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B ctatbe paccmaTpuBaloTCA BO3MOXHOCTU NpUMeEHe-
HUS1 UHTENNEKTYanbHOro MeToa MalUMHHOTO 0byyYeHust
Ha OCHOBE OMOPHbIX BEKTOPOB AN NMPOrHO3MPOBaHUSA
nokasatenen uHsectTuuuii. OnNUCbIBalOTCS OCHOBHbIE
npenmyLlecTea MeToda Hag TpaguLMOHHBIMU MeToA4aMun
NPOrHO3MPOBaHMA, YTO MO3BONSET yny4laTb KayecTBO
nporHosa. MpuBogAaTcs pe3ynbTaTbl KOMMBbITEPHbLIX 3KC-
nepuMeHTOB MO afganTauum mogernen Ha OCHOBE MallUuH
OMOPHbIX BEKTOPOB, pearim3oBaHHbIX C NCMOMb30BaHNEM
s3blka NporpammupoBaHusa Python, kK nporHo3npoBaHuio
OTAENbHbIX NoKasaTenen MHBECTULINNA.
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SUPPORT VECTOR MACHINE METHOD FOR
PREDICTING INVESTMENT MEASURES

Possibilities of applying intelligent machine learning
technique based on support vectors for predicting
investment measures are considered in the article. The
base features of support vector method over traditional
econometric techniques for improving the forecast quality
are described. Computer modeling results in terms of
tuning support vector machine models developed with
programming language Python for predicting some
investment measures are shown.
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1. Beenenue

Jlist onpenieneHus 3aKOHOMEPHOCTEN, TEHAECHIUHN U3MEHEHHUS
JVUHAMHKH TTOBEJCHHUSI MAKPOIKOHOMHUYIECKHX TTOKa3aTenei Heoo-
XOJIMMO KOMITJIEKCHOE PACCMOTPEHHS TPOIIECCOB SIKOHOMUYECKOTO
pa3BUTHS B paMKax equHOW Monenu. OJHAKO MHOTHE MOAEIU
OKAa3bIBAIOTCSI HEMPUMEHUMBIMU B YCIIOBHSIX HEONPEAEIEHHOCTH
COIIMAIbHO-3KOHOMUYECKHX ITIPOLIECCOB, YCHWJICHUSI HEYCTONYH-
BOCTH MEXAaHHU3MOB Pa3BUTHSA SKOHOMHUKH OCOOEHHO B yCIIOBHAX
KPHU3HCOB MM MOJTUTUKO-IKOHOMUYECKUX OTPaHIUCHUH, H3MEHYH-
BOCTH ITPOU3BOACTBEHHO-9KOHOMHUYECKUX OTHOIIEHUI, HECTALUO-
HapHOCTH OOJBIIMHCTBA MPOLECCOB. M3 3TOr0 BO3HUKAET Of1HA 13
OCHOBHBIX ITp0O0JIEM MPOTHO3UPOBAHMS [TOKa3aTeNeii MHBECTHIINH,
MIOCKOJIBKY B CHJIy CBOCH IMpPUPO/BI OHU OKa3bIBAaIOTCS Hauboiee
MTOBEP>KEHHBIMH HHQIISIIIMOHHBIM KOJICOaHUIM, IEMOHCTPUPYIOT
BBICOKYIO MOABMKHOCTB M 3JIACTUYHOCTh K M3MEHEHUSIM CIIpoca
Ha MPOAYKIUIO U PHIHOYHBIC YCIYTH.

Cy1ecTBytoImuye TpaJuHOHHbIE METOBI MPOTHO3UPOBAHMUS,
6asupyromnrecs: Ha SKOHOMETPUIECKNX TPUHIUIIAX MOJICIINPOBa-
HUSI, B YCIIOBUSIX HECTAOMIBHOCTH OKa3bIBAIOTCS] HEPHEMIICMBIMHU
Juta iporHo3upoBanus [1]. Ha Ham B3misa, B COBpeMEHHBIX yc-
JOBUSIX (DYHKIIMOHMPOBAHUS COLMATIBHO-IKOHOMUYECKUX CUCTEM
npoOiemMa MOJydeHHs] TPUEMIIEMOTO MPOTHO3a MOXKET OBITh
pelieHa 3a c4eT KOMOMHUPOBAHUS TPAAUIIMOHHBIX KIACCHUECKUX
METOJIOB COBMECTHO C METOJIaMH MHTEIUIEKTYaJIbHOTO MPOrHO3HU-
POBaHMsI, PEaTM30BaHHBIX HA IPUHIIUIIAX MAIIMHHOTO 00y4eHHSI.
K Takum MeTomam OTHOCSTCSA MCKYCCTBEHHBIE HEHPOHHBIE CETH,
TEHETUYECKUE aJITOPUTMBI, IEPEBbS PEIICHHH, MAIIIMHBI OTTOPHBIX
BEKTOPOB, KJIACTEPU3AIHS U JIp.

