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Beenenue

boJiblioe KOMMYECTBO Pa3IMYHBIX
pPa3pabOTAHHBIX MPOTHO3HBIX MOJEIIECH
U METOJOB, KOTOpPBIE MOCTOSHHO CO-
BEPIICHCTBYIOTCS, [UIsl MCCIEI0BATENS
CO3/IaCT CJIOKHOCTh MOCTOSHHOTO BBI-
oopa. Ilpu 3TOM TOYHOCTH TPOTrHO3a
3aBUCUT OT MHOKECTBA (PAKTOPOB, Ta-
KHX KaK: MpeAMETHAs 00JIacTh U Kaye-
CTBO Ha0Opa JTaHHBIX, KOHKPETHAs pea-
JU3anus AIrOpuTMa MOJIENH, METOIMKA
BepU(UKALMM  PE3yJIbTaTOB. Takum
00pa3zoM, CYIIECTBYET HEOOXOIUMOCTh
aBTOMATHU3AllMA PYTHHHONH YacTH BbI-
YUCJICHUH, KOTOpas MOXKET ObITh pea-
JM30BaHa C MOMOLIBK) METOJIOB aBTO-
MaTH4YE€CKOr0 MAIMHHOTO aHAJIHA3A.

OCHOBHOH aNrOpPUTM HACTOSILETO
UCCJICIOBAHUSL  COOTBETCTBYET  3Ta-
mam4 wm 5 wmeromonorun SEMMA
(Sample, Explore, Modify, Model
n Assess) [1], xoTopas onpenenser
ATanbl MPOBEACHUS MHTEIIEKTYAIbHO-
ro aHaju3a gaHHbix (Data Mining).

Cranpaptr SEMMA npencrasnser
YHU(PUUUPOBAHHBIA ~ MEKOTPACIEBOM
NOJIX0J K HTEPAaTUBHOMY IPOLECCY MH-
TEJJIEKTYAJIbHOTO  aHAIM3a  JaHHBIX.
[Ipn ero WCHONB30BAHUMA HWCCIEI0BA-
TEJIb PACIOJIAracT HAyYHbIMU METOJa-
MU TOCTPOCHHUS KOHLICTIMM MPOEKTA,
€ro peanu3aluy W OLECHKH PEe3yJibTa-
TOB.

[IpeameTHO#l 0OMacTeO MOCHY-
Kuia  00CTaHOBKAa € MOXKapamu
B HACCJICHHBIX MYHKTaX pPeCnyOIuKu,
BBIPOKEHHAS B UX CYMMApPHOM KOJT4Ye-
CTBE 3a CYTKH.

[Toxxapowm, OTHOCSLIUMCS
K KATECrOpUM TEXHOTCHHBIX YPE3BBI-
YaWHBIX CHUTYyalllid, CYUTACTCS HEKOH-
TPOJIUPYEMOE TOPEHUE BHE CIECLUAb-
HOIO0 ouara, mpuBOjslIice K yuiepOy.
B nanHoii paboTe He paccMaTpuBarOTCs
PA3JIMYHBIE MAJIO3HAYMTENBHBIE 3aro-

PaHUsl, HE OTHECEHHBIE K MOKapam (He
HAHECUINE MAaTEPUAIBLHOTO yIepoda),
Y IPUPOJIHBIC MOKAPBI.

B PecnyOnuke benapych rocy-
JAPCTBEHHBIM CTAaTUCTHYECKUH YYET
[IOKapOB  OCYIIECTBIAET Harmonamns-
HBIA CTATUCTUYECKUI KOMUTET. B pam-
Kax 3TOr0 y4yera CBEICHMS O MoyKapax
U WX TOCIEICTBUSIX HAa OOBEKTAX >KH-
JIOTO CEKTOpa COOMpPAET W MPENOCTAB-
ageT MHHUCTEPCTBO MO YpE3BbIYAii-
HBIM CHATyalusm [2].

OcCHOBHAasl 4aCTh

Bonpocsl, kacaromuecss pasBe-
JOYHOTO AaHaIM3a W HCCIEAOBAHUS
AHOMAJIMA C MOMONIBI0 MOJIENHN Ha Oa3e
BPEMEHHBIX  PSZIOB, MPEACTABIICHBI
B [3]. Kpome BBISIBIIEHUS CKPBITBIX 3a-
KOHOMEPHOCTEH, 3Ta MOJEIb HCIOJIb-
3yercsd Uil MPOTHO3UPOBAHMS 3HAYE-
HUH HMCCIEAYEMOrO MoKazarens B Oy-
OYLIEM.

