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OnIHUM M3 TTePCIIeKTUBHBIX MTOIXO0A0B K IPOrHO3MPOBAHUIO 3HAYEHU I reOMarHUTHBIX MHIEKCOB SIBJISIETCS
HCTIOIb30BaHME METOIOB MAIlTMHHOTO 00ydeHUs. OmHako 11t 3¢ GEKTUBHOTO NCTIOIB30BaHUST TAKUX ME-
TOJIOB HEOOXOIMM OTOOP CYILIECTBEHHBIX BXOIHBIX NMTPU3HAKOB 3a/1a4M C 11€JIbI0 YMEHBIIIEHUS €€ BXOTHOMN
pasMepHoCTU. B maHHOIi paboTe paccMaTpuBaeTCs aJlTOPUTM MOJydeHUsI HanboJiee 3 peKTUBHOM MoeIun
MMPOTHO3VMPOBAaHMSI, OCHOBAaHHBIN Ha MOHWXXEHUM BXOMHOU pa3MepHOCTU JAHHBIX ITyTeM IMOCTEITIEHHOTO
OTOpachIBaHUSI BXOJHBIX MTPU3HAKOB Ha OCHOBE CJIEAYIOIIMX METOIOB MAIIMHHOTO OOy4YeHUsI: JUHeiHas
perpeccusi, TpaTlMeHTHBIN OYCTUHT, UCKYCCTBEHHAsl HEMPOHHAs CeTh TUIAa MHOTOCIOMHBIN TEPCETITPOH.
[IpoBonutcsi cpaBHeHHE 3(DOHEKTUBHOCTU TIEPEUYMCICHHBIX METONOB; PacCMAaTPUBAIOTCS HArpaBJICHUS

MaJbHEMIIIero pa3BUTUSI padoT.
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1. BBEAEHHE

OnHuM 13 HauboJiee O0IIECYTIOTPEOUTETBHBIX T€0-
MarHUTHBIX MHIEKCOB, COAepKallluX MHOOpMalUIo
0 TUTaHEeTapHbIX BO3MYILIEHUSX BO BpeMsl reoMar-
HUTHBIX OYpb, ABJsieTCs1 Dst-UHAEKC, KOTOPbIi Mpe-
CTaBJISIET COOOM Mepy U3MEHEHUST OIS M3-3a KOJTb-
IEBBIX TOKOB, BO3HHMKAIONIMX B MarHutocdepe BO
BpeMsI MarHUTHBIX Oypb (Disturbance Storm Time).

Hannbiii nHaekce 6601 BBeneH M. Cyruypoii B 1964 1.
[Sugiura, 1964]. (JaHHbIe TOCTYITHBI ¢ Hadaima 1957 1.)
CormnacHo ero pa6ote, Dst-MHIEKC BEIYUCIISIETCS KaK
CpEIHSISI B YaCOBOM MHTEpBAJie BEJIMYMHA BO3MYIIIE-
HUSI TOPU3OHTAJIBHOM COCTABJISIOLIEI HATIPSKEHHO-
CTM MArHUTHOTO TOJSI 3eMIU, OTCUMTHIBAEMOIO OT
CIIOKOITHOTO YPOBHSI, ONpeAeeHHAs M0 JaHHBIM Ye-
TBIpEX HU3KOIIMPOTHBIX 00CEpPBATOPUIL, paBHOMED-
HO pachpeneieHHbIX M0 reorpaduyeckoi NoJroTe:
Kakuoka, I'ononyny, Can-XyaH, XepMaHycC.

Ecnn Dst-uHAEKC BEIYMCISICTCS HETIPEPHIBHO KaK
¢yukuus BpemeHu (UT), To ero Bapuaiiusi oroopa-
2KaeT BOBHUKHOBEHHNE MAarHUTHBIX 6ypb N UX UHTCH-

CUBHOCTBL. TakmMm oOpa3zom, Dst-MHIOEKC TIpeacTaB-
JIIeT co0O0i KOIWYEeCTBEHHOE WM3MEpeHHe Teomar-
HUTHOTO BO3MYILEHMSI, U €T0 MOXHO COIIOCTaBJISITh
C COJIHEUHBIMM U TeOo(pU3NUYECKMMHU ITapaMeTpaMu,
a IPOTHO3UPOBAaHUE aMIUIUTYIbl Dst-MHIEeKca I103-
BOJISIET OLICHMBATh HE TOJBKO BpeMsl Hayajia, HO U
MOIIHOCTh TEOMAarHUTHOI'O BO3MYILIEHUSI.

Kaxk n3BecTHO, OCHOBHBIM (PU3UYECKUM SIBJIEHUEM,
BJIMSIIOIIIM Ha MarHutocepy 3eMJiu, SIBISIOTCS 10~
TOKU MOHU30BaHHBIX YacTull oT CoJIHIIa — COJTHEY-
b1 BeTep (CB) [Akasofu et al., 1972]. McTounukamu
BO3MYILIEHUIT MarHuTochepbl 3eMIu SIBISIOTCS KO-
poHaibHbIe BEIOpOock Macchl (KBM), nocturaromue
opOUTHl 3eMJIN, 1 BBICOKOCKOPOCTHBIE TToTOKM CB
[Epmonaes FO.U., Epmonaes M.1O., 2009]. Heo6xo-
JTUMBIM U TOCTATOYHBIM YCJIOBUEM BO3HWKHOBEHUS
MarHUTHBIX Oypb Ha 3eMiie SIBISIETCSI OTHOCUTEIBHO
6oJIbIIast IO aMIUTUTYAE W TTPOJOIKUTEIBHOCTHU CY-
mecTBoBaHUS 1oxxHas (Bz < 0) KOMITOHEHTa MEXIIjia-
HeTHOro MarHutHoro mojisi (MMII). Brto penaer
MarHutocoepy “oTKpbITON” MJIsl TIOCTYIUJIEHUS B Hee
SHEPrum COJIHEYHOro BeTpa.
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I'eomarauTHEIEe Oypu (M1 TeOMarHUTHBIE BO3MY-
IIEHUs, TIOCKOJIbKY OypsSIMU MPUHSITO Ha3bIiBaThb
BO3MYIIEHUS, UMEIOIIIME aMIUIUTYAY BbIIIE OIpeie-
JICHHOI) MpeNCTaBISIIOT cO0O0ii OMWH U3 HauboJjiee
CYLIECTBEHHBIX (DAKTOPOB KOCMUYECKOIN IOTOJbI,
KOTODBIHA C pa3sBUTUEM MUPOBOM KOCMUYECKON OT-
paciau craHOBUTCS Bce Oojiee BaxXHbIM [Pulkkinen,
2007; Schrijver et al., 2015].

B npukiagHoM acrnekTe MpOrHO3MpoOBaHUE reo-
MarHUTHBIX BO3MYILIEHUN TMpeacTaB/sieT WHTEpeC,
TaK KaK MarHUTHbIE OypU MOTYT CTaTh MPUUYUHOI
HapylIeHui B paboTe TejierpadHbIX TMHUN 1 pagno-
CBSI3U, TPYOOTIPOBOMOB, JIMHUI BJIEKTpoIriepenay u
sHeprocereit [Jlazyrun, 2012]. [ToMruMO TOro, MarHuT -
Hble OypU OMOCPENOBAaHHO OKa3bIBAIOT CYIIECTBEH-
HO€ BJIMSIHME Ha COCTOSIHHME OKOJIO3€MHOT'O KOCMU-
yeckoro npoctpaHcTBa (OKII) 3a cuyeT Toro, 4ro
nocJjie MPUMEPHO MOJOBUHBI MarHUTHbIX Oypb Ha
Mnopsiiok u 6osiee Bo3pacTtaeT MOTOK PEISITUBUCT -
CKHUX 3JI€KTPOHOB BHEIIIHETO PaIMALIMOHHOTO Mosica
3emau (PI13) [Kataoka R., Miyoshi Y., 2008; Msrko-
Bau Ap., 2013]. ODKcTpeMalibHble MOTOKU 3JIEKTPOHOB
BHelrHero PII3 moryT mpuBecTd K cOOSIM B 3J€K-
TPOHHBIX MUKpOCXeMax alapaTypbl, HaXoAsIIecs
Ha 60OpTYy KOCMMYECKUX anmaparoB (Harpumep, [be-
J10B 1 1p., 2004]). IToaToMy IpOrHo3upoBaHUE Teo-
MarHUTHBIX BO3MYILUEHMIA TpencTaBisieTcsl BecbMa
aKTyaJlbHOM 3aJavyeid.

C Touku 3peHus (pyHAAMEHTAIbHON HAyKu UC-
cilemoBaHME MEXaHU3MOB IlepeHOca SHEPruu W3
COJIHEYHOTO BeTpa B MarHUTOChepy 3eMiH, U, KaK
CJICICTBUE 3TOTO ITIepeHoca, BOSHUKHOBEHMST MarH -
TochepHBIX BO3MYIICHUMN TaKKe MPEICTaBIsAeT WH-
Tepec, MOCKOJIbKY 3TO ONMH M3 Hambosiee aKTyallb-
HBIX BOITIPOCOB (PM3UKU COTHEUYHO-3EMHBIX CBSI3EH.

