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AHHOTAIUA. AKTYAJBHOCTb: TaOmuipl "3aTparhl-BeIMYCK" — 3TO 0a3a UIsi MHOTHX BHJIOB
aHajiM3a pEeAJbHOTO0 CEKTOpa, KOTOpble HEOOXOAUMBI JUIsl IOCTPOEHHUS MPOJyMaHHOU
JOJTOCPOYHOM U KPaTKOCPOUHON MOJUTHKHU. O1ieHKa Tabaull "3aTpaThl-BbITYCK" JOPOrocTosIIas
n JuatenbHas npoueaypa. [Ipy 3TOM HalMOHaJIBHBIE CTAaTUCTUYECKHE AareHTCTBA 3apaHee
MyOJIUKYIOT JOTOJTHUTENBHYIO HH(OpMAIHIO, KOTOPas MO3BOJISET MPOATIUThH TaOIHIIBI "'3aTpaThI-
BBINYCK", HAIPUMEDP BBIMYCK U MPOMEXYTOUHOE NoTpedieHue no cekropaM. OCHOBHBIE METO/IbI
npomnerus tTadbmun RAS (wmm ero mogudukanus GRAS) u Cross Entropy, ncnonbs3yroT 1aHHbBIE
0 TPOMEXYTOYHOM CIIPOCE, BBIYMCIEHHE KOTOPHIX TPeOyIOT JONOJHHUTENbHON TpPyHA0EMKOM
pabotsl. Mcnonb3oBanue MHGOPMAIMU TOJBKO 3a MPEAbIAYLIUN MEpPHOJ U TEKYLIUH MepHof
SBJII€TCA TJIaBHBIM HEJOCTaTKOM 3TOro Meroja. B mocnennue pecsatuneTus HaOuparoT
MOMYJSIPHOCTh METO/Ibl MAIIMHHOTO O0Y4YE€HHs, OCHOBHBIM MPEUMYIIECTBOM KOTOPBIX SIBISETCS
HaXO0XKJEHHE B3aMOCBS3€H, BbISIBIEHUE KOTOPHIX MOXKET OBbITh NPOOJIEMaTUYHO, HAIpUMEp, U3-
3a OOJBIION PasMEPHOCTH 3ajjauyd WM HEOYEBHIHOCTH INPUUYMHHO-CIEACTBEHHBIX CBS3ed. OTH
METO/bI XOPOIIO 3aPEKOMEHJIOBATIM ce0s1 BO BCEBO3MOXKHBIX 3a/1adax paclo3HaBaHUsA 00pa3oB,
KOHBEpTAIUM Iojloca B TEKCT, U ITpoyee. B HacTos1iee BpeMsl IPOUCXOAST MONBITKA IPUMEHEHNE
METOZ0B MAIIMHHOTO 00y4eHHs K SKOHOMUUYECKUM 3ajadaM. [IpuMeHeHre MeToJ0B MalllnHHOTO
o0y4yeHHe K 3a/aue OOHOBJICHUS TAaONUI[ “3aTpaThl-BBHINYCK’ HECET HAY4YHYI0 HOBH3HY. Lleab
HCCIEOBAHUS — 3TO OOHOBJIEHHUS TaOJHUII “3aTpaThI-BBHITYCK’, MeTOJAMHU MAIIMHHOTO. MeToj
MPOAJICHUS TAaOJMIl “3aTPaThI-BBITYCK” C MOMOIIBIO CBEPTOYHBIX HEWPOHHBIX CETEH sBIsAETCA
pe3yJbTaToM paboThl, TaK e, KaKk U MPOTHO3 KO0A3()(PUIIMEHTOB MaTpUILIbl MPSIMbIX 3aTpaT IS
Poccu. BpIBOA: uCHONb30BaHUE TaOMUI] ‘“3aTPaThI-BBITYCK’ MOXET IOBBICUTh KadecTBO
MPOTHO30B  TaOnWI[  “3aTpaThl-BBIMYyCK . PexkoMeHgaumu: HEOOXOIWMO  TPOJOJIKUTH

HCCIICA0OBAHUC B JaHHOM HAIIpaBJICHUH.

Kaaccuguxkanusa JEL: C6, C8
KuioueBble ciaoBa: Tabmuibl «''3aTpaThl-BBIMYCK"», MEXKOTpacieBOW OanaHC, MaIlIMHHOE

O6y‘I€HI/Ie, CBCPTOYHLIC CCTH
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Abstract. Relevance: Input-output tables are the basis for many types of analysis of the
real sector, which are necessary to build a well-thought-out long-term and short-term policy.
Evaluation of input-output tables is an expensive and time-consuming procedure. At the same
time, national statistical agencies publish additional forecast information, which makes it possible
to extend the input-output tables, for example, output and intermediate consumption by sector. The
main methods of extending the RAS tables (or its modification GRAS) and Cross Entropy, use
data on intermediate demand, the calculation of which requires additional time-consuming work.
The use of information only for the previous period and the current period is the main disadvantage
of this method. In recent decades, machine learning methods have been gaining popularity, the
main advantage of which is finding relationships that can be hard to identify, for example, due to
the large dimension of the task or the lack of evidence of cause-and-effect relationships. These
methods have proven themselves well in all kinds of image recognition tasks, voice-to-text
conversion, and so on. Currently, attempts are being made to apply machine learning methods to
economic problems. The application of machine learning methods to the task of updating input-
output tables carries a scientific novelty. The purpose of the study is to extend the input-output
tables by machine learning methods. The method of extending the input-output tables using
convolutional neural networks is the result of the work, as well as the forecast of the coefficients
of the direct cost matrix for Russia. Conclusion: the use of input-output tables can improve the
quality of forecasts of input-output tables. Recommendations: it is necessary to continue the
research in this direction.

JEL classification: C6, C8

Key words: Input-Output tables, machine learning, CNN
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B nacrosimiee BpeMs MpoUCXOAAT MONBITKH TPUMEHEHUE METOJJOB MAIIMHHOTO 00y4YeHUS
K DJKOHOMHMYECKMM 3anadaM. Pacu€r exeqHeBHOM MHQUISIUMM M BBIABICHUE Hayaja
SKOHOMHMYECKOTO KpHU3MCa SABIAETCS HauOoliee SPKUMU TMPUMEPAMU MPUMEHEHHUS METOJIOB
MalImHHOTO 00yd4eHus. B pabore aBTOpHI pa3paboTamu METOJ MpOAJIeHUs TabmuI| "3aTparhl-
BBIMYCK'" MeToJaMy MalluHHOro oOydeHus. [IpoBepuim rpaHUlbl TPUMEHUMOCTH METOJa, U
OIICHUJTM KaueCTBO TOJydeHHOTro. JlaHHOe HcciaenoBaHue HECET Mo CO0O0M HECKOJIBKO IeNeH.
[lepBass meab — TeopeTuyeckas, MPOAHATUZUPOBATH BO3MOXKHOCTh U I€JI€CO00Pa3HOCTh
MPOAJICHUE TaOIUIIBI 3aTPAThI BBITYCK METOAAMU MAIIMHHOTO 00y4eHus. DTO 33Jaua aKTyaabHa
U MPAKTHYECKH 3HAYMMA, TaK KaK TaOIHIIbI "3aTPaThI-BBITYCK' SBIISIOTCS 0a3UCOM JIJIi MHOTHX
3a/1a4 aHaJIM3a peajbHOro cekropa. Bropas mesb, nmpakTuyeckas, 3TO MOCTPOSHUE MOJEIN AJIs
MPOTHO3a TabJMIa “‘3aTpaT-BBIMYCK’, W BBIITOJHEHUS COOTBETCTBEHHO CaMOro IPOTHO30B.
[IpuMeHeHrne METOI0B MAIIMHHOT'O O0y4YeHHUe K 3a7a4ye OOHOBICHHs TAaOIHIl “3aTpaThl-BBITYCK
HECeT HAY4YHYI0 HOBH3HY. Llenbio paboThl He SIBIISIETCS aHAIU3 IPUMEHHUMOCTH BCEX BO3MOYKHBIX
METOI0B MAIIMHHOTO O0ydeHus U apxuTekryp. IloaTomy B naHHON paboTe MOKa3aHO TOJIBKO
Hau0oJee y1ayHoe pelieHre, HailIeHHOe aBTOpaMU. JTO PELIEHUE C OJJHOW CTOPOHBI MOKA3bIBAET
[IPUMEHUMOCTh METOJIOB MAIIIMHHOTO OOYYEHHUs Ul PeleHMs 3a/1ad, CBA3aHHBIX C TaOJIMLaMU
«"3aTpaThl-BBIYCK"», @ C JAPYroil CTOPOHBI JIEMOHCTPUPYET BO3MOXKHOCTh HCIOJIb30BaHUE
METOJIOB MAIlIMHHOT'O O0YYEeHHUS I pElIeHUs MPAaKTUUECKUX 3a7ad. JTO, M0 CYTH, U MO3BOJSET

IaTh OTBET, HO 00€ MOCTABJIEHHON LIEH.
1 MeToxosiorust

Cy1iecTByeT MHOKECTBO METOOB MPOJJICHHS] U METOJIOB MAIIMHHOTO 00y4eHus. 3a1ada
CBOJIUTCSL K CIEAYIOUIEMY: HEOOXOIUMO MOJYYUTh MATPUIly KOI(PPHUIIMEHTOB MpPSMBIX 3aTpar,

KOTOpasa YAOBJICTBOPACT TOXICCTBAM HalTMOHAJIbHBIX CUC€TOB, BKJIO4Yas PaBCHCTBO



MIPOMEXYTOUHOTO CIIPOca U MOTPEOICHUS, C YYETOM MaTPULI 3a MPEIbIIYIIUE ePUOIbl. Y CIOBUS
Ha TOXKJIECTBA 3HAUUTENILHO YCIOKHSIOT pa3paboTKy METOJIOB.

Meron RAS (cTpoku ¥ CTOJIOLBI MATPHUIBI MOCICIOBATEIBHO KOPPEKTHPYETCS IS
YIIOBJIETBOPEHMSI PAaBEHCTBAM IIPOMEKYTOUHOT'O CIIPOCa M MOTPeOIEHUS] UCTUHHBIM 3HAYEHUSIM),
HECMOTPSI OTHOCHUTEIILHO CIIa0YI0 MHTEPIIPETAINIO Ta€T HAUIYUIIIUH pe3yibTaT, 10 KpalHel Mepe
mpu cpaBHeHun ¢ Mertonamu CrossEntropy, baifecoBckumu wMertogamMu, W METOAAMHU
MUHUMU3AIUNA QYHKIUN OMMOKK (CpeaHEKBaJApaTUYHOW, B3BEILIEHHOW C pa3IU4YHBIMU BECAMU
cpennekBaaparnyHoii) Ha matpurax WIOD, matpur CILIA u maTtpurr 6a3sl qansabsix IR10OS.

WIOD copepxuT nanHble 0 TabIHMIax ''3aTpaThl-BeITYCK" it 43 cTpaHbl, 56 CEKTOPOB,
kiaccudukarpu 4 MCOK. Tabmuipt cootBerctByioT Bepcuun CHC 2008 roaa [1] [2] [3].

