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ABTOMATH30BAHUM EKCINEPTHUHM KOMILIEKC I3 JOCJHIIUKeHHSI Ta

NMPOrHO3yBaHHSI MNapaMeTpiB CHJOBHX €HEPreTMYHHX YCTAHOBOK
JJOKOMOTHBIB

Y cmammi  Odocnidoiceno modcrusocmi  cmeopenHs ma  pe3yibmamu  3ACMOCY8AHHSA  ASMOMAMU308AHO20
eKCNePMHO20 KOMNIEKCY, NPU3HAYEHO20 Ol GUPIWEHHS 3a680aHb 3 YOOCKOHANEHHA Npoyecie excniyamayii napkie
JIOKOMOMUBIB, WO PpeanizyemvpCsa 3aco0amu Cy4acHux inmenekmyanvhux cucmem. Ilpoyedypu mouimopuney ma
olaenocmyeants 3a0e3neyyioms peanizayilo 3a60akb KOHMPOIIO NAPAMEmpie (HYHKYIOHYBAHHS CUNOBUX eHEPLeMUYHUX
yemanogox noxomomusie (CEYVJII). Komnnexce excnepmuoi cucmemu (KEC-CEVII) peanizye 6az06i 3ae0anms ujo0o
nobyoosu cucmemu ananisy, oiacnocmysanus ma npoernosyeanus cmany CEVJI na ocnosi cuenanie kymosoi weuoxkocmi
obepmis xoninuamux eanie. Y KEC-CEYJI 3a80anus ekcnepmusu peanizylomsbCsi Wisxom HOEOHAHHL Memoois yu@posoi
00pOOKU CUSHANIB, CIMAMUCMUYHO20 AHANI3Y, Klacuikayii ma eUKOpUCMAaHHA eMRIpUYHUX 3HAHbL ekcnepmig. Tlooano
cmpykmypy, mooeni ma pesyarbmamu diacnocmysanns CEYII.

Knwuosi cnoea. cunosa enepeemuuna YCMAHOBKA, JOKOMOMUS, KYMOB8A WEUOKICMb 00epmis, KOmiHuamuil 8dl,
iHmenexmyanbHi asmomMamu308ani cucmemu, 0iaeHOCMy8aHHsL, NPOSHO3YBAHHSL, TOCICMUYHA PecPeCisl.

IMocranoBka npodeMu

ITixBumenss e(heKTHBHOCTI aBTOMAaTH30BaHOT
eKCITTyaTallii IIMPOKOTO KOJa TEXHOJOT0-EKOHOMIYHHUX
npoueciB (TEII) ta texuiunux cucreM (TC) 3aiuimaeTscs
OJHAM 13  TPIOPUTETHHX  3aBJaHb  3AII3HUYHOTO
tpaucnopty Ykpainu (3TY). CydacHuM i akTyalbHUM
HanpsMKOM II0/I0 BUPILIEHHS [[bOTO 3aBJaHHs € pO3poOKa
Ta 3alpPOBAPKCHHS 3TI3HUNYHUX 1HTEJIEKTYaJIbHUX CUCTEM
(3IC) [1, 2, 3].1lpoMy HamPsIMKY JOCTIHKEHD BiMOBiIae
3aBJaHHs II0/I0 yJIOCKOHAJICHHS aBTOMAaTH3allil MpoLeciB
eKCIITyaTaii HapKiB JIOKOMOTHUBIB LUIAXOM
BITPOBAKCHHS CyJacHHX IHTENeKTyaTbHUX
MOHITOPHHTOBHX CHCTEM, MPHU3HAYCHHUX IS KOHTPOIIO
(yHKITIOHYBaHHS CKJIATHUX TEXHIYHHX 00 €KTiB, 30KpemMa
CHJIOBUX €HEPreTHYHUX YCTaHOBOK JIokoMoTHBiB (CEVYJI).
Peamizamis Takoro 3aBJaHHA 3 aBTOMAaTH3allii TPOIECIB
TEXHIYHOTO OOCITyrOBYBaHHS TSTOBOTO PYXOMOT'O CKJIamy
(TPC)  n03BONMTH  3MEHIIUTH  4Yac  nepeOyBaHHS
JIOKOMOTHUBIB y PEMOHTI, a B TIEPCHEKTHUBI — MEPEUTH BiJ
IUIAHOBO-3aII001KHOI ~ CHCTEMH  OOCIIyroBYBaHHS IO
oOcimyroByBaHHs 3a (AKTHMYHUM TEXHIYHUM CTAHOM.
HeoOxinmHO 3a3Ha4MTH, IO OCTaHHIMH pOKaMH HpHU
nmiaraoctyBanHi TPC Bce OimbIl  akTyanbHOIO —CTae
cTparerisi  po3poOKM  Ta  BOPOBAPKCHHS  CHCTEM
HEpo30ipHOTO JiarHOCTYBaHHS TEIUIOBO3HUX JIBUTYHIB.
OpauM i3 crmocoOiB pearmizamii Ii€i cTpaTerii € MeTon