Dst-uHAEKC, KaK U OOJIBITMHCTBO T€OMarHUTHBIX
WHIEKCOB, MMEET IOJTOBPEMEHHYIO MCTOPHUIO Ha-
GII0IECHUSI, YTO eJIaeT BO3SMOXHBIMU KaK CTAaTUCTH-
yecKue UCCIeIOBAaHUS CBSI3W T€OMAarHUTHOM aKTUB-
HOCTH C TMpOLIECCaMM B MEXIUIAHETHOM IPOCTpPaH-
CTBE, COJIHEYHOM BEeTpe M MarHutocdepe 3eMin
[O’Brien, McPherron, 2000; Pallochia et al., 2006;
Podladchikova, Petrukovich, 2012; Patra et al., 2011],
OOJIBIIMHCTBO U3 KOTOPBIX OCHOBAHO Ha (opmyJe
Bbéprona [Burton et al., 1975], Tak 1 MallIMHHOE O0Y-
yenue [Lindsay et al., 1999; Barkhatov et al., 2000;
Bortnik et al., 2018; Wu, Lundstedt, 1997; Lazzus
et al., 2017; Revallo et al., 2014]. CpaBHeHH1E KauecTBa
MMPOTHO3UPOBAHUS PA3HBIMU MOJIEISIMU BBITIOJIHEHO
B paborte [Amata et al., 2008].

ABTOpaMH HACTOSIIEH paboThl — COTPYIHUKAMU
J1abopaTOpUHU aJalITUBHEIX METOAOB 00pPaOOTKU JaH-
Heix HUUAD MI'Y eme B 2005 1. 6BIJTIO OKa3aHO,
YTO JIydlllee KauyeCTBO MIPOorHo3a Dst-uHaeKca J0CTH-
raeTcs Mpu MOCTPOSHUN HEMPOCETEBOM MOAEIN, VIC-
MOJIb3YIOIIIEH B Ka4eCTBE BXOIHBIX JTaHHBIX KaK UCTO-
puto Dst uHaexca, Tak u mapamerpsl CB (ckopocTs) u
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MMII (kommoneHTa Bz) [Dolenko et al., 2005]. B 60-
nee mo3gHMx padorax [Iupoxwuit, 2015; Myagkova
et al., 2017] KaxxapIif IpUMeEp coliepKajl CpeaHedaco-
Bble 3HAUEHMsI HECKOJBbKHUX OCHOBHBIX MapaMeTPOB
CB 1 MMII 1 yacoBbIe 3HAYESHMSI CAMOTO IIPOTHO3M -
pyeMoro napamMeTrpa — uHaeKca Dst — ¢ ToIoJioruue-
CKUM BJIOXKEHHEM (Y4eTOM TIPEAbIAYIIMX 3HAYCHUI)
BpeMeHHOro psifia Ha 24 4, 4TO MO3BOJIMJIO YIYUYIIUTh
Ka4yecTBO IIporHosa. Mcrojib3oBaHME ITOJOOHOTO
IOIX0Aa CTaJI0 BO3MOXHBIM TOJILKO B IIOCJIEAHUE TO-
IIbI, KOTIa HAKOIIMJINCh JOCTAaTOYHO JIMHHbBIE OTHO-
POIHBIE BpeMEHHBIE PSIIBI CHYTHUKOBBIX M3MEPEHMM
napameTpoB CB 1 MMII, nmonydeHHBIE B XOO¢ DKC-
nepnuMeHTa Ha KA ACE, mepenaromniemM 1aHHBIE C OK-
Ts10ps1 1997 1. B pa6ore [Eburopos u ap., 2018] 0bu10
MOJIy4eHO, YTO MPU MPOTHO3UPOBAHUU AMIUIUTY/bI
Dst-nrnekca ripu iomoiii MHC nByx pa3HbIX TUTIOB —
KJIaCCUYECKUX MEePCEeNTPOHOB U PEKYPPEHTHBIX Ce-
teii Tuna LSTM, a Tak:ke KOMUTETOB IIPOTHO3UPYIO-
IUX MoAesIeil, HauaydIlIie pe3yabTaThl JOCTUTAIOTCS
IpHU HMCHOJb30BAaHUM T€TEPOTreHHBIX KOMUTETOB Ha
ocHoBe MHC o6oux Tunos.

2. TIOCTAHOBKA 3AJAYN

Ienpro maHHO paOOTHI SIBJISIETCSI COBEPIIICHCTBO-
BaHWE aJITOPUTMOB IIPOTHO3MPOBAHMUS 3HAYCHUS
reOMarHUTHOIO nHaeKca Dst ¢ Topr30HTOM OT 1 10 6 4.

B pa6ore [MsrkoBa u ap., 2021] aBTopamMmu HacCTOSI-
11eit paboThl OBLIO TIPOU3BEACHO CpaBHEHUE TTI0Ka3a-
TeJeld KayecTBa IIPOTHO3MPOBaHWSI WHAeKca Dst
C TOPU30HTOM OT 1 10 6 9 C TIOMOIIIBIO TPEX METOIOB
MaIlIMHHOTO OOy4YeHUus—ciydaifHoro jieca [Breiman,
2001], rpagmentHoro O6ycrunra [Friedman, 2002] u
MCKYCCTBEHHBIX HEMPOHHBIX CETEM THUIIA MHOTOCIOMN -
Hblit nepcenTpoH [Haykin, 1998]. beuio mokasaHo,
YTO HAWJIy4lllve pe3yJIbTaThl CPEeIU TPEX MePEUNCIICH -
HBIX METOIOB 00eCIIeYNBaET rPageHTHBIN OYCTHHT.

OnmHako B yKa3aHHOI padboTe pa3MepHOCThb BXOI-
HBIX JaHHBIX ObLJIa TOCTATOYHO BEJIMKA U COCTaBJIsIIa
okoyio 130. DTo OBLIO CBSI3aHO C TEM, YTO IJIST BCEX
BXOIOHBIX ¢)M3M‘{CCKI/IX BCJIIMYUH (Ol'[l/lcaHHbIX B CJIe-
IyIolleM paszese) 1JIsl Kaxkaoro MpuMepa B KauecTBe
BXOIHBIX TPU3HAKOB UCITOJIb30BAIMCH BCE UX MPEIbI-
IylIye 3HaYeHUS ¢ 3a1epXKoii oT 1 mo 24 4. Mexmy
TeM, B IIPOCTPAHCTBAaX BHICOKOI Pa3MEepHOCTUA UMEET
MecTo 3¢p@EeKT KOHILEHTpalMM Mepbl, OOHUM W3
CJIEACTBUI KOTOPOTO SIBIASETCS TOT (PpaKT, UTO Majas
OKPECTHOCTh MEAWAHHOTO YPOBHS JTI000I (DYHKIINH,
HEIIpephIBHOM Ha MHOTOMEpPHOM cdepe, COmepKUT
1ouTH Bcio cepy. [ToaTomMy ¢ TOUKM 3peHUsT HAOII0-
JaTesisi, U3MEpPSIOIIero 3HaYeHUsI Takoil (yHKIIUU,
OHa Tpe/ICTaBsIeTCs MPAKTUUECKU MOCTOSTHHOM [30-
puy, 2014]. MHbIMU cliOBaMHU, JT1000# HETMHEHNHBIN
MHOTOMEPHBIN MPEIUKTOP JOJDKEH JaBaTh IPOTHO3,
OIM3KUIi K TPMBHUAIbHOMY (MHEPLIMOHHOMY), CMBICIT
KOTOPOI'O0 B KOHTEKCTE IIPOTHO3MPOBAHUSI BPEMEH-
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HBIX PSITIOB — PaBEHCTBO IPOTHO3UPYEMOTO 3HAYe-
HUS IOCJIEIHEMY U3BECTHOMY 3HAUYEHUIO TIPOTHO3M-
pyeMoro BpeMeHHOro psma. fIcHO, 4To mpakKThde-
CKasgd HEHHOCTb TaKOIo TPUMBHUAJIBHOIO IIPOTHO3a
paBHAa HYJIIO, TOATOMY JIFOOOI TIPOTHO3 B MPOCTPaH-
CTBaX BBICOKOII pa3MEpHOCTH CJIEAyeT CpPaBHUBATh
II0 €T0 CTAaTUCTUYECKUM I10Ka3aTeIsIM C TPUBUAJIb-
HBIM. IIpy 3TOM eCcTh OCHOBaHUSI OXUOATh, UTO C
YMEHBIIEHUEM Pa3MEPHOCTH MPOCTPAHCTBA BXOM-
HBIX IPU3HAKOB U CBSI3aHHBIM C 3TUM OClIableHuEeM
addekTa KOHIEHTpaL Mepbl KA4eCTBO IMIPOrHO3a,
BBITIOJITHEHHOTO METOAOM MAIIMHHOTO OOyYeHMs, U
ero IMpEeuMYyIIeCTBO Hal TPUBUAIBHBIM MOXKET JI0-
MMOJITHUTEILHO YBEJTUYUTHCS.

