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KOHUENUWA PEWEHWSA 3A0AYWN MPEOWKTWBHON AHANUTUKWM OTKA3OB

Llenb: aBTOMaTnyeckoe BbisiBlieHNe npenaBapw‘/'lHoro COCTOAHNA HACOCHOIo o6opyn03aHm|

Mopenb gaHHbIX

20 @paKTnyeckunx, 23 CUHTETUYECKINX

HanpasneHue BpalleHus
YactoTta 3LIH

Tok da3sbl A

Tok da3bl b

Tok da3sbl C

KoaddurumneHT MmowwHocTn
3arpyska N3da

TOK Ha CTaHUUN ynpaBieHus
HanpsxeHune Ha cTaHUUN ynpaBneHus
HanpshxkeHne mexxgy dazamu Ab
HanpshxkeHne mexxgy dazamu AC

HanpshkeHne mexxgy dasamun 6C
AKTUBHas MOLLHOCTb

MonHas MOLLHOCTb
Temnepatypa aBuratens
TemnepaTypa X1aKocTu
YpoBeHb BMHpOYyCKOpeHMs B
pafnanbHOM HanpaBneHun
YpoBeHb BUHpoycKopeHus B
BEPTMKAIIbHOM HamnpaBneHnn
[ncbanaHc TOKOB

[aBneHune Ha npvéme Hacoca

Mopenb NHC

XapakTtepuctuyeckas ¢pyHkuusa paéorbl ILH

Q — OyHKLMSA, POPMUPYETCSH HENPOHHOW CETbIO Ha OCHOBE aHann3a COBOKYMHOCTA

NPOMbIC/IOBbIX NapaMeTpoB aKcniyaTaumm SLH

LLTaTtHasa paboTa SLH

BepostHocTb oTka3za 9LH

MAX
= - Annpokcumauus

[MpepaBapuinHas
aHoManus

MpenaBapuiiHbiii
pexunm

BeposiTHoCTV oTKa3a AUH | papnas

e - Mogens VIHC OVarHocTMka e
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Bpewms

MIN

t.. ~ BpemMeHHoI nHTepBan Mexay KpUTUYECKUM 3Ha4YeHrEeM, KoTopbii anroputm MO
onpepenu, Kak 0Tkas, [0 AHS 0TKa3a HacoCHOro 06opynoBaHWs

—> )

CurHan o ckopom
oTkase

NHxeHepHo-
TexHu4yeckas cnyxoba
npombicna

®opmMupoBaHue
nporpamMmbi
NpodUNaKTUYECKmNX
MeponpusaTUin

Mpodunaktnyeckne
MeponpuaTus



Maccus
OaHHbIX

LaHHble

HanpaBneHue
BpaLLeHns

YacTtoTta 3LH
Tok dpa3sbl A
Tok pa3sbl b
Tok da3bl C

KoadpdpuumneHt
MOLLHOCTU
3arpyska MN30a
TOK Ha cTaHuun
ynpaBneHus
Hanp. Ha cTaHuun
ynpaBneHus
HanpshkeHne
Mexay

dazamn AB

HanpshkeHne
mMexay dasamu AC

Hanps»eHne
mexay dasamum bC

AKTVBHas
MOLLHOCTb

[MonHas MOLWHOCTb

TemnepaTypa
asurartens

TemnepaTypa
XUAKOCTW

Bnbpauus B pag.
HanpasneHnu

Brbpauws B BepT.
HanpaBneHum

[ucbanaHc TokoB

[aBneHue Ha
npuéme Hacoca

[ebuT wungkocTtn
[aTa oTkasa 9LIH

WcTouHunk: Tenemetpus

(cTaHums ynpaeneHus LIH)

2 Mpenobpabotka

1. @®unbTpauuns, HOpMUPOBKA,
WCKJIlOMEHNE NHTEPBAIOB C
HEemnosTHbIM Habopom
OaHHbIX