B pamkax cTtathu aBTOpaMH HCCIEIYIOTCS BO3MOXKHOCTH Me-
TOZIa OTIOPHBIX BEKTOPOB B BUJIE PELICHUS 3a/1a4ul PETPECCUU NTPU
MIPOTHO3UPOBAHUM 110KA3aTeNeH NHBECTULIMH.

2. MeToa MallliH ONOPHBIX BEKTOPOB

OTOT KlacC METOJ0B MAIIMHHOTO OOYYCHHsS TaKXe€ MOXKET
HCIIONB30BAThCS KaK JUIS PELICHUs 3a/1a4 KIacCu(UKALUH, TaK 1
JUI BOCCTaHOBJICHUS PErpecCHd. MaInHbl OMOPHBIX BEKTOPOB
(SVM — Support Vector Machine) oTHOCSITCSI K KaTeropuu yHUBEp-
CaJIBHBIX CEeTEel MPSIMOT0 PacIpOCTPAaHEHUS, KaK MHOTOCIIOHHBIA
MIEPCENITPOH U CETH Ha OCHOBE PaINaJIbHBIX 0A3UCHBIX (DYHKITHH.

Wnes meTona OnOpHBIX BEKTOPOB, MPEAJIOKEHHOTO Bannu-
KOM, COCTOUT B MOCTPOCHUU TUIMEPIUIOCKOCTH, BBICTYMAIOLIEH B
KauecTBE MTOBEPXHOCTH PEIICHWH, MAaKCHMAJIBHO pa3JIelIsomieit
TIOJIOKUTEJIBHBIC M OTPULIATENbHBIE IPUMEPHI 13 00yUatOIIero MHO-
)kectBa. bonee KOHKPCTHO MalllHa OIMOPHBIX BEKTOPOB ABJIACTCA
anMpoOKCUMUPYIOLIEeH peanu3aueil MeTo1a MUHUMHU3aI1 CTPYK-
TYPHOTO PUCKa, KOTOPBIIl OCHOBAaH Ha TOM, YTO YPOBEHb OIIHOOK
00y4aeMoii MaIMHbI Ha TECTOBOM MHOXKECTBE MOXKHO MPEICTaBUTh
B BHJIC CYMMBbI OIIMOKK OOYYEHHS U CIIaraeMoro, 3aBUCSIIETO OT
n3MepeHus Banmnuka—YepBoHeHkuca. B ciyuae pazgensembx
MHOKECTB MOJTy4aeTCsl 3HAYCHUE «HYIb JUIS IEPBOTO CIIaraeéMoro
1 MUHUMH3HPYETCS 3HAUCHNE BTOPOTo ciaraemoro. ITostromy ma-
IMHA OITOPHBIX BEKTOPOB MOXKCT 00ecCIeunTh BHICOKOE Ka4yeCTBO
000011eHus, He 00Maast aMPUOPHBIMU 3HAHUSIMU O MPEIMETHOH
o0JacTi KOHKPETHOH 3a1adu.
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B ocHoOBe mocTpoeHus anropuTMa
00y4eHHsl OTMOPHBIX BEKTOPOB JIEKUT
MOHSITHE si/Ipa CKAJISIPHOTO IPOM3BE-
JICHUSI OITIOPHOTO BEKTOPa M BEKTOpa,
B35ITOTO M3 BXOAHOTO NPOCTPAHCTBA.
OnopHbIE BEKTOPHI NMPEICTABISIOT
c000¥ TTOJMHOXKECTBO OO0yUaromen
BBIOOpKH. Paznmumunbeie MeTONbI Te-
HEpaluu sjpa MOo3BOJISIOT CTPOUTH
pasyin4Hble 00y4aeMble MAIIMHbBI CO
CBOMMH COOCTBEHHBIMH HEJTMHEWHBIMU
MOBEPXHOCTAMH pemeHuil. Hanpu-
Mep, aITOPUTM HACTPOHKH OMOPHBIX
BEKTOPOB MOKHO HCIIOJIb30BaTh JIs
MOCTPOCHHS CIIEAYIONINX OCHOBHBIX
THUITOB 00yYaeMbIX MaIINH:

* IOJIMHOMHMAJIbHBIC MAIIHHEI;

* CETH Ha OCHOBE PaJinalibHbIX 0a-
3MCHBIX (DYHKIINII;

* JIBYXCJIOHHBIE MEPCEHTPOHBI
(C OTHIM CKPBITBIM CIIOEM).