O B. B. Ckano3y6, O. b. Oukacos, /1. B. Ki6eus, 2020

HEPO30ipHOrO JIarHOCTYBAaHHS Ta KOHTPOJIIO TEXHIYHOTO
CTaHy CHJIOBUX CHEPreTUYHUX YCTAHOBOK JIOKOMOTHUBIB
(CEVJI), 30KkpemMa [BHTYHIB TEIUIOBO3iB, HAa OCHOBI
BUMIpIB HEPIBHOMIPHOCTI KyTOBOI IIBHJIKOCTI 0OepTaHHS
KOJIIHYaTUX BaJiB IiJ 4ac poOOTH.

3MICTOBHO 3aBAaHHS OO0 (GOPMYBAHHS EKCIIEPTHHX
KOMIUICKCiB KEC-CEVIJI peaizyeThes UITXOM
MOENHAHHSA METONiB IUpoBOi OOpPOOKKM CHUTHAIIB,
CTATUCTHYHOTO aHami3y, Kiacudikamii i BUKOPHCTaHHS
EeMITIpUYHUX 3HaHb ekcrepTiB. B ocHOBY po3pobku KEC-
CEVYJI mokjiageHo TONOXKEeHHsI, M0 KyTOBa HIBHUIKICThH
KOJIIHYaTOr0 Balla JAM3ENs B MEXax poO0dYoro IHKIY HE
mocTiliHa, a ii KOJIMBaHHS Ma€ BIUIMB Ha 0OMEKEHUI HaOip
noka3HukiB. CyTHICTb METONy IMOJSTaE€ B 3HATTI Yacy
00epTy 3 BHCOKOI IUCKPETH3AI[E€I 32 JIOMOMOIO0
i €IHAHOTO 10  KOJIIHYaToro  Baja  LU(PPOBOrO
MPUCTPOIO, IO BUKOHYE PEECTPALI0 Y4aCy HPOXOKECHHS
BaJIOM TMEBHOTO KyTa. Uepe3 Te 10 YMHHHKIB, SKi MAIOTh
BILTUB Ta Bi0OOpakaroThCs Ha KYTOBiH IIBUIKOCTI, JOCHUTH
0araTo, TakWii MeTOJ TPUIAATHHA 1 MOXeE BKa3aTH Ha
3HAaYHY KUTBKICTh BiXWJICHD Y pOOOTI ABUTYHIB.
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AHaJi3 JocaigKeHb

[Muranusm 110710 MOYKIIMBOCTI CTBOPEHHS
yHIQIKOBAHUX Ta  YHIBEPCAJIbHUX  IHTEIEKTyaJbHUX
aBromaru3oBanux  cucreM  (IACY)  3ami3HHYHOrO
TPaHCIIOPTY, 3  BUKOPHUCTAHHSIM YK€  ICHYIOUHX

BUCOKOC(EKTHBHIX aBTOMaTH30BaHNUX CHCTEM YIIPaBIIiHHS
(ACY), npumineHa 3HayHa yBara |y  0ararbox
Jociimkennsx [3 — 5].30kpeMa, BCTaHOBJIEHI MOKIMBOCTI
ctBopeHHss [ACY Ha OCHOBI TWIATGOpPMH aHATITUIHHX
CepBEpiB Ta OHTOJIOTIYHUX CHUCTEM, MPHU3HAYCHUX JJIS
HiATPUMKH TOTY>KHHX METOJIIB MOJEIIOBAHHS CKIAJHUX
TEXHOJOTIH 1 cucTeM, a TakoX (YHKI[IOHYBaHHS
ylnockoHaneHux oHTtoiorid ACY, 1o po3IIUpIOIOTHCS Ta
eBOITIOLIOHYIOTH [6 — 8]. [lns 3anponoHoBaHoi miathopMu
AQHATITUYHUX CEpBEpiB OYJIO TaKOXK PO3POOIIEHO MpPUKIAL
¢dopmamizanii Ta peamizauii yHipikoBaHMX 3aBJaHb
JlarHOCTYBaHHs XapaKTEPUCTUK BUPOOHMYMX IPOLECIB 3
HewiTkuMu mapamerpamu [4]. [lpu upomy 3a3HaveHo, LIO
«1o0 1HGOPMAIIHHUX CTPYKTYP aBTOMAaTH30BaHUX CHUCTEM
V3, 3okpema cuctemu ACK BIT V3-€, moxyte Oytu
BOyIOBaHi MPaKTUIHO BCi TEXHOJIOTIUHI MPOIECH POOOTH
BaHTAXXHOTO 3aJI3HUYHOTO TPAHCIIOPTY, a TaKOX i1HII
TEXHOJIOTil eKciuryaramii o0'exTiB Y3, B TOMYy YHCII
3aBJaHHS 31 CTBOPEHHS IHTEJEKTyaJlbHUX  CHUCTEM
tpaucopty» [1, 2, 4]. Cucrema ACK BIl V¥3-€
AaBTOMATH3Yy€ ULIMPOKUH CIEKTp 3aBlaHb, SKI paHime
BupimyBaaucsi okpemumMu ACY  Ha  pi3HOMaHITHHX
TEXHOJIOTIYHUX 1 TeXHIYHUX Iardopmax. Y NepcreKTuBi
noganuii y crarti excrneptHuid komruiekc KEC-CEVYIJI
TaKOoX MOKe YBIUTH 10 TUIATHOPMH aHATITHIHUX CEpBEPiB
3TV.