2. TeHepauusa CUHTETUYECKOro
Habopa AaHHbIX,
OCHOBAHHbIX Ha
N3MEHEHWNAX NapaMeTpoB
3a BPpeMeHHON war

3. CospaHue uenesomn
dyHKUMUN

4. ®opmupoBaHune
obyuJaloLien n TecTtoBomn
BbI6GOpPOK

O6yueHne
mogenun NHC

PekyppeHTHas HelpoHHas
cetb LSTM

HenpoHb
MOSTHOCBSA3HOIO
cnos

HenpoHsbl
PEKYPPEHTHOrO
cnos

CXEMA PABOTbHl AJITOPUTMA O6yuenmne npepnkTneHbIX Mopenei

TectnpoBaHue
anropmTMoB

[MpuMeHseMble METPUKK
TOYHOCTK:

. - TP + TN
ceuracy = TP Y TN + FP + FN
orocision = TP

recision = TP + FP
Recall = —

e = TP T FN

TP — BepHO onpefesneHHble aBapuinHble cnyyaun
TN — BepHo onpefeneHHble besaBapuiiHble
cnyyau

FP — cnyyau I0XHO NPUHATbIE aBapUNHbIMY

FN — cny4au NOXHO NpuHATbIe 6e3aBapuiiHbIMM



NMPEJOBPABOTKA [JAHHbBIX

1. ®unbTpaunsa N HOPMUPOBKA

VickntoueHune MHTEPBAJIOB «BbIX0Oa Ha PEXNM»
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CDI/IJ'IpraLI,I/IFI aHOMasbHbIX 3HaYEHNI

3. FeHepame CNHTEeTn4eckoro Ha6opa AdaHHbIX

lameHeHne gaBneHus

e

Ha nprnemMe, atMm

15.08.22 04.04.22 24.04.22 14.05.22 03.06.22 23.06.22 13.07.22

2. UckniouyeHne nHTepsanos

Vctopus pabotbl SLIH gomkHa bbiTb 3anncaHa 6e3 3HaunTeNbHbIX MPOO6enoB B TeYEHUN
30 cyTok oo oTkasa (nonHoTa nctopumn 80%). 3a 5 cyTok 0o 0TKa3a uctopus paboThbl
LOMKHa BbITb 3anMcaHa HenpepbIBHO

25 cyToK 5 cyToK

4. Co3pgaHune ueneson pyHKLMN

Pa3ameTka nMetollerocsa nepuofa paboTbl CKBaXKMHbI Ha WTaTHbIN (knacc 0) n
npegaBapuinHbin (knacc 1) pexxmmel

LLTaTHBIA pexum paboTbl

[MpenaBapuiiHbIn pexmnm paboTbl

27 cyToK
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TEKYIWWE PE3YNbTATHI

Mopenb paHHbIX

43 napametpa

20 dakTnyeckux / 23
CUHTETUYECKNX

DakTnyeckue:

[asneHne Ha npnéme
YacTtoTa

3arpyska

Tok dasbl A

Tok dasbl b

Tok ¢dasbl C

CuHTeTn4yeckue:

A paBneHus Ha npruéme
A yacToTbl

A 3arpysku

A Tok dasbl A

A Tok dasbl b

A ToK dasbl C

s

HenpoHHble
ceTu
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® - BeposaTtHocTb oTkasa nonyyerHas ns NIHC

= - PesynbTaT noctobpaboTKum faHHbIX
Mopenb Ha TecTe

100 onpependert BepHoO

a0 LLiTaTHbIN
* B pexum 80,

60

. cobbITUI
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BepoaTHocTb oTKasa, %

20

05.03.2023 07.03.2023 10.03.2023 12.03.2023 15.03.2023 17.03.2023 20.03.2023 22.03.2023 25.03.2023 27.03.2023 30.03.2023



OAUCNETYEP CKBAXWH

OJA WrA




OUCNETHEP CKBAXWH Ond WrH

Llenb: cokpallieHne pyTUHHbIX Npouenyp TexHonora npombicna

OcnoxHeHus npu akcnnyatauuun LUMH peanbHblil BUA AMHaMoOrpaMmbl

A Harpyska Ha BepxHtoto

@oHAa ckBaXKMH obopynoBaHHbIX LLUIMH WTaHry

~1000 eg.