BwmecTe ¢ TeM METObI MPOrHO3M-
POBaHUS, MOCTPOCHHBIC HA MCHOJIB30-
BaHWW Pa3IMYHBIX MoAW(UKAIMA MO-
J€JIA  ABTOPETPECCHM W CKOJIB3SIIIETO
cpenHero, paspabotaHHoil BokcoMm u
JxkenkuHcoMm [4], TpeOyroT sl HC-
MOJIb30BAHUSI TTPUBJICUCHHUS CIICIIAAIIN-
CTOB BBICOKOr0 YpoBHs. Hactpoiika
NapaMeTpoOB TaKMX MOJENEH Tpedyer
rJIyOOKOro TMOHWUMAaHWs MaTeMaThye-
CKOM COCTaBJISAFOLLEN ITUX MMOAX0I0B.

B Hacrosiiee Bpemst pazpaboTaHbl
QITOPUTMBI, TMO3BOJISIONIME 3a CYET
MNPUMEHEHUST METOJOB  MAIIMHHOTO
0o0Oy4eHUs ONTHUMHU3UPOBATh yYaCTHE
WCCIIEI0BATENSl MPU MOAOOPE MOJENeH
U ux napameTrpoB. OYEBUIHO, YTO Ha
Pa3NMUHBIX BUAAX MCXOJHBIX JaHHBIX
Mojieni OyayT JaBaTh Pa3IM4YHbBIA pe-
3YJbTAT, U YTO HE CYUICCTBYET UCATb-
HOM MOJENM /ISt BCEX CYYaEB.

OnHuM W3 BapUaHTOB TMPUMEHE-

62 «Upe3BbIUaliHble CUTYaLUHU: TIpeaynpexaeHne u tuksugamms» Ne 2(50)-2021



Hay4Ho-uccnenoBarenbCcKuil THCTUTYT MOXKapHOH 0€30MacHOCTH U IMPOOIIEM YPe3BbIUAHBIX CHTYAUH

HUSL METOJOB MAIUMHHOIO OOy4YCHUs
SBJIIETCS. UX aBTOMATH3ALHSI.

ABTOMaTHYECKOE MaTUHHOE 00Y-
yeHue (AutoML) — 3To mponecc aBTo-
MaTU3aluy CKBO3HOIO MpoLecca MpH-
MEHEHUS MALIMHHOIO OOY4YeHHs NpH
PELICHUU 33Ja4 B Pa3JIMUYHBIX MPE-
METHBIX 00JIaCTSX.

B xilaccM4eckoM  MPUIIOKEHUH
MAIIMHHOTO O0YYEHUsS] MCCIIEN0BATEID
JOJDKEH TPUMEHUTH MOAXOASIIAE Me-
TOABl TPEABAPUTEILHON  00padoTKH
JAHHBIX, KOHCTPYMPOBAHUS MPU3HAKOB
1 BbIOOpA mpu3HakoB. [locne 31oro o
BBIOMPAET AJITOPUTMBI U ONITUMU3HAPYET
TUNEpnapaMeTpel  JUIl  CHWKCHUS
OMOKK MPOTHO3UPOBAHUS IJII KOH-
KpeTHOW Moaenmu. Tak Kak MHOTHE W3
3TUX ONEPALMA MOTYT OBITH BBINOJHE-
Hbl TOJBKO 3KCHepTamu, ObUIA TMPEA-
JIOKEHBI MTOAXO/IbI, OCHOBAHHBIC HA AB-
TOMAaTH3alUl  CKBO3HOIO  Mpolecca
NPUMECHEHHST MAIIMHHOTO OOyYEHHSI.
OHU 1ar0T BO3MOKHOCTh OBICTPOTO CO-
3JaHUAS MPOCTHIX PEIIEHUN U MOJIEIIEH,
KOTOPbIE TIO CBOMM XapaKTEPHUCTUKAM
NPEBOCXOAT MOJENH, TNOCTPOCHHBIC

BPYYHYVIO.
Jlts oneHku padoThl PA3NTAYHBIX
MOJIETIEN HCIIOJIb30BaH MOJYJIb

AutoModel kommepueckoit mmardop-
MbI aHau3a JaHHbix RapidMiner, mos-
BOJISIFOLICH CO3/1aBaTh MPOTHO3HBIE MO-
JeNIA MAIIMHHOTO OOYyYeHMs Uil pe-
HICHUS AQHATUTUYECKHUX 3a1au.
RapidMiner oOwveauHseT BeCh KH3-
HEHHBIA UK HAYKA O JAHHBIX, BKIIFO-
Yyasi UX MOATOTOBKY, MOJECIHPOBAHME,
BAZYAIM3ALMI0 PE3yJIbTATOB, BalMJa-
LU0 MOJIENIEH, Pa3BEPTHIBAHUE U OIl-
TUMU3ALHAIO.