Jlnst  BupileHHS 3aBAaHb JIarHOCTYBAaHHS CTaHIB
00’ extiB mapkiB Texuiunux cucreM (TC) y psai crareit
TaKoX 3aCTOCOBYIOTh yHi(iKOBaHi pOLEypH
wiacudikanii. YV pobori [3] BupinieHo 3aBaaHHA 3
ONTHMAJILHOTO  YNPaBJIIHHS IpoLlecaMH  eKCILIyaTarii
napkiB cTpitoyHux enekrpuunux asuryHis (EM). Ilpu
bOMy OyJIM ypaxoBaHi YMOBH HEBU3HAYCHOCTI, SKi
MO>KIMBO MPENCTAaBUTH Y (GOpMi HEHiTKHX BeauuuH [2, 9].
3aBmaHHs ~ aBTOMaru3amii  IpoLeciB  eKcILTyartarii
BUPIIIEHO HAa OCHOBI CTBOPEHHS  IHTEJEKTYaJbHOI
TEXHOJIOTiT KOHTPOJIIO TMapKy 3a MOTOYHHMM cTaHoM EJI.
Tyr 3aco0m miarHOCTyBaHHS TOOYIOBaHO Ha aHai3i
JIAHUX MOHITOPUHTY TIapaMeTpPiB YacCTOTHOTO CIIEKTpa
pobodoro CTpymMy ABHUTYHA, a OTPHMAHHS CIIEKTPAIbHHX
XapakTepucTuk cTpymy EJI peanizoBaHo 3a ITOTIOMOTOIO
wBuakoro mepersopenus Pyp'e [10, 11, 24]. Hdas
KOKHOTO €JICKTPOJBUIYHa (OPMYEThCS 1HIUBITyanbHa
mozens (IM), B sKili HakOMMYYHOThCS 1 30epiraroTbes
MOTOYHI XapaKTEPUCTHUKU CIPAaBHOTO CTaHy IBUryHa. [Ipu
iX 3icTaBICHHI OTPUMYIOTH OIIHKH JIOCTOBIPHOCTI
BusiBieHux HecnpaBHoctedl EJI. HaBenena 3aranbHa
KOHIIETIIiSl 1HTEIEKTYaIbHOTO YIPaBIiHHS SKCILUTyaTaIli€ro
nmapkiB EJI Moke OyTH 3acTocOoBaHa 30KpeMa IS
MOHITOpHHTY Ta nmiarHoctyBaHHS CEVYJI, y mimomy mapkiB
TPC [2].

ITpu ¢dopmyBaHHI CTPYKTYpH Ta BU3HA4YCHHI 0a30BHX
npouenyp KEC-CEVYJI 6yno nmpoBeieHO MHUPOKUH aHaTi3
JIOCITIKeHb, CIPSIMOBAHHUX Ha JTOCTOBIpHE Ta e()EeKTHBHE
BimoOpakenns nporneciB y CEVYJI, Ha OCHOBI CHUTHajiB
KyTOBOi IIBHIKOCTI 00€pTiB KOJiHYATOro Bayia. Taki maHi
MalOTh JIaBaTH 3MOTY BCTAHOBUTH MOJKJIMBI Ta HEOOXiTHI
JUTS YIIPABIIIHHS MPOLIECAMH €KCIUTyaTallil CTaHU JIBUTYHIB,
a Takox 3a0e3nedaTh OJHO3HAYHY KIACH]iKalliio Ta
IIPOTHO3yBaHHs 3MiH CTaHIB Ha IEBHUH NepioA.

