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MOHUTOPUHI
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OOMONMTHUTENbHbIE 3aTPaTbl
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TEXHOJ10I'NH
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KeuncoB anga ToU

MpelnKTUBHAA OMarHOCTUKa aHeproreHepupytoLlero obopynosaHmng TIL,




OINNCAHUE NMPOEKTA

2. 3apaum

PaHHee anarHocTtupoBaHume gedpeKToB obopyagoBaHma TIL

CHMXeHMUe KoIn4ecTBa He3arjaHMpoOBaHHbIX OCTaHOBOB
019 peMoHTa obopyaoBaHMS

MoBbiweHne 3pPeKTUBHOCTU PaboThl MepcoHana
MO PEMOHTY U Tex. 0B6Cny»XMBaHUO 060PYya0BaAHMA

MoBbiweHue obwen apPeKTUBHOCTU PabOTHI
reHepupyHoLLEro N BCNOMOraTesibHOro o6opyaoBaHmM4

X TMMpo6nembl

BHennaHoBble OCTaHOBDLI

HedekTbl 0b6opyaoBaHUA obopynoBaHUSA

Peanusauua npoekKTa
no NpeaAUKTUBHOMU aHAJIUTUKE
o6opyanoBaHua TIOL,

CaMbl 60nbLIOK MO MacLITady
MPOEKT BHeAPEHUA CUCTEMDI

NpeanKTUBHOM aHaNUTUKU
obopynoBaHMa B Poccmun

PaMKu npoekKTa:

o BHeOpeHue
n anpobauma NO Ha 1 cTaHUMK

o MaclwTabumpoBaHme Ha 11 CTaHLNK

O MaCLIJTa6l/IpOBaHl/Ie

Ha Becb nepumeTp TILl 3akasymka




PELLIEHWUE Co3paHune mopgeneun un knaccundpumkartopa
nedekToB gna oé6opyanosaHusa TAL, ¢ 6nokom My

NHTerpaumna Canbepdmnsmkc n Lndpa

o [azoBag TypbuHa
C reHepaTopOM

+ (A cyberphysics 1 BCMOMOraTesbHbIM
undpa obopygoBaHMeEM;
NpousBoacTBeHHbIE MOLWWHOCTU o [ABYXKOHTYPHbIN KOTEN-YTUNN3ATOP

C BCMoMoraTebHbIM 060pya0oBaHMEM;

O6Las ycTaHOBNEHHAA MOLLIHOCTb
2NeKTpocTaHumnm — 6bonee 15,7 BT

E“groﬂHaSQSBb'pa@TBKa e DO2HEPT WK o JOXXMMHasg KOMMPEeCCopHasa CTaHLUSA U3 OBYX
— 0O0Jlee MJ1 KbTY
be TPEexcTyrneH4aTblix ocepanmanbHbIX KOMMPECCOPOB;

NpUHATO peLleHune

o MaCUJTaGMpOBaHMM O HapOTyp6l/lHHa$:I YCTaHOBKa C BCINMoMOratTesibHbIM

obopynoBaHMEM U FreHepaTopPOM
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MHEMOCXEMA MOENEN T3L,

Q MOHMTOPHMHI

O6wan coogxa

) NPEAYNPEXAEHME

Pacxo BTOP ynnot rasa 1 CY sbile HOPMbI

4\ HEMCNPABHOCTH

Pacxon 8TOp ynnor rasa 1 CT suiwe HOpMBI

4. HEMCNPABHOCTH

Pacxon eTop ynnot rasa 1 CT suiwe HOpMS!
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Cuncrema

npeanKTMBHOU
aHaIUTUKU OnNa
[[@3NpOMHedTb

[NpedKTMBHAga aHANMTUKA TEXHNYECKOIO COCTOAHNA KOMIMpeccopa
N TypObuHbl 'TY 1 KoMnpeccopoB rasa IMA gnda bnoka pa3Beaku 1M 4obbiyum
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KOHTYPbI NPOEKTA
MPOBJ1IEMbI K SA0AHA

O6opyanoBaHue

o Typ6uHa n komnpeccop INnTy
o Komnpeccop IMTIA

_ ( Co3paHue NpeaAnKTUBHbIX Moaenen
+| onsa obopynoBaHMA rasonepeKadrBaloLLmX
L arperaTtoB [TH

NMpeauKTUBHANA aHANIUTUKA TEX. COCTOAHUS
Q| KoMnpeccopa 1 TypbuHbl 'TY 1 KOMMpeccopoB
rasa [MA ona Bnoka Pa3zseokun mn 1o6biym

a

e

=
[+ ']

@)
i
©
m
@]
™M
AN
E
©
)
el

Cnepnyouime
Luarm

PelweHuUue

Co3fnaHue Mogenen
c nomMoubto MO CyberStudio

KOHTYpbl NpoeKTa

Pa3paboTtka Mmopgenen

dusnKo-MaTeMaTUyeckas Mogenb TYpPOUHblI M koMnpeccopa 'Y
dur3mKo-MaTeMaTMyecKasg Moaenb koMnpeccopa (KB 1, KB/, 2)
TmbpuaHble mogenu Ny

Pa3paboTka TpaHcdepHbIX MOAENIEN HAa OCHOBe
TexHonormm Transfer Learning Ha nnatdopme
CyberStudio (pa3paboTka knaccudpumkartopa
nedeKToB)

MHTerpauma NO Ha o6bekTe NAO «Masnpom
HePTb»

Anpo6auua pa6oTbl nnatdpopmbl CyberStudio

Ha OHNauH AaHHbIX NMAO «MasnpomM HePTb»
MNpoBegeHme ncnbiTaHM Nnatdopmbl CyberStudio ¢ NnpeanKTUBHbBIMU

MoaensaMun TypbuHbl M koMnpeccopa MY n komnpeccopos MIA.
NMpoBeaeHMe UCNbITAaHUM HA NTOKAJIbHbIX
cepBepax 3aKa3uumka nnatdopmbl CyberStudio
C NpeaANKTUBHbIMU MoZEeNIMU TYPOUHDI

M KoMmnpeccopa I'TY n komnpeccopos 1A .|8




NMPEOJIATAEMOE PELLUEHUE

2, KpaTKkoe onucaHue cogepXXaHusa Mmoaenemn

NPEAYNPEXAEHHWE

Unit_name

» subsystem_name

MacnaHHOe ronofaHne 3afiHeil onopbl CUNOBOM

dusmnyeckaa moaenb ObydeHue cypporaTtHoOM Moaenm ryp

Heo6xoaumo octanoButs MNA. U npoeeputs
paboTocnocoBbHOCTL CUCTEMBI NOAAYM Macna B
3aQHI0K0 ONOpPY CUNOBOR TYPEUHBI

(Tr Pr y)O (P)1 .
G =f(T1, N O vaanurs || D ucropun
>G> ) < FeHepauMs OaHHbIX | . MOHUTOPUHT : ] '
r]K =f(1-[K' nK) > M’\H{T\“Wﬂ%wﬁf\ > KOMMEHTAPHM
(OR Wer Yw ,I‘V € ()
If|
l T ﬁ Enena K.
fl AYMAI0 CTOMT YTOYHNTL PEKOMEHAALNM
cCTapwero rexsuka

\_ .

