TOMSK TOMCKWM
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INBBB YHUBEPCUTET

MWHWCTEPCTBO HaYKM 1 Bbiclwero o6pa3zoBaHmA Poccuinckon Megepauun
denepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yypexkaeHune Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnefoBaTenbCkmnii TOMCKUIA NONUTEXHNYECKN YHMUBEPCUTET» (TTTY)

kona — MmxenepHas mkoixa HHOOPMALIMOHHBIX TEXHOJIOTUH B pOOOTOTEXHUKH
Hanpasnenue noarorosku — 15.04.04. ABToMaTu3anus TEXHOJIOTHYECKUX MPOIIECCOB
Y IPOU3BOJICTB

Otnenenne mkoisl (HOLL) — OTnenenne aBToMaTH3au U pOOOTOTEXHUKH

MATUCTEPCKASA JTUCCEPTALUA

Tema pa6oThl

Pa3pa6oTka ungpoBoro 1BoHHHKA TEXHOJOTHYECKOI0 MpoLecca ¢
HCIOJIb30BAHHEM MPOU3BOJACTBEHHBIX JAHHBIX

V]IK 004.896:004.421
CryneHt
I'pynna [5(0] Hoanuch Jara
8TMS1 CwusunnieB Jlanun AHnpeeBud 03.06.2020
PykoBogutens BKP
JI0JZKHOCTD ()7 (0] quH::a:{LineHb, Toanuch Hara
Homent OAP dununac AJeKCaHap
K.T. 03.06.2020
NIINTP AJIeKCaHIpOBUY i
KoncynbTanT
JloKHOCTH [%(0] yqe“::a::e“eﬂb’ Moanucey JlaTa
Accucrent OAP 3apHUIBIH
pHmrt - 03.06.2020
NIHIUTP Anekcanap FOpbeBud

KOHCYJBbTAHTBI 110 PA3AEJIAM:
ITo pazneny «PUHAHCOBBIA MEHEIKMEHT, pecypcodPPEeKTUBHOCTD B PECypCcOCOepeKEHUE»

JloKHOCTH (1% (0] ‘Y4enasi cTeneHb, Moanucey JlaTa
3BaHue
ouent OCI'H Konoronckuii
Alou K.9.H, 03.06.2020
HIBUII Bragumup FOpeeBuu
ITo pasacity «COI_II/Ia.IIBHaSI OTBCTCTBCHHOCTB»
JokHOCTH (1% (0] Y4enasi cTeneHb, Moanucey JlaTa
3BaHHe
Homert OKJI, I'op6enko Muxawnn T 03.06.2020
IIIBUTI Brnagumuposuy T
JONMYCTUTD K BAIIIUTE:
Pykosoaureas OOII ®UO Yyenasi crenens, Hoamucn Jara
3BaHHe
oneHt OAP Edumor Cemén
flon ¢ KT 03.06.2020
NIINUTP Bukroposuu

Tomck — 2020 .



PesyabTatsl 00yyenus no OOII

Kon
pe3yibTaTta

Pesynbrar 00yueHus (BBITYCKHUK JIOJDKEH OBITh
TrOTOB)

TpebdoBanuss ®I'OC, kpurepuen
W/WIK 3aUHTEPECOBAHHBIX
CTOPOH

[TpodeccuonanbHbIe

P1

[IpumensaTs TnyOOKHME €CTECTBEHHO-HAYUYHBIE,
MaTeMaTHYeCKue 3HaHMA B OOJIACTH aHaIu3a,
CHUHTE€3a M TPOEKTUPOBAHUSA MJI1 pELICHUS
Hay4HBIX U MH)KEHEPHBIX 3aj1a4 MPOU3BOJICTBA U
SKCIUTyaTallud aBTOMAaTU3MPOBAHHBIX CHUCTEM,
BKJIIOYAsl TMOJCUCTEMBbl YNPABICHUS U HUX
IporpaMMHoOe obecrieueHue

TpeboBanuss ®I'OC (I1K-1, TIK-
3, OIIK-1, OIIK-4, OK-1, OK-
9), Kpurepuit 5 AMOP (1. 1.1),
COIIACOBAHHBIN c

TpeOOBaHUSMU MEXKITYHAPOIHBIX
crangaproB EUR-ACE u FEANI

P2

Bocnpunnmars, 006pabaTeiBaTh, aHAIM3UPOBATH
u 000011aTh Hay4YHO-TEXHUYECCKYIO
nHPOpPMAILIHIO, TIEPETOBONW OTEUYECTBEHHBIM U
3apyOeXHBIH  ONBIT B 00JacTd  TEOPHH,
MIPOEKTHPOBAHUS, POM3BOJICTBA U
9KCIUTyaTalldl aBTOMATU3UPOBAaHHBIX CHUCTEM,
IMPUHUMATh Y4acTHEe B KOMaHJaX 1Mo pa3paboTKe
Y 3KCIUTyaTallMy TaKUX YCTPOICTB U MOJCUCTEM

Tpe6oBanus ®I'OC (TIK-3, I1K-
4, I1K-7, OIIK-1, OIIK-3, OK-1,
OK-4, OK-5, OK-6, OK-9),
Kpurepuit 5 AUOP(mm. 1.1, 1.2),
COTJIACOBAHHBIN c

TpeOOBaHUSMU MEXKITYHAPOIHBIX
crangaptoB EUR-ACE u FEANI

P3

[IpumeHsITh W MHTErpUpPOBaTh IOJTYUYEHHbIE
3HaHUS JJIS PELICHUs MH)KEHEPHBIX 3a1ay MpU
pa3paboTKe, MPOM3BOJACTBE U IKCIUTyaTallUH
COBPEMEHHBIX aBTOMATHU3UPOBAHHBIX CHCTEM M
MOJICUCTEM (B TOM YHCJIE UHTEJUIEKTYaIbHbBIX) C
UCIOJb30BAHUEM  TEXHOJOTMH  MAIlMHHOIO
00y4YeHHs, COBPEMEHHBIX MHCTPYMEHTAJIBHBIX U
IIPOrPaMMHBIX CPEICTB

Tpebosanus ®PI'OC (I1K-2, ITK-
3, T1IK-4, TIK-5, TIK-15, T1K-18,
OIIK-3, OIIK-6, OK-1, OK-5,
OK-6, OK-7), Kpwurepuit 5
AWOP (mm. 1.2), coritacoBaHHbIN
c TpeOOBaHUSAMH
MEXIYHAPOJHBIX  CTaHJIAPTOB
EUR-ACE u FEANI

P4

Onpenensith, CUCTEMATH3UPOBATH U TIOTydYaTh
HeoOxoauMyr0  HHpOpMAIMIO B 00JIacTU
MPOCKTHPOBAHMSI, TIPOU3BOJICTBA, UCCIICIOBAHUI
U DKCIUTyaTaliyd aBTOMAaTU3UPOBAHHBIX CHCTEM,
YCTPOMCTB M MOJICUCTEM

Tpebosanus ®PI'OC (I1IK-7, ITK-
10, TIIK-11, TIK-12, TIK-18,
OIIK-4, OIIK-6, OK-1, OK-4,
OK-6, OK-8), Kpurepuii SAUOP
(m.1.3),  coryacoBaHHBI ¢

TpeOOBaHUSIMU MEXKITYHAPOIHBIX
crangaptoB EUR-ACE u FEANI

P5

[InanupoBaTh W MNPOBOJAUTH AHAIUTUYECKUE,
AMUTAIMOHHBIE 5 AKCIIEPUMEHTAIIbHbIE
WCCIEAOBAHUS ISl LIEeJIel TMPOEKTUPOBAHUS,
MPOU3BOJCTBA M  OJKCIUIyaTallUd  CUCTEM
YIpaBiICHUS TEXHOJOTHYECKUM MPOIECCOM U
MOJICUCTEM (B TOM YHCIIE MHTEIUIEKTYaJIbHBIX) C
HCII0JIb30BaHUEM TIEPEJOBOTO

Tpebosanus ®I'OC (IIK-1, ITK-
2, TIK-3, TIK-4, IIK-5, IIK-6,
[1K-13, TIK-17, TIK-18, OIIK-2,
OIIK-3, OK-1, OK-3, OK-4, OK-
6, OK-7, OK-8, OK-9),
Kpurepuit SAUOP (m. 1.4),
COTJIACOBAHHBIN c
TpeOOBAHUSIMHU MEKIYHAPOIHBIX

cranaaptoB EUR-ACE u FEANI

P6

IlonuMath HCIIOJIb3YCMbIC COBpPCMCHHBIC
MCTOABI, AJITOPHUTMBI, MOACIU U TEXHUYCCKUC
peliCHUd B aBTOMATU3UPOBAHHBLIX CUCTCMAX U
3HaTh 00JIACTH HX IMPUMCHCHHUA, B TOM YHUCJIIC B
COCTaBC 663HIOI[HOFO IMpOnU3BOACTBA

Tpe6osanus ®I'OC (I1K-1, ITK-
2 TIK-3, TIK-7, OIIK-1, OIIK-3,
OIIK-4, OK-5, OK-9, OK-10),
Kpurepuit 5 AWOP (n. 2.1),
COTIIaCOBaHHBIN c
TpeOOBAaHUSAMHU MEXKTYHAPOTHBIX

cranaaptoB EUR-ACE u FEANI




YHuBepcanbHbIe

P7

OddexTuBHO pabortarh B mpodeccrnoHaIbHON
JeSTeIbHOCTH HHIMBHIYadbHO M B KavyeCTBE
qJIeHa KOMaH/Ibl

Tpe6oBanus ®I'OC (TIK-1, K-
2 IIK-7, TIK-8, TIK-16, TIK-17,
OK-1, OK-2, OK-4, OK-6, OK-
9), Kpurepuii SAUOP (m. 2.1),
COTJIaCOBAHHBIN c

TpeOOBaHUSMU MEXKITYHAPOIHBIX
crangaproB EUR-ACE u FEANI

P8

Bilanere MHOCTpaHHBIM SI3BIKOM Ha YpPOBHE,
MO3BOJISIONIEM paboTaTh B MHTEPHAIMOHATILHOM
cpele ¢ MOHUMAaHUEM KYJIbTYPHBIX, S3bIKOBBIX U
COLIMAJIBHO-D)KOHOMUYECKUX PA3ITUYUN

Tpe6oBanus ®I'OC (I1IK-4, T1K-
8, I1K-9, I1K-16, OIIK-4, OK-5),
Kpurepuit 5 AUOP (. 2.2),
COTJIaCOBAHHBIN c

TpeOOBaHUSMU MEXKIYHAPOIHBIX
crangaproB EUR-ACE u FEANI

P9

[IposBAATE MMPOKYIO 3PYIULHIO, B TOM YHCIIE

3HAHHE u [MOHUMaHue COBPEMEHHBIX
OOIICCTBCHHBIX H TOJIMTHYECKUX TIPOOIIEM,
JICMOHCTPHPOBATh [TOHUMAaHHUe BOIIPOCOB
0e30macHOCTH " OXpaHBI 3JI0POBBS
COTPY/HUKOB, IOPUIMYECKUX aCIIEKTOB,
OTBETCTBEHHOCTH 3a WHXCHEPHYIO

JEATENIbHOCTD, BIMSHUS UHXECHEPHBIX PELICHUN
HAa COUMAJbHBIM KOHTEKCT W OKPYKAIOILIYIO

cpeny

Tpebosanus ®PI'OC (IIK-5, ITK-
8, IIK-15, TIK-16, I1IK-18,0I1K-
1, OIIK-4, OIIK-5, OK-3, OK-4,
OK-5, OK-6, OK-8, OK-9),
Kpurepuii 5 AWOP (mm. 1.6,
2.3)), COTJIacOBaHHBIN c

TpeOOBAHUSIMU MEXKTYHAPOTHBIX
crangaptoB EUR-ACE u FEAN

P10

CrnenoBath KoJieKCy TPo(heCCUOHATLHOM ITUKH U
OTBETCTBCHHOCTH W MEXIYHApOJHBIM HOpMam
I/IH)KGH@I)HOﬁ ACATCIIbHOCTHU

Tpeboarmst DI'OC  (I1K-8,
[IK-11, IIK-16, OIIK-3, OIIK-
6, OK-4), Kpurepuit 5 ANUOP
(mm. 2.4, 2.5), coriacoBaHHBIN C

TpeOOBAHUAMU MEXKTYHAPOTHBIX
cranaaptoB EUR-ACE u FEANI

P11

[Tonnmars HEO0X0UMOCTh U YMETh
CaMOCTOSITEJIbHO ~ YYHUTbCA M IOBBIIATH
KBaIM(UKAIMIO B TEYEHHE BCEro IepHuoja
po¢eCCHOHATIBHOM 1eATENbHOCTH

TpeboBanuss ®IoC  (I1IK-4,
[1K-8, OIIK-3, OIIK-4, OK-5,
OK-6, OK-7, OK-8), Kpurepuii
5 AUOP (2.6), cornacoBaHHBIN
c TpeOOoBaHUAMU
MEXIYHAapOAHbIX  CTaHJApTOB
EUR-ACE u FEANI




TOMSK TOMCKUNN
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

MWHMCTEPCTBO HayKK U Bbiclwero o6pa3osaHua Poccuiickoin Mepepaunn
benepanbHoe rocygapcTBeHHOE aBTOHOMHOE

O6pa3OBaTEFIbHO€ yupexjgeHune sbicliero O6pa3OBaHI/IFI

«HauuoHanbHbIN nccnegoBaTeNbCkUin TOMCKUIA MOANTEXHUYECKA yHUBepcuTeT» (TI1Y)

[Hxona — MHxxeHepHas 1mikoia MHPOPMAIMOHHBIX TEXHOJIOTUNA U POOOTOTEXHUKU
Hampasnenue noarotoBku (crenuanbHOCTh) — 15.04.04. ABTOMaTH3aIMs

TCXHOJOIMYCCKHUX IMPOUCCCOB 1 ITPOU3BOACTB

YpoBeHs o0pa3oBanus — Maructparypa
Otnenenne mikoisl (HOLL) — OTnenenne aBToMaTH3alu U POOOTOTEXHUKH
[lepuon BeInOJIHEHUST — OCeHHUM/ BeceHHU cemecTp 2019/ 2020 yuebHoro rona

dopmMa npecTaBiIeHHs padOTHI:

MarucTepcCkasa Juccepraiuusi

(bakanaBpckas paboTa, TUITIOMHBIH TPOEKT/padoTa, MarucTepcKasl JUccepTanus)

KAJIEHJIAPHBIN PEUTUHT -TIJIAH

BbINOJIHCHH S BHIIIYCKHOM KBAJTH(PUKANNOHHOI PadoThI

CpoK cllaul CTyJ€HTOM BBIIOJHEHHO paboThL: 03.06.2020
Jara HasBanue pasnena (MoaxyJst) / MakcuMasbHbIii
KOHTPOJIS BH/1 pa0oThI (McCJIeI0BAHNSA) 0an1 pa3aena (MoayJis)
30.05.2020 | OcHoBHAas 4acTh 60
durHaHCOBEIIT MEHEKMEHT, pecypcoddhHEKTUBHOCTD
31.05.2020 A » Pecypcosh 20
U pecypcocOepexeHne
10.06.2020 | ConmanpHas OTBETCTBEHHOCTD 20
COCTABUNJI:
PykoBoaurtear BKP
JloKHOCTH (1% (0] yqe“;:la:[:[ee“enb’ Moanucey JlaTta
ornent OAP dununac Anekcan
Jlon p K.T.H 24.02.2020
NIINTP AJIeKCaHIPOBUY
KoncyabTant
JloKHOCTH dPUO yqe"::a:;ee"e"b’ IMoanucek Jara
Accucrenr 3apHUNbBIH AJIEKCaH,
pHmrt AP _ 24.02.2020
OAP UIIATP IOpbeBnu
COTJIACOBAHO:
PykoBoauteas OOII
JI0JZKHOCTH (07 (0] yqeﬂ::ai;iﬂmb’ Moanuck Jara
oreat OAP Edumos Cemén
Hlou ¢ K.T.H. 24.02.2020
NIINTP BukTopoBuu




TOMSK TOMCKUNN
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY INBMB YHUBEPCUTET

MuHUcTepcTBO HayKM 1 Bbicluero obpasosaHusA Poccuinickon Qegepaunm
bepepanbHoe rocygapcTBEHHOE aBTOHOMHOE
obpasoBaTesibHOE yupexaeHune Bbicliero obpasoBaHusa
«HaumoHanbHbIN nccnegoBaTeNbCcknii TOMCKUIM MOAMTEXHUYECKNA YHUBEPCUTET (TI1Y)
[[Ixona — MrxeHepHas 11koj1a HHPOPMAIIMOHHBIX TEXHOJIOTUH U POOOTOTEXHUKH
Hamnpasnenue noarotoBku (cnenuanbHOcTh) — 15.04.04. ABTOMaTH3anus
TCXHOJIOTI'HMYCCKHUX HpOI_IeCCOB n HpOI/IBBOI[CTB

Otnenenne mkoisl (HOLL) — OTnenenne aBToMaTH3au U pOOOTOTEXHUKH

YTBEPXIAIO:
PykoBoaurens OOII

Edumos C.B.
(TTommmuce) (Mlata) (®.1.0.)

3AJJAHUE
HA BBINOJIHEHHE BHIMYCKHOH KBAIN(PUKAIIMOHHOI padoThI
B dopwme:

‘ MAarucTepCcKON AUCCepTaluu

(6akanaBpckoit paboOThI, JUILIOMHOTO TIPOEKTa/paboThl, MATUCTEPCKO# AUCCEPTALMH)

CryneHry:

I'pynna DOUO

8TMS81 Cusunues [lanun AHapeeBuy

Tema paGoThI:

Pa3pabotka nndpoBoro 1BoiHNKA TEXHOJIOTUYECKOTO MPOIIECCa C UCTIOIb30BAaHUEM
MIPOU3BOJICTBEHHBIX JTAHHBIX

YTBepxkaeHa MPUKA30M JTUPEKTOpa (1aTa, HOMEP) ‘ 13.05.2020, 134-22/c

CpoK cliauul CTYICHTOM BBIITOJIHEHHOM paOOTHI: ‘ 03.06.2020
TEXHUYECKOE 3AJIAHHUE:

HcxonHble 1aHHbIE K padoTe OOBeKTOM WCCIIEIOBAHMSI SIBIISICTCS

(naumenosanue 06veKma UCCIO08AHUS UL NPOCKMUPOBAHUSL; IPOU3BOICTBO BOIIII IUICHKH, 2 IMEHHO YCTaHOBKa
npoOU3BOOUMENLHOCHIb UNU HASPY3KA; PeACUM pabombL

(HenpepbiBHbILL, NEPUOOUYECKUL, YUKIUYECKUU U M. 0.), 8UO ImoA Has3sBaHUCM CTaH TAHYIIUX BaJIOB (PRS),

ChIPbSL WU MAmepuan uzoeauss; mpebosais K npooyKmy, 060py ,HOB&HHLIP’I MOMEHTHBIMH JIBUTATEISIMHU
us0enUIo Uil npoyeccy,; 0cobvie mpebosaHus K 0COOeHHOCMAM

@ynkyuonuposanus (IKcnayamayuu) 06vekma unu u30eius 6 Siemens CCprn 1FW.

niane 6630naCHocmu IKCnayamayuu, 61usiHusg Ha HeHI) pa6OTI)I: COSHaHHe HpeHCKa3aTeHBHOI‘;I
OKPYAHCAIOWYIO CPeOY, IHEP203aAMPAMam; IKOHOMUYECKUL
anans um. 3.). MO/IEITH C MTOMOIIIBIO TporpaMmHoro makera Matlab




Hepeqem, nmoaJjie:kamux MCCJaea0BaHNIO,
NMPOCKTUPOBAHUIO U pa3pa60TKe

BOIIPOCOB

(ananumuueckuii 0630p nNo IUMEPAMyPHLIM UCTHOYHUKAM C
Yenvio BbIACHEHUs. OOCIMUNCEHUL MUPOBOU HAYKU MEXHUKU 8
paccmampusaemoti 061acmu; noCMaHo8Ka 3a0ayu
UCcned08aHus, NPOEKMUPOBAHUl, KOHCIPYUPOBAHUSA,
codepatcanie npoyedypsl UCCIO08AHUL, NPOEKMUPOBAHUSL,
KOHCMPYUPOBanusl; 00cyxHcoerue pesyibmamos 6blnoIHeHHOU
pabomvl; HauMeHO8aHUe OONOTHUMETbHBIX PA30eios,
noonedxcawux paspabomre; 3aKuoyeHue no pabome).

1. Amnamutudeckuif 0030p MO JHUTEPATYPHBIM
HMCTOYHHKAM

2. AHanu3 peanbHbIX MPOU3BOJICTBEHHBIX JIAHHBIX
3. IToctaHOBKa 3aja4l TPOEKTUPOBAHUS

4, Co3nanue peacKazaTelIbHONH MOIeH

5. AHanu3 pe3yJIbTaTOB BBITTOJTHEHUS

6. Peanuzanus nporpammuoro 110

Ilepeuyenn rpapuyeckoro Mmarepuajia

(c mouHBIM yKazaHuem 06sA3amenbHbIX Yepmediceti)

1. ®yHKIMOHATBHAS CXEMa aBTOMATU3ALINH
2. biok-cxeMa UMIIOPTUPOBAHUS TAHHBIX

(c yrazanuem pazoenog)

KoncynbTaHThI 0 pa3aenaM BbITYCKHON KBATH(UKALMOHHOH padoThI

Pa3nen

KoncyapTant

dunaHCcoBbIH

MEHEKMCHT,
pecypcoadhekTHBHOCTD U pecypcocOepekeHre

Konoronckuit Bnagumup IOpbeBud, aomeHT
OCI'H

ConmanpHas OTBETCTBEHHOCTh

l'opbenko Muxaun BragumupoBud, IOLEHT
OK/J]

Paznen na HHHOCTPAaHHOM A3BbIKC

l'opbaTtoBa  Tarpsina  HwukonaeBHa, CT.
npenogasaresnb O IBUTT

A3bIKAX:

Ha3panusi pa3aesioB, KOTOpble NOKHBI ObITh HANMUCAHBLI HA PYCCKOM M HHOCTPAHHOM

2. TexXHOJIOTHYECKUH TIPOIIECC

JaTa BbI1a4M 3a1aHUS HA BBINIOJIHEHHE BBINYCKHOM 94.02.2020
KBATU(UKAIMOHHOMH padoThI 10 JUHEHHOMY rpaduky A
3agaHue Bb11AJ PYKOBOAUTEND / KOHCYJIbTAHT:
JloKHOCTH (1% (0] ‘Y4enasi cTeneHb, 3BaHNe Moanucey JaTa
ouent OAP Dunmmmac Aexkcas
a P K.T.H. 24.02.2020
NIINTP AnekcaHIpoBUY
Accucrenr 3apHULBIH AneKkcaH
prm AP - 24.02.2020
OAP MIINUTP IOpreBuu
3ananue NPUHSAJ K MCTIOJHEHHIO CTY/IeHT:
I'pynna (0] 7 (0] Hoanuck Hara
8TMS81 Cusunies Jlanun AHapeeBuy 24.02.2020




_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBIII MEHEKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE)
Crynenty:
I'pynna DOUO
8§TM81 Cusunues [lanun AHapeeBuy
xosna NHINTP Otaenenne mkoasl (HOILL) OAP
YpoBens ABTOMAaTH3aIMs TEXHOJOTHYECKUX TPOIIECCOB U
Maructparypa | HanpaBienue/cnenquaibHOCTh
0o0pa3oBaHus MIPOU3BOJICTB

pecypcochepekeHue»:

HUcxonnbie naHHble K pasgeny «@PUHAHCOBBIM MeHEIKMEHT, pecypcodpdeKTUBHOCTL U

1. Croumocth pecypcoB HayqHoro uccienoanus (HIN):
MaTepHaIbHO-TEXHUUECKHX, SJHEPTETHUECKHUX,
(UHAHCOBBIX, HH(POPMAITMOHHBIX U YEIOBEUECKUX

Hcnonp30BaTh AecTByONUE IEHHUKU U IOTOBOPHBIE
LEHBl Ha  TOTPEOJICHHBIE  MaTepHaibHBIE U
WHPOPMALMOHHBIC PECYPCHI, a TAKXKe YKa3aHHYI0 B MY
BENMYMHY Tapuda Ha 1. FHEPTHIO

2. HopMbl 1 HOpMaTHBBI PACX0I0BAHHS PECYPCOB

3. I/IcnomsyeMa;{ CHUCTEMA HaJ'IOFOO6J'IO)KeHI/I$I, CTaBKH

HaJIOT OB, OT‘II/ICJ’IGHI/Iﬁ, JUCKOHTHUPOBAHUA U KPCAUTOBAHUA

JleiicTByroIME CTAaBKH €AHMHOTO COLHATFHOTO HAJIOTa 1
HJC, craBka auckontupoanus = 0,1 (cm. MY)

Ilepeyennb BONMPOCOB, MOIJIEKANMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO M Pa3padoTKe:

HTU

1. Onenka KOMMCPYCCKOI0 U THHOBAITUOHHOI'O MMOTCHIINAJIa

Hatp XapaKTEePUCTUKY CYIIECTBYIOIINX "
MTOTEHIHATTHHBIX noTpeouTenei (moxymaTrerneit)
pesymeraroB  BKP, oxmmaemMbix MacmraboB —HX
UCIIOJIb30BaHHMS

2. Pazpabotka ycTaBa Hay4YHO-TEXHHYECKOTO MPOEKTa

Pa3paboTtaTs NpoeKT TAaKOTO yCcTaBa B CiIydae, eCiu ATt
peanusaiu pe3ynbratoB BKP HeoOxomumo co3nanue
OTHCHBHOﬁ OopraHm3anuunu nim OTACJIIBHOI'O
CTPYKTYPHOTO IIOAPA3/CJICHUS BHYTPU CYLIECTBYIOLIEH
OpraHu3aIyu

rpaduk mpoBeneHus, OFOIKET, PUCKUA U OPTaHU3AIIHS

3. IlnanmpoBanue npouecca ynpasienus HTU: ctpykrypa u

IMocTpoenune rmnana-rpadguka BoimonHeHus BKP,
COCTaBJIEHHE COOTBETCTBYIOILEI CMETHI 3aTpaT, pacueT

3aKyNOK ueHsl peynbrata BKP.
4. OrmpeneneHue pecypcHol, PUHAHCOBO, IKOHOMHIECKOM Ornenka sxoHOMHYECKOH 3 dexTrnBHOCTH
3¢ PeKTUBHOCTH ncronb3oBaHus pesynbratoB BKP, xapakrepucruka

JIpyTux BUAoB 3¢ dekra

Ilepeyenb rpaguyeckoro MaTepuaJa (C TOYHbIM YKa3aHHEM 00s3aTeJIbHBIX YepTexKeH):

. «[Toptper» notpedbutens pezynpratoB HTU
. CerMeHTHpOBaHHE PhIHKA

1
2
3
4. Jlnarpamma FAST
5. Matpuma SWOT
6
7
8

. I'padux npoBenenwns u 6romxer HTU - BHITOTHUTE

TloTeHManpHble PUCKU

. OLIGHKa KOHKypeHTOCHOCO6HOCTI/I TEXHHUYCCKUX peHIeHPIfI

. Onenka pecypcHoM, pHHAHCOBOH 1 3KOHOMIYecKoH 3 dexktnBHOCTH HTU - BHIIOIHUTD

\ JlaTa BbI1a4uM 3aJaHMA 1JIs1 pa3jena 1o JuHeiHOMY rpadguky \ 24.02.2020
3ananue BbIIAJ KOHCYJIbTAHT:
JlokHOCTH DdUO Yuenas crenen, MMoanucek JlaTa
3BaHUue
Honent OCT'H .