Cnig  3a3HauWTH, 1O  OPA  JOCILIKCHHIX
BUMIPIOBAHUX CHTHANIB OOEpPTaHHS KOJIHYATHUX BaJiB
BUKOPHCTOBYBAINCSl PI3HOMAHITHI METOJAM BUAIICHHS
O03HaK HEPIBHOMIPHOCTI KyTOBOi IIBHAKOCTI OOEpTaHHS
[12, 13]. Tak, mas oTpUMaHHS HEOOXiTHMX O3HAK CTaHiB
CEVYJI Oymo 3acTocOBaHO MeToAW  (imbTpyBaHHS,
TpaHcopmMariii dyp’e, 3TOPTKH, BH3HAYEHHS
CTATHCTUYHMX Ta CHUTHaNbHMX ominok [10, 15, 16].
PesynbraTi JOCIHIIKEHD Y HIJIOMY I03BOJHMIM BCTAHOBUTH
Ta BHKOHYBaTW Kiacu(iKalilo CTaHiB EHEPreTHYHUX
YCTaHOBOK JIOKOMOTHBIB 3 JIOCHTh BHCOKOIO TOYHICTIO.
[MomaneMu 3aBIaHHSIMU TOCIIKEHb Oyu GopMyBaHHS
0a3 3HaHb CKCOEPTHHX cUCTeM Kiacubikauii crauis [24],
MoJeNel perpecii, 30KpeMa JIOTICTHYHHMX, Ta IHIIUX
MpU3HAYCHUX JUIS Kiacudikaiii cTaHiB JBUTYHIB Ha
mijcTaBi 3HayeHb OOpaHMX O3HAaK (HANPHKIAM, aHaji3
CIIEKTPIB — BENMUYHMHU iHTEHCHUBHOCTI YacTOT y 3aJaHHX
miamasonax [2, 3]). usx  dopmyBaHHs  Mojesel
krmacudikamii  cTaHiB  JABUTYHIB  BHUKOPHCTOBYIOTH
pI3HOMaHITHI METOIU, a pe3yNbTaTH MOJCIIOBAHHI B
nojajpuioMy OyinM IHTepHpeToBaHi, 1100 BCTAHOBHTH
3HAYYIIICTh MEBHUX XapaKTCPUCTUK CHUTHAJIB, CTOCOBHO
3aBIaHb Kiacugikauii. ¥ pa3i oTpUMaHHS BCT@HOBJIEHHX
ouiHOK JoctoBipHOcTi Knacudikanii cranie  CEVII,
copMoBaHi Mopeni perpecii BHKOPHCTOBYIOTH ISt
noOynoBu 6a3 3HaHb EKCHEPTHUX CHUCTEM JIarHOCTYBaHHS
craniB TPC. ¥ psni gociimkeHs Takoxx Oyso po3TisHyTO
METOJIM KOPEKIii MoMWIOK Kiracudikarii, mo 3ade3meqnio
MOXKJIUBICTh TIJBUINEHHS €KCIUTyaTalliiHol HamiiHOCTI
cuctemMu nporHo3yBaHHs craHiB TPC. B meskux crartsax
BMU3HAYAIOTh ~ MOJMJIMBOCTI ~ 3aCTOCYBaHHS  MOJENei
kimacugikamii uisi onTUMI3allii MOKa3HUKIB eKOHOMIYHHX 1
YacOBUX BUTpAT I aHaJi3y XapaKTCPUCTHUK MPOIECIB
eKCIuTyaTalii.

CyTHicTh He BHUpilIeHUX paHille 3aBAaHb CTBOPEHHS
KEC-CEVYJ

[IpoBeneHuil aHami3 MOKa3aB aKTYaJIbHICTh 3aBIaHHS
IIOZI0  CTBOPEHHS  aBTOMATHU30BAaHOTO  EKCIIEPTHOTIO
KOMILIEKCY 3 JOCJIJKCHHS Ta MPOrHO3yBaHHS MapaMeTpiB
CEVYJI. Ha choromui HEHOCHIDKCHUMH —3aJTHAIIAINCS
MUTAHHSA MIOJ0 BHUKOPUCTAHHSA JUIS TaKOTO KOMILICKCY
CUTHAJIB, SIKI BiOMBAIOTH HEPIBHOMIPHOCTI 0OepTaHHS
KomHYaTuX BaiiB. Ilpn 1IbOMYy axkTyalnbHUMH € THTaHHS
CTOCOBHO BHUKOPHCTAaHHS TaKMX MAaHUX 1 BIAMIOBIIHUX
3ac00iB  JuIs  3a0€3NEUEeHHS MOMIIMBOCTI MPOBEIEHHS
MOHITOPUHTY, YAOCKOHAJICHHS TMPOIEAyp eKCIUTyaTarii
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By3nmiB TPC, a takox mis aBroMaTuzamii (opMyBaHHS
eekTUBHHX MoJnene kimacudikamii CTaHiB JIBUTYHIB,
BHU3HAYEHHS i1 MPUIATHOCTI ISl GOPMYBaHHS Ta PO3BUTKY
KEC-CEVJI. Jiyist BupilIeHHS TaKuX 3aBIaHb HEOOXiTHO
chopMmyBaTu 3acamyd Ta METOOW BHMIpPIOBaHHS CHUTHAIIB,
SKi ~ XapakTepu3yIOTh  HEPIBHOMIPHOCTI  oOepTaHHs
KOJIIHYaTUX BaJliB, OCHOBHI CTPYKTYpH Ta HpOLEIypH
MoHiTOpuHry mnpoueciB excruryarauii TPC, ¢ynknii Ta
NpoLEeypH aBTOMAaTH30BAaHOTO €KCIIEPTHOTO KOMILIEKCY 3
JOCHI/KEHHsT Ta TnporuosysanHs mnapamerpis CEVII,
po3poOHTH  aBTOMAaTH30BaHUI KOHBeep (opMyBaHHS
Mojened kiacudikamii CTaHIB JBUI'YHIB, a TaKOX
mporpaMHi 3acobu 1moa0 cTBOpeHHsI Ta po3BUTKY KEC-
CEVIJL

