56
baiiecoBckuil MOAX0/ K 00HAPYKEHUIO pa3JjaaKu

Tatbsiaenko A.Jl., CIIOI'Y, CankT-IletepOypr alexdtat@gmail. com,
Topuxosckwuii B.U., CII6I'Y, CankTt-IletepOypr Gorihovskyvyacheslav@gmail.com,
Kytyes B.A., JJabopaTopus TeXHOJIOTHIA IPOTrPaMMUPOBAaHKS MHPPACTPYKTYPHBIX
petuennii CIIOI'Y, Cankr-ITetepOypr v . kutuev@spbu. ru

AHHOTaAIUA

PaccmarpuBaetcs 6ailecOBCKHiT TOAXO/ K OOHAPYKEHHIO pa3iiaiKH.
OnuceIBalOTCS €ro MpeuMyIIecTBa s OHJIaifH-3a4a4l, TO3BOJISIO-
M€ MCTIOJb30BaTh AJITOPUTM UTEPATUBHO U JIOKAIN3OBBIBATH Pa3-
JAJKy MO pactpeesIeHHIo JUIMHBI Tpodera (KoIMJecTBa Iaros ¢ Mo-
crenHel pasnanku). PaccMaTpuBaoTes rayccoBcKas M 9KCIIOHEH-
LMabHas NpejacKa3aTesbHple Moaenu. [IpenMyecTBo 3Tux Moze-
JIE Ha OCHOBE CONPSDKEHHBIX PaCHpelesIeHUil — HaJlnyue sIBHBIX
(opmyn Ui mosTydeHMs1 anoOCTEPUOPHBIX TMIEPNapamMeTpoB, YTO
OKa3bIBAeTCsI BHIYMCIMTENBHO NMPOCTHIM penieHureM. [Ipennaraercs
IBpHCTHYECKas NpeJcKa3aTeIbHas MOJE/Ib, BRIOMpaoIas Ha OCHO-
Be o0yualoleil moABBIOOpKH Gosee MOAXONAIYI0 (PyHKIMIO paB-
Jonofodus U3 ABYX paccMarpuBaeMbiX. ONUCHIBAaETCS MCCIIeNOoBa-
HME 3aBUCHMOCTHU 9TOH 3BPUCTHKH OT pa3Mepa Mmopora AeTeKTopa
U pazMepa 00ydalolleil MoABHIOOPKH, MPOBEAEHHOE HA PA3IMIHBIX
pacnpenenenusax. OCHOBHOE BHUMaHHE y/IeJIsieTCsl KauecTBY JIOKa-
JIM3AIAN 1 33/IePKKaM.

BBegenne

3adaua oonapydicenus paznadxu

Pa3znanka — onuH U3 BUIOB aHOMAJIMIA BO BpeMeHHBIX psiaX. CyIecTBYIOT
pas3yinuHble OIpe/esieHHsl, HO B KOHTEKCTe JIAHHON paboThI MO Hell moapasyme-
BAETCsI TOUKA CMEHBI OJJHOTO pacrpe/ie/ieHus IaHHbIX Ha Jpyroe (HaOJo/IeHns Ha
CerMeHTax MexJly OJKaillliiMK pasiiaJKkaMyd He3aBHUCUMBI M OIMHAKOBO pacrpe-
JeJieHbl). 3agada oOHapyxkeHus pa3iaaku [3]:

{yit,i=1,...,n
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Torpa 7 — Touka paznanku. Ha npakTHke Takske 4acTo Moje3HO He TOJIbKO OOHa-
PYKMBaTh pasiajKy, HO U ONpPeJessiTh MOMEHT BpEMEHH, B KOTOPHI OHA ITPOU30-
11712 (TIPY 9TOM BO3MOKHO HEKOTOPOE OTKJIOHEHHUE OT €€ HaCTOSIIIETr0 MECTOION0-
KEHHsI), UTO jasee OyAeT HA3bBAaThCH JN0KaAu3ayueli. dTa 3a/jadya BO3HUKAET BO
MHOTHMX KOHTEKCTaX, HApUMEp, PY aHAIU3¢e 3aIlly MJIEHHBIX OEHIMAPKOB C 11eJIbI0
onpeesieH!s MOMEHTA MaJeHus] MPOU3BOAUTEIbHOCTH [A]].

