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POLYTECHNIC
UNIVERSITY

TOMCKWM

NONMUTEXHUYECKUN
YHUBEPCUTET

MWHKCTEPCTBO HayKK 1 Bbicliero obpasosaHua Poccuiicko Pepepaunmn

denepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpazoBaTenibHOE yupexaeHne Bbicliero obpasoBaHmA
«HaumoHanbHbIN nccnefoBaTenbCkmii TOMCKUIN MONUTEXHNYECKIA YyHUBEpPCUTeT» (TI1Y)

Ixona UmxeHepHast MKoJia HHOOPMAIIMOHHBIX TEXHOJIOTUHA U POOOTOTEXHUKH

Hamnpasnenne
IIPOU3BO/JICTB

Otnenenne mkodbsl (HOLL) OTnenenre aBToMaTu3anuu 1 poOOTOTEXHUKH

IIOATrOTOBKHU

15.04.04 ABromarmzamusa TEXHOJOTHMYECKHUX MPOIECCOB U

MATUCTEPCKASA JTUCCEPTALIUA

Tema padoTsI

HccaenoBanne MeTo10B CTATHCTHYECKOT0 KOHTPOJIA A/ Pa3padoTKH aJIrOPUTMOB
NPeIUKTUBHON IMATHOCTUKH NPOU3BOACTBEHHOI0 000py10BaAHHS

V]IK 004.852:519.237:681.518.54

CryneHt
I'pynna DPUO Moanuch Jara
8TMS81 Kynun AnTton CepreeBuu 02.06.2020
PykoBogurens BKP
Jlo/zkHOCTH DdUO Yu4enasi cTeneHsb, Hoanmucny Jarta
3BaHHe
Jlotent OAP MIIUTP | Mavonosa Tatbsna KTH. 02.06.2020
Eroposna
KOHCYJIBTAHTHDI 110 PA3JIEJIAM:
Ilo pasaciny «DuHaHCOBEIHI MCHEDKMCHT, pECYpPCO9 )(bCKTI/IBHOCTB u pecypcoc6epe>1<eHHe»
JloJzKkHOCTH DdUO YueHnasi cTeneHb, Hoanucy Jarta
3BaHHe
Joent OCTH IIITINB Konoronckuii K50 02.06.2020
Bragumup KOpbeBuu
Ilo pasaciny <<COI_[I/IaJ'IBHaSI OTBETCTBECHHOCTLH»
JloJzKHOCTH DdUO Y4eHas cTeneHb, Hoanucy Hara
3BaHHe
Houent OO/ LUTINB T'opbenko Muxann K.T.H 02.06.2020
Brnagumuposuu
JONNYCTUTD K BAILIUTE:
PyxoBoautens OOIL (01700} YyeHnas creneHs, Moanucek Harta
3BaHHe
Houent OAP UIIIUTP Edmmos Cemen K.T.H 02.06.2020
Bukroposuu

Tomck — 2020 1.




IIVIAHUPYEMBIE PE3YJIBTATBI OBYUEHUA 110 OOII

Kon Pe3yabTaT 00yuenus Tpedosanus ®IOC,
pe3-Ta (BBINMYCKHHUK J0JKeH OBITH TOTOB) KpUTepHes u/un
3AaMHTEPECOBAHHBIX CTOPOH
Ipogheccuonanvuvie

P1 MPUMEHSTH TTTyOOKHE €CTECTBEHHO-HAYYHbIE, Tpebosanus ®I'OC (I1K-1, I[1K-3, OIIK-1,
MaTreMaTH4YeCcKHe 3HaHMS B 00JIaCTH aHAIN3a, OIIK-4, OK-1, OK-9), Kputepuii 5 AUUOP
CUHTE3a U IIPOECKTUPOBAHUS JUIsl PELLICHUS (m. 1.1), cormacoBaHHBIH ¢ TpeOOBaHUSIMU
HAYYHBIX ¥ HH)KEHEPHBIX 3a7a4 MPOU3BOJICTBA | MEKAyHapoaHbIX cTanaapToB EUR-ACE u
Y SKCIUTyaTalliy aBTOMAaTU3HPOBAHHBIX FEANI
CHCTEM, BKJII0Yask MOICUCTEMBI YITPABIEHUS U
WX IIPOTpaMMHOE 00ecTieueHHE.

P2 BOCIIPHHUMATh, 00pabarbiBaTh, ananu3uposath | Tpedosanus ®I'OC (T1K-3, ITK-4, TIK-7,

1 0000111aTh HAYYHO-TEXHUYECKYIO OIIK-1, OIIK-3, OK-1, OK-4, OK-5, OK-6,
nH(pOpMaIUIO, TEPEAOBON OTEUECTBEHHBIN 1 OK-9), Kpurepwnii 5 AMOP(mm. 1.1, 1.2),
3apyOeXKHBII OMBIT B 00JIACTH TEOPUH, COTJIACOBAHHBIN C TPEOOBaHUSIMHU
NIPOEKTUPOBAHHUSL, IPOU3BOACTBA U MeXayHapoHbIX cTanaapToB EUR-ACE u
JKCIUTyaTallii aBTOMaTU3UPOBAHHBIX CUCTEM, FEANI

MPUHUMATH yYacTHe B KOMaH/IaX 1o

pa3paboTKe 1 HKCILUTyaTalluy TaKUX YCTPOUCTB

Y TIOJICHICTEM.

P3 IIPUMEHATh U UHTETPUPOBATH M1OJIyYEHHBIE Tpe6osanusa ®I'OC (I1K-2, T1K-3, T1K-4,
3HAHUS I pelIeHns nKeHepHbIx 3agad mpu | [1K-5, TIK-15, T1IK-18, OIIK-3, OIIK-6, OK-
pa3paboTKe, MPOU3BOICTBE M IKCILTyaTaIlH 1, OK-5, OK-6, OK-7), Kputepnii 5 AUOP
COBPEMEHHBIX aBTOMATU3MPOBAHHBIX cUCTeM U | (Tim. 1.2), coriacoBaHHBIN € TpeOOBaHUAMU
MOJICKUCTEM (B TOM YHCJIC MHTCIUICKTYalIbHBIX) | MexXayHapoaHbix ctangaptoB EUR-ACE u
C MCIIOJIb30BAHUEM TEXHOJIOI'UH MALIMHHOTO FEANI
00y4eHUs1, COBpPEMEHHBIX HHCTPYMEHTAIbHbIX
U IPOTPaMMHBIX CPEJICTB.

P4 OTIPEICNISITh, CHCTEMATH3UPOBATh U TI0JTyJaTh Tpebosanus ®I'OC (I1K-7, TIK-10, T1K-11,
HEO0OX0AMMYI0 HH(POPMAITHIO B 00JIaCTH TIK-12, TIK-18, OIIK-4, OIIK-6, OK-1, OK-
MIPOCKTUPOBAHMUSI, IPOU3BOICTBA, 4, OK-6, OK-8), Kpurepuiit SAUOP (11.1.3),
HCCIICIOBAHUH U HKCILTyaTalluu COIJIACOBAHHBIH ¢ TpEOOBAHUAMU
ABTOMAaTU3UPOBAHHBIX CUCTEM, YCTPOUCTB U Mexryrapoaasix crangapToB EUR-ACE u
IIOJICHCTEM. FEANI

P5 IJIAHUPOBATH U TIPOBOJIUTH aHATUTHYECKHUE, TpeboBanus ®I'OC (I1K-1, ITK-2, ITK-3,
AMHTAIMOHHBIC B DKCIICPUMEHTATbHBIC TIK-4, IIK-5, TIK-6, I1K-13, IIK-17, IIK-18,
HCCIICTOBAHUS IS TIeJIel TPOSKTHUPOBAHUS, OIIK-2, OIIK-3, OK-1, OK-3, OK-4, OK-6,
MIPOU3BOJICTBA U IKCIUTyaTallly CHCTEM OK-7, OK-8, OK-9), Kpurepuit SAHUOP (1.
YIIPaBJICHUS TEXHOJIOTMYECKUM MPOLIECCOM U 1.4), cormacoBaHHBIN C TPEOOBAHUSIMH
Mo/ICUCTeM (B TOM YHCIIE HHTEIUIEKTYaIbHBIX) | MexayHaponHbix ctangaptoB EUR-ACE u
C HCTIOJIh30BAHUEM TIEPETOBOTO FEANI
OTEYECTBEHHOTO U 3apy0eKHOI0 OIBITa, YMETh
KPUTHYECKU OLICHUBATh I1OTy4YCHHbIE
TEOPETUUECKHUE U IKCIIEPUMEHTAJIbHbIEC JaHHBIE
U ENaTh BHIBOJBI.

P6 IIOHUMATh UCIOJIb3YEMBIE COBPEMEHHBIE Tpebdosanusa OI'OC (I1K-1, TIK-2 I1K-3,

MCTO/Ibl, AJITOPUTMBbI, MOJCIN U TCXHUYCCKHUC
peHICHUA B aBTOMATU3WPOBAHHLIX CUCTEMAX 1
3HATH 00JIACTH UX MNPUMCHCHUSA, B TOM YUCJIC B
COCTaBC 663J’IIOILHOF0 Mpou3BOACTBA.

I1K-7, OIIK-1, OIIK-3, OIIK-4, OK-5, OK-
9, OK-10), Kpurepuii 5 AUOP (1. 2.1),
COTJIACOBaHHBIH ¢ TPEOOBAHUAMHU

MexayHapoaHbix crangaptoB EUR-ACE u
FEANI




YHueepcaﬂbele

P7 a¢dekTrBHO paboTaTh B MPO(HeCCHOHATBHON Tpebosanus ®I'OC (I1K-1, T1K-2 I[1K-7,
JIEATEIbHOCTH UHAUBUIYaIbHO U B KAUECTBE IIK-8, I1IK-16, I1K-17, OK-1, OK-2, OK-4,
YJIEHa KOMaH/IbI. OK-6, OK-9), Kputepnii SAUOP (1. 2.1),
COTJIACOBAHHEIH ¢ TpeOOBAHUSIMU
MeXayHapoHbIX cTanaapToB EUR-ACE u
FEANI
P8 BJIIETh MHOCTPAHHBIM A3BIKOM Ha YPOBHE, Tpebosanus OI'OC (I1K-4, TIK-8§, T1K-9,
MO3BOJISIONIEM PadoTaTh B I1IK-16, OIIK-4, OK-5), Kputepuit 5 AUOP
MHTEPHALMOHAIIBHOMN CpeJie ¢ IOHUMAaHUEM (1. 2.2), cormacoBaHHBIH ¢ TPeOOBAHUSIMU
KYJbTYPHBIX, SI3bIKOBBIX U COLMAIBHO- MeXIyHapoHbIX cTanaapToB EUR-ACE u
SKOHOMUYECKUX Pa3IMUuil FEANI
P9 MIPOSABIIATH MIMPOKYIO 3Py IUIHIO, B ToM unciie | Tpebdosanus ®I'OC (I1K-5, I1K-8, I1K-15,
3HAaHHUE U IOHUMAaHNE COBPEMEHHBIX IIK-16, IIK-18,0IIK-1, OIIK-4, OIIK-5,
OOIIIECTBEHHBIX M MOJIMTUYCCKUX MPOOIIEM, OK-3, OK-4, OK-5, OK-6, OK-8, OK-9),
JIEMOHCTPUPOBATH IOHMMaHUE BOIIPOCOB Kpurepuit 5 AUOP (mim. 1.6, 2.3,),
0€30TacHOCTH U OXPaHbI 3I0POBbBS COTJIACOBAHHBIH ¢ TpEOOBAHUSIMU
COTPYAHMKOB, FOPUJIHUYECKHUX ACIIEKTOB, MeXayHapoaHbIX cTanaapToB EUR-ACE u
OTBETCTBEHHOCTH 34 MH)KEHEPHYIO FEAN
JeSTENIbHOCTD, BITUSIHUS HHKEHEPHBIX
pelleHn Ha COLIMaIbHBIM KOHTEKCT U
OKPY>KaIOIIYIO Cpery
P10 CJIeZI0BaTh KOJeKCy npodeccruoHaibHoi 3Tk | Tpedosanus ®I'OC (T1K-8, ITK-11, TTIK-16,
U OTBETCTBEHHOCTU U MEXTYHAPOJIHBIM OIIK-3, OIIK-6, OK-4), Kputepuii 5 ANOP
HOpMaM MH>KEHEPHOU JIeATENbHOCTH (im. 2.4, 2.5), coraacoBaHHBIH C
TpeOOBaHUAMHU MEKIYHAPOIHBIX
crangaproB EUR-ACE u FEANI
P11 [MOHMMAaTh HEOOXOAMMOCTh U YMETh TpeboBanus ®I'OC (ITK-4, ITK-8, OI1K-3,

CaMOCTOSITEIFHO YIUTHCS ¥ IMOBHIIIIATH
KBATH(HUKAIMIO B TCUSHUE BCETO TTEPHOIa
po¢eCCHOHATEHOMN AEITETEHOCTH.

OIIK-4, OK-5, OK-6, OK-7, OK-8),
Kpurepuii 5 ALOP (2.6), cormacoBaHHBII
¢ TpeOOBAHUSMH MEXTYHAPOTHBIX
crangaproB EUR-ACE u FEANI.




TOMSK TOMCKWNWN
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INBBB YHUBEPCUTET

MWMHMCTEPCTBO HaYKM 1 Bbicllero o6pa3zoBaHuA Poccuinckon Oegepaunn
depepanbHoe rocygapcTtBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yupexkaeHune Bbicliero obpasoBaHua
«HauunoHasbHbIN nccieqoBaTeNibCKnin TOMCKMI MONUTEXHUYECKNIA yHUBepcuTeT» (TIY)

[Ixoma ALLTATP

Hamnpasiienne noaroroBku (crenuanbHocTh) 15.04.04 ABTOMAaTH3ANMS TEXHOIOTHYSCKUX
IIPOLIECCOB U MPOU3BOJICTB

Otnenenue mkonsl (HOLL) OTenenne aBToMaTU3aIiiiid ¥ POOOTOTEXHUKH

YTBEPXAIO:
PykoBoaurens OOIT

02.06.20 Edwumos C.B.
(IMonmucek)  (Hata) (©.1.0.)

3AJJIAHUE
HA BbINOJIHEHHE BbINTYCKHON KBAJTH(PUKANMOHHONH padoThI
B dopme:

MarucTepCcKoO AUCCEPTALNN

(baxanmaBpckoii pabOTHI, IUIIOMHOTO ITPOEKTa/paboThl, MArUCTEPCKOM ANCCEPTALIIHN)

CryneHry:

I'pynna DOUO

8TMS81 Kynun Anton CepreeBud

Tema paboThI:

I/ICCJ'ICI[OBaHI/Ie MECTOAOB CTATUCTUYCCKOI'O KOHTPOJIA AJIA pa3pa60TKH AJIrOpuTMOB Hp@I[PIKTHBHOﬁ
JAUAarHOCTUKHU IIPOU3BOJCTBCHHOI'O 060py,I[OBaHI/I$I

YTBepxkaeHa IPUKA30M JUPEKTOpa (1aTa, HoMep) 13.05.2020, 134-22/c

Cpok cllauu CTy/I€HTOM BBITIOJHEHHOM pabOThI: 02.06.2020

TEXHUYECKOE 3AJIAHHME:

HcxoaHble 1aHHBbIE K padoTe 1. Texuumueckas wuHpopmaruss o0 ACYTII

TCXHOJIOI'MYCCKOI'O Iponecca IMPpOU3BOJCTBA
(naumenosanue 06veKMa UCCIEO08AHUA UNU NPOCKMUPOBAHUSA,

nPOU3EOOUMENLHOCTb UNIU HAZDY3KA,; Pexcum pabomol BOIIII-tiienku.

(HenpepbiBHbILl, NEPUOOULECKUL, YUKIUYECKUU U M. O.); 6UO 2. PeriaMeHT TeXHOJIOTHUYECKOTO mporecca

CHIPbSL UL MAMEPUAT U30eIUsl; MPebOSaHUs K NPOOYKNILY,

usoenuio uiu npoyeccy; 0codvie mpedosaHus K 0COOEHHOCHAM 3. MCTOqueCKHe HAaHHBIX (B BUIAC BPEMCHHBIX
yHKkyuonuposanus (IKCnIyamayuu) 0ovekma i u30eius 8 pH,HOB) TEXHONIOTMYECKOTO MTPOLECCA.

niane 6e30NACHOCMU IKCIYAMAYUU, IUAHUS HA
OKPYIACAIOULYIO CPeOY, IHEP2O3AMPAMAM, IKOHOMUUECKULL
aHauz u m. 0.).




Hepeqeﬂb noJICKaIunuX
HCCJICI0BAHUIO, IPOCKTUPOBAHUIO H

pa3padoTke BONPOCOB

(ananumuyeckuii 0630p No AUMEPAMYPHLIM UCHIOYHUKAM C
Yenvio GblACHEeHUs OOCIUICCHUTI MUPOBOL HAYKU MEXHUKU 8
paccmampugaemol 061acmit; NOCMAHOBKA 3a0adu
uccie006ans, NPOEKMUPOSAHIUS, KOHCIMPYUPOBAHUSA,
codeparcatie npoyeoypbl UCCIEO08AHUA, NPOEKMUPOBAHUS,
KOHCMPYUpOBanus, 00CydicoerIe Pe3yIbmamos 6bln0IHeHHOU
pabomyl; HauMeHOBaHUEe OONOTHUMENLHBIX PA30eN08,
noonexcawjux paspabomke; 3axuoyenue no pabome).

AHanmM3  TEXHOJOTWMW i TMPOBEACHUS
UCCIIEI0BAHMUS,

TecT BpeMEHHBIX PSAOB Ha CTALIMOHAPHOCTH U
ABTOKOPPEJIALIHIO;

AHanm3 METOJI0B IPOTrHO3UPOBAHUS;

AHanu3 MeTo/I0B ITIOMCKA aHOMAaJINM;
CpaBHHUTENBbHBIM aHAN3 TpeICcKa3aTeIbHbIX
MOJICIIEN,

CpaBHHUTENbHBIM aHAIM3 MOJIEIECH IOUCKa
aHOMAJINI

BrimonHenue  mpeAnpoOeKTHOrO0 — aHaIK3a,
TJIaHUPOBAHUE yIIpaBIeHUS Hay4HO-
TEXHUYECKUM TIPOEKTOM, pacdeT OroKeTa
WCCJICIOBAHMS;

AHanmu3 TPOU3BOACTBEHHON 0€30MacHOCTH,
SKOJIOTUYECKONM O€30MacHOCTH, a TaKxKe
0€30MaCHOCTH B UPE3BBIYANHBIX CUTYyaIUsX.
HccaenoBanue MPaBOBBIX "
OpTaHW3aIMOHHBIX BOMPOCOB obOecreueHus
6e301MmacHOCTH npu MIPOBEJICHU U
HACCIIENOBAHUMN.

Ilepeuens rpauyeckoro marepuasna

(c mounbIM yKazanuem o0sa3amenbHbIX yepmedicel)

CxeMa nH(pOPMAITMOHHBIX MTOTOKOB,;

I'padyiky IPOTHO3HBIX MOJAENEH U MOJEIEH
IIOVCKAa aHOMAJIHH,

Pucynkn  xoHurypamus — mporpaMMHOTO
o0ecrieueHns;

Huarpamma ["anTa;

JuarpaMmbl  pacmpeieieHus]  KJIacCOB B
Habope JaHHBIX

KoHcyabTaHTBI 0 pa3aejaM BbITYCKHOH KBAJIU(MUKAIMOHHON padoThI

(c ykasanuem pazoenos)

Paznen

Koncyabranr

®uHaHCOBbIM  MeHekMeHT, | Konotonckuit Binagumup FOpbeBuu

pecypcoabhekTuBHOCTD u
pecypcocOepexeHre

COI_[I/IaJ'ILHaH OTBETCTBEHHOCTh | I Op6eHKO Muxaun BJ'Ia,I[I/IMI/IpOBI/I‘I

Paspnen na nnocrpanHoM s3bike | [Inuyrosa Muna Jleonnaosua

HasBanus pa3aeioB, KOTOpPbI€ TOJIKHbI ObITh HANMHCAHBLI HA PYCCKOM M HHOCTPAaHHOM

A3bIKAX:

Onucadue TeXHOIOTHYECKOTO nponecca nNponu3BoACTBa BOIIII-nnenku

O6opynosanue T1O

Cxema HH(POPMALIMOHHBIX ITOTOKOB




Pa3paboTka npeIMKTUBHON MOICITH

JlaTta BbI1a4M 32JaHMA HA BbINOJTHEHUE BBIIIYCKHOM 24.02.2020
KBATH(HUKALUOHHOH padoThI 110 JUHEHHOMY rpaduKy
3agaHue BbI1aJ PYKOBOJAUTEb:
JoxKkHOCTD (037 (0] Yuenas cTenens, Moanucey Jara
3BaHHE
MamonoBa TaTpsHa
Homear OAP UILIUTP K.T.H. 24.02.2020
EroposHa
3agaHue NPUHAJI K HCIIOJIHEHHIO CTY/IeHT:
I'pynna [0)7 (0} Moanucek Jdara
8TMS81 Kynun Anton CepreeBuu 24.02.2020




TOMSK TOMCKUNN
POLYTECHNIC NONMNTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

MUWHUCTEPCTBO HayKM 1 Bbicluero obpasoBaHuA Poccnitickoin Oefepaumn
denepanbHoe rocygapcTteeHHoe aBTOHOMHOE
obpazoBaTenibHOE yupexaeHye Bbicllero obpasoBaHmA
«HaumoHanbHbIN nccnenosaTtenbCkui TOMCKUA NONUTEXHNYECKNA yHUBepcUTeT» (TIY)

[Hxona ULITUATP
Hamnpasnenue noaroroku (cnenuaibHOCTh) 15.04.04 ABTOMAaTH3AIMS TEXHOIOTHYECKUX

IPOIIECCOB M TPOU3BOJICTB
Otnenenue mkonsl (HOLL) OTenenne aBToMaTU3aIiiiid ¥ POOOTOTEXHUKH
[Mepuon BeimosHeHUs (OceHHMH / BeceHHU# cemecTp 2019 /2020 y4yebHOTO roza)

dopma npeacTaBiaeHus pabOTHI:

‘ MAarucTepcKasi AUCCepPTalrs

(baxamaBpckas paboTa, JUIUTOMHBIN TPOEKT/paboTa, MarucTepcKas IUCCepTaIys)

KAJIEHJIAPHBIN PEUTUHT -TIJIAH
BbINIOJIHEHH S BbIIYCKHON KBATU(PHUKANMOHHOMN padoThI

‘ Cpok ciauu CTYZICHTOM BBITIOJHEHHON paOOTHI: ‘ 02.06.20
JaTa Haspanmue pasnena (Mmoay.s) / MaxkcumaJsbHbII
KOHTPOJIsSI BHJI padoThI (MCCJIeI0BAHNS) 0aJu1 paznea (MoayJsi)
24.05.20 duHAHCOBBIN MEHEIXKMEHT, pecypcoddheKTUBHOCTD u 20
pecypcocOepekeHHe
04.06.20 CormansHas OTBETCTBEHHOCTD 20
01.06.20 Pasnen Ha HHOCTPAHHOM SI3BIKE 60
COCTABUMJII:
PykoBogurenr BKP
JloJzKkHOCTH DdUO Yuenasi cTeneHb, Hoanucy Jarta
3BaHUE
M T
JlotienT OAP VILIATP amonopa 1athima K.T.H. 24.02.2020
Eroposna
COI'JTIACOBAHO:
PykoBomurens QOII
JloJzKHOCTH DdUO Y4eHas cTeneHb, Hoanucy Hara
3BaHUe
EdbnmoB Cemen
Houent OAP UIIIUTP ¢ K.T.H. 24.02.2020
Bukroposuu




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHMUE
CrygeHry:
I'pynna DOUO
8TM81 Kynun Anton CepreeBuu
I kona Otaenenue mkoJbl (HOLD)
YpoBennb Marwuctp Hanpasnenue/cnennajbHOCTh 15.04.04
o0pa3zoBaHus ABTOMaTH3aLIU

TEXHOJOTMYCCKUX
IMpoHeCCOB U ITPOU3BOJICTB

Hcxonnbie naHHbIe K pa3gey «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTD U

pecypcochepeKeHne»:

1. Cmoumocmo pecypcoé nayunozo ucciedosarnus (HH): Hcnonb3oBath NEHCTBYONIME LICHHUKH U
mamepuailbHOo-mMexXHUYeCcKux, IHepecemuideCcKux, JOTOBOPHBIC IICHBI HA HOTpeGJ’IeHHHe MaT€pUuaJIbHbIC
d)uHaHCO@blx, qu)OpMaL{MOHHbl.X Uu yejloeedecKux n I/IH(i)OpMaHI/IOHHLIe PECYPCHI, a TAKIKE YKa3aHHYIO B

MY BenunHy TapuQa Ha 3JI. SHEPTHIO

2. Hopmbl u Hopmamuesl pacxo008anus pecypcos —

3. HUcnonvsyemas cucmema Hano2o00010x4ceHus, CIasKu JleficTByIOIIIIE CTAaBKU €JUHOTO COLMAIBHOIO HAJIOTa
HAN0208, OMYUCACHUL, OUCKOHMUPOBAHUS U KDEOUMOB8AHUSL n HJC, craBka mguckontuposanus = 0,1 (cM. MY)
IlepeyeHnb BOMPOCOB, MOIEKANMX HCCJIETOBAHNIO, MPOEKTHPOBAHUIO U pa3padoTke:
1. Oyenxa xommepuecko2o u UHHOBAYUOHHO2O NOMEHYUANA JlaTh XapaKTEepUCTHKY CYIIECTBYIOIHUX U
HTHUH MOTEHINAJIBHBIX TOTpeOuTeIeH (ToKynaTeneil)
pe3ynbratoB BKP, oxxngaembix maciraboB ux
W CIIOJIb30BaHMSI
2. Paspabomxa ycmasa HayuHO-mexHu4ecKo2o npoexma Pa3paboTaTh MPOEKT TAKOI0 ycTaBa B CIydae, €CIH

Juig peamu3anuu pe3ynbpratoB BKP Heobxonmnmo
CO3/[aHUE OT/ENBbHOW OPraHU3aIIH WIH OTIACITBFHOTO
CTPYKTYPHOTO [T0/Ipa3AeieHUs BHYTPU
CYULIECTBYIOILEH OpraHu3aluu

3. IInanuposanue npoyecca ynpaenenus HTH: cmpykmypa u [Moctpoenune mnaHa-rpaduka BeinonHenus BKP,
epagux npogedenus, 6100x4cem, pUcKu U Op2aHU3aAYUsl COCTaBJICHUE COOTBETCTBYIOIIEH CMETBI 3aTpar,
3aKYNOK pacder 11eHbI pe3ynprata BKP.

4. Onpedenenue pecypchoil, QuUHAHCOBOU, IKOHOMUYECKOT OrieHka 3KOHOMUYecKoH 3 dekTHBHOCTH
agpexmusnocmu ucnosp3oBanus pesynpTaToB BKP, xapakrepuctuka

JIPYTUX BUIOB d(deKTa

Hepeqeﬂb Fpaq)l/l'-leCKOFO MAaTEPHUAJIA (c mounvim yxasanuem obs3amenvHblx yepmedicel).

1. «Ilopmpem» nompebumens pesynomamoe HTH

2. Ceamenmuposanue pyinka

3. Oyenxa KoHKypenmocnocobHOCMuU MEXHUYECKUX petuenui

4. Huacpamma FAST

5. Mampuya SWOT

6. I'pagpux npoeedenus u 6r00xcem HTHU - spinonnume

1. Oyenxa pecypcroil, punarncoeoii u sxonomuueckoti s¢pgexmusnocmu HTU - soinonnums
8. Momenyuanvuvle pucku

\ JlaTa BbIIa4M 3aaHUsA VI Pa3jena no JUHeiHoMY rpaguxky \

3az[aﬂne BbIJIAJI KOHCYJbTAHT:

JloJzKHOCTH DOUO Y4eHas cTeneHb, Hoanucy Jara
3BaHUe
JlomeHT Konotonckuii B.1O. K.2.H. 29.02.2020r.
3ajaHne NPUHSAJ K HCIIOJIHEHUIO CTY/ICHT:
I'pynna (240 Hoanuce Jara
8§TM81 Kynun AnTton Cepreesnu




3AJAHUE JUISAA PA3JAEJIA « COHUAJIBHAS OTBETCTBEHHOCTDb»

Crynenry:
I'pynna PUO
8TMS81 Kynun AnTton CepreeBuu
IIxkosa OtaesieHue
YpoBeHb Marwuctp HanpasJieHue/crienuajbHOCTb | ABTOMaTH3ALIUS
o0pa3zoBaHus TEXHOJIOTHYECKUX
IIPOLIECCOB U
IIPOU3BOJICTB
Tema BKP:
UccnenoBanne METONOB  CTaTMCTUYECKOTO KOHTPOJs Uil pa3pabOTKH — alrOpuTMOB

MPEIMKTUBHON JMArHOCTUKH MTPOU3BOJICTBEHHOT O 000PYIOBAHHUSI

Hcxoanble JaHHbIE K pasaeiny «COIII/la.]'II)Haﬂ OTBETCTBEHHOCTDb)» .

1. Xapakrepuctuka 00beKTa
ucce0BaHus (BEIecTBO, MaTepHual,
puoop, alNropuT™M, METO/IMKa, paboyas
30Ha) ¥ 00JIaCTH €T0 MPUMEHEHHUSL.

OOBEKTOM UCCIIEIOBAHUS SIBIISIFOTCS] HICTOPUIECKUE
JaHHBIE (TIPECTaBJICHHBIC B BUIC BPEMEHHBIX
PSIOB) MBUTATENEH YCTAaHOBKH MTPOAOIBHOTO
pactspkenust BOIII-nnenku. Pezynbratom padboTsl
SIBIISIETCS TTPEUKTHBHAS MOJIENb ABUTATEIICH,
paspaboTtaHHas Ha si3sike Python.

[lepeueHs BOIPOCOB, MOAISKAIIUX UCCIIEI0OBAaHUIO, MPOEKTUPOBAHUIO U pa3paboOTKe:

1. IlpaBoBble U OPraHU3alMOHHbIE
BOIIPOCHI 00ecreYeHust
0€30MacHOCTH:

- CHielaIbHbIE (XapaKTepHBIE MPH
SKCIUTyaTalu 00beKTa
UCCIIeZIOBaHUS, IPOCKTHUPYEMOM
paboueii 30HbI) TPABOBBIE HOPMBI
TPYAOBOTO 3aKOHOJATENHCTBA;

- OpraHU3aIMOHHBIC MEPONPUATHUS
py KOMIIOHOBKE paboueil 30HBI.

Tpynosoii konexc P® u CanlluH 2.2.2/2.4.1340-03

2. IIpousBoacTBeHHAsI 6€30MACHOCTH
2.1. Ananu3 BBISBIICHHBIX BPEIHBIX U
OIMacHBIX (DaKTOPOB

2.2. O00CcHOBaHKE MEPOIPUITHIA IO
CHIKEHUIO BO3JIEHCTBHUS

I'OCT 12.1.005-88 CCBT. O6mue canuTapHO-
TUTHEHUYEeCKUE TPeOOBaHUS K BO3AyXy padoueit
30HBI.

I'OCT P 55710-2013 OcBemienue pabouyux MecT
BHYTpU 31aHuil. HOpMBI 1 METO/IbI H3MEPEHUH.
I'OCT P 54944-2012. 3nanus u coopyKeHUsl.
MeTopl U3MEPEHHS OCBEIIICHHOCTH.

I'OCT 12.1.003-2014 CCBT. Ulym. O6mue
TpeOoBaHUs 6€30MaCHOCTH.

I'OCT 12.1.006-84 CCBT. DneKTpoMarHuTHbIE OIS
panunoudactot. O6mue TpedboBaHus 0€30MACHOCTH.
I'OCT 15484-81 N3nyueHus HOHU3HUPYIOLIUE

U UX U3MEPEHUs, TEPMUHBI U ONPEICICHUS.




I'OCT 12.1.019-2017 CCBT. D1ekTp0o6e30macHOCTb.
OO6ure TpeOoBaHUs 1 HOMEHKIIATYpa BUOB
3aIIHTHI.

I'OCT 12.1.004-91 CCBT. Iloxapnast 6€3011acHOCTb.
OO6mme TpeOoBaHuUS.

3. DKkoJyornyeckas 0e30MacCHOCTD:

3.1 PaccMOTpeHBI HETaTUBHO BIIMSIONINE HA
9KOJIOTHIO (PaKTOPBI MPH IKCILTyaTalluU
KOMIIBIOTEpA.

3.2 Pemrenns mo 00eCIIeUeHNIO DKOJIOTHUECKOH

0€30MacHOCTH COTJIACHO HOPMATUBHBIM JOKYMEHTaM.

4. be3onacHOCTh B Ype3BbIYAiHBIX
CUTyalusIX:

Bosmoxubie YC Ha 00bekTe: BO3ropaHue, B3phIB,
KOpOTKoe 3ambikanue. Haubonee
pactpoctpaH€HHBIM TUITOM YC sBsieTcs moxap.

‘ JaTa Bbl1auu 3aaHus VI pa3jesa no JuHeHomMy rpaguxky ‘

3ajaHne BbIIA] KOHCYJIHTAHT:

JoaxkHocTh DdPHUO Yuyenan IMoanucek Jara
CTeneHb,
3BaHHe
Honent OO/ NILIBUIT ['opberko Muxani K.T.H.
Bragumuposuu
3a1aHre MPUHSUT K KCTIOJTHEHUIO CTYCHT:
I'pynna DOUO Hoxnuch Jara
8TMS81 Kynun Anton CepreeBud
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Pedgepar

[losicHuTenbHAs 3aIUCKA CONEPKUT 157 CTpaHMIl MAIIMHOIKUCHOIO TEKCTA,
21 Tabmuu, 94 pucyHka, CHOHUCOK HCHOJIb30BAaHHBIX HCTOYHUKOB U3 /4
HaVMMEHOBAHUN U IATU IIPUIOKECHUHU.

KitoueBble c0Ba: BpeMEHHbBIE Psifibl, aHAIU3 BpeMeHHBIX psagoB, ARIMA,
MalIMHHOE 00yuYeHue, HEHPOHHBIE CETH, KOHTPOJIbHBIE KapThl.

Lenp paboOTh: MOTEHUUAIBHOE YMEHbBIIEHHE KOJIMYECTBA OCTAHOBOK
npousBojicTBa BOIIII-nieHky u miaHUpOBaHWE MEPONPUATUN MO OOCITYKUBAHUIO
000pyI0BaHMS 3a CYET NPEIUKTUBHBIX MOJIEIIEH.

OOBeKT uccleloBaHUSd — HUCTOpUYECKHE AaHHbIe (B (opmMe BpEeMEHHBIX
PSZIOB) O TEXHOJIOTMYECKOM IIpollecce: 3HAYEHUS JATYMKOB, HCIOTHHUTEIbHBIX
MEXaHU3MOB U APYrHe nmapaMeTpbl TEXHOJOTUYECKON JTMHHH.

CrereHb BHEApPEHHUSA: HWHTETpanuss B HMUTAIIMOHHBIA TEXHOJOTUYECKUM
npolecc.

OO6nacTe MpUMEHEHUS: TEXHOJIOTrHYeckuil mporecc mpousBoacTtsa BOIIII-
IUICHKHU.

dakTOpOoM HSKOHOMHYECKOro 3(dexTa, IOCTUraeMbIM B MPEATIOKEHHOU
paboTe, SABISETCS  yBEJIMYEHUE  HAAECKHOCTH  TEXHOJOTMYECKOW  JIMHUH,
IUIAaHUPOBAHHWE MEPOIPUIATHH 1O O0OCIY>KMBAaHUIO OOOPYIOBaHMIO 32 CYET
PEIUKTUBHBIX MOJCIIEH.

JUJis BBIOJHEHUS pabOThI HCIIOJIb30BATUCH POrPaMMHbIE IPOAYKTHI: S3bIK
nporpammupoBanus Python, cpema paspadorku Jupyter Notebook, MS Excel mis
xpaneHus Habopa nmanubeix, OPC-cepBep «Process Simulator», «UaExpert», 6a3a

nauaeix INfluxDB, mnardopma onnaiin-monutopunra Grafana, TIA Portal.
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Cnucok cokpaieHmit
APM — aBromaTu3npoBaHHOE pabouee MeCTO
ACY — ABTOMaTH3MpOBaHHAsI CUCTEMA YIIPABIICHUS

ACVYTII — ABTOMaTU3UpOBaHHAsl CUCTEMA YIPAaBJIEHUSA TEXHOJIOTHYECKUM
IIPOLIECCOM

BOIIIT — 6nakcuanbHO-OpUEHTUPOBAHHAS MOJIUIIPONIMIICHOBAS TIEHKA
J19C — nBOMHOE AKCIIOHEHIIUATBbHOE CTJIAKMBAHUE

M/IO — MamrHa npoAoJIbHONM OpUEHTAUN

MHK — meToa HauMEHBIINX KBA/IPATOB

IIJIK — mporpaMMupyemslii JIOTUYECKHI KOHTPOJLIED

THO — ycTaHOBKa MONEPEYHON OPUEHTALINU

TOwuP — rexnnyeckoe 00CTyKUBAHUE U PEMOHT

TII — TEXHOTOTUYECKHM TTPOLIECC

TOC — TpoiiHOE PKCIIOHEHIIUAJIBHOE CTJIaKUBAHUE

CYVTII — cucTema YCOBEPIICHCTBOBAHHOTO yIIpaBICHUSA
TE€XHOJOTMYECKUM IPOLIECCOM

OC — 3KCMOHEHIHAIBHOE CTJIaKUBAHUE

AR — autoregressive

ARMA — autoregressive moving-average model

ARIMA —autoregressive integrated moving average

CU — Tok gBurareis

MA — moving average

NM — momeHT aBUTaTeIIs

SARIMA —seasonal autoregressive integrated moving average
SVM - support vector machine

SD — ckopocThb ABUTATENS

TE — temnepaTypa JBUraresns

WMA — weighted moving average
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TepmuHbI ¥ onipene/IeHUs

ACY — KOMIUIEKC aIlmapaTHbIX M IPOTPAMMHBIX CpPEACTB, a TaKkKe
IepcoHana, NPEIHA3HAYEHHBIM JUIsl YNPABICHUS Pa3JIMYHBIMUA IPOLECCAMH B
paMKax TEXHOJOTHYECKOTO MPOLECCa, MPOU3BOICTBA, IPEATIPUATHS.