IIpoueaypu oTpuMaHHs Ta 00POOJIEHHSI JAHUX KYTOBOL
mBHAKOCTI KoJiHuaToro Baja CEYJI

Merta

OnnuM i3 mpiopureTHHX 3aBaaHb 3TY € pO3BUTOK
cyyacaux [ACY, sKkoMy BIAMOBINAIOTH TOCIIIKCHHS
METO/IiB Ta TEXHOJIOTi{ 010 (dhopmyBaHHS
CIIETTiaTi30BaHUX IHTEJEeKTyaTbHIX EKCIIepTHUX
KOMIUIEKCIB, IPU3HAYEHUX IS T IBUINEHHS €()EeKTUBHOCTI
nporneciB ekcruryararitii mapkis TPC.

Mera poGoTH - JOCHIDKEHHS MOXKIHUBOCTEH Ta
CTBOPCHHSI aBTOMATH30BAHOTO CKCIEPTHOTO KOMILICKCY
KEC-CEYJI Ha OCHOBI CHrHamiB KYTOBOI MIBHJIKOCTI
00epTiB KOJIIHYATOrO Bajia IOKOMOTHBIB.

n=var

ﬂugeﬂb Hamyux

— — — —| nepemeopenus

Jii oTpuMaHHS ~ TOKa3HUKIB  HEPIBHOMIPHOCTI
o0OepTaHHS KOJIIHYATOTO Baja JIOKOMOTHBA, CHIHAIIB,
HEOOXITHO 3 BHUCOKMM CTYIEHEM JWCKpEeTH3alil 3HATH
MOKa3HUKH Yacy HOTO <«IIpOBOPOTY» HA HE3HAYHUH KyT. Y
poboti maHi Oymm 3HATI IUpeEepeHIiaTbHAUM IaTYUKOM
Xomnma, MO A €OHYBaBCS 10  KOJIHYATOTO  Basia
musensHoro aeuryHa (KBJI). JlaTymk BCTaHOBIEHO Ha
TOpIIEBI# YacThHI KojiHuaroro Bama musens JI50 3 Ooky
reHeparopa abo MpuBoOJa MacisHOTro Hacoca. Ha puc. 1
300payKEHO CXEMY BCTaHOBIEHHs natdnka [12]. Ilpwman
3HIMa€ JaHi Mpo PI3HMIIO Yacy NPOXOJUKEHHs BIAIHHU
MDK 3yOLSIMM ILNECTipHI JaT4MKa 3 BHCOKOIO TOYHICTIO
(mimicexynau), ane He AO3BOJISIE BCTAHOBHTH, siKiit asi
JIBUT'YHA BiJIIOBiJIa€ IEBHUI YacOBUiT moka3HUK. [IpucTpiii
3anucyBaB 625 4acoBHX NMPOMIKKIB IpH OAHOMY 00epTi
JBUTyHa, IIO JOCTaTHLO ISl JW3CJIBHOTO JIBUTYHA 3
mricteMa mutiHApaMu (pikcyBaBes yac MPOXOKEHHS KyTa
0.576rpamyciB). 150 € YOTUPUTAKTHHM JIBUTYHOM, TOOTO
MpoXiag MoBHOrO pobOOYOTro NHKIY BiAOyBaBcS 3a 1IBa
00eptu Ta 3anmucy makera 3 12509acoBuX MOKAa3HHKIB.