B nanHoI#i paboTe paccMmaTpuBaeTcs ciydail ¢ pasMepoMm JaHHbIX . = 500 u
pasnazakoii (B ciydae e€ Hammuusi) 7 = 250. 3aBUCUMOCTb Pe3y/IbTaTOB PadOTHI
QIrOpUTMa U MOAOOPAHHBIX 3HAYEHMII apaMeTpoB OT pa3Mepa JaHHBIX M I10JIO-
JKEHUS Pas3afky 31€Ch HE PACCMATPUBACTCS], IBJISSICh TEMOM IS OT/IEJIBHOTO UC-
CJIeIOBAHMUSL.

B cBsI3u ¢ npegocTaBieHreM HeOOJBIIOrO HAOOpa aJrOPUTMOB B CYIIECTBY-
formux Python-uHcTpymeHTax 11t o6HapyXeHHs pas3iaJKi U ¢ OTCYTCTBUEM HH-
CTPYMEHTOB /JI51 CPAaBHEHHSI COOTBETCTBYIOIIMX AITOPUTMOB BEAETCS pa3padoTKa
PySATL-CPD. PaccmatpuBaemplii B JaHHON CTaThe aJTOPUTM TaKkKe BXOAUT B
HEro.

Baiiecosckuii nooxoo

B 6GaiiecoBckoM nojixo/ie K 0OHapyKeHHUIO pa3jiafiki KOJIMYECTBO Iaros, Mpo-
IIEANMX C IOCTeAHEeH pasiagKd, pPacCMaTPHBAeTCS Kak CiydaiHas BeJIudH-
Ha 7; (OHa Ha3bIBaeTCsl AMHOM npodera) [2]. E€ pacnpeneneHie MOXHO mpeacTa-
BUTh Kak P(ry | ®1.t) = P(ri, @1.t)/P(x1.4), T 1.4 — BEKTOp HaOIOICHHUIT 32
Bpems 1 : t. Toraa, ¢ yd€ToM HE3aBUCHUMOCTH JAaHHBIX, COBMECTHYIO BEPOSTHOCTb
IUIs1 YKa3aHHOTO BBIIIIE pacrpe/lesieHns] MOXKHO pa3JIokUTh CJIeIyIOIUM 00pa3oM:

P(ro,@ie) =3, Pre,ri-1,T14) =
=2, Plre,ze|rion, @ia—1) P(re-1, @ie—1) = (1)

=3, P(re| 1) P(a | remr, 27 ) P(r—y, @14-1).

B cdopmyne mgr) 03HAa4YaeT, COOTBETCTBEHHO, HAOIOAEHHS], OTHOCSIINECS
JMIIb K JIAaHHBIM TI0CJIe TocJielHel 3a(MKCUPOBAHHON pasiaiku. I1epBeril MHO-
surenb ([[) — 3To mpeackazaTenbHAS BEPOATHOCTD, BHIYMCIIAEMAS C MOMOLIBIO
npejcKa3aTesibHOI Mojer. Bosee moapoOHO OHM paccMaTpHuBalOTCs Aajiee. Bro-
poit muoxutens ([I) onpeensiercs dyukimeii BrukuBaeMocTi. OHa MpeICTaBIIs-
€T alpropHOE paclpe/ie/ieHne Ha MOsIBJICHHE pa3iiaiky, He 3aBHCsIIee Herocpea-
CTBEHHO OT HaOJIOJCHUIA:

Pgap(g =7)
Z?iT Pep(g =1) 7

H(r) = )
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rie Pyp(g) — IMCKpETHOE anmphOpHOE pactpe/iesieHHe Ha TPOMEKYTKE MEkIy
pasnagKamu.

B 3aBHCHMOCTH OT JJIMHBI ITPoOera yKa3aHHast BEPOSTHOCTDb BBIYUCIISETCS CJIe-
YoM 00pa3oM:

H(ri—1+1) eciary = 0
P(ry|ri—1) =1 —=H(ri—1+1) ecmar,=r,_1+1.
0 WHaue

Kak uvacTHsIii ciyvaii, eciu Pyyp(g) — reoMeTpuueckoe, To (pyHKUMs BbLKH-
paemoct () — koncranra: H(7) = 1/\.

Mocneaumii Muoxkutess () okasbiBaeTCs peKypPEHTHBIM, HAYMHAS C €IVH-
CTBEHHOI BO3MOXHOI1 AJIMHBI Ipo0era, uMerolei BeposTHocTs 1.0.