[IepeunciieHHBIE METOIBI, KPOME KOHKPETHBIX Bepcuidl balleCOBCKUX, UCIIOJIB3YIOT TOJIBKO
JIaHHBIC O TMPEIBIAYIIEM U TeKyleM nepuoae. Hampumep, B pabote [4] aBTOpbI yKa3bIBalOT KaKk
TEOPETUYECKH MOXKHO y4eCTh JaHHbIE IpU NpouleHuH baliecoBckumu Merogamu. Ha npakTtuke
MeTobl balieca conpskeHbI CO CII0KHOM 3a7a4eil KOPPEKTHOHN (HopMyIHPOBKON M1 000CHOBAHUEM
alpUOPHOIO PACIPENEICHUS, U NPOKIATHEM pasMepHOocTH. Hamnpumep, B kauecTBe alipuOPHOIO
pacnpezenenusi B pabore [4] MCmonb30BaiM HOPMATbHOE PACIpPEICICHHE CO CPEIHUM 3a
MOCJICAHUM o1, M IUCHIEPCUEN HA OCHOBE UCTOPUUYECKUX JAHHBIX 32 MOCIEAHUE HECKOJIBKO JIET.

HaGOmoaeTcss  mapajokc: HawMMeHee O0O0OCHOBaHHBIM MeToy RAS  Hammydmiwme
XapaKTEPUCTUKHU.

[Ipexxne ueM mpecTynuTh K 3aJayd  MOpoaJeHUs TalOnuil '"3aTpaThl-BIMYCK',
11erecoo0pa3Ho BBIOpATh KPUTEPUH, IO KOTOPHIM OyAeT OICHHBATHCS Ka4eCTBO MporHo3a. s
OLICHKH Ka4eCTBa OIICHKU MCIOJIb3YEeTCs Yalle BCe UCIOb3YeTCsl HECKOJIbKO BApHAHTOB METPUK,
B yactHocT RMSE (root mean square - cpeausis kBaaparuunas ommboka) (1), MAE (mean square
error — cpenusis abcomotHas ormmbka) (2) 1 MAPE (mean absolute percentage error — cpenmss

OTHOCHUTEJIbHAs onoKa) (3):

1 _\2
RMSE = Zﬁ(a” - a,) 1)
ij
1 —_
MAE = zﬁ|a” - a, )
L
~ 12
1 aij - al]

i,j



rI€ @;j — WCTUHHOE 3HA4YeHUWe KOIPOUUMEHTOB NPAMBIX 3aTparThl, MAaTPHIIbI
MEkKOTpacIeBoro 6anamca, a @,, — OLCHKA.

W3 nydmmx XapaKTepUCTHK 1O OAHON METPUKH, HE 03HAYaeT MPEUMYIIECTBO 10 JIPYyro.
Bce 3t MeTpuku, 06s1ajal0T CBOMMU MPEUMYIIECTBAMH U HeJ0CTaTKaMM, 0OCYKIaTh KOTOpbIE
BBIXOJMT 3a PaMKH JIaHHON pabOTHI.

JUis IpUMEHEHHUs] METOI0B MAIIMHHOTO OOy4eHHUs HEOOXOIUMO BBIIOJHUTH HECKOJIBKO
3aj1a4: coOpaTh 1aHHbIE, ONPENEIUTh KPUTEPUU KaueCTBa, IOCTPOUTH U 00YUUTh HEMPOHHYIO CETh
U BAIMMPOBATH MOJTYUYCHHBIE PE3yJIbTaThl HA HE HCII0JIb3YEMOM MPU 00YUYEHUHU BBIOOPKE.

[Ipu pemenun 3amaun mpojaseHUss TaOIMI] "3aTpaThl-BBINYCK" HENW30€KHO BO3HHUKAET
pobeMa HaxXOXIEHUS 3HAYUTEIbHO psiia CPaBHUMBIX TabiuIl "3aTpaThl-Beiyck". COOp Takux
0a3pl JAaHHBIX TAONUIl "3aTPaThI-BBHIMYCK' TPOOIEMATHYEH H3-3a CIOXKHOCTH M JOPOTOBHU3HBI
MOCTPOEHMSI TAaKUX TaOJIMILI, HEIPEPHIBHO U3MEHSIOLIEHCS METOI0JIOT Y.

s pemieHus 3TUX HpoOeM aBTOPBI pa3fesiuid MOCTPOEHUE HEHpPOHHBIX ceTel Ha
HECKOJIbKO 3TanoB. Bo-nepsbIX, aBTOpb! 1t Kaxkaoi u3 crpansl WIOD coznanu BBIOOpKY [uis
00y4eHus 13 HeOOJIBIIOr0 KOJIMYECTBA CTPaH U ceKTopoB. OnpoOOBaB paszaryuHbIe CHICHU(PHUKALINN
Mojeneil, 1 yOoenuBIIMCh B UX MPUMEHUMOCTH MacIITaOUPOBAIM PELICHUE K 3a/1a4e ¢ OOJIbLINM
KOJIMYECTBOM CTpaH U CEKTOPOB. Takoi oaxo Mo3BoJIseT 3HAYUTEIbHO COKOHOMUTh MAallTUHHOM
BpeMs U BPeMs HCCIIeI0BaTeNsl, a TAKKEe POBEPUTH PE3YJIbTAThI HA YCTONYNBOCTb.

Hns  oOydeHuss HedpoHHOM ceTH HeoOXxoauma OoJbilasi BBIOOpKA, KOTOPOW HE
cyuiecTByerT. /Ipemienus 3Toi mpo0daeMbl aBTOPbI CreHEPUPOBAIIN Psijl TAOIUIL 3aTPaThl BBIIYCK 32
2000-2014 ron B ocHoBe 6a3p1 WIOD ucrnons3yst TOTbKO HA0Op YHHKAIBHBIX CEKTOPOB, 5 (3003
yHUKaJIbHBIX BapuanTa) uiau 10 (3003 yHukaneHbIX BapuadTa). OTMETHM, YTO TaKUM 00pa3om,
JUTSL KQKJI0M mapsl (CTpaHa, To/1) Mbl OJIydaeM He oJiHy MaTpully, a 3003, ais BBIOOpKH U3 5 UiH
10 cextopos, u3 15. Mcnonb3oBanue Takoro Habopa HE3aBHCHUMBIX CEKTOPOB C OJTHON CTOPOHBI
MO3BOJISICT MTOCTPOUTH HEMPOHHYIO CETh, KOTOpas B MEHBIIEH CTENEHU 3aBHCUT OT CeUU(UKU
CEeKTOPOB CTpaHHBI, a Yy4MUTbIBaeT Ooyiee OOIIME XapaKTepUCTUKU U (yHIaMEHTaJbHbIE
3aBUCHUMOCTH.

[IpunuunuaneHass cxema pabOThl MOCTPOEHUS MOJEIM MAIIMHHOTO OOydeHus Jyis
NPOAJICHUs TaOIuUI ‘“‘3aTpaThl-BBINYCK’, BBHIIOJIHEHHOW B paboTe. B Hauane aBTOphl cTpomin 5
CEKTOPHYIO MOJEIb JJIsl OJJHOM CTpaHbl, Ha ocHOBe AaHHbIX ¢ 2000 no 2013 rox. 3atrem Ha OCHOBE
MIOJlyYEHHBIX PE3YJIbTAaTOB JENAJICS BBIBOJ O BO3MOYKHOCTH MAacIUTaOMpPOBAHMS IOJTyYEHHBIX
pe3yabpTaToB Ha 10 CEKTOPHYIO MOJIENb, MM HEOOXOAMMOCTHA MOAN(DUKAIIMN MOJIETH, HACTPOUKHI

TUIICIIApaMCTPOB U APYTUX HACTPOCK MJIA YIIYUHICHUA KOHCYHOI'O pE3yJibTaTa. Ecnu PE3yJIbTAThL



[OJIyYaJIUCh JOCTATOYHO XOPOILHUE, TO PE3yJIbTaT IPUMEHSUICA JUls IPOrHo3a Tabaull "3aTpaThl-
BBITYCK'".

s BepuUKauU MOJYyYEHHBIX PE3yJbTaTOB MCIOJIb3YETCS HECKOJIBKO crocoOoB. Bo-
NepBbIX, BHIOOpPKA M3HAYaJIbHO pasjefieHa Ha oOydalollylo, M BalWJallMOHHYIO. B kauecTBe
oOyueHnus ucnoib3yercsa ganHble ¢ 2000 o 2013 rox 11st 0AHOM CTOPOHBL, HanpUMep ABCTpaliuu
u Poccun, a 114 BanuialmoHHON MPOU3BOANTCS olieHKa 3a 2014 roJ uis 3TOM ¥ OCTalIbHBIX CTPaH.
DTO COOTBETCTBYET peajbHOM 3amade, KOrjaa OOJbIIEe BCETO MHTEPECYET OIEHKA IMPOIJICHHS
MaTpHIIbl MEKOTPACIEBOr0 OajaHca, Ha OCHOBE UMEIOIIMXCS Y)KE TaHHBIX.

[Ipu mocTpoeHnn MoJIeny NPUMEHSIUCH Pa3IMUHble CHELM(PUKAUU UCXOJHBIX TaHHBIX, B
TOM YHCJIE€ JaHHbIE O 3HAUCHUM MaTPUIbl TaOIUILIbI "3aTpaThl-BhITYCK" 32 MIPOLLIBINA IO/, MaTPHIL
MEXOTpacieBoro OanaHca, ONEHEHHBIX Ha OCHOBE 3HAYEHHWH 3a TPOILUIBIA TOMABI, JaHHBIE O
IIPOMEKYTOUYHOM CHPOCE U IMPOMEKYTOUHOM MOTPEOJIEHNH, JaHHBIE O COOTHOLIEHWU KamuTajia
Oanka k aktuBaMm (%), MPUUINHAMH CMEPTHOCTH, BEI3BAHHOW MH(PEKITMOHHBIMH 3200JICBaHUSIMU U
YCIIOBHSIMH MaT€pUHCTBA, JOPOJOBOIO meproja u nutanus, Beiopocamu CO2 (kr ma BBII mo
IIIC 2017 roma B nomnapax CIIA), uuciiom paGOTHUKOB 3/paBOOXPAaHEHUS HA YPOBHE OOIIMH
(1a 1000 ugenoBek), rocyJapcTBEHHBIX pacxo0B Ha oOpasoBanue (% BBII) u npoune nanHsle,
NepevrcIeHHbIe B pa3zenax Boime. [Ipu moctpoenun Moaeneit 1 mporHosa Tadbnui "3aTpaThl-
BBIITYCK" XOT€JIOCHh OBl 4YTOOBI MOJIEIIb, B IIEPBYIO OYEPEb MOIJIAa XOPOILO MIPEICKA3bIBATH HOBYIO
MaTpHIly, a BO-BTOPBIX, UTOOBI pelIeHre OblJI0 BO3MOKHO MEPEHECTH Ha JPYTUe CTPaHBbI.

Hecmotpss Ha TO, 4TO B KauyecTBE BXOIHBIX JAHHBIX ObUIM TMONBITKH HCIHOJIb30BaTh
pa3nuyHbIe JaHHbIE, BKIIOYas JaHHbIC 3HAYCHUN U THHAMHKE KO (PHUIIMEHTOB MPSIMbBIX 3aTPaT B
CMEKHBIX CEKTOpax, CETKM C HaWIy4IIMMU XapaKTepUCTUKAMH ObUIM JOCTHUTHYTHI MpU
UCIOJIb30BAHNU JTAHHBIX 3HaueHHs KO3()(PUIMEHTOB MpPSAMBIX 3aTpar 3a NpeAblayIlue 5 JeT, u
OIICHKH 3TUX K03 ummeHToB MeTogoM RAS HCKOMOTO TO/1a Ha OCHOBE TISITH MPEABITYIIHX.