/% OaHHble Anga peLleHus @ Moaenu
N

o Komnpeccop o Mepenapg gaBneHumn Ha dunbTpe KBOY
. o Kamepa cropaHus o Mepenap goaBneHUM Ha MacNaHbIX
® [MToka3aHW4 Cbl/l3l/IKO-MaTeMaTl/IL-IeCKOl/I o MPOTOUHAS YaCTb TYPGUHDI TTY drnbTpax
MoLel1n o Mone TeMnepatyp o MacngaHbim Hacoc
3a TypbuHowM o TemnepaTypbl NOAWUNMHUKOB [TY
® ﬂ‘006yquV|e Ha peaJibHbIX OaHHbIX o Bubpaummn Ty o OUNbTp CUCTEMbI NOoLadYm TONIMBaA
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AOJEMOHCTPALINA
KJTACCUOUKATOPA
HA NMPUMEPE 1 MOOEJIN

[PadPUK HEBA3KKM MO NapaMeTpy ——>

MpaduK gatuymk/Mogenb

Mopenb: KOMITPECCOP,
KAMEPA CTOPAHWYA

NMapameTp: 220A [daBneHmne ABC 3a OK
Pa3nagka: 13-3a BblXxofa OaTynKa N3 CTpos

A




AEMOHCTPALNA KITACCUDUKATOPA
HA NMPAMEPE 1 MOOEJIN

OObHapy>xeHne naatThopmMom HENCMPABHOCTU CooblleHne KnaccndpmkaTopa gepeKToB

AdaBsnexHue Bosgyxa 3a KoMnpeccopom

e (T. A) HUXXe HOpPMBI.

Pasmep okHa: 500; KonuyecTtBo

cpabartbiBaHun: 50; KonuyecTtBo nponyckosB: 290

1. PaspylwieHne aneMeHTOB
NMPOTOYHOW YacTu KoMnpeccopa. 2. 3arpsasHeHue
NMPOTOYHOM YacTu KoMnpeccopa.

Mogpaens: KOMITPECCOP, KAMEPA CTOPAHWNYA
. 12.03.2021 02.05.2021 22.06.2021 13.08.2021 03.10.2021 2311.2021 14.01.2022 na pa MeTp: ZZOA ﬂa Bﬂ e HUA e A BC 3a O K
01:00:00 09:21:40 17:43:20 02:05:00 10:26:40 18:48:20 03:10:00
Pa3snapka: 13-3a Bblxoda OaTymMKa U3 CTpO4d




cyberphysics

MPUMEPDI MPOEKTOB
O19a NPON3BOOUTENIEN
OBOPYOOBAHUA

22



cyberphysics

Cucrema
npeanKTMBHOU
aHaANTUTUKU

ona OOK
ABuaaBuraTesb

TecTnpoBaHMe nporpaMmMmHoro npoaykrta NoO CyberStudio
Ona npeguKTUBHOM aHaIUTUKM Fra30BbIX TYPOMH [T2C-25MA

25



KOHTYPbI NPOEKTA
MPOBJ1IEMbI K SA0AHA

O6opyanoBaHue

4 rasotyp6buHHbIX ABUrartensa
B cocTaBe [ TOC-2511A

0 NMpo6nembl

l/I3yqe|—|V|e BO3MOXHOCTM NMPUMEHEHUSA
! NPeanKTUBHbIX Mogenen ona obopynoBaHMg

@ 3apauuv

Co3naHMe MaTeMaTU4YeCcKon Mogenm
019 AMarHOCTUKM TEXHMYECKOIo COCTOAHMS
ra3oTypPOUHHbIX gBMraTenem B coctaBe [MTOC-25MMA

a

e

PelweHuUue

AHaNM3 NMCTOPUYECKUX JaHHbIX PaboThbl
obopyaoBaHMa U MOCTPOEHWe Moaenen paboTbl

i) KOHTYpbI NpoekKTa

YcTtaHoBeHo MO «CyberStudio» BO BHYTpeHHeN
CeTu 3aka34ymnka 6e3 MHTerpaumnm c peanbHbiMM

OaHHbIMU
O
T
(@]
o
0 [NMpoBeneHbl MCMNblITaHUA Ha TECTOBOW BbibopKe
=
(@]
(0]
ot
MNogkntoveHne K cucteme cbopa gaHHbIX
o [MycKo-HaagoYHble paboThl, pa3paboTKka gon.
§ Mopoenem
S
Q L
= (@)
g =
= OnbITHag aKcnnyaTaLum4a
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PELLUEHWNE

AHAJMN3 NCTOPUYECKUX OAHHDbIX PABOTbI
OBOPYOOBAHUA N MOCTPOEHUE MOLEJIEN
PABOTbI 4 I'TA B COCTABE I'T3C-25MNA

B crneunanmsmpoBaHHoM 1O CyberStudio:

187141009B2

187131005B5  187131006B5P1

187131003B4

OaHHble anga peLweHuUd

IHaHHble C OAaTYMNKOB O60py,EI,OBaHl/IS:I

YcTaBkuM cpabaTbiBaHUA CUTHaNM3aLUmm,
OTOKMPOBOK U 3aWmMT NTIC-25IMA

XypHanbl AMarHoCTUKM obopyaoBaHMS

2 Mopgenwm

Ona 4 paccMaTpuBaeMblx gBuratenen obiio

MOCTPOeHO 18 Mmoaenen.

2TO perpeccnoHHble MOOENMN HAa OCHOBE
APXUTEKTYPbI MOSTHOCBA3HOWM HEMPOHHOW CETMU.

OBuratenn aBnaoTCa OQHOTUMHbBbIMMU,

MNO3TOMY CTPYKTYpa Mogenen aaa HMX OOMHaKOBO,
OTNINYAOTCA TONTbKO UCTOUYHUKM OaHHbIX,

Ha OCHOBE KOTOPbIX 3T MoaeNu ObIIN MOCTPOEHDI.