AjanTanms ajJropuTMa K oHJIaiiH-3a/a4e

OmtaiiH-3a1a4a OOHAPY KEeHHsI pa3iaJKu TPeOyeT OT AITOPUTMa BO3MOKHOCTH
o0pabaTbiBaTh AaHHbIE TI0 Mepe UX NOCTYIUICHHs Ha TIPOTSIKEHUH JOJTOro BpeMe-
HH U 110 Mepe paboThl IPUHUMATD pellieHrst 00 OOHApY KEHUH Pa3JIaJIKy (AJITOPUTM
UMeeT JOCTYII JIMIIb K JaHHBIM J0 TEeKYILero MOMeHTa, a He KO BceM cpa3zy). Onu-
CaHHBIIA BBIIIIE MOIXOJ XOPOIIl KaK MAaTeMaTUIeCKUil METOJ1, HO TpeOyeT afanTaniu
JJ1s1 IPaKTUYECKOTO IPUMEHEHHSI B CIIyvae pellieHHs OHJIaiH-3a1a4u.

Bo-niepBbIx, TpebyeTcs Jo0aBiIeHNe SBHOTO KPUTEPHS HAJIMYUS pa3aIKy, MO-
CKOJIBKY B UCXOJIHO# paboTe [2] ornucaHo JMIib oIy YeHHe pacipeesieHuUs ATMHbI
npobera. 11 3TOro MHO# ObUIH BBIIEJICHBI JETEKTOP, ONpEe/IsIONINi Haluure
pasiajiKy, ¥ JIOKAJIM3ATOP, ONpeesSIOIHil e€ MecTonosoxeHne. B kadectse ne-
TEKTOpa paccMaTpHUBaeTCsl IOPOT BEPOSITHOCTH MaKCUMAaJIbHOU [UIHHBI Ipodera,
NOCKOJIbKY MMEHHO OHa YKa3blBaeT Ha MOCJIEAHIOn HaflJeHHYIO0 pa3niajiky. B ka-
YeCTBe JIOKAJIM3aTOpa MpejiaraeTcs BHOOp Hanbosee BepOsITHON AJIMHbI Ipodera
N3 OCTAaJIbHBIX.

Bo-BTOpBIX, TpeOyeTcsi BO3BMOXHOCTh ABTOMATUUYECKH MOAOUPATH APaMETPhI
npenckazaTesbHoN Moaesu. il STOro B aroputM ObUT TOOABIICH 9Tl 00y YeHHUS
npelcKa3aTebHON MOJeJIM, Ha KOTOPOM BBIIENSETCS ClelyIolas 3a NOoceHen
pasnajKoii (MM HaxofsIascs B Hayajle JaHHbIX) TOABBIOOPKA IJIS ITOCIIe Ay IoIIei
OLICHKH Ha Hell aprOpHBIX runeprnapaMeTpoB. OO0yuyeHue nocie KaxIoi pasiaj-
KU [O3BOJISIET MOJTyYath AJIsI KaK/JOro cerMeHTa Hab:oeHunii 6oee TOUHyIo Ipej-
CKa3aTeJIbHYI0 MOJIETb.

B-TpeTtbux, TpedyeTcsi BOBMOKHOCTh paboTaTh JOCTATOUHO AOJT0. FICXOmHBIi
QITOPUTM MMeeT JIMHEHHBI pOoCT TpeOYIOIMXCsl Ha KaKIOM IIare NaMsTd U Bpe-
MeHH. OIHAKO B CiTy4yae IPUHATHS pellieHns O HAIMYUK Pa3jIafiki MOXKHO yIansaTh
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BCE [JaHHBIE, OTHOCSIIMECS K CETMEHTY paHee He€, MOCKOJIbKY paclpeleIeHus 1O
Y TIOCJIE pa3Jiajiki OTINYaloTcs. B ciryyae oTcyTCTBUS pas3ia/ky CUTyanus OKas3bl-
BAETCs CIIOXKHEE, OCKOJIbKY MPUXOANTCS MOJEIMPOBATh BCE BO3MOXKHBIE JUTMHBI
npobera, pacTyIuue JuHeiHo. TeM He MeHee, IPOaHATM3HPOBAB XapaKTEPHYIO 3a-
JEpPXKKY NIpH 0OHAPYKEHUU PasJiajiKu, MOXHO MPEIIOKUTh IBPUCTUKY, OCHOBAH-
HYyI0 Ha [apaJuleJIbHOM 3aItycke (C 3aJepiKKOif) 1 MOAroTOBKE BCIIOMOraTeIbHOTO
aIrOpUTMa, Ha KOTOPbIH MPOUCXOIUT NEPEKJII0YEHNE C OCHOBHOTO MO MPOIIECTBUI
HEKOTOPOT0 BpeMeHH. DTo OyeT IPUBOAUTD K NOoTepe MH(OPMALIHY, HO TO3BOJIUT
CHU3HTH CJIOKHOCTb QJITOPUTMA JI0 JINHEHHON BMECTO KBaJPATUYHON Ha OOJNBIINX
JAHHBIX.