IToaTOMy B KOHTEKCTE pellIeHHUs 3ada4yu [IPOTrHO-
SUPpOBaHUA ITOHUKCHUEC Pa3SMEPHOCTHU BXOAHbIX JaH-
HBIX MpPEICTaBISIETCS BECbMa CyllleCTBEeHHBIM. [1pu
STOM TaKOe IMOHMKEHHE Pa3MEPHOCTU MOXKET OBITh
JIOCTUTHYTO JIMOO C MOMOIIBIO aJITOPUTMOB TIpeodpa-
30BaHUS IIPU3HAKOB, JIM0O C ITOMOIILIO aJITOPUTMOB
oTOopa HamboJiee CyllIeCTBEHHBIX IIPU3HAKOB. B mo-
cJIeMHEeM ciIy4yae, IIOMMMO COOCTBEHHO ITOHIKEHUS
pa3MepHOCTH, MPEACTABIISIET MHTEPEC aHaIU3 MHO-
JKeCTBa MPU3HAKOB, OTOOPAHHBIX B KaUyeCTBE HAaNOO-
JIee CyILIEeCTBEHHBIX, UTO MOXET HaTh MHMOOpMAIINIO
KaK 00 OTHOCHUTEJILHOM CYIIECTBEHHOCTH 3HAYSCHUMN
TEX UJIN UHBIX (I)I/ISI/IlleCKI/IX BEJINYHNH, TaK U O HCO6-
XOIMMOM IITyOMHE ydyeTa MpeablCTOPUN.

B Hacros1eit pabote OblIa ITOCTaB/IieHa 3a1a4a —
MPOBECTU CPABHUTEbHBII aHAIN3 PE3YIbTATOB MPU-
MEHEHUsI aJiTopuTMa IoydeHus1 Haubosee 3¢ dek-
TUBHOM MOJACIN HPOTHO3MPOBAHUS ITyTEM IOCTE-
MIEeHHOro OTOpachiBaHUSI BXOAHBIX IIPU3HAKOB Ha
OCHOBE CJICAYIOINX METOIOB MAIIMHHOTO O0yYe-
HUS: JTUHEWHAsI perpeccusi, TpadleHTHBIN OyCTHHT,
MCKYCCTBEHHAas1 HEPOHHAas CETb TUIIA MHOTOCIOMHBIM
MepCenTPOH. AJITOPUTM OITHMCAaH HIKE B pasnene 4.

3. UCXOAHBIE JAHHBIE

ITockonbKy mpoliecchl, IPOUCXOASIINE B 3EM-
HOU MarHuTocdepe, COTHEUHOM BETpeE U reimocde-
pe, B3aMOCBSI3aHbI, MPOTHO3MPOBAHNE OCHOBHBIX
(haKTOpPOB KOCMUYECKOI TTOroibl B cucteme “CoHiie—
reimocgepa—CoTHEYHBI BeTep—Maraurocgepa” oc-
HOBBIBAIOTCS HAa NaHHBIX DKCIEPUMEHTOB Ha KOC-
MUYECKHUX armaparaXx U Ha3eMHbIX Teodru3nyecKmnx
CTaHIUSIX, [TOJIy4aeMbIX B PEKMMeE peajibHOro Bpeme-
Hu. [Ipy KpaTKOCPOUYHOM TPOTHO3MPOBAHUW HaM
HeoOxoamnMa oriepaTuBHasI MH(OpMaIns O 3HaAYECHU -
six mapameTpoB CB 1 MMII u camoro reoMarHuTHO-
ro uHaekca. BXomTHbIMU JaHHBIMM, UCTIOIb3YEMbIMU
HaMU U1 TPOTHO3UpPOBaHUs Dst-HAeKca, sIBJISIIOT-
cs1 mapaMeTpsl asMbl CB u mapametpsl MMIT, u3-
MepeHHbIe B Touke Jlarpanxa L I mexny ConHueM u
3emJeit, mojiydeHHbIE B DKCIEPUMEHTE Ha OOPTY
KA ACE (Advanced Composition Explorer) (https://
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izw1.caltech.edu/cgi-bin/dib/rundibviewbr/ACE/ASC/
DATA/browse-data? ACE_ BROWSE.HDF!hdfref;
tag=1962,ref=3,s=0).

ITomumo naHHbIX 0 mapamerpax MMIT u CB, uc-
MOJIb30BAIMCH 3HAUEHUST UHAeKca Dst, moaydyeHHbIe
¢ caiita BceMupHoOro 1ieHTpa JaHHBIX 110 TeOMarHe-
t3my B Kmoto (https://wdc.kugi.kyoto-u.ac.jp/dstaec/
index.html).

Ilpy nocTpoeHUM NPOTHO3ZUPYIOIIUX Mojelieit
HaMM HCIOJb30BAIMCH CIEAYIOIINUE TaHHbIE — Bpe-
MeHHBIe psanbl (BP) cpenHeyacoBbIX (4acOBBIX) 3HA-
YEeHUU craenytomux (pu3ndyeckux BeJIMUUH:

a) ITapamerpsr CB B Touke Jlarpanxa L1 mexmy
3emuieii u CoJTHILIEM:

e Ckopoctb CB V (km/c)
e [InotHoCTH ITpoTOHOB B CB Np (cM~?)

0) IlapameTrpsl BekTopa MMII B Toi1 e ToOuke
Jlarpanzxa L1 B cuctreme GSM (HTn):

e By, Bz (y- u z-xommoneHTEI MMII)
e B _magn (Mmoayns MMII)
B) ['eomarauTHbI nHaeKC Dst (HT).

ITomumo aTOTO, WIS ydyeTa CyTOYHBIX U TOTOBBIX
Bapuanuii Dst-HaeKca BO BpeMeHHOM psiI BKIII0Ya-
JIUCh 3HAYEHUSI, XapaKTepU3yIollue MPUBSI3KY 3TOTO
npumMmepa K orpeaejeHHbIM ¢a3aM CyTOYHOIO U ro-
JIOBOTO LIMKJIOB. J[J1sT 3TOTO UCMONB30BAIMCH 3HAUYE-
HUSI KOCMHYCa U CMHYCa BPEMEHM C CyTOYHBIM U
romoBeIM mnepuomamMu. lapmoHMYecKass OYHKIINS
BPEMEHM I103BOJISIET YYECTh HEMTPEPHIBHOCTD U IEpU-
OIMYHOCTD VICTIONIb3YeMBIX BPEMEHHBIX 3aBUCMOCTEIH,
a OOHOBPEMEHHOE IPMMEHEHME ABYX rapMOHUYE-
CKUX 3aBMUCUMOCTEN C OMHUM MEPUOIOM, CIBUHYTHIX
o aze (CUHyC, KOCUHYC), IeJIaeT MPUBS3KY K OMpe-
JieJIeHHOM (ha3e LIMKJIa omHOo3HauHo [ Edburopos u ap.,
2018].

st yueTa mpeablCTOPUN UCIIOJb30BaIOCH TTOTPY-
XKeHue (Toroyornyeckoe BinoxeHue) Bcex BP Ha ry-
OmHY B 23 4, T.e. Ha BXOJI aJITOPUTMAa, ITIOMUMO TEKY-
IIMX 3HAYEHWI BCEX BXOIHBIX BEIMYMH, MOAABATICH
WX IIpeaplayle 3HadeHus 3a 1, 2, 3, ... 23 4 1o TeKy-
mero. Takasi IyOMHa MOrpy>KeHUsT ObLa BbIOpaHa,
MOCKOJILKY BUIUTCSI AOCTAaTOYHOI 1J1s1 paOOTHI € TaH-
HBbIMU, UMEIOLLIMMH YacOBOE BpeMEeHHOE pa3pellieHue.

Takmum oOpa3oM, moJiHas BXOOHAasT pa3MEpPHOCTh
JaHHBIX cOCTaBIIsIIa 6 X 24 + 4 = 148.

OTMETUM TaKXe, YTO HaMU MCIOJIb30BaJIUCh He
npenoOpadboTaHHBIE U OUMIIIEHHbIE TAHHBIE 2-TO YPOB-
Hs (Level 2 Data), ipenHa3zHaYeHHBIE IJISI HAYYHBIX
WICCIICIOBAaHUIA, a oTiepaTuBHBIC naHHbIe (Browse Data),
IMOCKOJIBKY pa3pabarbiBaeMasi CUCTEMa IPOTHO3UPO-
BaHus Dst-mHAeKca npeaHa3HadeHa IS UCIOIb30-
BaHUS B peXXUMe OHJIaliH, B KOTOPOM Ka4eCTBO I10-
JIydaeMbIX JTaHHBIX COOTBETCTBYET OIlepaTUBHBLIM
JaHHBIM. [loaToMy MalllMHHOE OOydeHue CleayeT
MPOBOJMTH JJ1s1 paOOTHI C TaHHBIMY TAKOTO KauyecTBa.
Ne 2
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AJ'[FODI/ITM OLCHKHN BA>XHOCTHU INPU3HAKOB

N=N-1

TpeHupoBKa Momean Ha nMeloeMcst Habope N TpU3HaKOB

Tpenuposka N Mmoneneit Ha Habopax N — 1 mpu3HaKOB

l

Br160op npu3Haka, 6€3 KOTOPOro MEeHbIIIE BCETO
YXYIILIJIOCH Ka4eCTBO (HauMeHee BaskKHOTO)
1 oTOpachIiBaHUE €ro U3 Habopa JaHHbIX

B nabope ocrancs 1 mpusHak?