I‘@'l
S|

Jun m— —

Bubpaumm
Bo3ayllHaa cuctema
BbIXNOMHOWM TPaKT

KoMnpeccop oxnaxxaeHua
onopbl THL,

Macnooxnagmtens ABOM[],
Hacoc OXX
MNapaMeTpbl MacNaHOM CUCTEMDbI

NpoToyHaa 4yacTb [ TY

TeMnepaTypa oxnaxkgatoLliem
YXMNOKOCTW Ha Bbixoge 3 ABO

TeMnepaTypa Bo3ayxa B 6rioKax

TeMnepaTypa 3a CU/I0BOM
TYypObuHoOM

TonnmneBHag cuctema
Yron nopopota BHA
DuUNbTp TOMSIMBHOTO rasa
®dunbpbl BOY

25




PE3YJIbTATbl BHEOPEHUH

Mogenu O6Hapy)+(l/IBal-OT PAL aHOMaliMM B OaHHbIX, CBA3aHHbIX C TEMU UTN MHBbIMIU pa6OTaMI/I,
MNPEoOmM3BOONMbIMIN Ha OBUTaTENIAX, KOTOPble CBNAOETE/IbCTBYKOT HE TOJ1IbKO O Pa3BUTNU
Hel/ICI_IpaBHOCTel;I, HO M1 O BOSMOXHOM NM3MEHEHUNWN XaPaKTEPUCTUNK pa6OTbI CnNcCTeMbl

OdeMoHcTpaumnsa undppoBoro peLueHms Ha MCTOPUYECKMX OaHHbIX

Habnopaetca HeBA3Ka B cneaymoowmx Mmoaengax.

o B nepumon Mexxay npoMbiBKaMM
YBENMNUYMBAETCH HEBA3KA B Moaenax punbTpoB BOY

o Mopoenu pearmpytoT Ha HEKpUTUYECKMe
HeMCrnpaBHOCTM Y3/10B




PE3YJIbTATbl BHEOPEHUH

Mopoenb Bubpaunm — Buratens 3B4. 1 roq

BUBpoCKopOoCTb Kopryca ABuraTena nepeaHas BUBPOCKOPOCTb KOopryca ABuMraTenda 3aQHAs TeMnepaTypa Macna Ha Bbixoge 13 ornop Lw/n KB,

AHomanbHas Yyactok
HeBsA3ka Yuactok aHoMarnbHoM

aHomarnbHoM HEeBA3KN
HEBA3KN

. F
; x
S H
] 3
4 .
s 2
s s
g [PPSR NGRS WY \V‘-MWMWW 2
: -
2 §
5 2
° 3
S a
% H
] :
g §
g

-

uuuuuuuuuuuuuuu

Mopaenb o6Hapy)XuBaeT ABe aHOManum no BM6paumnam

[NepBaqa HabnogaeTca No BMbpaumnam nepegHen onopbl ¢ 4.03.2020 no 15.03.2020.

AHOManm4a no BmbpaLmMam coBnagaeT Nno BPeMeHM C aHOMaslbHO BbICOKOM TeMMepaTypon Mac/a Ha Bbixoade
N3 LWapWMKOBOro noalmnHmka KBL.

[Mocne ocTaHoOBa BMOpaLIMKM U TeMMnepaTypa Mac/la OQHOBPeMEeHHO BO3BPaLLAtTCA K HOPMaslbHbIM 3HAYeHMAM.
HeBA30K MO MPOTOYHOM YacTM B 3TOT MHTEPBasl BpeMeHUn He HabntogaeTca. MoXKHO NpeadnonoXnTb, YTO POCT
BMOpaLMM 1 TeMnepaTyp Macia Bbl3BaH aHOManmen B paboTe WapuKoBOro noawmnHmka KB.
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cyberphysics

PaspaboTka
NporpaMMHoOro
Moayna onda NAO
«CunosBble MAaLLUUNHbDbI»

Ona NHTenneKkTyasbHOro MOHUTOPUMHIA U MPOrHOCTUYECKOro MoaeIMpoBaHng
TEXHNYECKOro COCTOAHMA NapoOBOMN TYPOUHbI U TypboreHepaTopa

PAS!



KOHTYPbI NPOEKTA
MPOBJ1IEMbI K SA0AHA

O6opyanoBaHue

=i, Maposasa Typ6uHa K-1200-6,8/50

Typ6oreHepaTtop T3B-1200-2AY3

o NMpo6nembl

OTcyTCTBl/Ie BO3MOXHOCTWM CO30aBaTb MOOENU
!,EIJ‘ISII pa3Horo Tmna obopygoBaHua (oaa ASC)

@ 3apauuv

Pa3paboTtka nporpaMmmHoro komnsnekca (MK)
019 MHTeNNeKTyallbHOro MOHUTOPUHIa U
MPOrHOCTUYECKOIro MOAENNPOBaHMA TEXHMUYECKOro
1 COCTOAHUSA MapoBON TypPObUHbI U TypboreHepaTopa

a

=
']

Peanmn3oBaHoO

KOHTYpbIl NpoeKTa

Paspab6oTaH MK
O I'IporpaMMHble KOMTITOHEHTbI 3arpy3xKu
M MNoarotToBKM aHHbIX

o KoMMnoHeHTHI HaCTpOl;IKl/] N pacydeTa Moaes1n
dHal1M3a OaHHbIX

) MOD,y}'Ib yrpaBfieHNA BblIMNCIIEHNEM U O06bMeHOM
OaHHbIX

o b onaxpaHeHna oaHHbIX MOHUTOPWHIA
TEXHNYECKOIo COCTOAHUMYA O60py,EI,OBaHl/IFI

Paspa6oTtaHbl Mogenu gna obopyaoBaHua

o [lapoBag TypbuHa

o TypboreHepaTop

NMpoBepeHO obyueHme coTpyaAHUKOB paboTte c MO

Pa3paboTaH KOMIJIeKT AOKYMEHTaLUMK, cornacHo T3

NK noakno4yeH K peasnibHbIM AlaHHbIM U BBeAEH
B TECTOBYIO 3KCMJ/lyaTauuio




NMPEOJIATAEMOE
PELLUEHWNE

A Pa3paboTka Moaenemn
ona obopynoBaHma B CyberStudio

@ Moaenu

MNapoBada TypbuHa

TypboreHepaTtop

ﬁ( IJaHHble Ans peweHuns

® [laHHble C 4aTYNKOB O60py,EI,OBaHl/IS:|

® VYcTaBKM cpabaTbiBaHMA OaTyMKa

¢ KypHanbl AMarHoCTUKKM 060pyAOBaHNS

a

NpumMepbl 3/1IeMeHTOB
nosnb3oBaTeNIbCKoro uHrepdeunca MK

: import os
import sys, importlib

UMNOPTUPOBAHUE MOAYJIEN
N KOHOUTYPALUU BJTOKHOTA n [21: nport numpy as mp

import pandas as pd
import matplotlib.pyplot as plt
from functools import reduce, parti

sys.path.append(os.path.join(os.path.split(os.getcwd())[2]))

3ATPY3KA M HACTPOMKA NOACUCTEM

3AIrPY3KA U NMPEAOBPABOTKA AAHHDIX
=

P_steam_vh_spp_1

Nov 2020 Jan 2021 Mar 2021 May 2021 Jul 2021 Sep 2021 Nov 2021

MpuMep: AMarpaMMa pacceaHmna

[MpuMep: oTPUCOBKA BCEX LAaHHbIX CUCTEMDbI
014 Mapbl YKa3aHHbIX TEroB

AAHHDBIX AJ19 OBYYEHUA

MHCTPYMEHTDbI BbIBGOPA ‘ ‘l

400
300 1 i ! ’
200 ' ‘
100
[MpnMmep: BbigeneHme

0
CTaUMOHaAPHOIo pexxmmMa Nov 2020 Jan 2021 Mar 2021 May 2021 Jul 2021 Sep 2021

OBYYEHUE MO[LIEJIAN

PACHET CUCTEMDI T masi za pocsn 07
n AHAJIN3 PE3YJIbTATOB i

padmK TeMnepaTypbl & padumK
Mo JAaTUYMKY U MOoOenm ESE pasnagku

Jan 2022




NMPUMEP OBHAPYXXEHNH HEUCITPABHOCTH

Mopoenb TeMnepaTtypbl Macsa 3a NogLwmnnHMKoM MADT7 onopHbIM NOALWNAHUK TYPOUHbI 7