Hpe,ucxa3aTeJleble MOaeJM

ITpenckasaTtenbHbIe MOEIN TO3BOJISAIOT OLEHMBATH MTPaBAONOA00Ue MpUHAMI-
JIEKHOCTH JAHHBIX K pacIpe/le/IeHNIO C OIIEHEHHBIMY ITapaMeTpamMu. B obrmem ciry-
Yae 3T0 TpeOyeT MHTErPUPOBAHUS M PEIeHHs ONTUMHU3ALMOHHBIX 32124, IPUYEM
9TO OKa3bIBAETCSl HEOOXOOUMBIM [UIs1 KaXKAON JJIMHBI IIPpoOera, Mo3ToMy Kolude-
CTBO TAaKUX ONepalyii Ha KakJOM Ilare pacTeT JMHEHHO co BpeMeHeM. OOimuit
BUJI [IPE/ICKA3aTesbHOIN BEPOATHOCTH TakoB: P(xy | 1i—1, wgr)), rae azgr) — BeK-
TOp HAOMIOIEHHUI IJIs1 TeKYIero npooera.

XOpolLIMM YacTHBIM ClIyyaeM IIpeACKa3aTesIbHbIX MOJEJell OKa3blBAITCS
(yHKIIMM TIpaBIONIONOOUS C CONPSIKEHHBIMU AIPHUOPHBIM/AIIOCTEPUOPHBIM pac-
npejeneHussMu. OHY MO3BOJISIIOT U3 00yvalolieil MoABHOOPKY (0003HAUYMM €€ Kak
2'9™™) oneHMBATHL aNPUOPHBIE 3HAUEHMS TMIIEPIIAPAMETPOB, B ABHOM BU/E BbI-
YHCIISITh UX allOCTEPUOPHBIE 3HAUCHUS U3 allPUOPHBIX C YIETOM MOITYyYEeHHOTO Ha-
omoneHus (0603HAYMM ero Kak °°%) U BHIUMCIATH MpeicKa3aTebHyI0 BEpOAT-
HOCTB C YYETOM NPOILIbIX HabmoaeHuid. OTHAKO TaKkue MpejicKa3aTesibHble Mojie-
JIM TIOKPBIBAIOT JI0CTATOYHO HEOOJIBIION KJIacC pacrpeeseHuid 1 oToMy Tpedy-
I0T JOTIOJIHUTEJIBHOM OIIEHKM KavyecTBa pabOThl Ha JAaHHBIX, JJIS KOTOPHIX HE Ja-
I0T TEOPETUYECKUX rapaHTHil. PasHple 0603HaueHus HaOMOAeHHIT U3 00yyJaromei
MOIBBIOOPKY 1 HAOJIOAEHUIA, UCTIOIb3YEMBIX IIPY MOJIEIMPOBAHNH PACIIpe/Ie/IeHUs
JUTMHBI TIpoOera, BBOASATCS /ISl yIOOHOTO pa3rpaHuueHHs] Pa3HbIX ITANOB PabOThI
anroputMma. C (popMasIbHOM TOUYKH 3pEeHHsI OHU MOTYT OBITh 3aMEHEHBI IIPOCTO Ha-
GJIOJIEHUSIMU C COOTBETCTBYIOLIMMH BPEMEHHBIMU MHAeKcamu. Jlanee OynyT pac-
CMaTpUBAThCSI IMEHHO MOJIEJIM CO CBOMCTBOM CONPSIKEHHOCTHU MIJIM 9BPUCTHKH Ha
MX OCHOBE.
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Tayccosckas npedckazamenvHas mooens

[Tpu peanu3anyy 6a30BOI BEPCHHU aNrOpUTMa (TEXHHYECKH peJHA3HAYCHHOM
U151 pabOThI C JaHHBIMU (DUKCUPOBAHHOTO pa3mepa) Obuia 100aBlieHa rayCCOBCKast
npenckaszateibHas mMoneib. C HCMONb30BAHMEM COMPSIKEHHOTO HOPMAIBHOTO-
o0paTHOro-ramMMa pacrpe/e/eHrs OHa TIO3BOJISIET OLICHUBATh U CpelHee, U JIUC-
nepcuio [§].

