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Poccusa

NMPUMEHEHUE NMPUHLUUMNMOB
BE3OMNACHOIO MALLUIMHHOIO ObYYEHUA
HA OBBbEKTAX 3J/IEKTPOSHEPIETUKHU

NaBen MaTtpeHuH, KaHA,. TeXH. HayK,
CTapLiunii Hayd. coTpyaHuk HITY, Beaywmii Hay4. cCOTpyaHUK Ypdy
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Ypanbckui

HI'TY (egepanbHbii

H 3T M YHUBepCuTeT

OCOBEHHOCTb MALULMHHOIO OBYYEHUA B

«Tak Baw Knaccudpukatop pa3pabotaH Kak YepHbIU AWMUK, Bbl HUKOrAa He
3HaeTe No4yemy OH MPUHMUMAET TO U1 UHOE peLleHne, CneaoBaTeNibHO, He
MOXKeTe 3HaTb, KOraa OH NOTEePNUT Heyaauy».

Steven Skiena «Calculated Bets: Computers, Gambling, and Mathematical
Modeling to Win»

ABTOMaTU3aLNA U VIHCbOpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE
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HEKOPPEKTHOE NPUMEHEHUWE METOAOB MALLUMHHOIO OBYYEHUA

MPNYNHbBI OLUMBOK

B TOM KAK UX B CAMUX
MPUMEHAKOT MOAENAX N METOOATX

ABTOMaTU3aLNA U I/IH(*)OpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE

Ypanbckui

QenepanbHbii
YHWBEpCUTET

Pocom B H Enigsa



HIFTY
H3TU

HEKOPPEKTHOE NPUMEHEHUWE METOAOB MALLUMHHOIO OBYYEHUA

MPNYNHbBI OLUMBOK

B TOM KAK UX B CAMUX
MPUMEHAKOT MOAENAX N METOOATX

nepeHoC oTBETCTBEHHOCTU C ownboK npnmeHeHunA
Ha CamMun moae/,in MallMHHOTO O6y‘-IeHMFI

ABTOMaTU3aLNA U I/IH(*)OpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE
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HITY
H3TU

Ypansckun
pegepanbHbIA
YyHUBEpcuTeT

et nepsoro Npeswnema
Pocow b.H Enuigea

BUObl OLULNBOK

MeTtoaonornyeckue owmnbKu npu paspaborke:
cbop HepoCcTaTOUHOro 06bema AaHHbIX
HapylweHue npoueayp TeCTMPOBaHUA
OLWMN6KM Bbi6OpPa U MHTEpPNpPEeTaLUn METPUK TOUHOCTH

OwnbKu/mckaxkeHusa obyyaroueit BbIGOPKK:
He OXBaTbiBaeT B A0CTaTO4YHOWU Mepe BCe CUTyaLum
COAEPXKUT CUCTEMHDIE OLUMOKU, KOTOPble NPOUTHOPUPOBaHDI
MO>KeT 6bITb YMbILLIEHHO OTPaB/IEHA MU HEYMbILWIEHHO UCKAXKeHa

OwnbKM MHTErpaLmmn 1 aKcnayaTauum:
HEeKOpPpPEKTHAA MHTerpauua B MHGOPMaALMOHHYIO CUCTEMY
OTCYTCTBME Mep 3aLLUTbl MoAenen, BXOAHbIX U BbIXOAHbIX AaHHbIX
HeBepHaa UHTepnpeTauna U HEKOPPEKTHOE UCNOJIb30BaHUE Pe3y/bTaToB

ABTOMaTU3aLNA U I/IHCbOpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE
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275 1

250 1

225 1

175 1

CBOW NEPEOAYU METEOPOJIOTMYECKUX OAHHbLIX

UcTuHHOE noTpebneHue
MporHo3 noTpebneHna ¢ UCKaXKeHuem meTeoAaHHbIX

Noka Bce HOpMmanbHO

150 1

OwwubKa pacrer

Ypanbckui
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ABTOMaTU3aLNA U I/IH(*)OpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE



