HBIX METOJOB OICHKU

[xtexp — jot dt

—00

CIIM.

O06paboTka AUCKPETU3UPOBAHHOTO MPOIIECCa OOBIYHO MPONU3BOIUTCS
MOCTICTOBATEIEHO BO BPEMCHH, MPHYEM OJHOBPEMEHHO 00padaThIBacTCs

BEIOOpKA X1,Xp,...,Xy M3 N OTCYETOB, MOMYYCHHBIX W3 CHUTHAJA X(t) c

marom At. Mnatepsan T,=NAt Ha3pBalOT [UIMHOI peanu3aly WiIN
HMHTEPBAJIOM HAOIIOACHHS.
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Koppeaorpammubiii metos ouenku CIIM

B kauectse onerku CIIM 00BIYHO paccMaTpUBAIOT MPEOOpa30BaHUE

bC CMﬁHIeHH(DI/I CHKH a KOPPYCIISIIUN.
{p) i e ) 1 42, +L; L~04N.
Gn Y Bxx expl j nm|,

m=—(L-1)
OneHka aBTOKOPPETSIUH SIBISIETCS COCTOSITENILHOM, B TO BpeMsl Kak
e mpeobpazoBanne Dypre — 3TO HECOCTOsITEIbHAs OICHKA. Ompeaenum
CMeIIeHre oueHKH .
275
5t BXX m)exp[] —nm]} 5 g B ( )expl( )J:
m——('- 1) m=—(L-1)
= L1 -m 2n
- 5 Te (m)exp(j—nm\'
XX
m—(L-1) N \ N J
T.e. olleHKa aCUMIITOTHYECKN HE CMEIIEHA, TaK KaK MPH YBEIMICHIH
N MHOXHUTENp IOJ 3HAKOM CYMMbI cTpeMuTcs K 1. MHoXuTens mox
3HAKOM CYMMBI MOXXHO pacCMaTpHBaTh KaK BECOBYK (PYHKIHIO
TPEYTOJILHOTO BUAA:

m|< N
wg(m)=14 N mi

| 10 Im|> N
JT1o Tak Ha3piBaeMoe OKHO baptierra. CienoBarenbHO MaTeMaTHYECKOE
oxuganue ouneHku CIIM, mnomydyeHHOW KOpPpPeIOoTrpaMMHBIM METOOM,
siBisiercst npeoopazoBanueM Oypbe AKD ¢ BecoBoit hynkuueii baprinerra.

Hepuonorpammuslii Metoa ouenku CIIM

B sTom ciiyuae 3a OLICHKY CIIM npuHUMAKOT

G(ow) = zx g Jon

O”eﬁ“[@ j"amﬁfﬁﬁﬁ‘_ W (o-)50),

rsmg Nm 2ﬂ
IJie * - 3HaK CBEPTKU )— 1
A prict, We g) N |_S|n((o/2) |

Oto cBéprka nctmHHOW CIIM CO cnekTpoM BecoBOH (YHKIIUU
Baprnerra, T.e. cruaxeHHas oueHka. [losToMy nepuojgorpamma sIBISETCS
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BEJIMYMHOM cMelEHHOH. [Ipuuém criaxkuBaHWe NMPUBOJAUT K YXYALICHUIO
paspemaromeii  CrocOOHOCTH, T.e. CIHOCOOHOCTH pa3iudath OJIM3KO
pacIoJIOKEHHBIE Y3KOIOJIOCHBIE COCTaBISIIOLIUE CIEKTpa. PaszpeuieHue
[IEpUOJOTPAMMBI PABHO
Aw=0,89(27/N).