Puc. 1. Oo61as cxema aJlropuTMa OLIEHKHN Ba>XXHOCTHU IIPU3HAKOB.

Taxcke nanHbie Level 2 MMEIOT 3HAUYUTEIBHO OOJIbIIIEE
YHCJIO IMIPOITYCKOB, UTO 3aTPYIHSIET IPUMEHEHME Me-
TOAOB MAIlIMHHOTO OOY4YeHMSsI, B OCOOCHHOCTH C yUe-
ToM morpykeHusi BP. Ilporryckn B JaHHBIX pa3Mme-
poM 12 9 1 MeHee 3aNOoJTHSIJIMCh JMHEHHON MHTEPITO-
JAUMe Mo ABYM KpailHMM TO4YKaM; OCTaBIIMECS
IpHUMEPEHI C IPONyCKaMM YAAJISIINCh U3 Habopa.

B Hacrosiiieit paboTe HUCIOIb30BAJCS MacCUB
JMaHHBIX ¢ HOsIOpst 1997 T. (co BpeMeHU Hayajia Io-
crymieHnsa gaHHbIX ¢ KA ACFE) o geka6pps 2021 r.
BKJIIOUUTENBHO (Bcero okosio 212000 mpumepos).
NmMmeromuiics MaccuB ObLTI pa3dUT Ha OOyYarollylo
BBIOOPKY U TECTOBBIII Habop maHHBIX. OOydalonias
BbIOOpKa HCIIOJb30BaJIaCh JJjIs1 OOyYEeHUsI aJrOpuUT-
MOB (TTOACTPOMKU HacCTpauBaeMbIX NTapaMeTPOB MO-
Jeneit), TecToBbI HA0Op — [JIs1 HE3aBUCUMOM OLIeH-
KM pesynbratoB obyuyeHus. Hns MHC oGyvaromast
BBIOOpKA IOTIOJITHUTEIBHO pa3dbrBaiach Ha TPEHUPO-
BOUHBIN M BaJMIAlIMOHHBIIT HAOOPHI JaHHBIX. Tpe-
HUPOBOYHBIN HAOOP MCHOIb30BAJICS JJIsI MOACTPOM-
KU BecoB Ipu ooyyeHun MHC, BanuaalimoHHbI Ha-
0op — IS TIEPUOIMYECKON TIPOBEPKU B MpoIlecce
0o0Oy4YeHUsT ¢ 1IeJIbI0 MpedoTBpallleHUs] MepeydynBa-
Hus. J1J1s1 TPEHUPOBOYHOTO 1 BaJIMAALIMOHHOTO Ha-
Oopa MCNoaAb30BAIMCH JaHHBIE ¢ HOsI0ps 1997 1. 1o
nexa6pp 2016 I. BKIIOYUTEIBHO, TPEHUPOBOYHBIN 1

TEOMATHETHU3M U ADPOHOMMUWA

TOM 63 Ne 2

BaJIMAALIMOHHBIA HAOOPHI AETUINCH CIydaliHbIM 00-
pa3om B cootHoteHUH 80% K 20%. TecToBEIT HAOOp
cocTaBisuv gaHHble ¢ 2017 o 2021 r.

4. OITMCAHUE AJITOPUTMA OTBOPA
CYIIECTBEHHBIX BXOJIHbBIX ITPU3HAKOB

Cxema ajiropuT™Ma OLIEHKM BaXKHOCTU TTPU3HAKOB
MpuBeIeHa Ha puc. 1.

17151 pabOoThI aIrOpUTMAa OLIEHKX BaXXKHOCTU HE00-
XOIMM 0a30BBIiA METO ITOCTPOSHUS MOJIEIN IIPOTHO -
3UPOBaHMsI, TTOJIYYaIOIIUii Ha BXOH JIFO0OOE KOJIMYe-
CTBO IIPM3HAKOB OT 1 1o N (mitoc 4 TapMOHUYECKIE
GYHKIIMN), 1 00yJaronInii Habop TaHHBIX.

AaroputMm oby4yaeTcs CIeayIOLIUM 00pa3oM.

Ilar 1. Ha moiHOM Habope u3 /N Ipu3HaKoB 00y-
yaeM 6a30BYyI0 MOJIEJIb 1 OLICHUBaeM KauyecTBO ee pa-
60THl. B manbHeilllieM 3Ta MoOJedb MCIOJIb3YyeTCS B
KauecTBe peepeHCHOM, HapsSIay ¢ TPUBUAIILHON MO-
JIeliblo (IIPOTHO3UpyeMOe 3HAaYeHUE = ITOCIeAHEMY
W3BECTHOMY).

Iar 2. IToouyepenHo oTopackiBaeM MPU3HAKU IO
onHomy. TpenupyeM N mogeneit ¢ N — 1 BXOTHBIM
MIPU3HAKOM Kaxaasl, OLlEHMBaeM KayeCTBO KaxKIOi
W3 HUX.
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[lIar 3. HamMeHee BaXXHBIM CUMTaeM IIPU3HAK,
Opyu yoaJleHUd KOTOPOTro TOJydaeTcsl Hawaydllast
mozesib. OKOHYATEILHO yaajisieM eTo M3 MHOXKeCTBa
BXOIHbBIX ITIPHU3HAKOB.

IIar 4. Ecu B Habope ocTanock 0ojiee 1 mpr3Haka,
npucBanBaeM N = N — 1 u Bo3Bpamaemcs K Illary 2.

ITo oxoHYaHMYM PabOTHI aJITOPUTMA BCE MPU3HAKM
OKa3bIBAIOTCSl PAHXKMPOBAHHBIMU B ITOPSIAKE OTOpa-
CBhIBaHUS, T.€. IO BO3pacTaHuIO BaxkHOCTU. OITH-
MaJjIbHbIM CUMTAEeTCsl HAaOOp BXOOHBIX MPU3HAKOB,
KOTOPOMY COOTBETCTBYET HAWJYUIIM ITOKa3aTelb
KayecTBa MOCTPOCHHOI Ha HEM MOJIEJIN.

B manHoIT paGoTe paccMaTpUBaINCh ABa BapraHTa
6a30BOro aJITOPUTMA TTOCTPOCHUST MOICIIN: JTMHEH-
Hag perpeccust (JIP) u rpaguenTHbiil 0yctunr (I'b).

JIP nMmeeT cylecTBEeHHO MEHBIIYIO BEIYMCITUTEITh-
HYIO CTOMMOCTb, OJHAKO JUHEMHOCTb 3TOrO aJiro-
pUTMa MOXET MMPUBOIUTH K XyAILIEMY Ka4eCTBY IIPO-
THO3MPOBaHMSI.

Anroput™m I'b nipeacrapisieT coboii aHCaMOIUpPO-
BaHUeE Mojiesieil AepeBbeB MIPUHSTUS pEeIIeHU, KaxX-
Jlasi U3 KOTOPbIX (B COOTBETCTBUM C MOAXOIOM OYy-
CTMHTA) UCIIPABJISIET OLIMOKHU MPENbIAYIIEi, a KOad-
GUIIMEHTBl MoJeeil TomduparoTcs aJTrOPUTMOM
IrpaalWeHTHOrO cIlycka. Moenb nepeBbeB MPUHSTHUS
pemeHuit [Breiman et al., 1983] npencraBisieT coboit
KYCOYHO-JTMHEWHBINA alllpOKCUMAaTOp U CIIOCOOHA C
3aJJaHHOI TOYHOCTbIO OTIMCHIBATh HEJIMHEWHbIE all-
MPOKCUMUpYeMble (bYyHKLUU, €CIU ITO TTO3BOJISIIOT
Kak pa3Mep M MpeacTaBUTEIbHOCTh OOy4Jaloleii Bbl-
OOpKM, TaK U TTapaMeTphl aJITOPUTMA, B OCOOEHHOCTHU
mTyObuHa MOCTPOEHHOTo Tpada NpUHITUS PELLIeHUI,
yBeJIMYeHNEe KOTOpOoit obecrnieurBaeT 60Jiee MIaBHYIO
arnmpoxkcuManmio. [pu ancaMOIMpoBaHUM CTPOUTCS
MHOKECTBO TaKMX I'padoB, ¥ KaxKIbII ITOCJIC YOI
MO3BOJISIET alllIPOKCUMUPOBATh BCE 00Jiee CIOXHYIO
U HeluHelHyo ¢yHKuuo. [To 310l mpuunHe, He-
CMOTpSI Ha JIMHEWHOCTD OTAEILHOTO y3JIa IepeBa, ajl-
TOPUTM T'PaJUEHTHOIO OYCTUHra B 11€JI0M TTpeaCTaB-
JISIET COOOil aJITOPUTM HEIUMHEMHON (KyCOUHO-JIM-
HeilHOI1) anmpoOKCUMAIIN.