BICCHOHeHl(uaJleaﬂ npebcxas‘ameﬂbua;z Mmooenw

TayccoBckast pejicKa3aTeibHast MOJIEIb [I0Ka3aa ceOst 3aMeTHO XYIKe Ha JaH-
HBIX C HCIIOJB30BAHUEM SKCIIOHEHIMAIBHOIO PACIIPEeIeICHUS WM Pacpeeie-
Hust BeiiGyina. Xors pacnipenenenue BeitOysua u siBinsiercs 00001IeHUeM IKCIIO-
HEHIIMATBHOTO PACTIPE/IENICHHS], JIJIsl HETO He CYINEeCTBYeT (PyHKIIMK TPaBIOIOI0-
OUs CO CBOICTBOM CONPSIKEHHOCTH [(], MO3TOMY OBUIO pElIeHO HO0O0ABHUTH IKC-
NOHEHIMAJIbHYIO MpeJICKa3aTesibHyo Moaeib. C UCIOIb30BAaHHEM CONPSIKEHHOTO
raMma-pacripeie/ieHrsI OHa TO3BOJISAET OLEHUBATD [IapaMeTp SKCIIOHCHIIUATIBHOTO
pacripeaeseHusL.

33pucmuuecr€a}z adanmueHnas npebclca:mme/lbna}l Mmooenv

HecmoTps Ha To, YTO pacCMOTpPEHHbIE BbIllle MOJEIM CIIOCOOHBI CaMM OIIpe-
JIeJIATh allpUOpHblEe 3HAYEHUA MapaMeTPOB, Ha I10Jb30BaTejie BCE elE OCTAaETCA
OTBETCTBEHHOCTH 3a BBIOOp camoii Moniesi. Kpome Toro, ecim paccmarpuBaemble
JaHHBIE COCTOAT U3 CETMEHTOB C paclpeesIeHUAMU U3 Pa3HbIX CEMENHCTB, 3a(puK-
CHpOBaHHAas MOJieJIb OyAET OrPAaHUYMBATH AJTOPUTM B THOKOCTH. [ToaTomy ObLIO
pelIeHO T00ABUTh IBPUCTHYECKYIO aJalITUBHYIO MOZIEIIb, BHIOUPAIONIYIO Ha JTaIe
00yueHust ofHy U3 (PYHKIMIA TPaBAONOA00us (rayCCOBCKYIO MM SKCIIOHEHIINATb-
HYIO).

B kavecTBe HaMBHOI 9BPUCTHUKY OBIJIO BHIOPAHO CPaBHEHUE BEPOSTHOCTE 110-
JIy49UTh 00YYaIOIIyIo TIOABBIOOPKY C YYETOM OLICHEHHBIX AllPHOPHBIX IMIEprapa-
MeTpoB. [TockosbKy N3MEPEHHS TPpeINONATaloTC s HE3aBUCUMBIMU, IIPH OLICHKE BE-
POATHOCTH AJIS1 KaXJOr0 U3MEPEHUs TepeMHOoXKalTcs. CTOUT OTMETHUTB, YTO KOp-
PEKTHBII BHIOODP Npe/icKa3aTeabHOI MOjies U (Harpumep, C UCTIOIb30BaHUEM KpH-
TEepHEB COIIacusl) — OT/leJIbHAsI O0JIbINas 33/1a4a, BRIXOAAIIAs 32 ITPe/eJIbl JaHHON
paboThl, HO HOTEHIIMAIBHO TIEPCIEKTHBHAS.
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YucjaeHHoe uccjaegoBaHue

IIoozomoeka Kk uccnedosanuro

Jnst uccieoBaHus anroputMa ObLIM CTeHEPUPOBaHbl CHHTETUYECKHE JIaHHbIS
¢ 3a(MKCHUPOBAHHBIME MTAPAMETPAMH U3 CIIEIYIOIINX CeMEeiiCTB: HOpMasbHOE (10
pasnagku E[Y] = 0.0, o = 1.0, nocie pasznagku E[Y] = 10.0, o = 5.0), paBHO-
meproe (E[Y] = 2.5, 0 = 0.87), 6eta (E[Y] = 0.5, 0 = 0.15), 9KCIIOHEHIHAb-
Hoe (E[Y] = 0.2, 0 = 0.2) u Beiibyia (E[Y] = 5.0, 0 = 5.0). Pazmep ozsoro
MaccuBa JlaHHbIX cocTaisia 500, pasnagka (B ciiyyae e€ HaaMuusl) HaXOAWIACh
B Touke 250. JlomycTuMoOe OTKJIOHEHHE OT pa3MeUYeHHOH (HacTosllel) pa3iaaku
65110 BBIOpaHO k = 25 (mapameTp TOYHOCTH OOHapy keHus pa3naakn). [lepedupa-
JIMCh BCE BO3MOXHBIE YIIOPSIJOYSHHBIE MAPhI, a TaKXke ciiydan Oe3 pasnaaku. s
KaxJ0i u3 KoHduryparumit 6110 credepupoBato 1o 1000 MacCHBOB JaHHBIX.