KONMYecTBO CKBaXMH Ha OQHOrO creumanincTa
nnbl XHEHNWN:
Bt NAyHxXepa

Bbicokasa nogroHka

N

Hwn3kasa MoAroHkKa 7

ACMO 21.03.2023 23.03.2023 25.03.2023 27.03.2023 29.03.2023
PeweHne—npnmeHeHne MeTofoB TunoBble DakTunyeckune
MallMHHOro oby4yeHus AWHaMOrpaMMbl AWHaMOrpaMmbl

1. DopMuMpoBaHNe BEKTOPOB NPU3HAKOB AN MECTopoXaeHus

2. ObyyeHune mogenun Al noa 3agadn KOHKPETHOro @ CI
npeanpusTus Q g
TecTvpoBaHue B pamkax OV ><

BbisiBNeHVe OCNOXHEHUN B peXnMe peasibHOro
BPEMEHWU



PE3YJIbTATbl TECTUPOBAHUA ANTOPUTMOB

LLiITaTHbIN peXxum Bbicokas nogroHka

[ons BepHO onpepeneHHbiX cobbiTun, %

LtaTHble 80.1

ACTI10

To4yHOCTb, %

Bbicokasa nogroHka

Hwn3kaa nogroHka

CpepHee 3HayeHune

0 20 40 60

CpenHss CHMXeHne
TOYHOCTb TpyQo3aTpar Ha

To4yHoOCTb, %

88x 90y

OnpepeneHbl BepHo  —— OnpefgeneHbl He BEPHO

1
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UNOPOBOE PEWEHWE MO ATNAC «OAUCNETYEP CKBAXWH»

MO Atnac WHTepdelic
«Adncnetyep CKBaXXNH»

A\

/- CepBuCbl pacyeTHOro aapa
GRPC/
HaHHble ButpuHa weseock
TenemeTpum AaHHbIX ’R
BO
= Ouepenp IOvcnetyep
| pacuetos CkBawH
C_—3 VIHdOPMaLVOHHbIi J \L
— 1 kormyp .
3akasuuvka epBuc
_— «— </> obMeHa &= ‘A\
FAHHBIMA  pegT 4 MpunoxeHne ¢
/ \ PacuyeTHoe agpo ®opmMupoBaHme
WHC onsa sapay B yepes
NPeaVKTUBHOW aHanuTUKm = NOAKIOYEHNE K
REST/ oTKa3oB JLH BUTPVHE AaHHbIX
WEBSOCKET
N0 Atnac «[lncnetyep CKBaXunH» P AT HED EHEE rp6>aq>mqec+<asq
QYHKLUMOHMPYET C TeXNOAAePIKKO KnneHTckas ANS 3amay BbIABNEHNS e
cneunanncto OO0 «TUHIM» 4acTb OCTOXHEHUI B

pabote LLUMH HTEpdeiic




[MJIAHbl PA3BUTWSA

1

MHTeraLI,VIFI pac4yeTHoOro dapa n cuctemMmbl TeneMeTpun

<®> HedTenobbIBaOWMX KOMNAHUN C LiefIbio aBTOMaTU3aunm
"i i“ npouecca obmMeHa nHpopmauumen
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Passutue anropntmMoB NpeAUKTUBHON aHaJIMTUKN:
1. PasBuTne anropnutmMoB npenobpaboTkn AaHHbIX