Ha mannoM 3Tamne paboT MHOTOCTOMHBIIN Iepcerr-
TpoH (MCII) B kKauecTBe 0a30BOro ajropmrMa He
paccMaTpuBajICs BBUAY BBICOKOKW BBIYMCIUTEIbHOM
CTOMMOCTHU TIOCTPOEHUST Mojieaur (IoiHasl peaiu3a-
LI1s1 AITOpUTMa oTbopa TpedyeT Ha UMEIOIIIMXCST BbI-
YUCJIMTEJIbHBIX MOIIHOCTSIX OKOJIO ABYX MECSILIEB He-
IIPEPBLIBHOTO CYETA, YTO KPATHO IIPEBHIIIACT BHIUMC-
JINTEJIbHYIO cToMMOCTh i1 I'B).

Taxkum o6pazoM, OBLIO IMTOTYUYEHO ABA JTYUIITNX Ha-
Oopa BXOOHBIX MPU3HAKOB: OTOOpPaHHBIN ¢ TOMO-
mbio JIP (Ha Hem ObL1a mosydeHa Jjydmast JIP-mo-
Jienb) U OTOOpaHHKBIN ¢ momolbio I'b (Ha HeM ObLIa
noiaydeHa jgydias ['b-Monens).

TpeTuit ay4muit HA60p BXOTHBIX ITPU3HAKOB IO~
JIydajcs cleaylomuM obpa3oM. PaccMmaTpuBanuch

IT'EOMATHETU3M U ADPOHOMMUA

MOCJIENOBATEIbHOCTH HAOOPOB BXOIHBIX IIPU3HAKOB,
noiaydyeHHble ¢ moMolpio JIP B nnanaszoxe ot 3 mo
31 BXOOHOIO IIPM3HAKa W OTHAEIbHO ¢ nomoiubio I'b
B TOM 3Ke muamna3oHe. Ha xaxxmom m3 3Tnx HabopoB
obydanock 1o 5 MCII ¢ pasmmaasIMy MTHULIAATIN3A -
LUSIMUA BECOB; OTBETHI 3THUX 5 ceTell yCpemHSUIUCH.
Havnyuymum g MCIT cuutancss HaOOp BXOTHBIX
MPU3HAKOB, 11 KOTOPOI'O TaKOK OJHOPAHTOBbIN KO-
muteT 13 5 MCII gajn HauydInuii mokasartelib Kaye-
cTBa. DTOT Ke HabOp MPU3HAKOB CUMTAaJICS Hauboiee
dusnyecK coaepxXaTeJIbHBIM IpH aHajlu3e OTO-
OpaHHBIX MPU3HAKOB (CM. HILKe), mocKoibky MCII
B CWJIy CBO€i HEJIMHEMHOCTW W CBOICTBA YHUBEP-
caJIbHOM almIpoOKCUMAIITM OTOMpPAeT MEHBIITee KOJIH -
yecTBO IMpu3HakoB, 9yeM JIP niam I'b.

Takum ob6paszoM, WIST KaXXIOTO TOPU3OHTa TIPO-
THO3UPOBAHUS OT 1 10 6 9 CpaBHUBAIMCH MEXITY CO-
00if pe3yJIbTaThl CIACHYIOIINX MOICIICH:

L TpI/IBI/IaIILHaSI MOICIIb,

o JIP na nmyumem nys JIP HaGope ripu3HakoB, OTO-
OpaHHOM C ITOMOIIBIO ajiropuT™Ma (puc. 1);

e I'b Ha nyuieMm misa I'b Habope mpu3HaKoB, OTO-
OpaHHOM C MOMOIIBIO anroputMma (puc. 1);

e MCII Ha ayuymiem ajass MCIT HaGope mpu3Ha-
KOB, OTOOPAaHHOM C MOMOLIbIO OMUCAHHOW BBbIIIE
MpoNeayphl M3 HaGOpOB, ITOJIYYSHHBIX B IIpoliecce
pa6otsl anroputMa (puc. 1) o JIP u I'b.

5. PE3VJIBTATDI

M310X1M 31€Ch OCHOBHBIE TTOJIy4YeHHbIE pPe3Yilb-
taThl. Kak XpuTepun KadecTBa MOJYYEHHBIX MOJE-
Jieit MBI Be3ie UCITOJIb3yeEM CpEeIHEKBAAPAaTUIHOE OT-
xioHenre (CKO) u kosdduumeHT getepmMuHanu R2,
paccuyMTaHHBIC Ha TeCTOBOM Habope naHHBIX (2017—
2021 rr.).

3aBucumocty CKO oT KommyecTBa BXOIHBIX ITPH-
3HAKOB MOJICJIN HOCSIT CXOXKMIT XapakTep IJIsI BCEX TO-
PU30HTOB IMPOTHO3MPOBAHUS 1 IJIT 000MX 0a30BBIX
airoput™moB (JIP u I'b). Ha puc. 2 npuBeneHa takas
3aBMCUMOCTb IS TIporHo3a Ha 1 4 ¢ momorisio JIP.
Ha puc. 3 — ¢ momousto I'b. BunHo, 4To B 1iej10M 3a-
BUCUMOCTD SIBJISIETCSI BRIpaXKEHHOI BeCchbMa cJIabo, a
CKO moka3pIBaeT BbIpaxKeHHbIII MOHOTOHHBIM POCT
JIMIIb TIpU OOIIeM KOJIMYEeCTBE IIPU3HAKOB MeEHee
15—20. OnpHO3HAYHBII BBHIBO, KOTOPBIA MOXKHO CIe-
JIaTh U3 HAOJIOJaeMBIX 3aBUCUMOCTEN — KOJTMYECTBO
BXOIHBIX TTPU3HAKOB IJIST 000MX 0a30BBIX AJITOPUT-
MoB (JIP u I'B) MmoxeT OBITh KpaTHO YMEHBIIIEHO 0e3
TOTEPU WJIN JaxKe ¢ HEKOTOPBIM MOBBILLIEHMEM Kade-
CTBa IIPOTHO3UPOBAHUSI.

C Touku 3peHUs aHaIM3a (PU3MIECKUX B3aMMO-
CBSI3e1 HanOONBIITNI MHTEpEC MPEACTABISIOT MUHU -
MaJIbHbIe (Cpeay TpeX aJITOPUTMOB) IO KOJUYECTBY
MPU3HAKOB KOHMUTYpallud, OTOOpaHHBIE OMMUCAH-
HBIM BbIlIe criocodoM ¢ romolnbio MCIIT Ha ocHOBe
Ne 2

TOM 63 2023
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Ommnbka ITPOIrHO3MPOBaAHNA B 3aBUCUMOCTHU OT KOJIMYECTBA ITPU3HAKOB
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Puc. 2. 3aBucuMocTh CpE€AHEKBAAPAaTUYHOI'O OTKJIOHCHUS IIPOTHO3a Ha 1 4 ¢ momoIpI0O ajJiropurMa JIMHEeHOI perpeccuun Ha
TECTOBOM Ha6ope OT 4YuCJia BXOJAHBIX IIPU3HAKOB.

Omnbka IIPOTHO3MPOBaHUA B 3aBUCUMOCTHU OT KOJIMYECTBA ITPU3HAKOB
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Koi-Bo IIPHU3HAKOB

Puc. 3. 3aBucumocTb CpE€AHEKBAaAPAaTUYHOI'O OTKJIOHCHUS IMPOrHo3a Ha 1 9 ¢ momo1bIO aJiropyuTMa rpailu€HTHOTO GYCTI/IHFB.
Ha TECTOBOM Ha60pe OT 4YucCJjia BXOOHBIX ITPU3HAKOB.

MIPUMEHEHUS aJITOPUTMA ITO3TAITHOTO OTOpachIBAaHUSI ~ HMSI OTHOCUTEILHO MOMEHTA MporHo3upoBaHust (ot 0
npu3HakoB Ha 6ase JIP u I'b. Ha nByx crnenyromux 10 23).

pUCYHKaX OTMEYEHBI BXOIHbIC MPU3HAKHU, OTOOpaH- CpaBHeHue puc. 4 1 5 MOKa3bIBaeT, YTO OTOMpac-
HBIE B KAYeCTBE CyLIeCTBEHHbIX Ha 6ase JIP (puc.4) M mpie koMIUTEKTHI MPU3HAKOB HECKOJIBKO pa3jinyaroT-
Ha 6a3e I'b (puc. 5). B cTronbuax — BXxonHble GU3NYE-  cd; 19 JJOTUYECKOTO 3aBEPIICHUS pabOThl HEOOXO-
CKue BEJIMYMHBI U TOPU3OHT MPOTHO3a B yacax (0T |  muMo mpoBecTH OTOOP CYLIECTBEHHBIX IIPU3HAKOB C
II0 6); B CTpOKax — 3aepKKa UCIOIb3YeMOT0 3Haue- MoodepeaHbIM ydajdeHueM Ha 6ase camoro MCII.