Ha pucynxe 1 moxa3zana UTOroBasi apXuTeKTypa HEHpOHHON CBEPTOYHOII ceTu (moapoOHee
0 CBEPTOYHBIX CETAX MOYKHO MPOYECTh B Kiacchuueckoi cratbe [5]). Brauase 10 BXOAHBIX ClIOCB
¢ubTpyeTcs TMHEHHBIM CBEPTOYHBIM (HIBTPOM 1X1 B 25 BBIXOJHBIX CJIOEB, C MOCIEAYIOIEM
npumenenreM ¢uiabtpa ReLU = max(0,x). [Ipu mocTpoeHuu yaanochk OrpaHHYUTCS (PHIBTPOM
1x1, 4TO MO3BONMIO MOCTPOUTH YHHBEPCAIbHYIO MOJEIb MPUMEHMMYIO A MaTpHIl JIH0O0ro
pa3mepa. 3aTeM MPUMEHSETCS J1Ba IPYTUX mociaeaoBaTeabHbix Guiaprpa 25*10@1x1 ¢ ReLU, u B
10*25@1x1 c ReLU.

PesynbTar HelipoHHOI ceTn oOpadareiBasics MeTo oM RAS i BBIMOJIHEHUS paBeHCTBA
IIPOMEKYTOUYHOI'0 CIIPOCa U MPOMEKYTOUHOrO MoTpedieHusa. Takoe MCKaKeHHE IOJIy4YEHHBIX

pe3ysbTaToB CHUXAeT d(P(PEeKTHBHOCTh OOYYCHHMsI, TaK KaK YaCTUYHO TepsieTcss oOpaTHas CBS3b



MEXJy pe3ysibTaTaMu U OOHOBJIEHHEM MapameTpoB. [loaToMy mpuMeHeHue Takod Mpoueaypbl

caMmy 1o cebe MOKeT MPUBCCTHU K HC OUYCBUIHBIM PE3YyJIbTAaTaM.

10x25@CekTopa*Cektop, ReLU
A

>
>

10x1@CekTopa*Cekrop, RelLU
A

1 1 1
1 1 1 »

1 25x10@CekTopa*CexTop, ReLU
L.

L batch*1@CekTropa*CekTop

batch*10@CexkTopa*CekTop

batch*10@CekTopa*CekTop
batch*25@CekTopa*CekTop
Uctounuk: paC‘léTBI aBTOPOB

Pucynok 1. Koneunas apxuteKkTypa BXOAHBIX JaHHBIX MOJEIHU NpOoAJeHUs Ta0nu1l "3aTpaThl-
BBITYCK"
Hanpumep, Ha NOpOTSYKEHUM [AOJITOr0 BPEMEHHM BBINOJHEHHMS pPAa0OOThl MpPU TMONBITKU

MOCTPOUTh M HACTPOUTh CBEPTOYHYIO CETh HaOII0Janach OCOOCHHOCTb, BBI3BIBAIOIIAS
3arpyaHeHus. HecMoTps Ha To, 4yTo oOyuaromiasi BeIOOpKa 10 oOpaboTku metogom RAS umena
OOJIBIIYIO CPEAHEKBAIPATUIHOTO OIMMOKY, YeM BaJMAALMOHHAs, 00ydaromias BEIOOpKa B TOCIE
obpabotkn RAS wumena nmydmme xapakrepucTuku. Ha pHcyHke 2 TOKa3aHO CpaBHEHHE
KBagpaTHuHOi ommOku MO oOyvaromieil 1 BaIMAAMOHHONW BBHIOOPKH, BMECTE CO CPaBHEHHUEM
orHomenne MSE MO x MSE RAS, noneil, xorja WTOrOBas MaTpvlla HMEET JydIlne
XapakTepUCTUKH, yeM MeTosioM RAS 6e3 mrpada 3a HeBBIIIOTHEHNUE TOXIECTB IPOMEKYTOYHOT'O
Crpoca U TOTPEONeHHs. DTH «HOXKHHIIBIY PETYISPHO MOSBISUIMCH B Ipoliecce oOoydeHus. Jlis
TOTO YTOOBI HANpPaBUTh OOYUYECHHE B HYKHOM HAINpaBlICHHH, B IITPAadHYIO YHKUIUIO — CYyMMBI

KBaJIpaToOB OLIMOKH, UCIOJIB3YEMYIO IIpU 00ydeHUH, OblT Jo0aBieH mTpad 3a OTKIOHEHHE OT

TOXKIECTB MPOMEKYTOYHOTO Cripoca u notpedacuus (4).

—

_\2
Loss = Z(aij_au) +n*z Zaij—au n
T 7 \7T
2 (4)
5ty S
* —L %) g —a
s\max X; Za Y Y
] L
rae  a; MCTUHHOE 3Ha4yeHHue KOd(PQPUIMEHTOB TPSIMBIX 3aTpPaThi, MATPHUILI

MCKKOTPACJICBOI'0O 6ancha, aa 7 OIICHKA, Xj — BBIITYCK CEKTOpa, 1] — BEC IJ_ITpa(I)a 3a OTKJIOHCHHUC

—~
l

CYMMBI IPOMCIKYTOYHOI'O CITPOCAa OT UICTUHHOI'O, U IIPOMEKYTOUYHOI'O HOTpC6J’IeHI/I${.
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[Ipu sTomM nobGaBieHue 3Toro mrpada CHIKAET CKOPOCTh O0yUeHHUs Ha HadaIbHBIX JTarax,
a BBIOOp COOTHOIIEHHUs IMTPadoB OTKIOHEHUS MATPHUIBI KOA(DPUIIMEHTOB MPSAMBIX 3aTpaT OT
WCTUHHOW W OIMOKH, W TOXKJISCTB Ha IPOMEKYTOUHBIM CIIPOC W TMOTPEOJICHHUE SBIISCTCS
oTnenbHoM 3anaueit. [1o aToit npuunHe, B poiiecce 00y4eHHst aBTOPBI MEHSUIH 3TO COOTHOIIICHUE,
JUIS CHYDKCHHSI BPEMECHHM OOYYCHHS, M IOBBIMICHHUS XapaKTePUCTHK IMOTYYCHHBIX Mojeiei. Ha
pucynke 3 TIOKa3aHO CpaBHEHHE KBaapaTudHou ommbOku MO olOywaromieid ¥ BaTuIallMOHHOM
BBIOOPKH, BMecTe co cpaBHeHHeM oTHouieHne MSE MO k MSE RAS, nonei, korga urorosas
MaTpulla UMeeT JIyYIllhe XapaKTepUCTHKH, yeM MeTonoM RAS mpu moBbimenuu mrpada 3a
HEBBITIOJTHEHUE TOXKIECTB MPOMEKYTOYHOTO CIIPOCa U TOTPEOTICHHUS.

[Ipu mnepexiroyeHHH BO3HUKAET CKAYKOOOpPa3HBIH pOCT OMIMOKH, KOTOpas 3aTeM
MOCTENEHHO CHUYKAETCS, BMECTE C 3a4aCTYIO MOBBIIICHUEM XapaKTEPUCTUK HAa TECTOBOU BBIOOPKE,
KOHEYHO, B 3aBUCUMOCTHU OT apXUTEKTYpPbl U HHULIUATH3AIIH.

Tak kak ucciaegoBaTesiel Mpex i€ BCEro MHTEpEcoBaia BO3MOKHOCTh TOCTPOSHUST MOJIETH
MporHo3a Tabauil "3aTpaThl-BBINYCK", a TOUHEee MaTpully KO3(P(GUIUMEHTOB MPSAMBIX 3aTpaT AJs
Poccuu, TO Tak niam uHaue Bech mpoiiecc 00yueHus crpouiica oTHocutenbHo Poccun. Ha pucynxe
3 TOKa3aHO CpaBHEHHWE KBaapaTudHOW omuoku MO oOydaromieil 1 BaTHIAIIMOHHOW BBIOOPKH,
BMecTe co cpaBHeHueMm otHomeHne MSE MO k MSE RAS, noneii B mporecce o0yueHus u
Banaauu Ha Poccun WIOD 5 cekTopos.

BxonHble mapameTpbl, W apXWTEKTypa omnucaHa Bbime. Learning rate — mapamerp,
3amammii ckopocth 00yueHus, meHsuics ¢ 0.01, ¢ temmom 0.95 kaxaeie 500 urepanmii. Bec
OIIMOKU HECOOTBETCTBUS TOXIECCTB KOPPEKTHPOBAIICS B PYYHOM PEXKHUME O Mepe OOYUYCHHS C
0.01 go 100 teic. [Ipu 3TOM, A1 TOTO YTOOBI MOJIETh MOTIJIa ObICTpEE COMTUCH B HOBYIO TOUKY
PaBHOBECHSI, IPU KaXJIOM H3MCHEHUH MapaMeTpa 1), 1 COOTBETCTBEHHO (DYHKIIMH TIOTEPh, learning
rate 3amaBaics paBasiM 0.001. 3a 250 smox, uto cocrariser npuMmepHo 290 Thicsd ureparuii (¢
pazmepom Oarya 25), MoAedb COLUIACH K MPHUEMIIEMBIM 3HA4YeHUAM. Tak, XOTs (opMalbHO
ommrOKa BeIpacTaja MpU YBEIUYCHUH MTapaMeTpa 1) 10 CPABHCHHIO ¢ HAYaIbHBIMUA 3HAYCHUSIMH,
3TOT POCT HE CIEAYET YYUTHIBATh MPsAMbIM oOpasom. Ilpu sTom cpenHekBaapaTuyHasi OMIMOKa
OIICHOK MOJIy4aJIOCh CTAOUIILHO HUXKE TI0 CPAaBHEHUIO € OlleHKaMK MeToJioM RAS, a gomnst maTpuig
RMSE kortopeix Mensiie, yem RMSE meronom RAS Gonbiie 50%, nocturas B cpennem 80%.
OtmeTHrM, 94TO MEHbBIIIAs OITMOKa (YHKIIUU MTOTEPh JIJIS TECTOBOM BBIOOPKH, HE KOHBEPTUPYETCSI
MPSIMBIM 00pa3oM B JIydlliee XapaKTepucTuku st MeTpuku RMSE.

I[Ipy wcHonp30BaHWM METONOB MAIIMHHOTO OOydYeHUs K 3ajadye MpOJICHUS
K03 (HULIMEHTOB MPAMBIX 3aTpaT TabnuIa "3aTpaThl-BhIMYCK' BO3MOXXKHO MHOKECTBO Pa3UYHbBIX

BapuaHTOB HOPOMJICHUA: PC3YyJIbTAaTbl CHUJIBHO 3aBUCAT OT AapPXUTCKTYPHI, HavabHOM
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WHULMANIU3AIM BECOB HEHPOHHOM CETH, MOpsAKa MCIOJIb3YEeMblii BHIOOPKU HpHU OOYUEHUU U

AJITOPUTME HUCIIOJIB3YCMOI'O TP OIITUMU3ALUH.