BT Konoronckuii B.1O. K.3.H. 24.02.2020
3anaHne NPUHSAJ K MCTIOJHEHUI CTYIeHT:

I'pynna DPUO Homnuce Jara

8TM81 Cusunues Jlanun AnapeeBud 24.02.2020




3AJJAHME JIJIS1 PA3JAEJIA « COIIUAJIBHASA OTBETCTBEHHOCTDb»

Crynenty:
I'pynna PHUO
8TMS1 CusuniieB [lanun AHapeeBud
HIkona WIIATP Otaenenue (HOLL) OAP
ABTOMaru3anus
YpoBeHb
Maructparypa | HanpaBienune/cneuuajabHOCTh | TEXHOJOTHYECKHUX
o0pa3oBaHus
MIPOIIECCOB U NMPOU3BOJICTB
Tema BKP:

Pa3p360TRa III/I(l)pOBOFO JBOMHHUKA TEXHOJOTHYECKOI0 nmpouecca ¢ uCrmoJb30BaHueEmM

IMPOU3BOJACTBCHHBIX JAHHBIX

Hcxonnble nannble K pazaeny «CounaabHasi OTBETCTBEHHOCTD) !

1. Xapakrepuctuka O0OBEKTa
MCCJICI0BAHUS (BermrecTBoO,
Matepual, Mpudop, alrOPHTM,
MeToJuKa, paboudas 30HA) U
00J1aCcTH €ro NPUMEHECHHUS

OObeKTOM WuCCleoBaHUs sBIseTCS UU(POBON ABOMHUK
TEXHOJIOTHYECKOT0 TIpollecca, CO3JaHHbIi ¢ momorisio 10
Matlab (Predictive Maintenance Toolbox). [us co3manus
JAHHOTO udpoBoro JIBOMHHUKA IIPUMEHEHBI
MIPOM3BOJICTBEHHbIC JaHHbIE. Pe3ynbTaToM sBISETCS MOJIENb,
MMUTHUPYIOIIAsl TOBEICHHE PEAIBHOTO0 TEXHOJIOTUYECKOIro
mpolecca.

[TepeueHp BONPOCOB, NOIEKAILIMX UCCIIEOBAHNIO, IPOEKTUPOBAHUIO U pa3paboTKe:

1. [IpaBoBbIe n
OpPraHM3alMOHHbIE BOMPOCHI
o0ecrieueHNs 0€30MACHOCTH:

— CHELHaJIbHBIE
(xapakTepHbIe npu
DKCIUTyaTaluu o0BeKTa
UCCJIEIOBaHMS,
MpOeKTUpyeMoil  pabodeii
30HbI) TPABOBBIE HOPMBI
TPYZAOBOIO
3aKOHO/ATEIIbCTBA;

— OpraHM3alliOHHbIE
MEPOIPUATHS npu

KOMIIOHOBKE paOoueil 30HBbI.

pynoBoii konekc Poccuiickoit @enepanuu ot 30.12.2001 N
197-@3 (pexn. ot 30.04.2020)

CanlluH 2.2.2/2.4.1340-03. ['uruenuueckue TpeOOBaHUS

K NIEPCOHATHHBIM AJIEKTPOHHO-BBIYUCIUTEEHBIM
MallliHaM U OpraHu3alK padoThI.
— T'OCT 12.1.005-88 CCBT. OOmme caHUTapHO-

TUTUEHUYECKHE TPEOOBAHMS K BO3IyXY paboueit 30HBI.
CIT 52.13330.2016 EcrectBeHHOE M MCKYCCTBEHHOE
ocBelleHre. AktyanusupoBanHas pegakius CHull 23-05-
95

CanlluH 2.2.2/2.4.1340-03 T'uruenudeckue TpeOOBaHUS K
MEPCOHAIBHBIM 3JIEKTPOHHO-BBIUHUCIUTENbHBIM MalllUHaM U
OpraHuzaluy paboThl.

2. llpousBoacTBeHHAs
0€30MacHOCTD:

2.1. AHamM3 BBIABIIEHHBIX
BPEIHBIX U OMACHBIX ()aKTOPOB
2.2. O0ocHOBaHME
MEPOTIPUATHI 110 CHUKEHUIO
BO3JECUCTBHUSA

Bpenusie ¢pakTops:

— TOBBILIEHHBIN YPOBEHb LIYMa;

HE/I0CTaTOYHAasi OCBEIIEHHOCTh paboueil 30HBI;
OTKJIOHEHHUE ITapaMeTPOB MUKPOKJIMMATa B TIOMEIICHHN;
AIIEKTPOMArHUTHOE U3ITyYeHHE.

OrnacHsle:

AIIEKTPUUYECKUI TOK;

noskapHasi 0€301acHOCTb.

3. DkoJiorH4YecKas
0e30mMacHOCTD:

PaCCMOTpeH MOpAA0K YTUJIn3anuu HCHOHBSyeMOﬁ
OpFaHI/ISaHI/IOHHOI\/II TCXHHUKHU U JIIOMHUHCCUCHTHBIX JIAMII.

4. be3onacHocTh B
Ype3BbIYAHHBIX CUTYAUSX:

UpesBbyaiiHasi CUTyalusi TEXHOTEHHOI'O Xapakrepa JUIs
JIAHHOT'O ITIOMELICHUS — I10XKap.




YcTaHoBKa OOMIMX MPAaBHUII MOBEACHUS U PEKOMEHIAIUN BO
BpeMsl okapa.

\ JlaTa BbIIAYM 321aHUA JIs pa3jiesia no JuHeHHOMY rpaduxky \ 24.02.2020 |
3ajnanue BbIIAJ KOHCYJIbTAHT:
Yuenan
JoaxkHocTh OUO CTeNneHb, IHoanuck JlaTa
3BaHHe
JloneHT I'op6enko Muxawnn
K.T.H. 24.02.2020
OO/1 IIIBUIT BrnagumupoBuy
3aganne NPUHSJI K HCTIOJTHEHHUIO CTYIEHT:
I'pynna PO Hoanuce Hara
8TMS81 Cusunues Jlanuin AuapeeBud 24.02.2020




Pegepar

Brimycknas kBanudukanronnas padora coaepxkut 101 c., 38 puc., 10 Tabn.,
62 UCTOYHUKOB, 3 TIPHIL.

KiroueBbie cioBa: nupoBoil ABOMHHK, MpeacKa3zaTelibHas Mojenb, Matlab,
BPEMEHHOM psIA.

OOBEKTOM HCCIEAOBAHUS SBISICTCS CTaH TSIHYIIUX BaJlOB IPOW3BOJICTBA
BOIIII-miéHkmu.

[{ens pabOTHI — MOBBIIIEHNE MPOU3BOIUTEIHFHOCTH 33 CUET aHATIN3a COCTOSTHUS
000pYI0BaHU 10 CO3JaHHOMY ITU(GPOBOMY JIBOMHMKY B cpeze pa3padotku Matlab.

B mnpomecce wuccnenoBaHus TPOBOIWINCH H3YYEHUE TEXHOJOTUYECKOTO
mporiecca, aHajdu3 JaHHBIX, IMOJATOTOBKA JAHHBIX K 0OpabOTKe, CO3aHHE MOJCIICH,
aHaJIU3 pe3yJIbTaTOB MPEICKa3aHuUs.

B pesynbrare ucciaenoBanusi ObUTH MOMYyYEHBI HECKOJBKO MPEICcKa3aTeIbHbIX
MOJIeNIel U CO37aHO TIPUIIOKEHUE TSI B3aUMOACHCTBUS C JAHHBIMHU MOJICIISIMHU.

OO06nacTpi0 TPUMEHEHUS JaHHOW pa3paOOTKU SABJSIIOTCS HENPEPbIBHBIC
MIPOU3BOJICTBA, HA KOTOPBIX TPEOYETCS MPOTHO3 BRIXOAa 000PYIOBAHUS U3 CTPOSI.

Or BHempeHUsT  JaHHOM  pa3pabOTKU  OXHUAACTCS  IKOHOMHUYECKas
saddextrBHOCTS HA ypoBHE 10%. [101€3HOCTH 3aKiII0YaETCsl B BO3SMOKHOCTH 3apaHee
MOATOTABIMBATH MEPOIIPHUATHUS TI0O PEMOHTY 00OpYAOBaHMSI, 3HAS IPUMEPHOE BpPEMS,
KOTJ1a OHO BBIMJET U3 CTPOS.

B Oyaymem turaHmpyeTcs pacmupeHue QyHKIHOHANA TPUIOKEHUS,
pazpaboTka  aJirOpUTMOB  aBTOMATHU3WPOBAHHOTO  TPEACKa3aHWs  BbIXOJa
o0opynoBaHusi U3 cTposi. Taxxke BO3MOkHa OoJjiee TiiaTeabHas MOATOTOBKA JAHHBIX
JUTSL aHAJTM3a, YTO clIeacT uX 00s1ee KaueCTBEHHBIMU JIJIS CO3JaHus MPEACKa3aTeIIbHBIX

MOJIEJIEN.
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BBenenue

PazButre nudpoBuzanuu B COBPEMEHHOM MHUpPE BO MHOIOM OOYCIIOBJICHO
3¢ HeKTUBHOM pabOTOM CO CTPEMHUTEIHFHO YBEITUINBAIOIIUMHUCS OOJIBITUMU 00BEMaMu
nanHbix (Big Data), a TouHee ¢ copepxaTeIbHbIMU («yMHBIMIY) TaHHBIMU (Smart Big
Data), Bkiro4as CHUKEHHE OOBEMOB «MYCOPHBIX» JTaHHBIX M TPaHCAKIIMOHHBIX
U3JIEPKEK, a TAK)KE TOBBIIIICHUE TPO3PAYHOCTH U HATJISAHOCTH MPOIIECCOB I'eHEpaluu
1 00paOOTKH JTaHHBIX.

IlenTpanpHOE MECTO B SKOHOMHMKE IO TPaBy 3aHHUMAeT MaTepHAIbHOE
MIPOU3BOJICTBO — BBICOKOTEXHOJIOTUYHAS MPOMBIIIJIEHHOCTh, OTBEYAOIIasi, B IEPBYIO
ouepe/ib, TPEOOBAHMUSIM BBICOKOW MPOU3BOJUTEIBLHOCTH TpYJla, IKOHOMHYECKOU
3¢ (HEKTUBHOCTH U rI100aTBbHON KOHKYPEHTOCITOCOOHOCTH.

[udpoBbie  ABOMHUKM  CHOCOOCTBYIOT  CTPEMUTEIHLHOMY  Pa3BUTHIO
COBPEMCHHBIX KOMMIaHWUK mocienHee Bpems. C TIOMOIIBI0O HHUX YIPOIIAECTCS
MO/I/IeP)KKa TEXHUYECKHUX CUCTEM, Bo3pacTaeT 3 (HEeKTUBHOCTh, MUTUTUPYIOTCS] PUCKH
OIIMOOK W COOEB, YTO TMOBBIMIAET CTAOWMIBLHOCTH PaOOTHL. [laHHBIE BO3MOXKHOCTU
MTO3BOJISIOT OM3HECY MAKCHMAITBHO IMTOBBICUTH IOXOHOCTHh OT MHBECTHUIINN, YBEITUIHUTh
KOHKYPEHTOCTIOCOOHOCTD U, HAPACTUTh U MPEYMHOXKHUTH KJIMEHTCKYIO 0a3y.

OpnHo u3 eBponelckux HedrenepepadaThIBAOIIMX NPEANPUATUN Onaroaaps
NPUMEHEHHUIO CHCTEMbI MPESIUKTUBHON aHANMUTUKK OT kommanuu Schneider Electric
npejcka3aio coor OOJBIIOro KoMIpeccopa 3a 25 THel A0 TOro, Kak OH CIYYHJICS.
JlanHOoe TmpeAcKa3aHUE W OINEPATUBHOE pPEarupoBaHHME TO3BOJWIO COKOHOMHTH
KOMITaHUU HECKOJIbKO MUJITHOHOB JI0JIJIApOB.

[udpoBoit TBOWHWUK TO3BOISET IO BXOJHBIM JaHHBIM O00OPYIOBaHUS
MPEICKa3aTh KIFOUYEBBIM MapamMeTpbl 00bekTa. Eciu B34Th aOCTpaKTHBIA TIPUMED, TO
ATO KakK MO rabapuTaM BEPXYIIKH aiicOepra Mbl MOTYYUIN OBl €r0 TOYHBIN 00bEM H
dbopMy ¢ MOMOIIBIO MpeicKa3aTesIbHONU Moiesu. [pu oMoy TeXHOI0THH ITU(DPOBBIX
JTBOMHUKOB BO3MOXHO PEIIATh PAa3JIMYHBIC THUIBI 33Ja4 JUATHOCTUKH COCTOSHHSI
00BeKTa, ONTUMU3AINH PAOOTHI, MPEICKA3aAHU.

C moMouIpl0 TEXHOJOTUM HUQPPOBBIX IBOWHUKOB yaaiochk o0benuHUTH 20

He(dTenoObBatOIMX U HedTenepepabarpiBarommx npeanpusatuii komnanuu ADNOC,
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KJIFOUEBOI0 Tpe/ICTaBUTENsI HeTerazoBoit orpaciu Ha bivxnem Boctoke, B euHbIi
nucrietTdepckuit  myHKT.  [ludpoBodi  ABOMHHMK  COCTOSII M3 KOMILICKCA
paccpeoTOUCHHBIX MO BceMy bimkHemy BoCTOKy OOBEKTOB KOMIAHUU. Y AAJIOCh
YHUDULIHUPOBATH BCE MPOIIECCH U IPUBECTH X K €IMHOMY CTaHIAPTY.

JIaHHBIN KOMIUIEKC coJepkal B ce0e OOJbIIoe KOJMYECTBO Pa3IMYHBIX
IIAKETOB — MPEIUKTUBHAS AHAJIUTUKA, BU3YAJIN3alUs B PEAUIBHOM BPEMEHH, CUCTEMA
MOJICJIMPOBAHUSl PA3IMYHBIX PEKUMOB padOThl OOBEKTOB M aHalW3a HEIITaTHBIX
cutyauui. K ToMy e KOMIUIEKC IpeamnoJiarajg MOACIMPOBAHUE M ONTHUMHU3ALUIO
pecypcoB.

[To MHEHUIO HKCIIEpPTOB B OnmpkaiiieM OyaylieM MOTpeOUTENN U BIaJebLbl
IPOJAYKTOB CMOTYT TIOJIb30BaThCA TEXHOJOTUSMH UU(POBBIX JBOWHHKOB B
NOBCEIHEBHON JKU3HU, TMpU4YeM LU(GPOBbIE JBOMHUKM CTAHET BO3MOXHBIM
MCIIOJIB30BATh C LEJBbI0 YIYUYIICHHS Ka4eCTBA YEJIOBEYECKON )KU3HH, a HE TOIBKO IS
ONTUMM3ALUU PAOOTHI KAKOI0O-TO OOBEKTA.

Pa3paboTraB npeAUKTUBHYIO MOJI€]Ib IPOU3BOJICTBA, HEOOXOAUMO 0OECTIEUUTh
ee paborocniocoOHOCTh B nuHamuke. Pazpabotumku 110 s B3aumMopeicTBus c
MOJEISAMU CTPEMATCS MHUHHMMHU3MPOBATh y4acTHE 4YelOBEeKa B Iporecce. B aro
HAXOJUTCS MPUHUMUIHUAIBHOE OTIMYHME LU(PPOBOro JBOMHUKA OT OOBIKHOBEHHOU
TpexMepHON Bu3yanu3anuu. OCHOBa AAaHHOTO 3Tama — OOy4YEeHHE M MOCIeayrollee
caMooOy4YeHHe MoJesield ISl BBIIOJHEHHUs MOCTaBJIEHHBIX 3aj1ad. MaiuHHoe
oOydeHHe SIBJIIETCA KJIACCOM METOJIOB MCKYCCTBEHHOT'O HMHTEIUIEKTa, XapaKTEpPHOU
4YepTO KOTOPBIX SBJISIETCS HE MpSAMOE peIllIeHue 3alayd, a o0yueHue B Mpoliecce
IIPUMEHEHUS PELIEHUII MHOKECTBA CXOJHBIX 3a1a4. J{s MOCTpOeHNs TaKuX METOJIOB
WCIIOJB3YIOTCA CpPENCTBA MATEMAaTUYECKOW CTAaTUCTHUKH, YHUCJIEHHBIX METOOB,
METOJIOB ONTUMHU3ALIUU, TEOPUU BEPOSITHOCTEH, TEOpUU rpadoB, pa3IUUHbIC TEXHUKU

paboThI C TaHHBIMU B IU(PPOBOIT hopme.
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O0o03HaueHNSI M COKPALIIEHUS
B pabote ncnonb3yroTcs ciaeayrounme 0003HaueHusl U COKpPAIEHUS:
ACYTII — aBTOMaTH3UpPOBAHHAS CUCTEMA YIIPABJIEHUS TEXHOJIOTHUYECKUM IIPOLIECCOM;
MBb — Mera0aiir;
[IK — nepcoHaIbHBIA KOMITBIOTED;
[ITP — nan npou3BoaCTBa padboT
I1O — mporpamMMHO€E obecrieueHue;
CSV — Comma-Separated Value;

SCADA — supervisory control and data acquisition.
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1 O0630p uTEpaTYpbI

IIpouecc paboThl MPOMBIIIEHHBIX YCTAHOBOK HE 00XOIUTCs 0€3 BO3IEHCTBUS
Ha HEro OOJBIIOTO KOJMYECTBA pa3NudHbIX (HakTopoB. JlaHHbIE (haKTOPHI BHI3BIBAIOT
U3MEHEHUS B COCTOSTHUS 000PYZOBAaHUS, YTO C TEUYEHUEM BPEMEHU C BBICOKOM J0s1el
BEPOATHOCTH MPUBEACT K 0TKa3y. [ TaBHOI1 0COOEHHOCTHIO TAKUX (PAKTOPOB SIBISIETCS
UX CIOy4YalHbIi (CTOXacTHYEeCKWi) xapakrep. TeXHOJOTMYecKHe Harpys3KH,
IPOYHOCTHBIE XapaKTEPUCTUKU MaTepuasa, TeOMETPUUYECKUE pa3Mephl, COOII0ICHUE
YCIIOBUH TEXHOJOTUYECKOTO MPOLECCa, KAa4eCTBO TEXHUYECKOrOo OOCTY>KUBaHUS H
peMoHTa, BUOpalus, TeMIiepaTypa U MHOTUE Jpyrue (pakTopbl OKa3blBalOT OTPOMHOE
BJIMSIHUE Ha MIPOLIECC U3MEHEHUS COCTOSIHUS 000PYOBaHMUS .

K HempenckazyeMoMy HW3MEHEHUIO TEXHHMUYECKOTO COCTOSHHS YCTPOMCTB, MX
y3J0B, MEXaHU3MOB, CIIEJOBATEIbHO, U BpPEMEHU pabOThl 1O OTKa3a IPHUBOJUT
CIIy4YailHbI XapakTep pacCMOTPEHHBIX (PaKTOPOB.

OCHOBHBIMHU CTpATETHsIMH BBITIOJTHEHUS] PEMOHTOB Ha JaHHBIA MOMEHT
ABIISIIOTCA CcTpaTerus «PeMOHT mocie oTka3a», 4TO CONPOBOXKIACTCS OOJIBIIMMU
3arpaTtaMu U ctparerus «llmaHoBo-npenynpeauTenbHbld PEMOHT», YTO B MOJIOBUHE
CllydaeB fBIIETCS, Kak IMpaBWIO, NpexaeBpeMeHHbIM. Bmecte ¢ Tem Haumbosnee
NEpPCHEKTUBHOM  MpelacTaBisgeTcs crparerus «PeMOHT 10  COCTOSIHUIO» €
UCIIOJIb30BAaHUEM TNIPE/ICKA3aTeIbHOTO MOJAX0Ja K OOCIY>KHMBAaHHIO OOOpYAOBaHMS,
NO3BOJIIOIIMN 3apaHee OINpeAesTh BO3MOXKHBIE OTKa3bl 000pYIOBaHMs. ITO
CIIOCOOCTBYET MOBBILIEHUIO SKCIUTYaTAllMOHHOW HAJIEXKHOCTH.

JUisa peieHus 3a4a4 NpecKa3aHns OTKa30B B TEXHOJOTHYECKUX YCTaHOBKaX
CYLIECTBYET OOJIBIIIOE KOJMYECTBO MOJENEeH M METOJO0B, KOTOpBIE OTIMYAIOTCA
00BEMOM BXOAHBIX [JAHHBIX, METOJIUMKOW paboThl M (HOpMON TpencTaBlICHUS
pesynbTaToB. Takke JOCTYymHO W TOTOBoe mporpammuoe obecneuenue (110),
peanu3yrolee CUCTEMY METO/I0B U aJITOPUTMOB, HAPABJICHHBIX HAa IPOTHO3UPOBAHUE
OTKa30B 00OpYyIOBaHHS TEXHOJOTMYECKMX ycTaHOBOK, Hampumep I[IO Matlab
Prediction Toolbox.

Kax npaBuiio, B cBoeM OOJBIIMHCTBE MPUMEHSIIOTCS BEPOSITHOCTHBIE METObI

H MCTOAbI CTaTUCTUYCCKOI'O aHaJIn3a JaHHbIX.
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BepositHOCTHBIE MeTOABI. MeETOIBI BEPOSTHOCTHOIO IHPOTHO3UPOBAHUS
OCHOBBIBAIOTCSI HA TEOPUM BEPOSTHOCTEH, TEOPUI CIy4YalHBIX IPOLECCOB U
MaTeMaTUYeCKyI0 CTaTUCTUKY [1]. Mcmomp3oBaHmMe MaHHBIX METOMOB IMPEIIOIaract
OIpE/IETICHUE BEPOSTHOCTEH O€30TKa3HOM pabOThl CUCTEMBI U €€ MOJACUCTEM U
JJIEMEHTOB, TOCTpOeHHWE (YHKUMHA  pacmpeneNieHuss CIOydyalHBIX  BEITUYHH,
XapaKkTepu3ylonmx O0e30TKa3Hyl0 paboTy OOBEKTOB. YroObl HMCHOIB30BATH
BEPOATHOCTHBIE METOJbl TPEOYIOTCS pealbHblE JaHHbIE OTHOCSIIMECS K OOBbEKTaM
uccinenoBanus. s cOopa AaHHBIX HEOOXOAMMO HaKOIUIEHHE WH(OpManuu O Bcex
pexxuMaM paboThl 00OPYZOBAHMA U pPa3IMUHBIX MPUYMHAX BBIXOJA M3 CTPOS.
[TocTpoeHre mporHo30B COCTOSHUS 000PYAOBAHUS PEANTNU3YETCS C IIOMOIIBIO pacyeTa
NoKa3zaTesied HaJeXKHOCTH CHUCTEMbI, OTOOPAKAIOIIME HAIEKHOCTh peaTU3aliu
(GYHKIMI ¥ OMACHOCTh BO3HMKHOBEHUS IOJIOMOK M BBIXOJAa M3 CTPOs. DTO Takue
MOKa3aTen KaK:

— KO03(p(HULKEHTHI FKCIUTYaTallMOHHON HAaJIe)KHOCTU (PYHKIIMH MOACUCTEM;

— KO3 (PULHEHTHI TEXHUYECKOTO UCIIOIb30BaHUSA MTOACUCTEM, Y3JI0B, MEXaHU3MOB;
— K03 PUUUEHTHI COXpaHeHHs 3PPEKTUBHOCTH 10 QYyHKLHUSM,

— II0Ka3aTeIu BEPOATHOCTH YCIIEIIHOTO BHINOJHEHNUS 3aIaHHBIX POLEAYD.

Cratuctuyeckre METOAbl aHAJIOTMYHBIM 00pa3oM HCHOJB3YIOT JaHHBIE,
MOJTyYEHHBIE 3a MPEbIIyIIUe NEePUOAbl FKCIUTyaTauu obopynoBanus. Ha ux ocHose
CTPOSITCA  CTaTUCTUYECKHME MoJAeNu. B  OCHOBHOM HCHOJIB3YIOTCS — MOJIENH,
MPE/ICTABIICHHBIE HIDKE.

— Perpeccuonnbie Mmojenu (01HO(GAKTOPHBIE U MHOTO(GAKTOPHBIE).

JlaHHBIE MOJENM IO3BOJISIIOT IIOJYYWTHh MPOTHO3 3HAYEHUW 3aJaHHOM
XapaKTEPUCTUKM B 3aBUCUMOCTH OT 3HAYEHW BBIJCICHHBIX (PAKTOPOB B
Ha0JII0JTaeMBbIi IEPUO/] BPEMEHHU.

— MapkoBckure mpoLecchl U [enu.

C ux NOMOUIBI0 MPOU3BOIAUTCS MOJECIUPOBAHHE IEPEXOJIOB CUCTEMBI W3

OJTHOTO COCTOSIHHS B JIPYTOE.

— HMuTanmmoHHbIe MOJIEIIH.
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CTpyKTypa U UCHOJIb3yeMble MTOKa3aTelld 3TUX MOJeNel pa3pabaTbiBalOTCs B
3aBUCUMOCTH OT IIOCTABJICHHBIX 3aJ1a4, 000PY/I0BaHUS U YCIOBUMA SKCILTyaTaIlUu.
IpennkruBnas anamutuka (Predictive  Analytics). [IpeaukTuBHasS
aHAIMTHKA TOJpa3yMeBaeT HaOOp METOAOB MHTEUIEKTYaJIbHOTO aHaliu3a JIaHHBIX,
HaIpaBJICHHBIM Ha MPOTrHO3UWpoBaHuEe [2-5]. s MpOrHO3UPOBAHUS UCHOIB3YIOTCS
JAHHBIE O XapaKTePUCTHUKAaX OOOpyJOBaHHS, €ro HCIONb30BAHUU, BHEITHUX
BO3JICUCTBUSIX, COCTOSIHUU cpenbl  (QyHKUuMoHUpoBaHus. [Ipomecc co3manus
MPOTHO3HOW AaHAJUTUKA OCHOBBIBACTCS HA aBTOMATH3WPOBAHHOW 00paboTKe
OomnpIIoro kosmyecTBa AaHHBIX. OOpaboTka HalleJieHa Ha BBISBICHUE MaCcCHUBOB
3aKOHOMEPHOCTEH M 3aBUCUMOCTEH, C TOMOIIBI0O KOTOPBIX CTPOSITCS MPOTHO3HBIC
MoJieH. J[sl 3TOro mperMyIeCTBEHHO UCIOJb3YIOTCS CTAaTHCTHYSCKUE METOJIbI [6-
12]. IlpumepoMm pean3anud METOJla TMPEAUKTUBHON AHAIMTUKU SIBJSIETCS aHAIH3
nepeBa oOTkazoB. JlepeBo o0Tka3oB (aBapuid, MNPOUCHIECCTBUI, TOCJIEICTBUH,
HEXKEJIATEIbHBIX cOOBITHIN) IIPEACTABIISAECT coOon MHOTOYPOBHEBYIO
rpadoJIOTUYECKYIO CTPYKTYPY MPUUUHHBIX B3aUMOCBSI3€H, MMOJTYyUYEHHBIX B PE3yJIbTaTe
MIPOCIICKUBAHNS OTIACHBIX CUTYAIIMd B 0OPAaTHOM TIOPSIKE JIJIST TOTO, YTOOBI OTHICKATh
BO3MOYKHBIC TIPUYMHBI UX BO3ZHUKHOBEeHHUS [12].
LleHHOCTBH METO/1a IEpEeBa OTKA30B COCTOUT B CIEAYIOIIEM:
— TI03BOJIAET MOKa3aTh B IBHOM BHJIC HEHAJICKHBIC MECTA;
— J1aeT BO3MOKHOCTBH BBITIOJIHATh KAYECTBEHHBIH WM KOJMUYCCTBCHHBINH aHAIU3
HAJIC)KHOCTU CUCTEMBI;
— TMO3BOJIIET CHEHHAINCTaM TOO0YEPETHO COCPEIOTAUYMBATHCS HA  OTAEIBHBIX
KOHKPETHBIX OTKa3aX CHUCTCMEI;
— obecneynBaeT riry0oKoe mpe/IcTaBlIeHNE O TTOBEACHUN CHCTEMBI M IPOHUKHOBCHUE
B IIPOIIECC €€ PadOTHI;
Henocrarku aepeBa 0TKa30B COCTOSIT B CIEAYIOLIEM:
— peanu3anus MeTojJa TpeOyeT 3HAUMTEIIBHBIX 3aTPaT CPEACTB U BPEMCHU;
— JIEpEBO OTKa30B TIPEACTaBIseT COOOWM cxeMy OyJeBOM JIOTMKH, Ha KOTOPOM
MOKA3bIBAIOT TOJILKO JIBA COCTOSIHUS: pabouee 1 OTKa3aBIlee;

— TpPYAHO YUYECTb COCTOSAHUC YaCTHYIHOI'O OTKa3a 3JICMCHTOB,
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— TpeOyeT OT CHEIUAIMCTOB O HAASKHOCTH TIyOOKOTO0 TMOHWMAaHHUS CHCTEMBI H
KOHKPETHOT'O PAaCCMOTPEHMS KaXK]IbIi pa3 TOJIbKO OJHOTO OMPEIETIEHHOTO 0TKA3a;
JIEPEBO OTKA30B OMUCHIBACT CUCTEMY B ONIPEICICHHBIII MOMEHT BpeMeHHU (OOBITHO
B YCTAaHOBUBILEMCS PEXKUME), U TMOCIEIOBATEILHOCTU COOBITUH MOTYT OBITh
MOKa3aHbl ¢ OOJBIIUM TPYAOM, & MHOTIA ATO OKa3bIBACTCS HEBO3MOKHBIM.