[Mowuck nucriepcnn NEPHOAOTPaMMBI B O0IIIEM CITydae OUeHb CIIOKEH.
B wactHoM ciaydae Genoro  HOPM@JIBHOTO — IIyMa  JUCIIEPCHS
nepnoaorpaMMm paBHa

varL; () ]: SIan E)AAtt]

OTtcroga cnez[yeT, 4TO OII€HKa CHM NEPUOAOIPaMMHBIM METOAOM
HecocrosTenbHa. [Ipu yBenuuennu N nucnepeus oueHku CIIM craHoBUTCS
MpONOPLUOHAILHON KBaapaTy TouHoro 3HaueHus CIIM u cuibHO
(GIIOKTYUpYEeT OKOJIO HCTHHHOTO 3Ha4eHHs. Bo MHOTHX —Ciiydasx
HECOCTOSITEJIbHOCTD ounenkn CIIM  nemaeT  HEBO3MOXKHBIM eé
HCTOJIb30BaHUE B MPAKTUYECKUX 3amavyax. OMHAKO JETKOCTh €€ MOTydeHHs
¢ nomouibto bII® 3acTaBiger UCKaTh IIyTU CHUXKEHUS JUCIIEPCUU OLIEHKH.

[Ipuunna HecoctositensHOCTH oueHKHM CIIM cocToUT B TOM, 4YTO
OIICHUBACTCS HE YHUCIIOBOM MapaMmeTp CIy4aiHOro mporiecca, a (yHKIHUS.
Ilpu oueHke mnapamerpa yBelnuueHHe OOBEMA BHIOOPKH TPHBOAMT K
YBEIUYCHHUIO KOJIMYECTBA HH(DOPMAIHH, HCIOIH3YEeMOTO B 3TOM OIICHKE.
IIpu ouenke CIIM npoucxoAuT HE YTOUHEHHUE YK€ UMEIOIUXCS 3HaYEHUI
orcuéroB CIIM, a BeIUMCIIEHHE HOBBIX OTCUETOB.

Criaa:xxuBaHue CHIEKTPAJBbHbLIX OLEHOK

Ymenpumth gucnepcrto oneHkn CIIM  MO3BOJSIOT pa3iauyHbIe
MeTobl criiaxkuBaHus. [1Iupoko U3BECTHBI TPU TAKUX METOJA.

Metoa biskmana — Telokn

OTOT MCETOA 3aKII0YACTCA B CIVIA’)KMBAHUUW OLICHKHU IIEPUOAOTPAMMBI
HYTGM CBepTKI/I e c HOI[XOIISIIIII/IM CIICKTPAJIbHBIM OKHOM:
G—(co)— é@)W(w 0)do
275 .
WIM  YMHOXEHHEM  KOpPEJSIIMOHHOW  (YHKIMM TPH  BBIYUCICHUH

Hpeo6pa3OBaH %Dyp@ezha Be 3yzo)(1>ym<umo

é B, m wme
(1)
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1
M

Ot npeoOpa3oBaHHUs MOXHO INPOJAEMOHCTPUPOBATh Ha IpPUMEpe
npsiMoyrobHOro okHa (OkHa [Iyrauésa), mokasaHHOTO Ha puc. 6.

G(o) A / _ /

0 %

Pucynok 6 — CrinaxxuBaHue nepuoorpaMmbsl okHoM [Tyrauéea

Onpenenum CBoﬁCTBa 3TOH OLIEHKH. MaTeMaTHuecKoe 0XKUI1aHue
[G(w)] - 6(0)W(o)

Hucnepcus OHCHKI/I

var[6(0)]- G(m)—lN ;_Wz(k).

OTciofa BHIHO, YTO NpPU BhIOOpE MMPHHBI OKHa M HeoOxoanmo
MPUHUMATh KOMIIPOMHUCCHOE pemieHue. /i momy4eHus: Majaoro CMeIIeHUs
HeoO0XoauMO, 4TOOLI M OBLIO MOCTATOYHO OONBIIMM IS CHHYKEHUS
UIMPUHBI TJIABHOTO JICTIECTKA CIEKTpa BecoBoit (yukiuu. C apyroi
cTopoHbl, M J0MKHO OBITH JOCTATOYHO MajbiM, 4YTOOBI CymMMa B
MOCJICTHEM BBIPAKCHUH ObLJIa MATICHBKOM.