Takast BO3MOXHOCTb 03HAYAET, UTO
JUIS KaKJIOM M3 YIOMSIHYTBIX ceTel
MOYKHO HCIIOJIB30BaTh JTOPUTM 00Y-
YEeHUS] Ha OCHOBE METO/a HACTPOWKH
OIIOPHBIX BEKTOPOB, KOTOPHIH Oyner
HCIIOJTb30BaTh UCXOIHBIH HAOOp 00yUa-
IOIIET0 MHOXKECTBA JUISl ONPE/IeIICHHS
KOJIMYECTBA CKPBITHIX SIEMEHTOB [2].

YuuThIBast OCHOBHYIO HAEIO METO/IA
OTIOPHBIX BEKTOPOB, KOTOpAsl 3aKIIIO-
YyaeTcs B IIOWCKE T'HIEPIUIOCKOCTH,
MO3BOJITIONIEH Pa3fAeIuTh UCXOTHOE
MHOKECTBO IIPUMEPOB Ha JIBa Kjacca,
BO)XHO OTMETHTH TOHITHE JIMHEHHOU
pazgenumoctu o0pa3oB. OHO cBs3a-
HO C BO3MOYKHOCTBIO OJHO3HAYHOTO
OMHapHOIO pa3/elieHus] IPUMEpOB
MHOKecTBa. [Ipu aTOM B mporecce pe-
aIN3aIMN METOJa ITPOMCXOAUT MOUCK
00pa3oB (IpUMEPOB), HAXOIANTUXCS
Ha I'PaHUIE MEXIY JIBYMsI KJIACCaMH.
Takue 00pa3bl SBISIOTCS OTOPHBIMU
BEKTOpaMH. DTH BEKTOPHI UTPAIOT pe-
MIAIOIIYI0 POJb B paboTe 00ydaeMbIx
MamyH. OHHU ABJISIOTCS TEMU TOUKaMU
JIAHHBIX, KOTOPBIE JIeXkKAaT OJIMKE BCETO
K MOBEPXHOCTH pemieHuil (06iacTh
MEXXIy TPAaHUIIAMH JBYX Pa3AEIIeMbIX
KJIaCCOB) U SIBIISIFOTCSI CAMBIMH CJIOXK-
HBIMH 1151 Kitaccuukanu. OHU Jyd-
1II€ BCETO YKa3bIBAIOT HA ONITUMAJIbHOE
pa3MelIeHe TOBEPXHOCTH PELICHHUH.

Mogenb Kraccu(puKannuy Wik per-
peccuy, MOCTPOeHHAsi HA OCHOBE Ma-
IIMH ONOPHBIX BEKTOPOB, CUUTAETCS
JUHEWHO pPa3IeInMOM, ecli 00IacTh
MEKIy IPaHUIIAMU JIBYX KJIaCCOB OKa-
3BIBAETCSI ITYCTOW. DTO TOBOPHT O TOM,
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Puc. 1. BapnaHTu MONAIAHUS TOYKH JaHHBIX B 00J1aCTh pasaejieHust

YTO B pe3yJibTare (yHKIMOHHUPOBAHHUS
MalIMHbI OIIOPHBIX BEKTOPOB yIAIOCh
pa3neNuTh BCe MPUMEPBI HCXOIHOTO
MHO)KECTBA Ha J[Ba KJacca.

Ecnu mcxomHoe MHOXECTBO Ipea-
CTaBIISAET COOO0I Hepa3aeIMMEbIiA HabOP
00pasoB, TO TIpH TakoM Habope HaH-
HBIX OOYYeHUs] HEBO3MOXKHO TOCTPO-
UTh Pa3AEISIONIYI0 THIIEPIUIOCKOCTD,
MIOJTHOCTBIO HMCKIIIOYAFOLIYIO OIIMOKH
kiaccudukanuy. B stom cimydae Bo3-
MOXKHBI IBC€ CUTYallUN PACIIOJIOXKCHUA
00pa3oB B Ipejenax paszielisromen
THIEPIUIOCKOCTH:

* TOYKa HAaXOAMTCS B 00iacTH
paszieneHus ¢ Hy)KHOW CTOPOHBI I10-
BEPXHOCTHU PELICHUH (eCin pa3aenuTh
00acThb Ha JIBE PaBHBIC YaCTH, TO TOYKa
OyneTr HaXOAUTHCS B ONMMKalmmied k
CBOEMY KJIacCy MOJIOBUHE, pHC. 1, a);

* TOYKa ITOI1a1aeT B 00J1acTh pasze-
JICHHS C APYTOM CTOPOHBI TOBEPXHOCTH
pemenuii (puc. 1, 6).