CpenHas KBaapaTHyHasa ommnGka Jlons BeIGOPKH, B KOTOpoit RMSE MO nyume yeMm RAS

-3.5

- fain
= validation

-6.0 — validation |
— fain

0 20000 40000 60000 80000 100000 120000 140000 160000 0 20000 40000 60000 80000 100000 120000 140000 160000

OtHomenne RMSE RAS k RMSE MO

- ain
12 1 — validation

0 20000 40000 60000 80000 100000 120000 140000 160000

Hcrounuk: pac4€Tsl aBTOPOB

Pucynok 2. CpaBHeHHe KBapaTHIHOM ook MO oOydaromieii 1 BaJlJallHOHHON BBIOOPKH,
BMecTe co cpaBHeHneM oTHoienne MSE MO k MSE RAS, nosnei, korja utoroBas MaTpuiia
UMEET JIyUIlIne XapaKTepUCTUKH, yeM MeTo1oM RAS 6e3 mtpada 3a HeBHIIOTHEHHUE TOXK/IECTB
MIPOMEKYTOYHOTO CIIPOCa U MOTPEeOICHUS

C ofHOHM CTOPOHBI, 3TO MOXHO CUHTATh HEOCTATKOM, TaK KaK Ka)blil HCCIedoBaTelb

MOKET MOJIy4aTh CBOIO OIIeHKY MaTpull. OTHAKO BCE ITH OIEHKH JJOBOJILHO YCIOBHBI, U 3TO BEPHO
KaK Ui METOJI0B MAIllIMHHOTO OOy4YeHUs, TaK U AJIsl Ipyrux Oosiee M3BECTHBIX, BKiIouail RAS u
Cross Entropy, Tak kak OHU JArOT JHIIb MaTPUILY, BEPHYIO MPU PA3TUYHBIX MPEANOI0KEHHUSX.
[Ipu »TOM (QyHIaMEHTaIbHBIE MPOIECCHl, MPOUCXOIANINE BHYTPU DKOHOMHUKH, TaKHE Kak
SHEPreTHUYECKHUIl Mepexo/i WK MOSBJICHUE HOBBIX TEXHOJOTHM, POBHO, KAK U BCE BO3MOXKHBIC
BpEMEHHBIE ABJICHUS CBSI3aHHBIE, HAIPUMED, C HEYPOKAEM U3-3a IUIOXHX IMOTOJHBIX SBICHUHN, WIH
pa3BEpTHIBAHMEM METANPOCKTOB ISl  MOJJEP’KAHUS OSKOHOMHUKHM HE YYHUTHIBAIOTCA, a
MIPUMEHSIFOTCS UMb MaTeMaTH4eCKhe a0CTPaKIIUHU.

[ToaToMy naBaTh TOYEUHYIO OIICHKY OJTHOM MaTPHIIbI, KOTOPAas Kak Obl Jy4Ille BCETO MU
OnukKe BCEro K peayibHOM, SIBISIETCS] CHJIBHBIM JomnylleHneM. EcTecTBeHHO, BBIXOJIOM M3 3TOTO
ABIISICTCA TPEACTaBICHUEM Habopa MaTpUIl MEX OTpaciieBoro OajgaHca. DTO ObUIO MPOJETaHO
aBTopamMu B Oosiee paHHUX paborax baiiecoBckue meromamu. Korma KOHEUYHBIM IMOJIB30BaTEIh
CMOET MPOBEPUTH YCTOMYMBOCTH CBOEH MOJETH U BEIBOJIOB CBOEH pabOThI K HEOTIPeAeNEHHOCTH,
CBSI3aHHOM C HEOMPEIEICHHOCTHIO B OIICHKE MaTpUI] KOI(PPHUIIMEHTOB MPSMBIX 3aTpaT, TaOiuia
"3aTparbl-BbINycK". Toxe B HEKOTOPOW CTENEHU BEPHO U AJI1 MATPHIL, MOTYUYEHHBIX METOIaMU

MalIMHHOTO 00ydeHus. ['eHepupys pasznuuHble HAOOpPbI MaTpUll, MOJYyUYEHHBIE U3 Pa3IUYHBIX
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Mojielie MalIMHHOTO O0yUYeHHUS UM C Pa3IMYHbIMU apXUTEKTYpPaMHU, U BepU(PUIIUPOBAHHBIE 11O
MpaBUJIaM MAITUHHOTO 00yUYeHUs, a TAK)KE Ha COOTBETCTBUE YKOHOMUYECKOM HHTYUIIUHU, €CITH ITO

BO3MOXXHO.

MSE ML/ MSE RAS Ouwwubka, log10

0 100 200
WUrepauyus, x1000

BanupauuosHas — OByuatowas

0 100 200
Wrepauus, x1000

Hcrounuk: pacd4€Tsl aBTOPOB

Pucynok 3. CpaBHeHue kBaapatnuHoi ommoOkun MO oOyuaroieii U BalIaIlMOHHON BEIOOPKH,
BMecTe co cpaBHeHHeM oTHomeHrne MSE MO k MSE RAS, nosneit B npouiecce o0yueHus u
Baymganuu Ha Poccun WIOD 5 cextopoB

2 CpaBHUTEJbHBIN AaHAJIM3 MOJY4Y€HHBIX Pe3yJibTATOB

Jnsi mpoBepku KauyecTBa IOJMYUYEHHBIX MPOTHO30B M BO3MOXHOCTH MPUMEHHUMOCTH
Pe3yIbTAaTOB, MOTYYEHHBIX JJIS OJHOM CTpaHBL, JJIS pe3yJbTaToB JUIsl IPYToi, ObUIa OCTpOeHA
Mozenb A7 ABCTpaiuu Mo cXO0XuM mpuHnunaM. OOa pe3ynbraTa BaJUAUPOBAHHBI Ha BCEX
crpanax WIOD, 3a 2014 rox. PesynbraTsl mokazansl B mabauye 1.

ABcTpanuiickas MOJIENb B CPETHEM UMEET JTYUIIYIO MpecKa3aTebHYIO CIIOCOOHOCTD, YeM
Mozens st Poccun. O6e Mozenu B 6osiee OJIOBUHBI CIIyYaeB JIydlle, YeM METOJ MPeICKa3aHus
RAS no merpukam RMSE u MAE. OnHako moiydeHHBIN pe3ynbTaT HE O3HA4YaeT 4TO BCETaa
Jy4llIe UCTIOIB30BaTh MOJIEIb JUIsl ABCTpaliud, 4eM Moaenb At Poccun. HanmomuumMm, amst kaxaon
napslI (cTpaHa, roj1) nepedopoM pa3TuIHbIX KOMOMHAIIMKN CEKTOPOB, cymiecTByeT 3003 MaTpuilb.
Ha pucynxe 4 nokazano pacrnpezieneHne METPHK JJIsi MOJIeieil, HACTPOGHHBIX Ha ABCTpalUU U
Poccun mns Poccum m ABctpanmu. OmHO3HAYHOTO BBIBOJA O TOM Kakas MOJENb JIydIie JJist
npeacKa3aHust TaOJIHII 3aTPAThl BBIITYCK MPOOIEMaTHIHO.

J151s TOro YTOOBI BHECTH OOJIbILIE ICHOCTH B TO, HACKOJIBKO BO3MOXHO IPUMEHSATH MOJIEIIb,
HACTPOCHHYIO Ha OJHOM CTpaHe, JUIsl MPOJJICHUS JPYroll CTpaHbl, a TaKXe B TO HACKOJIBKO
MOJTyYSHHBI MeToj Jydlie Win Xyxke meroma RAS Ha pucynke 6 Toka3aHO CpaBHEHHE
norapudpma metpuk i RAS u MO (MammHHOTO OOYYeHHs) I MOJEJCH, HACTPOCHHBIX Ha
Asctpayimu 1 Poccnn mo RMSE, MAE n MAPE. Kaxoii Touke COOTBETCTBYET OJTHA MAaTPHIIa, C

YHHUKaIbHBIM HabopoMm 5 cektopoB u3 15, ang 2014 rox (Ha ocHOBE MPEbIIYIINUX S5 JET), IS
12



density

o

o

o

OJHOM W3 42 cTpaH, U OJHON U3 IBYX MOJEJEH OEHEHHBIX Ha OCHOBE AaHHBIX sl Poccuun winm

ABcrpanmuu. OueHéHHble Mozenu dydine, yeM RAS, ecnu Touka HaxoIuTCs Ha rpaduke crpasa

CHH3Y, U Xyxe, ueM RAS ecnu cieBa cBepxy.

Tabmuna 1

CpaBnenue mojeneit Ha 5 cektopoB aus Poccun m ABctpanuu 1o kadectBy ¢ MerogoM RAS, %
(100% o3nagaet yto B 100% MO nyumie, yem RAS, 0% Hao60poT)

RMSE MAE MAPE
Mogens Poccun 50.9% 49.6% 39.2%
Mogenp ABCTpasiuu 59.1% 55.4% 40.8%

HcTouHHK: COCTaBICHO aBTOpaMu

J171s1 HEeKOTOPBIX CTPaH MPEUIOKEHHBIA METO OKazascs jydiie, yem RAS, B To BpeMs Kak

st npyrux xyxe. Ho, u mist Pocenn, u uis ABCTpaniuu, CTpaH Ha KOTOPBIX METO/1 ObUT HACTPOEH,

MeToa okazaicsa sydimie, yeM RAS. BeposiTHO, TOCTpOe€HHE CTPAaHOBBIX MOJIEeH, Ha OCHOBE

COOTBCTCTBYIOIINX JAHHBIX, IMO3BOJIUAT IOBBICUTH Ka4YC€CTBO ITPOTrHO3a IJIA 3TOM KOHerTHOﬁ

CTpaHHBI.

B neixom HpeHCTaBHCHHLIﬁ METOJ ITOKa3ajl CBOIO pa6OTOCHOCO6HOCTB JAJId MaTpull 5 Ha 5,

Hu Ooiee TOT0, METOJBI BaJIMAAIINN MoJeIeH MaITHHHOTO 06y‘ICHI/I€ IO3BOJIMT 3apaHEC CKa3aTb

KaKoHl METOJ, JIydaie ucCroJib30BaTb — METO MAIIMHHOT'O O6y‘-ICHI/I${, N MCTOA RAS. Ecmu 3t

pe3yIbTaThl BO3MOXKHO IepeHecTd Ha 10 cekTopoB U OoJiee CeKTOPOB, TO TOIZA IIPEUI0KEHHBIN

MeToA OyJeT Oiimke K IPakTHYeCKOMY IPUMEHEHHUIO.

AscTpanua
I

S ——

— —|

1 2

o — .

Pocecus

ELL]

3dviN

IIpumeyanue - pacy€Tsl aBTOPOB

e - = = = = = =

2 -1
log(RAS/ML)

o -ee—

Mogens AscTpanuu ‘ | Mogene Poccuu

Pucynok 4. Pactipenenenue MeTpUK AJis MOJIeIeH, HacCTpOeHHBIX Ha ABcTpayiuu U Poccun juis

Poccun u ABcTpanuu

Ha pucynke 5 mnoka3aHo cpaBHeHHe KBajapatuuHoi omuOku MO oOyuaromeir u

BaJIMJIAIIMOHHOM BBIOOpPKH, BMecTe co cpaBHeHHeM oTHommeHne MSE MO k MSE RAS, noneii B

npouecce o0y4yenus u Banuaanuu Ha Poccun WIOD 10 cextopos.

BxonHble mapaMeTpsl, U apXUTEKTypa Takue ke Kak aius marpun 5x5. Learning rate —

napamerp, 3afaroluil ckopocth o0ydeHus, mensuics ¢ 0.01, ¢ temnom 0.95 kaxaeie 500
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ureparuii. [TapameTp 1 KOppEeKTHPOBAJCSA B pydyHOM pexkume 1o mepe odydenus ¢ 0.01 mo 25
TBICSY, W 3aTeM CHIDKeHHeM 1o 2.5. Jlng ontummsanuu mporecca oOydeHHs MpU KaxIoM
W3MEHEHUHU TapaMeTpa 1, U COOTBETCTBEHHO (YHKIHMH MOTEph, learning rate 3ajaBajics paBHbIM
0.001. 3a 184 smoxu, uyTo cocTaBiseT NpuMepHO 212 ThIcsY uTepanuii (¢ 6aryem 25), Moaeib
COLIIACh K MPUEMIIEMBIM 3HAUEHUSM, YTO IO3BOJISET CKa3aThb 00 yIJydIllEHHE NPOTHO30B Ha
TecTOBOW BbIOOpKE. HeoOX0AMMOCTh BBEAEHUS JOIMOJHUTENBHOIO THIEpHapamMerpa 1| MOXKeT
CHUTHAJIM3UPOBATH YTO KaKas-TO 3HAYMMAasi 4acTh MapaMeTpPOB B IeNCBOW (PyHKIMH ymylIeHa U
TpeOyeT JOMOJTHUTEIBLHOIO UCCIIeIOBAHNUS.