ACVYTII - yenoBeKO-MalIMHHBIN KOMIIJIEKC, 00ECTIEYMBAIOLIUHN YIIPABICHHE
TEXHOJIOTUYECKMMHU TIPOLIECCAMM HA COBPEMEHHBIX MEXAHU3WPOBAHHBIX U
ABTOMATHU3UPOBAHHBIX MPOMBIIUICHHBIX OPEATPUATHUSX.

baza naHHbBIX — HaOOp MEpPMaHEHTHBIX (MIOCTOSHHO XPAaHUMBbIX) JAHHBIX,
UCIIOJIb3YEMbIX  MPUKIAAHBIMM  MPOTPAMMHBIMM ~ CHUCTEMaMHM  KaKoro-iaubo
NpEANPUSTHSL.

BpemenHoll psax  — psA PacmoJIOKEHHBIX B XPOHOJOTHYECKOM
NOCJIEIOBATENIBHOCTH 3HAYEHU CTATUCTUYECKOTO MTOKA3aTeNsl, XapaKTEPUIYIOILIETO
U3MEHEHUS SIBJIEHUS BO BPEMEHH.

Wurtepdeiic — norumveckas u (wiu) ¢u3nueckas TrpaHUA MEXIy
YCTPOMCTBOM U Cpeoi nepenayr HHPOpMaluu.

TexHOnornueckui mnpouecc — OTO MOCIEAO0BATEIBHOCTh CBS3aHHBIX
JNEUCTBUN, KOTOPBIE BBINOJHSIIOTCA C TONO MOMEHTA, KaK BO3HUKIM HMCXOJHbBIE
JaHHBIE U IO TPEOYEeMOro pe3yJbTara.

[Iporokon — npaBuia, ynpasistoniue oomeHoMm nndopmarueit. Onpenenset
dbopmy (ceMaHTUKY U CHHTAKCHC) COOOIIICHUIA.

I[IJIK — 3T0 mporpaMMHO-yIpaBiIsieMbld JUCKPETHBIA aBTOMAT, UMEIOIINN
MHO>KECTBO BXOJIOB, MMOJAKIIOYEHHBIX C TOMOIIBIO JATYMKOB K OOBEKTY YIPABIICHUS.
Taxxe HMEIIMHA MHOXECTBO BBIXOJOB, MOJKIKOYEHHBIX K HWCIOJHUTEIbHBIM
YCTPOMCTBaM.

Perpeccusa — 3amada nporHo3upoBaHus METKU C LIEJIEBBIM 3HAYCHUEM IS
oOpa3s1ma 6e3 METKH.

['umepriapameTp — 3TO CBOKCTBO alrOpuTMa 0O0y4YeHUs, OOBIYHO MMEIOIIEe
YHUCJIOBOE 3HAYCHUE.

Ce30HHOCTh BpPEMEHHOIO psifa — MEPUOAUYECKHE MOBTOPSAIOIIHECS

KoneOaHus AHAJIIM3HUPYCMOT'O ABJICHUSA B OIIPCACICHHOC BPpCM:A 1roJa.

16



[ukn BpeMeHHOro psaa — U3MEHEHUS  HM3y4aeMoro  SIBJICHUS,
00yCJIOBJIEHHBIE IEWCTBUEM J10JATOBPEMEHHBIX LIUKIIOB.

Ommbka BpPEMEHHOIO psA/la — M3MEHEHHs HE MOJJarouIuecss y4eTry H
perucTpanuu.

MamunHoe o0yyeHue — paszzaesl MHPOPMATUKH, MOCBALIEHHBIN CO3/IaHUIO
ITOPUTMOB, OITUPAIOIIUXCS HA HA0OP JAHHBIX O KAKOM-THOO SIBJICHUU.

[Ipu3Hak — 3HaU€HUE, OMUCHIBAIOIIEE HEKOTOPYIO XapaKTEPUCTUKY OOBEKTA.

CYBJl — COBOKYMHOCTh TPOTPAMMHBIX M  S3BIKOBBIX  CPEJICTB,
NpeqHa3HAYCHHBIX [JIsl yIpaBlIeHUS JaHHBIMH B 0Oa3e JaHHBIX, BEICHUS Oa3bl
JaHHBIX U 00ECIEYEHUSI MHOTOIOJIb30BaTEIbCKOT0 IOCTYMA K TAHHBIM.

SCADA - anmapartHo-nporpamMubie kKomrnoHeHTsl ACY TII, kotopsie
o0ecreynBaloT B3auMOICHCTBUE TIOJIB30BATEIS C CUCTEMOM.

OPC-cepBep — obecrieunBaeT 3aMuch U YTCHUE JaHHBIX MEXTY KIMEHTCKON

nporpaMMon U (pU3NYEeCKUMHU YCTPOUCTBAMH.
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Beenenune

OnHa W3 TrJaBHBIX TEHACHUMM COBPEMEHHOTO MPOM3BOJCTBA — 3TO
koutenuus « umyctpus 4.0» [1]. «aayctpus 4.0» npeanonaraet nudpoBU3aIHIO
MPOU3BOJICTBA, BHEAPEHUE B HETO KHOEpPU3UUECKUX CHUCTEM, MPEIUKTUBHOU
AQHAJIUTUKHN, HUCIOJB30BaHUE  BUPTYAIBHOM  peaJbHOCTH IS OOYy4YeHHUs
COTPYJIHHUKOB, pabOTy C OOJBIIUMHU JAHHBIMHU, CO3/IaHHE HU(PPOBBIX JBOWHUKOB.
TeHneHuua NOSBWIACH MOTOMY, YTO KpYINHBIE KOMOaHuu W Poccum, m mupa
CTPEMSITCS YBEIUYUTh SKOHOMHUYECKYIO 3()PEKTUBHOCTh, TOBBICUTH O€30MACHOCTh
Y HAJEKHOCTh IPOU3BOJICTBA, ABTOMATU3UPOBATH MPOLECCHl HA BCEX YPOBHSIX. A
OIHOM M3 BaxHeWmMX mnpobneM, pemaemoid uHayctpuenn 4.0, sBusercs
HenpepbIBHas paboTa 000py10BaHUS.

Ha naHHBIE MOMEHT CYIIECTBYET HECKOJIBKO METOJIOB OOCITYy>KHWBaHUS
000pyI0BaHUS — aBapUITHOE, PEriIaMEHTHOE U IIPEeIUKTHBHOE [2].

ABapuitHOe 00CcITy>)KMBaHUE — 00CITy>KUBaHHE 000pYAOBaHUS MOCTIE BBIX0/1a
ero u3 ctpos. JlaHHBIH MeToN omnpaBAaH TMpU OOCITYKUBAHUU JECIIEBOTO
000OpyI0BaHMs, HE OKA3bIBAIOIIETO PEHIAIONIErO BIMSAHHUS Ha TEXHOJOTHYECKUUN
nporiecc, 00 UMEIOIIEro Pe3epBUPOBAHME.

PernamenTtHoe 00cCiy’)KMBaHUE OCYIIECTBIISETCS IJIAHOBBIMHU MPOBEPKAMU
COrJIacHO JOKyMeHTamuu o6OopynoBaHus. [lmaH mpoBEepoK paccUUTHIBAETCS C
MOMOIIBI0 CTAaTHCTHYECKOTO aHaln3a KOMITaHWeH-u3roroBurenem. I[Ipobiema
BO3HUKAET pH paboTe 000py10BaHUS Ha BBICOKUX HAIPY3Kax, YTO MOBHIIIACT IIIAHC
BBIXOZA M3 CTPOSl paHbLIC IUIAaHA IPOBEPKHU M COOTBETCTBEHHO NPUBOJIUT K
HApYLIECHHUIO TEXHOJIOTMYECKOTO MPOILIECCa.

Tperuit Bunm oOcmyxuBaHus — mnpenukTuBHBIA. Korma mporecc
KOHTPOJUPYETCS HEMPEPHIBHO MO (HaKTHUECKOMY COCTOSIHHIO. YacTo MPOUCXOIUT
TaK, 4YTO OTKJIOHEHUSI TPOU3BOJICTBEHHOTO MPOIECCa OT OOBIUHOIO CBOErO TE€UEHUS
oOHapy>XHUBaeTCsl TOJIBKO TO (akTy camMoro OTKIOHEHHS. BEISIBIECHHE TaKux
OTKJIOHEHHUH (aHOMAaJIWii) MPOUCXOAUT C TOMOIIBIO MpeJICKa3aTeIbHON aHATUTHKH,
TO €CTh CTPOUTCS MOJENb IMPEACKa3aHWi, HMUTHPYIOIIas XOJ IMpouecca Hu

MIPOrHo3upymomasa €ro Ha HCECKOJbKO IIaroB BIICPCH, IIOCJIIC YC€TO BO3HHKACT
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rmoA3ajnada — JETEKTUPOBAHMWE AHOMAIMM B IPOTHO3UPYEMOW 4YaCTH MpOIECCa.
JlaHHbId ~ METOJ  MO3BOJSET CPOPMUPOBATH MEPONPUATHS  TEXHHUYECKOTO
00CITy’)KMBAaHMSI K MOMEHTY OTKJIOHEHHMsI IPOLECCa, YTO YMEHBIIAET KOJIUYECTBO
(pakTUYECKUX HEUCIIPaBHOCTEM, MPOCTOEB, 3aTPAT Ha 0OCIYy)KUBaHHUE U T.]I.

JlanHast paboTa MOCBsII€Ha MPUMEHEHUIO METOJI0B MAUTMHHOTO O0y4EHHUS
JUIS IPEIMKTUBHOM aHAJIMTUKY TEXHOJIOTHUECKOTO npouecca npoussoacrasa bOIIII-
IJIEHKU C TOCJIEIYIOIINUM IETEKTUPOBAHUEM aHOMAJIUM.

[TpouzBonctBo BOIIII-NIIEHKN — 3TO CIIOKHBIN TEXHOJIOTMYECKHI TIPOLIECC,
B KOTOPOM HEKOppEeKTHas paboTa Kakoro-imubo o00pyI0BaHUS MOKET MPUBECTH K
00JIBIIOMY BpEMEHHU MPOCTOEB, YTO, B CBOIO OYEPElb, MPUBEAET K 3HAUUTEIbHBIM
AKOHOMHYECKUM ToTepsiM. [ToaToMy mpeacka3zaHue nmpouecca U BhISIBICHHE B HEM
aHOMAJIUA  CYIIECTBEHHO  YBEJIMYUT  SKOHOMHYECKYI0  3(P(HEeKTUBHOCTD
NPOU3BOJICTBA, TaK KaK YMEHBIIUT BEPOSATHOCTh HAPYIIEHHUS XoAa paboThl
TEXHOJIOTMYECKON JTUHUU.

ey n 3212491 UCCJIETOBAHUS

Llenp nccnenoBanms — NOTEHIMAIBHOE YMEHBIIEHUE KOJIMYECTBA OCTAHOBOK
npou3BojacTBa BOIIII-nneHkn u miIaHupoBaHUE MEPONPUATUI MO OOCTYKUBAHUIO
000py10BaHUS 3a CUET NIPEIUKTUBHBIX MOJIENEH.

OOBbeKT uccienoBaHUsl — UCTOPUYECKUE JaHHbIE (B (opMe BpPEMEHHBIX
pPAOOB) O TEXHOJIOTMYECKOM IIPOLIECCE: 3HAYECHMS aTYMKOB, HCIIOJHHUTEIBHBIX
MEXAHU3MOB U JAPYTHE IMapaMeTpbl TEXHOJOTHYECKON JTMHUH.

IIpeamer nccnenoBaHust — METOMABI IIPOTHO3UPOBAHUS BPEMEHHOTO PAla U
JNETEKTUPOBAHUSA aHOMAJIMU B HEM.

3a/1auu UCCIIEI0BAaHNUS

1. COop naHHBIX.

2. lloaroroBka JaHHBIX.

3. IlocTtpoeHune MPOrHO3HBIX MOJCIICH.

4.  JlerekTUpOBaHUE aHOMAIIUH.
S)

NHTerpanus B TEXHOJOTUYECKUI MTPOLECC.
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0O030p cyliecTBYIOIIMX pPelIeHUui

B cratee [3] uccieayercss mporHO3UPOBAHHE OTKA30B OO0OpPYJIOBaHHS B
YCIIOBUSIX MaJIoTo0 KoJudecTBa mojioMok. Ha ocHoBe anmropurma Random Forest
CTPOSITCS TIPOTHO3HBIC MOJICIIN, BBIYUCIISIOTCS OTKJIOHEHUS MTPOTHO3HBIX CUTHAJIOB
OT (aKTUYECKOTO B KKJIBIH MOMEHT BpeMEHH. B pe3ybTaTe BOZHUKAIOT MPOOIEMBI
C oOmpeAeNieHUeM KOHTPOJIBHBIX TpAHUI] OTKIOHEHHS CHTHaJla, a TakkKe C
MHTETpalreld MOJENN B MPOU3BOJCTBO. Takke B cTaThe HET apryMEHTOB B MOJB3Y
BeIOOpa anroputma Random Forest.

B cratbe [4] BbIIEAIOTCS TUTFOCHI 1 MHHYCBI MPSAMKTHUBHON aHAJIMTHKU B
KOHTEKCTE€ BHEAPEHUS METOAWKH Ha TMpOW3BOACTBO. IIpemmaraercst permieHue,
paccMaTpHuBaroIiee OIEHKY OMpPEIeICHHBIX MoKa3aTesneld — (yHKIIUU HaJe)KHOCTH,
¢ynknmm pucka. M mMeromee cieayronye (QyHKIIMOHATbHBIE BO3MOXHOCTH —
MOHUTOPUHT pPabOTHl TEXHOJOTHYECKOTO TMpoIliecca, TUIAHUPOBAaHUE paboOT To
yCTPaHCHHIO HEUCITPABHOCTEH, MOCTPOCHHE MTPOTHO3a. Perienne He paccMaTpuBaeT
BapHUaHThI MHTETPAINH B IPOU3BOICTBO, HE MPEJIaraeT MpOTrHO3UPYIONIYI0 MOIEITTh
M CYIIECTBYET TOJIPKO Ha YPOBHE KOHIIEIITUH.

B cratee [2] wmccnemyercss Monenb MPEAMKTHBHOTO OOCTYXKHBaHUS
00opy/IoBaHUS C MPUMEHEHHEM OECTPOBOJHBIX CEHCOPHBIX ceTeid. [Ipemmaraercs
UCTIOJIH30BaTh BMECTO MPOBOIHBIX JATYNKOB — OecripoBoaHbIe. [lepenaBaTh qaHHbBIC
C HUX B «00JIaKO», TIOCJIC YeTO MPUMEHSATh Pa3JIUIHBIC CTATHCTUYCCKUE METOIBI JIsI
IIPOTHO3UPOBAHUS BBIXO/J1a KaKOTO-JTH00 000pymoBaHUSI. [Tpobnema
paccMaTpUBAEeMOro PEIICHUE B TOM, YTO Tiepenada nHPOpMaIiy ¢ UCTIOJIb30BaHUEM
OecrpoBOIHBIX JATYMKOB HeOe30MacHa W HeHanexkHa. KpoMe Toro, BHEApeHHE B
yke (QYHKIIMOHHPYIOIIEe MPOU3BOJCTBO MPOOJIEMATHUYHO U3-32 CTOUMOCTH H
Pa3TUYHBIX TMPOTOKOJIOB CBSI3H.

B marucrepckux muccepranusx [5], [6], [7] uccnenyercs mouck aHomMainii
BO BpeMEHHBIX psimax. [IpeanaratoTcs MOIX0bI I UX BBISIBIICHUS, CPABHUBACTCS
b (HEeKTUBHOCTH pa3nuYHBIX Mojeneil. Ho He aHanm3upyroTcs peanbHbIC JTaHHBIE
MPOU3BOJICTBA M3-3a YETO IEHHOCTh PadOT B MOWCKE ONMTUMAIBLHOTO METOJA IS

ACTCKTUPOBAHUA aHOMaHHﬁ, a HC B CO3JaHUH HpGI[HKTHBHOﬁ MOIOCIIN.
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B wmaructepckoit auccepranmu [8] NMPUMEHSIOTCS BUPTyalbHBIC arcHTHI
CUCTEM YIIPaBJIICHUS JJIsi OOHAPY)KEHUS M JIMKBUIAIMK aBapUIHBIX CIIyYacB.
[Ipennaraercs BHenpenue cucrembl TOuP, OCHOBaHHON Ha areHTHBIX METOAAX,
KOTOpasi TOBBICUT TPOM3BOJAMTEIBHOCT IPOW3BOJACTBA M CHH3UT PHCKH.
[Ipennmonaraercsi, 9TO CUCTEMa MOXKET OBITh MPUMEHUMA MPAKTUYECKU K JIFOOOM
ACY. MuHychl [aHHOTO pELIEHUS — PErIaMEeHTUPOBAHHOE OOCIyXUBaHUE
000pyIOBaHUS, YTO MPUBOJIUT K MOBBIIIICHHBIM 3aTpaTaM MPeIIPHUSITHS.

B BeimyckHoW  kBamudukanuoHHod pabdore [9] paspabarbiBaeTcs
NPOTHO3HAsT MOJIeNb HW3MEHEHHUs TemmepaTypbl. JlJis 3TOro MCHOib3yeTcs
HelipoceTeBo# aHanu3. Perenne He MPOBOIUT CPABHUTEIBHBINA aHATTN3 MPOTHO3HBIX
MOJIEJIe, COOTBETCTBEHHO TOCTPOSHUE HEUpOCeTed BO3MOXXHO H30BITOYHO MJIs
JTaHHOM 3aJa4H.

B GaxkanaBpckux padorax [10], [11] mpousBoauTcsi aHadM3 BPEMEHHBIX
psanoB. PaccmarpuBaeTcst  KiacCUpUKamUs —MOJEICH MPOTHO3UPOBAHHS U
BPEMEHHBIX PSIOB, aJITOPUTMBI TOCTPOCHUS MPOTHO3HBIX Mojenel. B padore [11]
co3nmaeTcs KpocciuiaropMeHHOe WeD-TpuiiokeHne B OCHOBE KOTOPOTO JICHKHUT
MOJIeNIb TIPOTHO3MPOBaHUs (perimBopka Fbprophet. Hemoctatkamu paGoThI
SIBJISTIOTCS — UCTIOJIb30BaHue 0a3bl nanHbix SQLIite, kotopas He npenHa3HaveHa IS
XpaHEHUS BPEMEHHBIX PSOB, CJIEIOBATEIHLHO MPH BO3HUKHOBEHUHU TOTPEOHOCTH
MacIITaOupoOBaHUS HEOOXOaWMO OyaeT CMEHHTh 0Oa3zy maHHbIX. Kpome Toro,
pPaccMOTpPEHBI HE BCE MOJICNIN U3 KiIacCH(UKAIMKM U HE MPOBEICH CPaBHUTEIBHBIN
aHaIN3 HX.

B craresx [12], [13] paccMaTpuBaroTcsi BHEIPSCHHE CHCTEMbI MOHUTOPHHTA
¢ mporHosupoBanueM. B crathe [12] ocHOBe MOzeny MPOTHO3MPOBAHUS JICHKHUT
TPOMHOE  OKCIIOHCHIIMAIbHOE  CIUIakuBaHue, B crtarbe [13] wmomens
MPOTHO3UPOBaHHUS He cTpouTcs. CHUCTEMBI MOHHUTOPWHTA pa3padaThIBAIUCh Ha
s3pike Python, B kadecTBe 0a3bl JaHHBIX Hcnoib3oBaiack INFluxDB. HenoctaTtkamu
paboT SIBJISFOTCS OTCYTCTBHE PE3yJbTATOB BHEIPCHHS, CPAaBHUTEIHLHOTO aHAIN3a

MoJieJier 1 0a3 JaHHBIX.
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1 Onucanne TexHoa0rm4eckoro npouecca npoussoacrea bOIII-menkn

BOIlll-nyienka — OWakcHaIbHO-OPUEHTUPOBAHHAS MOJUIIPONTUICHOBAS
meHka. [Ipumensercsa mid nuieBo NpoIyKIMU U TOBAPOB MOBCEHEBHON KU3HU.

Texnomoruss mnpousBoncrBa BOIIIl-neHkn HauymHaercss ¢ OpuéMa
IPaHyJMPOBAHHOIO CBIPbS HAa Y4YacTKE pasrpy3ku. ['paHynsaT 3arpyxaercs IO

MTHEBMOTPAHCIIOPTY B CHJIOCHI JIJIsl XpaHeHus (puc.l.).

Pucynoxk 1 — Cuioc

[1€éHOYHOE TIOJOTHO COCTOUT W3 S-TM CHOEB. LleHTpanbHBIM CIIOU
dhopMupyeTCs TIIABHBIM dKCTpYAEpoM (puc.2.), KyJa MOCTYMNaeT ChIPhE U3 CHIIOCOB.
Ha3nadeHnue riaBHOro 3KCTpyjaepa — 00eCleYnTh 3a CYET BHICOKUX TEMIEpaTyp U
MEXaHUYECKOr0 BO3/ICICTBHUS TUIaBIEHUE MAaTEPUAJIOB M TOMOT€HU3ALUI0 paciiaBa
[0 COCTaBy, TEMIEpaType, NaBICHUI0O M Bi3KocTH. [lapa BcrmomorarenbHBIX
CaTEeJUTUTHBIX COIKCTpyAepa (GOPMHUPYIOT TMPOMEKYTOUHBIE CIOU U CIYXKaT IS
NpuAaHus TIEHKaM JOMOJHUTEIbHBIX CBOMCTB B OCHOBHOM [IJIsl BHEUIHErO BUA.

Kpaiinue ciaou popmMupyroTcst AByMsl CaTeIUTMTHBIME SKCTPYACPaMH.
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Jo3anHsa CeIpbsA

JIBHraTelIb
3KCTpyaepa

30Ha Harpesa
CBIPbSI

s i i B

Pucynok 2 — Cxema 3KCTpyaepa U COIKCTPY/IEPOB

Jlanee TuleHKa TOCTyNaeT B CBeYEBOM (uibTp, TIe obecrnieunBaeTcs
dbunpTpanus pacruiaBa, Mmocrymnawiiero B Guibepy. BHyTpu dunbepsl pacriiabsl,
MOoJaBa€MbI€ SKCTPYyAEpaMu, UAYT MO HE3aBUCUMBIM KOJUJIEKTOpPAM, TJ€ CIMBAIOTCS
B OJIMH OOIIXI TOTOK HAa HEOOJIBIITOM PACCTOSTHUH MEePe/] BBIXOAHOM 1iebio. OOt
NOTOK pacIjlaBa BBIXOAUT W3 T'OJIOBKM Ye€pe3 IUIOCKYIO BBIXOAHYHO LIEb. 3a30p
menu peryiaupyerca 64 tepmoOontamu. Kaxaelii TepMOOONAT — OCHAIIEH
HArpeBaTEIbHbBIM JIEMEHTOM U TEMIIEPATYPHBIM JaTYUKOM.

@opMOBaHHUE IUICHKU-3arOTOBKU OCYILECTBIISIETCS Ha JUTHEBOW MaIIUHE,
cocTosilllel U3 MONMBHOTO OapabaHa, BOJASHOW BaHHBI, BO3AYIIHOTO HOXa MJis
MPIKUMa TUICHKU K TIOJIMBHOMY OapalaHy, CUCTEMbI OXJIAXKIEHHUS BOJIbI KOHTYpa
MOJINBHOTO O0apabaHa W KOHTYpa BaHHBI, CHCTEMbI BO3AYIITHBIX HOKEH M BaJOB JJIs
OCYIIKMA TUIEHKH, BO3JYIIHOTO HOXa [JIs OCYIIKM MOJUBHOrO Oapabana. Ha
MOJIUBHOM  OapabaHe OCyIIEeCTBISACTCA OXJIXKIACHUE HENPEPHIBHOM  JICHTHI
MOJMMEPHOr0 paciulaBa M €ro Kpucrtamumsanus. [liud momydeHuss OZHOPOIHOIO
KPUCTANIMYECKOTO MaTepraia HeoOXOJAMMO, 4YTOOBI paciuiaB  MOCTOSHHO
OXJIK/IAJICS B OJMHAKOBBIX YCIOBHUSAX MO Bcel mupuHe Oapabana. Bo3gymHbiM
HOXXOM OCYLIECTBJISIETCS OCYIIKA TUIEHKHU.

[Toce xommuiekca monmBHOTO OapabaHa mepen MamMHON TPOJOIBHON
opuentanuu (MJ1O) ycTtaHoBieH MEpBbI MPOMEXKYTOUHBI HAMOTYHUK, KOTOPBIN
WCIIOJIB3YETCsl TPU IMyCKEe W OTIaaKe oOopyaoBaHus. B mammHe TpoaoibHOMN

opuenrtanuu (MJ1O), ocyiiecTBisieTcs: IPOLIECC BBITSHKKU (OPUEHTALMM) IJICHKU B
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MpoJ0JIbHOM HampaBiieHud. B cocraB mammuasl MJIO (puc.3.) BXoguT cucrema

BaJIOB C MPUBOJAMU U KOHTPOJIbHO-U3MEPHUTENIbHBIE TPUOOPBHI.

30Ha Harpesa

30Ha pacTAXeHuA

30Ha Harpesa

Pucynok 3 — MainHa npogoJibHON OpUEHTAIUU

[IpomonbHO OpHEHTHpPOBAHHAS IUIEHKA Yepe3 HaINpaBisSIoOlMe BaJKH U
3aMpaBOYHOE YCTPOIMCTBO MOAAETCS B YCTAHOBKY monepeuHoi opueHtaruu 10
(puc.4.), rae Kpas IJIEHKHU 3aXBaThIBAIOTCS CHEIHAIBHBIMU 3aKUMaMu (KITyTIIamMu)
mupuHO 120 MM, pacmnojoKeHHbIMM Ha JIByX aBTOMATHYECKH CMa3bIBa€MbIX
3aMKHYTHIX HEemsX (mar nend 60 Mm), ABUKYIIUXCS 0 HAMPABIISIONINM pPEIbcaMm.
[Inenka aBUraeTcs 4yepe3 30HY IPEIBAPUTEIBLHOIO HArpeBa, IA€ MPOU3BOAUTCS
MOAOTPEB IUICHKU TOpAYMM BO3AyXOM. Uepe3 30HY pacTsxKeHus, rAe IUIEHKa
pacTsATHBaeTCs B TONEPEYHOM HarpaBieHuu. Yepe3 30HY TepModuKcanuu, Te
CHUMAETCS] BHYTPEHHEE HANPSIKEHUE B IJICHKE U JOCTUTAETCS 3aJaHHbIN BHEIIHUI

BU/J IIJICHKH.
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30Ha 16 30HbI 13-15 30HbI 8-12 30HbI 1-7
OxnaxaeHue TepModukcaums PactskeHune Moporpes

PucyHok 4 — YcTaHOBKa MONEPEYHON OPUEHTALIMN

C Bbixoma wu3 ycraHoBkn TJIO [ByOCHOOpPHEHTHMPOBAaHHAs IUICHKA
MOCTyMaeT B cucteMy ctaHa TaHyumx BasioB (ITPC), B koTopyto BXOAST BCE Y3IIbl U
ycTpoiictBa oT Bbixoga TJHO no Hamotuumka. Bce Bambl cuctembsl [IPC
MOAPA3AEIAIOTCS HA TPYNIIbL, IPUBOJATCS BO BPALIEHUE OT IPUBOJOB OCTOSIHHOTO
TOKa U BBITIOJHAIOT ClIeyIonine GyHKINHU:

1. TI'pymma 1 mnpousBoautr ot1O60p TUIeHKH u3 ycraHoBku TJO,
BbIPABHUBAHUE IOJIOTHA, OXJIAXIEHUE W MPOBOJKY IUICHKHA Y€pe3 TOJIUIMHOMED.
Bxiroyaer paspaBHUBAKOIIME POJIMKHA, OXJIAKIAIOIIWE Bajlbl C BHYTPEHHUM
BOJSIHBIM OXJIAXKJICHUEM.

2. TI'pynma 2 obecrnieunBaeT yaajlieHHE OTPE3aHHBIX YTOJIIEHHBIX KpaeB
(xpoMoK). BrirouaeT pa3paBHUBAIONIUE POJTUKH, TAHYIIUHA BaJl.

3. TI'pymnma 3 oGecneumBaeT MjiaMeHHYI0 00paOOTKy BHEIIHEW CTOPOHBI
IJICHKY ¥ TIPOBOJAKY IUIEHKHU K CIEIYIOIIEH TpyImmne. BriroyaeTr oxJiaxxaaeMblid Bl
Y PWXKUMHOU BaJl.

4. TI'pynma 4 obecrneunBaeT KOPOHHYIO OOpaOOTKYy BHEIIHEH CTOPOHBI
IJICHKU Y MPOBOJIKY IUIEHKH K CIEAYIOIIEN rpynne. BkirodyaeT HanpaBisOnmn Bal
OXJIQKJIAEMbIH TUAJIEKTPUUECKUIN BaJl U MPUKUMHOMW BaJl.

5. TI'pymma 5 obecmneurBaeT KOPOHHYIO 00paOOTKY BHYTPEHHEH CTOPOHBI

IJICHKU. BKIIFOYaeT oxnaxaaeMblil JUAJIEKTPUYECKUM Ball U PU>KUMHOW BaJl.
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6. IlpwxuMHBIE Bajbl MOPENSATCTBYIOT MPOCKAIb3bIBAHUIO TIUICHKU U
YIAJIEHUIO BO3yXa MEX1Y INIEHKON U BaJIOM.

/. TI'pynma 6 oOecrneunBaeT OXJakJACHUE W TMPOBOJAKY IUICHKUA [0
HaMOTUYMKA. BKIIOUaeT OXJIaX1aronyii BaJl ¢ BHYTPEHHUM BOJSHBIM OXJIAKICHUEM
Y HAIPaBJISIOUIME BaJIbI.

[Tnenke npugaroTcs TpedyeMble 3aKa3YMKOM CBOMCTBA C TOMOIIIBIO CTAHIIUU
ra3oriaMeHHON U KOPOHHON 00pabOTKH.

[Tocne oOpaboTku TIEHKA HaMaThIBAETCS Ha TUJIB3bl. MOCTOBOW KpaH
pasrpyxaet ux. OOpasipl IUICHKA MOCTYMAIOT B J1aOOPATOPUIO M TMPOUCXOIUT
pOBEpKa KauecTBa. 3aTeM, FOTOBas MJIEHKA OTIPABIISIETCS HA CKIa.

B nmannoli Maructepckod pabore wuccneayrwotcs auratenn  T[O,

HCKOPPCKTHAA pa60Ta KOTOPBIX MIPUBOIAUT K )Ie(i)OpMaIII/IHM IIJICHKH.
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2

Oo6opynosanue T1O

2.1 Konrtposiepnoe odopynoBanue TIIO

Ha Ttexnonornueckoid nuuuu npousBoactBa bBOIIIl-nnenku cOop u

nepenadya AaHHbIX ocyuiectBisiercss TpeMs Beaymmmu I[UJIK. Kaxnpsni TTJIK

YIIPaBJISIET CBOEH YacCThIO TEXHOJIOIMUYECKOM JIMHUU. Ha uccinenyeMon ycTaHOBKE

nonepeunoro pactsokenus (TJO) ucnoassyercs Siemens S7-1500 (puc.5.) [14] co

CICAYIOIMHUMH XapaKTCPUCTUKAMMU.

Tabnuua 1 — Xapakrepuctuku KoHTposuiepa Siemens S7-1500

PaGouas
TeMIeparypa

WuTtepdeiicot

IIpoTokon
nepeaadu
JTAHHBIX

JuckpeTHslit
BBOJI/BLIBOJT

AHaoroBslit
BBOJI/BLIBOJT

Bpems
BBITTOJTHCHUS
onepanui

Hapabotka
Ha OTKa3

Ilena

-40°C ~
+70°C

Ethernet,
RS232, RS485,
usB

PROFINET
10,
PROFIBUS
DP, AS-
Interface,
OPC UA

10/6

8/4

0,1 mMkc

350 000 u

oT
24 458p

Pucynok 5 — Siemens S7-1500

Siemens S7-1500 — HeoOXOAMM [JIs IOCTPOCHHS PA3IMYHOIO POJa CHCTEM

aBTOMAaTH3alluM (HU3KOW M CpeIHEW CTemneHu CJIOKHOCTH). KoHTposiep umeer

MOJYJIBHYIO KOHCTPYKIIMIO U BKJTIOUAET B CeOS CISAYIONTUE MOTYJIN:

1. MOy Ib EHTPATBHOTO MPOLIECCOPA;

2. OJIOKM ITMTaHMS;

3. curHaJbHbIC MOIYJIH;

4. KOMMYHUKAIIUOHHBIE MOTYJIH;

5. pyHKIIMOHATIBLHBIE MOIYJIH;

6. uaTEpPEHCHBIC MOTYIIH.
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KoncTpykiusi ~ KOHTpojuiepa  BBIACNAETCS  BBICOKUM  yIOOCTBOM
00CITyKUBaHUS:

1. Kaxnaeiii Moynb ycraHnaBiauBaetrcss Ha npoduibHyto muuy S7-1500 u
¢bukcupytoTcs B pabouux MONOKEHHsX BHHTaMH. C TOMOIIBI0 IIMHHBIX
COCMHUTENEH OCYIIECTBIIETCS 00beTUHEHHE MOAYJICH B OTHY CUCTEMY;

2. MOIyJM paclojararorcs MPOU3BOJBHO B MOHTaXHBIX CTOMKax. M3-3a
HAJIMYUS CbeMHBIX (DPOHTATBHBIX COSTMHUTEICH.

Lentpaneubiii  mporieccop Siemens S7-1500 o6nagaer crexyrouaMu
MOKa3aTeIISIMU:

1. BeicTponeticTBre (0HO U3 CaMbIX BHICOKHX Ha PhIHKE KOHTPOJUIEPOB);

2. GOJIBIIIOE KOJIMYECTBO AKTHBHBIX KOMMYHHKAIIMOHHBIX COCTUHEHHUIA,

3. CPU 15xxC, CPU 15xT-2 DP umeror Hab0op BCTPOEHHBIX aHAJIOTOBBIX
BXOJIOB/BBIXOJIOB. TO €CTh IEHTPaJIbHBIA IMPOILECCOP MOXKHO HCIOIB30BaTh, Kak
TOTOBBIN OJIOK yTpaBJICHHUS.

[TIporpammupoBanue Siemens S7-1500 peanusyercs no cranmapry MOK

61131-3 B cpene TIA Portal.

2.2 Jarauku TJIO

Jl7ist KOHTpoOJIE OOpbIBA TUICHKM HCHOJIB3YIOTCS yIBTPa3BYKOBBIC JATYUKHU

obpeiBa — UC-F77 (puc.6.) [15].

' 4

Pucynoxk 6 — YbpTpa3ByKoBO# 1aTdyuK 0OphIBa
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JIaT4MKK TO3BOJISIIOT TOYHO OOHAPYKUBATh CIIOKHBIE MAaTe€pUalbl, TaKHE
KaK Mpo3paudHas ruieHka. CrnocoOHBI peryiaupoBaTh IIUPUHY 3BYKOBOTO Jyda U
UTHOPHUPOBATH HEXKEJIaTEIbHbIE OTPaKECHHS. Nwmeror BBICOKYIO

IIOMEXOYCTOMYUBOCT.

2.3 JIuraresm TIO
s mpoxoxkaenus ieHku dyepe3 TJO ucnonb3yroTcst 1Ba aCHHXPOHHBIX

JBUTATEIsl Ha BXOJ€ YCTAaHOBKM M JBa ABuratens Ha Bbixojne — SIEMENS

SIMOTICS M-1PHS8 (puc.7.) [16].

Pucynok 7 — Acunxponnslii asurarens M-1PH8

CI/IHXpOHI/ISaIII/IH ,I[BPIF&TCJICﬁ OCYHICCTBIICTCA C IMOMOIIBIO SHKOACPOB U

4aCTOTHBIX MpeoOpaszoBarencii Siemens — SINAMICS S120.

24 Pextudep TIO
Siemens Powerblock — mpeoOpa3oBbIBacT MEPEMEHHBIN TOK B ITOCTOSHHBIN

1T yIpaBJieHust nBuratensmu (puc.8.) [17].

Pucynoxk 8 — Pextudep
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2.5 Control Unit THO

VYnopaBnenue  OBUTATENIMH  MPOU3BOAUTCS  NMPUBOJAHOW  CUCTEMOM
SINAMICS S120 (puc.9.) [18]. Yupasnstomuii MOAYJIb paCCUYUTHIBACT MPUBOIBI U
ceTeBoe mUTaHue/pekyneparuo. CuiioBble YacTH (CHUJIOBBIE MOJIYJHM, MOMIYJIH
MUATAHUST U MOAYJIM JABUTaTesiei) o0ecreunBaloT ONTUMANIbHOE MpeoOpa3oBaHUE

OHCPIruu OJisd 1 ABUTaTClIA.

(7]
o
>
<
=
7]

Pucynok 9 — SINAMICS S120
Ha TJO ycranosnensr «Master» u «Slave» SINAMICS S120. «Slave»
UCTIONB3YIOTCS 11l peTyJTUPOBAHUS CKOPOCTH U MOMEHTA JIBUTATENCH, KpOMeE TOTO,
oOpabarbiBalOT HWHGOpPMAIMIO O HACTPOMKAX, BKIIOYCHUH W OTKIIOUCHHS

asurarens. «Mastery cuHxpoHu3upyeT padoty «Slave» ycTpoicTs.
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3  Cxema unpopmaunuonssix noroxos T/IO

CxeMma nH(}OpMaMOHHBIX IOTOKOB MPEACTABICHA B IPUIOKEHUU A.
JlaHHas cxema COCTOUT U3 YETHIPEX YPOBHEM:

1. VYpoBeHb NAaTYUKOB M MCHOJHUTEIBHBIX MexaHU3MOB. MHTepdeiich
ypoBus — 1-WIRE, 4-20Ma, DRIVE-CLIQ. YcrpoiicTBa — natunku (pukcupyromue
pa3phiB IJICHKW) M HWCIOJHUTEIbHbIE MeXaHu3Mbl (aBurarenau). CUrHambl —
aHAJIOTOBbIE U JUCKPETHBIE.

2. Konrpomnepusiii ypoeHb. Wurepdeiic — RS485. IlpoTtokonbr —
PROFIBUS, PROFINET. VYcrpoiictea — IIJIK (Siemens S7-1500) u momysu
BBoAa/BbiBoa. Tpu IIJIK coOupator nHOpmanuio mo Bcell TeXHOIOTHYecKO
JUHUU C MOMOIIBIO MOAYJIeH BBOAA/BBIBOJA C JATYUKOB, B 3aBUCHUMOCTU OT Heé
(GOopMUPYIOT YyNpaBISAIOIIME CUTHAJIbl HA HCIOJHUTENbHbIE MexaHu3Mbl. Kpome
TOTr0, MEPEAl0T JaHHBIC HA TUCTIETYEPCKUI YPOBEHB.