Ilpy  HEBO3MOXKHOCTH  JOCTHYb
TpeOyeMOi TOYHOCTH WJIM [UIsl €€
YIYUIIEHUST B MAIIMHHOM OOYy4YCHHUH
4aCcTO UCHOJB3YIOT aHCaMOJIi METOIOB.

[Ipy WX WCMOJIB30BAHUU AJITOPUTMBI
y4arcsi OJHOBPEMEHHO W MOTYT HC-
npaBisTh OMMOKK Apyr apyra. Mo-
JIENb, MOCTPOCHHYIO Ha OCHOBE aHCAM-
Ons, 4YacTto  Ha3BIBAIOT  «METa-
MOJICNIbIOY. TUNWYHBIE METONBI 00b-
EAVUHEHUST MOJIEel B aHcaMOJb mpei-
CTaBJIEHBI HIKE.

Crekunr. MoryT McnoJib30BaThCs
PA3HOPOJHBIE MOJEIH, KOTOpbIE 00pa-
3YIOT METa-MOJECIb, Ha BXOJ KOTOPOM
MOIAI0TCS 0a30BBIC MO/ICITH,
a BBIXOJIOM SIBJISIETCS WTOTOBBIA MPO-
THO3.

barrunr.  Mcnose3yrorcs  OQHO-
POJIHBIE MOJIENH, KOTOPHIE Mapajuieiib-
HO 00YYaroTCs HE3aBUCUMO HA Pa3jiny-
HBIX UCXOJTHBIX JAHHBIX,
a 3aTe€M WX PE3YJbTaThl MPOCTO YCPE-
HSIOTCS. M3BECTHBIM MPEICTABUTEIEM
JAHHOTO METOMA SBJISIETCS  «CITydaid-
HBIH JIECY.

byctunr. OgHOPOAHBIE MOJEIH,
KOTOPBIE O00Yy4YarOTCs MOCIEA0BATEIb-
HO, TIPU 3TOM MOCJIEAYIOMAas MOJETb
JIOJ’KHA HWCHPABJISATH OLIMOKW TPEIbI-
nymed. OnuH U3 HauOOoJee MOMYJIsIp-
HBIX METOJIOB — I'PAIMEHTHBIN OYCTHHT.

JIis OLleHKM BO3MOYKHOCTH IIpH-
MEHCHHSI MPOTHO3HBIX MOJACIECH HC-
MOJIb30BAHBI CJEYIOIIME METO/IBI;

1. OO0oOieHHas JNHHEHHAsT MO-
nenb  (Generalized Linear Model)
npeacTaBisier coOoi rudbkoe 0600mIe-
HUE KJIIACCUYECKON JIMHEWHON perpec-
CUH, KOTOPOE MO3BOJISIET UCIIOJIB30BATh
MEPEMEHHBIC PEAKIIMU, UMEIOIINE MO-
T pacnpeacsicHuss OUTMOOK, OTJIMY-
HbIE OT HOPMAJIBHOTO pachpeieCHUs.
O0o01aeT JUHEHHYI0  PErpeccuro,
MO3BOJISISL IMHEHHOM MOieTTU OBbITh CBSI-
3aHHOM C MEPEMEHHOUN PEeakIuu 4Yepes
GyHKIMIO [5].

TpaguuuoHHas JTUHEHHAs MOIEIb
yacto Hex(p(PEeKTUBHA M3-3a TOTO, UTO
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B pPEaJbHOM YKU3HW 3aBUCUMOCTH Yallle
BCETO HE SBISIOTCS  JIMHCHHBIMM.
[ToaToMy pazpaboranbl Oosice THOKME
ABTOMATUUYECKUE CTATUCTUYCCKHE MeE-
TOJ/bI, KOTOPbIE MOKHO HCIOJIb30BaTh
JUIS BBISIBJICHUST M XapPaKTCPUCTHUKU

3((PEeKTOB  HENMHEHHON  perpeccum.
OTHU METONIbl HA3bIBAKOTCA «000OIIEH-
HBIMU aJIUTHUBHBIMU MOJCIISIMIA.

B Hacrtpoiike perpeccun 0000-
[ICHHAs aJJAWTWBHAs MOJEIb HMEET
cnenytomuii Bun (1):

E(Y X1, X, .., X)) =+ f(X) + oK) ot fp(Xp), (D

rae ¥ — pesynerar, X, Xo, ..., X, — IPEIUKTOPEL, f; — HEONPEAECTICHHBIE TIAJKAE

(«HEmApaMETPUYECKUCY ) PyHKLIWH.