TEOMATHETU3M U ABPOHOMMUA  Ttom 63  Ne2 2023
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[TpusHak Dst By GSM

Bz GSM

B magn SW_spd H den SWP
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Puc. 4. CyliecTBeHHbIC BXOIHBIE IPU3HAKK, OTOOpaHHbIe ¢ moMolbio MCIT Ha OCHOBe IPUMEHEHUS AJITOPUTMA ITO3TAITHOTO
oTOpachIBaHUSI IMTPU3HAKOB Ha 6a3e JIP (oTMeueHbI IBeTOM 1 CUMBOJIOM “X”). B cTon011aX — BXOOHBIC (PU3NYECKIE BETUUYMHBI
¥ TOPU3OHT MPOTHO3a OT 1 10 6 4. B cTpokax — 3ajepXKa B YacaX OTHOCUTEIbHO MOMEHTA ITPOTHO3UPOBaHUSI.

OmHakKoO MOXHO 3aMETUTh, YTO HpPUMEHEHHBII
aTalTUBHEIN METOO O0TOOpa, He MMEIOIINIA 110 CO-
0oif mpsIMOIt (pM3MUeCcKN OOYCIIOBIEHHON MOIEIH,
onpeneans Kak HaMMeHee CYIIEeCTBEHHYIO U3 pac-
CMOTpeHHbIX (pusndeckyo Beaunuuny By GSM. B
YMCJIO HanuboJiee CYLIECTBEHHBIX BXOASAT 3HAYECHUS
caMoOro NpOTHO3UpPYyeMOTro MHAekca Dsf, a TakxKe
3HayeHUst Bz GSM U MJIOTHOCTU ¢ MaJIbIMU 3aAePXK-
KaMM{ OTHOCHUTEILHO MOMEHTa IPOTHO3UPOBAHUS
(ot 0 mo 3 u).

Ha puc. 6—8 mokaszaHbl IIpUMeEpHI pe3yIbTaTOB
MMPOTHO3MPOBaHUS Pa3IMYHbIMU ajiropuTMamu (JIP,
I'b, MCII Ha ny4inux Habopax MIPU3HAKOB, a TaKXe
TpUBUaJIbHas MOedb) Ha 1—3 4 U UCTUHHBIN Bpe-
MeHHO# xon uHaekca Dst 1jisi yMepeHHON MarHuT-
Holi 6ypu 27—29 aBrycta 2021 r. BuaHo, 4To Bce aj-
TOPUTMBbI MMPOTHO3UPOBAHUS PabOTAIOT CYIIECTBEH-
HO Jlydllle, YeM TpUBUaIbHAs MOJe/ib, a KauyeCTBO
MPOrHO3a 3aMETHO JIETPaupyeT C YBEJIMYEHUEM TO-
puzoHTa. CTaTUCTUYECKUE ITOKA3aTeJM HCIOJb30-
BaHHBIX MOJIeJIeit Ha TECTOBOM HabOpe B 1I€JIOM TIpH-
BeleHbI B Ta0iI. 1.

IT'EOMATHETU3M U ADPOHOMMUA

W3 pe3ynbpTaToB B Ta0JI. 1 BUIHO, YTO HAUJIy4IIIee
KauyeCcTBO MPOTHO3UPOBAHUS U3 BCEX PACCMOTPEH-
HBIX Mojeseil obecliednMBaeT T'pagUueHTHBIN Oy-
CTUHT. DTO B LIEJIOM COOTBETCTBYET pe3yjbTaTaM,
MOJIy4eHHBIM HaMM paHee 6e3 oTbopa CylleCTBEeH-
HBIX TIPU3HAKOB B pabote [MsirkoBa u ap., 2021], B
koTopoii I'b Takke mokaszan Oojiee BBICOKME pe-
gyabTaTthl, 4yeM MCII. OaHako 18 MNOJHOCTbIO
aJleKBaTHOTO CpaBHEHUS METOIOB HEOOXOAMMO,
YTOOBI OTOODP CYIIECTBEHHBIX ITPU3HAKOB KazKIbIi
pa3 OCylUIECTBJSJICI Ha 0a3e TOro e MeToja Ma-
IIIMHHOTO OOY4YeHUSs, C MOMOIIbIO KOTOPOTO OCYy-
LIECTBJISETCSI IPOTHO3UpPOBaHUE (B HbIHEIIHE TMo-
ctaHoBke 1jist MCII 3To ycioBUe HE BBITTOJIHEHO).
DTO MIaHUpyeTCs CAeaTh IPU AajbHe11IeM pa3BU-
TUU TAaHHOTO UCCJIETOBAHUS.

MoxHO Takke 00paTUTh BHUMaHUE Ha TOT (haxT,
yto is1 I'b u JIP ot60p cylliecTBEHHBIX TPU3HAKOB B
OOJIBIIMHCTBE CIy4yaeB HE MPUBOAUT K YIYYIIEHUIO
KadyecTBa MOJIENIN, TTO3BOJISISI, OAHAKO, TTOJIyYUTh MO-
IIedb C TMPAKTUYECKU TE€MU K€ CTAaTUCTUYECKUMU
MOoKa3aTesIMA NPU KPAaTHO MEHBIIEM KOJIWYECTBE
Ne 2

TOM 63 2023
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ITpusHak Dst By GSM

Bz GSM

T

B _magn SW_spd _den_SWP

Topu3oHT | |3|4|5|6 |2|3|4|5]6 |

[3]4]5]6

t2]3]4]s]e]1]2]3]4]s]e]1]2]3]4]5]6

0 X X X o/ X olX X X

O ||| N|n|H~ Wi |—

—_
o

—
[\S]

—
w

i,
~

—_
(V)]

—
(=)

—_
Q

—
2]

—
O

[\
o

[\
—

N
[\

—
O BSIO 0 0 0 P O 0 Q0 0|0 00 000 Q0 0 Q9 0 EE—
O OBSNO O 0O DO OO0 0 D0 0RO OEBEC BENOC BENO O Sl
X 0O X X X O X 0 0O 0 0 0O 0D 0O X 0O O D 0O X a
0 0000 80 000 000D 00 00 0 D0 0 EEO B —
00 00 0 000 00 00 000 0 0 0 0 O REEAEESE o
0O 0000 0000 0000 QD0 0FBEOC D O BRI
0 0 0D0OQ0 0 R0 0D O Q0 0 Q0 0 DO 00 D0 00 B
0 Q0 000 QC DoDEEO 0O 0 0 00 O0BENEC OO 0 0B
0000 000 0 0'0 0 00 00 0 0 BHOD BRI O B

1
o
o
o
0
o]
o
o
o
0
o
o
(o]
o
o
o
o
o
0
o
o
0
o
o
0

S O BRSO O O 0O OO O OO0 B0 O BEENEC O B
0 000 IO OBEC 0O 0 0 SEEEEENEEC O BENO e
OO O O IO OBIOC O 00 BEEEEGC O BNO O RS
000|000 |DDBD 000|000 |0 B0 08| B
&0 0000 D000 GO D0 o0 D0 O DO OO oo o0 o0
00 0o o'po'o 0D O OEEO 'Cc D000 EE
G ola|oagplacloo!a oot lo oo Biaind o
000|000 0000 00 B0 o0 CcENOC 0 0 0 BNOC

N
w

X o X X X X X X X

>
>
Py O

=]
o
Q0000 Q000 00 00 00 00 0 0 0 BNO O

2
X
X
o
o
o
o
0
0
o
0
0
0
o
0
o
o
0
0
o
o
o
o
0
0

020|000 Q|0 80|00 |00 000 0|0 |a
000 00 Q0 0000 000 00 '0c OO0 O
0 O 00 0ODD OO0 0 OBEO D O 0 0 D EENO B
PR O O 0 20 00000 0EE0 0 0 00 BEC RN
MO0 O 0 0 00D 0O C 0 Q0EBEOD OBO O O SO0 B O
O DO BOC 00 00 0OEBEO C O 0D O 0RO B
0 0 00|00 000 0| 02|00 00|00 000 00|
0000 Q0 R0 0000 Q0 0 00 0 D 0 O EEEE
000 0 OFBNO O O 0|0 0 OFED OBEO C O 0 Q0 Q
o 0 0 0 0 00 0 0 0|0 0 0 00 0 0 0 00
0O OO B0 OO0 00 00000000 D0 @EEo OB
00 000|800 0 a0 00 00 000 0 00 RN
0O 0O 0|00 QD O 00 0 D0 D 0 D 00 0 D O O
0 Q0 0006 Q06 0/ag 00 0 e 0000 0 0 0.
Q000|000 0 0 0 000 0 0 0 00 0 0 O EE
(< RN - Bl - - B = B = = = B < B S = = R - N = I T T~ B = T - < M

Puc. 5. CymectBeHHbIE BXOIHBIE TPU3HAKU, 0OTOOpaHHbBIe ¢ ToMolbio MCIT Ha OoCHOBe MPUMEHEHUS AJITOPUTMA TTO3TAITHOTO
oTOGpachiBaHus MpU3HAKOB Ha 6a3e I'b (oTMedeHBI IBeTOM M cMBOJIOM “X”’). B cT01611aX — BXOAHBIC (DU3NYECKUE BETMIMHBI
Y TOPU3O0HT IIPOTrHO3a OT 1 10 6 4. B cTpokax — 3amepkKa B yacax OTHOCUTEILHO MOMEHTA IIPOTHO3UPOBAHUSL.