PaspernieHe 1O YacTOTe B 3TOM METOJAE 3aBHUCHT OT BHIA
HCTIOJIB3YEMOT0 BECOBOTO OKHA (MJIM BECOBOH (hYHKIIHN).

lepuonorpamma baptierra

Bes nOCJICA0BATCIIBHOCTh HCXOAHBIX JaHHBIX

{x}, k=01.2,..,(N-1)
nemutcs Ha K oTpe3koB 1o M 0TCYETOB Tak, YTOOBI
N=KM.
3aTeM I KaKI0ro omeanoro OTpEe3Ka BBIUUCIISIETCS IEPHOAOTpaMMa

()= —jonat
Gwm ((D)_ ZX() e l 2

Takux nepno;[() j)aMM( Bc?}"() 5< Janee npon3BoaAUTCS yCpeTHEHHE

_>Gy,
K =1
OrnpenennM CMeIeHne
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E[e(0)]= L c(w0)w (o).
21 B

Takas oleHKa SBISIETCS CMeIlIéHHOfI, HO 0OpHU 3TOM JUCIICPCUA
OIICHKHW YMCHBIIIACTCA B K pas:

bvar 156 | vy}
var%(» =vary 1 ¥G o) = _

(K ™ K? K
Paspemenue no yactore
Aw=089K(21/N).

0.
(i)
M

Ilepuonorpamma Yaiua

DTO KOMIIPOMHUCC MEXKAY IBYMs IPeIbIIyIMMU MeTogamu. Emé on
Ha3blBaeTCs MOAU(DHIMPOBAHHOW MEPHONOTPaMMOM.  31ech  Takke
NPOUCXOIUT JICJICHUE BCEr0 MAacCHBa HCXOAHBIX OTCUETOB Ha OTHACIIBHBIC
oTpe3kH (cerMeHThl) Mo M otcuéroB. IIpH4éM 3TH CETMEHTHI CMEIICHEI 10
BpemMeHun Ha D otcuéroB. IlepekpbiTHe HEOOXOIUMO MJIS YBEIHYCHHS
00IIero yrcia Takux cerMeHToB. Torna i -if cerMeHT MOJKHO 3aIicaTh KakK

xi(n)=x(n+iD),n=0,1,...,M 1.

ClienoBaTeIIbHO, MEPEKPBITHE MEXKIY X; (n) u Xi+1(n) paBHo M —-D
orcuéroB. Ecim K cermeHTOB MOKphIBatOT Bce N HCXOAHBIX OTCUETOB, TO

N=M+D(K-1).

Ecmn mepekpeitus Her, T.e. D=M, umeem K = N/M, kak B
merone baprierra. Ilpu mnepexportun 50 % (D= M/ 2)  MOXHO

cthopmupoBate K = 2M/ (M —1) CETMEHTOB, a CIIeIOBATEIbHO, COXPAHUTH

paspelieHre, Kak M B MeToie bapmierra, HO NpH YJBOSHHH 4YHCIA
YCPEOHEHHBIX TEPUOJIOrPaMM, U 3a CUET 3TOr0 YMEHBIUUTH JUCIIEPCHIO
ouenku. C gpyroit cropoHel, npu 50%-M HEPEKPHITHH MOXHO
copmupoBate K =N/M -1 mocnenosarensHocTd mmHOM 2M 1 TeMm

CaMbIM MOBBICUTH Pa3pellleHNe, COXPaHssa TO K€ 3HAYCHHE JAUCIEPCHH, KaK
n q1s merona baprierra. T.e. B 3ToM MeTone BO3MOXKEH KOMIIPOMMCC
MEXAY AUCIIEPCUEN U PA3PELIEHUEM.