Ha o6oux 3Tanax ucroab30BaIMCh MOCTOSIHHAS (DYHKIIMSI BHDKUBAEMOCTH, T10-
POTOBBIIl IETEKTOP M JIOKAJIM3ATOp, BHIOMpalonuii Hanbosiee BEpOsITHYIO (3a HC-
KJIOYeHHeM HauOOoJblIeil, MOCKONIbKY OHA COOTBETCTBYET YKe HallIeHHOI paHee
pasznanke) aauHy npoodera. sl (pyHKIMH BBIKMBAEMOCTH YacTOTa pacCUMThIBa-
JIaCh TaK, YTOOBI alpUOpHasi BEPOSITHOCTD MOSIBJICHUS XOTsI OBl OIHOM pa3iiaKu
Ha 500 »aOmopenuii cocrasisna 0.5.

Tayccosckas npedckazamenvHas mooenw

Bbu10 npoBeieHO YMCIEHHOE UCCIIEJOBAHUE I'ayCCOBCKOM NpecKa3aTe/IbHOR
mozemu [[I]. CHavana ObuM OnpejiesieHbl 3HaueHUsl TIOPOroB, COOTBETCTBYIOIIME
ypoBHsM 3HaunMoctu 0.1, 0.05, 0.01 u 0.005 Ha HOpMaJILHO pacTpeeNEHHBIX
nanHbIX (B Tabmurie [l 0603HaueHO Kak «var). Ha naHHOM 3Tane vcciejoBaHus BbI-
YKCIISUTMCh pacTipe/iesieHust UIMHBL Tpo0era Ha Kask/IOM [Iare aaropurMa, rmnocje
YEro MpOBEPSJIOCh EPBOE NEPECEUEHHUE MOPOra. DTO BEJIO K TOMY, UTO JIOKHO MO-
noxurensHble (FP) cpabGaThiBaHMs aIropuTMa UCKJIIOYAId UCTUHHO MOJIOKUTEb-
Hbie (TP). [lasiee ObUTM BBIYKCIICHBI BEPOSATHOCTH TOTO, YTO MIPU NIEPBOM Iepecede-
HHU [I0pOTa yAaBajaoch JIOKAJIN30BaTh pa3ajKy B IIpejenax JOIMyCTUMOro OTKJIO-
HeHus oT Hacrosueld. B Tabauue [I| 311 BepostHOCTH 0O03HauaeTcs Kak Py, _v,,
rae Yy — pacrpenesieHue 10 pa3iagku, Y7 — Toce.

B 6onee uem 97% ciyuaes Ha BcéM orpeske jmHbl S00 rae-mb6o Obita 0OHa-
pyxeHa pa3naaka. [Ipu aToM rayccoBckas npejckasaresibHasi MOJeb B X0fe JIOo-
KaJIM3alMy pasJiaJiKy oKasaa ce0st Xyske Ipu paboTe ¢ 9KCIIOHEHIMAIbHBIM pac-
npeaesieHueM, ¢ pacnpeneieHueM BeiiOyina u ¢ 6eta-pacrpeesieHieM 1o CpaB-
HEHMIO ¢ OcTaIbHbIME crydasvu (Ta6mima [l). B ciryuae sKcroHeHImabHOro pac-
npeJieNieHus1 U pacrpeelieHus BeilOyiia 3To MoxeT ObITh CBSI3aHO C MX aCUMMET-
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oN 0.1 0.05 | 0.01 | 0.005
P\Ilopor | 0.27 | 0.18 | 0.07 | 0.04
Py_p 0.794 | 0.824 | 0.864 | 0.878
Prn_gep | 0779 | 0.805 | 0.84 | 0.863
Py_u 0.87 | 0.893 | 0.917 | 0.929
Pyn_w 0.783 | 0.811 | 0.853 | 0.863
Py_n 0.968 | 0.975 | 0.981 | 0.981

TaGmuna 1: JIokanu3anusi ¢ rayCCOBCKOM MpeICKa3aTeIbHON MOJIEIbIO

PUYHOCTBIO M CYIIECTBEHHO OTIMYAIOIIMMCS HOCUTENIEM, M3-3a Yero C TOUKH 3pe-
HUS TAYCCOBCKOTO MPABIOMOAO0MSI MHOTHE HAOJIOACHHS OLIEHUBAIOTCS KaK BbI-
OpOCHL.