SAFE MACHINE LEARNING

CospaHue mogeneu n obonouek: @——

=  ARG: Accuracy, Robustness, Generalization
=  [leKoMno3uuua mogenemu

= Heuristic knowledge-based anroputmos

ny6oKkunit aHanus 3agaum: | 1

JKcnayatauma:
" MOJIHOTbI U AOCTYNHOCTU AAHHbIX | " KOHTPOJIb LLe/I0OCTHOCTH
" npoueAypbl TECTUPOBAHUA \ moaenu
" KpUTepueB AOCTUXKEHUA Lenum = apantauus /

2 camoobyueHue

"  perynapHbIu aHaNus3

pe3ynbTaToB
daHHbIe: TectuposaHue:
= aHanus, npeaobpaboTka " aHaNu3 ANA Pa3HbIX YC/I0BUIA, KNACCOB
" pucnpasneHue ownbok, 06paboTka aHomanui " aHanu3 owunboK, NOUCK NPUUMH

XA
=  3aWMUTa LENOCTHOCTU U AOCTYNHOCTM " TecTUpPOBaHME HA HEKOPPEKTHbIX AlaHHbIX



HITY
H3TU

AHAIJIU3 MOJIHOTbI OAHHbIX

OLTC volt ¥nding  gitching Passport data
OTC year TO_year Physical and chemical oil analysis
LV_tg_test TO_voltage (state of insulators)
700 Oil tank chromatography (general state)
LV_R60_test TO_moist g E
S = Magnetic system state
V_tg ¢ 600 TO_acide Wining state
o On-load tap change state
500
LV_R60 TO_tangent
MV _tg_test TO_concentr
MV_R60_test TO_flashpoint
MV tg ¢ H2
MV_R60 CH4
HV _tg_test QH4
HV_R60_test QHe
HV tg ¢ QH2
HV_R60 o2
W_temp_test c
W_temp_com NLLC a
W _year NLLC D
NLL O c NLLC c

NLLO b NLL O a

ABTOMaTU3aLNA U I/IH(bOpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE
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HIFTY
H3TU

BbIABNEHUE CKPbITbIX 3ABUCUMOCTEM

state

trans
winding
TO year
TO voltage
TO moist
TO acide
TO tangent

013 0.10 051 009 005 033 0.10 034 -0.15-0.15 009 -020 -0.04 -0.29 -0.14 001 0.09 001 0.06
“0.16 ~0.01 ~0.03 0,59 0.60 007 00! 018 003 006 -0.05 031 012 005 -0.07 -0.13 0.08
0,15 <019 0.13 - ~0.11 000 008 003 ~0.10 003 034 -0.14 003 003 -0.02 -0.01]
051 ~0.16 0.15 - 009 016 030 009 -023 007 -0.16 007 ~0.27 0.08 ~0.24 -0.04 -0.02 -0.04 -0.08 0.12
=0.09 -0.01 -0.19 0.09 =021 <027 0.4 009 009 003 018 016 -0.17 0.15 026 008 0.11 014 -0.19
005 -003 013 0.16 'OJI- 0.18 0.05 -022 0.17 -0.06 0.07 =023 0.17 -0.17 0.04 -0.02 -0.07 -0.03 0.30

030 -0.27 0.18 ~0.38 024 006 -0.10 0.14 029 0.04 -038 -0.16 005 000 006 011
005 005 002 045 ~0.19 013 016 004 002 004 001 019
005 003 000 0.13 007 0.17 006 006 -005 0.06 -0.08

0 009 -0.04 005 038
“034 0.07 -0.11 -023 0.09 ~0.22 ~0.24 —0.05

TO flashpoint.