CIIM 11t KakIoro CerMeHTa BBIUUCISETCA C UCIOJIb30BaHHEM
BECOBOH (PYHKITHH W(n) :

GM(i)gn): ﬁ M -1 %)e—jmnm

2 XgW
n=0

2
i
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1 w1 )
rae U = — X W(n) - HOpMHEPYFOIIHii MHOKHTEITb.
M n=0

OkoHYaTesbHas OLEHKA BHIYMCIIAETCS IYyTEM YCPEAHEHHS CIIEKTPOB

KaXJI0r0 oTpeska: [
0)= (0).
G _3G,
K iz

3HauuT, MOXeM yMeHbUIUTh jaucrepcuio B K pas3. Opnako mpu
HaJInyuK TCPCKPBITUA JUCHEPCHA YMCHBIIACTCA MCHBIIC. TaK, npu
ucnonb3oBanuu okHa baprierra u 50%—M HepeKphITUH

v 50} varloflo
8

K
OuenuMm CMCIICHHUC!:

el @] clop(o).
MU

Takum oOpazom, MeTo Yarya qaéT aCUMITOTHYECKHA HEeCMEIEHHbIE
onenku CIIM.

CpaBHeHHe XapaKTepUCTUK MeT0o10B oneHku CITM

BungHo, dro wuMeeTcd KOMIPOMHCC MEXOY paspelaromeit
CHOCOOHOCTBIO TI0 4YacTOTe M Aucnepcueil oueHkd. [lns cpaBHEHUs
XapaKTepUCTHK ITUX METOAOB HCIOJIB3YIOT ABa Kputepus. [lepBrolil n3 HUX
MIpeCTaBIsieT COO0H HOPMUPOBAHHYIO AUCIIEPCHIO OI[CHKH:

a=va[6(0)) E[G(w)].

OH xapakTepusyeT Mepy ciydaiiHOro pas0Opoca oueHku. T.e. 31O
Mepa CTaTUCTHYECKOH ycToiunBocT oueHku CIIM.

Bropoii kpurepuii — 3TO mNpoU3BEAECHHE YCTOMYMBOCTH Ha
paspelieHue:

U=o0Ao.

OTOT KpuTepud Mo3BOJsIeT onpenenuTs paspemienue CIIM,
MIOJIy4aeMOM 110 KOHEYHOH IIOCIIEA0BATEILHOCTH OTCYETOB PEANM3ALUU C
y4€TOM CITydaifHOTO XapakTepa curHaja. KauecTBo CeKTpaibHON OLEHKH
TEM BHIIIE, YeM MEHBIIE [l .

B 1a6n. 1 npuBeneHsl 3TH MapaMeTPhl B pa3penieHue Mo 9acToTe s
pPaccMOTpPEHHBIX METO/I0B crilaxxuBaHus oueHku CIIM.

W3 Tabnuipl BUAHO, YTO KaXKABIA METOJ MUMEET HPUOIH3UTEIHHO
OIHO W TO K€ KAYeCTBO OICHKH, OOpaTHO IPONOPIHOHAIBHOC IJINHE
IOCIIEIOBAaTEILHOCTH JAHHBIX. XOTS KaXKIBId U3 METOJOB OTJIMYACTCS IIO
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Aucnepcun “W  paspelIiCHUIO, 061Ha$[ XapaKTCpUCTHKa OI'paHUYCHa
KOJIMYECTBOM NOCTYITHBIX JaHHBIX.

Tabiuma 1
Mertopn, a Ao H
Iepronorpamma 1 0,89(2n N) 089(2n N)
Baprierta 1K 0,89(2x N) 0,89(2n N)
Broxmana - Tetoku |/ (23)(M N)  / 0,64K(2n M) |/ 0,43(2n N)
Yarmaa (50%-i) (98)(1K) 1,282(2rM) | 0,72(2nN)