Depucmuueckas adanmusHas npeocKkazamenvHast Mooenb

Ipu nccmenoBaHUM SBPUCTHYECKOM aJaNTHBHON MPeCcKa3aTeIbHON MOAEH
ykKe aHAJIM3UPOBAIOCH MOBEJICHUE OHJIAH-aJIrOpUTMa, a He 0a30BOTO, MOITOMY
BMECTO OLIEHKHM TMOJIOXEHUs TIEPBOil pa3yiaJiKu OIEHUBAJIOCh MOJIOXKEHUE BCEX U
ToTaIaHre XOTs Obl OJJHOI U3 HUX B MICKOMYIO OKPEeCTHOCTb. BhUTH BHIOpaHBI ISt
OIICHKY BBIUHCIICHHBIC paHee 3HAUCHHUSI OPOTOB, a TAKXKE YCTAHOBIICHBI Pa3Mephl
obyyarorux moaebpi6opok 50, 20, 10 u 5 1yist peicka3aTeIbHbIX MOJIEeil.

PaccmaTpuBanmch JaHHBIE TAKOTO K€ pa3Mepa U ¢ TAKKM Ke TIOJI0KEHUEM pa3-
sagku. Beutk BIOpaHs! clieylonie pacipeaeeHus ¢ mapaMmeTpaMu 10 pa3iagKu
1 riocJie (ecyii oHa Obl1a) COOTBETCTBEHHO:

 HOpMasbHOe pacnpenenenve A ¢ mapamerpamu g = 1.0, 09 = 1.0 u
w1 = 10.0; 01 = 5.0;

* paBHOMepHoe pacripeaesenue U c mapamerpamu a9 = 0.0, bp = 1.0 n
a; = ].0, b1 = 40,

* Gera-pacnpenenenue B ¢ mapamerpamu oy = 0.5, By = 0.5 m a; = 5.0,

ﬁl = 50,
* IKCMOHEHIMAJbHOE pacnpenenenne Exp ¢ mapamerpamu A\p = 1.0 m A\ =
5.0;

* pacnpenenenue Beiibynna W ¢ napametpamu kg = 1.0, \g = 0.5 u k; =
1.0, Ay = 5.0.
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BepositHocTh FP pesynbrara Ha paHHBIX Oe3 pasJjiajku OKasajiach He Ooiee
0.1 (ciydaif HOpMaJIBLHOTO paclpe/lesIeH!s] 1 MaKCUMaJIbHOTO MOpora, TOora Kak
ocraybHbIe BeposTHocTH FP okaszammcek He 6omee 0.06). B pe3ynbrare oOHapyxu-
JIOCh JIMIIB 2 CIIyYasi, T7ie BEPOSTHOCTh OOHAPYKUTh pa3siagKy B Ipefesiax OTKJIO-
Henus ot Hactosiei (TP) Oobta menee 0.79: B — Bu W — U. B 060ux u3 HUX
KaX[Jplii pa3 Ha 3rarne o0y4eHusl BhIOMpasiach SKCIIOHEHIMAIbHAs MOJIe/Ib, TOT/a
Kak 1J1s1 6eTa-pacnpe/iesieHusl U JIIsl pABHOMEPHOTO pacIpe/lesieH s JIy e oTpa-
6aTbIBasIa rayccoBcKasi Mojielib. [IpeAnonoxuTensHO, 3TO CBA3aHO C TEM, UTO IKC-
NOHEHIMAJIbHASI MOJETTb BbllaBasa OoJIbllee MpaBaoogoore 11 HaOIogeHHI 13
Hocutesns [0; 1], HO Xyske ynaBIMBana U3MEHEHHs IUIOTHOCTH BHYTpH Hero. st
pelieHust 3TOi MpoOJIeMbl, BO3MOXHO, CTOUT PACCMOTPETh PEHOPMUPOBKY Ha 3Ta-
Tie OLIEHKH IpeJicKa3aTesIbHON MOJIEJIM Ha 00yJaloleil MoaBbIOopKe.

Takxe OBUIO 3aMEUYEHO MOSBJIECHHUE OYyOAUPYIOWUX JIOKHO TOJIOKUTEIBHBIX
(FP) pa3namok: Ha JaHHBIX 0e3 pa3iaJoK, Kak ObUIO yKe YHOMSHYTO paHee, OKa-
3BIBAJIOCH CPABHUTEILHO Majio FP cpabaThiBaHMii, OMHAKO B CIIyYae HATUIUS Pa3-
naok kosmdectBo FP cpabatbiBanumii pociio. IIpu getaibHOM pacCMOTPEHHUU OKa-
3aJI0Ch, YTO 3TO CBSI3aHO C HEKOPPEKTHBIM BHIOOPOM MpeJicKa3aTeIbHO MoJeu
TI0CJIe TIEPBOM pa3iiaiky, KOrjia B 00y4alollyio IoBbIOOPKY 0TI 1)l CETMEHT JaH-
HBIX /IO HACTOSIIIEH pa3iajiIky, 9TO MeIaJo KOPPEKTHOMY BBIOOPY (DyHKIMH IpaB-
Joronodus. 171t ycTpaHeH!s 3TOro HeA0CTaTKa BOSMOKHO HCTIONb30BAHUE IBPH-
CTHK, MPOBOJAIIMX JOMOJTHUTENIBHYI0 00paboTKy oOyuaroleil noaBhIOOpKH (Ha-
NPUMED, OITyCKasl MIepBbIe 17 HAOJIO/IeHNIA).