3. Jlucneruepckuii yposeHb. Uatepdeiic — RJ-45. ITpoTtokosst — Profinet,
Ethernet, Modbus TCP/IP. YctpoiictBa — nepcoHalbHbIe KOMIIBIOTEPHI, CETEBbIC
KOMMYTaTophl, JokaiabHble HMI-nanenu. Mudopmanus ¢ IIJIK mocrynmaer B
SCADA-naker (Vijeo Citect), ycranosnennsiii Ha APM oneparopa. SCADA-naket
MO3BOJISIET BU3YaJIM3UPOBATh pabOTy TEXHOJIOTMYECKOW JIMHUHU, apXUBUPOBATH €€
JaHHBIE, a TAK)KE YIPABIIATH CH.

4. CVYVTII ypoBenb. Ha pmanHOM ypOBHE NPOM3BOOUTCS apXHUBALUs
BPEMEHHBIX psIOB 0a30i JaHHBIX, MOCTPOEHHE IPOTHO30B, JIETEKTUPOBAHUE

AHOMAJIMM ¥ OHJIAH MOHUTOPHUHTIA IPOLECCa.
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4 Pa3paGoTka NpeIMKTUBHOMH MOIeIN

4.1 OcHoBHbIE HIAarU B pa3padoTKe NPeIUKTUBHOH MOIeIN

1. TloctanoBka 3agaun. OnpeneneHue Toro, Kak OyJaeT UCIOIb30BaTHCSA
MPEeIUKTUBHASA MOJEJb, JIl Yer0 OHM HY’)KHA, €€ COCTaBHBbIE YaCTH M HACKOJIBKO
s PeKkTUBHA UHTETpAIMs MOJIENIA B IPOU3BOICTBO.

2. Coop undopmaruu. YeM 6oJibliie HAKOIJIEHO UCTOPUUECKUX JTAHHBIX,
TeM OoJbllie MOJIeNIel Il MOCTPOEHUS MPOTHO3a MOKHO MPUMEHUTh U TeM Ooliee
3¢ PeKTUBHON OHU MOTYT OBITh.

3. IlpensapurtensHbiii aHanu3. IlocTpoenune rpaguKkoB HCClIETyeMOro
npouecca JUisl ONpeAesieHus Kakux-JIM0O 3aKOHOMEPHOCTEH, TEHIEHUUH WIH
BbIOpOCOB. Pacuer koppensuuu MexXIy JaHHBIMHU ISl ONpPENETICHUS HACKOJIBKO
CUJIBHBI OTHOIICHUS MEXIY HUMHU.

4. Tloctpoenue  mnporHo3Ho  moxaenu.  Jig  OPEAUKTUBHOTO
00CTy>KMBaHMsI HEOOXOIMMO BBITOJIHATH MTPOTHO3bI HAa YaChl/HHU/HEAENN BIIEpe.

5. Tloctpoenwe wMoxaenu naisi JeTekTupoBaHus aHomanui. [locrne
MOJTy4YeHUs TMPOTHO3a HEOOXOIUMO ONPENeNUTh, HACKOIBKO OYyIyIIUi Mpoliecc
cTabusieH.

6. BwiObop monenei. CpaBHeHHE MOJENEe B 3aBUCUMOCTH OT METPHUK
Ka4yecTBa, OT CKOPOCTH pabOThI M BO3MOKHOCTH UHTETPAIIMH B IIPOU3BOJICTBO.

7. HWHTterpamus B TexHOJIOTHYecKuil mpornecc. OnpeneneHue myTy NoToka
uHGOpMAIIMK Il OpraHW3allud XPaHEHUS JAaHHBIX, OOy4YeHHUs MOJeJeil Ha ATUX

JAHHBIX W TIpe/ICcTaBlIeHne NHGOPMAIMK B yIOOHOW I AUCTIETYEPOB/OMEPATOPOB

dbopme.

4.2 COop maHHBIX /I IPEIUKTUBHOMH MOIeIH

JI1s1 peanuzaiuu NpeJuKTUBHON MOJIeSId HE0OOXOAMMO UMETh HA0OP JAHHBIX
UCCIIEYEMBIX O0OBEKTOB TEXHOJOTHUYECKOrO MpoIlecca, MPOaHaIU3UpPOBATh €ro U
MPUCTYNIUTh K paszpaborke. Tak Kak OOBEKT WCCIENOBAHUS — YCTPOWCTBO

MOTIEPEeYHOTO0 pacTsbkeHus, To nHbopmarms cooupaercs [IJIK T/IO u ornpaBnsiercs

B SCADA-naker Vijeo Citect.
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SCADA-naker Vijeo Citect — mporpammHoe oOecreueHHEe KOMITAHUH
Schneider Electric nyis MonuTopuHTa 1 ynipasienus. Pe3epBupyer Bce KOMITOHEHTBI
cucteMbl. lIMeeT pacnpenelieHHYI AapXUTEKTypy “‘KIMEHT-cepBep’. XpaHHUT
TPEXMECSYHBIC JaHHBIC TEXHOJOTHYECKOW JIMHUH, KOTOPbIE W TOHAA00ATCS IS
UCCIICIOBAHMSI.

Jannbie xpansatcs B popmare .hst. Ho miist mpoBeieHus aHa M3a HEOOX0IUM
TaOauuHbIi Gopmar .CSV. [loaTomy ¢ momomnipio nporpammsl Citect Trend Reader

v1.2.8 nmpousBoauTcs npeodbpazoBanue Ghopmara.

4.3 TIlocTraHoBKa 3a1a4m

Bpemennoit psg  — 3TO  MHOXECTBO  HAOIOCHHUM, TOJy4aeMBbIX
MOCJICIOBATEIIBHO BO BPEMEHH, OOBIUHO Yepe3 paBHbIe TpoMeKyTku [19].

Nudopmarus co SCADA npencraBieHa MHOTOMEPHBIM (HIJIA OJTHOMEPHBIM )
BpeMeHHBIM paaoM X = {x;, X5, .., X7 }, X; € R™, roe Kakablii djeMeHT M-
MEpHBI  BEKTOp, MPEACTABISIIONMA CcO0OM TOKazaHUsT M JaTYUKOB U
UCITOJTHUTEILHBIX MEXaHU3MOB B MOMEHT BpemeHu t. HeoOxomumo u3 Touku t
caenath MporHo3 X, (t) BENMYMHBI X;,,. B KaXIbli MOMEHT BPEMEHHU IPOTHO3a
ONPEACITUTD ABJISETCS JIM 3HAYEHUS C JaTYNKOB AaHOMAJIbHBIM WJIA HET.

Hccnenyembie 00bekThl — ABUraTenu Ha Bxoje TJO u Ha Beixone. JlaHHBIC

CKOPOCTH, TEMIIEPATYPHI, HATPY3KH MO KAKIOMY U3 00BEKTOB.

44 TpeboBaHuUsI K BpeMEHHOMY PSIIy
JIns1 coBepIIeHus1 ONEPaTUBHBIX MPOTHO30B C IOMOIIBIO aBTOPErPECCUOHBIX
MoOjIeNield BpeMEHHOM PsJl TOJDKEH ObITh cTalmoHapHbIM. [lo cTanimoHapHOMY psTy
MO>XHO CTPOHUTH MPOTHO3, TAK KaK €ro OyAylIue CTaTUCTUYECKUE XapaKTePUCTUKH
He OyAyT OTJIMYaThCsl OT HAOMoAaeMbIX TeKyux. [los cranoHapHbIM poneccomM
& TOHMMAETCS TaKOM, /1711 KOTOPOTO BBITIOIHSIOTCS CJIEIYIONTUE YCIOBUS .
M[&;] = const = q, 1)
D[§] = o?, )
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T'(ti, t]) = T'(T), (3)
rae M[&] — wmaremarmueckoe oxumanuwe, D[&] — mmcmepcwus, r(ti, tj) —
aBTOKOppESITuOHHAas PyHKUUS, T = t; - L.

Bennunna aBTOKOppENSIIMOHHON (PYHKIIMY 3aBUCUT OT BEJIMUUHBI CJIBUTA T,
3HAQYCHUE a OMNPENENsaeT TOCTOSHHBIA YPOBEHb, OTHOCUTEIBLHO KOTOPOTO
BApPLUPYIOT 3HAYEHHs BPEMEHHOrO psAJa, a [OCTOSIHHAS BEJMYMHA 02
XapakTepu3yeT pa3Max dTOW BapHAaIUU.

JI71s1 mpoBEepKHM HA CTAllMOHAPHOCTH UCIOIB3YETCS TECT SAUHUYHOTO KOPHS
HNuku-Oynnepa. Jlemaercss mpeArnosioxKeHWe O BHJE TMpoliecca, MOPOAUBIIETO
JAaHHBIA BpeMeHHOU psjn. CTpouTcs BCroMoraTeiabHas MOJIeNb U MPOBEPSIOTCS
rUnoTe3bl o  Koddduiuenrax 23Tol moaenu. Ilocie dYero BBIBOO O
CTAIlMOHAPHOCTHU/HECTAITMOHAPHOCTH UCXOTHOTO PsIa.

BeiaBuratorcss aBe rumotesbl. HydeBas rumote3a (HO) — wumeercs
CIMHUYHBIA KOPEHbB, TO €CTh PSJI HECTAIIMOHAPEH; ajJbTepHaTHBHAsA runore3a (H1)
— HyJIeBas TUIIOTE3a OTBEPraeTCs, BPEMEHHOM psiJi HE UMEET €IMHUYHOTIO KOPHS,
3HAYUT OH CTallMOHapeH. BhIBOJ MHTEpHpeTHpyeTcs, ucmonb3ys p-value. Eciu p-
value 6ombire 0.05, To HyJeBas TUIOTE3a HE OTKJIOHSACTCS U PsJ HECTAllMOHAPHBIMH,
eciu p-value menbmie wiu paser 0.05, To oTBepraeTcs HyJeBas TMIIOTE3a M3 YETO
CJIEYET, YTO Psif CTAlIMOHAPHBII.

Ha pucynkax 10, 11, 12, 13 BpeMeHHbIE PsAabl CKOPOCTH JIBUTATEN, TOKA,
TEeMIEpaTypbl 1 MOMEHTA MPOBEPSIOTCS HA CTAllMOHAPHOCTH, aBTOKOPPEIALIMIO U

YaCTHUYHYIO aBTOKOPPCIIALINIO.
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Time Series Analysis Plots
Dickey-Fuller: p=0.00625
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Pucynok 10 — Tect Ha cranmonapHocTh psiaa (SD)

Time Series Analysis Plots
Dickey-Fuller: p=0.00726
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Pucynok 11 — Tect Ha cTanmonapaocTsb psiaa (CU)
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Time Series Analysis Plots
Dickey-Fuller: p=0.82331
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Pucynoxk 12 — Tect Ha craimonapHocTth psiaa (TE)
c Time Series Analysis Plots
= Dickey-Fuller: p=0.43848
§ 2925
g
g 200
=
S 2875
)
= 50
=
o 825
=
O 280.0
= 275
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
03-Mar 04-Mar
datetime
Autocorrelation Partial Autocorrelation
1.00
075 0
050
025 -50
000
-0.25 -100
-0.50
-0.75 -150
0 200 400 600 800 1000 1200 1400 0 200 400 800 800 1000 1200 1400

Pucynok 13 — Tect Ha cTannonapaocTh psaa (NM)

Bpemennsbie psaabl TeMnepaTypsl © MOMEHTA JIBUTATENsl HE MPOXOIST TECT

Ha cTaruoHapHOCTh. COOTBETCTBEHHO HEOOXOIMMO TIPOBECTH OICPAIHIO

muddepeHnrpoBaHus, KOTOpas MOApa3yMeBaeT BHIYUTAHUE Psia U3 CaMOTo ce0s C

JIaroM B OJMH IIar.

7

Vi Y1 7 yZ!""ryTr

(4)
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Y2 = Yo~ Ye-v ()
TecThl Ha CTAaMOHAPHOCTH TMOCTE MPeoOpa3oBaHMsI TPUBEICHBI Ha

pucyHkax 14 u 15:

@) Time Series Analysis Plots
° Dickey-Fuller: p=0.00000
= 2
=
]
S 1
i
- |
m o
B I
8
2
S -2
(= 12:00 14:00 16:00 18:00 20:00 22:00 00:00
(o] 04-Mar
E datetime
[5) Autocorrelation Partial Autocorrelation
H 1.00 1.00
075 075
050 050
025 025
-0.25 -0.25
-0.50 -0.50
o 50 100 150 200 250 300 o 50 100 150 200 250 300
Pucynok 14 — Tect Ha cTanmonapHocTh psija TE mocie npeoOpazoBaHuit
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Pucynok 15 — Tect Ha cranmonapuocts psiaa NM nocne mpeoOGpazoBanuit

45 Crek TeXHOJIOrui 119 NCCIeI0BAHNSA
Jlns aHanmu3a BPEMEHHBIX PSAJOB CYIIECTBYET HECKOJIBKO KIIACCHUYECKHUX

BBICOKOYPOBHEBBIX SI3BIKOB TporpammupoBanus — Matlab, R, Python, Julia. B

37



CllydasiX, KOT/Ia PpEIICHUE 3aJaud MPEIIojaracT CTaTUCTHYECKYI 00paboTKy
JaHHBIX, Pa00Ty ¢ TPaUKOB | T.II., OTH SA3bIKU MPUMEHSIIOTCS Yallle APYThX.

B maHHOM wMccienoBaHMM UCHOIB3yeTCs sA3bIk Python, BeO-o0omouka auis
IPython — Jupyter Notebook, mno3Bomstonuii 00BEAMHUTL KOA, TEKCT H
n300paxeHus. AHaIU3 OCYIIECTBISETCS CICIYIOMUMHI ONOINOTEKaMU .

1. NumPy — wmoayns mjisi CIHOXHBIX BbelunciieHuil. I[lpemocraBiset
¢yHkumonan cpaBHuMblid ¢ Matlab — 0a3oBeie MeTOmBI UIT MaHHUITYJSIUH C
0ospIIMMU MaccuBaMu 1 MaTpuiamu [20].

2. Pandas — oubOimoTeka ayis 0OpabOTKKM M aHamu3a JaHHBIX. CTPOUTCS
noBepx Ooubarorekn NUmMPY. TlpenocraBiseT crenuaibHble CTPYKTYPhI JAHHBIX U
oreparyy ISl MaHUITYTMPOBAHUS YHUCIOBBIMU TaOJUIIAMU U BPEMEHHBIMH PsiIlaMU
— Series, DataFrame [21].

3. Matplotlib — 6ubnmoreka i BU3yanu3aiuy JaHHBIX, KaK IByMEPHOM
rpaduKoii, TaK U TpeXMepHoit [22].

4. Seaborn — OuGnmoTeka s BU3yalW3allMK JaHHBIX OCHOBAaHHAs Ha
matplotlib. ITo3Bomser ucmoab30BaTh OOJbIIE BUAOB I'PaUKOB OTHOCHUTEIHHO
matplotlib [23].

5. SciKit-learn — OubanHoTeka MNPEAOCTABISCT pealHU3alMI0 psa
aJITOPUTMOB MAaITUHHOTO 00yueHus [24].

6. Datetime — OubaMOTEKa HCIOIB3YETCS IS pabOThI C JaTaMd M
BpeMeneM [25]

7.  Statsmodels — 6uGnmroTeka, IpeIoCcTaBIsAIOmAst KJIacChl M (PYHKITUH IS
OLICHKH PA3JINYHBIX CTATUCTHYCCKHX MOJCICH, a TaKkkKe IS TPOBEACHHS
CTaTUCTUYECKUX TECTOB U UCCIICJOBAHUS CTATUCTHUSCKUX JTaHHBIX [26].

8. Facebook  prophet -  Oubmumoreka, paspaboraHHas IS
MIPOTHO3UPOBAHMS OOJIBIIIOTO YUCIIA Pa3IMYHBIX OM3Hec-Toka3aTeneil. He tpebyer
OT aHAJIUTUKOB TITyOOKMX 3HAHUI YCTPONCTBA MpeCcKa3aTeIbHBIX Mojelnel [27].

9. Amazon GluonTS — 6ubnmoTeka, pa3padboranHas AmMazon i aHaIu3a
BPEMCHHBIX DPsJIOB. VIMEIOTCS WHCTPYMEHTBI, HEOOXOMHMMBIC IS MOCTPOCHUS U

oOyueHus HauOoyiee paCIPOCTPAHEHHBIX aAPXUTEKTYp HEUPOHHBIX CETEH,
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MEXaHM3MBl JJI1 3arpy3Kd M TPeABApUTEIbHON OOpaOOTKM [aHHBIX, TOTOBBIC
MPOTHO3HBIE MOJENW, M HWHCTPYMEHTHI /JIsi OLEHKH W CPaBHEHHS Pa3IUYHBIX
moaenei [28].

10. Tsfresh — OubnamoTexa ans reHepupoBaHMs Npu3HaKoB. Hampumep,
MaKCUMaJIbHbIE, MUHUMAJIbHBIC 3HaUeHUsI, P-Value, ko3¢ huimeHTs HaKIIOHA TINHUH
TpeHaa u T.1. [29].

11. Pmdarima — 6ubaroTeka, BKIIOYAroIas B ce0si 9KBUBAICHT (PYHKIIHH
auto.arima w3 R, KOJIEKIMIO CTaTUCTHYECKMX TECTOB CTAllMOHAPHOCTH U
CE30HHOCTH, pa3Nu4Hble onepanud — AuQepeHnrpoBaHne ©  00paTHOE
g depeHIpPOBaHNEe BPEMEHHBIX PsIIOB, BCTPOCHHBIE HA0OPHI BPEMEHHBIX PSIIOB
u mHoro apyroe [30].

12. Hmmlearn — 6ubnmoteka /i UCMOIB30BAHUS CKPBITBIX MAapKOBCKUX
moeneit [31].

13. CatBoost — Oubnmoreka pealu3aly T'paJUEeHTHOrO OYyCTUHra Ha
JEPeBbAX PEHICHUH C OTKPBITBIM HCXOAHBIM KOAOM OT KOMMaHuu SIHIEKcC.
ANTOopuTM, TPUMEHSEMBIA JUISI PAH)XUPOBAHHS WM IMPOTHO3HPOBAHUS, a TaKKe
PEKOMEH/IaTeNIbHBIX TexHoorui [32].

14. XGBoost — 6ubnuoTreka il MPOrHO3WPOBAHUsA, KiIacCUpUKAIUU, B
OCHOBE KOTOPOTO JICKUT QJITOPUTM TPAJIUEHTHOTO OYCTHHTA JIEPEBHECB PEIICHHIMA
[33].

15. Keras — OubnamoTrexka MammHHOTO o0OydeHuHs. Mcmonssyercs mis
pelieHuss 3a7ad KOMIIBIOTEPHOrO 3peHHs, 00paboTKa €CTeCTBEHHOIO S3bIKa,

MPOTHO3UPOBAHMS BPEMEHHBIX PSJIOB | T.1. [34].

46 Merpuxku KayecTBa

OCHOBHBIMH  XapaKTEPUCTHUKAMU KadyeCTBa CTATUCTUYECKUX MOJICIEH,
BBIOpAHHBIX ISl TIPOTHO3MPOBAHUS, SBISIOTCS TOKa3zaTtenu ToyHOcTH. [loHsTHE
TOYHOCTH XapaKTePHU3yeT CTEMEeHb OJIM30CTH CMOJICTUPOBAHHBIX (PACUETHBIX IO

OTIPEJICTICHHONW MOJIEJN MPOTHO3a) 3HAYCHW Y B MX COBOKYITHOCTH K HCXOJIHBIM
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(GaKTHYECKUM TaHHBIM Y. YeM MEHBIIEC OTIHYUS TEOPETHUYECKUX 3HAYCHHH OT
SMIUPUICCKUX JAHHBIX, TEM BBIIIIe KauecTBO Mojeu [35].

Tabnuua 2 — Haubounee ncnonb3yemMble METPUKU KaueCTBA

1P — ¥)?
71'1:1(yl' - ?:1)11')2

Koadpunment nerepmunanuu

R*=1-

CpenHee aOCOIIOTHOE OTKIOHCHHE MAE — iy — il

n

CpenHexBapaTuyeckas omuoka

1% .,
MSE = - z(yi - )
=1

CpenHnsst aOcotoTHas IPOLEHTHAs 100 & ly; — 9
MAPE = E A
ommnoKa n < Vi
1=

47 TloaroroBka JaHHBIX

3HaueHusT CKOPOCTH, HArpy3KH, TEMIEpaTyphl JABUTaTeledl CHUMAIOTCS C
nepuoandHocThio B 1 cekyHay. KommuectBo HaGmromenuit 500 000 crpok. Jis
Hayajla aHaliu3a HeoOXOJIMMO MPHUBECTH UX K mojxojsuiedt dopme. MckmtounTh

HPOIYCKH B JaHHBIX, OCTABUTh BPEMsI U U3MepsieMblil mapametp (puc.14.):

o npeobpasoBami Time Raw Value Scaled Value  Description State Hocae Maotor speed
npeodpasoBaHIl

0 03.03.2020 00:00:00.000 GMT 26351 411 734375 MMM MaN datetime

1 03.03.2020 00:00:01.000 GMT 26351 411 T343TS5 MMM MaM | 2020-03-03 00:00:00 411

2 03.03.20220 00:00:02.000 GMT 26351 411 T343T5NMMM - MaM | 2020-03-03 00:00:01 411

3 03.03.20220 00:00:03.000 GMT 26351 411 T343T5 MMM MNaMN | 2020-03-03 00:00:02 411

4  03.03.2020 00:00:04.000 GMT 26351 411 T343T5 MMM MaN | 2020-03-03 00:00:03 411

Pucynok 16 — IpeoOpazoBanue JaHHBIX
[Tonmy4uBImiicss BpeMEHHOU Psii UMEET OOJBIIIOE KOTHYECTBO BEIOPOCOB H
4acToe U3MEHEeHue TpeHaa. [[poucxoauT 3To u3-3a TOro, 4To MPOU3BOAUMAS IUIEHKA
MMEeT pa3Hbleé CBOWCTBA B 3aBUCHMOCTH OT TpeOOBaHUS 3aKa3dyHKa.
COOTBETCTBEHHO  ONpEAEICHHbIE  CBOICTBA  IUIGHKU  TMOJy4arTcs  IpHU
ONPEAEIEHHBIX CKOPOCTSX. M3MeHeHne BHIA IUIEHKH, a TaKXKe CKOPOCTH

TEXHOJIOTHYSCKON JIMHUU YCTAaHABIIMBACTCA OIICPpATOPOM pa3 B CYTKH H3 4YCTO
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ClIeayeTr, 410 UMCECT CMBICI IMPOTHO3HUPOBATH pa60Ty JIBUTATEJICH Ha HECKOJBKO

4JacCoB BIICPC/, a B KAYCCTBC HCTOPUICCKHUX JAHHBIX HUCIIOJIL30BATh I/IH(I)OpMaI_II/IIO 3a

CYTKH C 4aCTOTOW B OAHY MUHYTY (puc.11.):
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Pucynok 17 — I'padyiky U3MEHEHHI CKOPOCTH JABUTATENS

4.8 TIporHo3nbie Monen

ITocne IIOATOTOBKHM MJAaHHBIX OIIPCACILICTCA MOACIb IIPOTHO3HUPOBAHMA.

Mopenu mporHO3UPOBAHMSI BPEMEHHBIX PSIIOB KIACCUPUITUPYIOTCS HA HECKOJIBKO

rpym (puc.11.) [36]:
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Pucynok 18 — Moaenu nporao3upoBanus

Nrenze XGBoost

LSTM H GRU ‘ ‘ HMM ‘ MpocToe 33| DEoi-os SC‘ CatBoost |

4.8.1 MeToapl CKoJIBL3511IET0 cpeaHero (moving average, MA)
Meton 3akimrodaeTcs B NPEANOJIOKEHHM, 4YTO Oyayllee 3HadyeHUe

MEPEMEHHOM 3aBUCUT OT CPEJHETO N €€ NMPeAbIAYIINX 3HAUCHUI:

k-1

R 1

Ve = E z Ve-nr
n=0

rie k — pa3mep OKHa BIOOPKH, Y, — IpelicKa3aHHOE 3HAYCHHE, Vi _,, — MPEbIIYIIee

(6)

3HAa4YCHHE psfa.

Ta6muma 3 — [Ipencka3zanue Ha miar Brepen Metogom MA

SD, M/MN CU, A TE, °C NM, Nm
MA 427.3470139 | 119.2956 42.052 285.38168

OnHUM U3 HEIOCTAaTKOB CKOJIB3SIIEH CpedHEN SIBISETCS MPUCBOCHHE MPU
pacdere BceM HaOIIOJIEHUSAM OJWHAKOBOTO Beca. M3 dero ciemyeT MOsSBICHHE
MOJICNIA B3BEUICHHOW CKOJB3SIICH CpenHel, BHYTPH KOTOPOW HaOII0ICHUIM

NPUAAIOTCS PA3JIMYHBIC BECA, B CYMME JAIONIUE CAUHUILY:

1 k—1 7)

r7ie W,, — BeC HaOJIFOICHUS.
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Tabnuua 4 — [Ipeackazanue Ha war Bnepen meronom WMA
SD, M/IMN | CU, A TE, °C NM, Nm
WMA 431.0 119.0 41.0 287.3

4.8.2 MeToabl IKCIIOHEHIAATBHOIO CIVIAKHBAHHUS

4821 IKCIOHEHIIHAJIBbHOE CIVIAKUBAHNE

BpeMeHHON psAx CriaXuBaeTcs € MOMOIIBIO B3BELICHHOM CKOJIB3SIICH
CpeaHel, B KOTOpOW Beca MOAUYMHSIOTCS IKCIOHCHIIMAIBHOMY 3aKOHY, TO €CTh
0oJiee paHHUM HAOJIFOACHUSM MPUJIAIOTCS MEHBIIINE Beca, YeM 0oJiee O3 HUM.

OKCMOHEHIIMAJIBHOE ~ CTJIaXXMBaHUE  MpeAycMaTpUBaeT  IMOCTOSHHOE
OOHOBJICHHE MOJECIM 3a CUeT HamboJIee CBCKMX JAHHBIX. B Criiak€eHHOM BHJIC
HOBBIM TPOTHO3 MOYKHO TMPEJICTABUTh KaK B3BEIICHHOE CpPEJHEE MOCISTHErO
HAOJIIO/ICHUS BEJIMYMHBI B MOMEHT BpeMeHHU t 1 €€ MPEeKHEro MporHo3a 3a 3TOT ke
nepuoa. Bec a mpucBamBaeTcs mociegHEeMy HaOII0aeMOMY 3HAYEHHIO, a BEC
(1 — a) — nporHosy:

y=a y+0— a) P4

rje ¥ — mporuo3upyemoe 3HadeHue Ha nepuoja t + 1, y, — dakTudeckoe 3HaueHue

psiia B MOMEHT BpeMeHu i, Y, ; — IpexkHUil MPOrHO3 Ha MOMEHT BpeMeHH t, Bec a

— CIUIAKHMBAIOMIUN (PakTop.

JKcnoHeHynansHoe crnaxueanue SD

Apha 0.3 ML F
Aipha 0.03
Actual

-~ P S P
- N ] W
w o (3] o

CkopocTb gsuratensa (M/MN)

E-
ry
(=]

0 200 400 600 800 1000 1200 1400
Bpems (M)

Pucynok 19 — DkcnoHeHIIManbpHOE critakuBanue SD

43




3kcnoHeHuymanbHoe crnaxusaxnne CU
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Pucynok 20 — OxcnonenuuansHoe craaxuBanue CU
3KcnoHeHumansHoe crnaxusaxune TE
44
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Pucynok 21 — DxkcnioHeHIIMaIbHOE CrilakuBanue 1E

JKcnoHeHumansHoe criaxveanve NM

MomeHT (Nm)

0 200 400 600 800 1000 1200 1400
Bpewmsi (M)

Pucynok 22 — DxkcnoHeHmanbHoe criaxuBanue NM

Tabmuna 5 — [Ipeackazanne Ha mar Bnepen MmerogoM DC

SD, M/IMN [CU, A TE, °C NM, Nm

oC 431.0 119.007 41.0 287.2695

Teoperuueckoe 000CHOBaHKME METOa MPeCTaBIeHO B padote [37].

4822 JIBoiiHOE IKCTIOHEHIIHAJILHOE CIVIAKMBAHME
MeTobl CKONB3SIIETO CPETHETO, B3BEIICHHOTO CKOJB3SIIETO CPETHETO,
ITPOCTOTO AKCIIOHCHIIMAIBLHOTO CIIIAKMBAHKS TTO3BOJISIOT CACIATh MPEICKa3aHue

Ha Hmiar BIICPCH. PacmnpeHI/Ie OKCIIOHCHIIMAJIBHOI'O CIJIaXUBaHUA — I[BOI\/’IHOC

44




OKCIIOHCHIHUAJIBHOC CIJIa)KMBAHHUC. I[068,BJIHIOTC5{ ABC COCTABJIAIOINEC — YPOBCHDb '

U TpEHI b

x
by

= ay, + (1 — a)(y_1 — by_1), (8)
= ,B(gx - gx—l) + (1 - .B)bx—lr 9)

Vx+1 = tx + by, (10)

rjae a, f — Beca B IBOWHOM SKCIIOHEHIIMATbHOM CTJIaKUBAHUU.

430

M/MN)

= 425
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Pucynok 23 — J[BoitHOE 3KCITOHEHIIHMAIbHOE cTiiakuBaHue SD

[1BoViHOEe 3KCMOoHeHUuansHoe crnaxusadne CU
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Pucynok 24 — J[BoitHOE 3KCITOHEHIIMANbHOE critakuBanue CU
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Pucynok 25 — J[BoitHOE 3KCIIOHEHIIMAIBHOE CrilakuBaHue TE
[1BoMiHOE 3KCnoHeHUumnanbHoe crnaxveaive NM
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Pucynok 26 — J[BoitHOE 3KCIIOHEHIIHAIbHOE criiakuBanue NM
Ta6muma 6 — [Ipencka3zanue Ha ABa mara Brepea merogom JIDC
SD, M/MN CU, A TE, °C NM, Nm
J2C 431.0 118.98 40.99992 286.87
431.0 118.95 40.99985 286.82

48.2.3

Teoperuueckoe 000CHOBaHKE METOa MPEICTaBIeHO B padbote [37].

TpoiiHoe 3xcnioHeHIMAIBLHOE crviakuBanue (Holt-Winters)

ITomumo ABYX KOMIIOHCHTOB, I[O63BJ'ICHHBIX B HBOﬁHOM 9KCIIOHCHIIMAJIbHOM

CrijiaxuBaHHUHU, B TpOﬁHOM OKCIIOHCHIHAJIbHOM CIJIaXMBaHWN I[O6aBJI$IeTC$I TPCTbhA

KOMITIOHEHTa — Ce30HHOCTh. Ce30HHAss KOMIIOHEHTAa OOBICHSIET IMOBTOPAIOIIHCCA
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KoJeOaHusl BOKPYr ypoBHS U TpeHaa. OHa XapakTepu3yeTcsl JJIMHHOM Ce30Ha —

MEPUOJOM, TOCIE KOTOPOr0 HAUMHAETCSI IOBTOPEHUE KOJIEOAHUIA

e = a(yy — sx—p) + (1= a)(€x_1 — byx_1), (11)
by = B(€x — €x_1) + (1 = B)bx_y, (12)

Sy = Y(x = £x) + (1 = ¥)sxs, (13)

Vx+1 = €x + Mby + Sx_1414m-1)modrs (14)

rae a, 5, Y — Beca B JBOMHOM SKCIIOHEHIIUAIBLHOM CTJIaKUBAHUU.
IIpenckazanne npousBoautcs Ha 200 maroB Boepea. B pomm merpuku
kadecTBa ucnosb3yercss MAPE. [1apamerps! 1uist MoJieny moI0MPaIUCh ¢ TOMOIIBIO

KpOCC-BaTHIaINH.

TpoWrHoe akcnoHeHynaneHoe crnaxusaHune SD
MAPE: 0.20%
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Pucynok 27 — TpoiiHoe SKCTIOHEHITMaIbHOE criakuBanue SD

TpoiHoe aKkcnoHeHuuansHoe crnaxusadue CU
MAPE: 0.59%
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Pucynok 28 — TpoiiHoe skcrnioHeHITManbpHoe criaxuBanne CU
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Pucynok 30 — TpoiiHoe skcioHeHIManpHoe criaxuBanue NM

Teoperudeckoe 000CHOBaHHE METO/Ia MPEICTABIICHO B cTaThe [38].

4.8.3 ABTOperpeccruoHbie Mo N

48.3.1 AR (autoregreesive) MoieJs1b

Mojenb CTallMOHAPHOTO MPOIIECcCca, BhIpakalolasi 3HaUeHUE MoKa3aTens Y,
B BHUJC JUHEHWHOW KOMOWHAIIMM KOHEYHOTO YHCia IMPEAIICCTBYIOMNX 3HAUYCHUM
3TOrO0 IMOKAa3aTelsl ¥ aIIMTUBHON CIIYYalHO COCTABJISIONIEH, HA3bIBAKOTCS MOJIEIBIO
ABTOPETPECCHUU WUIIH aBTOPETPECCUOHHOW MOJIEIIBIO:

Ve = @Yi-1 T QY2 ...t QpYrp T &, (15)
rae aj — K03hQUUMEHTH MOIENH, P — MOPAIOK aBTOPETPECCHH, £ — CIydarHas
COCTABJAIONIAS, HMEIIAsi  HOPMAJIBHOE  PACHPENCIICHUE C  HYJEBBIM
MaTEMaTHYECKUM OKHJAHUEM.

Ha pucynke 31 mnpuBeneHsl MpeacKa3aHUs C TOMOIIBIO MOICIH

aBTOPETPECCHH:
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Pucynok 31 — AR monenu

Teopernueckoe 000CHOBaHKME METO 1A IIPEACTaBIeHO B pabore [39].

48.3.2 ARIMA (autoregressive integrated moving average) MojieJib

KomOunanus aBToperpeccnonHoi mozenu mopsiaka (cm. 4.8.3.1) p u
MOJICNId CKOJNB3sIIero cpennero mopsaka (cm. 4.8.1) ( gaeT CMelIaHHYIO
aBTOPErPECCHOHHYIO MOIeIb cKoJb3siero cpeanero (ARMA(pP, q)). ARMA, kak u
AR Mopenb, WCMONB3yeTcsl TOJABKO [JISl CTAlMOHAPHBIX psAnoB. s paboTel c
HeCTalMOHApHbIMU psanamu popmupyercs moaens ARIMA, Ttem 4ro B Mozenb
ARMA BkirodaeTcss OmepaTop B3STHS MNPOCTBIX pa3HocTed mopsiaka d.
IIpornosupoBanue ¢ nomombio ARIMA B sSBHOM BHJI€ BBITJISAAUT CJICAYIONUM
obpazom:

Ver1 = QYeri-1 + GYeri2t o+ QpYeipt. T & (16)
— bigrpi1— bagrpi o~ — Bq8t+l—qf

rie @ u b — K03 PHUIMEHTH MOZIEIH, P — HOPSIIOK aBTOPErPECCHH, (| — HOPAIOK

CKOJIB3AIICTO CPCAHCIO.
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[Touck rumepmapamerpoB — P, (¢, 0 NPOU3BOAMTCS HUTEPAIIOHHBIM
cnocobom. CpaBHuBaercs wmeTpuka kavectBa (MAPE) kaxnoro Habopa
runeprapameTpoB, Ha0op ¢ HauMmenblield MAPE ncnons3yercs B Moaenu.

Ha pucynkax 32, 33, 34, 35 npencraBiieHbl rpaduky MpecKazaHus ¢

nomorteo Moaeiu ARIMA:
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Pucynok 33 — ARIMA monens i1 TOKa IBUTaTelIs

ARIMA mopens ana TE
MAPE: 2.36%
64‘4 —— Actual
< —— Model
=
[=
o
© 43
@
=
3
=42
@
o
3
= 41
0 200 400 600 800 1000 1200 1400
Bpewmsi (M)

Pucynok 34 — ARIMA moaenb i1t TeMieparypsl IBUTaTeNs
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ARIMA mopens ans NM
MAPE: 0.55%
. — Actual
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Pucynok 35 — ARIMA Mmoaenb 11t MOMEHTa IBUraTess
Teoperudeckoe 000CHOBaHME METO/Ia MPEICTaBlIeHO B cTtaThe [40].
48.3.3 SARIMA (seasonal autoregressive integrated moving average)

Mo1eJIb

JIJIsL TIOCTpOEHUSI aBTOPETPECCHOHHOW MOJCIM Ha BPEMEHHBIX pSaax C
NPUCYTCTBUEM CE30HHOTO KOMITOHCHTA WCIOJIB3YETCS PACIIUPCHUE MOJICIH
ARIMA — SARIMA, rze S — seasonal. Ce30HHOCTh — HEKOTOPBIi MTOBTOPSFOIIUICS
naTTepH, HAOJI0IaeMblii BO BpEMEHHBIX psiiax. B o0imieM Buae MOJENb BBITIISIIUT
TaK:

ARIMA(p,d,q)(P,D, Q) (17)
rie p,d,q — mapametpel ARIMA, (P,D,Q)s — rpymnma HOBBIX IapaMeTpoB
SARIMA. P — mnopsgok ce3onnoii cocrapmsionieii SAR(P), D — mopsmok
WHTETPUPOBAHUS CE30HHON COCTABIAIOMIEH, Q — MOPSIOK CE30HHOM COCTABIISIIONICH
SMA(Q), s — pa3MepHOCTb CE30HHOCTH.

Ha pucynkax 36, 37, 38, 39 mpencraBieHbl TpaduKu MpeacKa3aHUs C

nomorrso Moaean SARIMA:

SARIMA mopens ana SD
MAPE: 0.02%
—— model

— actual - ’{_/_’_’

B~ Fy o~ P
- N N [
(4] [=] (4] o

|

Ckopoctb aguratens (M/MN)

~
=

03-03 00 03-03 03 03-03 06 03-03 09 03-03 12 03-03 15 03-03 18 03-03 21 03-04 00 03-04 03
Bpems (M)

Pucynoxk 36 — SARIMA monens i1t CKOPOCTH JBUTATEIIS
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SARIMA mopens ans CU
MAPE: 0.65%

—— model

— actual
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Pucynok 37 — SARIMA mMopens f1st Toka JBuratens

SARIMA mogens gna TE
MAPE: 0.37%

S
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Bpems (m)

Pucynok 38 — SARIMA mMogens s TeMIiepaTypbl JBUTaTes

SARIMA mogenb anst NM
MAPE: 0.43%

~— model
— actual
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©
o

MomeHT pgsuratens (Nm)
N
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N
(o]
o
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Bpewms (m)

Pucynok 39 — SARIMA Mopens 11t MOMEHTa JBUTATENIs

Teoperuueckoe 000CHOBaHKME METOa MPEICTaBIeHO B padote [41].