NpaduK TeMnepaTtypbl

No AaTUYMKY U Moaenu 'paduK pasnanku

T Macna 3a NoaLWnNHUKOM T Macna 3a noaWwunnHmMKoM (pasnanka)

YcTaBKa OatdymKa

MpeBblleHne pa3nanaku

PeanbHble 3Ha4eHUd (MO AaTynKy)

MpoeanbHble 3Ha4YeHMa (Mo Moaenun)

T_masl_za_podsh_07
T_masl_za_podsh_07_mod Jun&  Jun 20 Jul 4 Jul 18 Aug 1 Jun 6 Jun 20 Jul 4 Jul 18 Aug 1

2021 2021

T_masl_za_podsh_07_resid_rel

dang_lIvl




BU3YAJTIMSALIMH MOHUTOPUHIA TEXHUHECKOIO
COCTOHHNA OBOPYOOBAHUYA

(BU3yanmsaums BbiNnonHeHa coTpyaHMKoM AO «CumnoBble MalLlMHbI» B cucteMe [padaHa)

v YpoBeHb cUCTEMbI

PaboTa ocHOBbIX arperatoe MHAOeKe TeXHMYECKOro COCTOAHNA

Harpyska Ha reHepatope | I | I | Last Min

TypGuna B pabote | I I I I its Typ6uHa naposas K-1200-6.8/50 0.934 0.828
06/19  06/24 086/29 07/04  07/09 0884 0422

0.950 0.768

t 1_3_ 0.935 0
itsTyp_Gnua nap... 0.9 ts evd 0.930 0776
its cnd_1_2 )
its ond_ 3.4 0.936 ts i_upodsh_turk 0.870 0.684

its cvd 0.900 ‘e Mo 2a nodet
-Igﬂ{ f ts kolod_upoda.. ts maslo_za_poc 0.884 0.422
® ~ its koncevie_upl... 0.882 ts opodsh_tur 0.892 0.497

its maslo_za_po..
its opodsh_turb 0.980 0.617

its os_sdvig 0.938 ts pnd_2 0.940 0.813

its pnd_2 0.9 =

MTC Macno Ha cn... its pnd_4 0.9 ts pnd_4 0.872 0.610
its poloz_klap 39 ’ '

its pvd_5a 0.918 ts nz_klap 0.999 0

its pvd_5b 0.954 0.630
its rezhim - .

' , its temp_prvd_k... 0.860 ' ts pvd_St 0970 0835
| its teplo_rash_k... 0.999 o
f|| ] ’> its teplo_rash_rot 0.82 0.999 0.594

its vacuum_kon... 0.806 ts temp_prvd_kl_cvd 0.779 0.630
its vacuum_kon... -
its vibro_podsh 06/19 06/22 06/25 06/28 07/01 07/04 07/07 07/10 07/1 eplo_rash_korpusa_cvd 0.999 0833

WUTC Typ6uHa nap... MHpeKe TexHUu4ecKoro CocToAHMA




BU3YAJTIMSALIMH MOHUTOPUHIA TEXHUYHECKOI'O
COCTOHHNA OBOPYLOBAHUYA

v YpoBeHb nogcucTemMbl

Temnepatypa macna 3a noAWunHUKamMu Aeq)l.‘bEKTbl Pasnapka TemnepaTypbl Macna 3a nofW1nHUKOM

Last Max Mean
T_masl_za_podsh_01_resid_rel -0.000427 0.0104 0.00105
T_masl_za_podsh_02_resid_rel 0.00157 0.00902 0.000878
T_masl_za_podsh_03_resid_rel -0.000796 0.00496 0.0000490
T_masl_za_podsh_04_resid_rel 0.000316 0.00843 0.000179
T_masl_za_podsh_05_resid_rel 0.00200 0.00664 0.0000846
T_masl_za_podsh_06_resid_rel -0.0000838 0.00865 0.000173
T_masl_za_podsh_07_resid_rel 0.00519  0.0336 -0.00268

T_masl_za_podsh_08_resid_rel 0.00152 0.00758 0.000308 B |/| 3yaﬂ l/] 3 a LL VI g

T_masl_za_podsh_09_resid_rel 0.000293 0.00735 -0.0000243

(vellsh_temp.mael_sih._10 T_masl_za_podsh_10_resid_rel  0.00339  0.0114  0.000624 BbIMOJTIHEHA
06/19 06/23 06/27 07/01 07/05 07/09 07/1 -0.03
== Hopma == [lpegynpuxaexue 06/19 06/23 06/27 07/01 07/05 07/09 07/1 COT pleIH NMKOM
AO «Cunnosble
MalUWNHDbI»
B CNCTEME

[padaHa

uvelish_temp_masl_sliv_01
uvelish_temp_masl_sliv_02
uvelish_temp_masl_sliv_03
uvelish_temp_masl_sliv_04
uvelish_temp_masl_sliv_05
uvelish_temp_masl_sliv_06
uvelish_temp_masl_sliv_07
uvelish_temp_masl_sliv_08

uvelish_temp_masl_sliv_09

daKTnyecKoe / pacyeTHoe 3HauyeHue

M

(T

06/19 06/21 07/11 07/1:
Last Max Mean

== T_masl_za_podsh_07 704 742 703
T_masl_za_podsh_07_mod 69.8 730 704




BbIBO[bl

MpeanKTUBHAA aHAJIMTUKA MOXXET NoMoYb 3apaHee
BbIAB/IATb aHOMaNIuUU n aedeKTbl U NpegoTBpPaTUTDb
aBapUMHbIE OCTAaHOBbI

Heob6xoaonMo B3anMogemcTteme ¢ nponsBogntTenamm

o6opypnoBaHuUd
Monb3oBaTtenamu MM AoMKHbI 6bITb MH)XEHEPbI MO HAOEXXHOCTU U

AKCnayatTaumum

Heo6xoaumo BHeAPATb periaMeHTbl AJ1d MeT1o4oB
I'Ipe,D,VIKTVIBHOﬁ dHaAJTIMTUKUN

Heob6xoaoumo paspaboTaTb pernaMeHTbl U NMPOTOKOJbI
o6bMeHa AaHHbIMU MeXXAayY 3KCrnJlyaTaHTaMU U
npounsBoauUTENaMm

34



cyberphysics

AOTNOJIHUTEJIbHAY
MHOOPMALIUG

35



PEAJIMSOBAHHDbIE NPEOUKTUBHDBIE N OINTTUMN3ALUOHHDIE
MOAOEJTIN OBOPYAOBAHNA U TEXHOJIOI MHECKUX TNMPOLIECCOB
B NMJTATOOPME CYBERSTUDIO