B mabauye 2 moxazano cpaBHeHue 4 Mojenel: Monenb HacTpoeHHas Ha Poccum (10
CEKTOpOB), Mojelb HacTpoeHHas Ha ABcrpanuu (10 cexropoB), monenp HactpoeHHas Ha (5
CEKTOpOB), MOJENh HacTpoeHHas Ha ABcrpamuu (5 cekropoB) ¢ mMerogom RAS. Hawmmyumme
XapaKTepUCTUKU MOKa3aja MOJAENb, HacTpoeHHas Ha ABcTpaiuu (10 cekTopoB), B TOM 4YuCIiE U
st camoit Poccun. Metpurka, ucronb3yeMasi pu cpaBHEHHH (JI0J1s1 MaTpUI] KaYeCTBO KOTOPBIX
Jydlle, YeM MaTpHI, HPOUICHHBIX MeTojoM RAS) MoxkeT ObITh OYECHb YYBCTBUTEIBHA K
MIOTPAaHUYHBIM pe3yJbTaTaM, U MOXET HE IOKa3bIBaTh, HACKOJBKO KAaue€CTBO OJHOM OLEHKHU
orTinuaercs ot Apyroi. IloaToMy AONOIHMTENBHO Ha pucynkax { W 8 MO CpaBHEHUE METPUK
RMSE, MAE n MAPE matpun npoanenssix MmerogoMm MO, u meroiom RAS MO BanupanmonHon

BbIOOpKH Ha 0aze manHbix WIOD 10 cexkropoB 2014 roga u 15 cextopos ¢ 2005 mo 2014 romsr.

MSE ML/ MSE RAS Ouwwmbka, log10

0 50 100 150 200

Pons RMSE ML <= RMSE RAS WUrepayusa, x1000

— Obyvaiowy

0.50 ==

150 200

100
WUrepauyus, x1000
HcrouHuk: pacyéTsl aBTOPOB

Pucynok 5. CpaBHenue kBagparnunoi ommoOkun MO oOyuaromeid U BaJIuIallMOHHON BEIOOPKH,
BMecTe co cpaBHeHHeM oTHomeHrne MSE MO k MSE RAS, nosneit B mpouiecce 00yueHust 1
Banuganuu Ha Poccun WIOD 10 cexTopos
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Pucynok 6. CpaBaenue norapudma metpuk RAS u MO nns moaeneit, HaCTpOSHHBIX Ha

Ascrpaimu u Poccnn mo RMSE mist 2014 rona (5 cekTopoB)
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Tabauua 2

CpaBHEHHE KauecTBa MOJIENEH ISl OLEHKH MaTpull KOd((OUIIMEHTOB MPSIMBIX 3aTpaT TaOJHUIL
"3aTpaThI-BeIMYCK" 1O KadecTBY ¢ MetogoM RAS, % (100% o3nagaer uro B 100% MO nyuiie,

gem RAS, 0% Ha060poT)

Bri6opka RMSE | MAE MAPE
Mopenb Poccun (10 | Poccuss 2014  rom, 10 |37.7% |47.0% 9.4%
CEKTOPOB) CEKTOPOB
Mopens  ABctpamuu (10 | Poccus 2014  rox, 10 | 64.6% | 43.6% 17.3%
CEKTOPOB) CEKTOpPOB
Mogpenb Poccun (5 cexktopoB) | Poccus 2014 rom, 10 |40.0% | 32.9% 0.1%
CEKTOpPOB
Mopens  ABctpammm (5 | Poccus 2014 rtonm, 10 | 8.1% 5.5% 0.2%
CEKTOPOB) CEKTOPOB
Monenb Poccun (10 | Bce crpanbr 2014 ron, 10 | 24.5% | 20.2% 6.5%
CEKTOPOB) CEKTOpPOB
Mogens  Ascrpamuu (10 | Bece crpansr 2014 rox, 10 | 37.1% | 29.6% 13.1%
CEKTOPOB) CEKTOpPOB
Mouens Poccuu (5 cextopoB) | Bee crpansr 2014 tom, 10 | 12.5% | 9.1% 3.9%
CEKTOPOB
Mopens  ABcrpamum (5 | Bee crpansr 2014 ton, 10 | 3.2% 1.3% 0.2%
CEKTOPOB) CEKTOPOB
Monens Poccun (10 | Bce cexropa 36.7% | 24.5% 9.8%
CEKTOPOB)
Mogens  Asctpammu (10 | Bee cexTopa 44.8% | 29.8% 16.2%
CEKTOPOB)
Mogenb Poccuu (5 cektopoB) | Bee cekTopa 18.3% | 13.8% 4.0%
Mogens  Ascrpasum (5 | Bee cekTopa 0.7% 0.5% 0.0%
CEKTOPOB)

Hcrounuk: pacdy€Tel aBTOPOB
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Pucynok 8. Cpasaenne metpuk RMSE, MAE n MAPE matpui, ipouteHHbIX MeTooM MO, u
metogoMm RAS MO BanunanuonHoii Beioopku Ha 6a3e qanabix WIOD 15 cextopos ¢ 2005 no
2014 roxsl
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3 IIporno3 Tadamu "'3aTrpatbi-Bbinyck' Poccun

Jl1s mocTpoeHus MpOrHo3a MaTpuisl KO3PGUIIUEHTOB IPSIMBIX 3aTpaT TaOnuIl «3aTpThI-

Brimyck», Obla MCIoNb30BaHa MOJIENb, OIICHEHHas B IpeApLayiieM paszene it Poccum Ha

ocHOBE 10 CEKTOPOB 3KOHOMUKH.

B kauectBe 6a30Boil mHOpMaAIMK OBUTH B3SITHI TAOIHIIBI

MCIIOJIb30BaHUSI TOBAPOB U YCJIYT B IeHaX mokymareneit 3a 2012-2018 rox [6]. Ipu atom, ¢ 2012

1o 2015 rox Tabmuiiel ncnonb3oBanus B kiaaccudukanuu OKBO/I 1.1, a B mepuoa c 2016 mo 2018

B OKBD/I. Cekropa O0butn 00bemuHEHBI B 15 cekTopoB. B mabauye 3 m mabauye 4 noxazano

cootBercTBust OKBOJI 1.1 1 OKBDO/] 2 u knaccudukaum, UCIojib3yeMon B padboTe.

Tabauua 3

Cootsercrust OKBO/I 1.1 u kiaccudukauu UCnoab3yeMon B paboTe

CexTop

Cexrop OKBO[ 1.1

A

01 Ipoaykius u yciyru ceabCKoro xo3aiictsa v oxotsl, 02 [Ipoaykius secoBoacTBa,
JIECO3aroTOBOK W CBfA3aHHbIE C 3TUM yciuyrd, 05 Peiba u mpouas mpomyKuus
PBIOOIOBCTBA M pIOOBOICTBA; YCIYTH, CBSI3aHHBIE C pPbI00JIOBCTBOM M PhIOOBOCTBOM

10 Yrons kamMeHHBIN U yroib Oypblid (iuraut); Topd, 11 HedTh u ra3z npuponHsiii;
YCIIyTH, CBA3aHHbBIE C OObIYEN HEPTH U raza, KpoMe TeoIoropa3BeJOuYHbIX padoT

12 Pynwl ypaHOBBIE U TOPHEBBIC

13 Pynwl MeTamnueckue

14 TIpoaykiusi TOpHOAOOBIBAIONIMX MPOU3BOICTB MTPOYast

15 Tlpoaykrtel mumieBble u Hamutk, 16 Wsnmenust tabaunsle, 17 Tekctuns, 18
Opnexna; mexa, 19 Koxa u u3nenust u3z xoxu, 20 J[peBecuna u u3aenus u3 AepeBa u
poOKku (KpoMe MeOeln), U3 W3 COJOMKH M MaTepHajoB JUIs IuieTeHus, 21
Hennronosza, 6ymara u usnenus u3 Oymaru, 22 Ilpoaykius nedaTHas ¥ HOCUTENTH
uHpopmanuu 3anucanuele, 23 [IpoayKius KOKCOBBIX Meueil u HeTenpoayKTsl, 24
BemecTtBa Xxumuueckue, MPOAYKTHl XUMHYECKHE W BOJIOKHA XMUMHUYECKHE, KpOME
BELIECTB B3pbIBUaThIX, 25 MW3nenus pe3uHoBble U nojumepHsle, 26 Ilpouune
MUHEpaJIbHbIe HEMETAUTMUECKHe MNpoAykTel, 27 Meramibl, 28 ToroBble
METAJUIMYECKHE HU3JENUsl, KpOMEe MallMH W oOopynoBaHus, 31 Onekrpuueckue
MaIlluHBbI ¥ 31eKTpooOopyoBaHue, 29 MamnHbl U 000py10BaHKE, HE BKIIIOUEHHbIE B
Jpyrue TpynupoBKu (Kpome opyxus u 6oenpumnacos), 30 Opucnoe odopyaoBaHue
Y BBIYHMCIIUTENIbHAS TEXHUKA, 32 KOMIIOHEHTHI 3JIEKTPOHHEIE; anmaparypa Uit pajuo,
TeNeBUACHUA U cBs3H, 33 M3nenus MeauuUMHCKUE; MPUOOPBl M MHCTPYMEHTHI JUIs
U3MEpPEHUs!, KOHTPOJIS, UCTIBITAaHUH, HaBUTAI[UH, YIIPABICHUS;, TPUOOPHI ONITHYECKUE,
KHHO- (hOTOOOOPYZOBaHUE; U anmapaTypa, 4acel, 34 ABTOTPaHCIIOPTHBIE CPEACTBA,
MpUIETIBl U ToJynpuiensl, 36 Mebenb, mpoune NPOMBINIICHHBIE TOBaphl, HE
BKJIFOYEHHBIE B JAPYTUE IPYIIHPOBKH

35 Ilpoune TpaHCHOPTHBIE CpencTBA W O000OpyIOBaHME, MpoYas MPOTYKIUs
MamuHOCTpoeHus 1 Herexumu, 40 DnekTposHeprusi, ras, map u ropsiaasi Boja

37 BropuuHoe ceipbe, 41 Boma coOpanHas 1 OUUIIeHHAs!, YCIYTH [0 paclpeeieHUI0
Bozbl, 90 Yciyru mo cOopy CTOYHBIX BOJ M OTXOJIOB, YJIYYIICHHUIO CAaHUTAPHOTO
COCTOSIHUS i aHAJIOTUYHBIC YCIYTH

60 Ycayru cyXomyTHOT'O TPaHCIOPTA U TPaHCHIOPTUPOBAHUS 10 TpyOorpoBoaam, 61
VYcnyru BOJHOTO TpaHCIopTa, 62 Yeiryru BO3AYIIHOTO U KOCMHYECKOTO TPAHCIIOPTA,
63 VYcayrn TpaHCIOPTHBIE BCIIOMOTATElIbHBIE W JONOJIHUTENBHBIC; YCIYTH
TYPUCTUYECKUX areHTCTB, 64 Y CIIyru MOYTHI U JIEKTPOCBSI3U
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[Ipoutenne TadauIB! 3