2. YBenuyeHmne Mogenn gaHHbIX 3a c4eT gobaBneHus
dU3NYECKUX XapaKTEPUCTUK NPeaLecTBYOWMX OTKa3y.

3. ABTOMaTNYECKOE BblIBNEHME NPM4MHbI OTKa3a

4, PaspaboTka cucTeMbl peKOMeHAaLUnin HanpaBieHHbIX Ha
yBeNn4YeHmne MexpeMoHTHoro nepuoga pabotel [HO




TEXHOJIOTMYECKAA

NMNATOOPMA

"ATJ'IAC

PacwunpeHune crnekTpa
TexHonorunm OO0 TUIHT,
OCHOBaHHbIX Ha VIHC, Ha
3aga4n TEXHONOrMYECKOro
acrekTa 0obblum HedTr

PacueTHoe sgpo
VIcKycCTBEHHbIE HEMPOHHbIE CETU
MeTonpbl MalMHHOrO 06yyeHns

PeleHuns Ha ocHoBe aHcambna
TEXHONOrUIA

OnTuMmnsaunmsa TEeXHONOrM4YecKUx MnpoLeccos

ConpoBoxaeHne pas3paboTKu @ Axanus gobblum )

YnpaBneHvie 3HaHUAMY T

AHanuns padpaboTku

- 0 paspaboTke ®  XapaKTepucTtuku
eoniorund MECTOPOXAEHNN BbITECHEHUSA
Neuro Tracker o Ananus
® TPU3+
TexHonorns noncka nPonyLeHHbIx addekTmBHOCTU [TM
NPOOYKTUBHbIX NHTEPBAaN0B Mpokcu- o [loe- 1 HOCTIDOLECCO
MOJenMpoBaHme P pou P
reofioro-
Mopcuer sanacos ANSKOTIPOHNLASMBIX FMMAPOANHAMUNYECKOrO
@ KONEKTOPOB APoA
CuncTtemMa MHTEpPaKTUBHbBIX NHCTPYMEHTOB U [) MOJenMpoBaHuMa
dbopMann3oBaHHbIX NPoLEedyp U3y4eHus
reofiornyecKkmnx 06bEKTOB A1 OLEHKM AkcnepTtusa
PECYPCHOro NoTeHLMana MecTopoXaeHun
VBC DopMann3oBaHHas oLeHKa
kayectBa 3D mMopenen
/\ o
[
Basuc
o Koppensuusa
basoBbI Mogynb Ans aHanuaa
e [leTpodusnka .
1 BU3yanusauun JaHHbIX
® KapTonocTpoeHue
® Paspesbl [ P
/ . [narHocTunka ocnoXxHeHui
ACY

VIHTerpaumsa
anroputmos N n
annapaTHbIX CpeacTB
OVCTaHUMOHHOIO
yrnpaeneHus

OueHKa HBeCTULMIA

YnpaBneHue
WNHBECTULMUOHHBIMMN
pUCKaMM Ha BCEM
YXU3HEHHOM LIMKIIe NMPOeKTa

Yn paBneHne 3aBogHeHneMm

TexHonorus NoBbIEHNS

3O DEKTMBHOCTY pa3paboTKu 1
CHWKEeHMNs cebecTonmMocT fo6bIYM
HedTK

B pa6ote LUMH

’ \ ﬂVICHET'-Iep CKBaXXUH
-

BbisBneHve ocnoxHeHWi B
akcnnayaTauum MHO Ha ocHoBe
anroputmos N

MpepnkTBHas aHanuTuKa oTkasos ALIH

CKBaXWHHbIE TeXHOOorunm

15



CNNACUB0O 3A
BHUMAHUE

HayuyHas koHdepeHUus
«MckyccTBEHHbIN MHTENNEKT

B HedTerasoBom oTpacam»

000
@Hr «TIOMEHCKNI NHCTUTYT

HedTn U rasa»

TioMeHb, ['epueHa, 64
+7 (3452) 68-51-25
ting@togi.ru