B nono0Hol cuTyanuu 3aa4a cBo-
JITCS K TIOMCKY TaKOW THUIEPIIOCKOC-
TH, KOTOpas OyneT MUHUMH3HPOBATh
ommnOKy Kiaccu(uKaru Ha MHOXKeEC-
TBE 00YYaIOIIUX MPHUMEPOB.

B o6mem Buze 3a1a4a kinaccuduka-
LIMH [IPH TIOMOILM METOJ1a MAILIMH OIIOp-
HBIX BEKTOPOB 3aKJIIOYACTCS B IIOUCKE
HEKOTOPOH JINHEHHOH (yHKIINMHU, KOTO-
past pa3zenseT MCXOJHOE MHOXECTBO
00pa3oB Ha JiBa Kjacca M IPUHUMACT
3Ha4YEeHHE MEHbLIC HYI A1 00pa3oB
(BEKTOpOB) OJHOTO Kjacca M Oolblie
HYJISL — JUISL BEKTOPOB JIPYToro Kiacca.

Hawmmyummeit gyakuuneit kimaccudu-
KaLlUH SIBISAeTCS (DyHKIUS, U1 KOTOPO
OXKHUJIaeMbIi pUCK MUHUMaIIeH. Oxkua-
€MBIi PHCK — 3TO OKUIaeMbIl YPOBEHb
OImMOKH KIacCHu(UKAIHH.

Hamnpsimyto oLieHUTH OKUIAEMBbIil
YPOBEHb OLIMOKH TIOCTPOCHHO MOJIe-

JIK HEBO3MOKHO, 9TO MOXKHO CHeNaTh
TIPH TTOMOIITH ITOHATHUS SMITHPUIECKOTO
pucka. OmHAKO CIEAyeT YYUTHIBATH,
YTO MHUHHUMHU3ALOUA ITOCICOAHEIO HEC
BCerja MPUBOJUT K MUHUMHU3ALHHI
OXKHTaEMOTO PHUCKa. DTO 0OCTOATEIb-
CTBO CJIEAyeT ITOMHUTH MpH pabore C
OTHOCHUTEJIbHO HEOOJIBIIIMMH HAOOpaMu
00yYaroIuX JaHHBIX.

DOMIUPUYECKU PUCK — YPOBEHB
omKOKu Kiaccudukayuu Ha o0yyaro-
IIEM MHOYKECTBE.

Takum 0o0Opa3zom, B pe3yibTare
peIIeHHs 3aJJayd METOJOM OMOPHBIX
BEKTOPOB ISl JTMHEHHO pa3IelTMMbIX
00pa30B MbI IOJTy4aeM (PYHKIIUIO KJ1ac-
cuUKauu, KOTOpass MHHAMU3HPYET
BEPXHIOIO OIICHKY OXKHIAeMOTO PHCKa.

OnHoii u3 mpobsIeM, CBSI3aHHBIX C
peleHreM 3aj1a4 KiiacCu(UKaIiu pac-
CMaTPUBAEMbIM METOJIOM, SIBIISICTCS TO
00CTOSATEILCTBO, UTO HE BCETJIa MOKHO
JIETKO HAlTH IMHEMHYIO IPaHUIy MEXK-
Iy IByMs KJIacCaMu.

B Takux ciydvasx OIMH W3 BapH-
AHTOB — YBCJIIMUYCHHE Pa3MEpPHOCTH,
T.. IEPEHOC JAaHHBIX U3 MJIOCKOCTH B
TPEXMEPHOE MPOCTPAHCTBO, TIE BO3-
MOYKHO MOCTPOHTH TaKyH0 IUIOCKOCTH,
KOTOpasi HACAbHO Pa3IeIUT MHOXKEC-
TBO 00pa3oB Ha jBa kiacca. OMopHbI-
MU BEKTOPaMHU B 3TOM ciy4ae OymayT
CITY’)KUTh OOBEKTHI M3 000HX KIIACCOB,
SIBIIFOIITAECST SKCTPEMaTbHBIMU. Me-
XaHHU3M JI00aBIEHUS oTeparopa sapa u
JOITIOJIHUTCIIbHBIX pa3MepHOCTeI>i 1103~
BOJISICT OMPENCIUTh IPAHUIBI MEXKITY
KJIACCAMU B BUJIC TUTICPIUIOCKOCTEH.