CexTop

Cexrop OKBOJ[ 1.1

95 Ycayru roCTUHHMIL U PECTOPAHOB

J

72 TIlporpamMMHBIE TPOAYKTHl U YCIYTH, CBSI3aHHbIE C HUCIOJb30BaHUEM
BBIYHCITUTENLHON TEXHUKU U MHPOPMAIIMOHHBIX TEXHOJIOTUN

65 Ycinyrm mo (uHAHCOBOMY TOCPEIHHYECTBY, 66 YCIyrm mo CTpaxoBaHUIO H
HET0CyJapCTBEHHOMY ITEHCHOHHOMY 00€CIIeUeHHI0, KPOME YCIIYT 10 00s3aTeIbHOMY
COLMAJILHOMY CTpaxoBaHMI0, 67 BcrmomorarenbHble yciayru B cepe (pUHAHCOBOTO
MTOCPETHUYECTBA

70 YCJ'IyrI/I, CBA3AHHBIC C HCABUKUMBIM HMYIIICCTBOM

<4l

74 Tlpoune ycayrH, CBsI3aHHBIE C IPEANPUHUMATEILCKON I TETbHOCTHIO, 73 Y CIyTH,
CBSI3aHHBIE C HAYYHBIMH UCCIICJJIOBAHUSIMU U HKCIIEPUMEHTAJILHBIMU pa3paboTKaMu

71 Ycnyru no apeHje MalivH 1 00opyaoBaHus (0e3 oneparopa), OBITOBBIX M3AETHIMA
Y TIPEAMETOB JIMYHOTO NOJIH30BAHUS

75 VYcnyrm B cdepe TrocynapCTBEHHOTO YIPABICHHS, OOCCICUCHHUs] BOCHHOU
6e3omacHOCTU U colpabHoro odecrneuenus, 80 Ycimyru B obnactu oOpa3oBaHus, 85
VYenyru B 005acTH  3paBOOXpaHEHUs M couuanbHble yciayrd, 91 Veayru
OOIIIECTBEHHBIX OpPTaHM3alliii, HE BKIIOUCHHBIE B JAPYTHE TPYNIUPOBKH, 92 Ycnyru
[0 OpraHu3allM OTAbIXa, pPa3BICUYECHHM, KyJIbTypsl U cnopta, 93 VYcaoyru
IepCOHAJIbHBIC TpoYne, 95 YCIyru JOMalTHUX X03SIMCTB ¢ HACMHBIMHM paOOTHHKAMHU

HcTo4yHUK: cOCTaBICHO aBTOpaMu

Tabnuua 4

CootserctBusgs OKBO/I 2 u kiaccuduKanuy UCTIONb3YeMOH B paboTe

CekTop

Cextop OKBO/I 2

A

A 01 TIpomyxuus um yciayru cenbckoro xossiiictBa U oxoTbl, A 02 Ilpomgyxuus
JIECOBOJICTBA, JIECO3arOTOBOK M CBsi3aHHBIE ¢ ATUM yciyrd, A 03 Poiba u mpouast
MPOAYKIUS PHIOOJIOBCTBA M PHIOOBOJCTBA; YCIIYyTH, CBA3aHHBIE C PHIOOJIOBCTBOM M
pPBIOOBOJICTBOM

B (05-09) Ilpoaykiusi ropHomoObiBaronmx mnpou3Boacts, B (05-09) Ilpomyxius
ropaoo0bIBaronMx Mmpou3Boacts, B (05-09) Ilpomykuusi TrOpHOIOOBIBAOIIMX
npousBojct, B (05-09) IIpoaykuusi ropHogoObBatonmux npousoacts, B (05-09)
[Mpoaykiusi rOpHOI00BIBAIOIIUX TPOU3BOJICTB

C (10-12) TIpomyKThl MUILEBBIC, HATUTKY, U3zeaus Tabaunbie, C (13-15) TexcTuip u
W3/IeNUs TEeKCTUIIbHBIE, OJeXaa, Koxka u u3aenus u3 koxu, C 16 JpeBecuna u
W3Jenus U3 JAepeBa U MpoOKH, KpoMe MeOenu; U3AeNns U3 COJIOMKHA U MaTepuasoB
nis ierenus, C 17 bymara u uznenus u3 6ymary, C 18 Yeayru nedatHsle U yCIyru
M0 KOTMPOBAHUIO 3BYKO- W BHJCO3AIUCEH, a TakKe MporpammubIx cpencts, C 19
Kokc u Hedrenponykrsl, C 20 BemectBa XuMuyeckue U IpoAyKThl xumuueckue, C
21 CpencTBa JeKapCTBEHHbBIE U MaTepUaJIbl, IPUMEHSIEMbIE B MEIUIIMHCKUX Lensx, C
22 Wznenus pe3uHoBble u IutactmaccoBble, C 23 IlpomykTel MuHEpalbHbIC
HeMmetayummueckue npoune, C 24 Mertamist ocHoBHbIE, C 25 M3aenust MeTayuinaeckue
rOTOBbIE, KpoMe MamMH M obopynoBanus, C 26 OOopynoBaHuE KOMIBIOTEPHOE,
anekTpoHHOe U ontudeckoe, C 27 O6opynoBanue anekrpuueckoe, C 28 MammHsl u
o0opynoBaHue, He BKJIIOYEHHble B jApyrue rpynnupoBku, C 29 Cpexncrsa
aBTOTpaHCHOPTHBIE, npuuens! 1 nouynpuuens,, C 30 Cpencrsa TpaHCHOPTHBIE U
obopynosanue, npoune, C (31-32) Mebenb, uznenus rotoseie npoune, C 33 Yenyru
M0 PEMOHTY ¥ MOHTa)Ky MaIIvH U obopynoBanusi, D 35 Dnekrposneprus, ra3, nap u
KOHIMIMOHUpOBaHKe Bo3ayxa, E 36 Boga npupoHas; yciayru 1o o4ucTke BOJbI U
BOJIOCHA0KEHUIO

D 35 DuekrposHeprus, ra3, nap ¥ KOHJIMIIMOHUPOBAHUE BO3TyXa
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[Tponnenue Tabuuimp 4

CexTop

Cexrop OKBDJI 2

E

E (37-39) Vcayru mo BOJOOTBEACHHUIO; IIJIaM CTOYHBIX BOJ;, YCIAYTH IO COOpY,
00paboTKe M YIAJCHHIO OTXOJIOB; YCIYyTHM TO YTHWJIM3AIUU OTXOAOB; YCIYTH IO
PEKYJIBTUBAILIMU U IPOYKE YCIYTH N0 YTHIU3ALUU OTXOJI0B

F (41-43) Coopy>KeHHS M CTPOHUTEIbHBIE PA0OTHI

G 45 VYcayrm mo ONTOBOM W PO3HUYHOM TOProBi€ M YCIYrd IO PEMOHTY
aBTOTPAHCIIOPTHBIX CPEACTB M MOTOLHMKIOB, G 46 Ycimyru mo onroBoil TOprosie,
KpOME ONTOBOM TOPTOBIIM aBTOTPAHCIIOPTHBIMU CPEICTBaMU M MoTouukiamu, G 47
Ycinyru no po3HUYHOM TOProwiie, KpOME PO3HUYHON TOPTrOBJIM aBTOTPAHCIIOPTHBIMU
CpEACTBAaMHU M MOTOLIMKJIAMU

H 49 Vcnyru cyxonyTtHoro u TpyoornposoaHoro tpancnopra, H 50 Yenyru BonHoro
tpancnopta, H 51 Ycnyru Bo3aymHoro u kocMudeckoro tpancnopta, H 52 Yenyru
II0 CKJIAJMPOBAHMUIO M BCIIOMOraTellbHblE TpaHcnopTHble yciyru, H 53 Vceayru
MIOYTOBOM CBSI3U M YCIYTH KYphEpCKHE

| (55-56) Vcayru rocTHHHYHOTO X03SHCTBA M OOIIECTBEHHOTO MMHTAHMSI

J 58 Ycnyru m3parensckue, J (59-60) Yemyru mo mpou3BOACTBY KHHO(HIBMOB,
BUJICOQUIBMOB W  TEJIEBU3MOHHBIX MpOrpaMM, 3BYKO3amHCe U H3AAHUIO
MY3BIKQIbHBIX 3alMCel; yCIyru B oOnacTu Tene- W paavoBewianus, J 61 Ycmyru
TEJIeKOMMYyHUKalmoHusle, J (62-63) IlpoaykTel mnporpaMMHbBIE M YCIyTH IIO
pa3paboTKe MTPOrpaMMHOTO O0O0€CTCUeHHsI; KOHCYJIbTAIlMOHHBIE W AHAIOTHYHBIC
ycayru B oOnacth  MHGOPMALMOHHBIX TEXHOJIOTMH; yciayrd B o0jactu
MH(POPMAIMOHHBIX TEXHOJOTHH

K (64-66) Ycnyru ¢puHaHCOBBIC U CTPAXOBBIC

L 68 Ycnyru, cBsizaHHbIE C HEABH)KUMBIM UMYIIIECTBOM

LIPS

M (69-70) Vcnyru ropuauueckue u OyXTalTepCKue; yCIyTd TOJOBHBIX O(QHUCOB;
YCIIYyT'H KOHCYJIbTaTUBHBIE B 00JaCTH ynpaBiieHus npeanpustuem, M 71 Yciyru B
001acTH apXUTEKTYpPhl U UHKEHEPHO-TEXHUYECKOTO MPOCKTHUPOBAHUS, TEXHUUECKUX
WCTIBITAaHUM, UccaeoBaHUM W aHanmu3za, M 72 VYcenyru u paOoThl, CBSI3aHHBIE C
Hay4YHBIMH MCCIICJIOBAHUSMHU M DKCIIEPUMEHTATBHBIME pa3padboTkamu, M 73 Ycayru
pEKIaMHBIE W YCIIYTH 10 MCCIEN0BAHUIO KOHBIOHKTYPHI peiHKa, M (74-75) Yenyrn
npodeccuoHaIbHbIE, HAYYHBIE U TEXHUYECKUE, TPOYHE; YCIYTH BETEPUHAPHBIC

N 77 Ycnyru no apennie v au3unry, N 78 Yciyru 1o TpyI0yCTpoiCTBY U T0A00py
nepconaina, N 79 Y ciayru TypuCTHUYECKMX ar€HTCTB, TYpONEpaToOpOB U MPOYUE YCIYTH
no OpOHMPOBAHMIO U COMyTCTBYIomMe uM yciyru, N (80-82) VYcmyrm mno
o0ecrieueHUI0 0€30MacHOCTH M MPOBEICHHUIO PACCIENOBAHMM;, YCIyrH IO
00CITy’KMBaHUIO 3[aHUIl M TEPPUTOPHUH; YCIYTH B 0ONACTH aJMHUHHCTPATHUBHOTO,
X03S¥CTBEHHOTO M TPOYEr0 BCIOMOTaTeNIbHOTO 00CITyKUBAaHUS