Bo Bcex paccMOTpeHHBIX MeToaax criaxkuBaHus oueHku CIIM
BO3HMKaeT CMEIIEHWE OLEHKH M3-32 YXYyJIUICHHsS pa3pellaronen
CHOCOOHOCTH I10 YacTOTe, HO MPOUCXOJUT CHIDKeHUE aucnepcun. [loatomy
31ech HEOOXOAMM KOMIIPOMHCC MEXIYy CMEIIEHHEM | AHCIepCuei,
pellaeMblil B KaKJ10# 3aa4e€ KOHKPETHO C y4€TOM aIlpUOPHBIX CBEIECHUM.
Hanpumep, eciay Mbl 3HaeM WM OXKHJAEM, YTO CIIEKTP MOXET UMETh Y3KUI
MUK U €ro BaKHO BBLIENUTH, TO HY)KHO BBIOpaTh M NOCTaTOYHO GONBIINM
JUIL  TIOJTydeHHs HEOOXOAMMOHM paspelnaromei crnocoOHocTH. A uis
MoJTydeHuss TpeOyeMOW CTENEHHM CHIDKEHHMS JAHNCIEPCHH  OLECHKH
HEoOX0ANMO BBIOMpATh AOCTaTodHO Oospmioe yncio K. OT1o mpuBogutr K
HEOOXOIUMOCTH CYIIECCTBEHHOTO YBEIMIeHUs 00mero oopémMa BEIOOpKH N.
Ho Bo Bcex peanbHBIX 3a/jauaX HEBO3MOXKHO yBEINYHMBATh 00BEM BHIOOPKH
OeckoneuHo. He Hamo 3a0bIBaTh, 4TO JJISI CHIDKEHMS JUCIIEPCHH OLEHKH
CIIM ycpenHsieMble 3HaYESHUS IOIDKHBI ObITh HE3aBUCHMBIMHU.

WuauBuayansHoe 3aJaHue ISl pacyéTa

Pa3paborath B cucreme nporpammupoBanusi Matlab mporpammy
JUIsL OLEHKM [apaMeTPoOB M XapaKTePHCTHK pealn3aldH  CIy4aiHOro
npoLecca 1 BHIIOTHATD BCE pacuEThl, YKa3aHHBIC HUXKE.

Onucanyue HCXOAHBIX JAHHBIX

Vcxonublii MaccuB JaHHBIX, IPEJCTABISIONINX COOOH peanu3anuio
n3 2048 oTcyeTOB MHOIOMEPHOTO CIIy4aiiHOTO CHrHaja, 3amicaH B (aiiax
«EEG1(2,3,4).txt» TexctoBoro Qopmara. KonnuecTBo KOJOHOK MaccHBa
COOTBETCTBYET YHCJIy KOMIIOHEHT CllydaiHoro mpoiecca (16), koimuecTBo
CTpOK — uHcay otcuetoB (2048). IHTepBanm  IOUCKpeTH3alHH,
WCTIONB30BaHHBI  TPM  PErHCTpallid  CHWTHaja, paBeH 1 McC.
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Buumanue! /Iy ynpouieHust nporpamMMbl (aiiiibl ¢ MCXOAHBIMU JTAaHHBIMH
JOJDKHBI OBITH COXPAaHEHBI B TOH e MarkKe, YT0 U TEeKCT HPOrPaMMBL.

BriOpaTh 3a1anue Ha HCClIeIOBaHUE B COOTBETCTBUM C TalII. 2, T
HOMEp BapuaHTa COOTBETCTBYET HOMEpY CTyJAEHTa B CIHCKe it 16—
Tpymnmel W HOMepy, yBenmdeHHoMYy Ha 20 mna 17— rpynmel. Homep
KaHaJa — HOMep cToJ0Ia JaHHbBIX, KOTOPHIH TpedyeTcss 00paboTars.