Jlyist mpe/iCTaBICHHS eKCIIEPUMEHTAJIbHUX [aHUX Ta
ONUCY CTaHIB JIBUTYHA MakeTH 3amucyBaiucs ao CSV
(comma separated valuespaiini, siki iMeHyBamucs
HOPSIIKOBUMH HOMEPaMH POOOUYMX IIMKIIIB EKCIIEPUMEHTIB.
V taba. 1 HaBeneHo 3mojenboBani craHu AsuryHa J1501 ix
KOJyBaHHS.

Hpucmpii

EOM

ma 3anucy

Puc. 1.CrpykTypa npuctporo peectpyBanHs curHainis KBJ]

Tabmmus 1

3MoneaboBaHi cTann ABUryHa i ix konyBanus KEC-CEYJI

CraH nBUryHa

Kopx crany

HECIPABHICTh Yy TIEPIIOMY IWIIIHPI Yepe3 BIACYTHICTh 3TOPSTHHS

cylinder_1st_off isO

HECIIPaBHICTh Y MEPUIOMY LMIIIHAP] Yepe3 BIAKPUTTS KJlanaHa

cylinder_1st_off is1

HECIIPaBHICTh Y IpyroMy LMJIHIPI Yepe3 BiICYTHICTb 3TOPSIHHS

cylinder_2nd_off_isO

HECIIPaBHICTh Y IpyroMy LUIIH/IPI Yepe3 BIIKPUTTS KilanaHa

cylinder_2nd_off_isl

HECIIPaBHICTb Y TPETHOMY LIMIIIHAPI Yepe3 BiICYTHICTb 3rOPsSHHS

cylinder_3rd_off_isO

HECIIPaBHICTh Y YETBEPTOMY LIMJIIH/PI Yepe3 BiICYTHICTb 3TOPSIHHS

cylinder_4th_off isO

HECIIPABHICTh Y YETBEPTOMY LIMJIIH/PI Yepe3 BIIKPUTTS KiaraHa

cylinder_4th_off is1

HECIIPaBHICTh Y I’ ITOMY LIMJTIHZPI Yepe3 BiACYTHICTh 3rOpsIHHS

cylinder_5th_off isO

HECIIPaBHICTh Y MIOCTOMY LIMIIHAP] Yepe3 BiJICYTHICTb 3rOpsSHHS

cylinder_6th_off isO

HECIIPaBHICTh Y MIOCTOMY LIMJIIHAPI Yepe3 BIAKPUTTS KJaraHa

cylinder_6th_off is1

pobouwnii cTan

good_300kWt

pobounii ctan Ha notyxHocTi 300kBT

good
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Jus  popMmyBaHHS BUXIJHHX JaHUX CKCIEPTHOI
cucteMu Oyno HEOOXiZHO BHU3HAYHWTH O3HAKH CTaHIB 1
Mozem mans ix BimoOpakeHHs B mporpami. IloGynosa
y3aranbHOIOYMX  QYHKIIH  Ha  BCix  BuOipkax
EKCIIEPUMEHTAIIbHUX JaHUX BHKOHAHA 3 BHKOPHCTAHHSIM

—I-o
ofle

800
600
400

200

Mozeneii MmammHHOro HaBuanus [19, 20]. Ha puc. 2
MTOKA3aHO CTATUCTHYHI BiIMIHHOCTI 9YaCOBHUX IOKA3HUKIB Y
CUrHajax pisHux ctaniB apuryHa /150, ski MaloTh CyTTEBO
pi3ui posnoziau. I'padiuHuil BUIIISL CUTHANIB IS PI3HUX
craniB CEVYJI naBesieHo Ha puc. 3.

0

100 200 300

400 500 600

Puc. 2.TicrorpaMu po3moIiny 3HaUeHb Yacy JUIs pisHux Kiacis (3miBa nampaso: cylinder_1st_off is1,
cylinder_1st_off isO, good 300kWt, good)
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Puc. 3. CurHanu pi3HUX CTaHIB JBUTYHA

®opmyBaHHs 043U 3HAHb A/ aHAJI3y CTaHy JBUTyHa
332 KYTOBHMM THPHCKOPEHHSM KOJIHYATOr0 Baja Ha
OCHOBI CIIEKTPATBHOT0 AHANI3Y

IIpu ctBopenHi mporpamuoro komiuiekcy KEC-CEVJI
Oynu mocIimKeHi pi3HOMaHITHI BiJOMi METOIW BHIIJICHHS
O3HaK HEPIBHOMIPHOCTI KyTOBOI IIBHAKOCTI OOEpTaHHSA

