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U. A. Po3osa — marnctpaHT kadepbl KOMMNbOTEPHON MaTeEMATUKN 1 NPOrpaMMUPOBaHS
B. A. KapauH (kaHp. TeXH. HayK, 0L.) — HAY4YHbIN PYKOBOAMUTENbL

OLEHMBAHUE XAPAKTEPUCTUK ®ITYKTYALIMOHHBIX NMPOLIECCOB
HA OCHOBE PA3/TIOXEHUA B PAL 3AXBOPTA

B naHHO cTaTbe paccMaTpuBaeTCs METOL OLEHWUBAHUS XapaKTepPUCTUK DRYKTYaLMOHHbIX NPOLeCccoB,
OCHOBAaHHbI Ha NpeaCTaBIeHNN NIIOTHOCTU BEPOSTHOCTW B BUAE psiga OmkeopTta. byayT paccmarpusarbes
(bnyKTYyaLMOHHbIE NPOLeCChl, NPpeaCcTaBnsatoLLmMe cobon TenemeTpruyeckyo nHgopmauumto [1].

[ns cuctem 06paboTkm NOTOKOB TeNenMepeHuil akTyanbHo SBnseTcs paspaboTka Takux nporpamMm 1
MaTeMaTu4ecknx METOLOB, KOTOPbIE NO3BONAT 3(hHEKTUBHO 0BpabaTbiBaTh TENEMETPUYECKYIO MHEPOPMALIMIO.
PesynbTathl TENEU3MepeHuin NpeacTaBneHbl CUHaIOM OCTaTOMHO CIIOXHOM CTPYKTYpbl U 06nagatoT psaom
0coBeHHOCTEN, 3aTPYAHSIOLMX WX HEMOCPEACTBEHHOE MCMONb30BaHME: W3ObITOYHOCTLIO, pasHoobpasvem
CMbICIIOBOrO COAEPaHUs, HarM4neM NorpeLlHoCTen U MHOrMMK apyrumu [1]. Takum obpasom, TenemeTpuye-
ckast MHopMmaums NpeacTaBnseT cobon HEKOTOPYH COBOKYMHOCTb MHPOPMALIMOHHON COCTaBNALLEN W BCe-
BO3MOXHbIX MOMEX (MMMYNbCHbIX, PNYKTyaUMoHHbIX U Ap.). MHdopMaumoHHas coctaBnsowas Takoro npo-
Liecca 06bI4HO OMKCbIBAETCS raycCcoBbIM pacnpeaenexnem (1):
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2no

roe o2 - aucnepcusa CﬂyanZHOFO npotecca &(t), m — Matematnvyeckoe OxuaaHue cnyqa|7|Horo npotecca
& -
B kayecTBe Mogenu ans OUEHMBAHUA XapaKTepUCTUK TakUX npoLeccoB 6yp,eT MCNoJib30BaTbCA MOJEb

cnyyanHoro npouecca, 6nmskoro k rayccosomy (1), nonyveHHast CroXeHMeM PaBHOMEPHO pacnpeaeneHHbIX
CnyyanHbIX BENUYMH (puc. 1).
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Puc. 1. 'paduk cnyyaitHoro npovecca, Puc. 2. ®a3oBblit NOpTPET Cny4anHoro npoLecca,
Brmskoro K rayccosomy. Br1m3koro K rayccoBomy.



[Ans nopoGHbIX PRyKTyaLMOHHbIX NPOLECCOB HEOBXOAMMO OLEHWBATL CReayioLne XapaKTepucTUKu:
CpedHWe 3HaYeHus W CpedHue KBaapaTthbl, NMOTHOCTb BEPOSTHOCTH, KOPPENSLMOHHYIO (PYHKLMIO 1 PYHKLMIO
CNeKTpanbHOM MAOTHOCTK. Ha ypoBHE MccneaoBaHMs OOHOMEPHbIX pacnpeaeneHunii Hanbonee nonHoM Xa-
PaKTEPUCTUKOI SBNSIETCS NNOTHOCTb BEPOATHOCTM.

[ns oueHMBaHWS NNOTHOCTW BEPOSTHOCTU METOLOM, OCHOBAHHbIM HA MPUMEHEHWW CTaTUCTUKW nepe-
CEYeHun ypoBHen [2], Heobxoanmo, YTobbl 3HAYEHNS pacCMaTPUBAEMOTO CMYYaNHOTO MPOLECca &'(t) U &(ty)
B COBMafatoLLie MOMEHTbI BPEMEHM Obin CTAaTUCTUYECKN HE3aBUCUMbIMU. YTOOLI y6eanTeCs B aTOM, HEOb-
X0ZMMO NOCTPOUTL (Ha30BbIA NOPTPET ANSA 3HAYEHUN E£'(t) U &(t) CRyYarHOro npouecca, rae i-oe 3HayeHue
NPOM3BOAHON &'(t) ONpeAenseTcs cneayowmm obpasom:

ey S(tiv) =&y
g(t,)_—2At i=12..n, (2)

Mo ¢ha3oBOMy NOPTPETY MOXHO CAeNaTh BbIBOAbI O 6rIM30CTU PryKTYaLMOHHOMO NpoLecca K ToMy Uiu
WHOMY 3aKOHY pacnpefefieHusi, YCTaHOBUTb CTaTUCTUYECKYHD CBS3b MEXAY 3HAYEHWUAMM (DIyKTYaLWUOHHOTO
npouecca [2] (puc. 2).