Ecma  mopenupoBare  KaXAYyHO
(YHKLMIO, UCTIOJIB3YSl pacluupenue Oa-
3UCHBIX (DYHKIIMIA, TO MOJIyY€HHAsT MO-
Je7Tb MOKET OBITh MOJIOTHAHA METOA0M
HAaUMEHBIIUX KBaApaToB. B JgaHHOM
ciyyae Kaxknaas QyHKius noadupaeTcs
C TOMOLIBI0 O0Jiee CrIIAKMBAKOLICH
JAMarpaMMbl  paccesHus  (Hampumep,
KyOMYECKOTO CIJIaXKUBAKOMICTO CILUIAMA-
HA WM CrJKWBaHUS s7pa) U MPEao-
CTABJISICTCSl QJITOPUTM JJIsi OJTHOBpE-
MEHHOMH OILICHKH BCEX p-(PYHKIMH.

2. JlepeBbsa pemennii (Decision
Tree) — 310 Mepapxuveckas APEBOBU-
Hasl CTPYKTypa, COCTOsSIIIAs U3 TpPaBUI
NPUHATHS PEUICHUH BUAA «ECNH ..., TO
..». llpaBuiia reHepUpyroTCs aBTOMAa-
TUYECKH B MPoIiecce 00yUYeHHS Ha 00y-
YAOIIEM MHOYKECTBE.

CyILIECTBEHHBIM MPEUMYILECTBOM
JICPEBLEB PEUICHUHN SBJISETCS TO, 4YTO
OHU JIETKO UHTEPIPETUPYIOTCSI
U TIOHATHBI JIIOASM. B CBsi3u ¢ 3TUM
U CXOJCTBOM C MOJEIbI0 MPUHSATHS
PCLICHUI YEIOBEKOM JIEPEBbs pellie-
HUN TIONYYWIM IIAPOKOE pacupocTpa-
HEHMUE.

[Ipouecc mOCTpOEHUS IEPEBLEB
pELICHUH COCTOUT B MOCJEA0BATEb-
HOM, PEKypCUBHOM pa3OueHuu oOyua-
IOIEr0 Habopa Ha MOJMHOXECTBA
C MPUMEHEHHEM PpEHIAIOIMX MPABUII
B y3nax. [Iponecc pazduenus mpomosn-
KAeTCs 10 TeX MOp, MOKa BCE Y3JIbI

B KOHIIE BCEX BETBEH HE OyayT 0OBsB-
JeHbl ucThsiMu. OOBSABICHUE y3/1a KaK
JUCTa MOXKET MPOU3OWTU €CTECTBEH-
HbIM 00pa3oMm (eciu OH OydeT coaep-
’KaTh €IMHCTBCHHBINA OOBEKT, WA 00h-
€KThl TOJIBKO OJIHOTO KJacca) WM IO
JOCTH)KEHUM  HEKOTOPOrO  YCJIOBHSI
OCTAHOBKHM, 3a/1aBaEMOT0 TMOJIb30BaTE-
JeM (HampuMep, MUHUMAJIbLHO JIOMYy-
CTUMO€ 4YHCJIO MPUMEPOB B Y3J€ WIH
MakcumasibHas rmyOuHa nepesa) [6].

B nacrosiee BpeMst pazpadboTaHo
3HAYUTEIILHOE YMCIIO0 aIrOPUTMOB 00Y-
YCHAST  JEPEBBEB  PEIICHHWH,  HO
HauOOJIbIIIee PACTIPOCTPAHEHUE U TO-
OYJISPHOCTb NOTYUYMIIU CIEAYIOUIHE:

ID3 (Iterative Dichotomizer 3) —
AJITOPUTM MO3BOJISIET pabOTaTh TOJIBLKO
C JUCKPETHOW MLEJIEBONA INEPEMEHHOMN,
NOSTOMY JIEPEBbS PELICHU, MOCTpPO-
€HHbIE C MOMOUIbIO JAHHOTO AJTOPHUT-
Ma, SBJISIOTCS KJIACCU(UIMPYIOLIUMMU.
Uucno MOTOMKOB B y3Ji€ ACpPEBA HE
orpannueHo. He moxer pabotate ¢
OPONYUICHHBIMU JAHHBIMU.

C4.5 — yCOBEpIIEHCTBOBAaHHAA
Bepeus anropurma ID3, B KOTOpYRO
no0aBjIeHa  BO3MOXKHOCTb  pabOThI

C OPOMYLIEHHBIMA 3HAYEHUSMU aTpH-
OyTOB.