AHaim3 3aJepKeK JIOKaIU3aly IoKa3all, YTo, 3a BHIUETOM OTOBOPEHHBIX pa-
Hee IUIOXMX CJIydaeB, MaKCHUMaJlbHasi CpeAHss U3 HUX cocTaBmia 117, a Makcu-
MaJbHast Meauana coctaBmia 110. Takue 3aJepKKH, B COBOKYITHOCTH C YKa3aHHON
BBIIIIE BEPOATHOCTBIO JIOKAIN30BaTh Pa3iafKy ¢ HICKOMOH TOYHOCTBIO, YKa3bIBAIOT
Ha BO3MOXHOCTb IPUMEHEHU A 9BPUCTUKHU C MTapaJIJICJIbHBIM BCIIOMOI'aTEJIbHBIM aJl-
TOPUTMOM, €CJIM BHIOUpaTh 0011ee padodee Bpems okosno 500 1 BpeMsi HOArOTOBKH
okoJso 250.

3akJirouyenne

B pabore Obu1a IpeicTaBieHa aganTanusi 6alieCOBCKOro aJiIrOpUTMa o1 peliie-
HUe OHJTAlH-3a 1241 OGHapykenns pasnankull. lasee GbUIH pacCMOTPEHbI pas3/ind-
HbIE BAPUAHTHI TPeICKa3aTeIbHbIX MOJIENIE, OCHOBAHHBIX Ha (DYHKIIUAX MPABIO-
NOJOGHUS CO CBOMCTBOM COMPSDKEHHOCTH: TayCCOBCKas, SKCIIOHEHIATIbHAS U 3B-
pUCTHYeCKas aganThBHast. YKCIIEHHOE UCCIIeIOBAaHNE HA CHHTETHIECKHX JIAHHBIX
JUIST TAYCCOBCKOM TMpe/IcKa3aTebHOM MOJIENIN TOKa3aio paboTOCIOCOOHOCTD ajl-

Ycxonnbiii kop (nick: alexdtat): https://github.com/PySATL/pysatl-cpd — 05.06.2025
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TrOpUTMA B ClIy4yae UCTOJIb30BAHUS IayCCOBCKON MpecKa3aTesbHOM Mojenu. DB-
puUCTHYECKas aJalTUBHAsI MOJEJIb YaCTHYHO TIO3BOJIMIIA PACIIMPUTH 00JIaCTh IPU-
MEHEHUSI ITOPUTMa, OJHAKO TAKXe MOSBIJIOCH 2 ClIydas, B KOTOPBIX OHa ITOKa3bl-
BaJia ce0s1 II0X0. DTO CBSA3aHO ¢ HEAOCTATKAMU HaMBHOM SBPUCTHUKY, 1J1s1 GOPHOBI
C KOTOPHIMH B OYIyIIEM MOXKHO paccMaTpuBarh Oojiee MPOJIBUHYTHIE MOAXO/bI K
KOPPEKTHOMY BHIOOpY HpeJicKa3aTesbHOil Moaesu. Takske ObUI NPUBEEH aHAIU3
BBI3BAaHHBIX 3BPUCTHYECKOi1 Moziesbio FP cpabaTpiBaHuil anropurMa Ha JaHHBIX C
pas3nasKkoi U NMpeAJIoKeH BapHaHT PEeIIeHHs MPOOJIeMBI IToNaJaHus B 00yJalolyio
MO/IBBIOOPKY CETMEHTA JaHHbIX [0 HACTOSIIEH pa3naaku. AHAIN3 3a/iepXKeK JIo-
KaJIM3aliy yKa3bIBaeT HA BOZMOXXHOCTb MCIIOJIb30BAHUSI 9BPUCTHUKH MOAJEPKIBA-
IOLIETO ANTOPUTMa ISl YCTPAHEHUs pocTa 3aTpaT MaMATH U BpEMEHU Ha Kak/I0M
HOBOM Il1are aJilropuTMa.
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