Meton aHanu3a JepeBa 0TKa30B COCOOCTBYET TIIATEILHOMY aHATU3Y MPUIHH
OTKa30B TEXHUYECKUX CHCTEM U BbIPaOOTKE MEpOonpuaTHii, Hanbosee 3pHeKTUBHBIX
JUIsL UX ycTpaHeHusa. Takod aHanu3 MPOBOAAT IS KaXIOro Mmepuojaa
(GYHKITMOHUPOBAHHMS, KKIOW YaCTH WJIH CUCTEMBI B 1iesioM [12].

['aBHBIN TUTIOC MPOTHO3HOM aHAJMTUKU 3aKJII0YAETCs B TOM, YTO MPEICKa3aTh
MOHO Bce. K MUHYcaM MOKHO OTHECTH TO, YTO MHTETPAITUS U MPABWIBLHBIN MTOIXO0
K IPOTHO3HOM aHaTUTUKE TPeOyeT MHOTO CHJI U DHEPTUU U K TOMY K€ OY€Hb JIOPOT.
[ToaToMy peanu3oBaTh BCE A3TO JOBOJBHO CJIOXKHO, HO UCIOJIB30BaTh MOKHO
MIPAKTUICCKU BE3JIC.

MeToabl, 0CHOBAHHbIE HA MAIIIMHHOM 00y4Y€eHWH.

bnaronapss pazHooOpa3HbIM MOAENAM OOy4Y€HHMs], JJaHHas rpylnna METOJ0B
MOJKET OBITh MCIOJB30BaHa I PEIICHUs 3a/iad, MPEANoIaraliX UCI0Ib30BaHNe
pPa3MUYHBIX THUIOB JAHHBIX, MOJYYEHHUE PA3TUYHBIX, B TOM YHCIE HEOUYEBHUIHBIX,
3akoHOMepHocTei [13-19].

PaznuuaroT creayromnyie Moeau MalllMHHOTO O0yYeHHS:

— baitecoBckoe oOyuenue [20-23];

3ajaeTcsi anmpUOpPHOE pacrpeeieHue BEepOsSTHOCTEH sl BBIOOPOK, 3aTem
P(Bb160OpKa) ncnionb3yeT Teopemy baiieca, 4TOOBI HANTH alTOCTEPUOPHYIO BEPOSITHOCTD
P(Be160pKa | X). Moaens mo3BosieT paboTaTh ¢ MaILIMU 00bEMaMH JTAHHBIX U UMEET
BBICOKYIO THOKOCTh. OnHaKo, TpeOyeT SBHOTO 3aJaHMs aJeKBATHON ampHOPHOU
BEITMYMHBI, U3-3a Yero TpeOyeTcsl 3HAUNTEIbHOE yJacTre yejoBeka. JanHblil moaxon
Ipe/noiaraeT OrpaHMYEHHYI0 aBTOMATHU3AIIHIO.

— TI'paduueckue/reneparuBubie Moaenu [24, 25];
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3amaercsa apXUTEKTypa €O CBOOOAHBIMU TapaMeTpamMu M TMPUMEHSETCS K
JAHHBIM TPAJUEHTHBIN CITYCK JJI1 HACTPOUKH MapamMeTpoB. Mojienb 1aeT HEBBICOKYIO
BBEIYHCIIUTEILHYIO CTOMMOCTD, HO Cepbe3Hast mpodiiemMa — nmepeoOydeHHeE.

— OOyuenue Ha 6ase snep [26-32];

Bri6upaetcs saapo K(x,x’), yIOBIETBOPSIOINIEE ONPEIACICHHBIM YCIOBUSIM, U
UCTIONIB3YETCs, KaKk Mepa noo0ust mpu ooyuenun. JJanusiii meron MO ucmnonb3yercs
JUIsl MOHUTOPUHTA MPOU3BOJUTEIBHOCTH M TPOTHO3UPOBAHUS OTKA30B B ONTHYECKUX
ceTsax [33], rae AaHHBIM METOJA Jlall TOYHOCTh MporHo3upoBaHus 95%. OcHOBHOMU
HEJIOCTATOK BBIYMCIUTENbHAS CJIOXKHOCTh O(n2) He o0ecrneunBaeT JOCTATOUHYIO
3 PEKTUBHOCTH MIPU OOJIBIIUX 00beMaX JIaHHBIX.

— byctunr [34-38];

JlaHHbId METOJ NpearnoyiaraeT Co3JaHUE alIropuTMa OOY4YEHHUs, KOTOPBIN
MOET OBITh HECOBEPIICHHBIM, HO MPHU 3TOM OOECIIEYUBAET ONPECICHHBIA YPOBEHb
nporuo3upoBanus. Ilocie yero AaHHBIM aNTOPUTM MPUMEHSETCS MHOTOKPATHO
Pa3IMYHBIMUA CIOCO0AMHM, YTOOBI MOJYYUTh UTOTOBBIM mpeaukTop. K mocronHcTBam
OTHOCHUTCSI CKOPOCThH pabOThI M XOpoIIasi aBTOMAaTU3aIus, HO MpU 3TOM (HperHMBOPK
OyCTHHIa HUYETO HE TOBOPUT O TOM, KaK CO3/IaTh UCXOIHBIN allTOPUTM.

— OOyueHue Ha OCHOBe JepeBa perrenuii [39-42];

OO0yuenue nipeicTaBisieT coO0H MPOIECC pa3pe3aHusi BXOIHOTO MPOCTPAHCTBA
Y MPUCBAMBaHUS MPOrHO30B ()parMeHTaM mnpocTpaHcTBa. K 10CTOMHCTBAM JTaHHOTO
QITOpUTMa OTHOCSTCSI XOpOIllasi aBTOMATHU3aIUsl M JIOCTaTOYHO ObIcTpas pabora. K
OCHOBHOMY MUHYCY MOKHO OTHECTH TO, YTO HEKOTOPbIE 3aa4H MPOTHO3UPOBAHUS HE
MOTYT OBITh PEIICHBI C UCTI0JIb30BAHUEM JIEPEBHEB PEIICHUM.

[Tpumepom oOydeHHsi Ha OCHOBE JiepeBa PEIICHUM, SIBISIETCS anroputM MO
Random Forest [42]. /laHHbIl aaropuT™M OCHOBAaH Ha MOCTPOCHUM OOJBIIOTO YHCIIa
(aHCamOIs) MEepeBbEB pEIICHWUN, KaXJ0€ W3 KOTOPBIX CTPOUTCS IO BBIOOPKE,
MOJTy9aeMOM M3 UCXOTHOM 00ydJaroIieil BRIOOPKU ¢ MOMOIIIBbIO OyTcTpena (BEIOOpKHU ¢
BO3BpallleHuEeM). B oTiiMune OT KJIACCHMYECKUX aJITOPUTMOB IMOCTPOCHUS JEPEBHEB
pemennii y Random Forest mpum mnoctpoeHMM Kaxaoro maepeBa Ha CTaAHsIX

pacuIeIUIeHHUs] BEPIIUH HCIOJIb3YETCS TOJIBKO (PUKCUPYEMOE YHUCIO OTOMpaeMbIX
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MPU3HAKOB OOydYaromie BBHIOOPKH M CTPOUTCS IMOJHOE JepeBO (0e3 ycedeHwust).
Knaccudukanus ocyiiecTBisercs € IMOMOIIbIO TOJOCOBAaHUSA KJIACCHU(PUKATOPOB,
OTIpEEISIEMBIMI  OT/CIBHBIMU JIEPEBBSIMH, a OIEHKA PErpecCud — YCPEIHCHHEM
OLICHOK pEerpeccud BceX JepeBbeB. TOUHOCTh KiacCU(UKAIMKU 3aBUCUT OT
pa3HooOpasusi KiIacCU(pUKATOPOB aHCAMOJs, 4eM OOJIbIle KIAaCCH(PUKATOPOB, TEM
BBIIIIC BEPOSTHOCTD.

K mmocam Random Forest oTHocsITCS: BhICOKasi TOYHOCTh KJIACCU(PUKALINH,
3alIUTa OT TMEPENOJArOHKM; JIerKas Mapajienu3anus; oOyuaromas BBHIOOpKa IS
MOCTPOEHUS CIYYalHOTO Jieca MOXKET COJAEpPKaTh MPU3HAKU, U3MEPEHHBIE B Pa3HbIX
IIKajgax; Cciy4ailHple Jieca MOTYT HCIOJB30BAaThbCsl HE TOJIBKO Ui 3ajad
KJIacCU(hUKAIMN ¥ PErPEeCCUr, HO U JJIS 33]1a4 BBISIBICHHS HanOoiee H(OOPMATHBHBIX
MPU3HAKOB, KIJACTEPU3ALUU, OIPEICICHUs] TMPOTOTUIIOB KJIACCOB W BBIIEICHUS
aHOMaJIbHBIX HaOroneHM [43, 44].

Pemennst mo mporHO3UPOBAHWIO OTKA30B OOOPYIOBaHUS MpEAIararoTCs
npouspouressiMu [10. ITporpammuoe obecieuenne MATLAB, Simulink u Predictive
Maintenance Toolbox wucmomb3yercst mns  pa3paOOTKM ¥ pa3BEPTHIBAHMUS
MPOrpaMMHOTO OOECMeYeHUs] JJii MOHUTOPUHTAa COCTOSIHMSI M TMPOTHO3HOTO
oOcnyxuBaHus B kopnopaTuBHbix UT-cucremax u cuctemax OT.

NmeeTtcst BO3MOKHOCTD MOJTYYCHHUS TOCTYyTa K TOTOKOBBIM U apXHUBUPOBAHHBIM
JAHHBIM C TIOMOIIBIO BCTPOEHHBIX HMHTEPPEHCOB 00JAYHOTO XpaHWIIUIIA,
PEISIIIMOHHBIX M HEPEAIMOHHBIX 0a3 JaHHBIX W MPOTOKOIOB, Takmx kak REST,
MQTT u OPC UA.

[IpeaBaputenbHas o0pabOTKa JaHHBIX ©  W3BIeYeHUE GYHKIMNA IS
MOHUTOPUHTA COCTOSIHUS OOOpYJOBaHHUS OCYIIECTBISCTCS C HCIOJIb30BAHHEM
MPWIOKEHUH 111 00pabOTKH CUTHAJIOB U CTATUCTUYECKUX METOIOB.

Pa3BopaunBaHue anropuTMOM M MOJENICH Ha Ball BBIOOpP B JACHCTBYIONTUX
CHUCTEM, TaKUX KaK BCTPOCHHBIC CHCTEMBI, NepudepuiiHple YCTPOMCTBA M OOJIAKO ,
aBTOMATHUYECKH T€HEPHUPYS MMporpaMMHbIe KOMITOHEHTHI Ha ocHOBe C / C ++, Python,

HDL, PLC, GPU, .NET unu Java ® .
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Metongonoruss RCM. RCM (Reliability-centered Maintenance — TexHHYeCKOE
oOCJy’KMBaHUE, OPUEHTUPOBAHHOE HA HAJEKHOCTh) METOJOJIOTHUS, TO3BOJISIONIAS
OTNPEAETUTh HEOOXOJUMBbIE MEphl A1 TOTO, YTOOBI KaXkaash MPOU3BOJICTBEHHAsS
CUCTEMa M €€ DJIEMEHTHl MCIOJHSIM BO3JIOKEHHYI0 Ha HUX (PYHKIUIO B paMKax
IIPOM3BOICTBEHHOTO TIporiecca [45, 46].

Merononoruss RCM ocHOBaHa Ha TMOCTyJiaTe, COIJIACHO KOTOPOMY
NoJJIep)KaHNe EIUHUIIBI 000pYy/IOBaHUA B OE3yNpPEeYHOM COCTOSHUU HE SIBIISETCS
caMmoLIeJIblO, LEIbI0 K€ SIBISIETCS OOECHEUYEeHHUE HAJEKHOCTH KPUTUUYECKUX IS
JESATEILHOCTH MPEANPUITHS POU3BOJICTBEHHBIX M TEXHUYECKHUX MTPOIIECCOB.

JlaHHasi METOJMKa IMO3BOJIIET COBECTUTh CHUCTEMY IOJHOTO ayTCOPCHUHTa U
CTPATETHIO IIAHOBO-TIPUHYAUTEILHOTO PEMOHTa 0e3 motepu 3¢ dekTuBHOCTH [47].

RCM-ananu3 fgaer BO3MOXKHOCTH TMpEACKa3aTh OTKAa3 MO  IEJIEBOM
COBOKYMHOCTH mapameTpoB. OH MO3BOJSIET OTKAa3aThCS OT IUIAHOBBIX PEMOHTOB,
nopoit Hea(pheKTUBHBIX omnepainuii. PEeMOHTUPYETCS TOJBKO 000py0BaHUE, KOTOPOE
JICHCTBUTEIILHO B 3TOM HyXxaeTcs [48].

I'maBuas mpoOieMa METOAUKH - ONIEPUPOBAHUE OOJBITUMHU 00beMaMU TaHHBIX,
YTO TPAKTUYECKH HEBO3MOXKHO 0€3 TOCTPOCHHS aBTOMATU3UPOBAHHOW CHUCTEMBI,

XpaHsIICH HCTOPHIO PEMOHTOB | JJaHHBIe 00 00bekTax [47].
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2 OnucaHue TeXHOJIOTHYECKOro mpoiecca
ITIpousBosictBo 1o Bbiycky BOIIII-TIeHKH WMMEET Clienyromue TJIaBHbIC
cTaguu 00pabOTKH ISl TIOCIEAYIOIIETO TIPOU3BOICTBA:
e XpaHEHHUE CBIPhEBOTO MaTepraia — CeKIus 1
e [lomaua celpbeBOro MaTepuana — CeKIus 2
e DKCTPY3HOHHAs JIMHUS — CEKIUSA 3
e YCTpOICTBO OTJIUBKM — CEKIud 4
e [IpononbHas opuentanus (M.D.O.) — cexuus 5
e [lonepeunas opuentauus (T.D.O.) — cekuus 6
e Cran Tanyuux BayioB (P.R.S.) — cexuus 7
o Cucrema nepepaboTKu 00pe3aHHBIX KPOMOK — CEKIIUS §
e Hamotumk — cexius 9
OCHOBHBIE 3Talbl IPOU3BOJICTBA!

—  ChIpbeBble MaTepUaIIbI

PucyHnok | — ByHKepbl XpaHEeHUs ChIPbs
ChIpbeBble MaTepHalibl XpaHATCS B pa3inyHbIX OyHkepax. IIHeBMaTHueckue
KOHBEHEphl TPAHCIOPTUPYIOT CHIPbEBbIE MaTepHalbl U3 OYHKEpOB XpaHEHHS B
IIPOMEXYTOUHBIE pacxo/Hble OyHKepbl. Jlo3upyromuii anmnapar no3BojseT J00aBUTh
NOJIMMEPHBIE J00aBKM M TPaHyJAT, 3aTEM OHM TPAHCHOPTHPYIOTCS B TIJIABHBIM

CMECHUTENIbHBIM OYHKEp, I/I€ ChIPhEBbIE MaTepUajbl U OTXOJbl 0OpPE3aHHBIX KPOMOK
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cMemuBaloTcs. PaBHOMEpHOE CMelIMBaHUE MO3BOJISIET MPOBECTH MX 00pabOTKYy B

TJIaBHOM

dKCTpyaepe. TpaHCIOPTHPOBKA  COMOJIMMEPOB B COIKCTPYACPHI

OCYIIECTBIISICTCS M3 OTIACIBHBIX JO3UPYIOMNX W CMENIUBAIOIINX OJIOKOB B OYHKEPHI

COIKCTPY/ICPOB.

DKCTpPy3Usi/FKCTPY3UOHHAS TOJIOBKA

melt from

EXTRUSION LINE

satellite
diverter melt lines

static mixer

satellite
filters

melt line

die

chill-roll

A

film to

um
i M.D.O.

PucyHok 2 — DKCcTpy3UOHHAS JTUHUS

OKCTPY3HOHHBIN y3€]1 COCTOMT M3 TIJIaBHOM SKCTPY3MOHHOM YCTaHOBKH,

CO3KCTpyAepa, pUiIbTpoB, TPyO AJs pacIulaBa, pa3BeTBUTEIbHON KOPOOKH (OTBOIHOE

YCTPOWCTBO) W OKCTPY3MOHHOW ToJIOBKH. [loTOK pacmiaBa wuaer w3 TJIABHOTO

JKCTpyAepa uepe3 (GUIbTP B 3KCTPY3HUOHHYIO TOJIOBKY. PacraBieHHBbIH

MOJIMITIPOITMJICH M3 I'NIABHOT'O 9KCTPYACPa U COIIOJIMMEP JIA IOBCPXHOCTHOT'O CJIOA U3

CODKCTPYJEPOB MOJIAIOTCS B AKCTPY3MOHHYIO TOJIOBKY, /1€ OHU MPEBPAIAIOTCA B JIUCT,

KOTOPBIN HEMPEPHIBHO OTIMBAETCS HAa OXJIAX a0l OapadaH.

Oxnaxparouiuit 6apadban
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Pucynox 3 — Oxnaxngaromuii 6apadax

JInst  crabunm3aniuyd  paciilaBa Ha BBIXOAE W3 SKCTPY3HMOHHOH TOJIOBKH
UCIIOJIB3YIOTCS  OOJBIION  OXJIAKJAIONMIMK BaJl, Ha3bIBA€MbIM "OXJIaKIAIOIMINN
Oapaban", u BogsiHas BaHHa. Korja paciiaB BEIXOAUT U3 KCTPY3MOHHOM TOJIOBKH, €r0
temriepatypa nocturaet 250°C. Lenpb oxnaxnaromiero 6apadana — 3To, MPEKIE BCETO,
BBITSHYTh PacIllaB U3 SKCTPY3UOHHOU TOJOBKH, a 3aT€M OXJIaJUTh €ro Ha OOJbIION
MTOBEPXHOCTH OXJIKIAIOIIETO BasIa JJIs CTAOMITN3AIIHH.

UtoOsI uacaIbHO HAHECTH PACIIaB Ha OXJIAXAaron il 6apadban, TpedyeTcs Tak
HAa3bIBAEMbIN ''BO3QYIIHBIN HOXK".

Ot kadecTBa MAHHOTO Mpoliecca 3aBUCUT KAa4eCTBO T'OTOBOM MPOJYKIIMH.
PacriaB momkeH OBITH OXJTAXKIEH KaK MOXKHO 00Jiee paBHOMEPHO C 00EMX CTOPOH.
[TosTomMy oOpaTHas CTOpOHa IUICHKH OXJIXJAeTCS C TMOMOIIBI0 BOJSIHOM BaHHBI.
[Tocne BbIXOJAa M3 BOJASIHOM BaHHBI MOJMBHAS IUJIEHKA CYIIUTCS W HAaMpaBisieTCs B
YCTAHOBKY JIJI POJIOJIbHOW OPHUEHTALIUM.

—  YcranoBKa s poAoisHOM opuenTaiuu (MDO)
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Jluct nonumnponuiieHa Bcrasisercss B MDO (ycTaHOBKY njisi POJIOJIbHOM
OpPUEHTAIIUN), TJI€ HEPACTAHYTas TUICHKA PACTATUBAETCS B IIPOJI0JIbBHOM HAIIPABJICHHH.
OpueHTanus MIeHKU OCYIIECTBIISIETCS C MOMOILBbIO HArPEBATENIbHBIX, PACTATUBAIOIINX
U TEPMO(PHUKCUPYIOIINX BAJIKOB.

BcrniomorarenbHbIi HAMOTYHK CITYKHT JJIsI HAMOTKH IUIEHKH IEpe]] €€ ogauen

B TDO (ycTaHOBKY AJisl HOTIEPEUYHON OPUEHTAIIUHN ).

Pucynok 4 — YcranoBka st nonepeunoit opuentanuu (TDO)
YcraHoBKa 111 MONEPEYHON OpPUMEHTAlUMU pPACTATMBAaET B IONEPEYHOM
HalpaBJICHUU IUIEHKY, YK€ PpacTAHYTyl0 B NpPOJOJIbHOM HarpaBieHHH. [lneHka
3aXBaThIBACTCS M YJEPKUBAETCS KIyNIamMHu ¢ 00€MX CTOPOH BO BpeMs JIBUKEHUS B
CUCTEME C HENMPEPBIBHBIM PEIbCOM U HensaMu. OHa NoJaeTcs B M€Yk, I1€ HarpeBaeTCs
ropsuuM Bo3ayxoM. Kak ToOnbkO TMJI€HKa Mpollia IONEPEYHYH0 BBITAXKKY,

BCHTUJIATOPBLI OXJIAXKICHUSA, YCTAHOBJICHHBIC B KOHIIC IICYH, OXJIAKIAOT T'OPpAYYRO
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wieHky. CucreMa OTCOca HaBEpXy YCTAHOBKHM JUJI TMONEPEYHOW OpHEHTALMH

o0ecrieurBaeT yAaJeHue napoB 100aBOK.

Pucynok 5 — YcranoBka nomnepeunoi opuentaruu (TDO)

—  Cran Taaymux Banos (PRS)

Cran TSHYIIMX BajOB, pACMOJOXEHHBIH HAa BBIXOJE YCTAHOBKU MJis
MOTIEPEYHOM OPUEHTAIINH, BBITSTUBACT OPUCHTUPOBAHHYIO TIeHKY U3 TDO u TsHeT ee
K HAMOTOYHOMY cTaHKy. Ilepen HaMOTKOI IUIeHKa U3MepsieTCsl TOJIIIMHOMEPOM, €€
KPOMKH OOpe3aloTCsl C TOMOINBbI0 OPHWTBEHHBIX JIe3BUH, oOpe3aHHas KpoMKa
HanpaBIsieTCs. B APOOUIIBHBIA Yy3€J, 3aTeM IOBEPXHOCTh IUIEHKH IMOJIBepraercs
AJIEKTPUUECKON 00pabOTKE KOPOHHBIM Pa3psiioM M 00pabOTKe IIaMeHeM, YTOObI
YIIYUIIUTh N€YATHbIE CBOMCTBA TOBEPXHOCTH.

TonmuHa niieHKU HeMPepPBHIBHO KOHTPOJIUPYETCS C IIOMOILBIO PEHTTEHOBCKOTO

TOJILIMHOMEPA U aBTOMATUYECKH PETYIUPYETCH.
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Pucynok 6 — Cran tssHymux Banos (PRS)

—  Hamortuuk

Kak Tonpko muieHka mpomia oOpabOTKy, OHa HAaMaTbIBA€TCsl B PYJIOHBI
JNBYXMO3UIIMOHHBIM HaMOT4YMKOM. Korjga pysioH MOJHOCTBIO HAaMOTaH, PEXYIIMMA
anmapaTr aBTOMaTHYECKH OTPE3aeT IVICHKY.

3ameHa pyJioHa MPOUCXOAUT aBTOMATUYECKU, TOTOBBIA PYJIOH 3aMEHSETCS Ha
MYCTYIO IIMYJIt0. 3aTEM TOTOBBIN PYJIOH TPAHCIIOPTUPYETCS B 30HY XpaHEHUs, I/I€ OH

6y,Z[eT XPAHUTHCA 10 pa3pe3aHnAa Ha HCCKOJIBKO PYJIOHOB.

Mpnmep HamoTYMKa

I
L]
|t M-
b f_x-*
<3 %>>

Pucynok 7 — HamoTumk
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3 Co3nanue ungpoBoro ABoiHUKA

Ha pucynke 8 npezacrasieHa 06001ieHHas QyHKIIMOHAIbHASI CXEMa CUCTEMBbI
IIPOTHO3MPOBaHMUS O0TKa30B. HIKHMIT ypOBEHb NIPENCTABIICH AaTYNKaMU JIBUTaTENeH,
C KOTOPBIX CHUMAIOTCS TOKa3aHus, cpeaHuil ypoBeHb npesactanieH [1JIK, koropsiii
oOpabatpiBaeT maHHbIe curHaibl, ypoBeHb CYVYTII mpexncraBieH NpoOrHO3HOU
MOJIeJIbI0 M O0J10KOM 00paboTKy AaHHBIX. B Buae xpanunuina qanHsix BeicTymaet [1K,

Ha KOTOPOM yCTaHOBJICHO MPUIIOKEHHUE, co3aannoe B [10 Matlab.

D O D O e T T T T T T Hxynit ypopens |

r-‘ '\.[,’ -\I \’ '\.l.' ’ ] ,],z' '.I.f' If H].z’ I | '\.I.'I '\.’.' '\.l. [ \,[.. ].

[Oatunky NpWBOAHLIX 3NEKTPOOBUraTenei

KoHTponneps CpenHHii ypOBEHb
| _ l Yposers CYVTIT ;
: Enok nporHosmpoBaHus [€ E

> OTKa30B <
—
Y ) 4
e < » Bnok 3anpoca mogeneid ——» Kpanurie
[AHHBIX - » p A NAHHBIX

1 | | 4

Pucynox 8 — O600m1ieHHas GyHKIIMOHATBHAS CXEMa CUCTEMBI POTHO3UPOBAHUS

OTKa30B

3.1 IToaroToBKa JaHHBLIX

Jlns co3nanus (aiioB mcmosib3yercss nporpamma Trend Reader, tak kak B
SCADA-cucteme HE TMPEeayCMOTPEHO BCTPOCHHON BO3MOKHOCTH HMITOPTHUPOBATH
JlaHHBIC B YI0OHBIN s aHanm3a Gopmat. UtoOsl co3nmath ¢aitn Microsoft Excel ¢
pacumpenuem *.CSV HeoOxomammo B mporpamme Trend Reader otkpeith daiin c
pactmmmpenuem *.HST u3 mupexkropun SCADA-cucremsl. [lanee oTkpoercst daiin ¢
uHpOpMaIlMel O XpaHSAMMXCA B HEM [aHHBIX, TaM COJCPXKUTCS UMS TapaMeTpa,
eIMHUIIBI U3MEPEHHUsI, TIEPUO CHITHS TIOKa3aHWW U T.J. 3aTeM B OKHE MPOTPaMMBbI
Ha)XMMaeM KHOTKY «Savey. [locie 3Tux MaHUMyJIsIuil HauHeTcsl coXxpaHeHue ¢aiina

B popmare Excel u Oyner oToOpakaThesi MPOrpecc BHIMOTHCHUS JAHHOM 3a/1a4H.
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Trend File: [D:\rend(01.01.20-31.03. 201\ Trend18%A1_M070204_SD.HST

[V Show Data

Open...