Tak e AN OLEHUBaHUS NIIOTHOCTU BEPOSTHOCTM (DNYKTYaLMOHHBIX MPOLECCOB UCMOMNb3YeTCs MeTod
rmctorpamm [3]. MpenmylyectBa faHHOTO MeToda COCTOST B JOCTATOMHO XOPOLIEN HarnsgHOCTU, NPOCToTe
0CBOEHMUS W npuMeHeHns. OCHOBHOW HEOOCTATOK MeToAa rucTorpamm cBssaH ¢ 6onblMM 06BEMOM BbIYUC-
NUTENbHbIX 3aTpaT, YTo He AoNyCTUMO Ans 0BpaboTku TenemeTpu4eckoin MHoOpPMaLUn B pexuMe pearbHoro
BPEMEHN.

MeToA OLEeHMBaHUS NNOTHOCTM BEPOSTHOCTM (DNYKTYaLMOHHBIX NPOLECCOB, OCHOBAHHbIA Ha UCMOSb30-
BaHUM CTATUCTUKIA NEPECEYEHN YPOBHEN, B OTNINYME OT METOAA rMCTOrpaMM He TpebyeT BONbLLNX BbIYMCIN-
TEMNbHbIX 3aTpaT U CBOAUTCS K MPOCTON PErncTpaLuy Y1cna nepeceyeHunii TpaekTopuen cnyvainHoro npowecca
E(t) 3afj@aHHbIX YPOBHEN &(t)=H [2]. pn ycnosum, YTO ANUTENBHOCTL T peanusauun cnyvanHoro npoecca
MHOr0 60nbLlie UHTepBarna KOPPenaLUMmM r , OLEHUTh NMOTHOCTb BEPOATHOCTU p; (&) HA YPOBHE &(t) = H MOXHO

no chopmyne (3):
p*(H):lN*(H,l)z—1 n(H,T), T>>1, (3)
o oT

rae o — KO3(MULMEHT HOPMUPOBKM, TaKoit YTOBbI BLIMOMHANOCH YCIIOBUE Yp (H)=1, @ n(H,T) ONpeaenset-
1=1

CSl NOACYETOM YMCTIa NEPECEYEHUN Ha KX O40M BblOpaHHOM ypoBHe H.
B oTnmume ot meToaa ructorpamm, Takas OLeHka 0bnagaeT CBOMCTBOM HECMELLEHHOCTH (4):

. 1
M{p” (H)} =——M{n(H, T)}=p. (©)]. (4)
TOYHOCTb METOAA CTAaTUCTUKN NEPeCeYeHnin YpOBHEN NONYYaeTCs Ha BbIPAKEHMAX A8 AMCIEpCUn 1

OTHOCUTENBHON NOrPELLHOCTM OLEHWBAHWS NIOTHOCTU BEPOSTHOCTH [2]. [lucnepcus OLeHKM p*(H) onpegens-
€TCS CNyYaHoON BENMYUHON N(H,T) W UMeET cnegyrowmn sug, (5):

DIp"(H)] =ﬁ2N(H,T) (5)

OTHocUTeNbHas MOTPELLHOCTb OLIEHMBAHUSA 3HAYEHUA p*(H) (YHKUMN p.(¢) HaA YPOBHEH MpM 3TOM

paBHa (6):
. JDIp"(H
TN ) R AL L)) S S 6)

p.(H)  JIN"(H))
roe N°(H1) onpegenseTcs NoACYETOM YKCNa NONOXUTENbHbIX NEPeceYeHin Ha Kaaom BbiGpaHHOM YpOoBHe

H.

Ha puc. 3 npuBeaeHbl pe3ynbTaThbl OLEHUBAHWS MIIOTHOCTY BEPOSTHOCT METOLOM FMCTOrpamMM U C UC-
NONb30BaHNEM CTATUCTUKI NEPECeYEHUI YPOBHEN.
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Puc. 3. OugH1BaHWe NMOTHOCTM BEPOSITHOCTM MO METOAY FMCTOrpamm (a), CTaTUCTUKM Nepeceyermii yposHei (6)
B CPaBHEHWM C HOpMaribHbIM rayCCOBbIM MPOLLECCOM (B).