CART — anroputm oOyueHus ae-
PEBBEB  PEIICHAN, ITO3BOJIAIOIINNA HC-
[OJIB30BaTh KaK JUCKPETHYIO, TakK
U HENPEPBIBHYIO IEJIEBYIO MEPEMEH-
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HYIO, TO €CTh PEIIATh KaK 3a/1a4u Kiac-
cu(UKalui, TaK U PErpeccuu. AJro-
PUTM CTPOMT AEPEBbS, KOTOPbIC B KaXK-
JIOM y3JI€ UMEIOT TOJIbKO JBA MOTOMKA.

[TocTpoenne nepeBa pelieHuit co-
CTOUT U3 HECKOJbKUX ITArOB;

— BriOop nmpu3Haka, mo KOTOpoMy
Oyaer  TpoM3BOAMTBCS  Pa3OHEHHUE
B JJAHHOM Y3JI€ (aTpuOyTa pa3OucHus).

— BpiOop kpuTepuss OCTAaHOBKH
00yYeHHSI.

— BeiOop MeTona oTceueHus: BET-
BeH (YIPOLICHHS).

— OLleHKa TOYHOCTH MOCTPOCHHO-
ro JAepena.

3. Cayuwaitneiii nec  (Random
Forest) — anroputm MammHHOrO 00Yy-
YECHHUSI, 3aKJIFOYAOIIUICS B HMCIOJIB30-
BaHWM aHCaMOJIsl PEIIAOINX ACPEBBEB.
Coueraer B ceO¢ IBE OCHOBHBIC HJIEH:
MmeTon OdrruHra bpeiiMana u MeTon
CIIy4aliHBIX MOAMPOCTPAHCTB, MPEIJIO-
>keHHbIi Tun Kam Xo0. OcHOBHas uues
3aKJIFOYAETCS B MCIOJIb30BAHUHA OOJb-
1I0Or0 aHcaMOJIsl PEUIAOIINAX ACPEBBEB,
KKJI0€ U3 KOTOPBIX caMo Mo ce0e 1aeT
OYEHb HEBBICOKOE KAUY€CTBO Kiaccu(u-
KallM{, HO 3a CYET WX OOJIbLIOrO KOJIH-
YecTBa PE3yJbTar MOJMYYAETCS XOpPO-
HIUM.

Pemaromme nepeBbs  ABIAFOTCSA
XOpOILIUM CEMEMCTBOM 0a30BBIX Kilac-
CcU(PUKATOPOB AJIsi O3ITHUHTA, MOCKOJIb-
Ky OHHU JOCTaTOYHO CJIOXHBI U MOTYT
JIOCTUraTh HYJIEBOM OMKMOKN Ha JTI000H
BbIOOpKE. MeTol ciyyaitHbIX MOAMPO-
CTPAHCTB TO3BOJIIET CHU3WUTH KOppe-
JUPOBAHHOCTh ~ MEXKIY  JACPEBBSIMU
u u3bexarp nepeodydeHus. bazoswie
JITOPUTMbI 00YYAIOTCS HA Pa3IuUHbIX
NOJMHOXECTBAX MPU3HAKOBOTO OIU-
CaHUsl, KOTOPbIC TAKKE BBIICISIOTCS
cllydaiiHbIM 00paszoM [7].

ANTOpPUTM TIOCTPOCHUS  CITyYaii-
HOTO JIeca, COCTOSIEro U3 N AepEBBEB,
CJIETY FOLLIAA:

g kaoxgoron=1,..., N:

Metomom OyTcTpamna co34aeTcst
BBIOOPKA Xn.

[To BbIOOpKE Xn CTpoWTCS peuia-
IOLIEE JIEPEBO by

— MO 33JJaHHOMY KPUTEPHUIO BbIOU-
paercd JIy4dIIAidl TIPU3HAK, JENaeTcs
pazOueHue B ACpEBE MO HEMY U TaK JI0
ucYeprnaHus BEIOOPKH,

— JIEPEBO CTPOMTCS, MOKA B KaXK-
JIOM JTUCTE He 00Jiee Ny 00BEKTOB WA
NOKa HE JOCTUTACTCS ONPEACIICHHAsS
ryOuHa AepeBa;

— MPU KOKIOM pa3OMEHUM CHaya-
Ja BBIOMpAETCs M Clly4ailHbIX TPU3HA-
KOB M3 N MCXOJHBIX, U ONTUMAJILHOE
pa3zieNieHUe BHIOOPKH HWIIETCS TOJIBKO
CpeIu HUX.