W _temp test
HV_R60
HV 1g ¢
HV R60 test
HV tg test
MV R6O
OLTC volt
C2H2/C2H4
CH4/H2
C2H4/C2HG
COCO2

ABTOMaTU3aLNA U I/IH(*)OpMaLI,I/IOHHbIe TEXHOJIOTNUN B SHEPIrETUKE

~0.15 001 000 007 009 0.17 006 005 005 -o.oo 0.10 ~0.15 007 003 -0.05 0.04 ~0.09 0.00 021
<015 0.18 ~0.08 -0.16 0.03 ~0.06 -0.10 002 003 000 ~0.27 025 -0.18 1 002 029 0.17 |
009 003 003 007 ~0.18 007 014 015 000 0.10 027 ~0.29 032 -025 -0.04 009 ~0.11 0.02 001
020 006 -0.10 027 0.16 -0.23 ~0.29 -0.19 0.13 -0.15 025 -0.29 036 025 011 019 003 -0.18-0.10
~0.04 -005 003 008 017 0.17 004 013 007 007 -0.18 032 -036 ~0.08 <009 003 -0.12 -0.02 0.09
0.76 -0.25 025 -o.os- 0.06 004 -0.05-0.19 007

<029 031 -0.34-024 0.15 -0.17 -0.38 0.16 0.17 0.03 [0
~0.14 012 ~0.14 ~0.04 026 004 ~0.16 0.04 006 ~0.05 000 ~0.04 0.11 ~0.09 0.06 - 002 001 003 -0.08
001 005 003 —0.02-008-002 005 002 006 004 008 009 019 003 004 002 ~0.11 -0.13 0.08
0.09 ~0.07 003 ~0.04 0.11 ~0.07 0.00 ~0.04 ~0.05 ~0.09 -0.02 <0.11 0.03 ~0.12 ~0.05 0.01 ~0.11 0.20 -0.09
~0.01 ~0.13 -0.02 ~0.08 0.14 -0.03 0.06 -0.01 0.06 0.00 ~0.29 0.02 -0.18 -0.02 -0.19 0.03 -0.13 0.20 -0.13
006 0.08 -001 012 ~0.19 030 0.11 0.19 -0.08 021 017 001 -0.10 0.09 007 -0.08 005 ~0.09 -o.u.
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KNACTEPU3ALIMSI YCIIOBUM

Pocom B.H Ensigsa
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pegepanbHbIA
YyHUBEpcuTeT
wmessn nepsoro Npeaupena
Pocom B.H.Ensipsa

ONTUMUSALMA NAPAMETPOB MOLEJEN

anropuTm
Harpaza oby4yeHua/onTMmmnsaumu
@ﬁ}
cocToiHue i
cpeapbl ®
KOPpPEeKTUPOBKaA
cpeaa Mozenu ONTUMN3NPOBAHHASA
Mmoaenb
cocToAHue
cpeapbl
C
Mmoaenb
nencresue
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SAFE MACHINE LEARNING

CospaHue mogeneu n obonouek: @——

=  ARG: Accuracy, Robustness, Generalization
=  [leKoMno3uuua mogenemu

= Heuristic knowledge-based anroputmos

ny6oKkunit aHanus 3agaum: | 1

JKcnayatauma:
" MOJIHOTbI U AOCTYNHOCTU AAHHbIX | " KOHTPOJIb LLe/I0OCTHOCTH
" npoueAypbl TECTUPOBAHUA \ moaenu
" KpUTepueB AOCTUXKEHUA Lenum = apantauus /

2 camoobyueHue

"  perynapHbIu aHaNus3

pe3ynbTaToB
daHHbIe: TectuposaHue:
= aHanus, npeaobpaboTka " aHaNu3 ANA Pa3HbIX YC/I0BUIA, KNACCOB
" pucnpasneHue ownbok, 06paboTka aHomanui " aHanu3 owunboK, NOUCK NPUUMH

X4
=  3aWMUTa LENOCTHOCTU U AOCTYNHOCTM " TecTUpPOBaHME HA HEKOPPEKTHbIX AaHHbIX



HITY 3 Genepansrn

H3TU R
B3AUMOOENCTUBUE C QHEPIXUHET

i
MpaBHTENLCTBEHHAA KOMHCCHA N0 MOLEPHU3ALMH 3KOHOMHKH H
MHHOBALHOHHOMY pa3sHTHIO Poccuu

MPI no paspa6orke W peanu3aunn HTH

Pl «3neppxuHer 3PIF «3HeppHHeT>>

Moprpynna no KM6ep6ez0nacHoCTH
«IHEPIHKUHET

3C npu 3Pl «3nepmxHHeT

HLL «3HepmxUHeT
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H3TU gt
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KOHTAKTDI
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