OpHako cieayeT TOMHHTB: CIOX-
HOCTBh mocTpoeHus SVM-moxnenu
3aKJIFOYaeTCsl B TOM, YTO YEM BBIIIIE
pPa3MepHOCTH MPOCTPAHCTBA, TEM
cloxHee ¢ HUM pabotars. OJ1H U3 Ba-
PHAHTOB pabOTHI C JAHHBIMHU BBICOKOM




Pa3MEpPHOCTH — ATO MPEABAPUTEIHHOE
NPUMEHEHHE KaKOro-1ubo MeToma
MOHWIKCHHS Pa3MEPHOCTH JTaHHBIX,
HaTpUMep, METOJI IITABHBIX KOMITOHEHT
WM HEHPOHHAS CETh, peaHu3yolas
CHIDKEHHE Pa3MEPHOCTH 3a CYET BbI-
SIBJICHUSI HauOoJiee CYIIEeCTBECHHBIX
MIPU3HAKOB.

HemoctaTok MeTo/1a COCTOHT B TOM,
YTO IS KJIaCCH(DUKAIIMN UCITOIb3YETCSI
HE BCE MHOXXECTBO 00pa3IloB, a JIUIIb
X HeOONbIIas 4acTh, KOTOpas HaXo-
JIITCS HA TPaHUIAX.

JIOCTOMHCTBO Me€TOJa COCTOUT B
TOM, YTO JUIS KJIacCU(UKAIUU METO-
JIOM OIOPHBIX BEKTOPOB, B OTIUYHE
OT OOJBIIUHCTBA APYTHX METOJOB,
JIOCTAaTOYHO HEOOJIBIIOro HAbOpa AaH-
HbIX. [Ipu npaBuiIbHON paboTe MOIeIH,
ITOCTPOCHHOM Ha TECTOBOM MHOYKECTBE,
BITOJIHE BO3MOYKHO MIPUMEHEHUE TAHHO-
r0 METO/[a Ha PEaIbHBIX TaHHBIX.

MeTo/1 OTIOPHBIX BEKTOPOB MTO3BO-
nsiet [3]:

* ONTYIHUTH (PYHKITHIO KIIACCU(PHKA-
[IMY C MUHUMAJIbHOM BEpXHEH OLICHKOM
0XKHUJIAEMOT0 pUCKa (YPOBHS OLIHOKH
KIaccu(uKaIum);

* HMCTIOJIb30BATh JTUHEWHBIN Kiac-
cu(HUKaTOp I pabOThl ¢ HEITUHEHHO
pa3aenseMbIMU JaHHBIMH, cOYeTas
MIPOCTOTY € 3P PEKTHBHOCTHIO.

K OCHOBHBIM MpeuMyI[eCcTBaAM
MAIIIMH OTIOPHBIX BEKTOPOB OOBIYHO
OTHOCSIT CJICAYIOIIHUE:

* pemaercs 3a/1a4a KBaqpaTHIHOTO
MPOrPaMMHUPOBAHHUSI, HIMEIOIIAsT €/THHC-
TBEHHOE PEIICHHUE, BMECTO MHOTOJKC-
TpeMaJIbHOM 3a/1a4H;

* IIPOUCXOJUT ABTOMATHUYECKOE
OTIpe/IeJICHNE KOJIMYECTBA CKPBITHIX
HEWPOHOB, KOTOPOE PABHO YHCITY OITOp-
HBIX BEKTOPOB;

* ONITHMAJTBHOE pa3/IeiICHUE THTICP-
IJIOCKOCTH MPUBOIUT K MAKCHMH3AIIHH
[IAPUHBI Pa3ICIIFOIICH TOJI0CHI MEXKILY
Ki1accamH (B 3a1a4ax KiacCH()hUKAIHN ),
YTO MOBBIIIAET KAYeCTBO 000OIIECHUSI.