[ Hide Invalid Samples

Master Header

File Header 0

Title CITECT<CR><LF>VERSION 2<CR><LF>TREND MASTER<KCR><LF>AI M07020¢
iD CITECT

File Type 0 [Trend file]

Version 5 [2-byte v6.00+]

Mode 0 |=
Max Files 3

# Files 3

Next 0 [
Add On 0 M

|
o |

Name C:\ProgramData\Schneider Electric\Vijeo Citect 7.30\Data\Trer
ID CITECT

File Type 0 [Trend file] Citect Trend Reader

Version 5 [2-byte v6.00+]

Start Event # 0 Exporting data file 1/3

Log Name AI_M070204_SD| Formatting Samples

Mode 4]

Area 0 | 18%

Privilege 0

History Type 0 [Periodic Trend] Cancel

Sample Period 1000 [1 sec]

ng Units M/MN

Format 262405 [###.#EU1 IS

Pucynoxk 9 — Coznanue CSV-paiina

Ha pucynke 10 mpoaeMcoHCTprpoBaHa rnepBoHavYalibHas TOATOTOBKA (DaityioB
C IaHHBIMH JIJIs1 TalibHEeHIe 00padoTku. [lepBbIM 1€10M MBI BBIOMpaeM pa3ieauTeb,
C TIOMOIIIBI0 KOTOPOTO BBITIOJIHSIETCS 3aUCh JAaHHBIX B CSV-(aiin (1). Janee BeiOupaem
dbopmaT AaHHBIX, B KOTOPBIM HEOOXOIUMO MPeoOpa3oBaTh JAHHBIC IS KaXIO0il
KOJIOHKH B TaOymie, Hampumep Datetime, Number wmu Text (2). B 3axmodycHun
HaxxuMaeM ranodky «lmport Datay utoObl mepemMecTuTh 00paboTaHHBIE NaHHBIC B

pabouyto odmacts [10 Matlab s manpHeiiero nenoib30BaHus.

tort - C:\Users\msdos\Documents\Al_H030002_MV.csv

1PORT VIEW

olumn delimiters:
imited

|Comma -l 1

edWidth - & Delimiter Opti.. ¥
DELIMITERS

Variable Names Row: 1

Output Type: [ Replace
_ |EH Table | | O Replace v unimportable cells with ¥ NaN -+ Moot
~' {@ Text Options v ¥ | Selection v

IMPORTED DATA ?

~ unimportable cells with ¥ NaN 2o W

Range: [A1:A10485... v

SELECTION UNIMPORTABLE CELLS

_HO030002_MV.csv

A B C
AIH030002MV

D E

VarNamel VarName2 VarName3 VarNamed VarNameS

Datetime ¥ Text ~Number

v Text

v Text 2

[Time Raw Value

Scaled Value | Description |State

03-03-2020 ,.4 14792
j03-03-2020 .. 14800

184.90
185.00

03-03-2020 ..§ 14208
03-03-2020 .
03-03-2020 .
03-03-2020 .
03-03-2020 ...

f135.10
185.1 °C
ias.1875C
fesaers e
i35 -C

103-03-2020 ..
03-03-2020 ...

185 °C
[185.1875 °C

j03-03-2020 ..§ 14803
03-03-2020 ...

[185.1 °C
185 °C

< e e S

Pucynok 10 — IIpumep moarotoBku daiina
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Korga Bce ¢aiinbl roTOBBI MOXHO NPOCTYNaTh K CO3JaHUI0 LU(POBOTO
nBoiinka ¢ nomousto 110 Matlab.

Jlna panpHEiIIero aHanusza JaHHBIX HEoOXoaumMo oOpaboTaTh naHHBIE. Bee
MaHHMITYJIAIUU Oy1eM poBoauTh B yao0HOM «live script» ot I1O Matlab. Matlab live
SCripts — 3TO WHTEpaKTUBHBIC JTOKYMEHTHI, KOTOpbIe 00BeauHsIOT Koj Matlab co
BCTPOCHHBIM  BBIBOJIOM,  (OPMAaTUPOBAaHHBIM  TEKCTOM,  YPaBHEHUSMH U
Hn300pakeHUsIMHU B €IMHOM cpene, Ha3piBaeMol Live Editor. I1pu moaroroske ciemyet
MIPUIATh TAHHBIM YIOOHBIN JJI aHaM3a BU, UHa4Ye OYJIET OUYeHBb CI0KHO paboTaTh C
HEIMOATOTOBJICHHBIMU JTAHHBIMU U HE YJIACTCS JJOOUTHCS KEJTAEMBIX Pe3yJIbTaToB. Jliis
HayaJia cieayeT NpUaaTh JaHHBIM YI00HbBIN (opmar.

drivel sd = readtable("M&78281\AI_M@878281 SD.csv","Delimiter”,",")

Time Raw\Value ScaledValue Description State
] '03.03.2020_ 26182 409 |'09375 M/MN' Nah
T '03.03.2020... 26186 409 | 15625 M/MN' Nai
8 '03.03.2020... 26192 409 |'25 M/MN' Nak
] '03.03.2020_ . 26102 408 |"25 M/MN' E
10 '03.03.2020... 26187 409 | 171875 M/MN' NaM
11 '03.03.2020... 26198 409 | 34375 MIMN' Nah
12 '03.03.2020_ . 26198 409 | "34375 M/MN' E
13 '03.03.2020_ 26200 409 | '375 M/MN' Nah
14 '03.03.2020... 26196 409 |"3125 MIMN' WE]

Pucynoxk 11 — OtkpeiTre daita ¢ JaHHBIMH
OTtkpoeM (aiis ¢ JaHHBIMU C IIOMOINBI0 KoMaH bl «readtable» ¢ ykazanunem B
KauecTBe paznenuTtens 3anstoi. [IpoananusupoBaB pucyHok 11, MOXHO HpUNTH K
BBIBOJY, UTO B OTKpbIBIIEMCS ¢aiije MPUCYTCTBYIOT JUIIHUE JaHHBIE, KOTOPHIC
HEOOXOJMMO YIAJIUTh, OCTaBUB TOJLKO BpEMs U TOKa3aHHsI CKOPOCTH JBHUTATEINS.
Taroke BHAHO, 4YTO cToiOer «Time» oToOpaxaercss B CTpOKOBOM THIe. Ero

HeoOxoaumo Oyaet nmepedopmatupoBarth B T «Datetimey.
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drivel sd = readtable("M&78281\AI M@78281 SD.csv","Delimiter”,’,"')

ified to make = 1 AATI AR

LrUe o UsS TNeE orilginal COLu EQdErs ds Lall

Tin - ScaledValue Description State
e S Copy Selection S — o
& 03.03, convertfromcellto » | String 40909375 M/MN' NaN
T '03.03. 2020 6186 Categorical 408 15625 M/MN' MNal
2 '03.03.2020. . 26192 S — MNal
Datetime  » | dd-MMM-yyyy HH:mm:ss
a9 '03.03.2020. . 26192 MNal
10  '03.03.2020.. 261g7|| Duration | dd-MMM-yyyy NaN
1 '03.03.2020. . 26198 dd/MM/fyy HH:mm:ss MNal
12 '03.03.2020. . 26108 dd/MMAyyy HH:mm:ss EL
13 '03.03.2020. . 26200 dd/MMAyyyy hh-mmss a MNal
14 '03.03.2020... 26196 MNal

AATRARAL s

Pucynok 12 — KorBepTupoBaHue cToa011a ¢ 1aT0il 1 BpeMEHEM
Jlenaercst 3T0 ¢ momoteio BetpoeHHor Gynkimu Matlab. Crnenyer naxarts
[TKM Ha mmeHu cTOJOIa, Tajiee BhIMagacT MEHIO, IIPEICTaBIeHHOE Ha pucyHke 12. B
TOM MEHIO BBIOMpAEM THUIl JIAHHBIX, B KOTOPBIX XOTUM KOHBEPTHPOBATH CTOJOEIL
TabNIuIBl U (opMaT, B KOTOPOM HEOOXOAMMO MPEICTaBUTh 1aTy U BpeMs.

Drivel data = drivel sd (:, ["Datetime”, "Scaled"ufalue"]}|

Drivel_data =

Datetime ScaledValue
1 01-Mar-2020 0... 409
2 01-Mar-2020 0. . 409
3 01-Mar-2020 0... 409
4 01-Mar-2020 0. . 409
5 01-Mar-2020 0... 409
6 01-Mar-2020 0... 409
[ 01-Mar-2020 0... 409
2 01-Mar-2020 0... 409
9 01-Mar-2020 0. . 409

Pucynox 13 — PesynbsTaT hopMaTupoBaHus JaHHBIX
[Tocne TpuUBEACHHBIX BBIIIE MAHUIYJSIIUN  TOJy4aeTCsl  Pe3yJbTar,

npeCTaBieHHbId Ha pucyHke 13. 37ech MBI BHAMM, YTO JaTa OTOOpakaeTcs B
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IMpaBUJIbHOM BHUAC, TAKIKC BUAHO, YTO OCTAJIHMCh TOJbKO HY>XHBIC CTOJ'I6I_IBI (C ,HaTOﬁ u

BpPEMCHCM H C ITOKA3aHUAMH CKOPOCTH ,HBI/IF&TCJBI).
Drivel data = table2timetable(Drivel data)

Drivel_data =

Datetime ScaledValue
151 01-Mar-2020 00:02:30 409
152 01-Mar-2020 00:02:31 409
153 01-Mar-2020 00:02:32 NaN
154 01-Mar-2020 00:02:33 409
155 01-Mar-2020 00:02:34 409
156 01-Mar-2020 00:02:35 409
157 01-Mar-2020 00:02:38 409
158 01-Mar-2020 00:02:37 409
159 01-Mar-2020 00:02:38 409

Pucynox 14 — IIpeoOpa3zoBanue B «timetabley
[TocnenHuM 1marom siBjisieTcsi mpeoOpa3oBanue Tabmuiel Tuna «table» B Tum

«timetable» (pucynok 14). DTo npuUBsI3bIBACT BpeMs K TaOJHIIE, T.€. BpeMs OOJIbIIC HE
SBIISICTCS TepeMEHHOW. TeM caMbiM MBI YMEHbBIIAEM pPa3MEPHOCTh TaOJHUIIBI
oOpabaTbIBaeMbIX NaHHBIX. JJaHHOE MpeoOpa3zoBaHue JeNaeT JOCTYITHBIMU MOJIE3HBIC
dyHKIMU Ui 00paboTku AaHHBIX TuUma «timetable» w mo3Bosser aBTOMaTH4eCKH
cTpouTh rpaduku Bo BpeMeHHoU obnmactu. Kak BumHO Ha pucyske 15, B ctpoke 153
UAET MPONYCK JNaHHBIX. UTOOBI MPOBEPUTH CKOJIBKO €CTh IPOIYCKOB JAaHHBIX B
Ta0JIMIIE, MOKHO BOCIOJIb30BaThCs (pyHKIMEeH «summary(table)». Jlannas gyHkmms
BBIBOJMT 001y 0 HH(pOpMaIKio o Tabwuie (pucyHok 15).

5ummary{[)r*ive1_data}|

RowTimes:

Datetime: 7613867=1 datetime

Values:
Min 81-Jan-2828 B80:00:08
Median 14-Feb-2828 81:22:13
Max 31-Mar-2828 16:38:89
Variables:

ScaledValue: 7&l3067=1 double

Properties:
Description: 5Scaled Value
Values:
Min 2
Median 3@
Max 458
HumMissing 1.88996e+06

Pucynok 15 — O6m1as undopmaiius o Tabiuiie ¢ TaHHBIMU
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[Tpoananu3upoBaB pUCYHOK 15, MOXKHO YBUIETH, UTO B TAOJIUIE IPUCYTCTBYET
00JIBILIOE KOJMYECTBO MPOMYCKOB. UTOOBI HAINIAHO MOCMOTPETh, KAaK IPOITYCKH
oToOpaxaroTcsi B TpaduiyecKoM BHUAE, MOXHO TMOCTPOUTH TpauK C MOMOIIBIO

byukiun «stackedplot(table)y.

13-Feb-2020 02:07:52

l
7 T | [
T e 1 *_‘wur [ il o (.

ScaledValue [ ‘

1 | 1 1 | L
Jan 05 Jan 19 Feb 02 Feb 16 Mar 01 Mar 15 Mar28
Datetime 2020

Pucynok 16 — I'paduk ¢ naHHBIMU
[Ipoananu3upoBaB pUCYHOK 16, MOXHO cZeNaTh BBIBOJ, YTO JaHHBIEC JAAJIEKO
HE UcaNbHbl U1 aHan3a. Cpeau JaHHBIX IPUCYTCTBYET MHOTO IIIYMOB U IIPOITYCKOB.
[Tporycku BO3HHMKIM H3-3a OCTAHOBKM oOopynoBaHus. Hampumep, B ¢eBpasie Obu1
OOJBIION OCTAaHOBOUHBIM PEMOHT C TMOJHBIM OO0ECTOYMBaHHEM O00OpYAOBaHUS,
MO3TOMY JAHHBIX 3@ ATOT YYaCTOK MONPOCTY HE MOXKET ObITh. IIlyMbl BOZHUKAIOT U3-
3a cHelU(pUKU MPEANPUATHS, TaK KaK MPOU3BOJCTBEHHBIN UK MEHSETCS KayKIbIi

JACHBb-ABA. I[BI/Il"aTeJII/I IMOCTOSAHHO TO Pa3roOHAIOTCA, TO TOPMO3ATCA.
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3 pony p Touek: 1089956) £, AEMmaa

460 T

Cleaned data

*  Filled missing entries.

440 — —

400 — —

380 [— —

CropocTb Asurarens, m/min

360 — -

si0|~ ! ]

320 — -
=l

300

%108

Pucynok 17 — 3anonHenue nponyckoB B JAHHBIX

C nomornpto pynkiuu «fillmissing (data, method)» 3amonHum npomyiieHHbIC
3HAYEHUs ¢ MOMOIIbIO Iagkoil (GyHkuuu. [Ipy BBINOJHEHUH JAHHOIO 3Tara ObUIK
NPOTECTUPOBAHBI U JPYTUE€ METOMbI 3alOJIHEHUS] MPOIYCKOB, TaKHE KakK JUHEHHas
UHTEPIIOJIALNSA, CPEIHEE, CKOJIb3SIIee CpeJHee, HO HHTEPIONALUS KyOHMUeCKUMHU
CIUTaifHaMU OKa3asiach HanOosee ¢ dekTuBHON. Pe3ynprar npeacTaBieH Ha pUCYHKE
17.

Jlaree OYMCTHM MPOU3BEAEM OYHUCTKY JAaHHBIX OT BBIOPOCOB C MOMOIIBIO
¢yukuum «filloutliers (data, cleaning method, detection method)». B kauectBe meTona
OUHMCTKH BBIOEPEM JINHEHHYIO HHTEPIIOJIALINIO, 4 B KAU€CTBE METO/1a TOMCKa BHIOPOCOB

— CKOJIB3AIICC CPCAHCC.
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[¢] ot BLIG AaHHe ( 733309) £ AR w

460 —

440 [—

420

CKopocTe ABUraTens, mimin

®
5
I

320 — |

300 —

260
0

Pucynok 18 — I'paduk OUUIIEHHBIX OT BBIOPOCOB JTAaHHBIX
Ha pucynke 18 ToHko# nuHHEH 0003HAYCHBI MCXOJHBIC JaHHBIC, a YKHUPHON
JUHUEH pe3yabTaThl 00pabOTKH, METOJOM, ONTIMUCAHHBIM BbIlIe. Kak BUAHO U3 pUCYHKa
18, BbIOpOCHl yOpaHbI, HO JaHHBIC MO-TIPEXKHEMY Jaleku OT uaeana. llostomy
CJIETYIOIIUM 3TaroM OyJeT MPUMEHEHHE METO/I0B CIIa)KUBaHMUSL.
CrnazuMm HallM JaHHbIE ¢ TOMOIIBI0 pyHKIMH «Smoothdatay. Ha pucynke 19

pUBEIeH IpUMep paboThl PYHKIINU.

1 T T T

Input data
Smoothed data

0.9

0.8

o
=

Tok gBuratens, A
=
o

=
o

0.4

0.3

U 2 i i i
Jan Feb Mar Apr

2020

Pucynok 19 — Ilpumep paboThl pyHKUINN CTIaKUBaAHUS
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[Tocne nmpumeHneHuss KOMOMHALMKA (PYHKIMH, ONMMCAHHBIX BBILIE, MOTYYUIICS
pe3yibTaT, npenactaBieHHbi Ha pucyHke 20. Jlasee HEOOXOaUMO TPUMEHUTH
CTJIaXUBaHUE, YTOOBI yOpaTh pe3KHe CKAaYKW JaHHBIX, ¥ MOXHO MPHUCTyHaTh K

CO31aHHUIO MOJCIIN.

Jan 01 Jan 15 Jan 29 Feb 12 Feb 26 Mar 11 Mar 25
Time: 2020

Pucynoxk 20 — OxoH4aTenbHbIN BapuaHT
3.2 Pa3zpa6oTka moaesiu
Ha pucynke 21 onwmcanbl maru Jjsi co3fgaHus HUGpPOBOTO JABOMHUKA, B
MPEABIAYIIUX TJaBaX Mbl PACCMOTPENH CIOCOOBI TOJNy4YeHHs WHGOpPMAIUU U Tpe-
MOATOTOBKK. B 3TOW TrmaBe ompemenuM TMpPU3HAKK W OOyYMM MOJCIH, Jajee
MPOAHANM3UPYEM Kakasg M3 HHUX JIydllle W CO3JaAUM KOJ JUIsl WHTErpanuu e€ B

IMPOU3BOACTBCHHYIO CUCTCMY.

(  Acquire Data
[ DevelopDetectionor PredictionModel |
Data -
Identify

|:> Pregrc;cess |:> Condition |:> Train Model |:> :Jt:ploy t& =i

ata Indicators ntegrate H

= Sensor Data | i i
1 \ T ' [
\ ; AN / :
| i
1 1
1 [

Sensor data from machine on which algorithm is deployed

Pucynox 21 — JIluarpamma co3mganust iudpoBOro TBOWHUKA
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410
400
390
Speed 35
370
360
350

0.75

0.7

Current (.65
0.6

0.55

28 —
26 —

24
Temperature
2

Jan 01 Jan 15 Jan 29 Feb 12 Feb 26 Mar 11 Mar 25
Time 2020

Pucynox 22 — [loarotoBneHHbIC TaHHBIE

B npeapiayiueli riiaBe ObUIM pacCMOTPEHBI METO/AbI IOJITOTOBKH J1aHHBIX. Ha
pPUCYHKe 22 NpeJCTaBJIEH KOHEUHBIH pe3yJIbTaT, KOTOPbIA MOYHO MCHOJIb30BaTh IS
co3gaHusl Moenu. M3 Takoro BHYHIIMTEIBHOIO OObE€Ma JAHHBIX CIIETyEeT BbIOpaTh
o0nacTh 11 00y4eHHUs U CO3/1aTh MOJIEIb 110 BEIOPAHHBIM JJAHHBIM.

Jlnst aToro Bocnosib3yemcs nHcTpyMmeHTapueM u3 [10 Matlab mon nHazanuem
«Signal  Analyzer». Bo03MOXXHOCTH  JaHHOTO WHCTPYMEHTApUS  MOMOTAIOT
NpOaHaIU3UpOBaTh 00pabaThiBaeMble cUrHaIbl. C MOMOIIBIO HHCTpyMeHTa «Planery
MO>KHO BBIJICTIUTH 00JIACTh IS aHaIN3a, YKCIIOPTUPOBATH €€ B pabodyro 00acTh AJis
nanpHenen o0padoTku. Ha pucynke 23 npuBeaéH npuMep ucnoib3oBanus «Signal
Analyzer». B HeM MBI OTKpbUIM 3 CHTHama: CKOPOCTb, TOK H TEMIIEPaTypy,
HOPMAJIM30BaB MX MO OCH Y JUIsl HarjsigHoCTH. Jlanee BhIOpanu y4yacToK, KOTOPBI B

I[ElJ'IBHCfIHICM 6YI[GT HCIIOJIB30BaThCA AJIA CO3aaHHA MOACIIN 00BEKTA.
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aaam i M

QE

ZOOM & PAN

Time  Spectrum

m Drivel_data2(.1) ® Drivel_data2(:2) W Drivel_data2(3)

Jlanee
NmMnoptupyeM paHee BbIOpaHHBIC JaHHBIE 4Yepe3 MEHIO, BBIOMpaeMm

KOTOPBIA HY>KHO MpPEACKa3bIBaTh (CKOPOCTh) M MPHU3HAKH, MO KOTOPBIM 3TO OyneT

IIPUCTYIIUM K

Pucynox 23 — Signal Analyzer

CO3JAHUI0O MOJEIH B

«Regression

Learnery.

napameTp,

BBITIOJIHATHCS (TOK U TeMmriepatypa). Takxke BbIOMpaeM METO I BaIUAAIMH MOJIEIH.

[TocTpouM HECKOJIBKO MOJENEHN, C JIMHEMHOM PETPECCHUE U C JIEPEBOM NPUHATHUSA

PELIEHU.

Pucynok 24 — Iloka3aTenu cTaHIapTHBIX OTKIOHEHUH IS KaXI0H MOJenu

1.1 Linear Regression
Last change: Linear

1.2 ° = Linear Regression
Last change: Interactions Linear

1.3 Linear Regression
Last change: RobustLinear

1.4 Stepwise Linear Regression
Last change: Stepwise Linear

21 Tree
Last change: Fine Tree
2.2 Tree

Last change: Medium Tree

2.3 Tree
Last change: Coarse Tree

3 Ensemble
Last change: Bagged Trees

RMSE: (0.065313
3/3 features

RMSE: 0.06168
3/3 features

RMSE: (0.065453
33 features

RWMSE: 0.065313
3/3 features

RMSE: 0.0044342
33 features

RWMSE: 0.0044342
3/3 features

RMSE: 0.0044342
33 features

| RMSE: 0.0029380

33 features

Bribepem 3 monenu juisi najibHEHIETo pa3BepThiBaHus B paboueii cpeae [10

Matlab u npenckazanus TaHHBIX.
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Predictions: model 1.2 (Interactions Linear)

* True

376.2 1 .
Predicted
376

375.8

3756

W W
- =
D
T~

T

Response (Speed)
sd
o

3748 1

3746 1

3744

3742 ¢

0 2 4 6 8 10 12
Record nu mbner % 10*

Pucynok 25 — OxHo «Regression Learner
N3 Bcex Mopeneit C JMHEHHONW perpeccueil jydine Bcero cedsi Mmokaszana
«Interactive Linear». Coxpanum BBIOpaHHYIO MOJIeIb B pabouyro oomacte [10 Matlab
JUISl JAJbHEWIEero TMpeACKa3aHWs M CPAaBHEHUS C MCXOJHBIMU JaHHbIMHU. Jlanee

00Oy4HMM MOJIENb JIEpEBA PELICHUI U SKCIIOPTUPYEM B pab0OUyr0 00JIaCTh.

Predictions: model 2.1 (Fine Tree)

a
376.2 = * Tme
Predicted
376 -
3758 F
S375.6+
3
o
N3754+
?)-f o
g3752¢
=3
i)
w -
& 375
3748 |
3746 |
314AL ‘ ‘ ‘ ‘ ‘ ‘
o =) 0

0 2 4 6 8 10 12
Record number x10*

Pucynox 26 — Pe3ynbTaThl pabOThI MOJIETH «JIEPEBO MPUHSITHS PEIICHUI
N3 pucynka 26 MOXKHO cliesiaTh BBIBOJI, UTO JAEPEBO PELICHUM MOKa3ajia ceos
Jy4lIe Ha 3Tane 00y4eHusl.
3.3 IIpoBepka Moaeeii
C mnomompio (ynkuun «predictFcny oOpatuMcs K MOJENH JIMHEHHOM

perpeccuu u MpecKakeM CKOPOCTh IBUTATEIIS.
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Mogean JuHelHOI perpeccuu

380

379 —

w

=

3
T

w

]

~
T

CKOpOCTb IBHTaTelNs, M/MHH
(98] (83
-~ ~
v =)

w
3
N

373

= =TIpeackasaHHas
= Peanpuag

372
Jan 01, 00:00

Jan 01, 12:00 Jan 02, 00:00

Bpewms, nau

Jan 02, 12:00

Jan 03, 00:00 Jan 03, 12:00

2020

Pucynox 27 — Monens TMHEHHOU perpeccuu

Ha pucynke 27 mnpencrtaBieHbl pe3yibTaThl paOOThl MOJAEIW JIMHEWHOU

pPerpecCCuu. HpOﬁHaHI/I?»I/IpOBaB I[&HHBIﬁ PUCYHOK, MOKHO HpHﬁTH K BBIBOJY, 4YTO

MOJCJIb HMCCT HCE3HAYUTCIIbBHYIO IIOIpCIIHOCTD,

HO B INCJIOM IPCACKA3bIBACT

aICKBATHO. I[OCTOI/IHCTBOM IIaHHOﬁ MOACIIN ABJIACTCSA 6BICTpOTa €€ co3IaHusl.

Moneas "aepeo pemennii"

378

Ll
e
w

=
S

"

o

W
T

372

CKOPOC'I b JBATATEN, M/MHIL

P
T

370

369 -

= =Ilpenckasannas
—Peanvuas

368¢
Jan 01, 00:00

Jan 01, 12:00 Jan 02, 00:00

Bpems, n1au

Jan 02, 12:00

Jan 03, 00:00 Jan 03, 12:00

2020

Pucynox 28 — Mogens nepeBo penieHui

Ha pucysnke 28 npeacraBieHbl pe3yiabTaThl IPOBEPKU PabOThI MOJIEIH IepEBa

npuHsaTUs pemenuil. Mcxons w3 pucyHka 28, MOXHO caenaTb BBIBOJA, 4YTO

MOrPENIHOCTD JTAHHOM MOJIENIM BBILIE, YEM Y JIMHEMHOW perpeccuu. Takke MOKHO

3aMCTUTDb, YTO JaHHAA MOACIIb HC YUYHUTBIBACT TPCH.
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Uccnenyem paboty HelipoHHOM ceTu. OOy4uM PeKypEeHTHYIO0 HEHPOHHYIO CETh

B nHctpymentapun «Neural Time Series» ¢ momoinpio anroputma JleBeHOepra —

MapKBap):[Ta Ha TCX K€ JaHHBbIX, YTO U MOJCJIN, OIIMCAHHBIC BBIIIIC.

Train Network
Train the network to fit the inputs and targets.

Train Network Results
Choose a training algorithm: & Target Values MSE R
Levenberg-Marquardt T a Training: 120862 1.15991e-9 9.9999%- 1
@ Validation: 25920 1.153543e-9 9.99999e-1
This algorithm typically requires more memory but less time. Training .
automatically stops when generalization stops improving, as indicated by W Testing: 23920 1.16916e-9 9.9999%e-1
an increase in the mean square error of the validation samples.
Train using Levenberg-Marquardt. (trainlm) Plot Error Histogram Plot Response
Plot Error Autocorrelation
Notes
\('h Training multiple times will generate different results due Mean Squared Error is the average squared difference

te different initial conditions and sampling.

between cutputs and targets. Lower values are better. Zero
MEANS NO EITOT.

Regression R Values measure the correlation between
outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

$ Open a plot, retrain, or click [Next] to continue.

@ Neural Network Start

376.56

376

@
=
@
o

w
=4
o

374.5

Output and Target

374

1 Welcome

4@ Back &) Next

Pucynok 29 — Oxuo Neural Time Series

Response of Output Element 1 for Time-Series 1
T T T T T T T

*  Training Targets
+  Training Outputs.
* Validation Targets | |
+  Validation Outputs.
Test Targets
+  Test Oulputs
Errars
Response

-

1 1 1 1 1

<107
T T T T

(oo owpws]]
A ~ A__A
v 7 l

1 1 1 1 | | 1

2 4 6 8 10 12 14 16
Time =107

Pucynoxk 30 — Pe3ynbTaThl 00yueHUs HEHPOHHOM CETH

@ Cancel

[TockonbKy HEHpOHHBIE CeTH ATO Oo0jiee MPOU3BOAUTEIBHBI MEXaHU3M

co3aaHusg MOJCIN, €€ MOKHO IMPOTECTUPOBATH HA BCEX MMPOU3BOJACTBCHHBIX JAdHHBIX 34

3 Mmecsna. Pe3ynbT nipeacTaBieH Ha pucyHke 31.
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Response of Output Element 1 for Time-Series 1
T T T T

430 T T

Targets
420 - + Outputs [
Errars

Response ||

OQutput and Target

¢ Targek - Outputs

Error
=

Time =10°
Pucynok 31 — Pe3ynbraTt paboThl HEMPOHHOH CeTH

[Ipoananu3upoBaB pucyHok 31, MOKHO TPHUNTH K BBIBOJY, YTO HEHUPOCETH
OTJIMYHO TOKa3bIBaET ce0sl MpU HEOOJBIINX OTKIOHEHUAX OT CPEIHEr0 3HAYCHUS.
Bosbimme oOTKIOHEHHUST UTHOPUPYIOTCS, HO HEOOJbIITHE KOJIeOaH!Us MPECKA3bIBAIOTCS
oTNIM4YHO. J[aHHBIE BCIJIECKM MOKHO OOBSICHUTH HE CaMbIM JIYYIIMM KadeCTBOM
WCXOJIHBIX TAHHBIX, €CIIA COOMPATH JAHHBIC UMEHHO C IICJIBIO TTOCIICTYIONIEr0 aHAIN3a,
MO>KHO JJOCTHYb JYUIITUX PE3yIbTaTOB.