Tabmuma 2
Bapuanr | Homepa CriekTpansHOe Pazmep Homep
KaHaJIOB OKHO WHTEpBaNa |paiiia
1 1,2,3 TpeyromsHOE 128 1
2 45,6 Baprtnerra 256 2
3 78,9 XanHa 512 3
4 10,11,12 XsMMUHTA 128 4
5 13,14,15 Bbmxkmana 256 1
6 16,1,2 Kaiizepa 512 2
7 3,45 YeOrpImreBa 128 3
8 6,7,8 Trroxn 256 4
9 9,10,11 TpeyromsHOE 512 1
10 12,13,14 Baprtnerra 128 2
11 15,16,1 Xanna 256 3
12 2,3,4 XsMMHUHTA 512 4
13 56,7 Bmxmana 128 1
14 8,9,10 Kaiizepa 256 2
15 11,12,13 YeOpI1IeBa 512 3
16 14,15,16 TrroKH 128 4
17 1,3,5 TpeyromsHOE 256 1
18 7911 Baprierra 512 2
19 13,15,1 Xanna 128 3
20 357 XsMMUHTA 256 4
21 9,11,13 Bmxmana 512 3
22 15,1,3 Kaiizepa 128 4
23 57,9 YeOpimeBa 256 1
24 11,13,15 Trroku 512 2
25 2,4,6 TpeyroabHOe 128 3
26 8,10,12 Bbaprierra 256 4
27 14,16,2 XanHa 512 1
28 46,8 X5MMUHTa 128 2
29 10,12,14 BinkMana 256 3
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OxoHuanue TadII. 2

Bapuanr | Homepa CriexTpanbHOe Pa3zmep Homep

KaHaJIOB OKHO WHTEpBaNa |haiiia
30 16,2,4 Kaiizepa 512 4
31 6,8,10 YeOrbI111€Ba 128 1
32 12,14,16 TrroKH 256 2
33 1,4,7 TpeyromsHOE 512 3
34 2,58 Baprtnerra 128 4
35 3,6,9 Xanna 256 1
36 4,7,10 XsMMHUHTA 512 2
37 58,11 Bbmxmana 128 3
38 6,9,12 Kaiizepa 256 4
39 7,10,13 YeObI1reBa 512 1
40 8,11,14 TrroKH 128 2

IpeaBapuresbHas 00padoTka

IMocTpouTh rpadMKu 3aBUCUMOCTH 00pabaThIBACMBIX JaHHBIX OT BPEMCHH,
T.€. OT HOMEpa OTCYETA.

3agaum A0S perieHus

3agaya 1. OneHka CTATHCTHYECKHX XAPAKTEPHCTHK peaau3aluu
cay4yaiiHOro npouecca.

BbIMOTHATE OLICHKY MaTeMaTHYeCKOro OXKHMIaHWS W AWCIEPCHH,
3aJaHHBIX B COOTBETCTBHUM C HOMEPOM BapHaHTa KOMIIOHEHT peallu3alnuiu
CII. OueHnTh MX BApHATHBHOCTH (IHMCIEPCHIO), BBHIOJIHUB PAaCUeTHl I
Pa3HbIX BpEMEHHBIX HHTEpBaoB. ClenaTh BHIBOIbIL.
3agaua 2. OwnedHka IUIOTHOCTH  paclpefiesleHUsl  peaju3aluu
cJy4aiiHOro mpouecca.

BriOpaTth KONMMYECTBO HMHTEPBAJOB, PACCUUTATh M IOCTPOUTH
THCTOTPaMMY pacIpeeNeHus Ui 3aJaHHBIX KOMIOHEHT peammn3anuu CII.
3agaua 3. OneHka KOppeJsIHHOHHBIX XapaKTePUCTHK peain3aluu
cay4yaiiHoOro mpoiuecca.

O1eHNnTh M TIOCTPOUTH KOPPEIANNOHHBIE (DYHKIIMH 3aJaHHBIX B
COOTBETCTBUM C HOMEPOM BapraHTa koMmnoHeHT CII.