Ma3onepeKkayvymnBaroLLMmM
arperat

B
7 LLlapoBble MenbHULLbI

‘ .‘,', n . MNapoTypbrHHaqa

¢ AN yCTaHOBKa
SneKTporeHepaTopb! TypOuHbI
SnekTpoaBuraTtesnb Typ6oBo3gyxoayBKa

36




NMPUMEPbI KEMCOB CYBERPHYSICS

[MpednNKTMBHagA
[MpednNKTMBHagA OonTnMm3laumg [MpeOnNKTMBHAagA

AONarHOCTUKa TeX. OonTnMmnsaums

AONarHoOCTnKa aHepPro- pa6OTbI LeXa ANarHoCTMKa
COCTOAHNA Ha lNnapkKe PacxXxoa rasa

reHepmpyroLwiero XUMUN4YeCKoro TEX. COCTOAHUNHA

rasoriepeKayumBaloLLMX B Meyax
arper:'?os o6opynoBaHua TIL| npou3BoacTBa Ba/fIKOBOIro npecca

o Pacno3HaBaHuMe o 2DKOHOMUS o BHepgpeHune IO o ONTUMM3NPOBAHO o 2DKOHOMUY
nedekra pacxoda rasa — 149 NnpeanKTMBHOM 35% HeonTUManbHbIX OT aBapuIMHOro
3a 400 yacosB 10%, ONArHOCTUKMU PEXNMOB OCTaHOBa —

0,0 NMOSTOMKU Ha 10 ToL, 50 MnH py6nen
o 1MnH py6./mec. o [oBblleHMe

o [lpenckasaHa Ha 1 neuyb Npom3BOAUTENBHOCTU: o [lpenoTBpalleHo
aBapuMmMHagq 40% BpeMeHU 2 aBapUMHbIX
OCTaHOBKa — OOCTUraeTcs OCTaHOBa
50-60 MnH py®6. BblpaboTKa

npoayKumm




OTAIlbl PABOTDbI
@ 2 Mec. @ 4-8 mec. @ 1-1,5 Mmec. @ 3-6 mec. O

AyOounTt Pa3paboTka NHTerpauma Ol Tex. nogoep»xka
| I I I I
TexHONOrM4yecKnm ayamT Pa3paboTka Mmogenem NHTerpauma MO CyberStudio OcylecTBrieHe NycKo- OcyLluecTBneHue
noenocrtaB/ideMblX O60|Oy.D.OBaHVIﬂ/ Cc cuctemom cbopa gaHHbIX HanagkKM 1 OMNbITHO- MEeTOOO/TIOrMYECKOM
3aKa34yMKOM OaHHbIX TEXHOMOMMYeCcKOoro 3aka34ymka ong paboThbl MPOMbILLNTEHHOW N TEXHNYECKOM
npouecca B pean-Tamm aKcnayaTaunm nogaep»Xku pabotbl MO

B KOHTYpPE€E 3akKasyumka

| |
PE3Y/1bTATDI I i

2, AR

NMpoBeaeH ayauT Paspa6oTaHbl Mogenu [MpoBeaeHa MHTerpauus NMpoBeaeHbl NYyCKOo- Ha NocToAHHOM
OaHHbIX C TOYKM obopynoBaHus / 04 paboTbl B pexnme HanagouyHble OCHOBe

3PEeHUSA UX MOTHOTHI TEXHOMOrMYecKoro peanbHOro BpeMeHwM pa6oTbl 1 O

0119 ganbHenLwero npouecca

MCMONb30BaHUS

S

a




CTPYKTYPHA{A CXEMA PELLIEHUYH
HA OCHOBE CYBERSTUDIO

NHXXeHepbl Mo 3KcnyaTauuu,

EAM NHXeHepbl MO ANArHOCTUKe
_____________ -~ MonyyeHne pekoMeHaaLmm
CMCTeMa onga npegorBpalleHnd HeVICl_IpaBHOCTel;I
c6opa faHHbIX CYBERSTUDIO
Nl
— N

OPC UA, TCP/IP/HTTP

g
'\\\ o
[
)
MaTtemaTnyeckue

mMoaenu
OPC
UA .

ACYTI, TexHonorunyeckoe
SCADA obopyaoBaHue

OnpepeneHue pa3naaok
C HOpMaJsibHbIM PEXXUMOM

TexXHONTIorM4ecKum nepcoHan
MNony4yeHme pekoMeHOauMm No onTUMmM3aLmnm

NMporHosmpoBaHue
MHAEKCA TEXHUYEeCKOoro
COCTOSiHUS1 060pyaOoBaHUA

(]

OonTnMmnsaumusa peXxMmmMmoB
pa6oTbl o6opyaoBaHuUA
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KOMAHOA

Ceprevt Hukonaes
[eHepanbHbIV ONPEKTOP

K.T.H., KCMepT B ob61acTm
npoMblLneHHoro i

Cepreun benos
TeXHNYECKNIN ONPEKTOP

DKChepT B 061acTV MpUKIagHoro
MCKYCCTBEHHOIO UHTE/IEeKTa U
PU3NYECKOro MogenmMpoBaHna

Muxaun lNyces
LUV peKTOp No pasBUTUIO

K.T.H. B I'Ipl/IK}'Ia,EI,HOVI MeEXaHUNKe
DKCMepT No oNTUMM3aLUUU
npon3BoOCcTBa

g 3 Uropb Y)>XUHCKUM
35 Y
\;’ Hay4dHbin pyKoBOOUTENb
W, K.D.M.H., 25-neTH1M onbIT paboTbl

B BeOyLLUEW as3poKOoCMMYeckom komnaHmm CLLUA

dabuo Kauyuatopum
CTpaTe rmyeckKoe pa3BunUTne

CepUnHbIM NpeanpuHMMaTE b,
20 net B NT-6m3Hece EC:
KoMnaHus Intellegent Ideas

K
KoMaHaa KoMaHaa
19 plo)
Pa3pPaboOTYMNKOB NHXXEHEePOB
g |1PoAaXy 4 OnepauvoHHbIv
N MAPKETUHT oenapTaMeHT
ALY
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MEXXOYHAPOOHDbIE PELLEHUA

XAPAKTEPUCTUKU NMPEACTABJIEHDI
HA PbIHKE

HeWnpoHHble ceTu

MNpenHacTpoeHHble WabnoHbl
Moaenen obopynoBaHUs

MPOrHO3 TEXHUYECKOro COCTOAHMS
obopynoBaHuA

XAPAKTEPUCTUKHU
HE NMPEACTABJIEHbI HA PbIHKE

Ddun3s.-MaT. MOAOENN, MOCTPOEHHbIE
Ha OCHOBE YpPaBHEHUW N 3aBUCUMOCTEN

CDyHKLI,l/lOHaﬂ onTnMMmM3au M
pexxnmmMmoB BMeCTe
C npednKTMBHbIM aHaAJTM30OM

TpaHchepHoe obyyeHMe ang
MacLUTabunpoBaHMA Ha Napk
obopynoBaHUS

a

Aspen GE Aveva
Mtell SmartSignal PRiSM
= u= SE
*

¢ OrpaHuWYyeHHbIn =
PyHKLMOHan

— nMeeTca B 1O

— He nMmeeTca B 1O

CyberStudio
O

@ — s nopaboTke

Odopab6aTtbiBaeMbin
$dyHkKumoHan no:

NMporHo3s TexHn4YecKoro
COCTOsIHMA o60pyaoBaHUS

- KOMMIEKCHbIN MPOrHO3 Tex.
COCTOAHMUS

obopynoBaHuMa

TexHonorua Transfer Learning
- NoO3BONgeT 0bydaTb Moaenm

C BO3MOXXHOCTbIO MepeHoca
MHPOPMaLMKM 13 paHee
0Oy4YeHHbIX CyppOraTHbIX
Mopenemn.