3. KomnbioTepHoe MOeTHPOBAHUE
KoMnbproTepHBIN 3KCIIEPUMEHT
C WCIOJB30BAHHUEM pealn3aluil Mo-
JIeTA MAIllMH OMOPHBIX BEKTOPOB Ha
s3bIKe TporpaMMmupoBanusi Python
MPOBOJIMJICS IS ITOKa3aTenell HHBeC-
THUIMIA B OCHOBHOH KaITUTAJI II0 BHJIAM
SKOHOMHUYECKOH NesATeITbHOCTH, Ha-
omomaeMbix denepanbHON CIykO00H
rOCyJIapCTBEHHON CTaTUCTUKU U pe-

Tabruya 1

Iloka3aTein MHBECTHIINI B OCHOBHOM KamuTaJ

OBo3HAYCHIE Iloka3arenu HHBeCTULINH B ocnuonnoﬁ kanutaJ (OK) no Bugam
KOHOMHUYECKOI 1eSITeIbHOCTH

I AHF Nusectuiuu B OK — cenbCcKoe X03HCTBO, 0X0Ta U JIECHOE XO3SHCTBO

I NON WuBectnimu B OK — 10o0bI4a 1MojIe3HbIX HCKOIAeMBbIX, KpoMe

- TOTUTMBHO-3HEPTEeTHIECKIX

I MME WuBectuimu 8 OK — npon3BoaCTBO MAIIMH U 000PYIOBAHUS

I WRT MuBectunuu B OK — onrosas 1 po3HUYHAs TOPrOBILS

I HR WuBectuimu 8 OK — roCTUHHIIBI 1 peCTOPaHbI

3yJABTATHl IPOTHO30B 10 KOTOPHIM HE
OTBEYAIOT 3aJIaHHBIM KPUTEPUSIM TOY-
HOCTH Y KQUECTBA B SKOHOMETPUUECKOM
MOJICITU TIPH TIPOBEICHUH POy PEI
perpoBepudukanuu [4]. DT mokasa-
TEJIN CBEJAEHEI B Ta0. 1.

Kaxapiit mokasareins npeacTaBisieT
co0o¥ BpeMEHHOH psiJ IUTHHOM 35 Ha-
omonennii. Psx mpencraBmser co0oii
KBapTaJIbHbIC 3HAUEHUI I10Ka3aTellei.
MonenupoBaHue NPOBOAUTCS Ha JaH-
HBIX 710 2013 roga BKIIOYUTEIBHO, ITOC-
KoKy ¢ 2014 roma pe3ko n3MeHMIIach
JIUHAMHKa TOBEJCHHUS IOKa3aTesei,
YTO BBI3BAHO JIAJIEKO HE SKOHOMHYEC-
KHUMHU 00CTOSITEILCTBAMH.

Hcxognass Moaenab JaHHBIX, MOC-
TymaroIas Ha BXOJM Ui KaKJO0TO TO-
Ka3arells, MOUICKHUT TPpaHCHOpPMALTUU
CJICAYIOMIAM 00pa30M: YUHTHIBAsI OCO-
OEHHOCTH BPEMEHHOTO psna, CBSI3aH-
HBIE C HAJTMYMEM WHEPIIUHU B POIIeCCe,
YTO 3aKJIIYaeTCs B aKTyaJlbHOCTH
HECKOJIBKHX OIMMyKaHIINX HaOMIOAeHUI
U1t GOPMHPOBAHUS TIOCIETYIOIIETO
3HAYCHHUSI PsIIA, HICXOTHOE MHOXKECTBO
pa3duBaeTcs Ha 00ydaroIiee, BKIII0Ya-
folree mepBeie 75% HAOMIOACHUH, U
TECTOBOE, B KOTOPOE BXOST OCTaBIIHU-
ecst 25% HaONrOICHUIA.

IIporno3upoBanue Ha OCHOBE Ma-
[IMH OTIOPHBIX BEKTOPOB IPOBOIUTCS
Ha OCHOBE IOAX0Aa (GaKTOPHOTO IIPO-
THO3UPOBAHUS, KOT/Ia MPOIIECC Pa3BH-
THSL TUHAMUKHU LIE€JIeBOM MepeMeHHON
OIMCHIBACTCSI HAOOPOM OIPEICICHHBIX
MaKpOIKOHOMHUYECKHUX TEePEMEHHBIX,
B3ATHIX B ONpEAEICHHBIX €IMHUIIAX
U3MepeHus u popmaTax (abCOTOTHBIC
3HaueHus, 10Js1 B BBII, miermHoi nnaeke
HT. ).