Hrorosbiii KjlaccuukaTop

a(x)= % N b,(x) nna 3agaum Knac-
cu(pUKaMN BBIOMPACTCS PELICHUE TO-
JIOCOBAHUEM TIO OOJBLIMHCTBRY, B 3a/a-
4e Perpeccuu — CPEIHUM.

Pexomennyercs B 3amavyax Kiac-
cudukanum 6path m=vn, a B 3amayax
perpeccuu — ng, rJIe N — YUCTIO0 TpU-
3HAKOB. Takke peKOMEHAyeTCs B 3a/a-
Yyax KJIacCU(PUKAIMKU CTPOUTH KaXI0e
JEpEBO 10 TEX MOpP, MOKAa B KaKIOM
JIMCTE HE OKAXKETCS MO OJHOMY OOBEK-
Ty, a B 3aJayax perpeccuu — IMoKa
B KQXJIOM JIUCTE HE OKKETCS MO MSATh
00BEKTOB [7].

4. ['pagueHTHBIHI OyCTHHT
(Gradient Boosted Trees) — TexHHKa
MAILIMHHOTO 00YYEeHHMs s 3a/1a4 Kiac-
cCUpUKAMM M PErPECCHM, KOTOpas
CTPOUT MOJIEJNb MpecKa3anus B popme
aHcamOnst ClladbIX MPEACKA3bIBAIOLINX
Mojiesiel, OOBIYHO IEPEBBEB PELICHUIA.
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Byctunr npeacraenser  coOoi
JKAIHBIA QIrOPUTM  TOCTPOCHHS KOM-
no3UIUKN ANropuTMoB. OCHOBHAS WIS
3aKJIFOYaeTCs B TOM, YTOOBI, HMeEd
MHO>KECTBO OTHOCHTENIBHO CJIA0bIX aJi-
TOPUTMOB OOyUYEHUS, TOCTPOUTH UX
XOpPOWYK) JIMHEHHYI0 KOMOHMHALHMKO.
Cx0oACTBO ¢ OSPITHHTOM B TOM, 4TO Oa-
30BBIIl alrOpuT™M OOY4YeHHsS (PUKCHPO-
BaH. OTJIMYME COCTOUT B TOM, 4TO 00Y-
yeHHe OA30BBIX AITOPUTMOB JJIsi KOM-
NO3ULUN  MPOUCXOIUT  HUTEPATHUBHO,
A KOKOBIA CIECAYIOIIAN  aJrOPUTM
CTPEMUTCS.  KOMIIEHCUPOBATb  HEIO-
CTaTKM KOMIIO3WIIAA BCEX MPEAbIIY-
HIUX AJITOPUTMOB.

Ha npumepe OyctunHra crano sic-
HO, YTO XOPOLIMM Ka4e€CTBOM MOTYT
o0nanare CKOJIb YrOJHO  CJIOXHBIE
KOMIO3ULMK KJIACCU(PUKATOPOB, TpH
YCIIOBUH, YTO OHW MPABWJIBHO HACTpa-
MBAIOTCI. OTO Pa3BEATIO CYHIECTBO-
BaBILME JOJITOE BPEMsl MPEACTABICHUS
O TOM, YTO JJii HOBBIIICHHS 0000IIa-
OEH  COOCOOHOCTH  HEOOXOaMMO
OTPAaHUYMBATH CJIOXHOCTHb  AJITOPHT-
MOB.

Bnocneacteum 10T PeHOMEH OY-
CTHHIa MOJIYYHJI TEOPETUYECKOE 000C-
HOBaHKe. OKa3anoch, YTO B3BECLIEHHOE
rOJI0COBAHUE HE yBENIMUMBACT d(p(Pek-
TUBHYIKO CJIO)KHOCTh ~QITOpPUTMA, a
JIMIIb CTJIAYKABAET OTBETHI 0A30BBIX aJl-
roput™MoB. O(PPeKTUBHOCTE OyCTHHTa
OOBSCHSIETCS TEM, YTO MO Mepe 100aB-
JeHusT 0a30BBIX AITOPUTMOB YBEIINYH-
BaKOTCA OTCTYIbI O0y4arommx OOBEK-
ToB. [lpuueM OyCTHHI NpOaOSKACT
pa3ABUIaTh KIIACCHI JAXe IMOCHE J0-
CTH)KECHUsL 0e301mO0YHOi Knaccudu-
Karmu o0yyaromeid BeIOOpKH [8].

! Kaznsiii anropuruM (Greedy algorithm) — anropurm,
3aKTIOYAOIIUACA B MPHHATHH JIOKATHHO ONTHMATBHBIX
PCLICHHI HA KA)KIOM 3Tame, AOMyCKas, YTO KOHCUHOS
PCLICHHE TAKKE OKAKESTCS OMTHMATBHBIM.