3.4 Co3nanue NpuJio:KeHust

JlJis yIoOHOTO B3aMMOJACHCTBHS ¢ MOJIeibio (e€ 00ydeHHs U MpeACKa3aHus),
co3maauM mpuiiokeHue ¢ nomomsio Matlab Designer App (pucynok 32). Taxxke B
MPWIOKEHUU OyJEeT BO3MOXHOCTh 3arpykaTh JaHHbIE M 00padaThIBaTh MX TEpe.

3arpy3koi B Hu(poBOil TBOMHUK.

4\

HOME

Design | Get More Install Package Optimization

Apps  App App
FILE

PLOTS

Pucynox 32 — Pacrionosxenue Designer App
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COMPONENT LIBRARY

Search e
OMMON
EFU [Fusn]
L3
Axes Button

v

Check Box Date Picker

= 123
Drop Down Edit Field
{Mumeric)

|abe “‘Yf':l

Edit Field HTML
(Text)
Image Labe!

2| @a
3 ob

COMPONENT BROWSER

Design View
Search
~ app.UlFigure
Title app.Load
g app.Axes
osl app.Data
+ OanHele + app.Lamp
06 app UlAxes
Sarpyaus = app.Button
oy app.Lamp_2
— 02t app.DropDown
DanHsie sarpywens () :
Inspector | Callbacks
0 I ]
0 02 0.4 { ValueChangedFen | DataValueChanged | -
X
Title ValueChangingFen | Function name | -
1
BuiGop mogenu | Mikeian... v [0.81
06
OBYYMTE MOQENE =
04
- 0z}
Mozens obyuexa ()
1]
0 0.2 0.4 {
X

Pucynoxk 33 — Oxno Designer App

B oxne, mpeacTtaBieHHOM Ha pHCyHKE 33, HOOABISIOTCS DIEMEHTHI, C

nomoiipio Bkaaaku «Callbacksy» mpomuceiBaem aeiicTBre, KOTOpoe HEOOXOIHUMO

COBCPIIUTL IIpHU BSaHMOHGﬁCTBHH C OJICMCHTOM. I[O6&BI/IM cleayronme 3JICMCHTHI.

Button mist BeimostHeHMst gevicTBUi, AXeS st moctpoenus rpadukos, Edit Field s

BBOJIa UMeHU (aiina nanubeix, Drop Down st BeiGopa Moaeneit u3 crucka, Lamp s

WHIVUKAIIUHY BBIITOJTHEHUS ICUCTBUM.

1 classdef appl < matlab.apps.AppBase

2

3 % Properties that correspond to app components
4 properties (Access = public)

19

20 propertiss (Access = private)

21 T % Tabnwua ¢ OEHHBMK

22 Tl % Tabnuua ¢ NpencKazaHHBM

23 end |

24

25 % Callbacks that handle component events
26 methods (Access = private)

27

28 % Value changed function: Data

29 function DataValueChanged(app, event)
3@ value = app.Data.Value;

31 end

32

33 % Button pushed function: Load

34 function LoadButtonPushed(app, event)
35 app.T = read_data(app.Data.Value);
6 plot_data(app.Axes,app.T);

37 end

Pucynox 34 — YacTp K012 IPUITOKESHHUS

Ha pucynke 34 mpejicraBiieHa 4acTh KOJa PHIOKECHHS, B KOTOPOH HaITMCaHBI

KOMaH/bl I B3aMMOJEHCTBHSI C KHOINKOW «3arpy3uTh». Il0 HaXaTHIO KHONKH
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MIPOUCXOANT 3arpy3Ka JaHHBIX M CTPOUTCS Tpaduk «3arpykeHHble qaHHBIEY. [Tocme
3arpy3Kd JaHHBIX 3aropaercs WHANKATOp «JlaHHBbIE 3arpy>KeHbD», CUTHAIU3UPYS O
TOTOBHOCTH K 0OydeHHUio Mozaenu. Jlasee BEIOMpaeM MOJEIh M HAKUMAEM KHOIKY
«o0yunth Momenby. llocne HakaTHsl KHOIKH, JaHHBIE 3arpy’KaloTcs B MOJENb U
Mozenb obydaercs Ha 70% ot Hux. Jlanee Ha 30% mnpencka3biBaeTcsl MOBEACHUE

CKOPOCTH ABUTATCIIA U BBIBOAUTCA HA Fpa(l)I/IK.

4 MATLAB App - ] X

3arpyxeHHble faHHbIE
3765 T T PY‘ ﬂ‘

w
=1
&

S

[aHHete | Drivet.csv

3755

w
=i
@
7
P

3arpyauTs ! \
& 3745~ N

w
=
=

T
e

[aHHsle 3arpyeHs!

CI‘?ODOCTE ABHraTensa, MMuH
Iy

37351

173 L L | I 1
0 2 4 ] ] 10 12 14 16 18

Bpema, gHu =104

Mogene “nuHeiHan perpeccua”
3765 T T T T T T

w

=

&
T
/
L

Buidop Moaent | NUHelHaA perpeccka

OByunTe MOfenk

d 4 b
w w
@ oy ® w5
o = m & i
T
|

CropoCTb ABMraTena, MmMUH <

Mogens ofyuena ()

- B

(X
=1
w0
T
A
L

3725 | | | L L | | |
o 2 4 8 3 10 12 14 16 12
Bpema, gHu =10*

Pucynok 35 — Ipunoxxenue 1 paboThl ¢ TAHHBIMH
Jlanee mis 3amycka IPHJIOKEHHS Ha JI000M KOMIIBIOTEpE ciaenmaem (ailn ¢

pacIIMpEeHUEM .EXE C TIOMOIILI0 (PYHKITHH, MPECTaBICHHON Ha pUCyHKE 36.

4 App Designer - DAPRS_trendhappl.mlapp

s O |5 8 b

Mew Open Save App |Share | Run
- - Details - -
FILE SHA

appl.mlapp =

MATLAE App
Create an app installation file to share your app with MATLAB users

COMPOMNENT LIBRARY
Web App

|Push] Create a deployed web app using MATLABE Compiler
L3

Axes Button
Standalone Desktop App
Create a standalone desktop application using MATLAB Compiler

Pucynox 36 — Coznanue mpuiioxKeHus
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4 DUHAHCOBbIN MEHEeIKMEHT, pecypcodppeKTUBHOCTH U
pecypcocOepexeHue

B nacTosimiee BpeMst Takoe MOHSATUE KaK KOMMEPUYECKast LIEHHOCTh pa3padoTKu
SABJISIETCS OJHMM W3 BaXHEHIUX (DAKTOPOB, OMPEACISIIONIMM  HACKOJIBKO
MEPCTIEKTUBHO M IIEHHO OY/IET HAYYHOE MCCIICIOBAHUE HA TICPBBIX dTAIax KU3HECHHOTO
nukia. IMeHHO KOMMepYecKasi IIEHHOCTh BBICTyHaeT HEOOXOIUMBIM yCIIOBHEM TIPU
Moucke (MHAHCUPOBAHUS IS MPOBEACHUS PA3JIMUHBIX HUCIBITAHUM M BHEIPEHUS
pa3pabOTKH B IPOU3BOJICTBO.

I'maBHOM wenbr0  co3manug  pasnenia  «DOUHAHCOBBIM  MEHEIXMEHT,
pecypcoddHEKTUBHOCTE U PECypcocOepeKeHue» SIBIAETCS KOMIIEKCHOE OIMMCaHue 1
aHaau3 (PMHAHCOBO-3KOHOMHYECKUX ACIEKTOB BBITTOJTHEHHON pabOThI

4.1 Opranu3anus 4 NIJIAHKPOBaHUE PadoT

[Ipu opranuzaiuu npoiecca peain3aiui KOHKPETHOTO MPOeKTa He0OX0IMMO
pallMOHANIbHO TUIAHUPOBATh 3aHATOCTh KaXXJOTO M3 €ro YYaCTHUKOB U CPOKH
MIPOBEJICHUS OTJEIBHBIX padoT.

B nanHOM myHKTE COCTaBUM TIOJHBIM TIEpeUYeHb MPOBOJAUMBIX padoT,
ONpeAeIuM UX HCHOJHUTENEH U pallMOHAIBHYIO MPOJOJIKUTEIHHOCTh. HarnsaHbim
pPEe3yJbTaTOM IUIAHUPOBAHUS pa0OT SABJISIETCS JIMHEHHBIN Ipaduk peain3aliuy IpoeKTa.
JInst ero mMoCTpOEHUsI XPOHOJOTHUECKH YIOPSIIOYEHHBIE BBIIIEYKa3aHHbIE JaHHBIC
JIOJDKHBI OBITH CBEJICHBI B TAOJIUITYy THIIA TPUBEICHHOM HIDKE

Jlns peanuzaiuu MpoeKTa HEOOXOIMMBbI JBa WCIOJHUTENSI — HayYHbIN
pykxoBoautens (HP), unxenep (M) — B ero ponu aeiicteyet ucnonuurens HAP (BKP);
Pa3znenum BeIOTHEHNE TUTUIOMHOM paOOTHI HA ATAIlbI, MPEICTaBICHHBIC B TabuIie 1.

Ta6nuna 1 — [lepeueHb paboT ¥ POIOTKUTENHHOCTD UX BBITIOJIHECHUS

3arpyska
HcnosaHure
Jtanbl padoThl m ucnojHuTE €
i

] HP — 100%

BBIGOp TEMBI TUIJIOMHOM pabOTHI HP, 1 —30%
HP —100%

[Toabop ¥ U3yYeHUE TUTEPATYPHI IO TEME HP, U - 20%
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OxoHyaHue Ta6J'II/II_II>I 1- HCpG‘ICHL pa60T " IPpOAOJDKHUTCIbHOCTD UX BBIITOJIHCHUS

HP - 20%

BBI60p TEXHOIOIUYECKOTO POIIecca HP, 1 1 — 100%

HP - 10%

N3yuenune paboThl TEXHOJIOTUUYECKOTO MpoIiecca HP, 1 1 — 100%

N3yuenune o00py0BaHUS TEXHOJIOTUIECKOM " 1 — 100%

JTUHAHA
COop JaHHBIX 0 paboTe 000PYAOBAHUS n 1 —100%
[ToaroToBKa JAaHHBIX IS ITOCICAYIOIICH 1 " — 100%
00paboTKn
Br10op nporpaMMHBIX TAKETOB JJI1 00pabOTKH HP —50%
HP, 1

JAHHBIX 1 - 100%

O0OpaboTKa JaHHBIX u 1 - 100%

Pa3paboTka mporHo3Ho# MoIeTTi Ha OCHOBE " 1 — 100%

00pabOTaHHBIX JAHHBIX
Pa3paboTka nMUTAaIMOHHON Mozen 00BbEKTa u 1 — 100%
HCCIICIOBAHMS

V HP - 40%

TectupoBanue monenen HP, 11 N —100%

HP - 100%

[IpoBepka paboThI C PyKOBOIUTEIEM HP, 11 - 10%

Hanucanue pasnena «hUHAHCOBBIM MEHEHKMEHT, " 1 — 100%
pecypcodpeKTUBHOCTh U PeCcypcocOepeKeHHE)

Hanucanune pazgena «conuanbHas " U — 100%

OTBETCTBEHHOCTBY

V HP - 30%

CocrapiicHue TTOSCHUTEIIBHOM 3aIHCKU HP, " 1 — 100%

[TonroroBka MaTepuanoB s MPE3CHTAUN " 1 = 100%

JTUTIIOMHOTO TTPOEKTa

4.2 TIpoao/KUTEILHOCTD 3TANOB PadoT
JUist  ompeneneHus OXUAAEMOTO (CpeIHEro) 3HAYEHUs TPYIOEMKOCTH

HCIIOJIB3YEeTCs cienyromas hopmyia:

__ 3*tminit2*tmaxi

r71€ {min — MUHUMaNIbHAS TPYJOEMKOCTh 1-0M paOOThI, Yel/NH.; {nax — MaKCUMaJIbHAS
TPYJIOEMKOCTH 1-0 pabOThI, YeJl/TH.
J171s mocTpoeHus IMHEHHOTo rpaduka HE0OXOAMMO PaCCUUTATD JITUTEIBHOCTD

JTallOB B pa60‘H/IX AHAX, a 3aT€M IIEPCBCCTH €€ B KAJICHAAPHLIC ITHH. Pacuer
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POAODKUTEIHFHOCTH BBITIOTHEHHS KaXKA0T0 3Tana B pabouux nusx (7py) BeaeTcs mo
bopmyiie:

tO)K .
Ten = 3 Ko 2)

re lox — MPOAOHKUTEIBHOCTh PaboTHI, IH., Ky — K03 duiimeHT BoIoTHEHHS padoT,
YUUTHIBAIOIIMKM BIIMSHUE BHEIIHUX (PAKTOPOB Ha COOJIOJEHUE MPEIBAPUTEIHHO
OTpEAENEHHBIX JUIUTEIbHOCTEH, mpuMeM AaHHbId kodhduument K., = 1; Ky —
KOO PUIIMEHT, YYMUTHIBAIOIIMM  JOMOJHUTEIBHOE BpeMs Ha  KOMIICHCAIUIO
HETIpEe/IBU/ICHHBIX 3aJICPXKEK U coriacoBanue padot (mpumem K =1,1).

Pacdyer mnponoiKUTENBHOCTH 3Tama B KAJCHAAPHBIX JHIX BEHETCA IO
bopmye:

Txy = Tpp - Tk, (3)
rae Txy — TPOJOJDKUTEIBHOCTh BBIMIOJHEHHUS 3Tarna B KaJICHIAPHBIX IHAX, g —
KO3 PUIIMEHT KaJeHAAPHOCTH, MO3BOJISIONIUN MEPEHTH OT JJIMTEIBHOCTU paboT B
pabounx AHSAX K UX aHAJIOTaM B KaJICHAAPHBIX IHIX, U PaCCUUThIBAEMbIN 10 (popMyie:

Ty = Tkan ’
Txan—Tea—Tng (4)
rne Txan — KaJleHaapHble THU, | g — BBIXOAHBIC THU, |1y — MPa3IHUYHBIC THU.
PaccuntaeM ko3(QUIMEHT KaleHIApHOCTH i MSATHUAHEBHOW pabouei

HCIOCIN.

T o=—dan 3% _q47 (5)

Txan—Tomx—Tnp ~ 366—118

B Ttabmume 2 mnpuBeIeHBl MPOJODKUTEIBHOCTH JTamoB paboT U UX
TPYAOEMKOCTH N0 UCHOJHUTEISAM, 3aHATHIM HA Kaxa0oM 3Tane. CTOUT OTMETUTh, YTO
BEJINYMHBI TPYJOEMKOCTH JTalOB IO HCHOJHUTENSAM Tk MO3BOJISIOT MOCTPOUTH

JMHENHBIN rpaduK OCYIIECTBICHUS MPOEKTA, MPEICTABICHHBIN Ha pUCYHKE 1.
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Tabnuna 2 — Tpyno3aTparsl Ha BHIOJHEHUE MMPOEKTA

TpynoeMkocTs paboT 1o

I1posomKHTENBHOCTD UCIIOJTHUTEIISM YeJl.- JTH.
Ortan Ucnonuurenn pabor, 1H1
Tp;[ TK;[

tmin tmax tox | HP " HP nu

Br100p TeMbI TUIIIOMHO# pabOThI HP, U 2 4 2,8 3,1 0,9 45 1,4

[TonGop u u3yueHue IUTepaTypsl Mo TEME HP, U 3 5 3,8 4.2 0,8 6,1 1,2

BpI100p TEXHOIOTHYECKOTO MmpoIecca HP, U 6 8 6,8 1,5 75 2,2 11,0

N3yyenne paboThl TEXHOIOTHUECKOTO TIpoIecca HP, U 2 3 2,4 0,3 2,6 0,4 3,9
N3yuenue 0060py1I0BaHUS TEXHOJIOTHYECKOM JIMHUU u 6 8 6,8 0,0 75 0,0 11,0
COop maHHbBIX 0 paboTe 000pyHOBaHUS 141 5 7 5,8 0,0 6,4 0,0 9,4

[ToaroroBka MaHHBIX JUIS MTOCIIEAYIOIICH 00paboTKH nu 5 6 54 0,0 5,9 0,0 8,7
Bp160op mporpaMMHBIX MaKeTOB Ji 00paboTKU JaHHBIX HP, 1 6 8 6,8 3,7 7,5 55 11,0
OO6paboTka JTaHHBIX nu 6 8 6,8 0,0 7,5 0,0 11,0

Pa3paboTka nporao3Hoi MoJiel Ha OCHOBE 00pabOTaHHBIX TaHHBIX 141 8 9 8,4 0,0 9,2 0,0 13,6

Pa3paboTka UMUTAITMOHHON MOJEIIA 0OBEKTa UCCIIECIOBAHUS 41 4 5 4.4 0,0 4.8 0,0 7,1
TecTupoBanue mojeneit HP, 1 10 12 10,8 48 11,9 7,0 17,5

[TpoBepka paboOTHI C pyKOBOAUTEIEM " 3 5 3,8 4,2 0,4 6,1 0,6

pecypeonpoxmmmnoon i pecypeoceponemion H 2 | 3 | 24 |00 26 00| 39

Hamucanue pasiena «conuanbHast OTBETCTBEHHOCTDY HP, 1 2 2,4 0,0 2,6 0,0 3,9

CocraBiieHre HOSICHUTEIBHON 3aINCKH HP, U 5 5,8 19 6,4 2,8 9,4

[ToaroroBka MarepuanoB AJis MPE3EHTALMH IUILIOMHOTO IPOEKTa 141 2,8 0,0 3,1 0,0 45
Hroro 88,2 | 236 | 87,8 34,7 | 129,0
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Span 1P n Peppam Z\-IPapr Anpaens Mait Hrons _
10 20 30 40 50 60 70 80 20 100 110 120 130 140 150

Bribop TeMel aummoMHoR paboTe 453 1.36
ITopGop ¥ H2VHEHHE MMTEPATYPE 0 TEMeE 6,14 1.23
Bribop TeXHONOTHYECKOT0 Ipolecca 220 11,00
Hayuemie paboTe TEXHNIOTHEECKOT0 OPOLecca 0.3% 3,88 I-
Hayuenne oDopyI0EaHHA TEXHOIOT MY SCKOH JIHHI 0.00 11,00
CBop mamHEIx 0 paboTe obopymOEaHHA 0,00 938
IToaroToEKa JaHHEIX OJ1A DOCTeqvome obpaboTiam 0.00 8.73
Bribop nporpaMMHEIX DAKETOE 07 obpaboTem gammex| 5,50 11,00
O6paboTKa TaHHEIX 0,00 11,00
P 6 ii

23paboTEA MPOTHOZHOH MOTENH HA OCHOES 0.00 13.58
00paboTaHHEIX JaHHEIX
PazpaboTra HMHTAIHOHHOH MoTem! 06beKTa 0.00 711
HCCIET0BaHHA ) )
TecTnpoeame Momenei 6.99 17.46
TIpoeepra paboTH € PYKOBOOHTEIEM 6,14 0.61
Harmmcamie pasgena «QHHARC OBLIH MeHe I¥MEHT, 0.00 388
pecypcoadeKTHEHOCTE H pecypeocheperkeHney ) )
Hamicamie pasmena «COMaTbHAA 0TEESTCTEEHHOCTE Y 0.00 3.88
CocTaeneHse MoACHHTENBHON 3aMHCEH 2.81 9.38
TTonroTOBKA MaTEpHANIOE JJIA peseHTAalH 0.00 453

JHIIIOMHOT O IPOCKTa

Pucynok 37 — JIuneinbiii rpaduk OCyIIECTBICHUS TPOEKTA

50




4.3 PacueT cMeThI 3aTPAT HA BHINOJIHEHUE MTPOEKTA

B cocraB 3aTpar Ha co3naHue MpoeKTa BKIIOYAETCS BEIMYMHA BCEX PACXOJIOB,
HEOOXOMMMBIX ISl peain3allii KOMIUIEKca pPabOT, COCTABIISIIOIINX COJIEPIKaHHE
JaHHOM pa3paboTku. PacueT cMEeTHON CTOMMOCTH €€ BBIIOJIHEHHS MPOU3BOJUTCS 110
CJICYIOIUM CTaThsIM 3aTpar:
— MaTepHaJIbl U OKYIIHbBIE U3/ICIHS;
— 3apaboTHAs TUIATa;
- COILIMAJIbHBIN HAJIOT;
— pacxo/Ipl Ha AJIEKTPOIHEPT o (0€3 OCBEIICHU);
— aMOPTU3AIMOHHBIC OTUUCIICHUS;
— KOMaHJIUPOBOYHBIE PACXO/IbI;
— oriaTa yCiIyT CBSI3U;
— apeHHas 1iaTa 3a MOJb30BaHUE UMYIIIECTBOM;
— MPOYHE YCIYTH (CTOPOHHUX OpTraHU3alUiN);
— npouue (HaKJIaJaHbIe) PacXOIbl.

4.3.1 Pacuer 3aTpaT Ha MaTepPHAJIbI

K nmaHHO# cTaThe pacxoJ0B OTHOCHTCS CTOMMOCTh MaTE€pPHAJIOB, MOKYITHBIX
u3nenui, moiry(hadpuKaToB W JPYTUX MaTEPHAIBHBIX IIEHHOCTEH, pPacXoIyeMBbIX
HEIMOCPEJICTBEHHO B MPOIIECCE BBIMOIHEHUSI pabOT HaJl OOBEKTOM MPOCKTHUPOBAHMS.
Kpome Toro, crarbsi BKJIIOYAET TaK Ha3bIBAEMbIE TPAHCIOPTHO-3arOTOBUTEIHHBIC
pacxonbl. Ilpumem nx kak 10% OT OTHYCKHOM IEHBI 3aKylaeMbIX MaTEpPHAJOB.
3aTpathl Ha MaTepuaibl CBEJICHHI B TabuIe 3.

Tabnuua 3 — Pacuer 3arpaT Ha MaTepUabl

HaumenoBanue marepuanon Hena 3a Koui-Bo Cymma,

el., pyo. pyo.

JInuensuonunoe I10 MatLaB 15600 1 oK3. 15600
JIunensuonnoe 10 Microsoft Office 2019 3200 1 9K3. 3200

JIunensuonnoe I10 TIA Portal 15 12000 1 7K3. 12000
bymara myis npunTepa gpopmara A4 300 1 ym. 300
Kaptpumxk s npuntepa 600 1 . 600
Htoro 31700
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Pacxonel Ha Matepuanbl ¢ yuetom T3P OyayTt paBHbl: Cyoe = 31700 * 1,1 =
34870 pyO®.

4.3.2 Pacuet 3apadoTHOM MJIATHI

JlaHHast cTaThsl pPAacXOJOB BKJIIOYAaeT 3apa0OTHYIO IUIaTy HAy4YHOTO
PYKOBOJAMTEIIS U MHXKEHEPA, a TaKkKe IPEMUH, BXOs1IUe B (POH]T 3apabOTHOM TUIATHI.
Pacuer OCHOBHOM 3apa0OTHOI TUIaThl BBIMOJIHSIETCS HAa OCHOBE TPYJIOEMKOCTH
BBITIOJTHCHUSI KQKIOTO ATara U BEJTMYMHBI MECSYHOTO OKJIa/1a UCITOJTHUTEIIS.

CpennenneBHasi TapudHas 3apadotHas mnata (3[l.r) paccuuTbiBaeTcs 1Mo
dbopmyie:

31 = MO/20,6, (6)
YUHUTBIBAIOIIEH, UTO B roay 248 pabouux AHEH U, CeJOBaTENbHO, B MECSIIE B CPETHEM
20,6 pabouux aHs (IpU NATUIHEBHOM pabouel Henene).

PacueTrsl 3aTpaT Ha MOJHYIO 3apaOOTHYIO IUJIaTy MPUBENCHBI B Tadiuie 4.
3aTpaThl BpEMEHH MO KaXKJIOMY HCIOJHHUTENI0 B pabO4yuX JTHSIX C OKPYTJEHUEM [0
1EJI0r0 B3AThl U3 TaOnuibl 2. J[is ydera B €€ cocTaBe NMpPEeMUi, JOTOJTHUTEIbHON
3apIuiaThl U palOHHOM HAJI0ABKHU HCIIOJIB3YETCS CIEAYIONUN psif KO3(P(PUIIUESHTOB:
Kmp = 1,1; Kyonsn = 1,113; K, = 1,3. Takum oOpazom, 1 nepexoja oT TapupHoOu
(6a30BoI) cyMMBI 3apabOTKa HCIIOJTHHUTENSA, CBSI3aHHOM C ydacTHEM B MPOEKTE, K
COOTBETCTBYIOIIEMY TOJIHOMY 3apaboTKy (3apIjiaTHON 4acTU CMEThI) HEOOXOAMMO
NEPBYI0O YMHOXHTHh Ha WHTErpanbHbiii kodddunument K, = 1,1* 1,113*1,3 = 1,6.
JlaHHBIC 3HAYCHUS B3STHI ISl TIATHIHEBHOW pabodeit Heeu.

Tabnuna 4 — 3aTpaThl Ha 3apabOTHYIO TUIATy

Ucnonuu |  Oxmnan, CpenuenuesHas 3atparsl Koadpdu | ®onp 3/m.,
TEJh py0./Mec CTaBKd, BPCMCHH, ITUEHT pyo
' ' py0./pab.neHb pab.aHu '
HP 33664 1634 24 1,6 62 745,6
" 13 500 655 88 1,6 93632
Hroro 156 377,2
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4.3.3 Pacuer 3aTpaT Ha COIMAJIbHBIN HAJIOT

3atparel Ha enuHbld corumanbHbii Hasor (ECH), Bkmrouaromuii B ceOs
OTUYUCJICHUSI B TIEHCUOHHBIM (DOHJ, HA COIMATLHOC W MEIWIIMHCKOE CTpPaxOBaHHUE,
cocTaBisAOT 30% OT MOJIHOM 3apabOTHOM IIATHI MO MPOoeKTy, T.€. Ceop = Cin*0,3.
Utak, B HammeM ciaydae Ceoy, = 156 377,2 * 0,3 =46 913,28 pyO®.

4.3.4 Pacuer 3aTpaT Ha 3J1€KTPOIHEPTUIO

JlaHHBIH BHJ pPacXoJ0B BKJIOYAaeT B ceOs 3aTpaThl Ha DJEKTPOIHEPIHIO,
MOTPAYEHHYIO B XOJI€ BBITIOJIHCHUS TIPOEKTA Ha PabOTy MCTIOIB3YyeMOTo 000pyI0BaHUS,
paccuuThiBaeMbIe o Gpopmyiie:

C3ﬂ.06. = F)06 o6 - I—[B; (7)
rae Pop — MotiHOCTB, TOTpedIisiemast ooopyaoBanuem, kBT, I — Tapud na 1 kBt-uac,
tos — BpeMsi paboThl 000pyI0BaHMSI, Yac.

s TITY L5 = 6,59 py6./xBT-uac (¢ HIC).

Bpemst paGoThl 000py/10BaHUSI BBIUUCISETCS Ha OCHOBE HMTOTOBBIX JIAHHBIX
Tabnuipl 2 s uHkenepa (Tpy) U3 pacdera, 4TO MPOJIOKUTENLHOCTh Paboyero JHs
paBHa § 4acoB:

tos = Ten™ K, (8)

rae Ki < 1- kosdduimenT ucnonb3oBaHus 00OPYIOBaHUS MO BPEMEHM, PABHBIN
OTHOIIIEHUIO BPEMEHU €Tr0 pabOThl B MPOIECCE BHIMIOTHEHUS IPOEKTa K Tpy, MPUMEM
JAHHBIN k03P duureHT paBHbiM 0,7.