BXOMHBIX TPU3HAKOB (AHAIOTUYHBII BBIBOI y3K€ OBLIT
clesiaH BBIIIE HA OCHOBE 3aBUCUMOCTH CTaTUCTHYE-
CKMX TIOKa3zaTejieil OT KOJIMYecTBa MPU3HAKOB IPU
otoope, cMm. puc. 2, puc. 3). dnsas MCII curyanus
WHas: Jaxe MpU UCTIOJIb30BaHUM B KauecTBe 0a30BO-
ro aJlropuTMa Tpu oTOéOpe MPU3HAKOB METOJa, OT-
ymuHoro ot camoro MCII (I'b wmm JIP) ynaetcs mo-
JIY9UTh MOZIEJIN, Ka4eCTBO KOTOPHIX BHIIIIE, YeM Kade-
ctBo MCII-Moneneif, TOCTPOEHHBIX Ha IIOJTHOM
Habope MPU3HAKOB (HE TOBOPSI O BBHIYMCIUTEIBHOM
CTOMMOCTHU TaKOM MOJIEJIN).

O0BsIcHUTH HabmogaeMbIii 3¢@EeKT MOXHO Cie-
OyllM obpa3oM. Pa3Hble MeTOAbl MallMHHOTO
OOy4YeHHUST II0-pPa3HOMY YYUTHLIBAIOT BXOOHEIC TaH-
HBIE, UTO HEMOCPEICTBEHHO BIUSET HA OTOODP, U 4TO
XOPOIIIO 3aMETHO IO pe3yabTaTaM, IPUBEICHHBIM B
HIKHEN JacTh Tabannbl 1 misg KoadduimeHTa ae-
tepmuHanmu. B vactanocti, MCII Bcerma ncmoib3y-
€T BCE BXOIHbIE TIPU3HAKH, N3-3a YETr0 MPU HaJIMIUU
B HaOope M3OBITOYHBIX TIPU3HAKOB SIBJISICTCS B HaU-
OoJibllIeil CTeNeHM MOABEPKEHHBIM KaK MepeydyrBa-
HUIO, TaK U 3PdeKTy KOHIIeHTpauuu Mephl. [To3u-
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TUBHBIN 3P PEKT OT ITIOHMKEHUS BXOTHOM pa3MepHO-
CTU HabJyogaeTcsl A1 BCeX TOPU3OHTOB IMPOrHO3a;
IIPU KMCHOJIb30BAHUM TOJBLKO BXOIHBIX HPHU3HAKOB,
OTOOpaHHBIX ¢ TToMollbio JIP, koadduumueHT getep-
muHauuu Moxaeneit MCII pacTeT mo cpaBHEHUIO C
MCII, HaTpeHUpPOBaHHBIMKU Ha TIOJHOM Habope
npusHakoB. MHast cutyanuyst HaGI0maeTcs ST MO-
neneit Ha ocHoBe JIP u I'b. JIP comepXuT MHOTrOKpar-
HO MeEHbIIIee KOJIMYECTBO MOACTpaMBaeMEBIX I1apa-
metpoB, yeM MCII, u oka3pIBaeTcsI B COCTOSIHUU
“OTKJIIOYUTH” MAJIOCYIIECTBEHHbIC IPU3HAKM, YCTa-
HaBJIMBasl IJIsl HUX B IIpolecce 0OydeHMsI MaJjible Be-
JIMIUHBI PETPECCUOHHBIX KO3(PPUIIMEHTOB. AJTO-
put™ I'b oTrOGupaer Hambonee cyliecTBEeHHBIE IPU-
3HAaKM SIBHBIM OO0Opa3oM B IIPOIIECCE IIOCTPOECHUS
KaXXI0ro COCTaBJISIIOIIETO MOJENb AepeBa pellIeHUIA.
PesynbraToM 3TOTO SIBNSIETCS TOT (DAKT, YTO BHEIII-
HUI 10 OTHOIIEHMIO K aJTOPUTMY OTOOp IO UTOTY
MaJjio BJIMSIET Ha Pe3yJIbTaThl 3TUX ABYX aJTOPUTMOB:
pa3Hulla MexXay KoaduimeHToM 1eTepMUHaLIAY Ha
MMOJHOM M Ha “nydiieM” Habope JaHHBIX ISl 000UX
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ITpornos Dst unaekca Ha 1 4

Dst, HT

= [IpOrHO3UpyeMOE 3HAUCHUE

I," - XGB Ha ny4iiieM BeIGOpe
3 O — = MCII Ha nyuiiem BIOOpe
—80 / - JluH. perpeccust Ha y4ilieM BbIOOpe
== TpuBHabHasI MOJEb
1 1 1 1 1 1
00:00 12:00 00:00 12:00 00:00 12:00 00:00
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JlaTta

Puc. 6. ITpumep nporHosa nHaekca Dst Ha 1 4 ¢ ITOMOIIBIO Pa3HBIX PACCMATPUBAEMbIX MOIEJIEH, U ICTUHHbBII BpeMeHHOM X0
uHaekca Dst.

I1porxo3 Dst uamekca Ha 2 4

Dst, uT

we [TpOTHO3MpPYEMOE 3HAYCHUEC

H oy - XGB Ha ny4diem BeIGOpe
—80 |- v’ — .~ MCII nHa nyuriem BoIGope

woF —— JIuH. perpeccusi Ha JiydleM BbIOOpe
== TpuBmnanbHas Monenb

Il Il Il Il Il ]
00:00 12:00 00:00 12:00 00:00 12:00 00:00

27 aBr. 28 aBr. 29 aBr. 30 aBr.
2021 2021 2021 2021
Jlara

Puc. 7. IIpumep nporHosa uHaekca Dst Ha 2 9 ¢ ITOMOIIBIO Pa3HBIX paCCMaTPUBAEMbIX MOJIIEJIC, 1 ICTUHHBII BpeMEeHHOM X0
uHaekca Dst.
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IMporHo3 Dst unaekca Ha 3 4

Dst, HT

== [IporHo3upyemoe 3HayeH1e
------ XGB Ha nyuireM BoiGOpe
— -~ MCII Ha nyuiiem BbIOOpe
JIuH. perpeccust Ha JIy4IieM BeIoope

—100 |- ’ == TpuBuasibHasi MOIE/Ib
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Puc. 8. [Ipumep nporHo3a nHaekca Dst Ha 3 9 ¢ TTOMOIIIBIO Pa3HBIX pacCMaTPUBAEMbIX MOJIEJIC, 1 ICTUHHBII BpEMEHHOM X011
uHaekca Dst.

Ta6mmma 1. CpaBHeHUe CTaTUCTUYECKUX TTOKa3aTesieil pa3HbIX MOe/Ieil Ha TeCTOBOM Habope aaHHbIX (2017—2021 rr.).
BBepxy — cpenHekBanpaTuaHoe otkionenne (CKO) B HTI; BHM3Y — K09(bGbULMEHT neTepMuHaniy (R?)

CKO Mognenb, HabOp IMPU3HAKOB
I'b I'b MCIT MCI1 MCI1 JIP JIP TpUBUAJIbHAs
TOPU3OHT N N . . .
TIOJTHBIN JIYYIIUIA TOJTHBINA ayuyur. I'b | myymr. JIP OOJHBIA | JTydIIudid MOJENIb
2.912 2.781 2.717 2.615 2.621 3.384
4.254 4.158 4.135 4.136 4.152 5.468
5.315 5.326 5.307 5.323 5.329 6.856
6.196 6.215 6.208 6.261 6.266 7.828
6.818 6.872 6.868 6.928 6.935 8.568
7.243 7.333 7.320 7.382 7.403 9.181
R? Mouneinb, Habop IIPU3HAKOB
I'b MCII MCII MCII JIP JIP TpUBUAaJbHas
TOPU30OHT . . . .
TIOJIHBIA MOJIHbIN ayuyut. I'b | sgyqur. JIP MOJIHbIN JIYYILIUAA MOJIe/Ib
0.946 0.951 0.956 0.957 0.956 0.927
0.885 0.890 0.897 0.891 0.890 0.810
0.820 0.819 0.830 0.820 0.819 0.701
0.756 0.754 0.768 0.750 0.750 0.610
0.704 0.699 0.716 0.694 0.694 0.533
0.666 0.658 0.677 0.653 0.651 0.463

ITpumeuanue. I'b — rpanuentHblit 6yctunr, MCII — MHorocoiiHbIi nepcentpoH, JIP — nuHeiiHas perpeccusi; MOJHBIA — MOJHBII
HabOp BXOOHBIX TMPU3HAKOB 0e3 OTOOpa; JYYIIWii — JIydiIuii OTOOpaHHBIE HAOOpP BXOMHBIX MPU3HAKOB IIPU MCIOJIB30BAHUM
YKa3aHHOTO aJIFOPUTMA B KauecTBe 6a30BOTO.
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anroput™MoB He npeBbimaeT 0.002, yTo He gBageTCS
3HAYMMBIM.