5. Teopuss ONOPHBIX BEKTOPOB
Obima paspaborana B.H. BanHukom
B 1990 rogy. MeTtox OMOPHBIX BEKTO-
poB (Support Vector Machine) — ce-
MEHCTBO aIrOPUTMOB OWHAPHOH Kiac-
cu(UKalM1, OCHOBAHHBIX HA O0yYEHUHU
C YUUTEIIEM, UCTIOJB3YIOIINX JIMHEHHOE
pa3AciieHue MPOCTPAHCTBA MPU3HAKOB
C MOMOIIBIO TUIEPIITIOCKOCTH.

OcHOBHas Uaes METOAA 3aKJIFOYa-
eTcsl B OTOOpP@KEHHE BEKTOPOB IMPO-
CTPAaHCTBA MPHU3HAKOB, MPEACTABIISIO-
oMx  Kiaccuuuupyemele  OOBEKTHI,
B IPOCTPAHCTBO 00Jic€ BBICOKOH paz-
MEPHOCTH. JTO CBSI3aHO C TEM, YTO
B TPOCTPAHCTBE OOJBINEH pa3MEpPHO-
CTH JIMHEIHAs PA3ACIMMOCTb MHOKE-
CTBA OKAa3bIBACTCS BBIIIEC, YEM B MPO-
CTPAHCTBE MEHBUICH Pa3MEPHOCTH.
[TpuuuHBl 3TOT0 MHTYUTUBHO TMOHST-
Hbl: 4eM OOJblIe MPU3HAKOB HMCIIOJIb-
3yeTcsl [UIsl PACIO3HABAHUS OOBEKTOB,
TEM BBILIE OKMJAECMOE KAa4eCTBO pac-
NO3HABAHMSI.

[Tocnie mepeBoaa B MPOCTPAHCTBO
O0JIBIIEH Pa3MEPHOCTH B HEM CTPOUTCS
pazAensAomas TUNEPILUIOCKOCTh. [lpn
3TOM BCE BEKTOPBI, PACHOJIOKEHHBIC
C OJHOW «CTOPOHBDY THUIEPIUIOCKOCTH,
OTHOCSITCSL K OTHOMY KJIacCy, a pacro-
JIOKEHHBIE C JOPYrod — KO BTOPOMY.
Tarxxe, mo 00e CTOPOHBI OCHOBHOWM
PA3ACTAOMENR TUIEPIUIOCKOCTH, Ma-
pajUIENIBHO €1 W Ha PaBHOM PACCTOsI-
HUM OT HEE CTPOATCS JBE BCIOMOIa-
TEJBHBIE TUMEPILUIOCKOCTH, PACCTOSIHUE
MEXKITY KOTOPBIMU HA3bIBAIOT 3a30P.

3amavya 3aKIOYacTCsl B MOCTPOE-
HAW Pa3fesAioNell TUIEPIIIOCKOCTH
TakuM 00pa3oM, 4TOOBI MAKCHUMHU3HPO-
BaTh 3a30p — OO0JIACTH MPOCTPAHCTBA
NPU3HAKOB MEKIY BCIIOMOIaTeIbHBIMA
TMIEPIUIOCKOCTSIMA, B KOTOPOM HE
JOKHO ObITh BEKTOPOB. [Ipennonara-
€TCsl, YTO Ppa3Aestonias TUNEPIIoC-
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KOCTb, MOCTPOEHHAS IO JTaHHOMY Mpa-
BUJTY, 00€CeYUT HAnOO0JIEE YBEPEHHOE
pa3eNeHUE KIACCOB U MUHUMU3UPYET
CPEIHION0 OIMOKY pacno3HaBaAHUSI.

BCIIOMOTATENbHBIX THUHEPIIIOCKOCTSX),

HA3bIBAKOT OMOPHBIMU BEKTOpamMu [9].
B kauecTBe METPUKM OLEHKH

OIMUOKN MPOTHO3UPOBAHUS HCIOJIB3Y-

BekTopbl, KOTOpbIE MONaAaoT Ha €M  KOpEHb  CpeIHEKBaJpaTUUHON
rpaHMIlbl 3a30pa (T.€. OyayT JeKaTh Ha ommOku (2):
1 ~
RMSE = VITSE = |2 T, (20 - 2(0)* )

rae N — KOJMYECTBO NEPUOJIOB;
Z(t) — (pakTHUECKOE 3HAYECHHUE BPEMEH-
HOTO Psana; Z(t) — IPOrHO3HOE.