MortHoCTh, ToTpebissemMas 000py0BaHUEM, OTIPEACIISICTCS TT0 hopMyJIe:

Pos = Puow. * K¢, 9)

1€ Puow. — HOMUHATIBHASS MOITHOCTH oOopynoBanus, kBT, K¢ < 1 — koaddunment
3arpy3Ku, 3aBUCSIIUNA OT CPEIHEN CTENIEHU UCTI0JIb30BAHUSA HOMUHAIBHON MOIITHOCTH.
Jly1st TeXHOJIOTHYEeCKOTro 000pyAoBaHus Maioi MomHocTH Ke = 1.

Pacuer 3arpar Ha AIEKTPOIHEPTUIO JJIsI TEXHOJIOTHUYECKHUX IIeIel TPUBEACH B

tabnurie 5.
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Tabnuua 5 — 3aTpathl Ha JIEKTPOIHEPTUIO TEXHOJIOTHUECKYIO

HauMeHoBanue Bpems padoTbi HoTpedasiemas 3aTparsl
o0opyaoBanus | ooopynoBanus tOb, yac | momnocTts POB, kBt | 0B, pyo.
Hepconaiit 696%0,7 0,3 963,2
KOMIIBIOTED
CrpyiiHbli 9 0.1 13
MPUHTED
Hroro 964,5

4.3.5 Pacyer aMOpTH3alIMOHHBIX PACcX0/10B

B crathe «AMOpPTH3ALIMOHHBIE OTYUCIICHUS» PACCUUTHIBAETCS aMOPTHU3ALMS
UCIIOJIE3YEMOTO 000PYIOBaHUS 32 BPEMs BBITIOJTHEHHSI POEKTA.

Hcnonwiyercs popmyna:

Hp * Hop * tpy * 1
Cam = F r ) (10)
A

rne Ha — ronoBas Hopma aMopTU3aluu eInHUIBl 000opyaoBanus, Llos — 6amaHcoBast
CTOMMOCTbh €JUHUIBI 000pynoBanus ¢ yueroM T3P, Fy — nelictButenbHbIil rog0BOM
(dboHa BpeMeHU padOoThl COOTBETCTBYIOLIET0 000PY10BaHUs, OepeTcs U3 (PaKTUYECKOTO
peXHMMa €ro UCHOJIb30BaHUs B TEKYLIEM KaJIEHJapHOM roay,t,, — pakTuiueckoe Bpems
paboThl 00OPYAOBaHMS B XOJI€ BBIOJIHEHHS MPOEKTA, N — YUCIO 33/1eCTBOBAHHBIX
OJTHOTUITHBIX €AMHUIL] 000PYAOBAHUS.

s onpenenenus Hy ciaenpyer oOpatutbess K pparMeHTy U3 MOCTAHOBJICHMS
npaButesibcTBa PO «O kinaccudukau OCHOBHBIX CpPEJICTB, BKJIOUCHHBIX B
aMOPTH3aLMOHHbIE Py . OHO MMO3BOJISET MOJIYYUTh PAMOYHBIE 3HAYEHUSI CPOKOB
aMopTH3aIu (IMoJIe3HOTO ucmob3oBanust) odopynoanus (CA). s I1K ato 2 + 3
roga. Heo6xomumo 3amath koHkpeTHoe 3HadeHMe CA M3 yKa3aHHOTO WHTEpBAJa,
npuMeM 3To 3HaueHue 2 roja. Jlamee onpenensercs Ha kak BennunHa oopatHas CA,
B AaHHOM ciydae 31o 0,5. AHanornyHoe 3HadeHue OyJeT s IpUHTEpA.

Paccuutaem Cpy amst [IK. Croumocts ITIK 60000 py6., Bpemst uCnosib30BaHUs

696 vaca, Hy = 0,5, Fjy=248*8= 1984 yacoB (11s1 nITHAHEBHOU pabouel HeJenn):

0,5¥60000%696%*1
1984

Cam = = 10 524 py®. (11)
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Paccuntaem Cpy ans mpuntepa. Croumocts npuHTepa 7000 py6., Bpems

ucnonp3oBanus 2 yaca, Hy = 0,5, Fy= 300 vacos:

__0,5%x7000%2x1

Cam = BT 23 py©. (12)

Ntoro nauncineno amoptuzaruu 10 547 pyo0.

4.3.6 Pacuer pacxon0B, YYHUTHIBA€MbIX HEINOCPEACTBEHHO HAa OCHOBE
IJIATEKHBIX IOKYMEHTOB

K maHHOMY MyHKTY MOXHO OTHECTH IUIATy 3a YCIYT'H MHTEPHET-CBS3H 3a 5
MecsieB (peBpanb-uroHb) Tpu exxeMecsiaHol 1iate 400 py6meit. Takum oOpaszom,
Cp=400*5=2000py0.

4.3.7 PacueT npo4mnx pacxojioB

B crarbe «lIpoune pacxoasr» OTpaXe€HBbI PACXOJIbl HAa BBIMTOTHEHUE TPOEKTA,
KOTOPbIE HE YUTCHBI B IPEABLAYIIUX CTaThsIX, UX CIEAYeT NpUHATHh paBHbIMU 10% OT
CYMMBI BCEX MPEABIAYIINX PACX0JIOB, T.C.

Cupou. = (Cyar + Can + Ceon + Conos. + Caw + Cun) - 0,1 = (34 870+156 377,2+46
913,28+964,5+10 547+2000) - 0,1 =25 167,2 pyo0. (13)

4.3.8 Pacuer o0wueii cebecTouMocTH pa3padoTKku

[IpoBenst pacyeT Mo BceM CTaThIM CMETHI 3aTpaT Ha pa3paboOTKy, MOXKHO
OTIPENICIIUTh OOITYI0 CE0ECTOMMOCTD MPOCKTA.

Tabnuua 6 — Cmerta 3aTpat Ha pa3pabdOTKy MMPOEKTa

Crarbs 3aTpar YcaoBHoe o003Hauenne | Cymma, pyo.

Matepuaibl ¥ MOKYITHBIC U3/IEIHS Cuar 34 870

OcHoBHas 3apa0O0THAs TUIaTa Cin 156 377,2

OTurciieHns B colMaIbHbIC (POHIBI Ceon 46 913,28
Pacxo/1pl Ha 3JIEKTPOIHEPTHUIO Con 964,5
AMOpPTH3ALIMOHHBIE OTUYHUCIICHUS Caum 10 547
HemocpencTBeHHO yUUTHIBaGMbIE Cun 2000

pacxobl
[Tpoune pacxobl Crpos 25167,2
Hroro 276 839,2

Takum oOpaszom, 3aTpaThl Ha pa3paboTky coctaBuiau C =276 839,2 py6.
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4.3.9 Pacuet npudbLIN
B cBsi3u ¢ TeM, 4TO MBI HE pacroJiaraéM JIaHHBIMU JJIsL OTpe/IeICHUs] TOYHOU
BEJIMYMHBI TPUOBLTN MPUMEM JaHHOE 3HAUeHUE Kak 15% oT momHo# cebecTonMocTu
npoekTta. TakuM 00pa3om, mpuodsLIL cocTaBisgeT 41 525,9 pyo.
4.3.10 Pacuer HJIC
HJC cocraBnsier 20% OT cyMMBI 3aTpaT Ha pa3paboTKy U npuoObLIH. B Hamem
ciy4ae 3To:
Hpac= (276 839,2 +41 525,9) * 0,2 = 63673,0 py0. (14)
4.3.11 lena pa3padorku HUP
Ilena paBHa cymme noiHOM cedbectroumoct, puosn u HJIC:
Hpumpepy = 276 839,2 + 41 525,9 + 63673,0 = 382 038,12py0. (15)
4.4 OueHka IKOHOMIYECKOH I(PPeKTUBHOCTH MPOEKTA
AKTyanbHBIM acleKTOM KadecTBa BBINIOJHEHHOTO TPOEKTa  SIBISIETCS
sKOHOMHUYECKas 3H(PEKTUBHOCTD €TO peaan3aliy, T.€. COOTHOIIEHNE 00YyCIOBICHHOTO
el SKOHOMHYECKOro pesyibrara (dddekxra) u 3arpaT Ha pa3pabOTKy MpPOEKTa.
Buenpenne cuctempl ¢ IU(POBBIM JBOWHUKOM TO3BOJHUT IMPEACKAa3bIBaTh OTKA3
oOopynoBanusi. JlaHHas BO3MOXXHOCTh TIOMOXKET JIy4llle IUIAHUPOBAaTh IUIAaH
POM3BOJACTBEHHBIX paboT. B ciencTBuM dYero COKpaTUTCS BpeMsl pPEMOHTA
000pyIOBaHUs, CHU3SITCS MPOCTON M HE3aIJTAHUPOBAHHBIE OCTAHOBBI MPOU3BOICTBA.
Takum o00pazoM, pa3paOOTaHHBIM MPOEKT HMMEET TMOTEHIMAT IOBBICUTh
HPKOHOMHUYECKHE TOKa3aTenu paboThl MPEANpPUATHS, a WMEHHO: BBIMYCK TOTOBOMU
MPOJyKTa U COKPATUTh BPEeMs MPOCTOsA 00opyaoBaHus. B pamkax gaHHON pabOTHI HE
MPEACTABIISACTCSI BO3MOKHBIM PACCUUTATh MPUOBUIL MPOEKTa W, CJEI0BATEIHHO
nepuoj OKYyMaeMOCTH, TaK Kak JaHHas pa3paboTka He Oblla BHEJApEeHa Ha
nercTBytomeM npeanpusTad. CTOUT OTMETHTh, YTO MPU BHEAPEHUU CHCTEMBI C
IU(QPOBBIM JIBOWHUKOM MPEATPUITHS 0KHIACTCS YBEIUICHUE MMPOU3BOIUTEIHHOCTH
obopynoBanusi Ha 10-15%, Tak kak, OpU OTKIOHEHMH pPabOYMX MapameTpoB
o0opynoBaHus, cucTeMa OyeT pearnpoBaTh Ha 9T OTKJIOHEHUS U CUTHAIM3UPOBATH

0 HEOOXOIUMOM 3aMEHE WJIM PEMOHTE O0OpYyJOBaHHUSA, TEM CaMbIM JaBasl OOJIbIIIE
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BPCMCHM Ha ITOATOTOBKY K MCPOIIPUATHUAM 110 pPCMOHTY U O6CJIy}KI/IBaHI/II-0, YTO JOJI?KHO

COKPATUTDb OTXOJBI ITPOU3BOACTBA U IIOBLICUTDH 00BeM BBIITYCKA rOTOBOM IMPOAYKIIHNH.
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S CouunanibHasi 0OTBETCTBEHHOCTh

B HayuyHO-HcCHE0BaTENbCKOW M MPOEKTHOM JIE€ATEIBHOCTH HEOOXOAUMO
YUUTHIBaTh 0€30MaCHOCTh TPY/a U OKpy:karolen cpesl. [1og moHsTHEM «counaibHast
OTBETCTBEHHOCTH» TIOHMMAETCsl COCTOSIHME pabodyero Mecra M MOMEIIECHHUs, PEKUM
TPYJAOBON JESATENBHOCTH M OOecleueHue MEpPONPUATUN MO 3aIIUTe TPYISIIMXCS B
MOMEHTBI YPE3BbIYAWHBIX CUTYaLUN.

Taxum 00pa3zom, opranusanysi, KOHTPOJUPYIOLIasi IPOEKTHYIO AESTENbHOCTD,
HECET OTBETCTBEHHOCTh 3a PEIICHMS, KOTOpPbIE MOTYT MOBJIHUATH Ha OOIIECTBO,
pabouyro 00CTaHOBKY M OKPY>KaIOIIYIO CPEy.

B kauectBe pabouero mecra, paccMaTpuBaercs padouee MECTO HH)KEHepa
ACYVYTII, ocHamieHHOE pa3IMYHON TE€XHUKOM, TAKOM KaK MOHHUTOpP, CUCTEMHBIN OJIOK,
KJIABHATypa, MbILIb, U T.[.

Hanvcanue BBITyCKHOW KBadU(UMKALMOHHONW pabOThl MPOXOJIUIO B paMKax
npeaauiuioMHon mpaktukn B komnannu OOO «buakcrmen T», uHXKEHEpHO-
TEXHUYECKas CITy»0a IKCITyaTallMOHHO-PEMOHTHOIO y4acTKa.

Buenpenue npoekra, pa3paboTaHHOr0 B paMmkax BblnonHeHuss BKP no3somur
Oosee OmnepaTUBHO MPOU3BOJIUTHL PEMOHTHBIE paboThl B pamkax [ITIP, tak kak c
MOMOILBIO HKU(PPOBOTO IBOMHKKA MTPOU3BOACTBA MOXKHO OYJIET 3apaHee MIaHUPOBAThH
paboThl MCcXold U3 MOJNy4YeHHbIX JaHHbIX. Cokpamienue Bpemenu [IITP npusener k
CHIDKEHHIO  BpPEMEHM  HAXOXKICHUs  OOCIy)KMBAIOIIEr0  MEepcoHaia  Ha
ITPOU3BOJICTBEHHOM JIMHUU U K MOBBIILICHHUIO ITPOU3BOIUTEIBHOCTH PONU3BOCTBA.

B pamkax Beimonnenust BKP Ob110 cienano cienytoiee:

— Tlogbop MaTepuana W €ro M3y4y€HUE MO NPHUHLIMIAM padOThl MPOU3BOACTBA.
BHukaHue B TOHKOCTH paOOThl KaXKIOW yCTaHOBKM B OTAENbHOCTU. M3ydeHue
IIPUHLIAIIOB U MEXaHU3MOB B3aUMOJEHCTBUS MEKIY YCTAHOBKAMM.

— Tlopbop martepuana u ero uzydeHue mno oOopyaoBaHuto. IloydyeHue HaBBIKOB
paboTel C mporpamMMmMaMu IS HaJaJAKd M MCIOJIb30BAHUS HM3YyYEHHOTO

000opy10BaHUs.
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— HaxkannuBanue Marepuana mo OCHOBHBIM HEHCIPABHOCTSIM, YaCTO BO3HHUKAEMbBIM
npobiemam.

— Msyuenune I1O Matlab, Predictive Maintenance Toolbox, Diagnostic Feature
Designer. annoe IIO HeoOxomumo Ui aHanmM3a W IOATOTOBKH JaHHBIX U
co3aHus UG POBOTO ABOWHUKA ITPOU3BOJICTBA.

— W3yuenue cTpykTypsl (hOpMHpPOBAHUS JaHHBIX, BEIOOP KOTOPHIX HEOOXOIUM JIJIst
aHaJu3a.

— Pazpabotka 1mdpoBOrO MBOWHHWKA TMPOU3BOJCTBA HA OCHOBE JIAHHBIX C
MIPOU3BOJICTBA, MPOBEPKA PAOOTOCTIOCOOHOCTH MOJICIIH.

5.1 IIpaBoBbIe M OpraHu3alMOHHbIE BONMPOCHI 00ecneyeHust 6€30MaACHOCTH

5.1.1 Oco0eHHOCTH TPYAOBOI0 3aKOHOIATEIHCTBA

Cornacuo TpymoBomy koaekcy P® (N 197-®3) [49] ansa paboTHuka
yCTaHABIIMBAETCS:

— TSATUHEBHas pabouasi HeAes,

— BBIIUIaTa 3apa0OTHON TUTATHl TIPOM3BOJIUTCS B JEHEXHOW (opmMe B BaioTe
Poccuiickoit @enepainuu (B pyosisx);

— CBepXypouHas paboTa OTUTaYMBAETCS 3a MEPBBIC /[Ba Yyaca pabOThl HE MEHEE YeM B
MOJIyTOPHOM pa3Mepe, 3a MOCIeAYIOIINE Yachl - HE MEHEE YeM B IBOMWHOM pa3Mmepe.
[To >xenmanuio pabOTHWKA CBEpXypOUHas pabOTa BMECTO IOBBIIIICHHOW OTLIATHI
MOKET KOMIIEHCHPOBATHCS MPEA0CTABICHUEM JIOMTOJTHUTESILHOTO BPEMEHH OT/IbIXA,
HO HE MEHEee BpPEeMEHH, OTpabOTaHHOrO CBepxypouHo. Pabota, mpousBeneHHas
CBEpPX HOPMBI pabouero BpeMEHH! B BBIXOJHBIC M HepaOOUuue Mpa3THAYHBIC THU H
OIUIaYeHHAas B TIOBBIIIICHHOM pa3Mepe 00 KOMIIEHCUPOBAHHAS TPEIOCTABICHHUEM
JPYTOTO JTHS OTIBIXA,

— JlorulaTta 3a BPEAHOCTh MPEIyCMOTPEHA B BHJIC HATYPAIbHBIX BBIILIAT (BbITada
MOJIOKA), MO0 ACHEKHAs] KOMIICHCAIUY;

— 00s13aTeNIbHOE MPOBEICHNE TIEPUOANYECKUX METOCMOTPOB 3a CYeT paboToaaTeNs;

— 3aIUTa MePCOHAIBHBIX JAaHHBIX OCYIIECTBIISIETCS] B COOTBETCTBUU C TPEOOBAHUSIMHU
cT. 86 TK PO.
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5.1.2 KomnonoBka pado4eid 30HbI

Jlanee omnucaHbl MOMEHTBI, KOTOPbIE€ HYXXHO YUYWUTHIBATH MPHU ILJIAHUPOBKE
pabouero mecra.

IIpu pasmemenun pabounx mMect ¢ [IDBM paccrosiuue Mexay padounMu
CTOJJaMU C BUJCOMOHHUTOpPaMH (B HANpAaBICHWHW ThUIA MOBEPXHOCTH OJHOIO
BUJICOMOHHUTOPA M 3KpaHa JPyroro BUACOMOHUTOPA), TOJHKHO OBITh HE MeHee 2,0 M, a
paccTositHue MeXa1y OOKOBBIMU IMOBEPXHOCTSIMH BHICOMOHUTOPOB - HE MeHee 1,2 M.

Paboune wmecrta ¢ [IDBM B mnomemeHusiXx ¢ HUCTOYHUKAMHU BPEIHBIX
MPOU3BOJICTBEHHBIX (PAKTOPOB JIOJDKHBI pa3MEIIaThCs B M30JUPOBAHHBIX KaOMHAX C
OpPTraHHU30BAHHBIM BO31yXO0OMEHOM.

Pabouune mecta ¢ IIDBM npu BBINOJIHEHUN TBOPYECKOM pabOThI, TpeOyromIeit
3HAYUTEIBHOTO YMCTBEHHOTO HAIPSKEHUS WM BBICOKOW KOHIIEHTpAlUyd BHUMAaHMS,
PEKOMEHIY€ETCSl M30JIMPOBATH IPYT OT JApyra rneperopoakamu Beicotou 1,5-2,0 m.

DOKpaH BHUJCOMOHUTOpPA JOJDKEH HAXOAUThCA OT TIJja3 I0Jb30BaTeNsl Ha
paccrostauu 600-700 MM, HO He Ommxe 500 MM Cc ydeTom pa3MepoB aiaBUTHO-
IU(POBBIX 3HAKOB U CUMBOJIOB.

KoncTpykius pabodero crona JoKHA oOOecreuyrMBaTh  ONTHUMAIIbLHOE
pa3MeleHrue Ha pabodeil MOBEPXHOCTH UCIOJIb3yeMOro 000pyI0BaHUs C YUYETOM €ro
KOJIMYECTBA U KOHCTPYKTHUBHBIX OCOOCHHOCTEW, XapakTepa BBIMNOJHAEMON pabOThI.
[Ipu 3TOM NOTyCKAEeTCsl UCIIOJIb30BAaHUE PAOOYUX CTOJIOB PA3IMUYHBIX KOHCTPYKIIUM,
OTBEYAIOIIMX COBPEMEHHBIM TpeOOBAaHMUSIM HProHoMHUKHU. I[loBepxHOCTH padouero
CTOJIa JOJHKHA UMETh Kodddunnent orpaxkenus 0,5-0,7.

KoHncrpykius pabouero cryna (kpeciia) JohKHA 00ecreuyuBaTh MoAepKaHNue
pauMoHanbHOU paboueid mo3sl npu padore Ha [I9BM, mo3BoasATh U3MEHATH MO3Y C
IEJbI0 CHIDKCHMSI CTATUYECKOTO HAMPSDKEHUS MBI MEHHO-TUIEYeBOM 00JIacTH |
CIUHBI ISl IPEAYNPEKACHUS pa3BUTUS yTomiieHus. Tun pabouero cryna (Kpecia)
CJIelyeT BbIOMPATh C YYETOM pOCTa MOJIb30BaTells, XapakTepa U NpOoA0JIKUTEIbHOCTH

pabotsl ¢ [I9BM.
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PaGounit cryn  (kpeciio) JODKEH  OBITh  MOJABEMHO-TIOBOPOTHBIM,
PETYIMPYEMBIM I10 BBICOTE U yTJIaM HaKJIOHA CUJICHBS U CIIMHKH, a TAK)KE PACCTOSTHUIO
CIMHKHU OT MEpPEAHEro Kpas CHACHbS, MPHU 3TOM PETyJIMPOBKa KaXJOro MapameTpa
JOJKHA OBITh HE3aBUCHUMOM, JIETKO OCYIIECTBIISIEMON U UMETh HAJISKHYIO (DUKCAIIHIO.

[ToBEpXHOCTh CUIEHbSI, CHUHKH U JPYTUX 3JIEMEHTOB CTyJja (Kpecia) T0KHa
ObITh  TMONYMSTKOW, C  HECKONB3SIMIMM,  CIa00  JJIEKTPU3YIOUIMMCS U
BO3/[yXONPOHMUIIAEMBIM  TTOKPBITHEM, OOCCIEUUBAIONINM JIETKYIO OYHUCTKY OT
3arpsI3HEHUN.

Cornacuo CanlluH 2.2.2/2.4.1340-03 [50], Hopma 1utomaau pabovero Mecra
C MEpPCOHAJIbHBIM KOMIIBIOTEPOM cocTaBiseT 4,5 m2. Ha pabouem Mecte xabuHera
YCTaHOBJIEHO 2 paboynmx MecTa C TEPCOHAIBHBIMH  KOMIIBIOTEpAMU |
KUJIKOKPUCTAUNIMYECKUMH  dKpaHamu. (COOTBETCTBEHHO, Ha OJIHOTO YeJOBEKa
npuxoautcs 15 M2, 9T0 COOTBETCTBYET BBILIIEYKa3aHHBIM TPEOOBAHUSIM.

Ha pucynke 1 mpencraBneH 1uiaH KaOMHETa, B KOTOPOM OCYIIECTBIISIACH

TpyaoBasd ACATCIbHOCTD.

= ==

Pucynok 1 — I[1nan xabunera
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5.2 Ilpou3BoacTBeHHAsI 0€30MIACHOCTh
Bo3moskHbIe onacHbie U Bpeanbie hakTopsl mo 'OCT 12.0.003-2015 [51] cBenenb B
Tabmmiy 7.

Tabnuua 7 — Bo3aMoskHbIE OacHbIE U BpeAHbIE (DaKTOPHI

Otarnbl paboT

R
< =
®akropsl (TOCT & ‘E q
12.0.003-2015) Lcé:: S OpPMaTHUBHBIC JJOKYMEHTHI
& =
< Q
am z
M
1. OtkioHeHue I'OCT 12.1.005-88 CCBT. O6mwue
nokasaresen + + CaHUTAPHO-TUTUEHUYECKUE TpeOOBaHUS
MUKpPOKJIMMATa K BO3AyXYy padoueli 30HbI. [52]
CIT 52.13330.2016 EcrectBeHHOE W
2. Henmocratounas
HCKYCCTBEHHOC OCBEIIICHHE.

OCBCIICHHOCTD + +

paboueii 30HbI AxtyanuzupoBanHas penakius CHull

23-05-95 [53]
TOCT 12.1.003-2014 CCBT. Illym.

3. TloBbINIeHHBIHI

OBEHE VM + + Oo6me TpedboBanus 6e3omnacHocTu [54];
yp Y CII 51.13330.201 1 3amura ot myma [55]
CanlluH 2.2.2/2.4.1340-03
['uruennueckue TpeOOBaHMS K
4. DNEeKTPOMAarHUTHBIE
+ + IIEPCOHAJIbHBIM DJICKTPOHHO-
W3ITyICHUS
BBIUHCIUTEILHBIM MaIlHaM u
opranm3aiyu padboTsl [56]
I'OCT 12.1.019-2017 CCBT.
5. Tlopaxenue
DeKTpo0e30MacHOCTb. OO6urue
SJICKTPUYCCKUM + +

TpeOOBaHUS ¥ HOMCHKJIATypa BHJIOB
3amuThl. [57]

I'OCT 12.1.004-91 CCBT. Tloxapuas
6e3omacHocTh. O0mUe TpedoBanus. [58]

TOKOM

6. Omacuble GakToOpHI,
CBsI3aHHBIC C + +
0XKapoM

5.2.1 AHa/1u3 ONACHBIX U BPeAHbIX (PAKTOPOB

5.2.1.1 MuUKpOKJIMMAT NPOU3BOJACTBEHHbIX MOMeEIIEHU I
Cormacio T'OCT 12.1.005-88 CCBT. OOmme caHUTapHO-TUTUEHUYECKUE
TpeOoBaHMs K BO3AyXy paboueil 30HBI. [51] mokaszarensMu, XapakTepH3YIOIIUMU

MUKPOKIINMAT, SABJIAIOTCA:
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— TeMIIeparypa BO31yXa;
— OTHOCHTEJIbHAS BIIAYKHOCTH BO3AYXa;
— CKOPOCTB ABMKECHHS BO3/1yXa;
— MHTEHCUBHOCTbH TEIUIOBOTO U3ITyYEHHUS.
JlaHHBIE TOKa3aTeNW MOTYT HU3MEHATHCS B 3aBUCHUMOCTH OT IIOTOJHBIX
YCIJIOBHM, BPEMEHH I'0J1a, OTOIIUTEIBHOTO CE30HA.
JlommycTrMble HOPMBI TIPEICTaBUM B Tabmuie 8.

Tabmuna 8 — JlomycTrMble HOPMBI ITOKa3aTeied MUKpOKInMara [4]

Temmenaryvna. °C OTHOCUTENbHASA CKOpOCTh ABMXKEHUA,
patypa, BJIQXKHOCTB, % M/c
epuox Jomycrimas Hormyctumas Ha TomycTin
Ontu | Bepx | Hmwkx | Ontu | pabounx mectax | Onrtuma
rona asg Ha
Manb | HAA | HSAA | MajgbH | TOCTOSHHBIX U | JIbHas,
pabouunx
Has | I'paH | IpaH ast HETMIOCTOSTHHBIX, | He OoJee MeCTaX
ula | uia He Ooiiee
Xonont | 22| o5 | 21 | 40-60 75 01 | Hebonee
BIi 24 0,1
Tenmnblit 22?__)_ 28 22 | 40-60 | 55 (mpu 28 °C) 0,1 0,1-0,2

K mMeponpusiTisiM 1o 0310pOBJICHUIO BO3IYIITHOW CPEIbl B IPOU3BOACTBEHHOM
TIOMEIICHUU OTHOCATCS TIpaBHJIbHAS OpTaHU3AIHS BEHTUJISIIAN U
KOHIMIIMOHUPOBAHMS BO3/yXa, OTOIUICHHE TNoMelieHnid. B  paccmaTpuBaemom
paboueM MeCTe BEHTWIISALINS OCYIIECTBIISICTCS €CTECTBCHHBIM M MEXaHHUYECKUM Ty TEM.
B 3uMHee BpeMsi B TOMEIICHWH TPEAyCMATPUBACTCS CHCTEMa OTOIUICHHSA. ITO
o0ecreynBaeT HOPMAIbHOE COCTOSIHUE 3/10POBbsl pA0OTHUKOB B KaOUHETE.