MacwTabupoBaHue

Ha YpPOBHe uexa

- CeMmYyac BO3MOXXHO
MacluTabupoBaHue

Ha YPOBHE OTAENbHbIX eauHNL,
obopynoBaHMa
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PEAJIMSOBAHHDbIE NPEOUKTUBHDBIE N OINTTUMN3ALUOHHDIE
MOAOEJTIN OBOPYAOBAHNA U TEXHOJIOI MHECKUX TNMPOLIECCOB

JdHepreTnyeckoe
obopynoBaHue:

[a30TypOUHHaA
yCTaHOBKa

TypboreHepaTtop

MapoBOW KOTes

MapoTypbuHHada
yCTaHOBKa

[a3000>KUMHOM
KoMMpeccop

MunTaTenbHbIM Hacoc BbapabaH LyTbeBble

HeaspaTop

DKOHOMam3ep

CucremMa
ynpaBneHus

TYypObuHoMm

[NpoToYHaa 4YacTb

MexaHun4dyeckme
BEIMUYMHbI pOTOpPA
TYPOUHDI

DXKEeKTOopPbI

[NaponeperpeBaTenm BEHTUNATOPDI

[[@30BbIN TPaKT [lbiMOCOCbI

MooWwmnHmMKM KoHpeHcaTHble
TYPOUHDI HacocChbl

Cuctema MoporpeBatenu
MacnocHabXeHus ceTeBble

CucteMa ynnoTHeHUn [deaspaTop

N gpeHaken
P Hacochbil

KoHaeHCcauMoHHas obopoTHOM
yCTaHOBKa BOAbl
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PEAJIMSOBAHHDbIE NPEOUKTUBHDBIE N OINTTUMN3ALUOHHDIE
MOAOEJTIN OBOPYAOBAHNA U TEXHOJIOI MHECKUX TNMPOLIECCOB

FasonepekaymBaloLLMi

LLlapoBble MenbHULLbI BeHTUnatop
arperat
SKCTpyaep
1 [lNleub ooMeHHaq MpPOM3BOACTBO Hacoc

NONMMNPONMNIEHOBLIX TPYO

BankoBbIn npecc
BMOPOOMArHOCTMKA
NOOLLWVMIHMKOB KadeHus,
MyPT, 3ybuaTbix nepenad

NMeyb Harpesa
3aroToBOK
[MpOKaTHbIM CTaH

TennoobMeHHbIN
annapart

YCTaHOBKa BaKyyMHOM

2nekTpoaBuraTtenb
KpUcCTassinaumm

'ﬁ”’ﬁﬁﬁw MpoKaTHbIN CTaH
-

NMeub Harpesa

KomMnpeccop
KNMHKepa

Typ6oBo3gyxoayBKa
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I-OK OVarHOCTMKa TEXHNYECKOIro COCTOAHMA Ba/IKOBOIo npecca

OcCHOBHble NpobnemMbl

ABapuinHble OCTaHOBbI U
npocToun

Be,uyu_u/le K MoBblILUEHHbIM
Mn3gep>xKKamMm

PelwleHmne
CyberPhysics

MocTpoeHure rmbpuaHon
Moaenm

Ha ocHOBe aHanmsa B1bpaLlun
M NPeOuKTUBHbIX Modenemn

[MoBblLLUEHHbIE pacxonbl
Ha o6cr|y>1<v| BaHWMe

N3-3a OTCYyTCTBUS
peKoMeHOaUMM No yCTpaHeHMo
n NnpodmnakTnke 0edPeKToB

MpPecKPUNTUBHbIV NOAXOL,

MporHo3 aedeKToB, BbiaBneHue
NPUYUH U peKoOMeHOaLU MM
Mo YCTPAHEHWIO B paMKax

Hn3kaga Npo3payHoOCTb
TEXHNYECKOro COCTOAHMA

Bonblloro konuyecTtsa eguHML,
obopynoBaHMa

Real-time nporHo3 nHaoekca
TEXHWNYECKOrO COCTOAHMS

cyberphysics

Pe3synbTtaT
DKOHOMUA B cpeaHeM OT 2 MIIH pyb OT
OLOHOro aBapMMHOIro OCTaHOBA

He Bk/toYaa CTOMMOCTb PEMOHTA
obopynoBaHMa

MNpepoTBpaLleH OCTaHOB U
Hegonosny4deHmne 2000 TOHH NpoayKumnm

— 45 MNH pybnew

Ha 80% MeHble aBapum

C OecaTkoB 00 eaunHNL aBapl/Il;leIX
OCTaHOBOB B ro




cyberphysics

HEDPTErA30BAY

OVarHoCTMKa TEXHNYECKOro COCTOAHMA
Ha MapkKe rasornepekavdymBaroLlLMX arperatoB

OTPACIJ1b

OcCHOBHble NpobnemMbl

ABapuiHble OCTaHOBbI U
BbICOKME pacxoabl Ha
obcny»kmBaHme

UM PEMOHT 0bopyaoBaHMA

[0 120 mnH py6. B rog
Ha 10 arperatax

PelwleHmne
CyberPhysics

Pa3paboTka UMdPoBbIX Moaenew
OCHOBHbIX CUCTEM

raSOBO3,D,yLLIHbIl7I TPaKT, MaClidHasd
CncTteMa, KOMIJ1ieKCHoe BO3yX0-
O4YUNCTUTESIbHOE yCTpOlZCTBO

[MoBblLLUEHHbIE 3aTpaThbl

Bbl3BaHbl HEBO3MOXXHOCTbIO
ornepaTUBHOM NoKanmsaumm
Yy3M0B U NPUYMH OedeKTa

Knaccudumkatop nedpektos

[na nokanusaunm gedeKkToB
B y3/1aX M BblOaym
peKkoMeHOaLumnMm

Bblcokoe notpebneHune
TonnvBa

HeonTuManbHble PeXUMb
paboTbl 060pPYyOOBaAHMA

Dduns3mKo-mMaTeMaTmyeckoe
MoOennpoBaHme

[na oTcnexxmBaHms
OVNHAMUKKM PaboTbl
ra30TYPOUHHbIX yCTAaHOBOK B
peXxxrMe peanbHOro BpeMeHu

Pe3synbTtaT

PacnosHaBaHme ,EI,eC])eKTa 04 Havl6onee
Kpl/ITl/ILIHOl7I MnoaCnNCTEMbI — I'IpOTOLIHOl7I
4acTu — 3a 400 YacoB [,0 MOTOMKM

MpenckasaHa aBapuMiHaa ocTaHOBKa
50-60 MnH py®6.