O 84 VYcayru B cdepe rocyJapCTBEHHOTO YIPaBICHUS M OOECIICUCHHs BOCHHOU
0€301acHOCTH; YCIIyTH 10 00513aTeIbHOMY COLlMaIbHOMY obecnieuenuto, P 85 Yemyru
B oOmactu oOpaszoBanus, Q 86 Yciyru B obnactu 3apaBooxpanenusi, Q (87-88)
VYeinyru mo mpenocTaBiIeHUIO yXoAa ¢ 00ecrnedeHMEeM IPOKUBAHUA; YCIyTH
couuanpHple 0e3 obecreyenuss npoxuBaHud, R (90-92) VYemyrm B obnactu
TBOPYECTBA, MCKYCCTBA M PAa3BJICUCHUH; YCIyrHn OMOIMOTEK, apXHBOB, MY3€€B U
MpoYue YCIYrd B 0OJACTH KyJbTYpbl; YCIYTM IO OpPraHu3allMd U TMPOBEACHUIO
a3apTHBIX WIp MW 3aKIIOUEHHUIO TMapu, JoTepei, S 94 VYciayrum oO0IecTBEHHBIX
opranmszanuii, R 93 Ycmyru, cBsf3aHHbIE CO CHOPTOM, M YCIYTM IO OpraHU3aluu
pasBiedeHuid U oTaeixa, S 96 VYciyru mepcoHanbHble mpoune, S 95 Yemyru mo
PEMOHTY KOMIIBIOTEPOB, IPEIMETOB JIMYHOT'O NOTPEOIEHUS U OBITOBBIX TOBApOB

HcTouHHK: COCTaBICHO aBTOpaMu
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Jns npoanenus ko3 PHUIMEHTOB MAaTpHIl MPSMBIX 3aTpaT TaOuHI] '"3aTpaThl-BBHITYCK",
HEOO0XOMMO 3HAaTh HE TOJBKO MPOMEXYTOUHBIH CIPOC, KOTOPBIM PEryIsipHO MyOIUKyeTcs
HallMOHAJIbHBIMU CTATUCTUYECKUMHU ar€HTCTBAMU, HO M IIPOMEXKYTOUHBIN CIIPOC OLIEHKA KOTOPOI'O
CIIO’KHAs M TpyJ0eMKas 3a7a4a, TpeOyrolas J0CTyN K AeTAIbHOW CTaTUCTHKE, KOTOpast MOXKET U
He NyOJIMKOBaThCs B OTKPHITOM BUJIE.

OrneHka IMPOMEXYTOYHOI'O CIIpOca METOAAMH MAIIMHHOTO OOYYEHMS MOXKET SBJISATHCA
JOCTOMHON anbTEpHATHUBOM OMUCAHHBIM METOJIOM, KOTOpas, TEOPETHUYECKH MOXET MO3BOJUTH
yIYUYIIUTh KayecTBO MOJYYEHHBIX OLIEHOK MaTpHIl HpsMbIX 3aTpaT. Ha pucynxe 9 mokaszana
apXUTEKTypa HEHPOHHOM CEeTH OIEHKM HOPMHUPOBAHHOIO IPOMEXKYTOYHOIO copoca K
MaKCHUMaJbHOMY BBINYCKYy. [Ipy OIl€eHKE HCIONB3YIOTCS JaHHbIE O HOPMHUPOBAHHBINA BBIIYCK
CEKTOPOB 3a OLIEHUBAEMBIM U NPEABIAYIIHI I'0J, HOPMUPOBAHHBIA IIPOMEKYTOUHBIN CIIPOC 3a
MpenbIIyIuid TOA Ha MaKCHMAalbHBIA BBINYCK, U JONIO MPOMEXYTOUHOTO IMOTpEOIeHUs 3a

NPEIbITYILHN TO.

Xi/max(Xy) MonHo cBA3Has

ceTb 50x25

RN
XA
. B\ 4 <
N XA S
SRR <>
K KB &
2o Y <2
e ,.3;*.&:'.4‘ A
EQERN AT 2
2
“TlonHo cBszHas
ceTb 75x50

HcTouHHK: COCTaBIEHO aBTOpaMu

Xi.q/max(Xs)

ICt

I1Ct.1
[MTonHo cBA3HasA
ceTtb 50x25

IDt_1/max(X;)

Pucynoxk 9. ApxuTtektypa HEHPOHHOH CETH OIEHKH HOPMHUPOBAHHOTO MIPOMEKYTOTHOTO
cIpoca K MaKCUMaJIbHOMY BBIITyCKY
CeTb COCTOMT M3 TpeX IMOJHO CBS3HBIX cloeB ¢ 75 Ha 50 ¢ mocnenyromeit 00paboTKoM

dynkaueit ReLU, ¢ 50 no 25 ¢ nocneayromieit 00padoTkoi ¢pyHkuuei u ¢ 25 no 15. s Toro 9to
6]:1 MOZCIIb JIYYIIC ITOBTOPAJIA HeﬁCTBHTeHLHOCTB BBIXO/] Ha MOCJICAHCM CJIOC ITPOITYCKAJICA YCPEC3

¢byuknuo (5).

IDf (outy)) 1. ID{™1
max X} - o) 75 max th ()
IDt

]
t
axX]

rae 0 — curmMa QyHKIEs, ouUt;; — BBIXOJ TMOCIEIHETO CIOs, U - — HOPMHUPOBaHHBIN

cupoc. Ha pucynke 10 mokazana kpuBas OmIMOOK Ha BaJIMJIAIMOHHOW M OOydYaromiei BBIOOpPKE

OIICHOK HOPMHPOBAHHOTO MPOMEKYTOYHOIO CIpoca K MakCHMMaibHOMY Bbimycky log 10.
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3HadeHne OMMOKH MOTYYUIIOCh JOBOJBLHO HU3KUM, Topsiaka 10e-4. [ moHuMaHus HacKOJIbKO
oOydeHHasi MOJIENIb OTIUYAeTCs OT MCTHHHBIX 3HAaYeHWi Ha pucyHke 11 mokazaHo cpaBHEHHE
OIICHOK HOPMHUPOBAHHOTO MPOMEKYTOYHOTO CIIpOca ¢ UCTUHHBIME 3HadeHus MU 111 WIOD 2014,

n matpunl Poccuu ¢ 2013 no 2018 rox.

—— ftrain
—3.7 — validation

o 1 2 3 4 5 &

Hctounuk: pacy€Tsl aBTOPOB

Pucynox 10. KpuBas omm6ok Ha BaTMAAMOHHON 1 00y4aroliel BEIOOpKE OLIEHOK
HOPMHPOBAHHOTO TIPOMEKYTOYHOT'O CITPOCa K MAKCHMaIIbHOMY BBITycKy, l0g 10

® WI0D 2014
104 e Poccn
® Poccun 2018

Hcrounuk: pacd4€Tbl aBTOPOB

Pucynok 11. CpaBHeHHE OIICHOK HOPMHUPOBAHHOTO MPOMEKYTOYHOTO CIIPOCa ¢ UCTUHHBIMU
sHadeHustMu i1t WIOD 2014, u matpun Poccuu ¢ 2013 o 2018 rox
Ha pucyHke Bce 3HaueHUsT HaxoAATCs JOBOJBHO OJIM3KO K Ouccekrpuce, 6e3

CYLIECTBEHHBIX BBIOPOCOB, 4YTO 03HAYaeT [OBOJILHO Xopouiue pe3ynbrarbl. OpHako, s
IIOJIHOLIEHHOT'O [IOHMMaHUS HACKOJIBKO TakKasi OL€HKa HOPMHPOBAHHOT'O IPOMEKYTOUHOTO CIIpoca
MOBBIIIAET UJIM MOHUKAET KAaYEeCTBO OLIEHKU MAaTPHIbl KO3((PUIIUEHTOB NPSIMbIX 3aTPaT TaOIUIbI
"3aTpaThl-BBIMYCK" Ha pucynke 12 moka3aHO CpaBHEHHE OLIEHOK MaTpUll MeTo1oM RAS ¢ yuerom
n 0e3 OLIEHOK IPOMEXKYTOUHOro crpoca. HecMoTps Ha OTHOCHTENBHO XOPOIIME PE3YJIbTATHI

OLICHKW HOPMHUPOBAHHOI'O IMTPOMCIKKYTOYHOI'O CIIPpOCAa HA MaKCHUMaJbHBIN BBIITYCK, UCITOJIB30BAHUC
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OILIEHOK MTPOMEKYTOYHOTO CIPOCa CHMKAET KauecTBO OleHKH 1o MeTpuki RMSE B 33% ciyuaes.

KOHC‘-IHO, JalbHEHIIee YIydlIIeHUC MCETOHOB IMPOTrHO3a MOXKET IO3BOJIUTH YIYUYIINTHL Ka4Y€CTBO

OIICHOK M TpeOyeT MambHEHIIIero uc

CJICAOBaHMUA.

I[J'I}I IpOMJICHUA Ta6J'II/II_I 3aTpaTbl BBIIIYCK HCIIOJIB3YCTCA JaHHBIN U3 C60pHI/IKa

HAIMOHAIBHBIX cueToB 3a 2021 rox [7]. B Tabmuiie mokasan cyet MpoM3BOJCTBA MO OTPACIISIM B

2019 T u oueHKa aBTOPOB MPOMEXKYTOYHOIO CIpoca B KJACCH(MKALUU, TMperCcTaBICHHON

aBTOpamMu. B mabauyax 6 u 7 mMoOKa3aHBI OEHKH MaTPHI] KO3()PHUIIEHTOB "3aTpaThI-BBITYCK" 32

2019 rop, ¢ yuetom 1 6€3 IPOrHO3a MPOMEKYTOUYHOTO CIPOCa.

MAE

Bea yyeTa OUEeHKM NPOMENKYTOHYHOro cnpoca
=

RMSE

.
0

0.0025

C y4eTOM OLEHKM NPOMENKYTOMHOTO CNpoca

Hcrounmk: pacd€Tel aBTOPOB

0.002 0.004 0.008 0.008

C y4ETOM OUEHKM NPOMEYTOUHOM CNPOca

Pucynok 12. CpaBHeHue orieHOK MaTpui] MmetooM RAS ¢ yyetom u 6e3 O1leHOK
MIPOMEXKYTOYHOTO CIIpOca

Tab6muma 5
BrInyck B OCHOBHBIX 1I€HAX, MPOMEKYTOYHOE MOTPEOIIEHNE U OIIEHKA MPOMEKYTOYHOTO CIIPOCa,
MIpa. pyo.
Brinyck B ocHOBHBIX | [IpoMexxkyTouHOE [IpomMexxyTouHBI  crpoc

CexTop LIEHaX noTpebieHne (oieHKa)

A 7543 3725 4692

B 17 957 5282 10 756

C 51 250 37 058 40 044

D 8713 6 151 7192

E 1326 848 1044

F 12 565 7217 3041

G 22 412 9 667 1254

H 15069 8 363 10 053

I 1957 1060 451

J 5091 2538 2 563

K 6 160 1910 3812
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[Iponomkenue TabauIb1 6

Brinyck B ocHOBHBIX | [IpomexyTodHoe IIpomexyTOUHBIE  CIIPOC

CexTop IeHaX oTpedIeHne (omeHka)
L 12 612 3 007 5 457

M 7321 3126 4 004

N 2 906 892 3601

O 23 607 8 142 966

Hcrounuk: pacyérsl aBTOpoB[6]
Tab6muma 6

[Iporno3 marpuubl ko3¢ ¢unuenToB "3arparel-Beimyck”" 3a 2019 roa, ¢ yderoM mHporHosa