4.8.4 CxkpsiTas mapkoBckasi morenb (Hidden Markov model)

CxkppITass MapKOBCKasi MOJI€JIb — MOJIENb Ipollecca, B KOTOPOM MpoIliecc
CUMTAETCS. MAPKOBCKUM, HO HEU3BECTHO B KAKOM COCTOSIHUM HaXOJUTCS CHCTEMa
(COCTOSIHMSI CKPBITHI), HO Ka)KJJ0€ COCTOSIHUE MOKET ¢ HEKOTOPOW BEPOSITHOCTHIO

MIPOU3BECTU COOBITHE, KOTOPOE MOXHO HabmogaTh. Mojaens cocTout u3 Habopa
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HAO0JI01aEMBIX IEPEMEHHBIX X = X1, ... ... ,Xp, THe X, € RY, u HAGOpa TaTEeHTHBIX
(MM CKPBITHIX) MEPEMEHHBIX T = ty, .. ... tn, THe t, € {0,1}%, X t;=1.
CKpbIThIE TI€PEMEHHBIE SABISIOTCS OWHAPHBIMH M KOJIUPYIOT K  COCTOSIHMIA:
NepeMEHHBIE COCTOSIHUA. 3HAUCHUSI HAOII0JaeMOr0 BEKTOPA X}, B MOMEHT BPEMEHU
k 3aBUCAT TOTBKO OT CKPBITOTO COCTOSIHUA ), @ ), 3ABUCUT TOJIBKO OT tj_1.

[IpumMeHuTENBHO K  BPEMEHHBIM  psAJlaM  CKPBITOE  COCTOSIHUE
XapaKTepusyeTcs MepruojlaMy, KOrjla MaTeMaTHYecKoe OKUJAHUE U TUCIIEPCUs He
MeHsAI0TCs. KoTM4ecTBO CKPBITHIX COCTOSIHUM BBIOMpPAETCS] UCXO/ISl U3 HAUOOJIBIIETO
npasaononaodus Mozenu. [lpaBnomogobust mnpencraBiaeHsl B Tabnuie 6.
[Ipenckazanus Ha pucynkax 40, 41, 42, 43.

Tabnuua 6 — BIOOp KOIMUECTBA CKPBITHIX COCTOSIHUN

KommuectBo [IpaBmononobue | [IpaBmonomo6ue | [IpaBmomomodue | [IpaBmomomobue
CKPBITBIX UL CKOPOCTH | JJIst TOKa | JJIsl TEMIIEPATypHl | [UIT ~ MOMEHTa
COCTOSTHHH ABUT'aTEIIA ABUTaTCIIA JABUTaTECIIA JABUTaTEIIA

1 -3209.578 -1395.310 -1205.155 -2194.888

2 -1862.034 -1354.160 -627.526 -1992.406

3 -1471.952 -1350.455 2111.237 -1881.178

4 -929.213 1433.558 3855.816 -1844.285

5 -854.145 2530.130 3680.103 -1831.114

6 1397.477 2805.754 3577.317 -1279.328

7 1730.829 2805.754 3504.390 -156.165

8 2247.008 2805.754 3447.823 -1802.470

9 2247.744 2677.177 3401.605 112.651

10 2326.328 2580.138 3362.527 950.504

11 3431.743 2595.189 3328.677 1019.998

12 3432.063 2504.925 3298.819 1493.333

13 3456.351 2466.610 3272.110 1485.716

14 3053.873 2425.217 3247.949 1309.255
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Pucynok 40 — HMM nnst ckopocTu aBUratens

HMM ana CU
MAPE: 0.00%
123 — Actual E
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—— Model (HS = 2) i
122 |
i
121 '
<
=
5 120
&
§ 119
<]
=118
17
116
030300  03-0303 030306  03-0309 030312 030315 030318 030321  03-04 00
Bpems (4)
Pucynok 41 — HMM nnst Toka nBurarens
HMM ans TE
MAPE: 0.01%
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—— Model (HS = 4)
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Pucynox 42 — HMM nis remriepaTypsl 1BUTATENS
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HMM ans NM
MAPE: 0.00%

294 | = Actual
—— Model (HS = 19)
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Pucynok 43 — HMM a5t MOMeHTa nBUTATENS

Teoperudeckoe 000CHOBaHME METO/Ia MPEJICTABIICHO B cTaThe [42].

4.8.5 PerpeccoHHbIE MO€JIH

485.1 Teopernueckas 4acTh

Perpeccronnas ™opgenb — (GYHKIMS HE3aBUCUMOW TMEPEMEHHON |
napaMeTpoB ¢ J00aBJICHHOW CIydalHOW TMepeMeHHOW. Monenb CBOAUTCS K

CYMMHUPOBaHMIO 3HAYEHUIM PU3HAKOB C HEKOTOPHIMH BECAMMU:
d (18)
y(x) = wy + Z WjX;,
j=1

rjie W; — Beca MOJIENH, Wy — CBOOOIHBIH KO3 QUIMEHT UK CIIBUT (bias).

Jlns oOy4eHHsT PErpecCHOHHON MOIEIM HEOOXOAMMO ONPEACINTh, Kak
HU3MEPSCTCS KauyeCTBO mpeickazanuii. OCHOBHBIM CIIOCOOOM OIICHKH OTKJIOHEHUS
MporHo3a OT HCTHHHOro oTBeTa sABmsercss RMSE (tak kak MSE mioxo

HMHTEPIPETUPYETCS — HE COXPAHSIET €AMHUIBI U3MEPEHHUS):

(19)

n
1
RMSE = |~ > (5 = ¥0)?
i=1

HaHHaﬂ MCTPHKA XOPOHIO IIOAXOAMUT IJIA CPABHCHHA MOHCHGP’I, HO HC

MMO3BOJIAACT CACIHAaTb BbIBOA O TOM, HACKOJBKO XOpOomo MOACIb PCIIacT
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MOCTaBJICHHYIO 3aJady, I[OATOMY Kpome He€ mpuMmeHseTcs KodhUuIiueHT
JeTepMUHALINN:

(i — v)? (20)
(v - 2?:1371-)2 |

Koadumment aerepMuHaniuy u3MepsieT JOJII0 JUCTIEPCUH, O0BSICHEHHYIO

R*=1-

MOJIEJIbI0, B 00IIEel Aucepcrur 1eneBoi nepeMenHoil. dakTuuecku, naHHas Mepa
KauecTBa — HOPMHUPOBAHHAsI CpeHEKBajpaTH4Has omuoOka. Eciu ona Oim3ka K
€UHULIC, TO MOJICJIb XOPOIIO OOBSICHSET JIaHHBIC.

Ucxons uz orpannuenuii (cM. 4.4) u onupasch Ha Teopemy ['aycca-MapkoBa
MOXHO YTBEpXKJaTh, 4TO OOy4YEHHUE JIMHEWHOW pErpeccH C HCIOIb30BaHUEM
cpeaHeKkBaApaTuUHON om0k — 10 ecTh MHK — naet mydinyto orieHKy mapameTpoB
MOJEIH.

[Touck mapaMeTpoB MOApPAa3yMEBaeT 3ajauyy ONTUMHU3AILMH, KOTOpas
pemaercs TPaJUCHTHBIM OYCTHMHTOM. ['pagueHT ABISIETCS HaIpaBICHUEM
HaucKopeimero pocra (QYHKIMH, a AaHTUTPAJUEHT —  HaIpaBICHUEM
Hauckopeimero yobiBanus. COOTBETCTBEHHO, MPOUCXOJIUT CTAPT M3 HEKOTOPOi
TOYKH, J1aJIe€ CABUI B CTOPOHY aHTUTPAAUEHTA, IEPECUET aHTUTPAJAUEHTA U CHOBA

CABHUI' B €TO CTOPOHY — U TaK IMOBTOPACTCA 10 MUHHUMYMaA.

485.2 IIpakTuyeckast 4acThb

IIpu ncnonp30BaHUU 151 IPOTHO3UPOBAHUS ABTOPETPECCUOHHBIX MOJIEIIEH,
CKPBITBIX MapKOBCKMX MOJENIEH M MOJENIEN SKCIOHEHIMAJIBbHOIO CrJIa’KMBaHUS
HCIOJIB30BAJICS OJHOMEPHBIM BPEMEHHBIN psA. [nd JIMHEWHOW perpeccuu
HEO0OXOJIMMO BOCTIOJB30BAThCSl OCTAIHHBIMU MMEIOIIMMUCS JTaHHBIMUA U 10 3THM
JAHHBIM IIPEJCKA3bIBATh LIEJIEBBIC 3HAUCHHUS.

[Tocne mpeoOpa3oBaHmii HAOOP JAHHBIX UMEET clieayronuil Bux (puc.44.):
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Motor speed Current Temperature Torque

datetime
2020-03-03 00:00:00 411 118 41 278
2020-03-03 00:01:00 411 118 41 279
2020-03-03 00:02:00 411 118 41 279
2020-03-03 00:03:00 411 17 41 278
2020-03-03 00:04:00 411 118 41 280

Pucynok 44 — HaGop npu3HaKoB [JIsl MOJENH JIMHEHHOM perpeccuu

JlanHble M3MEpEeHbl B pa3HbIX MaclliTabaX, COOTBETCTBEHHO HEOOXOAMMO
MIPOU3BECTU HOPMAJIM3ALIMIO U PUBECTHU K 001Iel mikae. JlJis 3Toro uCnoiab3yercs
CTaHJapTHAas OICHKA!

xX— X (21)

rJie X — CpeJiHee BHIOOPKH, S — CTAaHAPTHOE OTKJIOHEHUE BHIOOPKH.
Ha pucynke 45 npeictaBieHbl MPOTHO3bI TMHEHHBIX PErPeCCHOHHBIX

Mojienield, 00y4eHHbIE Ha TPEeX MPU3HAKAX:

LR ann SO LR ana CU
MAPE 1.14% MAPE 0.55%
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Bpems () Bpewms (4)
LR gna TE LR gna NM
MAPE 2 44% MAPE 0.56%
4.0
20
o 45
= E =8
E 430 <
2 -3
286
& g
= =
2 as g
g 5 =
g £
g 420 o m
© =
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ﬁ 415 0
410 278
030300 03-0303 030306 030309 030312 030315 030318 030321 03-0400 030300 030303 030306 030309 030312 030315 030318 030321 03-04 00
Bpemn (4) Bpems (1)

Pucynok 45 — [Iporao3rpoBaHue MOAENbIO TUHEUHON PErpeccuu
B kadecTBe TNpHU3HAKOB, KPOME XapaKTEPUCTUK JIBUTATEJNsA, MOXHO
WCIIOJIB30BaTh JIard BpeMeHHOro psna. COBUHYB psii Ha N 1IaroB, J00aBUTH

MPU3HAK, B KOTOPOM TEKYIIEMYy 3HAUYEHHUIO psifa B MOMEHT BpeMeHH t Oynaer
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COOTBCTCTBOBATh €TI0 3HAYCHHUC B MOMCHT BPCMCHH t— N, 94TO MO3BOJIUT ACJIaTh

peacKa3aHus Ha N 1aroB BIOCPE.

datetime

y lag_700 lag_701

lag_702 lag_703 lag_704 lag_705

lag_706

lag_707

lag_708 ... lag_9890

lag_991

lag_992

lag_993

lag_994 lag_995

2020-03-
03 431 431.0
23:54:00

2020-03-
03 431 431.0
23:55:00

2020-03-
03 431 431.0
23:56:00

2020-03-
03 431 431.0
23:57:00

2020-03-
03 431 431.0
23:58:00

2020-03-
03 431 431.0
23:59:00

2020-03-
04 431 431.0
00:00:00

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

431.0

4310

426.0

426.0

426.0

427.0

427.0

427.0

427.0

426.0

426.0

426.0

426.0

427.0

427.0

427.0

426.0

426.0

426.0

426.0

426.0

427.0

427.0

426.0

426.0

426.0

426.0

426.0

426.0

427.0

427.0 427.0

426.0 427.0

426.0 426.0

426.0 426.0

426.0 426.0

426.0 426.0

426.0 426.0

Pucynox 46 — HaGop npu3HaKoB ¢ jjaraMu BpEMEHHOTO psifia

bonpioe KomuMyecTBO J1aroB MMpUBOAUT K HCpCO6y‘ICHI/IIO, MaJIOC K

YXYAIICHHUIO Ka4CCTBa IIPOrHO3a. HpC,I[CKaBaHI/IH B 3aBHCHUMOCTH OT KOJIMYCCTBaA

JIaroB MPEACTABICHBI HA pUCYHKE 47!

LR ana SO
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LR ana TE
MAPE 0.62%, 3.16%
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g B ¥
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LR g
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—— Mode! (Low lags)

Bpems (4)

LR ans NM
MAPE 0.47%, 1.06%
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Pucynok 47 — Ilpenckazanusi ¢ HCHOJb30BAHUEM MPU3HAKOB, MOJTYUYEHHBIX C

IIOMOIIIBIO JIAI'OB BPpCMCHHOI'O psAaa

Teopernueckoe 000CHOBaHKME METO/Ia IIpeICcTaBicHO B pabote [43].
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4.8.6 Mopnesin Ha 0a3e KJIacCH(PUKALIMOHHO-PErPeCCHOHHBIX IepeBbeB

48.6.1 CatBoost

B ocnoe 0ubamnorexku CatBoost nexxut rpagueHTHbINA OYCTUHT Ha JE€PEBBAX
pelieHuii. B Hel noaaepKaHO HECKOJIBKO BHUJAOB JEPEBBEB, B TOM YHUCIIE
«CHMMETPHUYHBIC» JIEPEBbHsI, KOTOPBIC UCTIOIB3YIOTCS B OMOIMOTEKE IO YMOTYAHHIO.
AnroputM paboTaeT cileaylomuM o0pa3oM — A KaXJ0ro ImapameTrpa MMeeTcs
Ha0Op MPU3HAKOB, UMEETCS JEPEBO, B BEPIIMHAX JepeBa — ycloBus. Eciu ycinoBue
BBITIOJITHEHO OCYIIECTBISIETCS TIEPEXOJ] B JIEBBI y3el, B NMPOTHBHOM Cly4ae B
npaBelil. [Ipu mocTpoeHnn nepeBa HEOOXOAUMO 3a/1aTh (YHKIIMOHAT KauecTBa, Ha

OCHOBC KOTOPOTI'o OCYHICCTBIIACTCA p2136I/ICHI/Ie BBI60pKI/I Ha Ka>XJ10M IIare.

QRfi5) = HRw) — O HRY) - Tty
|Rn| |Rom|
R, u R, — 00bEeKTHI, OMAJAONIKE B JICBOE U IpaBoe moanaepeso, H(R) — kpurepwii
MH()OPMATUBHOCTH, KOTOPBIM OIEHUBAET KA4yeCTBO paCMpe/eNieHUus IeJIeBOn
IIEPEMEHHOM.

Kpurepuit mHbOpMATUBHOCTH B Clly4ae pPETrpeccCHH MEepPenuchiBaeTCs B

CJICAYIOIIEM BUJIE:

1 1 (23)
_ 2
QH(Ry) = R z i — Rl z yi)©.
(xpyi) €ER (xpyi) €R
NubopmMaTUBHOCTH BEPIIUHBI U3MEPSAETCA €€ TUCTIEPCUE — UeM HUXKE
pasz0poc 11e1eBo IepEeMEHHON, TeM JIy4Ille BEPIIUHA.
Hukn oOyuenust CatBoost cocTouT U3 moCcTpoeHMs OHOTO JIepeBa, MPOBEpPKa

Ka4yecTBa U MEePeoOyUCHHSI, ITOCIIC YeT0 COXpaHCHHsI pe3yibraTta (puc.48.):

Train
single tree

Save Evaluate
snapshot metrics

Check
overfitting

Pucynok 48 — I'maBubIii 1iuikt o0y4enus CatBoost [35]
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[lonroroBka maHHBIX [JIsi TpeAackasaHuid ¢ momompbio  CatBoost
OCYIIECTBIISIETCSI TaKUM >K€ 00pa3oM, 4YTO W AJIi MOJENH JIMHEHHOW perpeccuu
(cm.4.8.5.2).

Ha pucynke 49 npencrasnensl nporHo3sl Mojeinsio CatBoost, o6yuennoi

Ha JaHHBIX ABUTATeNs, HA pucyHke 50, Ha larax BpEMEHHOT0 psija:
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Pucynok 49 — Iporno3upoBanue mozaenpio CatBoost
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Pucynok 50 — I[Iporao3upoBanue ¢ UCIOIH30BAHNEM MTPU3HAKOB, TOJTYUYEHHBIX C
MOMOIIIBIO JTATOB BPEMEHHOTO psiia
Teopernueckoe 000CHOBaHKME METO1a TIPEICTABICHO B pabote [44].
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48.6.2 XGBoost

B ocuoBe XGBoost, kak u B ocHoBe CatBoost, nexur anroputm
rpaJiMeHTHOrO OYCTUHTa JEepEBbEB pelieHnit. Mojiens npeicka3aHus mpeacTaBicHa
B Qopme aHcaMOJsl claObIX MPEACKa3bIBAOIINX MOJIENIEH — JIepEeBbhEB PEIICHUHN.
OOydenue aHcaMOisi TPOBOAMTCS TociedoBaTebHO. Ha kaxmolt wuteparuu
BBIYUCIISIIOTCS  OTKJIOHGHHSI TMpEJICKa3aHUuM yke OOYdYeHHOro aHcamoOJisi Ha
oOyuaroiiei BeIOopke. Crenytonias Mojeb, KoTopas 0ynet qo0aBieHa B aHCaMOJIb
OyzleT mpencKa3biBaTh 3TH OTKJIOHEHHS. TakuM o0pa3oM, 100aBUB MpECKa3aHUS
HOBOTO JIepeBa K MpeCKa3aHusiM OOyYEHHOTO aHCaMOJsl, YMEHBIIACTCS CpeHee
OTKJIOHEHUE MOJIETIH, KOTOPOE SIBIISECTCS 11EIbI0 ONTUMU3AIIMOHHON 3a1aun. HoBbie
JIepeBbs JOOABISAIOTCS B aHCAMOJIb JI0 TEX TOP, MOKa OIMKUOKa YMEHBIIAeTCs, JINOO
MOKA HE BBIMOJIHAECTCS OJTHO U3 MIPaBUII "paHHENH OCTAHOBKH'.

Ocob6ennoctu peanuzanuu anroputMa B XGBoost 3akmrouaercs B
UCIIOJIb30BaHUE TOMUMO NIEPBOM IPOU3BOIHON — BTOPOM TPOU3BOAHOM OT PYHKIIMHU
noTepb, HAJUYME BCTPOCHHOW  peryjspu3aluu, BO3MOXKHOCTh  3a/1aBaTh
NOJIb30BaTeNbCKUE (QYHKIIUU MTOTEPh U METPUKH KavyecTBa.

[lonroToBKka maHHBIX Juig Tpenckazanuii ¢ momombio  XGBoost
OCYUIIECTBIISIETCSI TAKHM K€ 00pa3oM, 4YTO W [JIsi MOJENM JIMHEHMHOW perpeccuut
(cm.4.8.5.2) u nns CatBoost.

Ha pucynke 51 npeacraBieHbl mporao3bl Mojaenbio XGBO0ost, 00ydeHHoM

Ha JAHHBIX JIBUTATEJIsI, HA PUCYHKE 52, Ha Jlarax BPEMEHHOTO psijia;
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XGBoost ana SD
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Pucynok 52 — IIporao3upoBaHue ¢ UCITOIH30BAHUEM ITPU3HAKOB, ITOJTYUYCHHBIX C
MTOMOIIIBIO JJArOB BPEMEHHOTO Psia

Teopetnyeckoe 000CHOBaHKME METO/Ia IIPEICTaBlIcHO B paboTe [45].
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4.8.6.3 LightGBM

LightGBM — dpelimBopk or MicCrosoft, ocHoBHOE NPEHMYIIECTBO
KOTOPOT'0 COCTOUT B CKOPOCTH 00y4eHHS Ha OONBITNX MAacCUBaX JaHHBIX. B ocHOBe
Hero, kak u B ciayyae CatBoost’a, u XGBoost’a nexuT aaroputm rpaJiueHTHOTO

OyctuHra nepeBbeB peuieHui. OTinure B 00y4yeHUur IpUBeIeHa Ha pUCYHKE 54:
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Pucynok 53 — Otnuuus anropurma ooyuenus LGBM ot npyrux mozneneit
[TogroroBka maHHBIX I mOpenackazanuii ¢ nomompeo LGBM
OCYIIECTBIISIETCSI TAKHM K€ 00pa3oM, 4TO M [JIsi MOJENH JIMHEHMHOW perpeccuu
(cm.4.8.5.2), nisa CatBoost u nis XGBoost.
Ha pucynke 54 npencrasiensl mporao3sl monensio LGBM, oGydennoit Ha

JTAHHBIX JIBUTATENs, HA pUCYHKE 55, Ha JlaraXx BpEMEHHOTO psijia:
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LGBM ann SD LGBM ana CU
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Pucynok 54 — Ilporno3upoBanue mojaenpio LGBM
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Pucynok 55 — [Iporao3npoBaHue ¢ UCMOIb30BAHUEM MTPU3HAKOB, MOJTYUYEHHBIX C

IIOMOIIIBIO JIAI'OB BPCMCHHOI'O psiaa

Teopetnyeckoe 000CHOBaHKME METO/Ia IIPEACTaBIICHO B padote [46].
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4.8.6.4 Cpasuaenne CatBoost, XGBoost, LightGBM

CatBoost, B oTinume OoT nApyrux ajaropuTMoB, IO3BOJSET padoTaTh C
KAaTeropuajJbHbIMU JaHHBIMM, HE IMEpPEeBOJAS HUX B YHUCIOBBIE 3HAYEHHUS, YTO
MO3BOJISIET Tpolle 00padaThiBaTh TEKCTOBBIE JIOTM COOBITUM MPOU3BOJICTBEHHOU
muHuu. He TpeOyer miuTenbHONM HACTPOMKHM M TMOKa3bIBAET BBICOKOE KayeCTBO
oOy4eHHUsl cpasy e IpHU MPUMEHEHHUU.

LightGBM wucnonbs3yeT HOBYIO TEXHUKY OJIHOCTOPOHHEH BBIOOpDKHM Ha
ocHoBe TrpaaueHta (GOSS) ang  ¢uiabTpauMM HK3EMIUIIPOB JAHHBIX IS
HaXOXJACHUS 3HaueHus pasjeneHus, B To Bpems kKak XGBoost wucnonb3yer
NpEeBAPUTEIBHO  OTCOPTUPOBAHHBIA  AITOPUTM M aJTOPUTM HAa  OCHOBE
TUCTOTPAMMBbI JUIsl BBIYMCIICHUS HAWTYUILIEeTrO pa3/iesieHus.

B taGnuie 7 npuBeeHsl pa3nuyus B TUIIEpiapaMeTpax ajJropuTMOB:

Tabnuua 7 — runepnapaMeTpsl aJropuTMOB

3agaua XGBoost CatBoost Light GBM
TruIepnapameTpa
ITapamerpsr, 1. learning_rate 1.learning_rate 1.learning_rate
KOHTPOJIMPYIOIIHE 2. max_depth 2.depth 2.max_depth
mepeobydeHme 3. min_child_weight 3.12-leaf-reg 3.num_leaves

4.mid _data_in_leaf

ITapameTpsl mist - 1.cat_features 1.categorical_feature
KaTeropHaabHBIX 2.0ne_hot_max_size
MIEPEMCHHBIX
ITapamerpsl st 1.colsample_bytree 1.rsm 1.feature_fraction
KOHTPOJISI CKOPOCTH 2.subsample 2.iterations 2.bagging_fraction
o0yueHHs 3.n_estimators 3.num_iterations

Tax kax CatBoost moxxer oOpabaThiBaTh KaTeropuaibHBIC JAaHHBIE, €TO
HACTpPOWKAa HE HYXKJAaeTcs B OOJBIIOM KOJUYECTBE BPEMEHHU, MMEET BBICOKYIO
TOYHOCTh WU CKOPOCTh, TO TPUMEHUTEITHHO K MPOU3BOACTBY W TOTOKOBBIM
BPEMEHHBIM psAllaM W3 KIIacCHU(PUKAIMOHHO-PETPECCUOHBIX AITOPUTMOB CIEAYET

BBI6paTI> CIro Ha CTaAWXW MHTCIpallki B TEXHOJIOTHYCCKHUI mponecc.
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4.8.7 HeiipoceTeBble MOJeJIH

JUisi IpOrHO3UPOBaHUS BPEMEHHBIX PSAIAOB HCIOJIB3YIOTCS PEKYPPEHTHBIE
Heiiponnsie cetu (Recurrent Neural Network, RNN). PexyppenTtHast HelipoHHas
CeTh HE SBJSETCS CEThI0 MPSAMOT0 PACHPOCTPAHEHHS: OHA COJAEPKUT LIUKIIBL.
Kaxnpli y3en U peKyppeHTHOro ciosi £ MMEET BEIIECTBEHHOE COCTOSHUE My ,.
Cocrostnue paccmaTtpuBaeTcst kak mamsaTh y3na. B RNN kaxnplit y3zen U B kaxaoM
cioe £ nMeeT J1Ba BXOJa: BEKTOP COCTOSIHUN U3 mpenbiayiero ciosi £ — 1 u BeKTop

COCTOSIHUM U3 ATOTO K€ CJI0S f, HO U3 MMPCALIAYIICTO BPEMEHHOI'O Iara.

cnoir 1 T ¥ croit 2 T Vi
hi «— [A,,h05] hty A2, l025]
V,—g(Vih', +¢) ¥o —g:(V:h, +¢)

X — I_Xeljrllu;r]

hy < [A R 0] s,

Al R Ay — g (w X' +u hely + by ) by —gi(wa, by + ug hely + by )

X7 e— [t xi2] h', «— [A', 5] B,

By — g (w X"+ uhel, + b ) — Ry, — g (w h' + uhely, + by )

Pucynok 56 — IlepBbie aBa c10s1 B peKYyppPEHTHON HEHPOHHOM CETH

Ha pucynke 56 kaxaplii oOyuaromuii oOpa3ell npeacTaBieH MaTpUIICH, B
KOTOPO# Ka)khasi CTpOKa SIBJISIETCS BEKTOPOM MPU3HAKOB. BEKTOpHI MpHU3HAKOB U3
BXOJIHBIX TIAPAMETPOB TOCIEAOBATEIHLHO 00pabdaThIBAIOTCS HEHPOHHON CEThIO B
MOpSAJIKE BPEMEHHBIX ImaroB. [Iisi OOHOBIIEHHS COCTOSHUS hfjlu BBIYHCIISICTCS
TUHEHAs KOMOWHAIMS BXOTHOTO BEKTOpa MPU3HAKOB C BEKTOPOM COCTOSIHUS TOTO
KE CIIOS M3 TPEbIAYIIETO BPEMEHHOrO Imara. 3HAdYeHHe hfjlu MOJTy9aeTCs
npUMEHEeHHEM (QYHKIMH akThBamuu tanh x pe3ysibpTaty JMHEHHOW KOMOWHAIIWW.
JI1 BEIYHCIIEHNS BRIX0JA V) MpuMeHsieTcs GyHKIMS akTuBamuy SOftmax. 3uadenus
Weu, Upy, bpy, Vpy, Cpy onpenensiorcs mno oOy4arolUM — JaHHBIM €

MCIIOJIb30BaHUEM IPAAUEHTHOTO CITyCKa C 0OpaTHBIM PaCIpOCTPAHEHUEM.
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@Oynknuu tanh u softmax umeroT npodiieMmy 3aTyXaHusl TpaiueHTa, KpoMe
toro, RNN ctpagaer npobiemoii B 00paboTke 10ArocpodyHbix 3aBucumoctei. [1o
Mepe YBETWYEHHUS [JIMHBI BXOJHOW TMOCIEIOBATEIBHOCTH BEKTOPHI MPHU3HAKOB,
HaxoJsIlIMEecs B Hayaje IOCJIEI0BATEIIbHOCTH, IIOCTETIEHHO «3a0bIBAlOTCS».
[loatoMy mnpumensitorca Oonee d3PQeKTHBHAS apXUTEKTypa PEKypPpPEHTHOU
HEHPOHHOW CETH — CETH C JIOJNTOM KpaTkocpouHou mamsthio (Long Short-Term
Memory, LSTM).

LSTM  pa3pabotansl cnenuanbHO, 4YTOObI HK30€XkaTh  MPOOJIEMBI

noyiroBpeMeHHou 3aBucumoctu. Ctpykrypa LSTM npencrasnena Ha pucyHke 58:

® ®) Ef)
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»————
A Lele A
—> >
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® ® ©

Pucynok 57 — Ctpykrypa LSTM
B kadecTBe BXOAHBIX JJAaHHBIX MOJECIM HCIIOJNB3YETCS OXHOMEPHBIN
BpeMeHHoH psaa. KonumdecTBo 3mox aiis o0yuenus Beiopano 2 u 50, pasmep 6artya 1.
B kaudectBe Meroma omrumuzanmu ucnoasdyercs «Adamy [47]. Tlpeackasanus

npejCcTaBiIeHbl Ha pucyHKax 58, 59, 60, 61.
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Pucynok 58 — IlporaosupoBanne moaenpio LSTM mist SD
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Pucynok 59 — IlporuosupoBanue mozenbto LSTM st CU
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Pucynok 60 — IIporno3upoBanue mozaensto LSTM st TE
LSTM ana NM
MAPE: 1.51%, 0.87%
— Actual {
= Model (low epochs)
290 | = wodel (nigh :;uchs]
= 288
z
=
£ 286 .
B b e A
'§ i
& 284 i
- I
3 i
2 282 |
(=] |
= !
280 ;
278 ;

03-03 00 03-03 03 03-03 06 03-03 09 03-03 12 03-03 15 03-03 18 03-03 21 03-04 00
Bpems (4)

Pucynok 61 — Ilporno3upoBanue moaenpio LSTM miss NM

Teopetnueckoe 000CHOBaHKE MOJICIH IIPEICTaBiIcHO B padoTte [48].
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4.8.8 T'oroBble pemenusi (Facebook Prophet, Amazon Gluon TS)

488.1 Facebook Prophet

Facebook Prophet — OubOmmuorexka paspaborannas Facebook s
MIPOTHO3UPOBAHUSI BPEMEHHBIX psiAoB. [lo3Bonsier OBICTPO W JOCTATOYHO
KaYECTBEHHO aBTOMAaTHUYECKU CTPOUTH MPOTHO3bl. Mozenb, HA OCHOBE KOTOPOM
pabotaer Facebook Prophet seasercs additive regression model, cocrosmias u3
CIEAYIOIINX KOMIIOHEHT:

y(@®) =g(@®) +s() +h@) + &, (24)

rae s(t) — ce30HHas KOMIIOHEHTA, OTBEYAKOLIAs 33 MOJIEIUPOBAHUE EPUOAMYECKHX
U3MEHEHHM, CBA3aHHBIX C HEICIBLHOM M ToJ0BOM Ce30HHOCTHIO; g(t) — Tpenn,
KyCOYHO-JIMHEWHAs MJIH JIOTUCTHYeCKast QyHKIwMs; h(t) — OTBeYaeT 3a aHOMAJIbHbBIC
ITHU, & — OIIMOKA COEPKUT UHPOPMAILIMIO, KOTOpast HE yYTeHa MOJIETBIO.

B kauectBe BXOOHBIX JAHHBIX HUCIIOJB3YCTCHA O,HHOMepHBIﬁ BpeMCHHOﬁ PA.

[Iporuno3sl npeacTaBiaeHbl HA PUCYHKE 62.
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Pucynok 62 — Ilporno3uposanue Facebook Prophet

Teopernyeckoe 000CHOBaHKME METO/Ia IIpeicTaBicHO B padote [49].
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48.8.2 Amazon Gluon TS

Amazon Gluon TS — OubOnmoTeka, pa3paboTaHHas KoMIaHueid Amazon,
MO3BOJISAIONIAs OBICTPO U 3P(HEKTUBHO CTPOUTH, OIICHUBATH U UCIIOIB30BATh MOJIETU
BPEMEHHBIX PSIJ0B, OCHOBaHHbIE Ha TIJI1yOOKOM OOY4YEHHMHM U BEPOSATHOCTHOM
noixoje. Amazon KCIob30Ball peKyppeHTHbIe HelipoHHble ceTH (LSTM), a Takxke
CBEPTKM M MexaHu3Mbl BHUMaHus. Gluon TS conepxur:

1. HHcTpymeHTHI, HEOOXOJUMBIE AJIA MOCTPOCHUS U 00ydeHUs! Hauboliee
pacnpocTpaHEHHBIX apPXUTEKTYp HEHUPOHHBIX CETeH, a TaKKe KOMIIOHEHTHI st
MOJICJIMPOBAHUS U TpaHC(HOpMAUU BEPOSTHOCTHBIX paCIpeesICHUN.

2.  MexaHu3Mbl a5 3arpy3KH U MIpeABApUTEIbHOM 00pabOTKU TaHHBIX, B
TOM YHMCJI€ aBTOMATHYECKOM reHepaliy MPU3HAKOB U3 BPEMEHHBIX PSJIOB.

3. Heckonbko roTOBBIX K HCIONB30BaHMIO state-Of-the-art mporHos3HbIx
MoOJieNei.

4.  HWHCTpYMEHTSHI JJI OLEHKU U CPAaBHEHUS PA3IUYHBIX MOJIEIEH.

B xauecTBe BXOJHBIX UCIOJIB30BAJICS OJJTHOMEPHBIN BPEMEHHOU PS/I.

B kawyecTBe MoOjAeNM HCHONB3YETCA AapXUTEKTypa, OCHOBaHHas Ha TIyOOKOU

aBToperpeccuonnoi mozaenu (DeepAR). [IporHossl npencraBieHbl Ha pUcyHke 63,

64, 65, 66.
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Pucynok 63 — IIporno3uposanne Amazon Gluon TS mns SD
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Amazon Gluon TS pna TE
MAPE: 0.00%

44 | — historical values
—— forecast-median
1 forecast-90.0%
I forecast-50.0%

o
=
b5
= 42
(1]
—_
c LT
T 41
[1+]
o
,2* 40
[1+]
o
2 39
3
= 38
00:00 03:00 06:00 09:00 12:00 15:00 18:00
03-Mar
Bpems (4)
Pucynok 64 — Ilporno3uposanne Amazon Gluon TS mns TE
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Pucynok 65 — IIporrosupoanne Amazon Gluon TS s CU

Amazon Gluon TS gns NM
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Pucynok 66 — IIporanosupoBanne Amazon Gluon TS mias NM

Teopetnueckoe 000CHOBaHKME METO/Ia IIpeaAcTaBiieHo B padote [50].
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4.8.9 CpaBHeHnme mMozeJieil IPOrHO3UPOBAHUS

B mpenpiaymux

paszzaenax

PaccCMOTPEHBI

OCHOBHBIC MOACIIN

IMPOTHO3HUPOBAHUSA, HX MaTeMaTUYCCKUM arrmapar u CITOCOOBI IIPUMCHCHUA.

HOHy‘IeHBI IMPOTHO3bI HA HECKOJIBKO 9YaCOB BIICPC KAXKJA0I'0O MMapaMcTpa ABUTaTCIIA,

a TaKXKC pacCuuTaHa CpCAaAHsA a0coroTHAs IMponcHTHAaA onnoKa JJIA KaXXKA0ro u3

IPOTHO30B.

B tabnuie 8 npuBeaeHbl JOCTOMHCTBA U HEJOCTATKH KaXA0W U3 MOJENEH.

Ta6numa 8 — CpaBHeHHE MojieTel

Mojenb JlocTronHcTBa Henocrarku
Mopenu s3kcnoHeHmanbHoro | Harmsanocts n|B cmywae npocroro wu
CrIa)KMBaHUS UHTEPIPETHPYEMOCTh nBoiHOTO DC KOPOTKHE IIaru
pe3yabTaTOB; Y4Ye€T BECOB | MPOTHO3UPOBAHMS, B Clydae
HCXOHOU uHpopMaluu; | TPOHHOTO 3C nonoop
MPOCTOTAa  BBIUYMUCIUTEIBHBIX | TAPAMETPOB; HEI0CTATOYHAS
onepamnui. TUOKOCTh B OIMCaHUN
JTUHAMUKH TTPOIIECCOB.
ABTOpPETpEeCCUOHBIE MOJIETN Harmsnaocts u | Huskasa aJTalTHBHOCTD,
HHTEPIPETUPYEMOCTh HEOJIHO3HAYHOE BIIMSIHUE
pe3yIbTaTOB, BBICOKAs | MApaMETPOB Ha IMOCTPOEHHUE
THOKOCTh K JUHAMUKE | MOJIENN; 3aTpaTHBIA 1MOAOO0p
npoiiecca; MIPOCTOTA | ONTUMAJILHBIX  [TAPaMETPOB,;
BBIYMCIIMTENbHBIX oneparuid. | s AR, MA, ARMA
Tpedyercs CTaIllMOHAPHBIN
BPEMEHHOM Ps/I.
Jluneiinple  perpeccuoHHble | HarmsaHOoCTh u | HemocraTounas TOYHOCTH
MOJIENHN UHTEPIPETUPYEMOCTh IIPOTHO3a Ha 00JIee CIIOKHBIX
pe3yNbTaToB,; MPOCTOTA | JMHAMUYECKUX  IpoIeccax;
BBIYMCIIMTEIIBHBIX ONeparuii. | OOoJbIIoe KOJIMYECTBO

HCXOOHBIX JaHHBIX.
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[Iponoikenue TabnuIbl 8 —

CpaBHeHue Moielnein

IMPOCTOTA UCIIOJIL30BAHUA.

Mojenb JlocTtonHcTBa Henocrarku
Monenn Ha 0Oa3e 1enei | Beicokas ckopoctb | [Ipobnema BbIOOpa
MapkoBa MOJICTTUPOBAHUS; MpocTas | aropuT™Ma
MaTeMaTHYeCKas CTPYKTypa; | MPOTHO3UPOBAHUS,  BhIOOpA
MOJICTTHPOBAHUE CIIOKHOH | 3aKOHA PpAaCIpENICIICHUs, He
[ENOYKH HAOJIOICHUH. YYUTHIBACT 3aBHCHMOCTH
MEX Y COCETHUMU
dIIEMEHTaMHU BPEMEHHOT'O
psana.
Monenu Ha 6aze | ['mbkocts  k  nuHamuke | [Tonbop  rumepmapamerpos
KJIaCCU(UKAITMOHHO- mporiecca; MO/JICIIH; KOJIMYECTBO
PETPECCHOHBIX JICPEBHEB MacITabupyeMoCTh; BXOJTHBIX JTAaHHBIX;
BO3MOXHOCTh VYHTHIBATH | HEOTHO3HAYHOCTH
KaTeropuabHbIe ITOPUTMaM.
TIepeMEHHEBIE.
HeiipocereBbie Moaenu I'mbxocTe K nuHamuke | Huskas  ckopocth; 1moabdop
nporiecca; TUIIEPIIapaMETPOB;
MAacCIITa0OUPyEMOCTb. HEOJTHO3HAYHOCTh
aIrOpUTMa.
Facebook Prophet, Amazon | 'ubkocTh K nuHaMuke | Huskast  CKOpoOCTh, 1MOa0op
Gluon TS npoiiecca; TUIIepIapaMeTpoB;  HHU3Kas
MacCIITabuPyeMOCTb; HHTEPIPETHUPYEMOCTb.