MopgenunpoBaHuMe pPaboThl
obopynoBaHMa
C MOrpeLwHoOCTbO MeHee 2%

MNpenoTBpalleHne aBapUMHbIX
OCTaHOBOK Y MUHUMM3ALMSA NOTEPb Ha
obcnymBaHme

[0 3% CHMYKeHMe ornepaunoOHHbIX
3aTpaT 3a CYET CHUMXKEeHUSA noTpebneHmnsa
TOMIMBHOIO ra3a

*CHMKeHMe Ha 4% (250 M3 B yac
—100 TbIC. py6. B CYTKM Ha OAUH Liex)
— B NpopaboTke




HEDPTErA30BAY
OTPACIJ1b

OcCHOBHble NpobnemMbl

Mpwv cTaHOaPTHOM BypeHnmn
BUHTOBbIM 3a60MHbIM
[Buratenem npouecc paboThbl
aBuratens
CNaboKOHTpONUpyeM C
NOBEPXHOCTU

CpaBHeHMe 3dPeKTUBHOCTM BUHTOBOIO
3abomHoro geuratena (B3/) v BeHTUbHOIo
anekTpoaBuratena (B3/1)

PelwleHmne
CyberPhysics
NocTpoeHe cypporaTHom

mMopenu B3 Ha ocHOBe OaHHbIX
oypeHuna

OTcyTcTBUe O6bpaTHOM
CBSI3U, NO3BONAIOLLEN
nogbupatb 6onee
OMTUMASIbHbIE PEXXUMbI
paboTbl ABUraTENS

NocTpoeHe UMUTALLMOHHOM
mopnenu B3 mMmetoaoM boHA-

Fpad

3aBUCUMOCTb paboThbl
OT pacTBOpa u ero pusnkKo-
XUMUYECKUX CBOUCTB

CpaBHeHMe 3pDeEKTUBHOCTM
npouecca 6bypeHVa no
noTpe6siI9eMon MOLLHOCTH

cyberphysics

Pe3synbTtaT

MNpenmMyLecTBo B MpUMeHeH M
B3/ B nnaHe ero 6onblLuemn
2HeproadpPeKTUBHOCTU

B cpeaHeM 3HepronorpebneHue
MOXXHO CHU3UTb Ha 11%

BO3MOXHOCTb yBENTMYEHUNA MOLLHOCTU
Ha 0ofioTe Ha 25% B KPpUTUYECKOM
pexxume 1 Ha 43% B HOMUHaNTbHOM
peXumMme rnpu Ucnonb3oBaHm B

MOLWHOCTb Ha Oo/10Te NMo3BoIgeT
nporiopumnoHasibHO YBETNYUNTDb
CKOPOCTb NMpoXoaKum




cyberphysics

XNMMUNYECKAA YBenuueHmne o6beMoB BblpabOTKM MeTUAEHX10pMaa
OTPAC/b Ha XMMUYECKOM MPeanpusTnm
OCHOBHble NpobaeMbl PeweHne Pe3synbTtaT

CyberPhysics

MOHMXKEHHad Bbibop 1 gobaBneHre HOBbIX [NoBblWEeHME MPON3BOAUNTENBHOCTU
NpPom3BOAUNTENTbHOCTb MnapamMeTpoB A4 ynpaBfieHns obopynoBaHUA
obopynoBaHMA Ha BblpaboTKOM
nponsBoacTBe Bbipa6oTKa >38T B TeueHue 40%
MeTuNeHxnopunaa BpPeMeHM OT 3aaHHOro nepuoga (1 ron)
BMecCTO 13%
Hu3kag npenckasyemMocTb [ocTuraetcsa 6onee yBenuyeHue cpefHero sHa4eHus
KoNin4yecTBa NPoayKTa Nnpeun3noHHoe yrnpasrneHue [dunxnopmeTaHa B cMecK
Ha BbIXOo4e M3 peaKTopa 6nokamu 1,2, mosBongatoLlee
MOBbICUTb BblPabOTKY U YBenuyeHure 0o CoaepXKaHug
KayeCTBO MPOAYKTOB A0 ¢ 50% no 65%

3a9B/IEHHbIX 3HAYEHUMN




cyberphysics

TeKywWwmi NnpoekT: Pa3zpaboTka MO ang MOHUTOPUHIa

MAWUNHOCTPOEHMUE | , MPOrHO3MPOBaHMA TEX. COCTOAHUA Mopckoro T, (MO

MIMTC)
OCHOBHbIE Byayuime paboThbl
Pe3yJibTaTbl
Pa3paboTaHbl LMdpoBble MOOEM OCHOBHbIX CUCTEM NuTerpauma MO MIMTC Ha cTeHae
Ma30BO34YLLUHbIV TPAKT, Mac/sgHaa cMcTeMa, TOMNJIMBHAa CUCTEMA, Pa3paboTKa CYETUMKaA pecypca y3M1oB
BO34yLUHaa cUMCcTeMa, BUMbpoamarHocTnyeckaa Mmoaenb (Kak CaMOMMCHbIN
Kod, Tak U Modenu paspaboTaHHblie B MHOM 10O, Hanpumep, Amesim) [NoBblLLIEHME TOYHOCTU paboTbl MOgenemn

6narogapsa pacllmpeHmnto 6asbl
SKCMyaTaUuMOHHbIX M pacYEeTHbIX
AnpobunpoBaHbl METOAMKW M aNTOPUTMbl KOHOUIYypauUnmn, yTouHeHna OM AaHHDbIX

Mogenen n cosgaHne cypporatHbix Mogenenr Ha X OCHOBE

Mopaenb MOXeT 6biTb CKOHOUIYPUMPOBaHa (HanpuMep, ra3oBO3aYLLUHbIA
TpakT T MoxeT ObITb cOOpaH 13 pa3Hbix Mogenen yanos (KHO, KBO, THL,
M T.0.), YTOYHEHa Mo XapaKTePUCTUKM KOHKPETHOIO peanbHOro gpmMrateng,
a 3aTeM CBEpPHYTa A4 paboTbl B pexxmMe peasibHOro BpeMeH !