Mepoii cpaBHEHUS KauecTBa M0JLy-
YaeMbIX MOJICJICH SIBJISICTCS TTOKa3aTellb
CpeIHEKBaJApaTUUCCKON OMHUOKH,
pacCUNTHIBaEMBI Ha TECTOBOM MHO-
JKECTBe. DTa Mepa OTpakaeT CTENEHb
OMU30CTH 3HAYCHUH MpoIecca U ero

dkoHoMMKa, Ctatuctuka n MUHopmaTtuka

perponporrao3a. Kak u 1uist 6ombmimHe-
TBa METO/IOB MAIIMHHOTO OOyuYeHHs,
MalIHbI ONOPHBIX BEKTOPOB TPEOYyIOT
npoBeieHne npeao0paboTKH, KOTO-
past 3aKII0YacTCsl B CTAHAAPTU3ALUH
HUCXOJHBIX 3HAUCHUH psja (cpeaHee
sHadenue = 0, aucrepcust = 1).

Moyen Ha OCHOBE MalIMH OMOp-
HBIX BEKTOPOB PEaIN30BaHbI IS CITy-
Yast perpecCcuy U UMEIOT B OMOINOTEKY
Python Scikit-learn 2 momudukanmu:
Epsilon-Support Vector Regression
(epsilon-SVR) — momens omopHBIX
BEKTOPOB C KIIIOUEBBIM IapaMeTpOM
epsilon; Nu Support Vector Regression
(Nu-SVR)—Moiens OropHBIX BEKTOPOB
C KJIFOUEBBIM MTapaMEeTPOM Nu.

B peanuzamnuu epsilon-SVR kitro-
YeBBIMH CBOOOJIHO HACTpanBacMbIMU
napamerpami siBisitorest C — mapamerp,
BIMSIIONINN Ha KAa4eCTBO MOCTpOeE-
HHUSI TIOBEPXHOCTU PELIEHUN 3a CUeT
ee ympolieHus, epsilon — 3HaucHwUeE,
peryaupyromniee BO3SMOXKHOCTh y4eTa
omuokw, kernel — ¢pynkuus sapa. Pac-
CMOTPHUM PE3YJIbTaT KOMITBIOTEPHOTO
9KCIIEPUMEHTA ISl pa3HbIX 3HAYCHHUN
napameTpoB. B Tadn. 2—4 npencrasie-
HBI 3HAYCHUS CPEIHEKBAAPATHICCKON
OIIMOKH JIIsI MOZIEIH KayKI0TO MTOKa3a-
TeJIs IPY PA3HBIX YPOBHSX TapaMeTPOB
C u epsilon u pyHKIMAME sApAa.

Kak MO’KHO 3aMETHTh U3 TPEACTAB-
JICHHBIX TAOJUII, HAWIYUIINE PEe3yiib-
TaThl 110 3HAYEHUIO CPEIHEKBapaTH-
YeCcKOH OMIMOKHM /TSI KKI0To MOKa3a-
TeJIsl AEMOHCTPUPYIOT MOJICITH MaIlIuH
OTIOPHBIX BEKTOPOB, UCIIOJIB3YIOIINE
B KayecTBe mapametpa spa (kernel)
MOJMHOMHUANBHYI0 QyHKIHI0. Cpean
MojIeTIel, TOCTPOCHHBIX C HCIOJB30-
BaHUEM JTOH (YHKLMHU, HAMITyUIINE
pe3yabTaThl MpHU JI00OM 3HAYEHUH
napaMerpa epsilon 1emMOHCTpHPYIOT
peanu3anuy, UMEoe MHHIMAIBHO
snHagenne C, paBHoe 1. Jlnsa Bcex oc-
TaJabHbIX 3HaueHuH C MoAeIH ¢ Mou-
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Tabnuya 2

Pe3yJbTaThl pacyeToB 110 MOeJISIM VISl PaiNaJbHO-0a3UCHOI pyHKIMH sApa

IMoxasaten 3nauenus C (epsilon =0,1) 3nauenns C (epsilon = 0,5)

1 10 1000 | 10000 1 10 1000 | 10000
I_AHF 18,69 | 18,61 | 18,61 18,6 | 21,08 | 21,09 | 21,09 | 21,09
I_NON 9,63 9,73 9,72 9,72 9,6 9,7 9,7 9,7
I_MME 3,31 3,28 3,28 3,28 3,34 3,29 3,29 3,29
I_WRT 26,42 | 26,06 | 26,06 | 26,06 | 30,38 | 30,5 30,5 30,5
I_HR 5,63 6,21 6,21 6,21 5,96 6,11 6,11 6,11

Tabnuya 3

PeSy.]'leaTbI pacuera nmo MoJaeJasm AJis CUTrMOHUAATbHOM (l)yHRlll(lI/I Aapa

IMoxasatem 3nagenns C (epsilon = 0,1) 3nagenus C (epsilon = 0,5)