[IporpaMMHBIN KOJI

MPUIIOKEHNH b.

OJIHOTO U3 METOJIOB MPOTHO3UPOBAHUSI MPUBEACH B
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49 [lerekTMpOBaHME AHOMAJIMIA

OpHoii W3 moA3ajay NPEeIUKTUBHOM MOJAENU SBISETCS OOHapyKeHHUe
AHOMAJIbHBIX 3HAYCHUN. AHOMAJIAS — HEKOTOPOE OTKIIOHEHUE MPOU3BOACTBEHHOTO
mpolecca OT OOBIYHOTO JJiA Hero TedeHus. Mcxoas u3 oOHapyKeHHBIX aHOMAaJIUN
MOKHO CYAUTb O TOM, YTO IIPOLECC HECTAOMIIEH, 000PYI0BaHUE BBIXOJUT U3 CTPOS
U T.J1.. AHOMaJIHS MOXET ObITh CUTHAJIOM K JICMCTBHIO, K POBEAEHUIO TPOBEPKH, K
HEMpaBWJIBHOM JKCIUIyaTalldd, CMEHE peXuMoB paboTel. OOHapyKEHHbIE
aHOMAJIMU MOTYT J1aTh JOMOJIHUTEIbHYIO0 HHPOPMALIKMIO B JTOKAIU3ALUU MPOOIEMBI
HapyILIEHHS X0Ja TEXHOJOTHYECKOro nporecca. Kpome Toro, mouck aHoMalnii, Kak
HKCTpEMaIbHBIX 3HAYEHUH, BaXKEH MJi1 OOydYeHHs NPOrHO3HOM MOJENH CBOUM
UCKJIIOYEHUEM U3 Ha0Opa TaHHBIX.

Buapsr anomanmii:

1. BpiOpoc — »3JeMEHT MaJOMOIIHOTO TIOJMHOXECTBA BBIOODPKH,
CYILIECTBEHHO OTJIMYAIOUIUICS OT OCTATBHBIX AJIEMEHTOB BHIOOPKH.

2.  BbIOpoc BpeMeHHOro U3MEHEHUsI — IOCTENEHHO yracarolinuii BEIOpoc
Psi BO3BpAIaeTCs K 0OBIYHOMY YPOBHIO.

3.  BmiOpoc caBura ypoBHs — BBIOPOC, OKa3bIBalOIIMNA IE€pPMaHEHTHOE
BO3/I€HCTBHE Ha BCE MOCJIEAYIOIIHNE FIEMEHThI BHIOOPKHU.

MeToapl JSTEKTHPOBAHHUS aHOMAJIHI [TPeICTaBICHbI Ha pucyHke 67 [51].

MeToasl

OSTEKTUPOBEHWA
AHOMANKA

h h ¥ h J h J

MeTogsl Ha ocHOoBe
SKCMEPTHBD 3HaHUIA

CTaTMCTHYECKME . , MeTpuyecine MeToasl MalMHHOTD
METOaL! KOHTpONLHIE KapTE! METOLI ofyyeHnn

e

‘ Box-plot
Pucynok 67 — MeToapl AETEKTUPOBAHUS AHOMAIUI

MogensHsle MeTOOL!

DBESCAMN Haolt-Winters

‘ Lmnear

regression

‘ Z-score X-kapTa R-xapTa ‘ LOF

AHOMaJIMH aHAIM3UPYIOTCA Ha IPUMEPE CIEIYIOIIET0 OTPE3Ka BPEMEHHOTO

psna (2400 naGroieHmid ), TPEICTaBICHHOTO HA PUCYHKE 68!
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NameHeHne CKOpPOCTU ABurarens

w
~
[=]

Ckopocte gsuratens (M/MN)
9
(4]

03-0900 03-0904 03-0908 03-0912 03-0916 03-0920 03-1000 03-1004 03-1008 03-1012 03-1016
Bpems (4)

Pucynok 68 — IHTEpBan BpEMEHHOTO psijla CKOPOCTH JABUTATENS

49.1 CrarucTuyecKkue MeToIbl

4911 Ak ¢ ycamu

SJmuk ¢ ycamu wWid guarpamma pasmaxa (puc.69.) — rpaduueckoe
NpEeJICTaBJICHUE PACIPEICIICHHIS HEMPEPhIBHBIX JaHHBIX. J(Marpamma ImokasbiBacT
ISTh XapaKTePUCTUK: MEIUaHy, MEePBYI0 U TPEThIO KBAPTWIH (MEXKKBAPTHUIbHBIH
pa3Max), MUHUMYM M MakcUMyM. Mcxonas u3 He€ MOXKHO OINpPEACITUTh BHIOPOCHI
(3KcTpemalnibHbIe 3HAUCHUs) B JAaHHBIX. HO 3KcTpeMaibHbIe 3HAYCHHUS HE BCEraa

SABJIAKOTCA aHOMAJIUSMU.

“BoiGpoc”

BEPXHWIA KBapPTUAb T
(0.75 kBaHTMAL)

MHTEepKBapTUAbHbIA
pasmax

mMmeaHa = '

HWKHWIA KBapTMAL
(0.25 KBaHTUAL)

Pucynok 69 — Smuk ¢ ycamu
Amuk ¢ ycamMu aHaluM3UpPyeMOro BPEMEHHOrO psiia NPEACTaBI€H Ha

pucynke 70:
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382.5

380.0 +

377.5

375.0 ®

372.5 Ipumep
L]
SKCTPEMAILHOIO
370.0 3HaAaYCHHA

367.5

L

365.0 +

Motor speed

Pucynok 70 — SAuuk ¢ ycamu SD

Teopernueckoe 000CHOBaHME METO/1a MTPEICTaBICHO B pabote [52].

49.1.2 Z-score

CranmapTu30BaHHasI OIICHKA UJTK Z-SCOFe — Mepa OTHOCUTEILHOTO pa3dpoca
HAOII0JJaeMOT0 WJIM M3MEPEHHOT'O 3HAYEHMS, KOTOpas IIOKa3bIBa€T, CKOJBKO
CTaHJAPTHBIX OTKJIOHEHUM COCTABISIET €ro pa3dpoc OTHOCHUTEIBHO CPETHETro

3HAYCHUSI.

x-X (25)

rae X —cpeaHee 3HaueHUE, S, — CTaHJAPTHOE OTKIIOHEHUE JJIsl MHOKECTBA JJAHHBIX
Xi.

W3 nmpaBuia Tpex CUTM CIIEIYET, YTO BEPOSTHOCTh OTKJIOHEHHS CIIyYaitHOTO
HAONIOZCHUSI OT MATeMAaTHMYeCKOoro OXHUJaHus Oojee dYeM Ha  TpU
CPEHEeKBAAPATUYECKUX OTKIOHEHUS, MPAKTHUECKH paBHA HYJI0. COOTBETCTBEHHO
HAONIONCHUS, /I KOTOPHIX Z OoJibllie TpeX OYIyT CUUTAThCS aHOMATHSIMU
(BBIOpOCAMH/IKCTPEMATBHBIMU 3HAYCHUSIMHU ).

AHOManuy, HaWJICHHBIE C TMOMOIIBIO CTAaHAAPTU3UPOBAHHOW OLICHKH,

MpeCTaBIEHbI HA PUCYHKE /1:
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Motor speed Motor speed z-score  Anomalies(outliers)

datetime

2020-03-10 04:53:00 372 -13.567700 1
2020-03-10 04:54:00 365 -22.8376965 1
2020-03-10 04:55:00 366 -21.547070 1
2020-03-10 04:56:00 372 -13.567700 1
2020-03-10 04:57:00 375 -9.578015 1

Pucynok 71 — Anomanuu meronoB z-score ais SD

TeopeTnueckoe 000CHOBaHKME METO1a IIPEICTaBICHO B padote [53].

4.9.2 KoHTpoJIbHBIE KAPThI

Kontponbnas kapra Illyxapra — BHU3yalbHBII HMHCTPYMEHT, Tpaduk
M3MEHEHUS IMapaMeTPOB TEXHOJIOTHYECKOT0 Tpoliecca BO BpeMeHH. Mcmonb3yercs
I O0eCTeueHUs] CTAaTHCTUYECKOTO0 KOHTPOJS CTaOMIBHOCTH IIPOIEcca, YTO
BKJIIOYAeT B ce0s u onpeneneHue anomanuii. Kapra [llyxapta umeer neHTpaabHYO
muauio (CL), COOTBETCTBYIOIUIYIO 3TaJOHHOMY 3HAUYEHHUIO XapaKTepUCTUKH. JIBe
CTAaTUCTUYECKHE  ONpelesieMble  KOHTPOJbHBIE  I'PAHUIBI  OTHOCUTEIIBHO
LEHTPAIbHON JIMHUM — BepXHAd KOHTpoibHass rpanuna (UCL) u HuxHss
KoHTpoibHas rpanuna (LCL). BepxHue 1 HUKHUE KOHTPOIBHBIE TPAHUIIBI CTPOSTCS
Ha PAcCTOSHUU TPEX CUIM OT LEHTpajdbHOW nuHMM. [loMuMO 3TOrO, CTpOSTCS
IpaHUIbl HAa PACCTOSHUU JIBYX CHUIM, HAa3bIBAEMbIE «IPEAYIPEKIAIOIINMU,
KOTOPBIE CIIYKaT JUIsl IPEAYNPEXICHUS O MPUOIMKAIOIIEMCS BBIXO/IE Mpoliecca U3
COCTOSIHMSI CTATUCTHUECKOM YIIPaBIIEMOCTH.

KoHTposibHBIE KapThl AEIATCS B 3aBUCHMOCTH OT THIIAa JaHHBIX. B ciydae
paccMaTpuBaeMbIX JaHHBIX BBHIOMpAETCsl KapTa BBIOOPOUHBIX CPEIHUX, UCXOIS U3
pucynka 2 'OCTa [52].

Kapra BbIOOPOYHBIX CpeIHMX AaHAJIU3UPYEMOrO0 BPEMEHHOIO psja

Mpe/ICTaBlieHa HA PUCYHKE 72!
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KapTta BeIBOpOYHbLIX CpeaHUX

384

383

382

381

CkopocTb gsuratens (M/MN)

380

0 20 40 60 80
Homep BeIGopkK

Pucynok 72 — Kapta BHIOOpOYHBIX CPETHUX

Teopernueckoe 000CHOBaHKME METO 1A IIPEICTABICHO B padote [54].

4.9.3 MeToapl, 0CHOBAHHBIE HA TNIOTHOCTH

493.1 JlokasnbHbli ypoBenb BbiOpoca (LOF, Local outlier factor)

JlokanpHBIE  ypoBeHb  BbIOpoca  KjacCH(UIIUpPyeT  aHOMAIUMU  C
UCITOJIb30BAaHUEM JIOKAJIBHON TJIOTHOCTH OKOJIO HEKOTOPOTO 3JIEMEHTa BBIOOPKH.
JlokanbHas TUIOTHOCTh TOYKUA JIAHHBIX — 3TO KOHIEHTpAIUS JIPYTUX TOYEK B
OJIbKauIet OKPeCTHOCTH TOU TOUKH, TJ€ pa3Mep TaKOM OKPECTHOCTH MOXKET OBITh
ompenesieH MO0 Kak TOCTOSHHOE IOPOrOBO€ 3HAYEHHE PACCTOSHHS, JIHOO IO
OmmkamuM N cocenHuM Toukam. LOF 4ncieHHO OIeHWBaeT M30JMPOBAHHOCTH
OJITHOM TOYKH JAHHBIX 10 OTHOIIEHUIO K €€ OJiKaimmm N cocensiM. TOYKHA JaHHBIX
C CYIIECTBEHHO 00JIee HU3KOM JIOKATBHOM IIJIOTHOCTHIO IO CPABHEHHIO C N COCEIMHU
CUMTAIOTCA  aHOMaJIMAMU. PaccTossHMe 70 aHOMAJUM  PACCUMTHIBACTCSA
CIIelIMaIbHBIMU METPUKAMHM, TIPEACTABICHHBIMU B Ta0uIIe 9:

Tabnuna 9 — MeTpuku paccTossHUN

Mertpuka paccTossHus dopmyna
EBknnioBo paccrosinue n
d= | ) v = )
Pi — qi
i=1
Paccrosiane YeOnimena max; |u; — v;|
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[Iponomkenue Tadbnuibl 9 — MeTpuku paccTosHUN

Mertpuka paccTosIHUA dopmyna

Paccrosnne Maxamanoouca \/(u — v)V‘l(u — U)T

Paccrosamne MUHKOBCKOTO

O (wiu; = v)IP))7
i=1

[IpyMeHUTENBHO K HCCIETYEMOMY OOBEKTY HCIOJb30BAJIOCh PACCTOSHHE
MuHkoBcKOro, koianuecTBo coceneit 20. Haiinennbie anomanuu kiaccuGuuupyercs

METKOH «-1», mpencTaBieHbl HA PUCyHKeE 73:

Motor speed Anomalies Motor speed Anomalies
Date Date

2020-03-10 04:53:00 372 1 || 2020-03-1005:31:00 38 §
2020-03-10 04:54:00 365 4 || 2020-03-1008:32:00 384 i
2020-03-10 05:46:00 384 1

2020-03-10 04:55:00 366 1
2020-03-10 05:47:00 384 1

2020-03-10 04:56:00 372 -1
2020-03-10 05:48:00 384 1
2020-03-10 04:57:00 375 -1 2020-03-10 05:49:00 284 P
2020-03-10 04:59:00 380 1 2020-03-10 05:50:00 284 P
2020-03-10 05:27:00 384 -1 2020-03-10 05:51:00 384 1
2020-03-10 05:28:00 384 -1 | 2020-03-10 05:52:00 384 1
2020-03-10 05:29:00 384 1 || 2020-03-10 05:53:00 384 1
2020-03-10 05:30:00 384 1 || 2020-03-10 05:54:00 384 1

Pucynok 73 — Anomanuu meronom LOF

Teopernueckoe 000CHOBaHKE METO]1a TIPEICTABICHO B padoTe [55].

4932 DBSCAN

DBSCAN — IUIOTHOCTHBIM alTOpUTM KJIACTEPU3AIIMH, BBIACIISIONINNA
«BHYTPECHHHUE», «IOTPAHUYHBIC» M «IIYMOBBIC» TOYKH B JAHHBIX (TOYKH, HE
BOIIIE/IINE HA B OJHMH KjacTep). B ocHOBe anropurma JICKHUT UASS O TOM, YTO
IJIOTHOCTh TOYEK BHYTPH KaKJIOTO KJIacTepa CYIIECTBEHHO BBIIIE TUIOTHOCTH TOUCK

CHApPYKH, B TOM YHMCJIC BbIIIC IINIOTHOCTHU HIYMOBBIX o0acTeii.
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Anroputm DBSCAN Bblzensier B aHaIU3UpPyeMOM BpEeMEHHOM psae 4
kiactepa (tabnuna 10).

Tab6mauua 10 — DBSCAN

Howmep knactepa KonuuecTBo Habm0OACHUH
0 1782
1 557
2 40
3 6

COOTBETCTBEHHO «CYHICCTBCHHLBIC) AHOMAJINHU IMPCACTABIICHBI B KJIIACTCPC 2

u 3 (puc.74.):

Mowuck aHomanuin anroputmMom DBSCAN

3825 _m_q_ll-ll ,_I'I'l_l_

Z 380.0
=

=

<3775
375.0
3725

370.0

CKopocThL asuraTens

367.5

® Knactep 1
Knactep 2

365.01 ® Knacreps

03-0900 03-0904 03-0908 03-0912 03-0916 03-0920 03-1000 03-1004 03-1008 03-1012 03-1016
Bpemsa(4)

Pucynok 74 — Ilouck anomanuii anroputmom DBSCAN

Teopernueckoe 000CHOBaHKME METO/1a IIPEACTaBICHO B paboTte [56].

4.9.4 Metoabl MAIIIMHHOTO 00y4YeHUsT

4941 One Class SVM

MeTon onopHBIX BeKTOpoB (Support vector machine, SVM) (puc.75.) — onun
U3 METOJOB OOy4YeHHS, MPUMEHSIEMBIM I perieHus 3anad KiacCu(pUKauu u
perpeccuu. MeTo 3aKJI04YaeTcss B TOM, YTO CTPOUTCA THIEPIUIOCKOCTh, KOTOpast
paszenseT OOBEKThl ONTHMAIBHBIM oOpa3zoMm. [losTomy HEOOXOAMMO HACTPOUTH

BECa aNropuTMa I JUHEHHOTO TTOPOTOBOTO KiaccudukaTopa:
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. (26)
a(x) = sign Zijj — wy |,
=1

rae w; — Beca aropur™a. Mx HeoO0XoaumMo 1mo00pars TakKuM 00pa3oM, 9To0bI

00BEKTHI KJIACCOB JCXKaJINU, KaK MOXXHO JaJbIIC OT pa3):[en;1}01uel71 THUIICPILIOCKOCTHU

— TO €CTb AJIsI MaKCUMHU3alIH 3a30pPa.

support vectors: @ O

w = (W1, wW2)

X! = (x1}, x2)
y=+1@
=10

Pucynok 75 — SVM

SVM wucnonp3yeTcsi HE TOJIBKO HJisi JIMHEHHO-Pa3IeUMbIX BBIOOPOK.
Ocymiectisercss 310 ¢ mnomoinsio «sapa» (kernel). Slmpo — 310 dyHKIMS,
criocoOHas TpeoOpa3oBaTh IMPHU3HAKOBOE MPOCTPAHCTBO, 0€3 MpeoOpa3oBaHUS
NPU3HAKOB [IJII TOTO, YTOOBI KJIACCHl JIMHEWMHO Hepa3[eIuMble B OJIHOM
MIPOCTPAHCTBE, PA3ACIUTh B IPYTOM.

One Class SVM — 310 oxna u3 popma SVM, HO 1711 00ydeHUs JOCTATOIHO
UMETh OJMH KJIacC. AJIITOPUTMOM CTPOMTCS TPAHMIIA TIO OJHY CTOPOHY KOTOPOTO
CXOXHE HAOIIOICHHUS, a 110 APYTYI0 — AaHOMAJIUH.

[TpuMeHUTENBHO K aHATM3UPYEMOMY BPEMEHHOMY psiy BbIIeneHO 61-HO
aHomanbHOe HaOmonenue u3z 2400, ux pacnpeneneHue Mo psay MNPUBEICHO Ha

pucyHke 76:

81



Mowck aHomanuin anropytmom OneClassSvm

*  Adomanum

382.5 _Lll_w_ll_ll

Z 3800

(MIM

3775

375.0

3725

370.0

CkopocTb ABurartens

367.5

365.0

03-0900 03-0904 03-0908 03-0912 03-0916 03-0920 03-1000 03-1004 03-1008 03-1012 03-1016
Bpemsa(y)

Pucynok 76 — Ilouck anomanuii anroputmom OneClassSVM

Teopernueckoe 000CHOBaHKME METO 1A IIPEICTaBICHO B padote [57].

49472 Isolation Forest

Nzonupyromuii nec (Isolation Forest) ocHoBan Ha npunuune MounteKapio:
IPOBOAMUTCS ClydaiiHOe pa30MeHHe MPOCTPAHCTBA MPU3HAKOB, TAKOE YTO B CPETHEM
U30JIMPOBAHHBIE TOUYKU OTCEKAIOTCS OT HOPMAJIbHBIX, KIACTEPU30BAHHBIX JaHHBIX.
OkoHYaTeNbHBIA  pe3yJbTaT  yCPEOHSETCS IO  HECKOJIbKUM  3aIlycKam
CTOXaCTUYECKOTO aJITOPUTMA.

Anroput™m paboTaeT B KOHTEKCTE BBISABICHHUS aHOMAJIUN C BBIYUCICHHEM
KOJMYECTBAa pa3/ClICHUN JepeBa, TPeOYeMbIX ISl W3OJSAIUU OJHOTO DJIEMEHTa
BbIOOpKU. Kpurepumem ocTaHOBa SBISETCS TOXKIECTBEHHOE COBIAJCHUE BCEX
00BEKTOB B y3Jie. AHOMAaJIbHBIE TOYKH OKa3bIBAIOTCS B JINCTHAX C HU3KOM TITyOMHOM,
TaK KaK «JUIMHA IyTH» PEKYPCUBHBIX PA3ACICHUI OT KOPHS JepeBa TOJDKHA OBITH
KOpoue JUIsi aHOMAaJbHBIX HAONIONCHM, YyeM nJisi HOpMalbHbIX. KoaddunueHnt
KOHTAMMHALIUK ONPEJENseT IMOPOroBO€ 3HAUCHHWE JUIsl HAOJIOJCHHM, KOTOphIE
JIOJIKHBI CYUTATHCSI AaHOMAIBHBIMU.

[TpuMeHHTETBPHO K aHATM3UPYEeMOMY BpeMeHHOMY psay Mojenb Isolation
Forest (puc.77.) HAXOIUT OMPEJICIICHHOE KOJNISCTBO aHOMAJIMH B 3aBUCUMOCTH OT
kodhunrerTa kontamuHanuu. Yem Himke Kod()PUIUEHT, TEM MEHbIIIE aHOMAaTUH

O0OHapyKUBAET MOJIEIb.

82




Mowck aHomanuii anropuTMom Isolation Forest

®  AHoManum

382.5 _le_ll

Z 380.0

(MM

377.5

375.0

372.5

370.0

CkopocTb gsuratens

367.5

365.0

03-0900 03-0904 03-0908 03-0912 03-0916 03-0920 03-1000 03-1004 03-1008 03-1012 03-10 16
Bpems(u)

Pucynok 77 — Ilouck anomanuii anroputmom Isolation Forest

Teopernueckoe 000CHOBaHKME METO 1A IIPEICTaBICHO B padoTe [58].

4.9.5 MonejibHbIE METOIbI

MoenbHblii METO 3aKIFOYAETCS B TOM, YTO CTPOMTCS MOJENb, KOTOpPas
OIUCHIBAET JaHHbIE — HAOIIONEHUS, CHUIILHO OTKJIOHSIONIMECS OT MOJEH, €CTh
aHOMAJINH.

JInst aHAMM3UPYEMOro BPEMEHHOTO psijia HCIOJIB3YIOTCS MOJENA XOJbT-
Yunrepca (cm.4.8.2.3.) wu guHeiHoir perpeccun  (cm.4.8.5). Crposrcs
JIOBEPUTEIIbHBIC UHTEPBAJIbI HA OCHOBE OLIEHKH JUCIEPCUH OIMMOKU HA OJUH IIar
Brepea. HaOmiofeHus, BBIXOISIINAE 32 JIOBEPUTCIIBHBIA HWHTEPBA, CUYUTAIOTCS
AHOMAJTHSIMHU.

Halinennple aHomMamnu MOJICIIBHBIMM METOJAMHM MPEJCTABICHBI Ha

pucyHnkax 78, 79:
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Pucynok 78 — Ilouck aHoManuit MoJieNibl0 X0JIbT-Y MHTEpCa
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Pucynoxk 79 — [louck aHoMayInii MOJIEJIbIO TMHEMHOMN perpeccuu

Teopernueckoe 000CHOBaHKE METO 1A TIPEICTABICHO B padoTe [51].

4.9.6 MeToapl Ha OCHOBE IKCIIEPTHBIX 3HAHUM

MeTton OCHOBaH Ha SKCHEPTHBIX 3HAHMIX TEXHOJIOTOB, WHKeHEpoB ACY,
MPOCKTUPOBITUKOB TPOU3BOJACTBA. PacCUMTHIBAIOTCS TMOPOTOBBIC 3HAYCHUS IS
KOKJIOTO W3 TPOIECCOB/OOBEKTOB TEXHOJOTHYECKON nmHUHN. Pa3pabareiBaercs
anroput™M pabOThl JIMHUM TIpU CpabaThIBAHUM KaKOro-TUOO W3 TIOPOTOB.

HaXO)KI[eHI/IC BHC paMOK Jualla3oHa IIOPOI'OBBLIX 3HAUCHUM COOTBCTCTBYCT
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aHoMaJbHOMY ToBeAeHuI0. [Ipocreiiieit Mmoaudukanuen, MO3BOJISIIONIEH CHU3UTD
KOJMYECTBO JIOXKHBIX CpaOaThIBaHUM, SIBISIETCSl JOOABJIEHUE CUETYMKA, KOTOPBIU
HAKaIUIMBAaeT COOBITUSA «BbINAJaHUS» HAOII0JaeMbIX MapaMETPOB U3 JMAIa30HA.
[Ipy mnpeBbIIEHUH CUETYMKOM OIPEACICHHOIO 3HadyeHus (Qukcupyerca Qaxt
Hanuuus anoManuu. Anroputmsl peanusyet [JIK.

OOmui BuA MpoayKIMOHHOro npaBmia cienyrommii: If condition THEN
action. B mockuTke JAaHHOTO TMpPaBUJIA COACPIKUTCS YCIOBHE, HEOOXOAMMOE IS
cpabaTbhIBaHUs AJITOPUTMA JIEUCTBUM IpU TOpOTroBoM 3HaueHuu. Koraa Bce ycinoBus
B JIEBOM YacTH MpaBUJIA yIOBJICTBOPEHBI, BBINOJIHAIOTCA IECUCTBUS, YKAa3aHHBIE B

CYKICACHTC.

4.9.7 CpaBHeHHe MeTO/10B [IeTEKTHPOBAHMS

B pasnmenax BbIlle paccCMOTPEHbI OCHOBHBIE METOABI JCTEKTUPOBAHMS
aHomaynii. HaliieHsl aHOManuu aHaIM3uPyeMOro BpEMEHHOTO psijia.

B Tabnune 11 npuBeaeHb! JOCTOMHCTBA M HEJOCTATKU KaXKI0TO U3 METO/IOB.

Ta6muma 11 — CpaBHeHHE METOIOB MTOMCKAa aHOMAJTHI

MeTtonanl JocronncTBa Henocratku

CTaTUCTUYECKUE METOIBI HNHTepnpetnpyemMocThb IToaxoauT TOIBKO I IOUCKA
METOMOB; MPOCTOTA | BHIOPOCOB, a  aHOMAaJUH
HCIIOJIb30BaHMS; XapaKTEPHU3YIOTCA HE TOJBKO
YHUBEPCAJIbHOCTD, HE | DKCTpEMaIbHBIMU
Tpedyercs anpUOPHON | 3HAYCHHSMHU.
uHpopmMaluu O TMPHUYMHAX
BO3HHMKHOBEHHS aHOMAJIHUH,
OTCYTCTBUE Jramna
MIPEABAPHUTEIILHOTO
o0y4eHusl.
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[Iponomxenue Tadaunpl 11 — CpaBHEHUE METOIOB MTOMCKA aHOMATUH

MpoCTOTa TIIOCTPOCHUA A

MeTtoanl JlocTtonHcTBa Henocrarku
KoHTposbHBIE KapThI HHuTteprpeTupyeMocTsb u | Merog MopanbHO ycrapen (B
HaIJISIIHOCTh METO/1a; | aITOPUTME BBIOOpA KapThl

OJVH M3 HIaroB mpeamnojaract

rmponecca.

HEeOO0JIbILIOTO KOJIMYECTBA | BEIOOPKY 0o0Jb11Ie 10
JTAHHBIX, MOHUTOPHHT | HAOMIOACHUN WM MEHBIIIE,
npoluecca; OTCYTCTBHE 3Tama | 4To HE COOTBETCTBYET
peBapUTEITLHOTO MOJIO’KEHUIO Jen);
o0y4eHusl. MaKCHMaJbHOE  KOJMYECTBO
HaOJI0ICHU B OJTHOM
BbIOOpKe — 25; ommOku
MIEPBOTO U BTOPOTO Po/a.
Mopnenu, ocHoBaHHble Ha | HarmsaHocTh u | [IpucyrctBue Jrara
TUTOTHOCTH WHTEPIPETUPYEMOCTh o0y4eHHs; BBIOOp METPUKH
METO0/1a; MacHITadupyeMOCTb; | paCCTOSHUS; npu
BBICOKast CKOpOCTh | HENIPaBHJILHOM noxdope
MOJICJIUPOBAHMUS, METPUKHU paccTosiHus
BO3MOXKHOCTh OOHapy>KeHHS | 0OHapyKCHUE aHOMAJTHH,
HOCTETEHHBIX, HO | KOTOpbIE  HE  OKa3bIBaIOT
3HAQUUTENNBHBIX  OTKJIOHEHUH | CYIIECTBEHHOIO BIUSHHS Ha
OT HOPMAJILHOT'O TIOBEJICHUSA. | TEXHOJIOTMYECKHUH ITpoIiecc.
Mertopl MmamuHHoro | Harmsinocts meroaa; | [Ipucyrcreue JTana
o0yueHus MacITabupyeMoCTh; BEICOKas | 00ydeHus; CJIO’)KHOCTD
CKOPOCTb  MOJICJIUPOBAHUS; | HHTEPIIPETALUHY; npu
pacro3HaroTcs aHOMAJIUU | HETIPaBUJIBHOM nojodope
pa3JInYHbIX BU/IOB; HE | rUIepnapamMmeTpoB
TpeOyeT 3aJaHusl METPHUKH, | OOHapyKEeHHE aHOMaJIuii,
ruOKOCTb K JMHAMHUKE | KOTOpble  HE  OKa3bIBalOT

CYHICCTBCHHOT'O BJIMSAHHWSA Ha

TEXHOJIOTUYECKUI rmponecc.
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[Iponomxenue Tadmaunpl 11 — CpaBHEHUE METOIOB MTOMCKA aHOMATHI

MeTtoanl JlocTtonHcTBa Henocrarku
MonenbHbIe METOIBI Harnmsanaocts merona; | [IpucyrcrBue Jramna
MacHITaOUpPyeMOCTb, HEe | 00y4eHwus, CII0KHOCTh
TpeOyIOTCSl 3HaHUS O BHUJE | HHTEPIPETAIUH; BBIOOP
AHOMAJINA; nopora OoOHapyXeHUs
aHOMAJTHH,
MeTtobl Ha ocHoBe | HarmgaHocTs Mmetona, | HeobxogumMocTh BBICOKHX
AKCIIEPTHBIX 3HAHUU MpOCTOTA pealu3anuy; | 3HaHUM  JKCIEPTOB  MPH
OTCYTCTBHE 3Tara OO0ydYeHUs; | 3alaHUU MOPOrOB;
MPOCTOTA UHTEPIIPETALINH. OTCYTCTBHE ajlanTauu,
BO3MOYKHOCTb MpOIycKa
AHOMAJIHM.

[IporpaMMHBIN KOZ

IpUII0KEeHUHU B.

OAHOT'O M3 MCTOAOB ITOHMCKa aHoMaauin IMPpUBCACH B

87




4.10 UaTerpanusi NMpeIWKTUBHOH MOJeJH B TEXHOJIOTHYECKMIl mpouecc
npou3soacTea BOIIII-mienku

4.10.1 Umuramuonnasi moaesb T1O

N3-3a OTCYTCTBHS IOCTYNa K peajbHOMY TEXHOJOTMYECKOMY MPOLECCY —
pa3palaTbIBaeTCs] UMUTAIIMOHHASI MOJIENIb YACTH TEXHOJOTHUECKOM JIMHUH, KOTOpast
UMUTUpPYET pabotry asurateneid Bxoaa W Beixoaa TJO. MMuraunoHHas Mozenb
HEoOXOoaMMa JJii MPOBEPKH PpabOTOCIOCOOHOCTH MPEAUKTHUBHON MOJICIHH;
pa3pabOTKH apXUTEKTYpPhl B3aUMOJICHUCTBUSI MOJEIH, CPETHET0 U BEPXHETO YPOBHS
ACY TII;, coopa undpopmaruu B 6a3y JaHHBIX PEabHOTO BPEMEHM U OHJIANH
MOHUTOPHUHT 3TOM MH(pOpMAIHH.

Jlis peanu3anvi MMHTAIMOHHOM MOJeNH Hcmonb3yercs maker Matlab —
Simulink.  Simulink - cpema  IMHAMHUYECKOTO  MEXIMCHUILITMHAPHOTO
MOJICIMPOBAHMS CJIOKHBIX TEXHUUYECKHUX CHUCTEM M OCHOBHOM HWHCTPYMEHT ISt
MOJCIbHO-OPUEHTUPOBAHHOTO MPOSKTUPOBAHUS.

Ha BX01 MMHTAIIMOHHON MOJIEIIH MTOCTYTAIOT JaHHBIC (MCIIOIb3yEMbIC paHee
U1 pa3pabOTKH MPOTHO3HOW MOJIENIA U MOJICIIH MTOMCKA aHOMAJIHH ), TIOJTyYEHHBIE C
Vijeo Citect. Ha BbIxome 3TH e HaOJIIOJICHHS, PACIIOJIOKECHHBIE BO BPEMEHU C
NEPUOJIUYHOCTHIO B OHY CEKYHY.

CTpykTypHas cXemMa HMHUTAl[MOHHOH Moxaenn B cpexe  Simulink

MpeJICTaBICHO Ha pUcyHke &80:

[eurarenun Ha Bxoge THO Heurarenu Ha Beixoge TOO

]

CropocThs CrOpOCTE

Yy
Yy

Tok
Temnepatypa
Mosmenr

Tok
Temnepatypa
Mosmenr

Y
Y

h A

h 4

CropocThs
Tok
Temnepatypa
Mosmenr

CrOpOCTE
Tok
Temnepatypa
Mosmenr

3

YyYYyvV¥Y

3

YyYYyYV¥Y

Pucynok 80 — CtpykTypHas cxeMa UMUTAMOHHON MOJEIH

Brixon aeurarenei npeacTaBiieH Ha pUCYHKE 81
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Time (seconds)

Pucynoxk 81 — Beixon asuraresneit

4.10.2 SCADA-naker

ABTOMATHU3MpPOBAaHHAA CHUCTEMa YIPaBICHUS TEXHOJIOTMYECKON JIMHUU
npousBojactBa BOIII-utenku peanusyercs Ha 6asze IIJIK Siemens S7-1500.
CrnepnoBartenbHO, B KauecTBe uiatr@opmel aist pazpadbotku SCADA u anroputmoB
BeiOupaercs TIA Portal [59].

TIA Portal (Totally Integrated Automation Portal) — wunTerpupoBanHas
cpena pa3pabOTKU MPOrPaMMHOTO  OOECHEYEeHHsS] CHCTEM aBTOMAaTHU3alNH
TEXHOJOTUYECKUX TPOIECCOB OT YPOBHS MPHUBOJIOB U KOHTPOJUIEPOB 10 YPOBHS
YeJIOBEKO-MalIMHHOTO ~ uHTepdeiica. SIBiusercs  BOIUIOMIEHWEM  KOHIEMIUU
KOMIUIEKCHOM aBToMartu3anuu (anrn. Totally Integrated Automation) wu
HBOJTIOIMOHHBIM PA3BUTHEM CEMEHCTBA CHUCTEM aBTOMATH3aIMU Simatic KOMITaHUH
Siemens AG.

TIA Portal cogepxut HHCTpyMEHTaIbHbIE CPEACTBA JJISI:

1. KoudurypupoBanus u HACTPOWKHN MAapaMETPOB aIMaPaTyPHI.

2. KondurypupoBaHus CUCTEM MPOMBIIIJICHHON CBSI3H.

3. IlporpamMmmupoBaHUsS] KOHTPOJLIEPOB.
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4. Koudurypuposanus naneneit onepatopo SIMATIC.
5. TectupoBaHusi,  BBINOJIHEHUS  IYCKO-HaJaJO4YHBIX  paboT H

00CITy’KUBaHUSI TOTOBOM CHUCTEMBL.

4.10.3 OPC-cepBep

Jlist obecrieueHrss KOPPEKTHON TMepenady JaHHBIX B peajbHOM BPEMEHU
Mexay cpeaor  mozaenupoBanus Simulink w TIA  Portal wucnoas3yercs
nporpaMMHbIid maket Process Simulator 2. Jlns mepemaun naHHbIX Mexay TIA
Portal u Python ucnons3yercs nporokos OPC UA.

[Tnardpopma Process Simulator nmpenHazHadeHa ajisi TECTUPOBAHUS CUCTEM
aBTOMaTH3alliyd, HAayWHAas C WMUTAIMM BXOJHBIX CHUTHAJIOB, M 3aKaHYMUBas
MOCTPOCHUEM TIOJIHOTO CHMYJIATOpPA TEXHOJIOTMYEeCKOro obopymaoBanus. Plug-in
apXUTEKTypa ¢ OTKpHITBIM API mo3BOJsSeT MHO0OMY MPOrpaMMHUCTY JT00ABUTH
HEeJOCTaMUK (YHKIIMOHAT W TOJb30BaThC YyKMMH HapaboTkamu. IIpoekt
coxpansiercsi B Buje XML nokymeHnta, a BctpoeHHbId OPC cepBep OTKpbIBaeT
JOCTYI KO BCEM JIaHHBIM JIJIs1 JIF0OOT0 BHEIIHEeTo kineHTa [60].

[Iporokon OPC UA — KOMMYHHUKAIIMOHHBIA CTaHIAPT, OIpPEACIISIONINIMA
nepenayy JaHHBIX B MPOMBIIIJICHHBIX CETAX U B3aUMOJICHCTBHE YCTPOUCTB B HUX.
OPC UA ommuaercas ot kinaccuueckux OPC  TeMmM, 4YTO MOJHOCTBIO
KpoccIiaTGOpPMEHHBIN, MPOCTOTa YIAJIECHHOTO TMOAKIIOYCHHS, BO3MOXHOCTh
muGpOBaHUS M AyTCHTU(HUKAIIMH, a TAKKe YHU(PUKAIUSA JaHHBIX.

Siemens S7-1500 B 6a3oBoit komiuiekTanuu uMeer npotokon OPC UA,
nostoMy [1JIK MOkeT BbICTyIIaTh M B Ka4€CTBE CEpBEPA, U B KauecTBE KiueHTa. Ha
Python paspaborana Oubmmoreka OpC uUa [61], Wro mo3BONIAET pEaTU30BATH
MoJlydeHue JaHHBIX ¢ cepBepa Siemens S7-1500 um wcmosb30BaTh WX IS

NPETUKTUBHON MOJIEH.