OueHNTh M IOCTPOWUTH B3aMMHBIE KOPPEISIMOHHBIE (QYHKIHNU
koMmmoHeHt CII.
3agaya 4. OmeHka CHEKTPATBHBIX XapPaKTEPUCTHK peau3aluu
cIy4aiiHOro nmpouecca.
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HccnenoBats cniekTpanbHble XxapakTepuctuku (CIIM) cinydaiinoro
Iporecca METOAaMH KIIACCHYECKOTO CIEKTPATbHOTO OLICHUBAHUSL.

YeTHble BapUaHTHl: MOAW(GHIMPOBAHHBIM IEPUOIOTPAMMHBIM
METOJIOM, HEUEeTHBIE BapUaHThI: METOJIOM Y3iua.

JITMTeTPHOCTH HMHTEPBAJOB (CETMEHTOB CHTHANa) BBIOpaTh U3
Tabm. 2.

JUis CHIDKEHMsI TUCIEPCUM OIEHKHM HCIOJIb30BaTh BBIACISIOLINE
(GYHKIMM WM CIIaKMBaHHE CIEKTPalIbHBIMH OKHaMH, BBIODAaHHBIMH B
COOTBETCTBUH C BAPUAHTOM.

Cpasauts oneakn CIIM, BEIONHEHHBIE 0€3 HCIOJIB30BAHUSA H C
UCIIONIb30BAaHMEM BBIJENSAIOMUX (DYHKIMH, a Takke B 3aBHCUMOCTH OT
pa3mepa BelAessonel GyHKInY.

TpeOoBanus K BbINOJHEHUIO KYPCOBOi padoThI

JlaHHbBIE JUIs BBITIOJIHEHUS 3a/1a4H CJICIyeT BEIOUPATh U3 COOTBETCTBYIOIICH
TaOJIMIIBI COTJIACHO CBOEMY BapUaHTY, yKa3aHHOMY MpeIoiaBaTesieM.

1. Bce 3amaHMs [O/DKHBI OBITH BBIITOJIHEHBI CAaMOCTOSATENBHO IIOCIIE
H3yYeHHS COOTBETCTBYIOIIETO pa3jelia Kypcea.

2. 3amaHus BBIMOJHSIOTCS HA CTaHIAPTHBIX JIMCTaX MHUCYEH Oymaru
¢dopmara A4 (297x210 mm).

3. TosicHuTenbHas 3amUCKa K KypCOBOM pPabOTe BBIMONHACTCS JIHOO
YepHUIIAMHU, JTUOO MEYaTHBIM CIIOCOOOM, 3alHCH BEAYTCS TOJBKO HA OJHON
CTOpPOHE JTUCTA.

4. Tpadudeckas dYacThb 3amaHWsl BBHIIOJNHAETCS B Macmrabe ¢
HCTOJIb30BaHUEM YEPTESIKHOTO HHCTPYMEHTA JINOO IMEYaTHBIM CIIOCOOOM.

5. Pa0oTel, BBITONHEHHBIE C HApPYIICHWEM JTHX YKa3aHWUH, He
paccMaTpHuBarOTCS.

Coaep:xanue NOSICHUTEJILHON 3aIMCKH

1. OcHOBHBIE TEOpETHYECKHE CBEACHHS IO BCEM OLECHHBAcMBbIM
napameTpam (TOYHOE OIpe/IeJICHUE OLIEHUBAEMOMN BETMUYMHBL, (hopMyia st
OLIEHKH, CBOICTBA UCIIOJIb3yEeMOM OLICHKH).

2. Pesynbratel pacuéroB B Tpaduueckoil ymbo uucineHHod ¢(opmax (B
3aBUCHMOCTH OT THIIA XapPaKTEPUCTHUK) C MOSICHEHUSIMH U BBIBOJIAMH.

3. TlonHbl# TEKCT IPOrpaMMbl ¢ KOMMEHTAPUSIMU.

4. Jlns 3amuThl TaKke JOJDKHA OBITh MPE/ICTABJICHA 3JIEKTPOHHAS BepCHs
MIPOTPaMMBI.
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