ANpobupoBaHbl aNifOPUTMbI FreHepaLnm 1 Knaccudmkauma gedpeKToB

Knaccnopukatop OedpekToB, KOTOPbIN onpenensaeT Ux NoasrieHme B
npoL,ecce MOHUTOPUHIA U MPOrHO3MPOBaHMA MOXET 0by4aTbCa Kak Ha
SKCMyaTaLMOHHbIX OaHHbIX, TaK U Ha JaHHbIX, CreHepUnpoBaHHbIX Ha OM
Moaenu (OTKTOHAKTCA 3HaYeHMA OCHOHbIX MapaMeTPoB)




cyberphysics

MALLNHOCTPOEHWUE OnTMMmM3aumng npouecca N1Tbs

MSIACTMKOBbIX JeTanen nog gaBneHmem

OcCHOBHble NpobnemMbl

Mepepacxon pecypcos

[na npomvsBoacTBa
M1aCTUKOBbIX OeTanemn

PelwleHmne
CyberPhysics
Co3paHue umdppoBon Moaenm

rnpouecca iMTbd M1aCtnkKa non
OaBleHneM

CHMYKEHHada CKOPOCTb U
Manas 2dPeKTUBHOCTb
MpPOTEKAHMA TEXHUNYECKMX
MpoL,eccoB

icnonb3oBaHMe TEXHOMOM MM
rny6oKoro oby4yeHms

bonee, yemM Ha 200 peTangx

3aMeneHHble MpoL,ecchl
noaobopa 1 NporHosa
OMTUManbHOIro PeXXMMa NNTbS

KoMbuHauma 3HaHUM GU3NKU
npoLecca pacTtekaHms
naacTmka

N SKCMepTHble 3HaAHUS
3aKa34mkKa

Pe3synbTtaT

MoTeHuUMan MacliTabmpoBaHma €500
ThiC.

MNpenckazaHme onTUManbHOro pexxmma
3a 2 cekyHAbl BMecTo 20 AHeN

OnNTMMM3aLUMa PAaCCTaHOBKM
MHXEKTOPOB N peKoOMeHOaLu W4 rno
M3IMEHEHWNIO PEXNMOB




MpPeanKTUBHbBIN aHanM3 BHEMNaHOBbIX
METAJINYPIrmd MNPOCTOEB M ONTUMM3ALIUSA TEXHONOMMUECKOrO
npoLecca TPYBOMNPOKaTHOro arperaTa

OcCHOBHble NpobnemMbl

ABapUMHbIE OCTAaHOBDI

OTCcyTCTBME aCCUCTEHTOB /14
CHMXEeHWNA NMPpOoCTOEB
MPOKAaTHOIo CtaHa

PelwleHmne
CyberPhysics

Pa3paboTka AMAarHOCTUYECKUX
Mopaenemn paboTbl obopyaoBaHMA
0719 CHVYKEHWA MPOCTOEBR
MPOKATHOro CTaHa

OedeKkTbl nponsBoacTea

Bbicokasa gona nedeKToB B
MNPOM3BOAVMMOM MPoayKLUUM

Pa3paboTKka ONTUMU3ALUOHHbBIX
Mopeneu 019 MUHUMKM3aUUM
00N gedeKToB B NPon3BOOUMOM
npoayKLnm

HeonTuUManbHbie pe)XXUMbl
pa6oTbl 060pyaoBaHMA

Hn3kag NponsBoanNTENbHOCTb
Tpy6ONpOKaTHOIro cTaHa

BbipaboTKa pekoMeHaaumnm
Ha yrnpaBngatoLllMe napameTpbl

cyberphysics

Pe3synbTtaT
CHMXeHUe BHeN/aHOBbIX NPOCTOEeB
pa6oTbl 06opypoBaHMa Ha 10-20%

Pacno3HaBaHMe 54% Bcex BHeMn/1aHoOBbIX
MPOCTOEB

CHWKeHMe gonun nedeKTHom
npoayku1m Ha 1-5%

MNoBbllLEHME NPOM3BOANTENTBHOCTU
cTaHa Ha 0.5-2%




METANNYPIrmng

OnTMMM3aLMa Npouecca nepemMelnBaHMs CTanm

B BakyyMaTope (4.3 M/IH TOHH CTanu B rof)

OcCHOBHble NpobnemMbl

MoBbILLIEHHbIN M3HOC
PyTEPOBKMU

PelwleHmne
CyberPhysics

[eTannsoBaHHaa Moaenb
rmopoanHaMmMKmM
nepemMellBaHMg

N MHTEHCMBHOCTU M3HOCA
dyTepoBKM

[MoBblLLIEHHOE BpeM4d
nepemMellmMBaHMA CTalin

Co3paHune noppobHom
OMNHaMUYeCcKoM Moaenu
MPOM3BOACTBEHHbIX MPOLIeCCOB

Hn3kag NnponsBoanNTENbHOCTb

OnTuMManbHble NapaMeTpbl

Ha OCHOBE COYETaHUS

LMD POBbLIX MOOENEN U
peanbHbIX 3KCMyaTaLMOHHbIX
OAHHbIX

cyberphysics

Pe3synbTtaT

CHWmXKeHMe n3Hoca pytepoBkM 0o 10%

CpefnHaa akoHoMma 90 MnH py6/roa

YBenunyeHumne CKOpOCTH
nepemMeLllmMBaHMA CTalin C

deppocnnaBamm B 2 pasa

MNoBbllLEHME NPOM3BOANTENTBHOCTU
Ha 0.5%

YBenmyeHme Bbinycka NpoayKLmnm

Ha 40-50 MnH py6 Ha 1 BakyyMaTope B
roq




METANNYPIrmng

OnNTMMM3aLMA peEXMMA BblMIaBKM CTanu

N CHMXXEeHNME M3HOCa OMHEeYTNOPHbIX MaTepPKasioB

OcCHOBHble NpobnemMbl

HeonTuManbHbIN BbIGOP
coYeTaHMUa WaKa 1 GyTepoBKMU

PelwleHmne
CyberPhysics

icnonb3oBaHWe YHUKaNbHOW
MeTOONKN PUINYECKUX
MCMbITaHUW B COYeTaHUM

C UMPPOBbIM MOoAeNMpoBaHUEM

JONUHHbBIN LMK NMYyCKO-Hanaaku
npoLiecca BbIMf1iaBKM cTanm

N3-3a UCNbITaHMM PA3TNYHbIX
TUnoB ¢yTepoBKM (00 1 Mecsaua)

MNnatdpopMeHHOoe pelleHne B
BMOE MaTeEMaTUYECKOM MOLEN,
peKoMeHayLwemn
ONTUMAabHbIN LWWNAK a9
OaHHOIo TUNa GyTepPOBKM

Mpo6rnema nogbopa/sbibopa
MOCTaBLUMKOB

LLInak n dyTepoBKa, Mx
KOMOUHaUMa Ha npegMeT
23PDEKTUBHOCTMU

YHWKanbHoe obopyaoBaHue
cobCcTBEeHHOM pa3paboTkm anga
OTPabOTKM U YTOUHEH WS
MoOeNnm n3Hoca dyTepoBKM

cyberphysics

Pe3synbTtaT

YBenumyeHme CTOMKOCTM GYyTEePOBKM
3a cyeT oNTUManbHo NogobpaHHoro
LLflaka Ha He MeHee YyeM 5 %

1o 90 MnH py6 B rof,

[MpPOrHoO3 pecypca orHeyrnopHoOm
NpoayKLUMM Pa3NYHbIX MOCTaBLLMKOB

Ha MoOeJ1bH blx/pean bHbIX LLJTaKaX

PekoMeHOaUnm K XMMN4YeCcKomy
COCTaBY LUMNaKa 4ag NoBblLLIEHNS
CTOMKOCTWM OFHEYMOPOB Npu
COXPaHEHUMN TEXHOMOrMYEeCKMX
CBOWCTB LUMakKa