KOJIIHYATOTO Bajia HA OCHOBI BHMIpIOBaHMX CHTHamiB [14,
15]. Cepen numx 6araTbox JOCIIKEHUX METOMIB Oyiu
BimiOpaHi Taki, Ha OCHOBI SKUX MOXIIHMBO BHKOHATH
knacudikamito cranie CEYJI 3 1ocuTh BUCOKOI TOYHICTIO.
Jns orpumanHs HeoOximHux o3Hak crtaniB CEVIJI y
MIPOTPaMHOMY KOMIUIEKCI 3aCTOCOBaHI METOU
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¢ineTpyBanns,  tpancdopmanii  dDyp'e,  3roprky,
BU3HAYEHHS CTATHCTUYHHMX Ta CHUTHAIBHHMX OIHHOK [11,
19]. 3acTocoBaHi MaTeMaTH4HI aJrOPHUTMH BiIIOBIIAIOTH
CyJaCHHM MeTOaM [UIs BUpIMIEHHA 3alad BHIUICHHS
O3HaK i3 curnaiis Takux Tumis [20, 21].

Inst dopmysannust 6a3 3uanb (B3u) KEC-CEVII sk
o3Haku onucy craniB JI50 Oynu oOpaHi OLIHKM CIEKTpa,
JUISL 4OTO BHKOHYBAaBCS MEpEXiJ BiJi 4acOBOTO Jiana3oHy
curHajiiB o uacrotHoro (meperBopents Dyp’e). Came
KOMOIHALll  CHEKTPAIPHUX  XapaKTEpPUCTHK  CUTHAIIB
(opMyBanM BEKTOPH O3HAK CTaHIB JABUTYHA JUISI MOZEINI
knacugikauii, sika npeacrtasisia b3u. J{na neperBopenHs

MOKAa3HUKIB Yacy OTPUMAHHX CUTHANIB TAKAM YHHOM, 1100
BOHHM KOJIMBAJIHCh HABKOJO HYJs, BUKOHYBaBCS IE€peXin
BiJl 9acOBHX 0 JelbTa-CHrHamiB [18, 22], To0To HIIIXOM
3roptkr curHamy BikaoMm [1, -1]. Hoswii yTBOpeHMiA
cuTHaN BimoOpakae 3MiHy — Ha CKUIBKH INPOXOKCHHS
JTAHOTO TPOMDXKKY 4acy Oyso JOBHOIMM ab0 KOPOTIIHM Yy
yaci B HOPIBHSHHI 3 MUHYJIUM IMITyJIbCOM. BcTaHoBIiEHO,
IO MepexiJ A0 YacTOTHOTO Iiana3oHy 3a JOIOMOTOI0
Merony ®Pyp’e nae AOCTATHIO TOYHICTH HA BUKOPUCTAHHX
knacudikaropax. Puc. 4 nemMoHCTpye  BIIMIHHICTH Y
CHCKTpaxX I pI3HUX CTaHIB JBUTYHA, SK BIIOUTOK
nenbra-yacy obepranns KB/I.

2acd

— (good, good, 440)

504

D T T T T T
slin] ‘ (good, good_300kWt, 0)

: i |
50 | I i1 . | | \I | r'. )
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Puc. 4.T'padiku criekTpa Ha IenbTa-CUTHATAX PI3HUX CTaHIB JBUTYHA

®opMyBaHHSI ABTOMAaTHYHOI0 KOHBeepa KJacugikamii
cranis CEYJI

Huns xnacudikanii cranis CEYJI 0yB cnpoexkToBaHud
Ta peali30BaHWN aBTOMATHYHUH KOHBEEP MOJeNeH
(AKM). Kouseep Ha ocHoBi wMmipu F1l-score [18]
3a0e3medye MOIIyK HalOUIBIN SAKiICHOT KOMOIHAIIiT BEKTOpa
O3HaK 1 mozeni Kiacudikamii, IpUAATHUX IS TiAOOPY
Mozenm kimacudikamii craHiB aBuTyHIB. Take 3aBmaHHA
peani3yeTbcsi 32 paXyHOK  KoMOiHaumii  MeToniB
(hopMyBaHHST Monei Kiacudikallii, a TAKOXK OI[IHFOBaHHS
3HauyeHb i rineprmapamerpiB. Ha puc. 5 300paxena
3araJbHa CTPYKTypHa cxeMa KkonBeepa AKM, ska
MIPEACTABIISIE TEXHOJIOTII0 #oro podortu. {1 oTpuMaHHs
SKICHOT Mozenmi Kiacugikallii, a TakoXX HEOOXIMHUX I
HaBUaHHS O3HAaK, HAa BXil KOHBeEpa HEOOXiTHO IMOmaTH