4.10.4 Ba3a 1aHHBIX
Ha mpomsBonctee BOIII-turenkn ucnonszyercs SCADA Vijeo Citect,

KOTOpasi XpaHUT UCTOPUYECKHE JaHHbIC 3a 3 Mecsna. M3-3a Majoro KoJM4ecTBa
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HUCTOPUYECKUX JIAHHBIX CYXAETCS CIEKTP BO3MOXKHBIX BHEIPEHHBIX HU(PPOBBIX
TEXHOJIOTUH, OTCYTCTBYET PETPOCHEKTUBHBIN aHAIN3 TEXHOJOTMUECKOTO MpoIecca
U T.A.. Bo3HHKaeT noTpeOHOCTh B 0a3e TaHHBIX.

Jlns XpaHeHWs JaHHBIX TEXHOJIOTHYECKOrOo TMpoliecca JIydIille BCETo
noAXoauT 0a3a JaHHBIX BPEMEHHBIX pPsAJIOB. ba3bl JaHHBIX BPEMEHHBIX PSAOB
MPEIOCTABISAIOT MOJb30BATEISAM CEPBUC M0 XPAHEHUIO, YAICHUIO, OOHOBJICHUIO U
Moau(dUKallUM BPEMEHHBIX pAoB. Peanmm3yercss TmoaliepKka HEKOTOPBIX
BBIYMCJIICHUW HaJ BpeMEHHBIMU psgamMu. CylecTBYIOT HMHCTPYMEHTBI ISl
bunpTpaIry 1o Nporu3BOJILHEIM 00pasiiaM, Py TOM 3HAYEHHUSI OJTHOTO Psia MOTYT
SBISAThCS GUIBLTPOM i Apyroro. [IpenmymiecTBa 0a3 TaHHBIX BPEMEHHBIX PSIIOB
nepes PeISIUOHHBIMU, HEPENSIIMOHHBIMU paclpeeEHHBIMU, ITUKINYECKUMU
0a3aMu JaHHBIX OMUCaHbI B padote [62].

Cpenu 6a3 JaHHBIX BpEMEHHBIX psi10B Obuta BeiOpana INfluxDB, ucxoas u3
crareii [62], [63]. INfluxDB umeer SQL mogoOHbIi s3b1k 3ampoco — INfluxQL,
HTTP(S) APl nns 3anucu U BRIOOPKH JaHHBIX, BCTPOCHHYIO MOMIEPIKKY IPYTHX
NOMYJISIPHBIX B MOHUTOPUHTE MPOTOKOJOB TEpenayd JaHHBIX, BO3MOXKHOCTh

COXpaHATh MUIIJIMAPAbI TOYCK H3M€p€HHﬁ, CINAHUC BPCMCHHBIX PAJOB APYI C

JPYTOM.

4.10.5 On1aiiH-MOHMTOPUHT TEXHOJIOTHYECKOT0 Mporecca

[Ipu noNTrOBpeMEHHOM OTCIIC)KHMBAHUM IapaMETPOB TEXHOJOTHYECKOTO
mporecca (Oombine, yeM 3 Mecsiia) BO3HHUKACT MOTPEOHOCTh HE TOJIBKO B 0ase
JAHHBIX, HO ¥ B CUCTEME OHJIAH-MOHUTOPUHTA 0a3bl JaHHBIX. JIJ1st 3TOTO BHIOpaHa
mraropma Grafana.

Grafana — 53710 1atrgopMa ¢ OTKPBITBIM HCXOJHBIM KOJOM JUIS
BU3YyalM3all¥, MOHUTOPWHTAa W aHalIW3a JIaHHBIX, YacTO WCIOJb3yeMas B
COUYeTaHWH ¢ 0a3aMu JJAaHHBIX BPEMEHHBIX PsI0B, B ToM dncie, ¢ INfluxDB [64]. Tns
MOAKIIOUEHHOU K HEl 0a3e NaHHBIX MPEJOCTABIISET:

1. Menemxep yBenoMJIeHHMH (I8 OTCIAEKUBAHUS  OTKJIOHEHUM

TEXHOJIOTUYECKOT0 Ipoliecca).
91



2.  ®opmy 11 3alIpOCOB K TaHHBIM.

3. IlocTtpoeHue cUeTUYMKOB, IIKaJ, THCTOTPAMM.

4.  pacuer 0a30BBIX METPUK (CpeaHee apu(hMeTHIECKOe, MAaKCUMAIIbHOE,
MUHHAMAJIbHOE 3HAYEHHUE U T.1I.).

5. JlamGopasl 1Sl BU3yanu3aluy BPEMEHHBIX PSIIOB U COIYTCTBYIOLIUX

UM METPHK.

4.10.6 Peasim3anusi B3aUMOJEICTBHSI  TEXHOJOTMYECKOT0 Tpolecca H
NPEeAUKTUBHON MOIEJIN
TexHonOruYecKuii NpoIecc MPEACTaBICH MMHUTAIIMOHHONH MOJEbI0 (CM.
4.10.1) (m1s mpumMepa ucmonb3yeTcs oauH asurareib Bbixoma TJ]O). Cesise ¢
Process Simulator ycranasauBaetcst ¢ nmomoimbio OPC Toolbox. OPC Toolbox
HPEI0CTaBISACT AOCTYI K ONEepaTUBHBIM M apXuBHbIM AaHHBIM OPC Hampsmyro u3
MATLAB u Simulink. Konduryparus coenunenus ocymectsisiercs 6i1okom OPC
Configuration. broku OPC Read u OPC Write u3BiiekaroT 1 epealoT Ha CEpBep
obparno. Hactpoiiku umuranmonHoir momenu B Simulink npencraBiensr Ha

pucyHkax 82 u 83:

+ 4. OPC Client Manager (MedelsForOpcc) - X

Define and configure OPC clients for use throughout the model. Any

ig
changes in this dialog are applied immediately.

Configure OPC Clients.

< <] ] ¢

e vi
Pseudo reaktime simuation ORPCICTcmﬁg
eal-Time:
Enable pseudo real-time simulation
0 or

Speedup: |1 times.

Output poris:
[] show pseudo reaktime latency port

oK Cancel Help

Pucynok 82 — Hacrpoiika 6;10ka OPC Configuration
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Chopocre

bPC write (Sync)
Co...eed

Tox pPC Write (Sync)
Co...ent

Tewneparypa PPC Write (Sync)
Co...ure

Mowert bPC Wiite (Sync)
Co..que

Pucynok 83 — Hactpoiika nepenaun nadopmarmu B Process Simulator u 61oka

[# Block Properties: OPC Write - 3| 4 Select ltems -
ETEE Available server items: Selected server items:
‘Write data to an OPC server. Writes can You B I Connection 1. Motor speed
must specify as many ftems s the width of the input port. Each element of the =@ Comection]
input vector is written to the corresponding item on the server. onnection
@ Motor speed
@ Current
@ Temperature
Parameters
Clent |locahostProcessSimulstort 1 ~| >
b >
Item IDs
~
M
reso | | doreson
Wrte mode: | ~| < >
Enter Ttem ID(s):
Sampletme: [0 | ‘ = 5
| ok || canca | | Hep Apply II' Cancel

OPC Write

Jaunsie ¢ Simulink moctymnaror B Process Simulator (puc.84.), koTopsiid, B

CBOIO o4epe/ib, mepeaaet ux B T 1A Portal (puc.85.). Mouutopunr 3Hauenuii B TIA

Portal peanusyercs ¢ momoripto

Force Table.

Communication Manager >
: = A
- Connections | + — ‘\ g ¢X @
Mame < | Type | teme | Connected | Last Emor
[ Ttems | 4= Qg -— g o HsB | Name: Comment: g T
Mame + | Comment | Type | Access | Using | Converter | Description
Metor speed Single r’w 0 MDO, REAL
Temperature Single riw 0 MD8. REAL
Torque Single riw 0 MD12, REAL

Walue IUsing |

[T18 Wi
Converter

’;_ Enable I ;I Setup |

Connections: 1 | ltems: 4

Pucynok 84 — Process Simulator

FF & b HFF BN
i | Marme | Address | Display format | Monitor value
1 “Motor speed” %MDO Floating-point nu... 411.0
2 "Current” SahiD Floating-point nu... 118.0
3 *Temperature” %EMDB Floating-point nu... 41.0
4 "Torque” %hD12 Floating-point nu... 282.0 |

Pucynok 85 — OnyaitH MOHUTOPUHT 3HaYE€HUM UMUTAlMOHHON Mojenu B TIA

Portal
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Jlns ornpaBku naHHbIX ¢ TIA Portal Heo6xoauMo HacTpOUTh BUPTyaIbHOE
ethernet coemunenune c kouTposuiepom Siemens S7-1500, koTopwlil, B CBOIO

ouepeib, ToJbKeH BeicTynath B poiu OPC-ceppepa (puc.86., puc.87.):

&  TCR/IP communication with | <Local> g

() Start Virtual S7-1500 PLC
Instance name  [PLC 1
IP address [X1]  [192.168.0.1
i Subnet mask 2552552550

PLE type Unspecified CPU 1500 v
1 Active PLC Instance(s)
W@ PLC_1 /192168.0.1 O x

o ~ g% )

Pucynok 86 — Hacrpotika BuptyansHoro ethernet aganrepa

Multilingual support

[ Activate OPC UA server
Time of day

b Protection & Security

4
[ — i Server addresses
General i
b L = Address
» Client opc.tcp:i192.168.0.1:4840
opc.tcp:i192.168.1.1:4840
b Systemn power supply

Confiouration control

Pucynok 87 — AxtuBanus OPC-ceprepa
ITocne aktmBanum KoHTpoyuiepa B poiau  OPC-cepBepa K  Hemy

noakmodaetcs UaExpert (puc.88.):

Data Access View

# Server Mode Id Display Mame Value Datatype source Timestamg Server Timestamp Statuscode
i i Server M53|String|"Motor speed” Motor speed 411 Float 20:01:36.298 20:01:36.298 Good

Server MNS3|String|" Current” Current 118 Float 20001:40.298 20:01:40.298 Good
Server M53|5tring|" Temperature” Temperature 41 Float 20:01:45.298 20:01:45.298 Good
4 Server M53|5tring|" Torque” Torque 282 Float 20:01:47.298 20:01:47.293 Good

Pucynok 88 — Ilapamertpsr nBuratens, nepenannsie no nporokory OPC UA B
UaExpert
UaExpert — nomnodynkuuonansHbii kmueHr OPC UA, ¢ momomibio
KOTOPOTI'0 MOKHO TiepeiaTh JaHHble B Python, BeicTymaromero B poiau KIMEHTa 0
ornomenuto k UaExpert. lns sroro ucnomes3yetcst 6ubmmoreka Python opc-ua

(MCXOTHBIN KOJ MPEACTABIICH B IPUJIOKEHUH ).
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JanpHedinras mnepenada wuHGopmanmmu B 0asy ganHeix  InfluxDB
npou3BouTCs ¢ moMoinkto oudmmoreku influxdb [65], mpenBapurensro puBeas B
BepHBI (hopmaT naty u Bpems, KoTopsle onpeneneHsl B RFC3339. /loGasnenue
HOBO TOYKH U3MEPEHUS BRIV IUT CIICTYIONUM 00pa3oM:

Tabmuma 12 — ®opmar 3anucu Hooii Touku B INfluxDB

Measurement Tags Time Fields

HNudopmanus, nepenannas B InfluxDB, npeacrasiena Ha pucyHke 89:

Current
curren

Motor 5péEd

Motor spee

Pucynok 89 — baza nannsix INfluxDB u 3anucanHbie B He€ mapamMeTphbl ABUraTEIIs
OHnalilH-MOHUTOPUHT TapaMEeTPOB ABUTATEIIEH U MPEACKA3aHHBIX 3HAYCHHI

peanusyetcs cucremoit Grafana (puc.90.):

CxopocTe aswratens (Al_M4_SD) Temneparypa asurarens (Al_M4_TE)

muratens (Al_M4_CU) Mowment asurarens (Al_M4_Nm)

Pucynok 90 — OHnailH-MOHUTOPUHT apaMEeTPOB ABUTATENs, IPEACKA3aHHBIX
3HAYEHUN U 0a30BBIX METPHUK

Cxema nH()OpPMAITMOHHBIX TIOTOKOB ISl TIPEICTABIIeHA B IPHIIOKEHUU J1.
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5 DHUHAHCOBBIH MEHEKMEHT, pecypcod(ppeKTHBHOCTH "
pecypcocoepexeHue

HayuHo-uccnenoBarensckass  paboTra  HampaBiieHa Ha  pa3pabOTKy
MIPOTPAMMHOTO  MOJAYJS,  OCYWIECTBJSIOIIETO  IPOTHO3HYK)  AHAJUTUKY
TEXHOJIOTMYECKOTO0  MpOLEecca M JCTEKTUPOBAHMS  AHOMAJIMM B HEM.
TexHonornveckuii npoiece npeacrapiseT coooi npousoactBo bOTIII-mnenkwu.

[Menpr0  gaHHOW  IJIaBBl  SABJISIETCS  OIPENENIEHUME  ITOTEHIMasa
pa3pabaTbiBa€MOro MOAYJIs, IJIAHUPOBAHKE MPOIIECCa YIPABICHUS UCCIEAOBAHMS,
OTpeJIeNIeHHE PeCypCHOM, PMHAHCOBOM U SKOHOMUYECKOH 3P (HEKTUBHOCTH.

JlocTrkeHue e o0ecneyrBaeTcsl pelieHUeM Cllely 3a/1au:

1. Opranuzanus paboT no pa3padaTbiBAEMOMY MPOEKTY;

2. [lnanupoBanue paboT MO MPOEKTY;

3. Ompenenenne pecypcHol, (GUHAHCOBOU, OFOIKETHOM, COIMAIBHOU H

YKOHOMHYECKOU 3(1)(1)CKTI/IBHOCTI/I HCCIICOOBaHMA.

5.1 Opranu3zanus 4 IJIAHUPOBAHHUE PadOT

3aHATOCTh KaXJAO0TO M3 YYACTHUKOB IPHU MPOBEICHUH KaXKJIOTO M3 ITAIOB
paboT momkHa OBITH ONTHMAJIBHO CINIAHMpPOBaHAa MO cpokaMm. Ha kaxmom srtame
BBITIOJIHEHUS pabOT ONMPEEIIIOTCS UCTIOJIHUTEH U TIPOIOJDKUTEIIBHOCTh KaXI0T0
stana. KajienmapHeiii rpaduk peaausanuy IpoeKTa — 3TO pe3yJIbTaT IUIAHUPOBAHUS
pabor. OH mpencraBmseT u3 ceds HamboJiee HArSAIHBIA W yHOOHBIM CHoco0
opraHu3anuy TpoekTa. J[JIs ero mocTpoeHus ONpeACNISIIOTCS JaThl Hadajga M|
OKOHYaHHUsS paboT, a TaK)KE COCTABIIACTCS MEepeYeHb PadOT M COOTBETCTBHE PabOT
CBOMM HCHOJHHTENIAM. (OCHOBHBIC WCIIOJIHUTCIIM B  MPOCEKTE: HAYyYHBIH
pykoBogutens (HP) u unxenep (N).

Pa3nencHue BBIMOTHEHHS TUIZIOMHON paOOTHI Ha ATaIlbl MPEJACTABICHBI B

tabnuue 13.
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Ta6nuna 13 — [lepeyeHs paboT U MPOAOTKUTETLHOCTh UX BBITTOJIHEHUS

3arpyska
Jranbl padoTbl Hcenonnurenn
HUCIIOJTHUTEJIeH
HP — 30%
Omnpenenenue Tembl BKP HP, " - 70%
[Touck u u3yueHne HOpMaTUBHO-TEXHUYECKOM HP - 10%
HP, 1
JUTEPATYPHI 1 —100%
HP — 10%
Kanennapnoe mnanupoBanue padboT HP, "1 11— 100%
Bb100p TEXHOJIOTHYECKOT0 IpoIiecca )41 1 —100%
COop TaHHBIX C TEXHOJIOTHYECKOTO MpoIiecca )41 N —100%
Onucanue TEXHOJIOTUIECKOTO Tporecca (M3ydeHHe " - 100%
000pyIOBaHUS U MPOIIECCa)
AHanu3 METOJIOB MPOTHO3HPOBAHNS 1 " - 100%
JCTCKTHPOBAHUS aHOMAJTUH
O06paboTKa JaHHBIX TEXHOJIOTHYECKOU JIMHUU n 1 - 100%
Matematudeckoe OTTHCAHHE HCTIONb3YEMBIX " - 100%
Moenei
[TocTpoenue mozeneit (BIOOp mapamMeTpoB, 1 11— 100%
o0ydeHune Ha HabOpe JTAHHBIX)
TectupoBanue MoJienel (BU3yann3anus " - 100%
pe3yIbTATOB)

CpaBHEHHE pe3yJbTaTOB PaObOTHI MOJIEIICH )4 N — 100%
Hanwucanue pa3nena «puHaHCOBBIH MEHEDKMEHT, " - 100%
pecypcoddHEKTUBHOCTD U pPECypcocOepexeHUE»

Hanmcanne paziena «connaabHOU u 1 - 100%
CocrapieHue NOSICHUTEIBHOM 3alTUCKU " HP — 80
N — 20%
[IpoBepka paboThI ¢ pyKOBOIUTEIEM HP —20%
HPp, 1 1 80%
[ToxroToBka npe3eHTaUK JUTLIOMHOTO TPOEKTa " 1 — 100%

5.1.1 IIpono/KUTEILHOCTD 3TANOB PadoOT
Jlns ompeneneHUs O0XHAAEMOTo (CpeaHEro) 3HA4YeHUsi TPYAOEMKOCTHU

HCIIOIB3yeTCs cieayromas hopMmyna:

__ 3*tminit2*tmaxi

rae tmin — MUHUMAaJIbHAS TPYJTOSMKOCTD 1-0M pabOThI, Yei/aH.; tmax — MAaKCUMaJIbHAS

TPYIOEMKOCTb 1-01 pabOThI, eI/ JIH.
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Jist  mocTpoeHuss  JMHEHMHOro rpaguka HEOOXOAMMO  pacCUUTaTh
JUIUTETLHOCTH 3TANOB B pa00OYMX JHSAX, @ 3aTEM MEPEBECTU €€ B KaJICHIapHBIE JTHU.
PacdeT npoloKUTETPHOCTH BBIOJHEHHS KaXK0ro dtamna B padounx aHsx (7Tpyg)

BezieTcs o popmyie:

tO)K .
Kgy K'a' (28)

Tpy =
rae tox — IPOJOIKHUTENBHOCTh paboThl, AH., Ky — KO3(P(GUIHUEHT BBINOIHEHUS
paboT, YUYMTHIBAIONIMN BIMSHHE BHEIIHMX (HaKTOPOB Ha  COOJIIOJIEHHE
HpeaBapUTEIbHO omnpeaeacHHbIX mureabHocTel (Kyy = 1); K — kK03 duiimenr,
YUUTBHIBAIOIIUNA JOTIOJHUTEIBHOE BpeMsi Ha KOMIICHCALMIO HENpeaBUIECHHBIX
3aJIepiKeK U coriacoBanue pador (K =1,2).

Pacuer mpogomKUTENBHOCTH 3Tana B KalEHIApHBIX JHSIX BEAETCS IO
dbopmyiie:
Tien = Tep T (29)

rae Tkg — MPOJOJDKUTENBHOCTD BBITIOJIHEHUS 3Tama B KaJeHJApPHBIX JHIX, Tk —
KO3()PUIIMEHT KaJIeHIapHOCTH, TIO3BOJISIONINI MMEPEUTH OT JTUTEIILHOCTH padoT B
pabounx IHIX K HMX aHajoraM B KaJeHIApHBIX JHSIX, ¥ PaCCUUTHIBAEMBIA II0
dbopmyiie:
Ty = Txan ’
Tkan=Teg—Tnpg (30)
rae Txan — KalleHJapHbIE AHU, |j — BBIXOAHBIE AHU, |1y — MPa3IHUYHbBIC JTHU.
Paccanraem kod(puIIMEHT KaJleHIApHOCTH I TATHIHEBHON paboueit

Hezenu u3 pacueta 145 Hepabouux aueit Ha 2020 ro;

Tean 365
Tan—Toex—Tnp 365118

T, = = 1,47

(31)

B Ttabnune 14 npuBeneHsl NPOJOHKUTEIBHOCTH JTamoB padOT U UX
TPYJAOEMKOCTH MO HUCTIOJHHUTEISAM, 3aHATHIM Ha KakoM dTane. CTOUT OTMETHUTb,
YTO BEJIMYUHBI TPYAOEMKOCTH 3TANIOB IO UCTIOJHUTENSAM Tk TO3BOJISIIOT TOCTPOUTD

JUHEWHBbIN rpauK OCYLIECTBICHHS TPOEKTA, MPECTABICHHBIA Ha PUCYHKE 1.
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Ta6nuna 14 — Tpyno3arpathl Ha BBITIOJIHEHUE MPOEKTA

IIpoxosxuTebHOCTH padoT,

TpyaoemkocTh padoT mo
HCIIOJTHUTEJISIM YeJL.- IH.

ran HcnoanuTtean JAHHA
TPI[ TKH
tmin tmax tom HP U HP U
Onpenenenue temsl BKP HP, 1 2 4 2,8 1,4 4.5 0,3 1
[Towck u u3ydecHue
HOPMATUBHO-TEXHUYECKOU HP, 1
JUTEPaTyPhl 3 5 3,8 0,6 6,8 0,1 1,1
Kanennapnoe mimanupoBanue HP. 1
paboTt ’ 6 8 6,8 1,1 12,1 0,1 1,1
Br16op TexHOI0THUECKOTO "
poiiecca 2 3 2,4 0,4 3,9 0,1 1
COop naHHBIX C "
TEXHOJIOTMYECKOTO MpoIecca 6 8 6,8 0,0 11,0 0 1
Omnwncannue TEXHOIOTHYSCKOT0 "
mporiecca 5 7 5,8 0,0 9,4 0 1
AHann3 METOI0B
IIPOTrHO3UPOBAHUS U nu
JETEKTUPOBAHUS AaHOMAJIUM 5 6 54 0,0 8,7 0 1
O6paboTka JaHHBIX HP. 1
TEXHOJIOTUYECKOU JTUHUN ’ 6 8 6,8 0,0 14,3 0 1,3
MareMaTHdecKOe OIMCaHuEe "
HCTIOJIb3YEMBIX MOJIeIeH 6 8 6,8 0,0 11,0 0 1
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Tan

HUcnosHuten

IIpoxosxuTebHOCTH padoT,
JAHH

TpyaoemkocTh padoT mo
HCIIOJTHUTEJISIM YeJL.- IH.

TP]] TK]I
tmin tmax tom HP n HP n
[TocTpoenue mopeneit (BIOOD
napaMeTpoB, 00yueHue Ha 141
Ha0oOpe JTaHHBIX) 8 9 8,4 0,0 13,6 0 1
TecTtupoBanue Mojeen "
(Bu3yanuzaius pe3yJbTaToB) 4 5 4.4 0,0 7,1 0 1
CpaBHEHUE PE3YIBTATOB "
paboTHI MOJIEIEH 10 12 10,8 0,0 24.4 0 1,4
Hanucanue pasnena
«(pUHAHCOBBIA MEHEKMEHT, u
pecypcod3pheKTUBHOCTD U
pecypcocOepexeHner 3 5 3,8 0,0 6,1 0 1
Hamnucanne pasjiena HP, 1
«COIMATBHOM
2 3 2,4 0,0 3,9 0 1
CocraBiieHle TOSICHUTENbHON P 1
3aIlMCKU ’ 2 3 2,4 3,9 0,4 1 0,1
ITpoBepka paboThI € "
PYKOBOJUTEIEM 5 7 5,8 2,8 9,4 0,3 1
[TonroroBka npe3eHTauu
JTUTUIOMHOTO TTPOEKTa 5 4 28 0.0 45 0 1
Hroro 88,2 6,908 | 102,806 | 10,1547 | 151,1248
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Ha ocHOBe kaneHAapHOro IUIaHa NPOEKTa MOCTpoeHa auarpamma ['aHTta
(pucynok 91), koTopasi HarjsiTHO TMOKAa3bIBA€T CJICIOBAHKME BBHITIOJIHEHUSI JTAroB
JUTIJIOMHOTO MPOEKTUPOBAHMS, UCXO/ISl U3 OTBEJICHHBIX CpOKOB. J[narpamma ["anrta
— 9TO THUIl CTOJOYATHIX JaUarpaMM, KOTOPBIH HCMOJB3YETCS JIsl WILUTIOCTPAllUU
KaJICHJAPHOIO IJIaHA MPOEKTa, Ha KOTOPOM paboOThl MO TeME MpPEACTaBISIOTCS
MPOTSHKEHHBIMU BO BPEMEHU OTPE3KaMU, XapaKTEPU3YIOMIMMUCS JaTaMy Hadajia u

OKOHYAaHUs BBITIOJTHCHUA JaHHBIX pa60T.
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Geepans Mapt Anpaenb Ma#i UioHb
3ran HP " 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Onpepenenne TeMel BKP 136 4,53 !
IloHcK H H3y4eHHE HOPMAaTHBHO-TEXHHIECKOH
JHTEPaTYPEL 0,61 6,76 I
KanengapHoe IiaHHpOBaHHe paldoT 1,10 12,10 .
BrI0op TeXHOTOTHYECKOTO Ipoliecca 0,39 3,88
CGop JaHHBIX ¢ TEXHOJIOTHYECKOIO IIpoLecca 0,00 11,00
OnHcaHHE TEXHOIOTHYECKOTO MpoLecca
pott 000 | 938
AHAaTH3 METOIOB MPOTHO3HPOBAHAA H JETEKTHPOBaHHAA
AHOMAaTIHH 0,00 8,73
O0paboTka JaHHBIX TEXHOIOTHUECKOH THHHH
0,00 14,29
MaTeMaTHUECKOE OTTHCAHHE HCIOMB3YeMBIX Moemei 0,00 11,00
TTocTpoenne Moaenett (BeIGop mapaMeTpoB, o0yUeHHe
Ha Habope JaHHBIX) 0,00 13,58
TecTupoBanHe MoIenel (BH3yaTH3allHA pe3yTbTaToB)
0,00 7,11
CpaBHeHHe pe3yTbTaToB paboThl MOJeneH 0,00 24,45
Hammicasre pasgena «HHAHCOBBI MEHEKMEHT,
pecypcoatheKTHBHOCTD H pecypcochepeeHney 0,00 6,14
Hamnncarne pasjena «colHaTbHOH
pasit m 0,00 3,88
CocTaBlIeHHE MOACHHTENBHOH 3aIIHCKH 3,88 0,39 -
TIposepka pabOTHI ¢ pYKOBOJHTENEM 281 9,38
IloaroToBka Ipe3eHTAlHH THINIOMHOTO IIPOEKTa 0,00 453

Pucynok 91 — Jlunelinbrii rpaduk OCyIIeCTBICHHS POEKTA
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5.2 Pacuer cMeThbI 3aTPaT HAa BbINIOJIHEHHE IIPOEKTA

[Ipy nnanupoBaHuM OrOMXKETa HMCCIEAOBAHUS JIOJDKHO OBITh 00€CIEeYeHO
[I0JJHOE W JOCTOBEPHOE OTPAXECHUE BCEX BUJIOB IUIAHUPYEMBIX PACXOJOB,
HEO0OXOJAMMBIX JJIsl €0 BBIITOJIHEHHUS.

B cocraB 3arpar Ha co3xaHue IPOEKTa BKJIIOYACTCS BEIWYMHA BCEX
pacxojoB, HEOOXOJIMMBIX JJI peadu3aluy KOMILUIEKca paloT, COCTaBISIOLIUX
coJIep>)KaHKMe JTaHHOW pa3paboTKu. Pacuer cMETHONW CTOMMOCTH €€ BBINOJTHEHUS
IIPOU3BOJAUTCS 110 CIEAYIOLIAM CTaTbsIM 3aTpar:

1. wmarepuasbl U MOKYMHBIC U3,
3apa0boTHas 1IaTa;
collMajbHBIN HAJIOT;
pacxo/pl Ha IEKTPOIHEpTHio (0e3 OCBeIIeH s );
aMOPTU3AaLUOHHBIE OTYUCIICHHUS;

KOMaH/IMPOBOYHBIE PACXO/IBI;
oruiaTa yCiyr CBS3U;

dpCH/IHAA IIaTa 3ad IIO0JIb30BAHUC NMYIICCTBOM,

© ©o N o g B~ w N

poYme yCiayru (CTOPOHHUX OpraHu3aliuii);

-
©

npourie (HaKJIagHbIE) PACXObI.

5.2.1 3arparTbl Ha MaTepHAJIbI U OKYIHbIE U31eTHSs

K naHHOl cTathe pacxo/l0B OTHOCUTCSI CTOMMOCTb MaTE€PUAJIOB, MOKYITHBIX
u3nenuil, nonyhadpuKkaToB U JAPYTHX MaTepPUATBHBIX IIEHHOCTEH, PacXxoayeMbIX
HEIMOCPEICTBEHHO B MPOIIECCE BHIMOIHEHUS Pa0OT HaJl 00BEKTOM ITPOCKTHPOBAHUS.
Kpome Toro, cratrbsi BKIIOUAET TaK HA3bIBAEMBIE TPAHCIIOPTHO-3arOTOBUTEIIBHBIC
pacxozpl.

J17151 BBITIOJTHEHUS PACUYE€TOB PACXO/IbI IPUHUMAIOTCA KaK 15 % oT oTmycKkHOM

[IEHBI 3aKyMaeMbIX MaTePUAIOB. 3aTPaThl HA MaTEpHUAIbl CBEICHBI B Tabymie 15.
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Tabnuna 15 — Pacuer 3aTpat Ha MaTepuana

HaumenoBanme MaTepuaioB Iena 3a ex., pyo. Kon-Bo Cymwma, pyo0.
PyCharm 13 957 1 9Kk3. 13 957
Microsoft Office 2016 (muuenzuonHoe I10) 3400 1 mr. 3400
JlvnensuonHoe 10 MatLaB 5600 1 3x3. 5600
Bymara s npunTepa dpopmara A4 250 1 ym. 250
Kaptpumk st npuaTepa 1800 1 mr. 1800
Hroro 25007

Pacxonel Ha maTepuans ¢ yaetoMm T3P cocraBnsior:

Cwmar = 25007 * 1,15 = 28758 py0. (32)

5.2.2 3arpartsl Ha 3apa00OTHYIO ILIATY

JlaHHast cTaThsi PAcXOJI0B BKJIIOUAET 3apabOTHYI IUIaTy pPaOOTHHUKOB,
HETMOCPEACTBEHHO 3aHATHIX BbinostHeHHeM HTU (B Tom 4mcie npemuw, A0MIIATH U
T.JT)

CpennenneBHas tapudnas 3apadborHas miata (3[1:.r) paccuyuThiBaeTCS 1O
dbopmyie:

31-r = MO/20,6 (33)
YUHUTHIBAIONIEH, 4TO B roay 247 pabouux nuei (Ha 2020 rox) u, cieaoBaTeIbHO, B
Mmecsrie B cpeaaeM 20,6 pabounx aHs (MpU MATHIHEBHOM pabodeit Henene).

PacueTsl 3aTpar Ha MOJHYIO 3apabOTHYIO IUIATy NMPUBEACHBI B TaOIuUIE 4.
3arpaThl BPEMEHU MO KAXJAOMY UCIIOIHHUTENIO B pa00OYMX JHSIX C OKPYTICHUEM [0
IIEJIOTO B3ATHI U3 TaOIUIIBI 2.

JIns ydyera B ee cocTaBe IIPEMHUM, TOMOJHUTENBHOM 3apIUIaThl U PAalOHHOU
HaJ0aBKHU HUCIOJIB3YyeTCs cieayomue KodhdUImeHTsl (¢ y4eToM 5-TH JTHEBHOU
paboueit Henenun): Kpp = 1,1; Kyonsn = 1,113 (ucnonbsyercs st 6-TH THEBHOU
paboueii Henenn); Ky = 1,3. Takum o6pazom, g nepexoaa ot TapudHoit (0a30B0if)
CyMMBI 3apa0OTKa WCIIOJIHUTENS, CBSI3aHHOW € yYacTHeM B TIPOEKTe, K
COOTBETCTBYIOILIEMY MOJIHOMY 3apaboTKy (3apIjIaTHON YacTU CMEThI) HEOOXOAUMO

MEPBYI0 YMHOXKUTh HA UHTETPaJIbHbIA KOAPPUIIEHT:
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K,=1,1*1,118*1,3=16. (34)

Tabnuna 16 — 3aTparsl Ha 3apabOTHYIO MIIATY

Oxman, | CpenHenHeBHa | 3aTpaTsl
Ucnonnute Kospdunuen | Dona
pyo./mMe | s CTaBKa, | BpEMEHHU,
b T 3/1., pyo.
c. py0./pab.nenp | pal.qHU
HP 33664 | 1634 14 1,6 36601,6
" 13500 |655 82 1,6 85936
Htoro 122537,6

5.2.3 3arparbl Ha COMAJILHBINA HAJIOT

3atparbl Ha enuHblid coumanbHbll Hanor (ECH), Bkmtouaromuii B ceds
OTUHUCIICHHS B TICHCUOHHBIN (DOH, HA COIMAILHOE U MEIUITMHCKOE CTpaxOBaHME,
cocTaBisitoT 30% OT MmoJIHON 3apa00THOM ATkl MO MPOEKTY, T.€. Ceon = Csn™0,3.
Torna pacxoabl Ha COMATIBHBINA HAJIOT COCTABIIAIOT:

Ceon = 122537,6 * 0,3 = 36761,28 py6. (34)

5.2.4 3aTrpaTtbl Ha 31€KTPOIHEPIUIO

JlaHHbIi BUJ pacxoliOB BKIIIOYAET B ceOsl 3aTpaThl Ha SJIEKTPOIHEPTHIO,
NOTPAYCHHYIO ITPH BHITIOJHEHUH MMPOEKTA HAa pabOTy UCIIOJIB3yeMOro 000py0BaHUS,
paccuMThIBaeMble 10 popMyIie:

Cono6. = Pos * o5 - Lo, (39)
rae Pop — MomHOCTB, moTpedisieMast obopyaoBanueM, kBt, Ilp — tapud Ha 1
kBT-1ac, t,s — BpeMs paboTbl 000pya0BaHMs, Yac.

s TITY L = 6,59 py6./xB1-9ac (¢ HC).

Bpemst paGoTsl 000pymOBaHUS BBIYMCISETCS HAa OCHOBE 3aTPAYCHHOTO
BpeMeHHM (cM. Tabnuny 2) aiis urxkenepa (Tpjy) U3 pacuera §-Mu 4acoBoro paboyero
TTHSI:

tos = Teg™* K, (36)
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rae Ki < 1- xoa¢uureHT ucnoiap30Banusi 000pyIOBaHMs [0 BPEMEHHU, pPaBHBIN
OTHOIIEHUIO BPEMEHH €ro paboThl B IPOLIECCE BHIMIOJIHEHUSI TPOEKTA K Tpjj, IPUMEM
naHHbIA KO3 PuiueHT paBHbM 0,8.

MortHocTh, noTpebiasiemMas 000pyI0BaHUEM, ONIpeAeIsieTcs 1o hopmylie:

POE = PHOM. * KC! (37)

rae Puow. — HOMMHAJIbHAsA MOIIHOCTH o0opyaoBanus, kBT, K¢ < 1 — koaddunpent
3arpy3Kd, 3aBUCAIIMN OT CPEIHEHM CTEIEHU MWCIOJIb30BAaHUS HOMHUHAJIBHON
MOIIHOCTH. {7151 TeXHOJIO0THYecKOro o0opyaoBaHust Manoil moutHoctu Ke = 1.

3arpaThl Ha 3JEKTPOIHEPTUIO ISl TEXHOJOTWYECKUX LieJield MpPUBEICH B
Tabsuue 17.

Tabnuma 17 — 3aTpathl Ha ANEKTPOIHEPTUIO TEXHOIOTMUECKYIO

Bpewmst pa6oTtbl [Totpebnsiemas
HaunmenoBanue
obopynoBanus tos, | MomHOCTE Pog, | 3aTpatsl Dog, pyoO.
o0opymoBaHUS
Jac kBT

[TepconanbHbIN 81,4*8*0,8 =

KOMITBIOTEP 520,96 0.3 1029,93

JlazepHbIit 2 0.1 1,32

IPUHTED
Hroro 1031,25

5.2.5 AMopTH3aIIMOHHBbIE PACXObI

B cratbe « AMOpPTH3aLIMOHHBIE OTYUCIICHUS PACCUNTHIBACTCS AaMOPTH3ALIUS
HCITIOJIb3yeMOT'0 000PYI0BaHUS 32 BPEMsI BBITIOJTHEHUS ITPOCKTA.

Hcnonw3yercs hopmyna:

Hp * Hop * tpy * 1
Cam = — (38)
A

rae Ha — rogoBas Hopma amopTu3anuu e IMHUIBI 00opyaoBanus, [os — 6amancoBas
CTOMMOCTH €IMHUIBI 000pyAoBaHus ¢ yuetoM T3P, Fj — neiicTBUTENbHBIN TOJOBOM
dboHm BpeMeHH pPabOTBI COOTBETCTBYIOIIETO OOOpyJoBaHUs, Oepercs u3

(paKTUYECKOTro peXkruMa €ro KUCIOJIb30BaHUS B TEKYLIEM KaJCHAAPHOM rony, l,y, —
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(akTUyeckoe Bpemsi pabOThl 0OOPYAOBAHUS B XOJE BBINOIHEHUS MpPOEKTa, N —
YKCJIO 33JIeCTBOBAHHBIX OAHOTUIIHBIX €IMHUL] 000PY10BaHUS.

Onpenenenne Ha comepkuTcss B MOCTaHOBICHUU MOpaBUTENbCTBA PO «O
KJIacCU(HUKAIIMU OCHOBHBIX CPEJICTB, BKIIOYEHHBIX B AMOPTU3aLUOHHBIE TPYIIIBDY,
COrJacHO KOTOPOMY TpaHUYHbIE 3HAY€HUsS CPOKOB aMOpTH3alUUU (IOJIE3HOTO
ucnoiab3oBanusi) obopynoBanus (st [IK cpoku cocraBisitor 2 + 3 rona). [us
pacyeToB TMpPUHUMAETCA 3HaueHWe 2 roja. 3HaueHue BenuuuHbl Ha o00paTHO
IpOMOPLUOHATIBHO 3HaueHUI0 cpoky amoptuzauuud (Ha = 0,5). Hns nazepHoro
IPUHTEPA NPUHUMAETCS aHATOTUYHOE 3HAYCHHE.