1 10 1000 | 10000 1 10 1000 | 10000
I_AHF 23,04 | 23,04 | 23,04 | 23,04 | 23,03 | 23,03 | 23,03 | 23,03
I_NON 9,8 9,8 9,8 9,8 9,74 9,74 9,74 9,74
I_MME 3,82 3,82 3,82 3,82 3,83 3,83 3,83 3,83
I WRT 33,9 33,9 33,9 33,9 | 32,92 | 32,92 | 32,92 | 32,92
I_HR 6,27 6,27 6,27 6,27 6,32 6,32 6,32 6,32

Tabnuya 4

Pesynbrarsl pacyera mo MoaeJsiM VISl OJIMHOMHAIBHON (PYHKIUHU A1pa

Hoxasaremt 3navenus C (epsilon = 0,1) 3navenus C (epsilon = 0,5)

1 10 1000 | 10000 1 10 1000 | 10000
I_AHF 12,84 | 31,58 | 59,08 | 68,57 | 10,53 | 12,76 | 86,36 | 86,36
I_NON 9,25 14,2 52,26 | 66,05 8,94 12,21 | 50,15 | 84,45
I_MME 3,18 2,82 6,27 6,27 2,7 2,61 3,26 4,32
I WRT 28,21 | 36,87 | 63,51 | 77,13 | 28,09 | 31,67 | 32,26 | 32,26
I_HR 5,55 9,51 224 | 22,87 | 5,83 7.9 8,28 8,28

HOMHAJIbHOHN (pyHKIHEH IMOKa3bIBAIOT
XyALINE Pe3yabTaThl 0 CPABHEHUIO C
OCTaJIbHBIMH.

B pamkax cpaBHeHuUst MoJienel ¢ pa-
JMaTbHO-0a3UCHOH sIepHOM QyHKIIeiH
s moxazateneit I AHF uw I WRT
NPEerMYIIECTBOM 00JIa/Ial0T MOZECIH C
napamerpom epsilon=0,1. /Ly nokaza-
teneii | NON, I MME cymiecTBeHHOI
pa3HUIBI B pe3yabTaTax MpH Pa3HbIX
3HaueHusx napamerpoB C u epsilon
Het. J{ns nokazarens I HR B monenu
¢ paguanbHO-0a3MCHOW (QyHKIMEH
Jy4IIne Pe3yabTaThl TAKKE IOy ICHBI
npy 3Ha4eHnH napamerpa epsilon=0,1.
OnHaxo npu (puKcHpoBaHHOM epsilon
HaOJII01aeTCsl 3aMETHOE pa3Inyue B
pe3ynbprarax MpU pasHbIX 3HAYCHUIX
napamerpa C. Tak, mpeuMyIIecTBO
HMEIOT Mojienu ¢ napamerpoM C=1.
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4. 3akia0ueHHue

I[MocTpoeHne MPOTHO3HBIX MOJIE-
JIei Ha OCHOBE SKOHOMETPUIECKHUX Me-
TOJIOB MHOKE€CTBEHHOTO PErPEeCCUOH-
HOTO aHaJIN3a KMEET OTPAHUYICHUS TIPU
MIPOTHO3UPOBAHIH BPEMECHHBIX PSJIOB,
HMEIIUX KOPOTKYIO aKTyaJIbHYIO
4acTh, a TAKKE JUHAMMKA [TOBEIECHUS
KOTOPBIX OMPENEeIsIeTCS HE TOJIBKO
JIOTUKOM 3KOHOMHUYCCKHUX SIBJICHHI,
YTO JOCTATOYHO CHJILHO BIIMSCT Ha
XapakTep Pa3BUTHUS HCCIETYEMOTO
npoiecca. [IpoBeieHre KOMIbIOTED-
HOT'O DKCIIEPUMEHTA MOKAa3allo, 4TO
MIPUMEHEHHE METO/Ia MAIlINH OTIOPHBIX
BEKTOPOB MPH COOTBETCTBYIOUIEM
MMOHUMAaHUHM MEXaHH3MOB HaCTpPOii-
KA MOJIETM U Ka4eCcTBE MPOLEAYP
mpeno6paboTKN MCXOMHBIX TaHHBIX
00J1aJ1aeT CUJIBHBIM MTOTEHIIMAJIOM I10

YIYYIIEHUIO TapaMeTPOB TOYHOCTH
M KayeCcTBa MOJIEJCH MpPH PCIICHHH
3a/1a4d MPOTHO3UPOBAHUS MaKpPOIKO-
HOMMYECKHUX IT0OKa3arejieil Ha OCHOBE
(haKTOPHOTO MOIXO/IA.
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