Ins pacueta RMSE wmcxonnblit
Ha0Op JaHHBIX PA3ACsSETCs HA JIBE Ya-
cTu:. oOywaroinyro M TecToByro. OOy-
YArOIIask UCHOJB3YETCS ISl TPEHUPOB-
KA MOJEIH, & TECTOBas — JUIsl BBIYKC-
JICHWS] BEJIMYMHBI OIIMOKKA HA OCHOBA-
HUW IpOrHosa. B pamkax IaHHOrO Mc-
CJICIOBaHMs HA0Op JAaHHBIX Pa3OHT CO-
oTBeTcTBEeHHO Ha 60 % u 40 %, 4uTO Ya-
CTHYHO onpenenserca  crneuupukoi

Tabmuia 1. — Orenka TOYHOCTH METOI0B

paboTel ¢ Moayem AutoModel.

Monyne  AutoModel no3Bossier
BBITIOJIHUTh OLIEHKY TOYHOCTH MPOTHO-
3a Ui HECKOJIbKAX OCHOBHBIX BHUJOB
MOJIEJIEW, PE3YJIbTAThl OLICHKU KOTO-
PBIX MPEACTABIEHBI B TaOmUuE 1.

HaGop mannbix 3a nepuon ¢ 2011
o 2020 rox u3BieyeH U3 0a3bl JaHHBIX
MPOTPAMMHOTO KOMITIEKCA «YueT UCy
[10] m mpencrapiicH B BUAE BPEMEHHO-
ro psaa. Magopmanus crpynnupoBana
1O CyTKaM.

No Moaenb, OnmucaHnue RMSE
n/m

1 | O60o0mennas muueinas moaens (GLM) 6,1

2 | Jlepeso pewenuii (DT) 6,37
3 | Cayuaiinbiii nec (RF) 5,79
4 | I'paguentHslii Oyctulr (GBT) 5,26
5 | Meron onopHbIX BEKTOPOB (SVM) 5,96

['paduueckoe mpeacTaBneHUE MC-
TOPUYECKUX JIAHHBIX B CPABHEHUU C
pe3yJbTaTaMu IPOTHO3UPOBAHMSI
NPEICTABICHO HA PUCYHKE.

Ha ocHOBaHWM BENMYMHBI KBaJ-
ParHOrO KOPHSI CPEAHEKBAAPATAYHON
OMOKK TPOTHO3UPOBAHUS HAUITYY-
HIMMH METOJAMM I UCHOJIb30BaHHO-

ro Habopa AAHHBIX SIBJISFOTCS TPaaH-
EHTHBIN OYCTHHT M CITy4alHbIiA Jiec.

AHanu3 rpa@uyecKoro mpeacTaB-
JIEHH S POTHO3a MOKA3aJI, YTO MUKOBBIC
BCIJIECKM OBUIM TpeACKa3aHbl HanOo-
Jee TOYHO TAKXKE METOJAOM TPAIMEHT-
HOro OyCTHHTA.
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a) 0000MImIeHHAsA THHEWHAS MOJENb; 0) JePEBh PEIIECHUH; B) CITyIalHbIN JIeC;,
T') TPAAMEHTHBIA OYCTHHT; ) METOJ OTIOPHBIX BEKTOPOB
PucyHok. — Exxe THEBHBIN TIPOTHO3 HA TO/ (OPAHKEBBIN) B CPABHEHHUH
C peanpHbIMH JaHHBIMH 3a 2020 Tox

3akJiiroueHue

1. B craree paccMOTPEH MOIXOA
K BBIOOPY MPOTHO3HBIX MOAENEH Ha Oa-
3¢ QJIrOPUTMOB MAIIMHHOTO OOY4YCHUs
JUIS  TPOrHO3MPOBAHMS  OOCTAHOBKH
C MOXKapamMu B KWJIOM CEKTOPE pec-
nyOJIMKKM Ha OCHOBAHUM MCTOPUYECKO-
ro Habopa nanHbix 3a 10 mer (2011-
2020 romstl).

2. IlpoBencHa OlEHKA MOAENEH
U QIrOPUTMOB, BXOASIIMX B MOIYJb
ABTOMATUYECKOT0 MAIIMHHOTO 00y4e-

HUs 1IaTQOpPMBbl  aHAM3a JIAHHBIX
RapidMiner.

3.Ha  OCHOBaHWM  BCJIIMYHMHBI
OIMOKN TPOTHO3MPOBAHMS ONpPEnEye-
Hbl HAWIy4IIMMW METOJAaMH IPOTHO-
3UpOBaHUsl OOCTAHOBKM C TOXKapaMu
B JKWJIOM CEKTOPE: TPaJMCHTHBIA Oy-
CTHHT U CITy4alHBIH JIEC.
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