Pacuet Cppy st IIK BeimmsiauT cneayronum odpazoM. Ctoumocts [1K 70000
py0., Bpems ucnonas3oBanus 654,4 gaca (cM. tTabnuny 5), Ha = 0,5, Fy=220* 8 =

1760 gacoB (17151 ATHIHEBHON paboueil HeIeNn):

Cpy = 27000005441 _ 13013,63 pys. (39)

1760

3Hauenus napameTpoB aisa npuHtepa. Croumocts npuHTepa 10000 pyo.,

BpeMmsi ucrnosib3oBanus 2 yaca, Ha = 0,5, Fy= 440 vacos:

0,5%¥10000%2*1
CAM = T 10 = 22,72 pY6 (40)

Ntoro Hauncneno amoptusaruu 13036,35 pyo.

5.2.6 Pacxonpl, yauThiBaeMble HENOCPEACTBEHHO HA OCHOBE IJIATEKHBIX
JIOKYMEHTOB

3/1ech yUUTBIBAETCS OIIaTa YCIyIM MHTEPHET-CBsA3M 3a 5 mecsues (¢ 01.02
no 01.06) npu exemecsunoit wiare 330 pyoneit. Takum odpazom, Cup1 = 330 * 5 =
1650 pyO.

Taxoke Kk JaHHOMY pa3feiay PacxoJ0B OTHOCHUTCS W TOJITUCKA Ha TIATHBIC
WHTEPHET-U3/IaHusl, MyOJUKYIONME HAay4YHBbIC CTAaThU. 3a AHAJIOTUYHBIA TEPUOJ
BpeMeHU Cypr = 180 * 5 =900 pyO.

Takum 00pazom Cup= Cip1 + Cup2 = 2350 py0.
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5.2.7 IIpouune pacxonnbl
B cratbe «IIpoune pacxonbn» oTpaxeHbl pacXobl Ha BHITOJIHEHHUE IPOEKTA,
KOTOpbIE HE YUYTEHbI B MPEABIAYIIUX CTAThAX (MpUHUMAarOTCs paBHbIMU 10 % oT
CYMMBI BCEX BBIIIEYKa3aHHBIX PACX0/0B):
Crpou. = (Cuar T Can + Coon + Conos. T Caw + Cun) - 0,1 =
(18277 + 122537 +36761,28 + 1031 + 13036 + 2350) - 0,1 = 19399 py6. (41)

5.2.8 O0mas cedbecTonmMocTb paspadoTKu
[IpoBenst pacyeT Mo BCEM CTaThIM CMETHI 3aTpaT Ha Pa3pabOTKy, MOMKHO

ONIPCACINTD O6I_Hy10 ce0eCTOMMOCTh IMPOCKTA.

CHpO‘L = CMaT + CSH + CCOLI + CSJ'I.OG. + CaM + CHH + Cl'IpO'-{.

=193990 + 19399 = 213389 pyO. (42)

5.2.9 JToxon

[TockonbKy paboTa 3akito4aeTcs B MPOBEICHUN UCCIIEIOBAHUS, PE3YIbTAThHI
KOTOPOTO MOTYT MCIOJIb30BAaThCA B PA3TMUHBIX MPEANPHUATHSIX, YCIOBUSIX H T.JI, TO
JUTSL TIOJTy4EHUsI J0XO0Jla BBIPYUYKa C MPOEKTa JOJIKHA MPEBBIIATh ce0eCTOMMOCTh
(nmst pacuera npunHuMaercs 10 % mpeBblllIeHHE OT TMOJHOW Cce0EeCTOMMOCTH
MIPOEKTA).

Takum obpazom goxoxa cocrapisieT 21338,9 pyo.

5.2.10 3arparei Ha H/IC
Ha 2020 rox HJIC B P® cocraBnsier 20% oT cyMMBI 3aTpaTt Ha pa3paboTKy

u noxoxna. Torna 3arpatel Ha H{C cocrasisito

Lnze = (213389 + 21338,9) * 0,2 = 46945,58 py6. (43)

5.2.11 Llena pa3padorku HUP

[lena paBHa cymme nonHou cedbectonmoctH, mpudsiaun u HAC:
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Hunpkpy = 213389 + 21338,9 + 46945,58 = 281673,48 py6. (44)

5.3 Ouenka IKOHOMHYeCKOi 3(PPEeKTHUBHOCTH ITPOEKTA

Ha naHHbIi MOMEHT CYIIECTBYET HECKOJBKO METOJOB OOCITY>KUBAHUS
000pyI0BaHUs — aBapUHOE, PETIIAMEHTHOE U MPEAUKTUBHOE.

ABapuiiHoe o0cyKruBaHHe — 00CITy)KMBaHUE 000PYAOBaHUS TOCIE BbIXOAa
ero u3 cTpos. JlaHHBIH MeTOJ ompaBAaH MpH OOCIYyXUBAaHUU JEIIEBOrO
000OpyI0BaHMs, HE OKAa3bIBAIOIIETO PELIAIOUIEr0 BIUSHUA HAa TEXHOJOTMYECKHM
nporecc, JTM00 UMEIOIIEro pe3epBUPOBAHHUE.

PernamenTHoe 00Ciy’)KMBaHUE OCYIIECTBISAETCS IJIAHOBBIMH MPOBEPKAMHU
COrjacHO JOKyMeHTaluu o6opynoBanus. [lmaH mpoBepok paccUUThHIBAeTCS C
NOMOIIBI0 CTAaTHCTUYECKOrO0 aHaiu3a KoMmaHuei-uroroButenem. I[Ipobiema
BO3HHUKAET pu paboTe 000pyI0BaHUS Ha BHICOKUX HATPY3KaX, YTO MOBBIIIAET IIAHC
BbIXO/ZIa W3 CTPOS paHblIe IJJaHa MPOBEPKM U COOTBETCTBEHHO MPUBOAUT K
HapYILICHUIO TEXHOJIOTMYECKOr0 MpoLecca.

Tpetuit Bug oOcHyKuMBaHUsS — NpeaukTUBHBIA. Korma mporecc
KOHTPOJIUPYETCS HETPEPHIBHO MO (AKTUYECKOMY COCTOSIHHIO. YacTo MPOUCXOIUT
TaK, YTO OTKJIIOHEHUS MTPOU3BOACTBEHHOTO MPoIiecca OT OOBIYHOTO CBOETO TEUCHUS
OoOHapy>XKHMBaeTCsl TOJIBKO MO (PaKTy camMoro OTKIOHEHMs. BbIsBICHHE TaKuX
OTKJIOHEHUH (aHOMaJIWii) MPOUCXOAUT C TOMOILBIO MPEACKA3aTeIIbHON aHATUTUKH,
TO €CThb CTPOUTCS MOJIENb MpPEACKa3aHUul, HMUTUpYIOLIas XOJ Mpolecca Hu
IIPOTHO3UPYIOIIAsl €r0 Ha HECKOJBbKO WIAroB BIEpPEN, IIOCIE 4YEro BO3HUKAET
noja3ajaaya — JETEKTUPOBAHHWE aHOMAJMil B MPOTHO3MPYEMOW YacTH Ipoliecca.
JlanHblii  MeTon  MO3BOJSET CHOPMHUPOBATH  MEPONPHUSITHS  TEXHHUYECKOTO
oOCIy>KMBaHMsSI K MOMEHTY OTKJIOHEHHs MpPOIeCcCa, YTO YMEHbBIIAET KOJIUYECTBO
(aKkTUYECKUX HEUCITPABHOCTEH, MPOCTOEB, 3aTpaT HAa OOCTYKUBAHUE H T.]I.

JlanHast paboTa MOCBAILIEHA NPUMEHEHUIO METOJ0B MAIIMHHOTO O0y4eHUs
JUISl TPEAUKTUBHON aHAJIUTUKH TEXHOJIOTMYECKOTo npoiiecca mpousboactea bOIIII-

INICHKHA C ITOCICAYIOINM ACTCKTUPOBAHHUCM aHOMaJIUH.
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IIpousBonctBo bOIIII-NIIEHKM — 3TO CIIOKHBIN TEXHOJIOTHUYECKHUNA MPOLIECC,
B KOTOPOM HEKOpPpEKTHas paboTa Kakoro-imbo 000py10BaHUS MOXKET MPUBECTH K
0OJBIIOMY BPEMEHU MPOCTOEB, YTO, B CBOIO OYEPE/Ab, MPUBEIAET K 3HAUUTEIbHBIM
DKOHOMHUYECKUM MOTEpsM. [1oaTOMy IIpencka3aHue mpolecca U BbISABICHUE B HEM
aHOMAJIUA  CYIIECTBEHHO  YBEJIMYUT  HKOHOMHYECKYI0  3(P(EKTHUBHOCTb
MPOU3BOJICTBA, TaK KaK YMEHBIIUT BEPOSATHOCTh HAPYIICHHS XO0Aa padOTh
TE€XHOJOTUYECKON JIMHUU, YMEHBLIUT IOTEPIO0 CHIPbS IMPU OOpbIBAX IUJICHKU HU

BpPEMEHU Ha PEMOHT 000pyJOBaHUS.
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6 ConuajibHAsi OTBETCTBEHHOCTh

Beenenue

B paznene comuanbHas OTBETCTBEHHOCTh PAaCcCMAaTPUBAIOTCS BOIMPOCHI
OoOHapyXEHHUs U aHaIW3a BPEIHBIX W OMNACHbIX (AKTOPOB Tpylda Ha pabdodyem
MeCTe UHXXEHepa, MHUHHUMH3AIUS HETAaTUBHBIX IMOCIEACTBUM MPOCKTUPYEMOH
NEATeIbHOCTH B COOTBETCTBUU C TPEOOBAHUSMHM CAHUTAPHBIX HOPM M TIpaBUII,
TEXHUKH 0€30MaCHOCTH U MOKapHON O€30MacHOCTH.

[enb uccnenoBaHust — MIOTEHIIMATBLHOE YMEHBIIIEHUE KOJTUYECTBA OCTAHOBOK
npousBojicTBa BOIIII-TuieHKH U MIaHUPOBAHUE MEPONPUSITHI IO OOCTYKUBAHUIO
000pyIOBaHUS 32 CUET NMPETUKTUBHBIX MOJICIICH.

[Ipeamer uccnenoBaHusl — METO/IBI IPOTHO3UPOBAHUS BPEMEHHOTO pslia U
JETEKTUPOBAHUSI aHOMAJIUN B HEM.

3aauu uccieq0BaHu .

6. COop naHHBIX.

/. TloaroroBka JaHHBIX.

8. IlocTpoeHue MPOTrHO3HBIX MOJIEICH.

9. JlerekTHpOBaHHE aHOMAJHH.

10. HHrerpamus B TEXHOJIOTHYECKUHN MTpoOILIECC.

OOBEeKT uCclenoBaHUI — HMCTOpPHYECKHE AaHHbIE (B (opmMe BpEeMEHHBIX
pPAIOB) O TEXHOJOTMYECKOM IPOLECCE: 3HAYEHUS NaTYUKOB, HCIIOJIHUTEIbHBIX
MEXaHWU3MOB U JPYTUe MapaMeTpbl TEXHOJIOTUYECKON JTMHUY.

Hamncanvne BbITyCKHOM KBanmu(UKAIMOHHOW pabOThl JOHKHO OBLIO
npoxonuth Ha Kadeape OAP MIINUTP B pamkax nmpeaauIuioMHON MTPaKTUKH, HO B
CBS3M C KOpOHAaBUpPYCHOW WHGeEKIue, paboTa MNPOU3BOAWIACH B YCIOBUAX
CaMOU3OJISLIHH.

B pamkax Beimonnenust BKP ObL10 cnenano cinegyroniee:

1. TIloaroroBka k wucciaegoBanuto (BeiOOp Tembl BKP, wu3yudenwue
JIUTEpaTyphl, IIIAHUPOBAHUE PA0OT, BEIOOP TEXHOJIOTMYECKOIO MPOLECCA).

2. TloaroroBka maHHBIX (COOp, aHAIH3, TECTHI).
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3. Iloctpoenue mporHo3Hoi Mojenu (aHaJIu3 METO/I0B, MAaTEMaTHUECKOE
OMHUCaHNE METOJIOB U UX CPaBHEHHUE).

4. TlocTpoeHue MoJenu TOWCKAa aHOMalWM  (aHaIU3  METOOB,
MaTeMaTH4eCKOEe OMMCAHUE METOJIOB U UX CPABHEHUE)

5. MHWurerpamus  pa3paboTaHHbIX  Mojeled B MMUTAlUOHHBIN

TE€XHOJIOTUYECKUN MPOLECC.

6.3 IlpaBoBble W OpPraHu3allMOHHbIE BOINPOCHI  oOOecreYeHus
0e301macHOCTH

6.3.1 Oco0eHHOCTH TPYAOBOI0 3aKOHOAATEJIbCTBA

Pexxum pabGodero BpemeHu ycTaHaBiuBaercs B cooTBeTcTBUM ¢ «TK PD
Cratbs 91. Ilonsitue pabouero BpeMenu. HopmanbHas NPOIODKUTEIBHOCTH
pabouero Bpemenn» [10]. HopmanbHasi mpo0bKUTEIBHOCTh pab0dero BpeMeHU He
MOeT npebimath 40 yacoB B Henemo. [Ipu 5-Tu gHeBHOU pabouei Henene 8-
yacoBoi paboueii cmeHe u padote Ha [IK pernmamenTupoBaHHBIE IEPEPHIBBI CIEAYET
yCTaHABJIMBATh Yepe3 2 yaca OT Havajla CMEHBI M Yepe3 2 yaca nocie 00eeHHOro
nepepbIBa NPOJOJKATEIBHOCTBIO 15 MUHYT KaXIblil.

CobnroieHrie  3alUThl  TEPCOHAJIBHBIX JAHHBIX YCTAHABIMBAETCS B
cootBerctBUM ¢ «TK P® Crates 86. OOmme TpeOoBaHus Mpu 00pabOTKe
NEPCOHATBHBIX JAaHHBIX PA0OTHUKA U TAPAHTUU UX 3AITUTHD).

Ormuiata 1 HOpMUpPOBaHUE TpyAa mpouszBoauTcs corjiacHo «TK PO Paznen
V1. Omnara u HopmupoBanue Tpyaa». Oknan ycranosiieH B pazmepe 30 000 Toicau
pyOueir. BrmonHeHune pabOT TPOM3BOIUTCSA, MCXOJd W3 IIaHa pador,
YCTaHOBJIEHHBIMUA HAYYHBIM PYKOBOJUTEIEM.

Omata paOOTHUKOB, 3aHATHIX Ha paboOTax ¢ BPEIHBIMH WU OMACHBIMU
yCIoBUSIMUA Tpyaa BbinoJiHseTcss B cooTBeTcTBUM TK P® Crares 147. Tak kak
YCJIOBHUSl TpyAa HE MOJIXOMAST MO IMOHATHE OMAacCHBIE, CIEAOBATEIbHO BBHIILJIAT U

KOMHGHC&HI/Iﬁ HC IIPOU3BOIUTCA.
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6.3.1 Oco0eHHOCTH TPYAOBOI0 3aKOHOAATEJIbCTBA

Tpynosoii kogexc P® u CanlluH 2.2.2/2.4.1340-03 onpenensaioT OCHOBHBIE
HOpPMBI 0€30IIaCHOCTH TPYJIOBOM AEATENBHOCTU U K pabodyeMy MECTy COTPYJIHUKA
COOTBETCTBEHHO.

PaboTa ¢ KOMIBIOTEPOM XapaKTEPU3YETCs YMCTBEHHBIM HAIpsUKEHUEM U
BBICOKOW HaNpsHKEHHOCTBIO 3pUTEIBHOM pabOThl, MO3TOMY OOJBIIOE 3HAUCHHE
MMEET PacIoIOKEHUE FJIEMEHTOB paboyero MecTa Jisl MoAAepKaHUs ONTUMATIBLHOM
paboueii mo3bl 4yenoBeka. Pabodee mnomenieHwe, B KOTOPOM HPUCYTCTBYIOT
NEpPCOHATbHBIE  KOMIBIOTEPHI, JOKHO  YJIOBJIETBOPSATH  APrOHOMUYECKHM
TpeOOBAHUSIM:

1. IlomemieHnue MAOMKHO HWMETh €CTECTBEHHOE U HCKYCCTBEHHOE
OCBELIEHUE.

2. Paboume MecTa 1O OTHOIIEHHIO K CBETOBBIM IPOEMaM JIOJKHBI
pacnoJyiaraTbCsi Tak, YTOObl €CTECTBEHHBIN CBET Majiaj COOKY, MPEUMYIIECTBEHHO
cleBa.

3. Ilmomanp Ha ogHO pabouee MEeCTO TMOJb30BaTelNsd IMEPCOHAIBHOIO
KOMITbIOTEpa Ha 0a3e PJIEKTPOHHOIYUEBOU TPYyOKH JOJKHA COCTABIATH HE MeHee 6
M2, Ha 6a3e MIOCKUX IUCKPETHBIX IKPAHOB (KUIKOKPUCTAJUTMYECKUE, TIIa3MEHHBIE)
- 4,5 m2.

4. Tlpu pazMeneHnn pabo4YrX MECT C KOMITBIOTEPAMH PACCTOSHUE MEKITY
paboyuMu CTOJIAMU ¢ MOHUTOPAMH JOJKHO ObITh He MeHee 2,0 M, a pacCTOsIHHE
MeXIy OOKOBBIMH MOBEPXHOCTSAMH BHJICOMOHUTOPOB — HE MeHee 1,2 M.

5. KoncTpykumst pabodero ctojia JOHKHA OO0ecreYrBaTh ONMTUMAJIBHOE
pa3MelieHre Ha pabouyeil MOBEPXHOCTH HCIOJIB3YEMOro 0OOPYIOBAHUS C YUYETOM
€ro KOJMYEeCTBA M KOHCTPYKTHMBHBIX OCOOEHHOCTEH, XapakTepa BBITOIHIEMOM
paboTHLI.

6. DOxpaH BHICEOMOHHUTOpPA JOJKEH HAXOJUTHCS OT TJIa3 MOJIb30BaTENs Ha
ontuMaiibHOM pacctostann 600-700 MM, HO HE Omke 500 MM.

/. B noMemieHusXx ¢ KOMIOBIOTEPAMH €KEHEBHO JOJKHA MPOBOJUTHCS

BIIaXKHas yOOpKa.
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OnTuMalibHOE pa3MEIlCHUE MPEIMETOB TpyJa U JIOKYMEHTAIlMu B 30HAX
nocsiraemocty (puc.92.):
Jlucnineit pa3zMmeniaeTcsi B 30He «a» (B LIEHTpe).
CuctemHbIl 0JIOK pa3MeliaeTcs B IpeyCMOTPEHHON HHUIIIE CTOJIA.
KnaBuarypa — B 30He «1/11».

«MBIIIbY» — B 30HE «B)» CIIpaBa.

o &~ w0 D oE

JlokymeHTanusi, HeoOxoaumas mpu paboTe — B 30HE JIETKOU
J0CSITae@MOCTH JIAJOHU — «0», a B BBIABMKHBIX SIIMKaX CTOJA — PEJIKO UCTIOIb3yeMas

auTepartypa.

Pucynok 92 — Opronomudeckue TpeGoBaHUs
a — 30Ha MAaKCUMAJIBHOM JTOCSITaeMOCTH; O — 30Ha JOCATAeMOCTH TAJIBIEB TIPU
BBITSIHYTOW PYKE; B — 30Ha JIETKOW JOCATAEMOCTH JIAJIOHH; T — ONITUMaJIbHOE
MIPOCTPAHCTBO ISl TPYOO pydHOU pabOTHI; I — ONTHUMAaIbHOE IPOCTPAHCTBO IS

TOHKOUW py4HOU pabOTHI.

6.4 Tlpou3BojacTBeHHAsl 6€30MACHOCTH

B cootrBerctBun ¢ 'OCT 12.0.002-2014 BpemubiM (HaKTOpPOM SIBISIETCS
dakTop, BO3JCHCTBHE KOTOPOTO HA pabOTAIONMIETO B OMPECICHHBIX YCIOBHSIX
MOXXET TPUBECTH K 3a00JEBaHWIO, CHIDKCHHIO PabOTOCTIOCOOHOCTH U (WJIH)
OTPULIATEIBHOMY  BJIMSHMIO HAa  3JIOPOBbE€  IMOTOMCTBa, a  OIACHBIM
MIPOU3BOICTBEHHBIM (haKTOpOM — (haKTOp, BO3/ICHCTBHE KOTOPOTO HA PabOTAIOIIETO
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B OIPENENECHHBIX YCJIOBHUSX NPUBOAUT K TpPaBME, OCTPOMY OTPABICHHUIO WIIH
JIpYroMy BHE3aITHOMY PE3KOMY YXYAIIEHUIO 3J0POBbS, UIH CMEPTH.

HaunGonee cymiecTBeHHbIMUA BPEIHBIMU (PAKTOPAMM SIBISIIOTCA: OTKJIOHEHHE
noKasarejael MHKpoKIMMara pabodeil 30HbI, HEAOCTAaTOYHAsl OCBEUIEHHOCThb
paboueil 30HbI, MOBBILICHHBIA YPOBEHb IIymMa, 3JIEKTPOMArHUTHBIE W3Ty4YEHUs,
HMOHM3UpYIOIlee u3nyueHue. Takke CTOUT y4yecTh U OMacHble (paKTOPbl, K JaHHBIM
(dakTopam B NEPBYIO OYEPEAb OTHOCSATCA: MOPAKEHUE DIEKTPUUECKUM TOKOM, a
TaK)K€ OIacHble (AKTOPhl, CBA3aHHBIE C MOXAapOM, HANpPUMEpP: OTOHb, JIbIM,
NOBBILLIEHHAS] TEMIIEPATypa OKPY>KaIOIIEH Cpeibl.

Bo3moskHbIe onacHble U BpeHble (aKTOphl CBeIeHbI B Tabnuily 18.

Tabnuua 18 — Bo3MoHBIE OnacHble U BpeIHbIE (PaKTOPbI

®axropsr (TOCT | Oransl padoT HopmaTtuBHBIE TOKYMEHTBI
12.0.003-2015) =
< =
iz =
& <
@) =
O <
< >
aQ, =
Fl:
M
OTKJIOHEHHE + + I'OCT 12.1.005-88 CCBT. OO6mue caHUTapHO-
roKazareneiu TUTHEHUYeCcKre TpeOOBaHMs K BO3JyXy paboueil 30HbI.
MHUKPOKJIUMATa [66]
Henocrarounas + + ['OCT P 55710-2013 Ocgermienne pabouynux MECT BHYTPH
OCBEILIEHHOCTh 3manuii. Hopmbl 1 MeTo 161 u3Mepenwuii [74]
paboueit 30HbI I'OCT P 54944-2012. 3nanust u coopyxkeHusi. MeTosl
U3MEPEHHUs OCBEIIEHHOCTH [67].
[ToBbIIIEHHBIH + + I'OCT 12.1.003-2014 CCBT. Illym. O6mue TpedboBanus
YPOBEHB IIyMa 6e3onmacuoct [68].
DJIEKTpOMarHuTHele | + + I'OCT 12.1.006-84 CCBT. DnexTpoMarHUTHBIE TOJIS
W3JIy4YEeHUs pamrouactor. O6mmue TpeboBanus 6e3omacHocTH [70].
HNonusupyroiee + + I'OCT 15484-81 N3myueHuss HOHU3UPYIOIINE
W3IIy4eHue U MX U3MEpPEHHMs, TEPMUHBI U onpeeacHus [71].
[Topaxenue + + I'OCT 12.1.019-2017 CCBT. DaexTpobe30macHOCTb.
ANEKTPUYECKUM OO6mue TpeboBaHMS M HOMEHKIATypa BHJAOB 3alIUTHI
TOKOM [72].
Omnacuele akTopsl, | + + I'OCT 12.1.004-91 CCBT. IloxapHast 0e30MacHOCTb.
CBSI3aHHBIC C Oo6rmue TpeboBanws [73].
0KapoM
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6.5 AHaIM3 ONIACHBIX M BPeJAHBIX (PAKTOPOB

6.5.1 MukpokJIuMAaT NOMelleHUus

KoMdopTHOCTE Tpyla M BbICOKas MPOM3BOAUTEIBHOCTH PAOOTAIOIIETO
3aBUCUT OT MHUKPOKJIMMAaTra B TMOMENIeHHH. MUKPOKINMAT OMpeaesieTcs
JNEUCTBYIOIIMMHA HA  OpPraHM3M  YEJIOBEKa COYCTAHUSIMH  TEMIEpPaTyphl,
OTHOCHUTEJILHOM BIIAXKHOCTH M CKOPOCTU JABUXKEHHUS Bo3ayxa. OnTUMaibHbIE U
JOMyCTUMBbIE 3HAYCHUS XapaKTepUCTHUK MHUKpokiauMarta, cortacHo CaunlluH
2.2.4.548-96, o6ecneunBaromue KoMpOpPTHYIO pabOTy TpyIsIIerocsi, He
BBI3BIBAIOT OTKJIOHEHHH B COCTOSTHUU 3/I0POBBS, MOAEPKUBAIOT BEICOKUM YPOBEHD
paboTOCTIOCOOHOCTH.

B tabnuie 19 npuBeaeHb peKOMEHIYEMBI MapaMeTPhl MUKPOKIUMATA.

Tabnuua 19 — PekoMeHryembie mapaMeTpbl MUKPOKIIMMATA

[Tepuon Kareropus Temne- | Temne- |OtHocutTenb-| CKOpOCTH
roja paboT mo patypa | parypa | Has BJIax- JIBIDKCHHUS
YPOBHIO BO3/1yXa, | MOBEPX- | HOCTh BO3- BO3/yXa,
3HEpro3arTpar, °C HOCTEH, yxa, M/C
Br °C %
Xononueiii| la (o 139) 22-24 21-25 60-40 0,1
Temnbrii la (1o 139) 23-25 22-26 60-40 0,1

Bemmonusemsie  paboThl  OTHOCATCS K  Kareropuu la  (paboTel ¢
WHTEHCUBHOCTBIO D2Heprosarpar m0 139 kkan/4, TpPOU3BOAUMBIE CHIS W
COTIPOBOKIAIOIIIHUECS HE3HAYUTEIHHBIM busznuecKumM HANPSDKCHHUEM).
CrnenmoBarenibHO, B pab0odeM IMOMEIISHUH JOJIKHA ITOJIIEPKUBATHCS TeMIieparypa 22
- 24°C B xo0n0aHO€ BpeMs roaa, 23 - 25°C B Teruiblid epro roja.

Takum o0Opazom, st oOecriedeHus 3aJaHHOTO HWHTEpBaJia TEMIIEpaTyp
HEOOXOIMMO OOECIEYHUTh MOMEIIEHHUE CHUCTEMON KOHAWIIMOHUPOBAHUSA, JTHUOO B
JIETHUW TIEPUOJ PETYJIPHO MPOBETPHUBATH MOMEUIEHUE, @ B 3MMHUM HCIOJIb30BATh

oborpeBaTeiy.
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6.5.2 IloBbIlIEHHBIH YPOBEHb IyMa

BaxxHol XapakTepucTUKON pabovero moMeeHus SBIsIeTCS yPOBEHb IIyMa.
[lymoMm Ha3bIBalOT J1000M HEXeNaTeabHbI 3BYK WM COBOKYINHOCTh TaKHX
3BYKOB. JlnuTenbHOE BO3JEHCTBHE IIyMa MOXET OTPULATENbHO CKa3aThCs
Ha 370pOBb€ PaOOTHUKA, a B HEKOTOPHIX KpaWHUX CIydasx [Oaxe HPHUBECTH K
TIIyXOTe.

JIJist onrchIBa€MOro MOMEIIEHUS] OCHOBHBIMM MCTOYHUKAMHM IIyMa MOKHO
CUMTATh:

1. mym cucrem oxnaxaenus 11K;

2. yJIWYHBIN 1TyM;

3. OBITOBBIE IIIYMBI.

Jlist BeIMONHSEMBIX paboT (erkas ¢u3uyueckas Harpyska, Hanps>KeHHbBIN
TpyZ 1 cTenenu) ypoBeHb 3ByKa He AojbkeH npeBbimath 60nbA. [l ymMenbieHus
IIYMOB, TE€HEPUPYEMbIX TIEPCOHAIbHBIMU  KOMIIBIOTEPAMH, PEKOMEHIYETCS
IPOBOAUTh WX PETYJSPHYI0 IUAarHOCTHKY, BBIIOJHATH YUCTKY W YCTPAaHEHHE
HeucnpaBHOCcTeW. [[ns1 ycTpaHeHuss OBITOBBIX IIYMOB MOXET ObITh HNpPHUMEHEHa

3BYKOU3OJIALIUA.

6.5.3 DjeKkTpOMarHUTHbIE U3JIYYEeHUsI

HcTOYHUKOM ~ DJIEKTPOMArHUTHBIX ~ M3JIYYEHUH  SBISAIOTCS  JIIOOBIE
AIEKTPONPUOOPHI, K KOTOpbIM oTHOcUTcs W DOBM. JlnurenbHOoe BO3jcHCTBHE
ANEKTPOMArHUTHOTO MOJIsSi Ha OpPraHM3M 4YEJIOBEKAa MOXKET BbI3BaTh HapyIlICHUE
(GYHKIIMOHAIBHOTO COCTOSTHUSI HEPBHOM W CEPACYHO-COCYIUCTOM CHCTEM, YTO
BBIPAKAETCS B IOBBIIICHHOW YTOMJISIEMOCTH, CHH)KEHHHM KayeCTBa BBIMOJHEHHS
pabouux ormepaiuii, CUIBHBIX 0OJIIX B 00JACTH Cep/illa, U3MEHEHUH KPOBSHOTO
JABIICHUS U MYJIbCA.

OueHka OMacHOCTU BO3AECHCTBUS AJIIEKTPOMArHUTHOIO MOJISi HA 4YeJIOBEKa
MPOU3BOJUTCS MO BEIMYMHE 3JIEKTPOMAarHUTHOW IHEPTrUM, MOTJIONIAEMON TeJIoM
YEJOBEKAa, C YYETOM DJJIEKTPUYECKOW W MAarHUTHOW HANPSKEHHOCTEW ITOJIS.

[IpakTruecku npu OOCITYKUBAHUU JAXE€ MOIIHBIX, 3JIEKTPOYCTAHOBOK BBICOKOTO
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HaIpsDKEHUs] MarHUTHAsI HANPSHKEHHOCTh 3HAYUTEIbHO MEHBIIIE ONacHoH (B 8 pa3),
MO3TOMY OLEHKY MOTEHIMAJIbHOW ONACHOCTH BO3JAECUCTBUS 3JIEKTPOMArHUTHOIO
MoJie JOCTaTOYHO MPOU3BOAUTH IO BEIUYMHE DBJEKTPUUYECKON HAMPSKEHHOCTH
nosia. B coorBerctBum ¢ I'OCT 12.1.002—84, CCBT «2nekTpoMarHuTHbIE MO
TOKOB TMPOMBIIIIEHHON yacToThl. OOmue TpeOoBaHUA O0€30MaCHOCTH», HOPMBI
JOMYCTUMBIX YpPOBHEH HANpPSIKEHHOCTH SJEKTPOMArHUTHBIX IOJIEW 3aBUCST OT
BpEMEHU NpeObIBaHUS YEI0BEKa B KOHTpoJupyemon 30He. [IpucyrcTBre nepconana
Ha paboyeM MecTe B TeyeHUE 8§ U JIOMyCKaeTcsl NpU HANpsHDKEHHOCTH, HE
npesbimatoneit 5 kB/M. OCHOBHBIMU BHJIaMH CPEJICTB KOJUIEKTUBHOM 3alIUTHI OT
BO3/ICHCTBUSA 3JIEKTPOMATHUTHOTO TOJIS TOKOB MMPOMBIIUIEHHOW YaCTOTHI SIBJISIOTCS
CTallUOHApHbIE MM NMEPEHOCHBIE 3a3€MJICHHBIE SKpaHUpYHOIINe ycTpoicTBa. Tak
KaK B3JEKTPOMArHUTHOE M3JydyeHHe B MecTe paboThl HE MpeBbimaer 5 kB/w,

NpUMEHEHHE SKPAHUPYIOLIUX YCTPOUCTB HE TpeOyeTcs.

6.5.4 Honuszupyiouiee u3jydeHue

OCHOBHBIM MCTOYHHUKOM HOHU3UPYIOLIETO W3TYUYEHHUS SIBISETCS TUCIUICH
kKoMIibtoTepa (OBM).

HNonuzupyromiee u3TydeHHE MOXKET BbBI3BIBATH TOPMOKEHUE (DYHKIIH
KPOBETBOPHBIX OPraHOB, HapylIeHHE HOPMAJbHOW CBEPTHIBAEMOCTH KpPOBU U
YBEJIMUEHHUE XPYMKOCTH KPOBEHOCHBIX COCYIOB, CHUXKEHHE COIMPOTHUBISIEMOCTU
opranu3Ma K HHGEKITMOHHBIM 3a00JI€BaHUSIM.

Jlo3a oOmyuenus npu paccrosHuu 10 auciuies 20 cm cocrabisger 50
MkO3p/dac. Korctpykmms  IIDBM  gomkHa — obecrieymBaTh  MOITHOCTH
HKCIIO3UIIMOHHOMN JT03bI MSTKOTO PEHTTEHOBCKOTO M3Iy4YeHHS B JII0OOON TOYKE Ha
pacctostarm 0,05 M OT 3kpana u kopmyca He 6onee 1 mx3B/49ac (100 mxP/gac).

JIist 3ammMTBl OT BHEMIHETO OOJyYeHHs, BO3HHUKAIOMIETO TpH padoTe C
JUCIUIEEM, TIPOBOMISTCS CICTYIOIINE MEPOTPHUSITHS:

1. nns obecriedyeHUs: ONMTUMAIBHONH PabOTOCTIOCOOHOCTH W COXpPAaHEHUU

3A0pOBbsA  Ha  MPOTAKCHHUHN pa60qel71 CMCHBI  OOJIDKHBI  YCTAHABJIIMBATLCA

118



perilaMeHTUpPOBaHHBIE  NEpPepbIBBI  —  OpH  §-4acoBOM  paboueM  JHE
MPOJOJDKUTENBHOCTBIO 15 MUHYT uepe3 KaXkiblil yac paboThl;

2. JuCIUIEH yCTaHaBIMBAaeTCS TakUM OOpa3oM, 4YTOOBI OT JKpaHa 0
coTpyaHuKa 06110 HE MeHee 60-70 cwM;

3.  JOJDKHBI HCIIONB30BAaThCS AUCIUIEM CO BCTPOCHHBIMHU 3alIMTHBIMU
HKpaHaMHU.

JIJ1si MOHUTOPOB PEKOMEHAYETCS ClIEYIOIIEee T0OCHAIICHHE:

1. 3amwmrtHbIl QuIbTp I dKpaHa, OCHIAONAOMUNA MEepEeMEHHOe
ANEKTPUUECKOE U AJIEKTPOCTATUUECKOE MOJIS;

2. nus oAMHOYHBIX OBM MM UX OJHOPSAIHOM PpACIONOXKEHUU —
CHEIUANTbHOE 3aIIUTHOE OKPHITHE HA TIEPEIHIO0 NTaHEeIb U OOKOBBIE CTEHKHU;

3.  mpu MHOropsaHoMm pacnojioxkennn OBM, ecnu cocegnue paboune
MeCTa pacroJiararoTcs ONHM3Ko Jpyr K apyry (Ha paccrosauu 1,2...2,5 M) —
3alIUTHOE TMOKPBITHE 3aJHE M OOKOBBIX CTEHOK, MOHTHPOBAaHHE CIEIUATBHBIX
SKPAHUPYIOIIMUX TaHeNed ¢ 3aJHed M OOKOBBIX CTOPOH MOHMTOpPA, YCTaHOBKA

MMePETropoaOK MCKAY PA3JIIMIYHBIMU ITOJIB30BATCIIIMU.

6.5.5 OcBeléHHOCTHh padoyeil 30HBI

OcBelieHre — HEOThEMJIEMBIN JIEMEHT yCIOBUM TPYAOBOM JIESITEILHOCTH
YyeJIoBeKa.

[Tpu npaBUILHO OpraHU30BaHHOM OCBEIIICHUN pab04Yero MecTa COXpaHIETCS
3peHUEe 4YeJIOBEKa M HOPMAJbHOE COCTOSIHHE €r0 HEPBHOM CHUCTEMBI, a TaKke
obecrieurBaeTcs 0€30MaCHOCTh B MPOIECCE MPOU3BOICTBA.

[Ipon3BOAUTENHHOCTh TpyJa M KayeCTBO BBIMYCKAEMOW MPOAYKIHHU
HaXOJATCS B MPSIMOM 3aBUCUMOCTH OT OCBEILICHUS.

Pabouyas 30Ha ocBemaeTcss TakuM 00pa3oM, 9TOOBI MOKHO OBLIO OTYETIIMBO
BUJIETH MPOLIECC Pa0dOThI, HE HANpsras Ipu 3ToM 3peHust. OCBETUTETbHbBIE TPUOOPHI
1 pabouee MECTO pacIiojararoTCs TaKuM o0pa3oM, 4TOOBI OTCYTCTBOBAJIO MPSIMOE

rmonagaHue J'Iy‘—IGfI HNCTOYHHKA CBCTA B I'Jla3a.
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YPOBGHB HCO6XOI[I/IMOF0 OCBCIICHUA ONPCACIACTCA CTCIICHBIO TOYHOCTH

3puTenbHBIX padoT. Haumenpimii pasmep o0bekTa paznuuenus coctapiuser 0.5 — 1

MM. B mnomemieHun mNpUCYTCTBYET €CTECTBEHHOE OCBEILEHHUE.

Ilo HOpMam

OCBEILIEHHOCTH U OTpaciieBbIM HOpMmaMm, pabota 3a [IK oTHOCUTCS K 3pUTENBHBIM

pabotaM cpenHeld TOYHOCTU mJisi JiroOoro Tuma nomemienuil. HopmupoBanue

ocBem€HHocTH A padotsl 3a [1K npuseneno B Tadbnuue 20.

Ta6nuna 20 — HopmupoBanue ocselieHHOCTH 17151 paboThl ¢ [TK

paboT | oObekTa | 3peHus Ha pabodyro

bl pa3iauyeH | MOBEPXHOCTb, %

OT CUCTEMBI

OCBEIICHHO | xoMGHHUp

et KIL %, | opanmom

Xapak | Haumens OTtHocuTenbHas EcrecTBeHHOE
HckyccTBEHHOE OCBEIIEHHE
TE€pUC | WU WIN | TPOJOJIKUTENBHOCT OCBEIlIEHNE
TUKa | KBUBAJIE b 3pUTENBHON Ocsemiénnocts | Koo duim KEO, %, npu
3pUTE | HTHBIU paboThI IpH Ha paboueit €HT BEpXHEM | GOKOB
JBHOM | pasmep HaIpaBJIEHUU MOBEPXHOCTU | IyJbCAllH WK oM

CTH

Hsl, MM OCBEIIICHUS, JIK | He Oojee
Cpenn He menee 70 5 4 15
en Or 0,5
TOYHO o 0,1
Mesnee 70 10 4 1,5

TpeboBanuss k ocBeleHHIO Ha paboumx mectax, obopynoBaHHbIX [IK,

npeacTaBieHbl B Ta0mwmie 21.