5.2.1.2 OcBel1€HHOCTb pa6o4er 30HbI

PabGouee ocBemeHne — OcCBelleHWE, OOECTEUNBAIOIEE HOPMUPYEMbIC
CBETOBBIC YCJIOBHUs (OCBEIIEHHOCTh, KAYECTBO OCBEIICHUS) B TIOMEIICHUAX U MECTax
MIPOU3BOJICTBA padOT BHE 37]aHUM.

HeynoBneTBOpUTEIbHOE OCBEIICHHE MOXKET MPUBECTH K HATIPSKEHUIO 3PEHHMSI,

OCJIa0JICHUIO BHUMAaHUS, pa3paxkeHuto, TOJIOBHONW 001M U yTomiieHH0. OCHOBHBIM
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JOKYMEHTOM,  PpErVIAMEHTHPYIOIIUM  HOPMBI  OCBelleHHOCTH, siBisiercss  CII
52.13330.2016 [53].

OCHOBHBIM IIOKa3aTeeM KauecTBa OCBELICHUS SIBJIAETCS OCBEIICHHOCTh E —
MOBEPXHOCTHAsl TJIOTHOCTh CBETOBOrO MOTOKAa. [lo XapakTepucTuke 3pUTEIbHOU
paboThl Tpyd mporpammucra oTHocuTcs K paspany Il mogpaspsay I (Bbicokoii
TOYHOCTH), T.€. HAUMEHBIIHI pa3zmep oObekTa paznuuenus ot 0,3 1o 0,5 MM (Touka).
OTO 3HAYUT, YTO HOPMATUBHOE 3HAYEHUE OCBEIICHHOCTU pabodyero Mecrta AOJKHO
ob1TH 200 71K [53].

B pabouem kaOuHeTe UCIOIB3YIOTCS 8 JIaMIl, YTO MO3BOJISIET CO3/1aTh YPOBEHb
OCBEIICHMUS, TpeOyeMbIi 111 KoMpopTHOI paboTsl 3a [1K.

5.2.1.3 IloBbILIEHHBIH YPOBEHb LIyMAa

Hlym MoXeT cTaThb MNPUYMHOM TOJOBHOW OO0NM, pa3ApakUTEIbHOCTHIO,
YTOMJIIEMOCTBIO, CHUKEHUEM aIIEeTUT, O0NIH B ymax u T. 1. [lepeuucnennsie (pakTbl
CHI)KAIOT MPOU3BOAUTENIBHOCTh, PAOOTOCIIOCOOHOCTh YEJIOBEKA, a TaKXKE€ KadyeCTBO
Tpy/a.

[ITymoBoii poH paboyero Mecta MOTYT CO3/1aBaTh pabOTAIOIINE KOMIIBIOTEPHI,
CUCTEMA BEHTWISILMM M KOHIWLIMOHUPOBAHMS WJIM BHEUIHUE IIYyMbI, OCTYIAOIINAE
U3BHE KaOWHeTa.

[Ipon3BOACTBEHHBIN LIYM pETYIUpPyETCs B cOOTBETCTBUE ¢ HOpMamu B ['OCT
12.1.003-83 «CCBT. Illym. O6mmue tpeboBanus O6e3omacHocTi» [54]. Jlomyctumbie
YPOBHHM 3BYKa M 3ByKOBOT'O JIaBJICHUA JIs1 pabodyero MecTa MpeJCcTaBiIeHbl B TaOIMIIE
15.

Tabnuma 9 — [IpeaenbHO JOMyCTUMBIE YPOBHU 3BYKa

YpoBHU 3ByKa U 3ByKOBOTO JlaBJieHus, 1b, B

B TpyI0BOii OKTaBHBIX IT0JIOCAX CO CPEAHETeOMETPHUCCKUMU
nesteapHocTH/YacToThl yacroramy, I'11
31,563 |125| 250 | 500 | 1000 | 2000 | 4000 | 8000
Pa6oune MecTa
MIPOTPaMMHUCTOB 86 |71 61 | 54 | 49 | 45 42 40 | 38

BBIYUCIIMTCJIIBHBIX MAallIMH
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Metoabl Ay YMEHBIIEHUS BO3AEHUCTBUMUA I1nyMa mpenacraBieHsl B CII
51.13330.2011 3amura ot mryma [55]:

— 9KpaHHPOBAaHUE PabOYUX MECT, TO €CTh YCTAHOBKA MEPETOPOAOK MEXKTY paboUrMu
MECTaMu;

— yCTaHOBKa 00OpYJOBaHUS, IPOU3BOISAIIECTO MUHUMAIIBHBIN TITYM;

— IPUMEHEHUE 3BYKOIOMIOMIAIOIINX MATEPUAIIOB.

Jliist obecrieueHrs CHUKEHHUSI YPOBHS IIyMa MEPCOHABHBIX KOMITBIOTEPOB,
HEOOXOMMO PETYJISIPHO MPOBOAUTH YACTKY OT IBLIIH, 3aMEHY CMa3bIBAIOIINX BEIIECTB
U Tpouee TEeXHUYeckoe oOciykuBaHue. Takxke HE0OXOIUMO TMOAJECPKUBATH B
MCIIPABHOM COCTOSIHUM CUCTEMY BEHTWISIIUU U KOHJIUIIMOHUPOBAHUSL.

5.2.1.4 DyieKTpOMarHUTHbIE U3JIy4CHUS

DJIEKTPOMarHUTHOE HW3JIYYEHHE — paCIpOCTPAHSAIONIEECSs B MPOCTPAHCTBE
BO3MYIIICHUE AIEKTPUYECKUX u MAarHUTHBIX TIOJIEH. Uctounukamu
AJEKTPOMArHUTHOTO M3JIYYECHHS B JAHHOM HMCCJIEIOBAHUU SIBJISIFOTCS MOHHUTOPBI U
CUCTEMHBIN OJIOK.

Ouenka BenmnunHbl ypoBHEH OMII, mpoBeneHHas mo MacnoOpTHBIM JTaHHBIM
KOMIIBIOTEpA W MOHHUTOpa, TMOKa3zajlla ux coorBeTrcTBUue HopmaM CanlluH
2.2.2/2.4.1340-03[56] (Tabawuma 10).

Tabnuna 10 — IIpenensHo nomycTuMbie ypoBHHU HampsbkeHHOCTH DMIT

HaumenoBanue napameTpoB BLY OMII
Hanpsxennocts B nmnanazone yactot S I'm — 2 kIl 25 B/m
AJIEKTPUYECKOTO TOJIS B muamnaszone gactor 2 kI’ — 400 I'g 2,5 B/m
[11T0THOCTH MArHUTHOTO B nnamasone wactor 5 I'm— 2 kI'n1 250 HTn
MOTOKA B nnanazone gactor 2 k' — 400 I'n 25 °HTn
DJIEKTPOCTATUYECKUM MOTEHIMAI KpaHa BUJIEOMOHUTOPA 500 B

B nenax cHuXKeHHs BPEIHOTO BO3JEHCTBUS KOMIIbIOTEpa JUIsl paOOTHHKA
pPeayCMOTpPEHbI MepephiBbl B pabote Ha 10-15 MUHYT Kaxable mapy MUHYT 4acoB
paboTHI.

5.2.1.5 JaexkTpode30nacHOCTb

[Topaxenue TokoM sBisieTcss onacHbIM (hakTopam corjacHo 'OCT 12.0.003-

2015 [51]. ITepconanbHbIil KOMIIBIOTEP IUTaeTCs OT cetr 220B mepeMeHHOro ToKa ¢
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gactoToit 50 I'1. [Tomemenne ¢ IIDBM, rie npoBoAMINCH OMMCAaHHBIE BhITIE pabOTHI,
OTHOCHUTCS K MIOMEIIEHUSIM 0€3 MOBBIIIIEHHONW OMaCHOCTH.

K MepompustusiM 10 NOpeIOTBPAILCHUIO BO3MOXKHOCTH  MOPAKECHUS
ANEKTPUYECKUM TOKOM OTHOCSITCSA:
— TIpH BKJIIOYECHHOM CETEBOM HANPsDKCHUHM paOOTHI HA 3aHEH MaHETN KOMIThbIoTepa

JOJDKHBI OBITH 3aIpPEIICHBI;
— Bce paboThl 1O YCTPAHEHHUIO HEHUCIPABHOCTEH JOJKEH IPOU3BOJIUTH
KBTI (UITUPOBAHHBIN TIEPCOHAT;

— Heo0XO0JIUMO MOCTOSHHO CJIEIUTh 32 UCIPABHOCTHIO AJIEKTPOIPOBOIKH.

5.2.1.6 Ilo:xkapHas 6€30MaCHOCTH

[ToxxapHast 0€30MMacHOCTh TaKKe€ OTHOCUTCSA K OnacHbIM (hakTopam. [loxxapHas
0€30MacHOCTh  OCYIIECTBJISIETCS CHCTEMOW TOXKapHOM 3allluThl U CUCTEMOMU
MPEIOTBPAILLCHUS MOXKapa.

PaccmarpuBaemoe pabodee MeCTO OTHOCHTCS K MOKapOoonacHou kareropuu B.
Jlnst m3beraHvs BO3HUKHOBEHHUS TMOXKapa HEOOXOJAMMO TNPOBOJUTH CIEAYIOIIHE
npoUIaKTHYECKUE PA0OTHI, HAIIPABIICHHBIC HA YCTPAHEHNE BO3MOYKHBIX HCTOYHUKOB
BO3HUKHOBEHUS MOXKapa:
— TMEePUOANYECKAs MPOBEPKA NPOBOJKH;
— OTKJIIOYeHHE 000pYyA0BaHUs MPU MOKUIAHUHU pabOYero MecTa;
— TIPOBEJICHUE MEPUOIUYECKOT0 HHCTPYKTaka paOOTHUKOB O MOXKapoOe30MacHOCTH;
— Ha3Ha4YeHUE OTBETCTBEHHBIX 32 MOXKAPHYIO 0€30MaCHOCTh.

JIyist mpenoTBpanieHusl U OMOBEIIeHUs Tokapa Ha padodyem mecte ¢ [I9BM
UMEIOTCS ~ OTHETYIIMTENH, PACIOJOKEHHbIE B CHEUUAIbHO OTBEJACHHBIX H
0003HaYeHHBIX MecTax. Takke MPUCYTCTBYIOT KHOIKH JUIsl U3BELICHUS O TOXKape U

IMOXKAapPHBIC U3BCIIATCIIN.
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5.3 Jkonoruyeckas 0€30MaCHOCTh

5.3.1 AHaJIu3 BO3/1eiiCTBUA HA OKPY/KAIOUIYIO Cpexy

B xome npoekTHOM MAEATENbHOCTH BO3MOXKHO BPENHOE BO3ICHCTBUE Ha
auTocdepy, KOTOpoe OOBSICHSETCS WU3-3a YTWIM3ALUUMU DSJICKTPOHHOW TEXHUKH:
KOMITBIOTEPOB, CKAHEPOB U T.II.

[Ipy paccMOTpeHMHM BIMSHHAA [polecca YTUIU3ALMH EPCOHAIBHOIO
KOMITbIOTEpa ObUTH BBISIBICHBI 0c000 BpeaHbie BhIOpochl corsacHo ['OCT P 51768-
2001 [59]. B ciywae BbIXOga W3 CTPOS KOMIIBIOTEPOB, OHHW CIMCBHIBAIOTCS U
OTIIPABJISIFOTCSI HA CHELMAJIbHBIA CKJIaJd, KOTOPHIA NMPU HEOOXOIMMOCTH INPUHUMAET
MEpbl 10 YTWIM3AalMM CIOMCAHHOW TEXHUKM M KoMmIulekTyrommx. IIpormecc
JKCILTyaTallil OOBEKTa HE MOApPAa3yMEBAET HHUKAKUX BPEIHBIX ACHEKTOB, KOTOPbIE
BIIMSIIOT HA OKPY’KAIOIIYIO CPELy.

5.4 be3onacHOCTH B Ype3BbIYANMHBIX CUTYALUAX

5.4.1 IlepeyeHb BO3MOKHBIX YPe3BbIYAWHbIX CUTYallUil HA 00bEeKTe

Haubosee BeposITHBIMU UpE3BBIYAMHBIMU CUTYALUSIMU SIBISIFOTCSL:

— aBapus;

— B3pBIB;

— moXxap.

Besikuii paboTHUK TIpy 00HApYKeHHH Toxapa jgosnkeH [60]:

— He3aMeIJIUTENBHO COOOLIUTH 00 TOM B MOKAPHYIO OXPaHy;

— TMPUHATH MEpPbI MO HBaKyallMH JIIOJEH, KaKux-IMOO MaTepuajbHBIX IEHHOCTEH
COIJIACHO IIJIaHy BaKyalluH;

— OTKJIOYHUTH D3JIEKTPOIHEPrUI0, MPUCTYMUTh K TYIICHUIO MOXapa MEePBUYHBIMU
CpeICTBaMH MOKAPOTYIICHHUS.

[Ipy BO3ZHMKHOBEHHUH MOXkapa BO BCEM KOpIyce JOHKHA cpadoTaTh cUCTEMA
MOXAapOTYyLIEHHUs], TIEPEaB Ha ITyHKT ITOXAPHOW CTAaHLUMM CUTHAI O YPE3BBIYANHOMU
cutyanuu. B ciydae ecnu cucrema He cpaboTania, TO HEOOXOIUMO CaMOCTOSTEIHHO
MIPOU3BECTU BBI3OB MOKApHOU CiIy»)ObI 10 Tesnedony 101, cooOmUTh TOUHBIN aapec

MecTa Bo3HUKHOBeHU UC n OXKUIOAaTh ITpHUC3/a CIICOUAJINCTOB.
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[TpousBeneM pacuét pakTHIECKOro BpeMeHH 3BaKyanuu [61]:
HcxonHble TaHHBIC:
N1 — 9mCITO JIFOJIeH Ha ITEPBOM YYacTKe, Yel;
f — cpenHsAs UIOIMIAAb TPOCKIINY YEIIOBEKA, KB. M.
01 — IIMPHHA ITEPBOTO y9YacTKa IyTH, M;
I1,l; — uMHA TIEpBOTO M BTOPOTO y4acTKa MyTH, M;
1, 02, J3 — MHTEHCUBHOCTHU JBMKCHUS HA TIEPBOM BTOPOM M TPEThEM y4aCTKAX IYTH;
01, 02, O3 — MIUPHUHA YIACTKOB My TH, M;
Oz — IIUPHUHA JBEPHOTO TIPOEMa, M;
D; — MJIOTHOCTD JIIOJICKOTO TIOTOKA, M2/M?;
V1, V2 — 3HaYECHUE CKOPOCTEH ABMKCHHUS JIFOACKOTO IMOTOKA, M/MHUH;
t1, to— Bpems ABYIKEHUs 10 BbIXojaa U3 | U 2 y9acTKOB, MUH;
t12— oO1Iee Bpems IBIKEHUS JI0 BbIX0/a U3 | U 2 y9acTKOB, MUH;
ticop — 33JI€PKKA B KOPUAOPE, MUH;
txop — BPEMS IPOXOXKACHUS KOPUAOPA, MHH;
{3 — BpEMs 3aIEPKKU JBEPU, MUH;

turor — ATOTOBOE BPEMS 3BAKyallil, MUH.

Nl:=112 gl:=13,5 1
taxop : = 336.0,1 = = =
_ - 16,5-83 gd .52
vl =52 32 := 86
- 1 1
_ 53:=2.5 tane :—=336.0,1 = =
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Ntorosoe BpeMs 3Bakyauuu paBHO 2,2365 MHUHYTHI, 4TO SIBISETCS OOJbIIE
MUHUMAJIbHO TpeOyeMoro BpeMEHM Ha 3Bakyainuio. s MOHMWKEHUsS BpEMEHU
ABAKYyallMd MOXHO PACIIUPUTH ABEPHBIC MPOEMBI.

BbiBoaBI 10 pa3aenay

B pamkax pazgena «coluanbHasi OTBETCTBEHHOCTHY» OBUIM BBISABICHBI U
MIPOAHATIM3UPOBAHBI Han0oJIee BEPOSITHBIC BPEIHBIC M OTACHBIC MPOU3BOJICTBECHHBIC
dakToppl, a TakXkKe MNPEJIOKEHbI MEPONPUATHS IO CHUIKEHUIO YpOBHEH UX
BO3J/ICHCTBUS HA pabOTHHKA. BbIIO MpUBEIEHO ONMCcaHKe pabovYero MecTa U NepeueHb
BBITIOJIHEHHBIX paboT. [IpousBeneH pacyer BpemeHHM 3Bakyaruu. [lomumo sToro, B
nojpasziefie  «dKoJIoThueckass  0e30MacHOCTh»  pacCMaTPUBAETCS  XapakTep
BO3JICHCTBUSI TPOCKTUPYEMOIO PEIICHHS Ha OKPYXKaIyr cpeay. Takxke
paccMOTpeHbl Hanbosee BO3MOXKHBIC Ype3BbIUAWHbBIE CUTYaAllMd Ha paboyeM MecTe U

AJITOPUTM JEUCTBUN MPU UX BOSHUKHOBEHUMU.
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3akioueHue

B pabore B pamkax MOCTaBICHHOM 3aJaud ObLIM JAOCTUTHYTHI CIENYIOLIUE
LEJIN:
1. HM3ydeH TEXHOJIOTMYECKUN MPOLECC CTaHa TAHYLIUMX BaJlOB, JUIS Jydllel

WHTEpIPETAlUN TAHHBIX.

2. BplnmogHeH aHaIu3 pealbHBIX JaHHBIX, cAelaHa oO0paboTKa METoJaMHu
CTJIAKMBAHUS, 3alOJIHEHHUSI MPOIYCKOB M yAaJ€HUsT BBIOPOCOB JIJIsi MOCIEAYIOIICH
00paboTKe U CO3TaHUs MPECKA3aTeIbHBIX MOICIICH.

3. PaspabotaHpl MOJeNM MPOTHO3UPOBAHUS BPEMEHHBIX PSIOB CKOPOCTH
IIPUBOIHBIX JICKTPOABUTATEICH cTaHa TaHyImX BaioB (P.R.S.), ucnons3ys GyHnkmmun
Matlab.

4.  Co3naHo NMPUIIOKEHUE JIsl B3aUMOJICUCTBUS C MOJIECIIbIO TIPEJICKa3aHUsl C
nomortisio Designer App. JlanHoe IpHIoKEeHHE MOKHO pa3MecTuth Ha jgroooMm I1K.

[1O Matlab nyis xoppekTHOrO (PYyHKIIMOHUPOBAHUS HE TPEOYyeTCs.
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IIpuioxkenue A
(oOs3aTenpHOE)

Paznen 2.1.1. TexHoJIOrHYECKUA MPOIIECC

Technological process

CryneHrt:
I'pynna DPUO Hoanuce Jara
8TMS81 Cusunues Jlanun AHapeeBuy
Koncyaprant UIIUTP OAP:
JlokHOCTH ®UO Yuenas crenen, IMoanucek Jara
3BaHHUE
®dunurac Anekcas
Houent OAP UILINTP AP K.T.H.
AJleKcaHIpoBUY
KoncynbranT — imarsuct LIBUIT OMA:
JoKHOCTH OUO Yuenas cremens, Hoanuck Hara
3BaHHUE
TapIInii
Crap I'opbaroBa Taresna
npenoaasarens OUSA HukonacsHa —
ILIBUIT
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1 Introduction to the production of B.O.P.P. film

Bi-Oriented Polypropylene, abbreviated B.O.P.P., is a film made of
polypropylene resin. The manufacture of this type of flat film includes a two-stage
direction stretching process: firstly, a film is stretched in the longitudinal direction, and
then in the transverse direction, to improve its mechanical properties.

BOPP film production is based on raw materials to be proportioned, mixed, and
polymerized to produce the final product.

The BOPP film production plant has the main processing phases for further
production: 1. Raw materials storage; 2. Raw materials feeding; 3. Extrusion line; 4.
Casting machine; 5. Machine Direction Orienting (M.D.0O.); 6. Transverse Direction
Orienting (T.D.O.); 7. Pull roll stand (P.R.S.); 8. Edge trim recycling system; 9.
Winder.

1. 1 Raw material storage and dosing (general description)

1.1.1 Storage recommendations

Homopolymers, copolymers

Resins should be stored in large bulk silos. However, they are often kept in bags
(when resins are not delivered directly from trains or trucks tanks).

Bags must be stored, in a covered and clean warehouse. They must be protected
from rain, high humidity, sun, and extreme temperatures. Bags should be treated
carefully to avoid some damage.

1.1.2 Raw material storage and feeding for main extruder

The homopolymer is stored in large volume silos (sized according to
consumption and delivery time of resins).

Then it is pneumatically transported to a dosing unit where it is mixed in
accurate proportion with additives and reclaim before being conveyed to a weighing
hopper.

Film fluff gained as a result of the edge recycling is pneumatically conveyed

into a cyclone located directly above the extruder hopper.
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Any outside material is removed by metal detectors located between the
cyclone and the weighing hopper.

1.1.3 Raw material storage and feeding for satellite extruders

The copolymer is stored in large volume silos (sized according to consumption
and delivery time of resins).

The raw material for the co-extruders which is mainly copolymer is conveyed
directly from a small dosing unit to a feeding hopper located above the satellite
extruders.

1.2 Extrusion unit (general description)

The extrusion unit melts and uniformly mixes the PP raw materials and
discharge them as a flat profile in continuous operation.

The unit consists of the main extruder, the co-extruder(s), the melt filters, and
the die. Extruders, filters, and the die are connected by adapters.

The mixture of the PP granules, regranulate, and the edge trim fluff are melted
in the main extruder and delivered at the inlet of the filtration system. The filter is to
retain contamination from the melt. Further, the melt is transferred to the flat sheet die
so that the flat sheet in a molten state free from gels, dirt, and defects is ejected out of
the die.

Co-extruders are used for co-extrusion. They melt and uniformly mixes
polypropylene granules, various additives masterbatches, and deliver the sealing layer
material at the inlet of the filtration system. Then this melt is transferred to the flat
sheet die.

The ratio of the layer thickness can be controlled by varying the output of the
extruder.

1.2.1 Single screw extruder

The single screw extruder is used to mix, plasticize the raw materials, and
convey the product out of the extruder. It is made up of two separate screws, located
one after the other.

The single screw extruder is composed of 2 zones:
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— The feed section feeds the plastic feedstock from a hopper to the barrel. This section
iIs cooled. The feed screw has four functions: feeding, melting, mixing, and
pumping.

— The second screw, located in the barrel, pumps the material to the die. The barrel is
heated, the number of heating zones, and, therefore, the number of heaters is
determined by the L/D ratio.

1.2.2 Twin-screw extruder

The twin-screw extruder exploits the mechanical forces created by two screws
rotating in the same direction in a barrel previously heated. The extruder screws are
used to mix, plasticize, degas the raw materials introduced inside the barrel, and convey
the product out of the extruder.

The twin-screw extruder is composed of 4 zones:

— Feeding area: transport elements (they are used to moving along the extruder the
raw materials and the product at the viscous state).

— Melting area: mixing elements.

— Degassing area: transport elements.

— Thrust area: transport elements, used to created pressure.

1.2.3 Gear pump with gear reducer

The pump is specially designed to provide high reliability and exact dosing of
the melt delivered to the die. It provides a low-pressure fluctuation.

1.2.4 Filtration

The filtration system is to remove the not molten gels and dirt and to provide
clean melt to the die to achieve the optical properties of the film and less break film
during production.

The molten polymer coming out from the extrusion system is passed through
the pleated candles by maintaining the inlet pressure at the inlet of the filter.

1.2.5 Melt flow piping

The caloduc heating system provides uniform temperature on the entire inner

surface of the pipe, which enhances the quality of the film.
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The liquid turns into vapor at production temperature (max 260°C). The vapor
is distributed equally along the melt line, including the flanges, heating uniformly the
melt by condensation. The vapor permanently circulates inside the double-chamber,
providing an excellent temperature accuracy.

1.2.6 Die body

The melt of plain film and the co-extruded film is discharged by the die. The
die distributes the melt stream or melts streams (in case of co-extrusion) of the same
thickness across the total width. Temperature and die lips opening can be adjusted.

1.2.7 Die adjustment

During production, there are changes in the film profile. Therefore, the film
tolerances must be corrected accordingly by readjusting the die lip. The coarse
adjustment of the profile is made manually from the die flexible slide lip by adjusting
the coarse adjustment of the profile is made manually from the die flexible slide lip by
adjusting the length of bolts. The fine adjustment and control are taken over by the
thickness gauge.

1.2.8 Die exhaust hood with blower

A hood is located above the die for removing the hot air, fumes, and volatile
released by the polymer during production. The main function is to avoid an
accumulation of oligomers in the chill roll area.

1.3 Film casting unit (general description)

1.3.1 Film casting machine

The film casting machine draws the melt from the die. In this unit, the film is
strengthened by cooling down. For this process, a big cooling roll, called “chill roll” is
used.

The casting unit performs two main functions:

— To achieve proper and uniform pinning of the melt flat sheet on the chill roll.
— To rapidly cool down the molten flat sheet to achieve the desired crystallinity.
1.3.2 Film cooling
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Cooling conditions of the chill roll and the water bath influence the
crystallization of the PP, and thus the optical properties as well as the stretchability of
the film. A quick cooling process of the melt influences the crystal or spherulite
structure of the cast film in a way to keep the crystal structure as even as possible and
the size of the crystals rather small. As a result, the haze of the film is minimized, the
film is easy to be oriented, and the final film shows better thickness tolerances.

The melt is cooled down on one side by the chill roll and the other side in the
water bath which results in uniform cooling down of both sides. Since the film is cooled
from outside, the inside cooling conditions are not as good, i.e. the cooling speed is
smaller, and therefore the spherulites are bigger.

Therefore, the temperatures of the film casting machine should be set as low as
possible. However, there are limits due to the following effect: at too low temperatures,
the melt would cool down too quickly and the film would burst because of the great
thermal shrinkage on the chill roll. By that, the perfect contact between the chill roll
and the film is no longer guaranteed, and penetrating water could cause spots on the
film; this again would impair the cooling conditions resulting in a non-homogeneous
crystal structure.

1.3.3 Cooling roll drying

The chill roll is permanently dried to avoid bubbles: if the chill roll is not dried,
the water turns into vapor, so the film can’t stick to the chill roll anymore and it
crystallizes.

1.3.4 High precision air knife pinning system

The purpose of the air knife is to pin the molten sheet onto the chill roll and to
make the edges of the cast film so that the MD and TD stretching break less. High-
velocity air, created by a turbine blower onto the film surface across the width, sticks
the film web on the chill roll.

1.3.5 Air knife position adjustment

The ideal casting angle is the one where the web makes a natural tangent to the

chill roll surface. Pinning should take place at the point of contact with the chill roll
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and the air knife jet should be normal to the web surface at this point. The jet stream of
air used to pin the surface should ideally be extracted away from this area and not be
allowed to form vortices between the air knife and die. VVortices cause web flutter which
can affect the gauge.

The air knife angle should be adjusted to remove the “crater-like” appearance
of the base web on the chill roll surface.

Air knife deckles are used to direct the flow of air to the thick edges.

1.4 MDO machine (general description)

On the first stage, the machine direction oriented (abbreviated MDO) orients
the unstretched cast film in the longitudinal direction.

This requires a specific stretching temperature. To warm up the cast film to
stretching temperature several pre-heating rolls are needed.

The preheated cast film can be oriented in longitudinal direction in the
stretching zone. This zone consists of stretching rolls running at different speeds.

After stretching, the longitudinally oriented film is thermo-fixed by the so-
called “heat-setting rolls™.

The pre-heating rolls of the MDO are heated. The temperature is always set for
one roll. The first rolls have a chromium-plated surface, the last rolls are Teflon-coated.
The Teflon-coating is necessary for a specific temperature program to produce the co-
extruded film. The stretching unit consists of 4 rolls. The usual stretch ratio is between
4,8 and 5,3.

Limits are set by the minimum and the maximum stretch ratio. A too low
longitudinal stretching ratio will cause excessive thickness tolerances in a longitudinal
direction. If a too high stretch ratio is chosen, the film is oriented too much in a
longitudinal direction and it cannot be stretched in transverse direction without
breaking in the TDO.

Increasing the stretch ratio increases the tensile strength of the film and reduces

the elongation at break.
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During longitudinal orientation, the film becomes thinner concerning the
stretch ratio. In the short-gap stretching system the neck-in of the film during the
stretching process is so small that it can be disregarded.