Haomomaemsrit nist MCII mo3utuBHEBIN 3P deKT
MMOHIKEHUST BXOOHOM pa3MepHOCTHU JaeT OCHOBAHUSI
IoJjararthb, 4to Ipu ucroib3oBannu MCII B kauecTBe
0a30BOIf MOIIEN TIPU OTOOPE MOTYT OBITh HalIeHBI
MHOXECTBa CYyIIECTBEHHBIX IPU3HAKOB, 00ECIIeur-
BaOIIMX HauBBICIIEE KauyeCTBO MPOTHO3UPOBAHMSI.
HecMoTpss Ha BBICOKYIO BBIYMCIMTEILHYIO CTOM-
MOCTb IIOJOOHBIX BBIYMCIMTEILHBIX 3KCIIEpUMEH-
TOB, UCCJIEIOBAHUSI B TOM HaIllpaBJIeHUU OyIyT IIPO-
JIOJKEHBI JIJIST IIPOBEPKU 3TOM TUIIOTE3bI.

6. BbIBOJ bl

B manHoi#1 paboTe pacCMOTpPEH aJTrOPUTM MOJTyde-
HUsl HauoOosiee 3(pGhEeKTUBHONH MOJEIM MaIllMHHOTO
o0ydeHMsT IJIs MPOTHO3UPOBAHUSI T€OMArHUTHOTO
nHaekca Dst myTeM IIOCTENEHHOro OTOpachIBaHUS
BXOJHBIX TPU3HAKOB HAa OCHOBE CJIEAYIOIINX METO-
JIOB MalllMHHOTO OOy4eHUs: JIMHEeWHas perpeccus,
IrpaaveHTHBII OYCTUHT, UCKYCCTBEHHAsi HEpOHHast
ceTh TUIA MHOTOCJIOMHBIN nepcenTpoH. Ha ocHoBa-
HUU TIOJYYEHHBIX PE3YJbTaTOB MOXHO CAeaTh clie-
JIyIO1lIi€ OCHOBHbBIE BHIBOJIBI.

1) OT6op CyIIECTBEHHBIX BXOTHBIX ITPU3HAKOB
MIPpY TIPOTHO3WPOBAaHUM 3HAYEHUII TeOMarHUTHOTO
wHAekca Dst MeTogaMy MaIlTMHHOTO OOy4YeHUs T03-
BOJISIET KPAaTHO YMEHBIIIUTD KOJIMIECTBO MCTIONIB3ye-
MBIX BXOIHBIX IIPU3HAKOB 0€3 IMOTepH KauyecTBa Ipo-
THO3UPOBAHMSI.

2) OtbupaeMble C IOMOIIBIO MCIHOJIB3yeMbIX alarn-
TUBHBIX METOJIOB HanboJiee CyllIeCTBEHHbIE BXOIHbIE
MPU3HAKU MO cBoeMy (DU3UUYECKOMY CMBICIY COTJla-
CYIOTCSl C CYIIECTBYIOIIMMU MPEACTABIEHUSIMU O
BJIUSTHUU PA3JIUYHBIX (PU3NYECKUX BEJIMYUH HA BO3-
MyllleHre MarHutocdepsl 3emian. B kauecTBe Hau-
MeHee CYIIeCTBEHHOW W3 pPacCMOTPEHHBIX Oblia
omnpezaeneHa (pusndyeckass BeJIMYMHA y-KOMITOHEHTHI
MEXIIJIAHETHOTO MarHUTHOTO noJjst B cuctreme GSM
(koTopas v ObL1a BKJIIOYeHa B CITMCOK BXOIHBIX MPU-
3HAKOB C 1I€J1bI0 MPOBEPKU TOTO, CMOXKET JIM aJIro-
pUTM 3TO OOHaApyXuTh). B 4ncno Hambomee cyiie-
CTBEHHBIX 0XKUJaeMO BOIIUIM 3HAYEHUSI CAMOTO Mpo-
THO3UPYEMOTO MHIeKca Dst B LIMPOKOM uarna3zoHe
3a7epKeK, a TAaKKe 3HaUeHUs BZ-KOMIOHEHTBI MEX-
TUIAaHETHOTO MarHuTHoro moJisi B cucreme GSM u
TJIOTHOCTHU MTPOTOHOB B COJTHEYHOM BETPE C MaJIbIMU
3aIep>KKaMM OTHOCUTEILHO MOMEHTa MPOTrHO3UPO-
BaHus (ot 0 mo 3 ).

3) Haunyuiiiee KauecTBO MIPOTHO3UPOBAHMS Ha Te-
CTOBOM HabOPe TaHHBIX ITOKA3aJl AJITOPUTM IPagueHT-
HOro OYCTMHTa Ha MOJTHOM Habope BXOAHBIX MpU3HA-
KOB WJIY C OTOOPOM CYIIECTBEHHbBIX BXOAHbBIX MPU3HA-
KOB Ha 6a3e 3Toro ke agroputma. C yBeImIeHUEM
TOPU30HTA IIPOTHO3a KAYECTBO IMPOTHO3a TS BCeX ajl-
TOPUTMOB MAIITMHHOTO OOyUYEHUS OIITYTUMO TTaacT.

IT'EOMATHETU3M U ADPOHOMMUA

BIIAAUMMPOB u np.

4) J1J1s1 IOTUYECKOI0 3aBepIlIeHMsI JAaHHOTO UCCIIe-
JIOBaHUSI HEOOXOAMO ITIOCTAaBUTh MACIITAOHBIN BbI-
YUCJIUTENIbHBIA B3KCIIEPUMEHT II0 OTOOpY Cylle-
CTBEHHBIX BXOITHBIX ITPU3HAKOB MCIIOJIb30BaHHBIM B
JIaHHOII paboTe aJTOPUTMOM IIOOYEPETHOIO ymaje-
HUSI TIPU3HAKOB Ha 6a3e MHOTOCJIIOMHOTO MePCENnTPO-
Ha. [TojiydeHHBIE B TAKOM 3KCIIEPUMEHTE pe3yjibTa-
ThI IO TIPOTHO3MPOBAHUIO MHAEKCA Dst ¢ IOMOILbIO
MCII Ha oToOpaHHOM Habope MPU3HAKOB HEOOXO-
JIVUMO CPaBHUTH C pe3yJibTaTaMH, IOJyYCHHLIMU B
HacTosIeil paboTe ¢ MOMOILBIO TPAAUEHTHOIO Oy-
cTUHTa U ¢ momouisio MCII.

5) IomyyeHHBIE B CTaTbe Pe3yabTaThl O OTOOPY
CYIIECTBEHHBIX BXOOHBIX MPU3HAKOB CITpaBEIIUBHI
JIJIsT KOHKPETHOI 3a1auM TIPOTHO3MPOBAHMS TeoMar-
HUTHOro uHaekca Dst. OgHaKo caM I10 cebe UCTOJIb-
30BaHHBII aJITOPUTM OTOOpA SIBJISIETCSI YHUBEPCaJlb-
HBIM U MOXET OBITh MCIOJIL30BaH IIPU PELICHUU
JIPYTUX 3a7a4 NPOTHO3UPOBAHUS Ha OCHOBE MHOIO-
MEPHBIX BpeMEHHBIX psaoB. B yactHocTH, TpeacTas-
JISeT UHTepec IMPpUMEHEHUE NTaHHOIO ajifopUTMa B
mpoliecce MTPOTHO3UPOBAHUST IPYTUX T€OMAaTrHUTHBIX
nHaekcoB (Kp, AE, AL, Ap n np.) u cpaBHEHHE MHO-
KECTB CYIIECTBEHHBIX MPU3HAKOB, OTOMPAEeMBbIX IIPU
MMPOTHO3UPOBAHUU Pa3HbIX I'€OMATrHUTHBIX WHIEK-
COB B OJHUX U1 T€X XK€ BPEMEHHBIX AMalia30Hax.

OUNHAHCHUPOBAHUWE PAGOTbI

Pa6ora BbIlTOTHEHA IO TOCOIOMXETHOW TeMaTUKe
HayuyHo-uccienoBarenbcKoro MHCTUTYTA SIIepHOM (husm-
ku uMm. [.B. CkobenbiibiHa MOCKOBCKOTO rocy1apCTBEH-
Horo yHuBepcuTeta uM. M.B. JloMoHOcoBa, Tembl 6.1
(01201255512) u 2.1 (115041410195).
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