IIPOMEKYTOYHOIO CIIpoca

A B C D E F G H

A 0.18968 | 0.00112 | 0.04911 | 0.00045 | 0.00504 | 0.00616 | 0.00083 | 0.03258
9 7 3 2 4 6 8 5

B 0.00238 | 0.02905 | 0.12615 | 0.20804 | 0.01432 | 0.00220 | 0.01081
6 1 5 1 5 9 9 0.03953

C 0.19981 | 0.09211 | 0.39828 | 0.28680 | 0.47749 | 0.13176 | 0.23436 | 0.18339
3 7 2 5 5 1 2 4

D 0.01292 | 0.04329 | 0.04141 | 0.04653 | 0.01319 | 0.02445 | 0.03515
4 7 7 3 4 4 2 0.05851

E 0.00095 0.00130 | 0.00761 |0.00187 | 0.00688 | 0.00313 | 0.01502
1 0.00126 | 2 7 6 4 4 5

= 0.02107 | 0.00769 | 0.02837 | 0.03061 | 0.02317 0.01144 | 0.01815
8 1 1 5 3 0.01291 |9 4

G 0.00561 | 0.00764 0.01127 | 0.01016 | 0.01558 | 0.00313 | 0.00537
8 9 0.00902 |9 2 4 1 7

H 0.01230 | 0.00819 | 0.00662 | 0.02626 | 0.02829 | 0.10807 | 0.05732 | 0.07238
6 5 9 4 5 7 3 9

| 0.00106 | 0.00103 | 0.00072 | 0.00108 | 0.00154 | 0.00592 | 0.00164 | 0.00149
7 7 4 4 4 1 1 6

j 0.00833 | 0.01873 | 0.01057 | 0.01816 0.02967 | 0.01058 | 0.01571
4 6 7 8 0.01086 |1 4 7

K 0.00249 | 0.01578 | 0.01195 | 0.01160 | 0.01159 | 0.07546 | 0.01160
2 1 2 7 6 7 4 0.01097

L 0.01789 | 0.03989 | 0.02244 | 0.03869 | 0.02307 0.03355
3 9 6 4 2 0.06319 |0.0225 |5

M 0.00621 | 0.01709 | 0.00587 | 0.00890 | 0.00774 | 0.01940 | 0.01057 | 0.03244
3 6 2 7 6 4 9 8

N 0.01171 | 0.01027 | 0.01051 | 0.00690 | 0.00924 | 0.06073 | 0.01191 | 0.02797
5 2 7 7 3 3 9 7

0 0.00070 | 0.00292 | 0.00196 | 0.01190 | 0.00628 | 0.00784
0.0013 | 0.00097 | 4 6 3 1 8 8
| J K L M N ©)

A 0.00023 | 0.00721 | 0.00033 | 0.00344 | 0.00388 | 0.00106
6 6 8 6 7 2 0.00103

B 0.00138 | 0.00471 | 0.00108 | 0.00225 | 0.00100 | 0.00016 | 0.04284
7 5 1 4 3 6 5

D 0.03907 0.01026 | 0.00950 | 0.01083 | 0.00180 | 0.05737
1 0.01989 |8 4 9 5 5
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[Iponomwkenne TadauIel 6

I J K L M N @)
E 0.01534 | 0.00470 0.00293 0.01592
7 7 0.001891 | 0.00225 2 0.001185 |8
= 0.00593 | 0.00676 0.00212 0.00791
8 7 0.002245 | 0.003233 | 3 0.000675 |7
0.00409 | 0.00492 | 0.00108 | 0.00235 0.00069 | 0.00023 0.00334
H 0.19505 | 0.17891 0.17702
4 4 0.070519 | 0.085529 |5 0.018451 | 0.05461
| 0.06721 | 0.00487 0.00165 0.00136
9 3 0.001651 | 0.002329 |7 0.000125 |1
j 0.01778 | 0.02095 0.00258 0.01237
2 6 0.003559 | 0.010016 | 7 0.000355 |9
K 0.04194 | 0.02830 0.00754
9 1 0.120108 | 0.013525 |6 0.0019 0.00855
L 0.03788 | 0.04464 0.00557 0.02637
5 4 0.007581 | 0.021335 |1 0.00076 3
M 0.01516 | 0.07653 0.17220 0.00257
7 4 0.010777 | 0.036614 |1 0.002402 |3
N 0.00564 | 0.00831 0.00848
2 6 0.026074 | 0.004054 | 0.00149 | 0.267665 |7
0 0.02134 | 0.01122 0.01466 0.00584
1 2 0.00745 ]0.005364 |9 0.00189 7
HctouHuk: pacy€Tsl aBTOPOB
Tabnuua 7
[Iporuo3 marpuubl ko3dduuueHtoB "3arparbl-Bbiryck”" 3a 2019 rox, 6e3 ydyera mporsHosa
MIPOMEKYTOYHOTO CITPOca
A B C D E F G H
0.00088 | 0.03865 | 0.00036 | 0.00391 | 0.00551 | 0.00073 |0.02884
A 0.14741 |3 6 4 4 3 8 5
0.00110 | 0.01359 | 0.05927 | 0.09993 | 0.00663 | 0.00117 | 0.00569
B 7 3 8 7 5 9 1 0.02089
0.07758 | 0.33688 | 0.24800 | 0.39811 | 0.12659 0.17446
C 0.16687 |7 4 6 9 2 0.22191 |3
0.01762 | 0.05954 | 0.05719 | 0.06569 | 0.01796 0.05434
D 3 3 9 9 2 0.03836 |6 0.09088
0.00186 | 0.00248 | 0.00258 0.00366 | 0.01550 | 0.00695 | 0.03350
E 2 8 1 0.01544 | 6 4 6 6
0.10712 0.14603 | 0.16110 0.06597 | 0.10509
F 3 0.03942 |9 7 0.11758 | 0.07548 |1 6
0.03337 0.05053 | 0.04389 | 0.07757 | 0.01535 | 0.02650
G 0.02431 |7 0.03953 | 2 5 4 9 3
0.00044 0.00024 | 0.00098 | 0.00102 | 0.00451 |0.00236 | 0.00299
H 7 0.0003 |4 8 6 8 2 6
0.00427 | 0.00419 | 0.00294 | 0.00450 | 0.00618 0.00746 | 0.00683
I 8 3 3 2 1 0.02732 |3 3
0.00622 | 0.01412 | 0.00800 0.00810 | 0.02551 | 0.00896 | 0.01338
J 9 3 7 0.01406 |3 3 9 1
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Uctoynuk: Tabmuner 7

A B C D E F G H
0.00328 0.01594 | 0.01582 | 0.01524 | 0.11433 | 0.01732
K|2 0.02096 |2 6 5 3 6 0.016456
0.01165 | 0.02620 | 0.01480 | 0.02608 | 0.01499 | 0.04733 | 0.01661
L |1 1 3 8 8 4 1 0.024887
0.00014 | 0.00040 0.00021 | 0.00018 | 0.00052 | 0.00028
M| 6 o) 0.00014 | 6 2 4 2 0.000868
0.00013 | 0.00011 8.03E- 0.00010 | 0.00078 | 0.00015
N |2 6 0.00012 | 05 4 5 2 0.000358
0.00131 | 0.00098 | 0.00071 | 0.00305 | 0.00197 | 0.01380 |0.00718
0|1 6 9 5 6 6 8 0.009015
I J K L M N 0]
0.00031 | 0.00468 | 0.01237 | 0.00955 | 0.00087
A | 0.00017 |0.00981 |9 7 6 4 2
0.00059 | 0.00382 | 0.00060 0.00190 | 0.00089
B |5 6 9 0.00183 |6 5 0.02167
0.04599 0.07809 | 0.08132 | 0.08768
C | 0.05683 |0.11191 |8 0.0535 6 1 7
0.04930 | 0.04744 | 0.01699 | 0.02268 | 0.06055 | 0.02850
D |7 3 3 5 3 3 0.08529
0.02780 | 0.01611 | 0.00449 | 0.00770 | 0.02351 | 0.02687 | 0.03399
E |6 8 2 9 5 7 3
0.02793 | 0.06015 | 0.01384 | 0.02876 | 0.04419 | 0.03974 | 0.04386
F |12 9 6 1 6 4 2
0.01636 | 0.03721 | 0.00562 | 0.01779 | 0.01209 | 0.01130 | 0.01575
G |7 2 4 3 8 4 4
0.00655 | 0.01137 0.02635 | 0.00776 | 0.00216
H|9 2 0.00311 | 0.00544 |2 5 3
0.24950 | 0.03418 | 0.00803 0.02722 | 0.00578 | 0.00595
Il |12 7 8 0.01635 |5 4 2
0.02739 | 0.00322 | 0.01310 | 0.00792 | 0.00307 | 0.01008
J 10.0123 8 8 3 3 1 6
0.05112 | 0.06519 | 0.19196 | 0.03117 | 0.04071 | 0.02898 | 0.01227
K17 4 6 7 4 2 &)
0.02283 | 0.05084 | 0.00599 | 0.02431 | 0.01486 | 0.00573
L |1 9 1 6 1 3 0.01872
0.00032 | 0.00314 | 0.00030 | 0.00150 | 0.01655 | 0.00065 | 6.58E-
M|9 2 7 4 8 3 05
5.86E- 0.00016 | 0.00035 | 7.97E- 6.86E- 0.03481 | 0.00010
N | 05 3 5 05 05 7 4
0.01991 | 0.01979 | 0.00911 | 0.00946 | 0.06059 | 0.02207 | 0.00642
O|6 4 7 7 7 2 7
Hcrounuk: pacdy€Tsl aBTOPOB
3akiouenune

Mertonpl MamIMHHOrO OOy4Y€HHsI IMO3BOJIAET IOBBICUTh KauecTBO IPOTHO30B TaOJIMIL
“3aTpaThl-BBINYCK”. B paboTe mpuBeneHO OJHO M3 BO3MOXKHBIX DPELICHUS, VI TMPOJUICHUS
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KO3(Q(QUIMEHTOB HPSMBIX 3aTpaT METOJAMU CBEPTOUHBIX ceTel. PesynpraTamm uccienoBaHus
ABIIsIETCA crenu@uKanys MoJeNell MalIMHHOTO OOyYeHHUS HCIIOJIb30BAaHHBIX Ul MPOAJICHUS
Tabnul "3aTpaThl-BbINYCK', CPaBHEHHE W aHAIU3 IOJIYYEHHBIX PE3yJIbTaTOB B CPAaBHEHUU C
JIPYTUMH METOJIaMM TPOJUICHUs, a TaKXKe MPOrHO3 TalOiMIl 3aTparbl BBIMTYCK KO3((HUIMEHTOB
NpsMBIX 3aTpar Tabmuy "3aTparbl-Bbinyck" 3a 2019 roa, ¢ yderom u 6e3 yuyera HpOTHO3a
IPOMEXYTOUHOro crpoca. CyliecTBEHHbBIM OTJINYMEM JaHHOM pabOThI ABJISETCS UCIOIb30BAHUE
METOJIOB MAIIMHHOI'O OOYYEeHHs I MNPOAJEHUs TaOJUIl 3aTpaThl BBIMYCK, YTO IO3BOJIUJIO
CYLIECTBEHHBIM 00pa30M MOBBICUTh KayeCTBO OLIEHOK IO CpaBHEHHIO c MeTojoM RAS.
Heo0Oxoaumo npo1o/kuTh UCCIeA0BaHNE B TAHHOM HaIlPaBJICHUU U3-3a BBICOKON aKTyallbHOCTH
pemaeMoil 3ajauM, M XOPOILEro KadyecTBa IMOJYYEHHBIX PE3yJIbTaTOB INMPUMEHEHHs METOJIOB

MAaIIMHHOTO 00y4Y€eHHE K 3ajjaue IpoyIeHus: TaOIuIl “3aTpaThl-BBITYCK .

baarogapuocTu

Martepran NOAroTOBJIEH B paMKaX BBIIOJHEHUS HAyYHO-MCCIIEI0BATEbCKOW pabOThI

rocyaapctBeHHOro 3aganusa PAHXul Cy.
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