After longitudinal stretching the film passes over the heat-setting rolls for
thermo-fixing. By increasing the temperature and decreasing the speed between the
heat-setting rolls it is possible to reduce the thermal shrinkage of the film during heat
treatment. At an excessive fixing temperature, the film becomes hazy. Too low speed
can cause wrinkles.

1.4.1 Temperature program for coextrusion

There are limits for setting the stretching temperatures of the MDO since the
film will stick to the chromium-plated rolls. The sticking point for PP homopolymer is
at approx. 140 — 145°C. For PP copolymer, it is approximately 120 - 125°C.
Consequently, a plain film can be stretched at temperatures of 140 — 145°C, while a
co-extruded film with PP copolymer as outside layers must be oriented at temperatures
of 120 — 125°C. The required lower stretching temperatures for a co-extruded film
would result in an increased thermal shrinkage and impaired sealing properties.

To be able to stretch the PP homopolymer in the inner layer at higher
temperatures than 120 — 125°C, the Teflon-coated pre-heating rolls are used.
Considerably higher temperatures can be adjusted for the Teflon-coated rolls without
making the film stick. Experience has shown that for coextruded film temperatures up
to 134°C can be set for Teflon-coated rolls.

Thus, also the film core can be heated up to 132°C. For the ensuing stretching
process, however, chromium-plated rolls are necessary. For the process, the outside
layers of the film must be cooled down again to 120 — 125°C.

Since the radii of the stretch rolls are considerably smaller than the radii of the
pre-heating rolls and therefore the residence time of the film on these rolls is shorter,
only the outside layers of the film are cooled.

By overheating the sealing layer on the Teflon-coated pre-heating rolls and by

subsequent cooling down of the outside layers on the cooling rolls, it is possible to
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orient the coextruded film at optimum temperatures for each layer, i.e. approximately
120°C for the sealing layer and approximately 132°C for the core layer.

1.4.2 Pre-heating rolls

The preheating section heats the base web to just below the sticking point of
the copolymer. The latter rollers are Teflon-coated to reduce sticking. Crystallinity is
not alerted at this temperature but stretching is made easier.

1.4.3 Stretching rolls

The stretching section stretches the film normally in one gap by having the
stretching rolls rotating faster than the pre-heating rolls. The loss in width experienced
by the base web is related directly to the length of the gap between the stretching rolls.
Two gaps are available for stretching if the stretch ratio is too high for one gap to cope.

1.4.4 Heat-setting rolls

The heat-setting section is used to try and take-out the in-built strains of the
stretching process. This is carried out by having the last two heat-setting rolls rotating
up to 10% slower than the two previous rolls.

1.4.5 Nip rolls set

At the MDO inlet, nip rolls fix the web to the MDO rolls. During the stretching
operation, the film is similarly held on the rolls by nip rolls to avoid the slippage of the
film on the rolls and the trapping of air bubbles. This also allows for a better thermal
exchange.

1.4.6 Film tension measurement

Tension gauges at the inlet and exit of the MDO maintain constant tension of
the film between the casting machine and the MDO, as well as between the MDO and
the TDO. These tension gauges are installed to control the speed of the MDO and the
TDO.

1.5 TDO (general description)

The transverse direction orienting machine, abbreviated TDO, serves to orient
the longitudinally stretched film in the second stage into a transverse direction. Thus,

the film is biaxially oriented, i.e. stretched in longitudinal and in transverse directions.
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To orient the longitudinally stretched film in a transverse direction, a stretching
temperature of approx. 160°C is necessary. Since the transverse stretching temperature
is considerably higher than the longitudinal stretching temperature, the film must be
pre-heated to that temperature. For thermo-fixing of the oriented film, also a heat-
setting zone is required. Finally, the hot film must be cooled down to room temperature.
For the above reasons, the TDO is subdivided into four sections:

— Pre-heating section,
— Stretching section,
— Heat-setting section,
— Cooling section.

The film is transported through the TDO by a clip system mounted on a chain
and guided by a chain rail.

At the film inlet into the TDO, the distance between the clips is monitored by
the edge guiding unit according to the width of the longitudinally oriented film.

In the preheating section, the temperatures are set at approx.170 — 180°C. The chain
rail adjustment in this section is mainly parallel, i.e. in the preheating section, the film
must not be stretched at all but transported only.

In the stretching section, the chain rail adjustment becomes continuously wider.
That means that the film is stretched in a transverse direction.

The transverse stretching temperature is approx. 160°C. If a too low stretching
temperature is chosen, the film will break with a loud noise. In this case, the thermal
shrinkage of the film during heat treatment increases too. If the stretching temperature
IS too high, the thickness tolerances are bad. The film becomes hazy and finally breaks.

During transverse stretching the film also becomes thinner concerning the
stretch ratio.

As the film edges are held by clips, the edges remain unstretched during
transverse orientation. This is why the edges stay thicker. For this reason, the

unstretched edges must be removed after leaving the TDO.
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In the heat-setting section, the transport system converges to thermo-stabilize
the film by temperature and relaxation. The film width is decreased by approx. 5-10%
compared to the width of the last stretching zone.

The heat-setting temperature is limited since too high temperatures make the
film hazier. The normal heat-setting temperatures are approx. 160 — 165°C.

The last section behind the TDO is a cooling zone. Here, the air at room
temperature is blown onto the film to cool it down. Quick cooling down is necessary
to achieve good optical properties, especially for the co-extruded film, and to avoid
dimensional changes on the winder by thermal shrinkage.

After cooling down, the film is released from the clip system for further
conveyance by the pull roll stand.

1.5.1 Chain tension

Each turn-around (right and left) receives one oversized hydraulic cylinder to
maintain a constant chain tension independently from the chain track pattern.

During production, the chain remains under continuous stress and tends to
elongate with a period. The cylinder keeps the tension at a pre-set tension value. The
tension is monitored by measuring the pressure applied to the cylinder. The elongation
of the chain is measured by a sensor and the chain is protected by monitoring the
prescribed values of the elongation on supervisory control.

1.5.2 Clips closing system

Two magnetic devices are mounted above the onwards chain path on the
centerline of the turn-around. This concept avoids contact with the clips.

The retraction allows avoiding closing of the clips during oven heat-up or
before film threading.

1.5.3 Clips cooling system

This system cools down the chain clips to avoid that the film sticks onto them.

1.5.4 Edge control ejection
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If the edge control ejection system is in automatic mode, it starts automatically
when a film break occurs: the airflow on the clips ejects the film edges entangled in the
clips.

1.5.5 Width adjustment

The chain rail position can be adjusted.

The width adjustment system is installed at each zone of the TDO and the
adjustment can be done from outside the TDO.

1.5.6 Air circulation fan (air balance)

Heating and cooling of the film is performed by a heating and cooling air
stream. This airstream is spread evenly across the film. Therefore, the TDO is
subdivided into heating zones and cooling zone.

The airspeed may be different depending on the zone and the requested heat
transfer, but an equal distribution of airspeed and temperature all over the width, for
each zone, shall be optimized as it affects directly the thickness tolerance.

Due to process constraints, there are very important differences in temperature
between the TDO zones (preheating, stretching, heat-setting, neutral and cooling
zones). Theair flow inside the TDO must be perfectly balanced in order to avoid air
circulation between the TDO zones.

This system avoids airflow perturbation and allows good temperature control.

During film production, additives are evaporated from the polymer. These
additives in gaseous states are exhausted out of the oven, hence the amount of air
exhausted tries to get balanced through atmospheric air transfer to oven. To avoid the
entry of the direct cold air and to provide a balance of air pressure within the oven,
preheated air is supplied at each zone of the oven. This ensures proper air mixture of
equilibrium temperature conditions and avoids the stretching patches on the web.

1.5.7 Air distribution plenum

The air pressurized by the fan is distributed to each of the individual nozzles

through aerodynamically designed adjusting dampers allowing an exact balancing of
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the air quantity and air pressure delivered to each nozzle above and below the film as
well as in machine direction.

1.5.8 Fumes exhaust system

During stretching, generated fumes due to additives evaporation must be
exhausted out to avoid condensation of the fumes and deposition on the web in form
of droplets. Dripping additives could cause spots on the film or film breaks.

1.6 PRS (general description)
— The pull roll stand carries out seven functions in the process:
— Pulling the web out of the TDO.
— Cooling the web to room temperature.
— Spreading to avoid wrinkles.
— Measuring the thickness measurement with a non-contact gauge.
— Edge trimming and removing.
— Treatment of the web.
— Controlling of the film tension before the winder.

Its purpose is to pull off the bi-axially oriented film from the TDO and to
forward the film to the winder.

The thickness gauge for measuring the thickness of the final film, the edge trim
system, and the corona treatment are installed in the pull roll stand.

The edge is trimmed on the left and the right side blades. The width of the trim
is approx. 120 — 150 mm. Edge trimming is followed be the corona treatment station.

1.6.1 Cooling rolls

During the film production, the film coming out of the TDO is first cooled down
by blower and plenum arrangement installed before the outlet sprockets, then travels
to the PRS. Its temperature is still in the range of 50°C to 60°C, but the edges are at
higher temperatures due to the thickness of the edges. The film and edges are cooled
down by cooling rolls to stop the film crystallization.

1.6.2 Corona treatment
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Corona treatment is required on all films to be printed, adhesively laminated,
or metalized films so that printing ink, adhesive, or aluminum metal vapor adheres to
the film surface.

To get printing inks to spread on the surface (technical term ‘wetting’) and then
stick to the surface of the polypropylene films, the surface energy of the polypropylene
must be the same or higher than the surface energy of the printing ink.

Surface energy is measured in dynes/cm and untreated polypropylene surface
energy is approximately 43 dynes/cm. Most printing inks and adhesives are in the
region of 38-42 dynes/cm therefore the surface energy of polypropylene has to be
increased for compatibility. Increasing surface energy can be done by other methods
as a flame treatment or acid etching.

The surface tension can be evaluated with testing liquids or by edge angle
definition. The testing liquids can be made in a do-it-yourself process according to
ASTM-Standard D-2578. It must be considered that the testing liquids are hygroscopic,
which means their values may change with time when absorbing humidity. The
accuracy of the testing liquids is +/-1 mN/m. The surface tension can also be
determined more precisely by edge angle definition.

However, the treatment level must be increased during production by approx.
2 — 4 dynes/cm, since it decreases during storage.

All surface energy modifiers work to a common goal by placing various
chemical groups on the surface of the relatively inert copolymer surface. Corona
discharge converts the oxygen and nitrogen in the air to ozone, nitrides, and complex
oxides of nitrogen. All groups attack the film surface and the by-products are excess
ozone and nitric acid. Ozone is extracted but nitric deposits on the treater bars and the
candles have to be cleaned at regular intervals.

The treater assembly can be described as a heavy-duty capacitor consisting of
2 plates and a dielectric where the treater bar electrode is one plate, the steel treater roll
is the other plate and the dielectric is a combination of treater roll covering, the film to
be treated and the air gap.
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Discharge starts only when the voltage is high enough to overcome the
dielectric resistance of the 2 mm air gap between the bar and roll surface. Treatment
starts when the provided frequency or power of the discharge is high enough to ionize
the gases in the air.

The corona treatment affects the film surface. For one-side corona treatment,
the sealing strength, the minimum sealing temperature, and the coefficient of friction
must be measured separately on each side.

Films with additives require higher treatment intensity than films without
additives.

The distance between the electrode and film should be at approx. 2 mm.

Since the electrode and the roll warm up during operation, the parallelism of
the electrode to the roll must be checked from time to time.

Corona treatment results in giving out Ozone (O%) in the area around the arc.
This gas is harmful and therefore it should be pumped out. For treating both sides of
the film, corona treatment stations are installed both at the top and at the bottom.

1.6.3 Flame treatment

The flame treatment has the same function as corona treatment.

Flaming consists of exposing the surface to be decorated to a suitable oxidizing
flame for a period in the range of 0,2 to 3,0 seconds. This treatment brings about a
change to the polymer surface that makes it wettable and permits a strong adhesive
bond between the film surface and the coating. This change in surface properties can
be readily seen by immersing an untreated and treated film in water.

On removal, the water will run off in globules from the untreated surface but
will form a continuous film on the treated surface which will last for a varying length
of time depending on the present flaming conditions used.

The following major parameters should be monitored for effective flaming
conditions:

— Gas/air ratio: it depends on the type of gas used (town gas, methane, propane, and

butane are suitable). A laminar flow flame is preferable to the turbulent flame.
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— The distance of the burner to the film surface.
— The residence time of the film in the flame.

It has been established that the gas/air ratio is the most important and critical
factor in flame treatment. The importance of control over this parameter cannot be
overstressed and the gas/air flow must be maintained at a pre-determined level.

The effect of incorporating antistatic additives depends on the type of additive
used, its concentration, and the type of flame treater. Additives, which by their
diffusivity and compatibility characteristics, become active immediately after
processing, demand more critical flaming conditions, and can give rise to difficulty if
used at higher concentrations than those recommended. The level of addition at which
difficulty is encountered in achieving acceptable print adhesion dependents on the type
of burner used for treatment. Most anti-static additives are only effective after flaming,
and these additives do not affect on the flaming conditions necessary for acceptable
print adhesion.

1.6.4 Nip rolls

Tension isolation between TDO and winder is provided by nip rolls on the
treater stations. It is important to have a controlled tension between TDO and inside
treater, between inside and outside treater, between outside treater and pull rolls and
pull rolls to winder otherwise the winder will pull the film through the trim removal
section and cut the web on blades.

Attached to every corona treatment roll there is a nip roll to prevent slipping of
the film on the rolls. Thus, the winder cannot pull the film through the pull roll stand.
Moreover, the proper nip roll operation is essential for the elimination of reverse
treatment created by air between the film and the corona roll.

1.6.5 Spreader rolls pair

By pulling the edge of the film, the spreader roll pair removes completely the
wrinkles during the transportation of the film.

1.6.6 Heating and cooling unit for corona roll

93



During corona treatment, the film temperature increases. Therefore, it is
necessary to cool the corona rolls down to avoid crystallization due to the film heating.

1.6.7 Edges recycling

The film in the clips and the film close to the clips is very thick and cannot be
wound into the film. To prevent waste production the edge trim is cut to fluff by a
grinder and is recycled to the main extruder. This is in a continuous process during
production.

1.6.8 Film thickness gauge

The thickness gauge is installed at the pull roll stand and is used for measuring
the thickness profile of the final film.

The film thickness is measured during production in a non-tangent and
continuous way through an X-ray scanner.

The thickness gauge does not only measure and indicate the film profile, but it
also adjusts the film profile automatically and, by calculating the average film
thickness for each scan, it keeps the film thickness on a constant level during
production.

During production, there are changes in the film profile. Therefore, the film
tolerances must be corrected accordingly by readjusting the die lip. The coarse
adjustment of the profile is made manually by push/pull bolts. The fine adjustment and
control are taken over by the thickness gauge. For this purpose, the push/pull bolts are
designed as heated expansion bolts. These expansion bolts are controlled by the
thickness gauge. The necessary temperature of the expansion bolts is calculated by the
computer of the thickness gauge concerning the measured film profiles.

1.7 Winder (general description)

The winder station consists of a two-station turret winder with an automatic
cutting unit.

With this winder, it is possible to change the film rolls without interrupting the

production process.
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While winding up the film on one station, on the other side of the unit the
completed jumbo roll can be removed and an empty winding core can be fixed.

When starting-up the line, the film is wound on one winding station, first. Then,
the machine parameters are optimized, and finally, the film can be laid on to the empty
winding-core by the automatic lay-on and cutting unit.

It is necessary to adjust the winding characteristics to obtain well-wound film
rolls.

The computer system pre-sets the winding characteristics via Force/Diameter
diagram, displayed on the screen.

1.7.1 Tension roll

The function of this roll, mounted on both sides on the high precision electronic
load cell, is to permanently monitor the film tension just ahead of the contact roll and
to wind the film at a constant tension.

Winding with tension control is possible in gap or contact modes.

The software calculates of the AC motor torque according to the tension
setpoint and the mill roll diameter.

The load cell (located on the tension roll) measures the film tension and corrects
the torque of the motor to have a tension equivalent to the set point.

The tension is set on the CPCS winder tension view according to the mill roll
diameter. The winding is done in torque regulation with speed control to avoid having
over-speed in case of film break.

1.7.2 Contact roll

The function of this roll, is to remove air between the film layers and to
maintain the layers.

1.7.3 Contact winding

The film is wound with the contact roll pressing the mill roll.

A pneumatic regulator controls the pressure applied to the mill roll to ensure a
constant contact pressure (the contact pressure is defined in the CPCS winder pressure

view according to the mill roll diameter).
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Every time the carriage reaches the detection switch it starts moving backward
till it pulls away again. The contact mode used for a thin film with thickness < 36p.

As the film is thin, there is air between the layers when winding. So, to remove
it, it is necessary to apply more pressure on the roll (air gives bad characteristics to the
film (waves)).

Winding with tension control is possible in gap or contact modes.

The software calculates of the AC motor torque according to the tension
setpoint and the mill roll diameter.

The load cell (located on the tension roll) measures the film tension and corrects
the torque of the motor to have a torque equivalent to the set point.

The tension is set on the CPCS (Computerized Process Control System) winder
tension view according to the mill roll diameter.

The winding is done in torque regulation with speed control to avoid having
over-speed in case of film break.

1.7.4 lonization bar

The ionization bar connected to a high-tension generator produces positive and
negative ions, neutralizing the static electricity of the film. It avoids the layers shift to

the right/left (layers not aligned).
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IMpuioxenue b
(cripaBouHOE)

Jluctunr KoJa 4JIAd IMOATIOTOBKHU JAHHBIX

HO63BJ’IH€M JaHHBIC O ABUT'aTCJIC

currentl.Description = erase(currentl.Description, ' A")

currentl.Time = datetime(currentl.Time, 'InputFormat', 'MM.dd.yyyy HH:mm:ss"')
summary (AIMO70201CU)

summary (AIMO70201SD)

[TpoBepka Ha coOIt0IcHNE ara BpeMEH!

isregular(AIM@70201SD)

step = seconds(diff(AIM@70201SD.Time));
figure

plot(step)

mode(step)

[TpoBepka Ha cOOMIOICHHUE IIaTa BpEMEHH

isregular(AIM@70201CU)

stepl = seconds(diff(AIMO70201CU.Time));
figure

plot(stepl)

mode (stepl)

[IpuBeneHue mara BpeMeHN K HOPMAIEHOMY (CKOPOCTh)

AIMO70201SD1 =

retime(AIMO70201SD, "regular","fillwithconstant", "TimeStep",seconds(1));
[IpuBeneHue mara BpeMEHH K HOPMAJIBHOMY (TOK)

AIM@70201CUl1 = retime(AIMO70201CU, "regular"”,"mean","TimeStep",seconds(1));
CBejieHHE TOKA U CKOPOCTH B OJIHY TaOJUILY

% Join tables

Drivel SD CU = join(AIM@70201SD1,AIMO70201CU1)
BriBoa rpamMKoB JIJIsl HATJISTHOCTH

stackedplot(Drivel SD_CU)

O6paboTtaem JaHHBIE: 3aIIOJIHUM MIPOIYCKH, YAAINM BBIOPOCHI, CTIIaANM

% Fill outliers

[cleanedData2,outlierIndices] = filloutliers(Drivel SD _CU.Speed, 'linear’',...
'ThresholdFactor',2, 'SamplePoints',Drivel SD CU.Time);

% Display results

clf

plot(Drivel_SD_CU.Time,Drivel_SD_CU.Speed, 'Color',[109 185 226]/255,...
'DisplayName’, "Input data')

hold on

plot(Drivel_SD_CU.Time,cleanedData2, 'Color',[® 114 189]/255, 'LineWidth',1.5,...

'DisplayName’, 'Cleaned data')
% Plot outliers

plot(Drivel _SD_CU.Time(outlierIndices),Drivel SD_CU.Speed(outlierIndices),'x',...

"Color',[64 64 64]/255, 'DisplayName’, 'Outliers')

title([ 'Number of outliers: ' num2str(nnz(outlierIndices))])
hold off

legend

clear outlierIndices
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IMponoskenue npuioxkenus b
(cipaBOYHOE)

Jluctunr KoJa 4JIAd IMOATIOTOBKHU JAHHBIX

Drivel SD CU.Speed = cleanedData2

% Fill outliers

[cleanedData,outlierIndices2] = filloutliers(Drivel_SD_CU.Current, 'linear’,...

'movmedian',days(1.5), 'ThresholdFactor',1, 'SamplePoints',Drivel_SD_CU.Time);

% Display results

clf

plot(Drivel SD CU.Time,Drivel SD CU.Current, 'Color',[109 185 226]/255,...

'DisplayName’, 'Input data')

hold on

plot(Drivel_SD_CU.Time,cleanedData, 'Color',[@ 114 189]/255, 'LineWidth',1.5,...
'DisplayName’, 'Cleaned data')

% Plot outliers

plot(Drivel_SD_CU.Time(outlierIndices2),Drivel_SD_CU.Current(outlierIndices2), 'x',.

"Color',[64 64 64]/255, 'DisplayName’, 'Outliers')

title([ 'Number of outliers: ' num2str(nnz(outlierIndices2))])

hold off

legend

clear outlierIndices2

Drivel SD CU.Current = cleanedData

% Smooth input data

smoothedData = smoothdata(Drivel_SD_CU.Speed, 'movmean', 'SmoothingFactor',0.25,...

'SamplePoints',Drivel_SD_CU.Time);

% Display results

clf

plot(Drivel_SD_CU.Time,Drivel_SD_CU.Speed, 'Color',[109 185 226]/255,...

'DisplayName’, 'Input data')

hold on

plot(Drivel_SD_CU.Time, smoothedData, 'Color',[@ 114 189]/255, 'LineWidth',1.5,...

'DisplayName’, 'Smoothed data')

hold off

legend

Drivel SD_CU.Speed = smoothedData

% Smooth input data

smoothedData = smoothdata(Drivel SD_CU.Current, 'movmean', 'SmoothingFactor',@.25,...

'SamplePoints’',Drivel SD CU.Time);

% Display results

clf

plot(Drivel SD_CU.Time,Drivel SD CU.Current, 'Color',[109 185 226]/255,...

'DisplayName', 'Input data')

hold on

plot(Drivel SD_CU.Time,smoothedData, 'Color',[@ 114 189]/255, 'LineWidth',1.5,...
'DisplayName’, 'Smoothed data')

hold off

legend
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OxoHuyanmne npuwioxenus b
(cipaBOYHOE)

Jluctunr KOoJa 4Jid IMMOATrOTOBKHU JAaHHBIX

Drivel SD CU.Current = smoothedData

% Fill missing data

[cleanedData,missingIndices] = fillmissing(Drivel_SD_CU.Speed, 'spline’,...
'SamplePoints',Drivel_SD_CU.Time);

% Display results

clf

plot(Drivel_SD_CU.Time,cleanedData, 'Color',[@ 114 189]/255, 'LineWidth',1.5,...

'DisplayName’, 'Cleaned data')
hold on
% Plot filled missing entries
plot(Drivel SD_CU.Time(missingIndices),cleanedData(missingIndices),'.",...
‘MarkerSize',12, 'Color',[217 83 25]/255,...
‘DisplayName’, 'Filled missing entries')
title(['Number of filled missing entries: ' num2str(nnz(missingIndices))])
hold off
legend
clear missingIndices
%Drivel SD CU.Speed = cleanedData
% Fill missing data

[cleanedData,missingIndices2] = fillmissing(Drivel SD_CU.Current, 'linear’',...

'SamplePoints',Drivel_SD_CU.Time);
% Display results
clf

plot(Drivel_SD_CU.Time,cleanedData, 'Color',[@ 114 189]/255, 'LineWidth',1.5,...

'‘DisplayName’', 'Cleaned data')
hold on
% Plot filled missing entries

plot(Drivel_SD_CU.Time(missingIndices2),cleanedData(missingIndices2),"'.",...

'MarkerSize',12, "Color',[217 83 25]/255,...
‘DisplayName’, 'Filled missing entries')
title([ 'Number of filled missing entries: ' num2str(nnz(missingIndices2))])
hold off
legend
clear missingIndices2
Drivel SD_CU.Current = cleanedData
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IMpusioxenue B
(ctipaBouHOE)

CkpunT HEUPOHHOU ceTH

% Solve an Autoregression Time-Series Problem with a NAR Neural Network
% Script generated by Neural Time Series app

% Speed - feedback time series.
T = Speed;

% Choose a Training Function

% 'trainlm' is usually fastest.

% 'trainbr' takes longer but may be better for challenging problems.
% 'trainscg' uses less memory. Suitable in low memory situations.
trainFcn = 'trainlm'; % Levenberg-Marquardt backpropagation.

% Create a Nonlinear Autoregressive Network

feedbackDelays = 1:2;
hiddenLayerSize = 10;
net = narnet (feedbackDelays,hiddenlLayerSize, 'open', trainFcn) ;

% For a list of all processing functions type: help nnprocess
net.input.processFcns = {'removeconstantrows', 'mapminmax’};
Prepare the Data for Training and Simulation

numbers of delays, with open loop or closed loop feedback modes.
x,xi,ai,t] = preparets(net,{},{},T);

Setup Division of Data for Training, Validation, Testing

For a list of all data division functions type: help nndivision

o

o° — o°

o

net.divideFcn = 'dividerand'; % Divide data randomly
net.divideMode = 'time'; % Divide up every sample
net.divideParam.trainRatio = 70/100;

net.divideParam.valRatio = 15/100;
net.divideParam.testRatio = 15/100;

% Choose a Performance Function
For a list of all performance functions type: help nnperformance
net.performFcn = 'mse'; % Mean Squared Error

% Choose Plot Functions

% For a list of all plot functions type: help nnplot
net.plotFcns = {'plotperform',6 'plottrainstate', 'ploterrhist',

'plotregression', 'plotresponse', 'ploterrcorr', 'plotinerrcorr'};

Train the Network
net,tr] = train(net,x,t,xi,ai);

Test the Network

= net(x,xi,ai);
gsubtract(t,y):
performance = perform(net,t,vy)

% Recalculate Training, Validation and Test Performance
trainTargets = gmultiply(t,tr.trainMask);
valTargets = gmultiply(t,tr.valMask);

testTargets = gmultiply(t,tr.testMask);
trainPerformance = perform(net,trainTargets,y)
valPerformance = perform(net,valTargets,y)
testPerformance = perform(net, testTargets,y)

% View the Network
view (net)

% Plots

% Uncomment these lines to enable various plots.
$figure, plotperform(tr)

$figure, plottrainstate(tr)

$figure, ploterrhist (e)

$figure, plotregression(t,y)

$figure, plotresponse(t,y)

$figure, ploterrcorr (e)

$figure, plotinerrcorr(x,e)

o

o° — oP

D <
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Closed Loop Network

Use this network to do multi-step prediction.

The function CLOSELOOP replaces the feedback input with a direct
connection from the output layer.

o° o° oe oe

netc = closeloop (net) ;

netc.name = [net.name ' - Closed Loop'];
view (netc)

[xc,xic,aic,tc] = preparets(netc,{},{},T);
yc = netc(xc,xic,aic);
closedLoopPerformance = perform(net, tc,yc)
[x1,xio,aio,t] = preparets(net,{},{},T);
[vl,xfo,afo] = net(xl,xio,aio);
[netc,xic,aic] = closeloop(net,xfo,afo);
[v2,xfc,afc] = netc(cell(0,5),xic,aic);
nets = removedelay (net);

nets.name = [net.name ' - Predict One Step Ahead'];
view (nets)

[xs,xis,ais,ts] = preparets(nets,{},{},T);
ys = nets(xs,xis,ais);
stepAheadPerformance = perform(nets, ts,ys)
if (false)

genFunction (net, 'myNeuralNetworkFunction') ;
y = myNeuralNetworkFunction (x,xi,ai);
end
if (false)
genFunction (net, 'myNeuralNetworkFunction', 'MatrixOnly"', 'yes"');
x1l = cell2mat(x(1,:));
xil = cell2mat (xi (1, :));
y = myNeuralNetworkFunction (x1,xil);
end
if (false)
gensim(net) ;
end
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