Ta6muma 21 — TpeboBanus k ocBenieHUIo Ha pabounx mectax ¢ [1K

OcBemEHHOCTh Ha pabodeM CTOJIe

200400 ax

Ocgewénnoctsb Ha 3kpane [IK

He BbIIe 200 1k

biuku Ha 3kpane

He Bolte 40 k/m2

CTEH M 000py10BaHUs

[Ipsimast G1eCTKOCTD NCTOYHUKA CBETA 200 xmx/m2
ITokazaTenp OCIEIIIEHHOCTH He Oonee 20
[Toxazarens auckompopra He Oouee 15
OTHoIIeHHE SPKOCTH MEXKIY pabounMu 3:1-5:1
MOBEPXHOCTSIMU
OTHOLIEHHE IPKOCTH MEXTY TOBEPXHOCTSIMH 10:1

Koadduument nynscauuu:

He 6oxee 10%

120




6.5.6 PacueT ocBemeHHOCTH paGoyero Mecta
PacdeT OCBeIeHHs IPOM3BOAUTCA Il KOMHATHI IIIOMaas0 20 M2, mupHrHa

KOTOpOro — 5 M, a fiuHa — 4 M, pabodee MEeCTO MPEJICTaBIeHO Ha pucyHke 93.

h =2,2m

h, =0,8m
v v

Pucynox 93 — Pabouee mecTo

OnpeneneHne KOJIUYECTBA CBETUIIBHUKOB OCYIIECTBISIETCS METOAOM
CBETOBOT'0 MOTOKA.

Pacuer mnpou3BOAMTCS TMOJ TUIOBOM pPACTPOBBIM CBETUIBHUK C 4-10
JIMHEMHBIMU JITOMUHECHIeHTHBIMU J1amnamu (Ki), MomHocthio 18 BT kaxnas (1
nammna naét ceeroBoi nmotok (CILn), paBubiit 900 k).

Jlns pacdera kod(pduUIMEHTa HCMOIB30BAHUS HEOOXOJMMO BBIYUCIUTH
HHJIEKC TOMeIeHHs 1Mo Gopmyie [44]:

S

= a+py

(43)

rne S— miomaas noMemenus, S = 20 M2;
h—pacueTHas BbicOoTa MmoaBeca, h= 3 m;
A-1mupuna nomemeHus, A= 5 m;
B—nnnna nomemenus, B= 4 M.

ITo HMCIOIIMMCA JaHHBIM pPaCCYUTACM MHACKC ITOMCIICHNA:
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_ 20
- (3-08)-(5+4)

I =1,01. (44)

CornacHo pucyHky 94 3nauenue koddduipenta ucnonb3oBanus U= 65.

- OTpaeHWe nOoBepXHOCTeMN
Motonok B0 (B0 (80 |70 |50 |50 (30 |0
CTeHl 80 {50 30 50 50 30 (30 |O
non 30 30 [10 20 10 10 10 |0
06 53 [38 32 [37 [35 [31 [31 27
08 60 45 38 44 |41 |38 |37 |34
s I 65 J51 |43 |49 |46 |43 |42 |38
: 125 70 |57 (49 |54 |51 48 [47 |44
g 2 76 |66 |56 (61 |57 |55 |54 |51
e 25 |78 |70 |59 |B4 B0 |58 |57 |54
A I B0 |73 J62 67 [62 [0 |59 |57
E 31 |76 |64 |69 |63 |62 |61 |58
5 82 |78 |65 70 |65 |64 B2 |[BO

Pucynok 94 — MHaekc moMemmeHus
Pacuer konuuecTBa cBeTHIBHUKOB (KCB.) 1151 manHoro nomertenus [45]:
K. - 100-E-S-K, _ 500-20-100-1,2
® U-K,-CIl, 65-4-900

= 5 CBETUJIbHUKOB, (46)

rie E—HopMmmpoBaHHas ~MHHUMAJbHas  OCBCIICHHOCTh, JIK; S—muromans
ocBeraeMoro nmomenienus; K,—koaduimenT 3anaca, yauThIBaIOIIAN YMCHBIIICHUE
CBETOBOTO IMOTOKA JIaMIIbl B pe3yJIbTaTe 3arpsi3HEHUs] CBETWJIBHHUKOB B IMPOIIECCE
skcruryatanu; U — xoadPuimeHT ncnosib3oBaHUs (ONMPEACIsIeTCsS M0 TabuIe
K02(p GUIIMEHTOB MCIIOJIB30BAHUS PA3IMIHBIX CBETUILHUKOB).

CremoBatenbHO, U pabodero MecTa JJOCTaTOYHO YCTAHOBHUTH 5 pacTPOBBIX

CBCTHJIBHHUKOB.
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6.5.7 DJekTp0o6e30NMacHOCTh

[I9BM wu nepudepuilHble YCTpOWCTBA SABIAIOTCS MOTEHIUAIbHBIMU
HMCTOYHUKAMHU OMACHOCTU TOPAKECHMS YEJIOBEKa JJIEKTpuueckuM TokoM. [lpu
paboTe C KOMIIBIOTEPOM BO3MOXKEH YJap TOKOM TIPH CONMPUKOCHOBEHUH C
TOKOBEIYIITUMHU YACTIMH 000PYI0BaHMUS.

Paboune mecra ¢ II9BM nomxkHbl OBITH 00OPYIOBaHbI 3alUTHBIM
3anyJsienreM. [Togada 371eKTPUYECKOro TOKa B MIOMEIIEHHUE JOJKHA OCYIIECTBISATHCS
OT OT/CJIBHOTO HE3aBUCUMOI'0 HCTOYHUKA mnuTaHus. Heobxomuma wu3omsius
TOKONIPOBOJSIIIIMX YacTe M €€ HEeNpepbIBHBIM KOHTPOIb. JIOJKHBI  OBITH
PEIYCMOTPEHBI 3alllUTHOE OTKJIIOUCHHE, MPEAyNpeIUTeSIbHAsl CUTHATU3AMUS |
0JIOKMPOBKA.

DNEeKTPUUECKUE HU3JCNIUs MO CIOCO0Y 3aIUThl YEJIOBEKAa OT MOPAKCHUS
AJIEKTPUYECKUM TOKOM MOApa3AeIsitoTcs Ha naTh kiaccos: 0, 01, 1, 2, 3.

OBM moxHO oTHecTH K kiaccy 01, To ecTb, K HU3JEIUSIM, UMEIOIIUM
pabouyro M30JISAIHUI0, DJIEMEHT ISl 3a3€MJICHUS U MPOBOJI 0€3 3a3eMJISIOIEH KUITbI
JUISE TIPUCOEIUHEHUsT K HMCTOYHUKY mnuTaHusa. [Ipu Hauwane pabGotsl ¢ DBM
HEOOXOIUMO MPOBEPUTHh TE€PMETUYHOCTh KOPITyCa, HE OTKPBITHI JIU TOKOBEAYIINE
YaCTH.

[Tomemenre, B KOTOPOM pacroyioKeHO pabodee MeCTO, OTHOCHUTCA K
KaTeropuu TIOMEIICHUW O3 TIOBBIIICHHONW OMAaCHOCTH, M COOTBETCTBYET
YCTaHOBJICHHBIM YCJIOBUSIM:

1. wanpspxenue nutarouiei cetu 220 B, 50 I'm;

2. OTHOCHTEJIbHAs BIAXXHOCTH Bo3ayxa 50%;

3. cpenHsas temrepatypa okoso 24°C;
4,

HaJIN4YKC HCIIPOBOAAIICTO ITIOJIOBOI'O ITIOKPBITHA.

6.5.811o:xapuasi 6€e30MaCHOCTH
[Tomeniennsi, B 3aBHCHMOCTH OT XapaKTCPUCTUKHA WCIOJIb3YyEeMbIX B

MMpOU3BOACTBC BCHICCTB M MX KOJIHMYCCTBA, IIO HO)K&pHOﬁ 151 B3pBIBHOﬁ OIIaCHOCTH
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noapasaenstorcs Ha kareropuu A, b, B, I', /I B coorBercTtBun HIIb ot 18.06.2003
r. Nel05-03 «Ompenenenue KaTeropuid INOMEIIEHUH, 30aHUM W HAPYKHBIX
YCTaHOBOK I10 B3PBIBOIIOKAPHOU U TTOKAPHOU OIACHOCTHY.

3nanue, T/Ie pacmnoiokeHo padodyee MeCTo, OTHOCUTCS K KaTeropuu «JI» mo
CTENEHU TIOXKAapHOW OMacHOCTH, TaK Kak B HEM OTCYTCTByeT 00paboTka
M0KapOOMACHBIX BEIIECTB, OTCYTCTBYIOT UCTOYHUKU OTKPBITOIO OTHSA. A CTEHBI
3MaHUSI W TEPEKPHITUS BBIMOJHEHBI W3 TPYAHO CrOpPaeMbIX M HECTOpPaEMbIX
MaTepHUaNIOB (KUPIUY, KeJIe300€TOH, U Ap.).

[Ipu HenpaBWIBLHOM AKCILTyaTallud O0OPYIOBAHUS U KOPOTKOM 3aMbIKaHUU
AJIEKTPUYECKOM CETH MOXKET TMPOM30WTH BO3FOpaHUE, KOTOPOE TPO3UT
yHudTOo)XKeHHeM [IDOBM, nOKyMEHTOB W APYroro MMEIIETrocs 00O0pyAOBaHUS.
CucTtema BEHTHISIIMH MOXET CTaTh HCTOYHUKOM PacCIpOCTPAHECHUS BO3TOPaHUSI.

B xauecTBe BO3MOKHBIX MPUYUH MOXKAapa MOXKHO YKa3aTh CJICAYIOIIHUE:

1. KOpOTKHE 3aMBbIKaHUS,

2. meperpyska cered, KoTopas BeIeT 3a CoO0Oil CHJIBHBIA Harpes
TOKOBEAYIIUX YaCTel U 3aropaHre U30JSAIUU.

Heobxoaumo mpenycMoTpeTh psii  NpOGUIAKTUYECKUX MEPOTPUSTHI
TEXHUYECKOT0, SKCIUTYaTaI[MOHHOT0, OPTaHU3aI[MOHHOTO TIJIaHa.

OpraHu3almoHHbIE MEPOTIPUATHS MPEAYCMATPUBAIOT:

1. mpoTUBOMOMXKAPHBIA HHCTPYKTAXK 0OCITYKHBAIOIIETO IMEPCOHANIA;

2. oOyueHue repcoHaja mpaBujiaM TEXHUKH O€3011aCHOCTH,

3. UW3JaHue WHCTPYKIIMH, MIIAKaTOB, IJIAHOB DBaKyalluu.

DKCIUTyaTallMOHHbIE MEPOIPUSITHSL:

1. coOmoneHne SKCIUTyaTallMOHHBIX HOPM 000pYI0BaHHS;

2. obecrnieyeHue CBOOOHOTO MOIX0Aa K 000pYA0BaHHIO.

3. coaep)KaHWE B HCTIPABHOCTH M3OJISIIUU TOKOBEAYIIUX MPOBOJTHUKOB.

TexHudyeckre MEpONPUATHSL:

1. ycraHoBKa JaTYMKOB MOXKAPHOW CHUTHAIM3allMM, PEarupyrolux Ha

IIOABJICHUC ObIMaA,
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2. HalW4Yue CHUCTEMBl OIOBEIICHHWS IEepPCOHala B CiIydae aBapUUHBIX
CUTYyaLN;

3. coOnrofeHue MNPOTUBOMOXKAPHBIX MEPONPUATUNH TIPU  YCTPOUCTBE
AIIEKTPONPOBOJIOK, 00OPYTOBaHHMSI, CUCTEM OTOIUICHUS, BEHTHIISIIUN M OCBEIICHUS.

4. IlpodunakTuuecKkuii OCMOTpP, PEMOHT U HCHbITAHUE 000PYIOBaHUS.

6.6 JxoJiornyeckasi 6€30MACHOCTD

6.6.1 AHajan3 Bo3/1elCTBHSI HA OKPYKAIOIIYI0 CPeay

AHanu3 BO3JIEUCTBHS HAa OKPYXKAIOUIYIO Cpely HEOOXOJIUM JUIsl OLEHKH
BO3MOXXHOCTHU TMpoBeAeHUs pa3paboTku. B panHol pa3paboTke MOTryT OBITH
BBIJICJICHBI CIICYIOIINE MOTEHIIUATbHbIE YTPO3bl ISl OKPYKAIOIIEH Cpe/Ibl:

1. 3arpszHeHue aTMocdepsl;

2. 3arpsA3HEHue TuaApocdepsl;

3. 3arps3HEHHE MOYB.

[Ipy BBIMOTHEHWH JAHHOW pa3pabOTKU HEOOXOJUMO KOHTPOJIUPOBATH
YTUJIN3AIHUIO OTXOJIOB, K KOTOPHIM OTHOCSITCS MeuYaTHble OyMakKHbIE MaTepHalbl,
Pacxo/IHbIE YACTH ME€YATAIOIINX YCTPOICTB, BBILIEIUINE U3 CTPOS KOMIUIEKTYIOLIUE
I1IK u nepudepuiinple ycTpocTBa (B TOM YHCIIE UX KOMILIEKTYIOIIHE).

JIIst 3aIlMTHI OKPY’KAIOIIEH Cpeabl OT MEPEYMCICHHBIX BBINIE (PAKTOPOB
HEOoOXOMUMO  CcOONIOJaTh  TpaBWJIa  YTHIM3AIUUM  TBEPIABIX  OTXOJOB H
koMmIuiekTyroux [I19BM:

1. cpaBatb OyMa)kHbIE OTXOABl B CHEIHMAJIbHBbIE OpPraHMU3AIMM IS
JanbHEHIIeH X mepepadoTKH;

2. oOpamarbcs B CHEUUANbHbIE OpraHU3alUu Uil  yTUIU3aLUuu

BBIIICAIMINX W3 CTPOA KOMIUICKTYIOIIHUX W PACXOJHBIX MAaTCPHUAJIOB.
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6.7 be3onacHOCTb B Ype3BbIYAalHBIX CUTYallUsIX

6.7.1 IlepeyeHb BO3MOKHBIX Ype3BbIYAlHBIX CUTYAN HA 00beKTe

CylecTBYIOT HECKOJIBKO BO3MOJKHBIX YpE3BBIYAMHBIX CHUTyalluid Ha
00BeKTE:

1. Tloxap.

2.  B3pbIB (C mocneayommmM ropeHueM ).

3. BHe3anHoe 00pylIeHHE COOPYKEHHI.

4.  ABapuu Ha 3JIEKTPOIHEPTreTUUECKUX CUCTEMaX.

5. ABapuM Ha KOMMYHaJIbHBIX CUCTEMAaX KU3HEOOECIICUECHHUS.

OCHOBHOW 4YpE3BBIYAWHOW CHUTYyalHEW, BO3MOXHOW IIPU BBHINIOJIHEHUU
paboThl MOYKHO CUMTATH MOXKAp.

OCHOBHBIMH PUYUHAMHU BOZHUKHOBEHUS M10YKApa CYUTAIOTCS:

1. ucnonb30BaHWE HEUCIIPABHBIX AJIEKTPONPUOOPOB;

2. Teperpyska ceTu;

3. KypeHHE He B CIeHabHbIX MECTaXx;

4. oOCTaBIIGHHE OJJIEKTPUYECKUX MPUOOpPOB O€3 mpHCMOTpa Ha JOJIT0e
BpEMSI.

[Toxkap MOKET HaHECTH HE TOJIbKO BpEJ 3J0POBbIO, HO U MaTepUabHbIN
ymiep0. I[IpuMeHrMO K BBINOJHSIEMON paboTe B ciydae ToOKapa MOTYT OBITh
YHUYTOXKEHBI OYMa)KHbIC TOKYMEHTBI H\WJIH JICKTPOHHBIC HOCUTETH HH()OPMAITHH.
Jlnst 3amuThl “HGOPMAIMKU PEKOMEHIYETCSl UCTIOIh30BaTh 00JIauHble XpaHUJIUIIA
JAHHBIX JUI JAHHBIX M JOKYMEHTOB. /[l HMCXOJHBIX KOJOB IpOrpamm
PEKOMEHAYETCS UCIIOJIB30BATh CUCTEMBI KOHTPOJISL BEPCUM.

[Ipu oOHapy>keHuM noxapa HeOOXOAUMO:

1. Coobmmth B moxkapHyto oxpany mno Tteiedony 01 wmmm 112 (c
MOOWMIIBHOTO TeneoHa).

2. OmnoBeCTHUTH JIHII, HAXOAIINXCS B 3/IaHUH, O TIOXKape.

3. IlpenmpuHsTh AEHCTBUS, CIOCOOHBIE MPEKPATUTH TTOXKAP.

4. Ilpu ONacHOCTHM TMOPAKEHHUS DIIEKTPUUYECKHUM TOKOM OTKIIIOYHUTH

AIIEKTPOIHEPTHUIO.
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5. DBaKyHMpOBaThCA.

JlukBUauMg TOCAEACTBUN MOXapa B MOMELIEHUU JI000r0 Ha3HA4YECHHS
TpedyeT Oonbiux ycunuid. IIpoBenenre nogo0HbIX padoT TpeOyeT onpeaeaeHHOn
MOCJIEIOBATEILHOCTA OT CIEUHAIMCTOB KOMIAHUM, ISl TOrO YTOOBI pPabOThI
OCYUIECTBISUIUCH 10 HamMe4eHHoOMY TIpaduky. B mepByro ouepenb HEOOXOAUMO
OUYMCTUTH MOMEIICHHE OT Mycopa, KOTOPbIN CKONMIICs nocie noxapa. [locae 3Toro
MO>KHO MPUCTYIATh HEMOCPEACTBEHHO K YCTPAHEHHUIO CJIEJIOB MOXKApa U YAAICHUIO
CJIOS1 KOTIOTH C MIOBEPXHOCTEH.

JUist Toro d4roObl JNMKBUJALMS TOCIEACTBUIA IMOXapa B MOMEIICHUH
ocylecTBisIach dPHEeKTUBHEE U OBICTPEE, CIEIUATUCTHI KOMITAHUN UCIIOIB3YIOT
pasznuyHoe 000pyI0BaHUE, TAKOE KaK MEHOTEHEPATOPHI U CIIeIIMAIbHBIE MOMKHU TIO]T

JaBJICHUCM.

BbiBOaBI IO pa3aeny

B pamkax pasnmena «coruanabHas OTBETCTBEHHOCTH» OBUIM BBISBIEHBI U
IPOAHAIM3UPOBAHBI HAaN0O0JIee BEPOSTHHIC BPETHBIE U OMMACHBIC MPOU3BOJICTBEHHBIC
dbakTophl, a TaKkXKe TNPEIJIOKEHB MEPONPHUATHS TI0 CHHXEHUIO YpPOBHEH UX
BO3JICUCTBUS HAa paOOTHUKA. bblla mpuBeaeHa aHHOTAIMS C ONHUCAHUEM pabovero
MeCTa W TIEPEYHEM BBITMIOJHEHHBIX paboT. [IpomsBeneH pacdeT OCBEIICHHOCTH
pabouero mecrta. [lomumo 3TOrO0, B MOJpa3zeiie «IKOIOTHUECKAs O€30MacCHOCTHY
paccMaTpuBaeTCAd  XapaKTep  BO3JEUCTBUS NPOCKTUPYEMOIO  pEIICHHS Ha
OKpY’Karolyro cpeny. Takke paccMOTpeHBI HanboJiee BO3MOXKHBIC UpE3BhIYaliHbIC

CUTyalluu Ha padouyeM MECTE U aJrOPUTM JEHUCTBUI IPU UX BO3SHUKHOBEHHH.
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3axiroueHue

B marucrepckoil quccepTanuy Npou3BEACHO UCCIEA0BAHUE MPEIUKTUBHOM
MOJIENM JIBUTaTeNIed TEXHOJIOrn4eckoro npouecca npousponacrsa bOIIII-nnenkn.
CoOpaHbl [aHHbIE B BHJIE€ BPEMEHHBIX PANOB A Pa3pabOTKU MpPEeIUKTHUBHOM
MO/IEJI, KOTOPbIE OTOOPAKat0T OCHOBHBIE MMapaMeTpbl JBUTATEN — CKOPOCTh, TOK,
Temreparypa u MoMmeHT. [locie yero moAroToBIEHBI ISl MPOBEACHUS aHAIM3a
OCHOBHBIX METOJIOB (MPOTHO3HBIX M MOUCKA aHOMAJIU) HA KOTOPBIX Oa3zupyeTcs
npenuKTHBHAsA Mojenb. CoBepIleH CPaBHUTEIbHBIN aHAIU3 METO/IOB U BBISBIICHBI
Jydlue IS MOCHEAYIOIIEro WX BHEAPEHUs B TexHoJormueckui mponecc. Kak
BUJHO U3 PE3YyJbTAaTOB CPABHUTENILHOI'O aHAM3a B KaueCTBE MPOTHO3HOM yacTu
MOKHO HCIIOJIb30BaTh MPAKTUYECKHU JI0OOH, KpOME NPOCTOr0 U JABOMHOIO
HKCIIOHEHIIMAIBHOTO CIIIAKUBAHUS, a B KAa4eCTBE YAcCTH JIJIs TOUCKA aHOMAaJMid
nyudiie Bcero ceds nmokaszpiBaer DBSCAN.

B pesynbrare paboThl SBISETCS  BHEIpPEHUE B pa3pabOTaHHBIM
UMUTAIMOHHBIA TeXHOJOrudeckuit mpouecc. IloctpoeHsl HHPOPMalMOHHBIE
NOTOKHM JJIs TIepeiauu JaHHbIX 110 rpotokony OPC UA, opranu3oBaHo X XpaHEHHUE
B 0a3e maHHbIX BpeMeHHBIX psanoB INfluxDB, a Ttakke BH3yaaM3upOBaHBI ITH
JIaHHBIC C TIOMOIIIBIO MIaTGOpMbI OHIIalH-MOHUTOpUHTa Grafana.

B wurore, pa3paboTaHa mnpeauKTHBHAsT MOJAENIb U apPXUTEKTypa il e
BHEJIPEHMSI, YTO TIO3BOJISIET UCIIOJIb30BaTh €€ B IF0OOM TEXHOJIOTUYECKOM MpOIIECcCe,

a B YaCTHOCTH B TEXHOJIOTHYECKOM Ipoliecce npousBoacTtsa bOIIII-nieHkwu.
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1 Description of the manufacturing process of the BOPP film

BOPP film is a biaxially oriented polypropylene film. It is used for food
products and everyday life products.

The production technology of the BOPP film (Appendix A) begins with the
reception of granular raw materials at the discharge site. The granulate is loaded via
pneumatic conveying into storage silos.

The film web consists of 5 layers. The central layer is formed by the main
extruder, where the raw materials from the silos enter. The purpose of the main
extruder is to ensure, due to high temperatures and mechanical impact, melting of
the materials and homogenization of the melt in composition, temperature, pressure
and viscosity. A pair of auxiliary satellite coextruders form intermediate layers and
serve to give films additional properties mainly for appearance. The extreme layers
are formed by two satellite extruders.

Next, the film enters the candle filter, where the melt entering the die is
filtered. Inside the die, the melts supplied by the extruders go through independent
collectors, where they merge into one common stream at a short distance in front of
the exit slit. The total melt flow exits the head through a flat exit slit. The gap is
regulated by 64 thermal bolts. Each thermal bolt is equipped with a heating element
and a temperature sensor.

The preform film is formed on an injection machine consisting of an
irrigation drum, a water bath, an air knife for pressing the film to the irrigation drum,
a water cooling system for the irrigation drum and bath circuit, an air knife system
and shafts for drying the film, an air knife for drying the irrigation drum. At the
irrigation drum, the continuous polymer melt tape is cooled and crystallized. To
obtain a homogeneous crystalline material, it is necessary that the melt is constantly
cooled under the same conditions over the entire width of the drum. The air knife is
used to dry the film.

After the irrigation drum complex, the first intermediate rewinder is
installed in front of the longitudinal orientation machine, which is used when starting

up and debugging equipment. In a machine of longitudinal orientation, the process
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of drawing (orientation) of the film in the longitudinal direction is carried out. The
machine includes a system of shafts with drives and instrumentation.

The longitudinally oriented film is fed through the guide rolls and the filling
device to the transverse orientation unit of the TDO, where the edges of the film are
captured by special clamps (clamps) 120 mm wide, located on two automatically
lubricated closed chains (chain pitch 60 mm), moving on guide rails. The film moves
through the pre-heating zone, where the film is heated with hot air. Then it moves
through the stretch zone, where the film is stretched in the transverse direction. After
that it moves through the heat-setting zone, where the internal stress in the film is
removed and the desired appearance of the film is achieved.

From the exit of the TDO installation, the biaxially oriented film enters the
system of the mill of pulling shafts (PRS), which includes all the nodes and devices
from the output of the TDO to the rewinder. All shafts of the PRS system are divided
into groups; they are rotated by DC drives and perform the following functions:

1. Group 1 selects the film from the TDO installation, aligns the web, cools
and wraps the film through a thickness gauge. It includes leveling rollers, cooling
shafts with internal water cooling.

2. Group 2 ensures the removal of cut off thickened edges (edges). It includes
leveling rollers, pulling shatft.

3. Group 3 provides a flame treatment of the outer side of the film and the
wiring of the film to the next group. It includes chilled shaft and pinch shaft.

4. Group 4 provides corona treatment of the outer side of the film and the
wiring of the film to the next group. It includes a directing shaft the cooled dielectric
shaft and a clamping shaft.

5. Group 5 provides corona treatment of the inner side of the film. It includes
a cooled dielectric shaft and pinch shaft.

6. Clamping shafts prevent the film from slipping and removing air between
the film and the shaft.

7. Group 6 provides cooling and film wiring to the rewinder. It includes

internal water-cooled cooling shaft and guide shafts.
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The film is given the properties required by the customer with the help of a
gas-flame and corona treatment station.

After processing, the film is wound on sleeves. An overhead crane unloads
them. Film samples are sent to the laboratory and quality control is in progress. Then,
the finished film is sent to the warehouse.

In this master's work, TDO engines are studied, the incorrect operation of

which leads to deformation of the film.

2 TDO equipment

2.1 Controlling equipment TDO

On the BOPP film production line, data collection and transmission is carried
out by three leading PLCs. Each PLC controls its part of the production line. In the
investigated installation of transverse tension (TDO), Siemens S7-300 is used (Fig.
5.) [14] with the following characteristics:

Table 1. Characteristics of the Siemens S7-300 controller

Operating Interfaces Data Discrete Analog Operation | MTBF Price
temperature transfer | input/ input / time

protocol | output output

Analog
-40°C ~ Ethernet, PROFINET 10/6 8/4 0,1 mes 350000 h 400%
+70°C RS232,RS485, | 10,
USB PROFIBUS
DP, AS-
Interface

Figure 5. Siemens S7-300
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Siemens S7-300 is necessary for the construction of various kinds of
automation systems (low and medium degree of complexity). The controller has a
modular design and includes the following modules:

1. central processor module,

2. power supplies,

3. signal modules,

4. communication modules,

5. functional modules,

6. interface modules.

The controller design stands out for its high serviceability:

1. Each module is mounted on the S7-300 profile bus and fixed in working
positions by screws. Using bus connectors, the modules are combined into one
system.

2. The modules are placed randomly in the mounting racks. Due to the
presence of removable front connectors.

The central processor Siemens S7-300 has the following indicators:

1. Performance (one of the highest controllers on the market).

2. Many active communications connections.

3. CPU 3xxC, CPU 31xT-2 DP have a set of built-in analog inputs / outputs.
That is, the central processor can be used as a ready-made control unit.

Siemens S7-300 programming is implemented in accordance with IEC
61131-3 in the TIA Portal environment.

2.2 Sensors

To control film breakage, ultrasonic breakage sensors UC-F77 (Fig. 6.) are
used [15].
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Figure 6. A break sensor
Sensors allow accurate detection of complex materials such as transparent
film. They are able to adjust the width of the sound beam and ignore unwanted

reflections. They have high noise immunity.

2.3 Motors

To pass the film through the TDO, two asynchronous motors are used at the
input of the unit and two motors at the output — SIEMENS SIMOTICS M-1PH8

(Fig. 7.) [16].

Figure 7. M-1PH8
Motors are synchronized using Siemens encoders and frequency converters
SINAMICS S120.
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2.4 Rectifier
Siemens Powerblock converts alternating current into direct current for
motor control (Fig. 8.) [17].

Figure 8. A rectifier

2.5 Control Unit

The engines are controlled by the SINAMICS S120 drive system (Fig. 9.)
[18]. The control module calculates the drives and the mains supply / recovery.
Power units (power modules, power modules and engine modules) provide optimal

energy conversion for both engines.

Figure 9. SINAMICS S120
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“TDO” and “Slave” SINAMICS S120 are installed on the TDO. “Slave” is
used to control the speed and torque of the engines. In addition, they process
information about the settings, turning on and off the engine. "Master" synchronizes

the operation of the "Slave" devices.

3 Scheme of information flows

The flow chart is presented in Appendix B. This flow chart consists of four
levels:

1. The level of sensors and actuators. Level Interfaces — 1-WIRE, 4-20Ma,
DRIVE-CLIQ. Devices - sensors (fixing film rupture) and actuators (engines).
Signals - analog and discrete.

2. The controller level. Interface — RS485. Protocols — PROFIBUS,
PROFINET. Devices — PLC (Siemens S7-300) and input / output modules. Three
PLCs collect information along the entire technological line with the help of input /
output modules from sensors; depending on it, control signals are generated for
actuators. In addition, they transmit data to the control level.

3. Dispatch level. Interface — RJ-45. Protocols — Profinet, Ethernet, Modbus
TCP / IP. Devices — personal computers, network switches, local HMI panels.
Information from the PLC enters the SCADA package (Vijeo Citect) installed on
the operator's workstation. SCADA-package allows you to visualize the operation
of the production line, archive its data, as well as manage it.

4. SMSS level. At this level, time series are archived with a database,

forecasts are generated, and anomalies are detected.

4 Development of a predictive model algorithm

4.1 Steps in developing a predictive model

1. Statement of the problem. Determining how the predictive model will be
used, what they are needed for, its components and how effective the integration of

the model into production is.
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2. Collection of information. The more historical data is accumulated, the
more models for forecasting can be applied and the more effective they can be.

3. Preliminary analysis. Graphing the process under study to determine any
patterns, trends, or outliers. Calculation of the correlation between the data to
determine how strong the relationship is between them.

4. Building a predictive model. For predictive maintenance, it is necessary
to carry out forecasts for hours / days / weeks in advance.

5. Building a model for detecting anomalies. After receiving the forecast, it
IS necessary to determine how stable the future process is.

6. The choice of models. Comparison of models depending on quality
metrics, on the speed of work and the possibility of integration into production.

7. Integration into the technological process. Determining the flow of
information for organizing data storage, training models on this data and presenting

information in a form convenient for dispatchers / operators.

4.2 Data collection for the predictive model

To implement the predictive model, it is necessary to have a data set of the
studied objects of the technological process, analyze it and begin development. Since
the object of study is a transverse tension device, the information is collected by the
TDO PLC and sent to the Vijeo Citect SCADA package.

Vijeo Citect SCADA package — Schneider Electric software for monitoring
and control. Backs up all system components. It has a distributed client-server
architecture. It stores the three-month data of the production line, which will be
needed for research.

Data is stored in .hst format. But analysis requires a .csv table format.

Therefore, using the Citect Trend Reader v1.2.8 program, the format is converted.

4.3 Statement of the problem
A time series is a set of observations obtained sequentially in time, usually

at regular intervals [19].
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Information with SCADA is represented by a multidimensional (or one-
dimensional) time series X = {x4, x5, ...,xr },x; € R™, where each element is an
m-dimensional vector representing the readings of m sensors and actuators at a time
t. It is necessary to make a forecast from the point . (t) of the quantity x; ... At each
point in time of the forecast, it determines whether the values from the sensors are
abnormal or not.

The objects under investigation are engines at the inlet of the TDO and at the

outlet. Speed, temperature, load data for each of the objects.

4.4 Time series requirements

To make operational forecasts using autoregressive models, the time series
should be stationary. According to the stationary series, it is possible to build a
forecast since its future statistical characteristics will not differ from the observed
current ones. The stationary process ¢; is understood as such for which the following

conditions are satisfied:

M[¢;] = const = a, 1)
D[¢] = a2, )
r(ti, tj) = r(1), (3)

where M[£,] is the mathematical expectation, D[£,] is the variance, r(¢;, tj) is the
autocorrelation function, T = ¢; - t;.

The magnitude of the autocorrelation function depends on the magnitude of
the shift t, the value of a determines a constant level relative to which the values of
the time series vary, and the constant value o2 characterizes the magnitude of this
variation.

To test for stationarity, the Dickey-Fuller unit root test is used. An
assumption is made about the type of process that generated this time series. An
auxiliary model is constructed and hypotheses about the coefficients of this model
are tested. Then the conclusion about the stationarity / non-stationarity of the original

series is made.
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Two hypotheses are put forward: the null hypothesis (HO) — there is a unit
root, that is, the series is unsteady; alternative hypothesis (H1) — the null hypothesis
IS rejected, the time series does not have a unit root, which means it is stationary.
The output is interpreted using p-value. If the p-value is greater than 0.05, then the
null hypothesis is not rejected and the series is non-stationary. If the p-value is less
than or equal to 0.05, then the null hypothesis is rejected, which implies that the
series is stationary.

In Figures 10, 11, 12, 13, time series of motor speed, current, temperature,

and torque are checked for stationarity, autocorrelation, and partial autocorrelation.

Time Series Analysis Plots
Dickey-Fuller: p=0.00625
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Figure 10. Time series analysis plots (SD)
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Time Series Analysis Plots
Dickey-Fuller: p=0.00726

16
00:00 08:00 06:00 09:00 12:00 15:00 18:00 2100 00:00
03-Mar 04-Mar
datetime
Autocorrelation Partial Autocorrelation
10
0
08 I | ! !
-100
08 200
04 -300
02 -400
00 -500
02 600
700 2
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Figure 11. Time series analysis plots (CU)
Time Series Analysis Plots
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Figure 12.

Time series analysis plots (TE)
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Time Series Analysis Plots
Dickey-Fuller: p=0.43848
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Figure 13. Time series analysis plots (NM)
Time series of temperature and engine torque do not pass the stationary test.
Accordingly, it is necessary to carry out a differentiation operation, which involves

subtracting a series from itself with a lag in one step:
Vi, YT },’2;----;},’T; (4)

V2 = Ve~ Vi1 )
Stationarity tests after conversion are shown in Figures 14 and 15:

Time Series Analysis Plots
Dickey-Fuller: p=0.00000

A HE—

12:00 14:00 16:00 18:00 20:00 22:00 00:00

04-Mar|
datetime
Autocorrelation Partial Autocorrelation
1.00 1.00
075 075
050 0.50
025 025
-0.25 -0.25
-0.50 -0.50
o 50 100 150 200 250 300 o 50 100 150 200 250 300

Figure 14. Time series analysis plots (TE)
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Time Series Analysis Plots
Dickey-Fuller: p=0.00000
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Figure 15. Time series analysis plots NM

4.5 Technology research stack

For the analysis of time series, there are several classic high-level
programming languages — Matlab, R, Python, Julia. In cases where the solution of
the problem involves the statistical processing of data, work with charts, etc., these
languages are used more often than others.

This study uses Python, the web shell for IPython, the Jupyter Notebook,
which combines code, text, and images. The analysis is carried out by the following
libraries:

1. NumPy — a module for complex calculations. Provides functionality
comparable to Matlab basic methods for manipulating large arrays and matrices
[20].

2. Pandas - a library for processing and analyzing data. Built on top of the
NumPy library. Provides special data structures and operations for manipulating
numerical tables and time series — Series, DataFrame [21].

3. Matplotlib — a library for data visualization, both two-dimensional

graphics and three-dimensional [22].
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4. Seaborn — a data visualization library based on matplotlib. It allows using
more types of graphs regarding matplotlib [23].

5. SciKit-learn — the library provides an implementation of a number of
machine learning algorithms [24].

6. Datetime — the library is used to work with dates and times [25]

7. Statsmodels — a library that provides classes and functions for evaluating
various statistical models, as well as for conducting statistical tests and researching
statistical data [26].

8. Facebook prophet — a library designed to predict a large number of
different business indicators. It does not require analysts to have deep knowledge of
predictive model design [27].

9. Amazon GluonTsS is a library developed by Amazon for time series
analysis. There are tools necessary for building and training the most common neural
network architectures, mechanisms for loading and data preprocessing, ready-made
forecast models, and tools for evaluating and comparing various models [28].

10. Tsfresh — a library for generating features. For example, maximum,
minimum values, p-value, slope coefficients of a trend line, etc. [29].

11. Pmdarima — a library that includes the equivalent of the auto.arima
function from R, a collection of statistical tests of stationarity and seasonality,
various operations — differentiation and inverse differentiation of time series, built-
in sets of time series, and much more [30].

12. Hmmlearn — a library for using hidden Markov models [31].

13. CatBoost — a library of implementation of gradient boosting on open-
source decision trees from Yandex. The algorithm used for ranking and forecasting,
as well as recommender technologies [32].

14. XGBoost — a library for forecasting, classification, which is based on the
gradient boosting algorithm of decision trees [33].

15. Keras — machine learning library. It is used to solve computer vision

problems, natural language processing, time series forecasting, etc. [34].
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4.6 Quality metrics

The main quality characteristics of the statistical models selected for

forecasting are accuracy indicators. The concept of accuracy characterizes the

degree of proximity of simulated (calculated by a certain forecast model) values of

¥ in their totality to the initial actual data y. The smaller the differences between

theoretical values and empirical data, the higher the quality of the model [35].

Table 2. the most used quality metrics

Coefficient of determination

1P — w)?

R*=1-
71'1:1(yl' - ?:1yi)2

Mean Absolute Deviation

i=1lyi = 3l
n

MAE =

Mean Standard error

1% .,
MSE = - z(yi - V)

Mean Absolute Percentage Error

=1
100 <o | A
VAPE z vi— 9
=

Conclusion

The historical data of the BOPP film production process presented in the

form of time series satisfy the necessary requirements. Time series are stationary

and they do not have autocorrelation. The next step is to build forecasts and search

for anomalies in the forecasts as well as to build forecasts, use the Python language,

the necessary libraries and quality metrics.

Models for predicting and searching for anomalies are integrated into

production on a production line and perform the functions of expert systems to

increase the efficiency of production operators.
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