3 puc. 3 BUOHO, YTO OLEHKa NO CTATUCTUKE NepecevyeHnin YpoBHEN nomnyyvaeTcs HeCMeLLeHHon 1 6o-
nee crnaxeHHon. Takum 06pa3oM, METOAbI TMCTOrPaMM W CTATUCTUKW NEPECEYEHN YPOBHEN NO3BONSIOT NO-
NYYNTb SMMIUPUYECKYHO NNOTHOCTb BEPOSITHOCTY, KOTOPast CPaBHUBAETCS C TEOPETUYECKON NogbopOM THUMOBO-
ro pacnpegenenus. 3Ty 3afady, kak NpaBumno, peliatT KpUTepuM COrnacusi, Takue Kak KpuTepuin Xu-
kBagpar [3], OCHOBaHHbIN Ha CTAaTUCTUYECKON MEpe PacXOXAEHUs G Habnogaemoit p; W rMNOTETUYECKON p,

NNOTHOCTM BEPOATHOCTY (7) B 3aBUCUMMOCTU OT 06bema BbIBOPKM n MO YKUCNY MHTEPBATIOB !
Ozi”(P:—PJZ (7)
= P
HabrniogaeMble NOTHOCTM pacnpefeneHns Bcerga oOTanYatTes OT TUMOBbIX, M 3T Pasnnyms He BCe-
rfa nosBonstoT ONpeaennTb NIOTHOCTL pacnpeseneHuns no Kputepuio cornacust [3]. [Ans nonyyeHms Konude-
CTBEHHOW OL|EHKW MIOTHOCTW BEPOSATHOCTY (PATYKTYaLUMOHHOMO NPOLIeCca BaXHO 3HaTb OLIEHKM ero OCHOBHbIX
XapaKTepUCTUK: MaTeEMaTUYECKOro OXMAaHWS, ancnepcun, KoadhmuumeHToB acummeTpum n akcuecca [4]. Xa-
PaKTePUCTUKM NEPBOro 1 BTOPOro Nopsiaka (OLIEHKI MaTeMaT4eckoro oxunanus m* (8) u aucnepcem ™ (9))
NOSTHOCTLIO OMPEAENnsoT rayccos npouecc [4]:

[N

m = ﬁ;xi : (8)
rae x; — 3HaueHne BbIGOpKY CyYainHoro npoLecca.
2 1o 2
o ==% (¢, -m) 9)

[ins Toro, 4YTobbl OLEHWUTb CTeMeHb OTKMOHEHUS! paccMaTPUBAEMOrO MpoLecca OT HOPMUPOBAHHONO,
UMEIOLLEro TOT Ke 3aKOH pacrnpedeneHusi, BBOAATCS KO3(duuMeHTbl acummeTpun v, (9) M akcuec-

ca v, [3, 4] (10);
v =12, (10)

c
A 1= (x ~m)
v, =te-3, (1)
c

ln .
roe p4=H§ (X, —m")*.

OnpegeneHune OLEHOK XapaKkTepUCTUK NO3BOMSIET KOMMYECTBEHHO ONPEAENUTb OTKMOHEHWE OT HOPMM-
POBAHHOIO pacnpeseneHns 1 NpeacTaBnUTb GyKTyaLMOHHbBIN NpoLece B Buae psaa dmkeopta (12) [3, 4]:

P.(&17..7) =(@r0)" exp(—f—czj{u%m[f}%m[f] } (12)
3 : g - &

rae H,(x)=x°-3x, H,(x)=x"-6x"+3.
Ha pwuc. 4 npueeaeHo nNpeacTaBnexHne NNOTHOCTY BEPOATHOCTM B BUAE psaa sﬂ,)KBOpTa.
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Puc. 4. MpeacTtaBneHue NIOTHOCTY BEPOSITHOCTY B BUAE psifa daxeopTa (a),
B CPAaBHEHWM C HOpMarTbHBIM FrayccoBbIM MpoLeccoMm ().

MeTo4 OUEHMBAHWS XapaKTEPUCTUK (hYKTYaLMOHHBIX MPOLECCOB (TENEMETPUYECKON WHGOpMaLmK),
OCHOBaHHbI Ha Pa3noXeHUn B psg OMKBOPTa, AAeT AOCTAaTOYHO TOYHYH OLIEHKY NMOTHOCTW BEPOSITHOCTY
€€ XapaKTepuCTuK. 3a CYET 1CMONb3oBaHUs aHHOr0 MeToAa yaaeTcs 4OCTUYb COKpalleHust obbema BblunC-
NEHWN NPy COXpaHeHUN BOSbLUIOK TOYHOCTW OLIEHKM MIIOTHOCTW BEPOSTHOCTW. 3a CYeT AOCTATOMHO NMPOCTOM
peanu3auuy 1 HebonbLLOro 06bEMA BbIYMCIEHWA AAHHDBIA METOL MOXET ObITb YCNEeWHO NPUMEHEH ans obpa-
BOTKN TENeMEeTPUYECKON MHPOPMALIMM B PEXUME pearnbHOr0 BPEMEHM.
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