Habip JaHWX KyTOBOI HIBHIKOCTI 1 TPH TPYNH METOIIB:
npaBuia BuAUIeHHS o3Hak [19], Mozxeni MamIMHHOIO
HaBYaHHS 3 BapialliiM{ TimeprnapaMmeTpiB i KiJbKocTel
nepexpecHux nomykis [20] Ta MeTou OLIHIOBAHHS SKOCTI
kracudikauii  [21].  ns  O6inbln eeKTHBHOTO
BUKOPUCTAHHS MHOXXHHH O3HAK KOHBEEP JIA€ MOXKIIHBICTH
(dopMyBaHHS OOMEXKCHb, HETPHKIAM, 3a7aBaTH O3HAKH,
0 HE MOXYTh BHKOPHCTOBYBaTHCS pa3oMm. Hampukian,
He OyayTp OpaTHCh CHEKTpalbHI XapaKTCpUCTHKH Ha
OCHOBI CTATHCTHYHMX OI[IHOK YaCOBHX CHTHAJIIB.

Ha xoxxHOMYy eTami KOHBeepa, KpiM KIIAcTEpPHOTO
aHasizy, (GOpMYEThCA HOBE MPEICTABICHHS JTaHUX. 3amada
amapaTy KJIacTEpPHOTO aHali3y - BHKOHATH BiJCIIOBaHHA
THUX O3HAK, IO HE 3a0e3MeUyI0Th KJIACTEPHOTO PO3IMOJILTY.
B ngaHomy QochmijpKeHHI  KJIAacTEpHUM — aHami3  OyB
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BUKOHAHHW{ Y HAlliBABTOMATUYHOMY DPEKUMI, a came:
Oymysamuch mpoekiii Ha ocHoBi TSNE anropurmy [23] v
JBOBHMIpPHHH TPOCTip. Y MOAAIBIIOMY HAa OCHOBI TaKUX
300pakeHp BIAKUAAIHCA Ti O3HAKH, IIO0 HE BUKOHYIOTH
AKICHOTO KJacTepHOTro po30urrsa. lLleit eram no3BonmB
CKOPOTHTH 4Yac BHKOHAHHSA KOHBEEpa, OCKUTBKHA MOOyJ0Ba
JesKuX Mojnened kinacuikaimii BHKOHYEThCS 3HAYHO
JIOBIIIE, HDX omepamii npoekTyBaHHs. Jl0JaTKOBO IO
3a3HAYCHHUX TpoueAyp OyB MOJaHHWU eTam HaKIaJICHHS
KIACTepiB Ha MapKepw, IO BIIKPUBAIO MOXKIJIHBOCTI

Yacosi
noKasm

AEHKUX

=
=)

3aCTOCYBaHHSl KJIAacH(iKaTOpiB Ha OCHOBI METPHUYHOTO
posmoxmimy. s CHOpOIIEHHS OILIHIOBaHHS IIPOIECiB
aBTOMaTHYHOTO KoHBeepa wmogeneii AKM  BiamoimHi
pe3ynapTaTH  BimOOpakalmmch y  BHUIVIAAL  JiarpaMu
posciroBanns (puc. 6). Y KEC-CEVYJI Takoxk mnependaueHo
MOJJIMBICTh TOIIYKY e(eKTHBHOI Mofeni Kiacugikarii
CTaHIB 3a JAEKIJIbKOMa KPHUTEpisMH, IO peajli3oBaHO B
HaliBaBTOMAaTUYHOMY  PEXHMi, KOJIM  OCTaTOYHHH
KOMITPOMIiC KpUTEPiiB BU3HAYAETHCS EKCIIEPTOM.

Bupinexxa
BupineHHs MHOXMHa Knactephuia MHOXMHA |3/ KOPEKTHMX 03HaK
03HaK BeKTOpIB aHania BEKTOPIB Ha OCHOBI
' 03HaK 03HaK mapkepie
OsHakm i
mapkepu
MNpasuna
BUAINEHHA TecTtyBaHHA Ha
03HaK AnroputMun o| PI3HUX O3HaKaXx,
] MalUWHHOro Mmopenax | ix
| | | HaB4aHHA rinepnapamerpax
MHoxuHa mogenei 3
O3HaKam# i
rinepnapamerpamu
Metoan BuaineHHa
OUHIOBaHHA  Ly!  prrumansHol
RKOCTI moneni
— | nporHo3yBakxHA
®GiHanbha |
Moaens

Puc. 5.Cxema KoHBeepa 3 IIOIIYKY ONTUMAaIbHOI KOMOiHalii BEKTOpa 03HaK i Mozei Kiaacudikanii cTaHiB JBUTYHIB
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—=5q 4

- good

state
cylinder_l1st_off_is0
cylinder_lst_off_is1
cylinder_2nd_off_is0
cylinder_2nd_off_is1
cylinder_3rd_off_is0
cylinder_ath_off_is0

cylinder_ath_off_is1
cylinder_Sth_off_is0
cylinder_6th_off_is0
cylinder_6th_off_is1

L B B B

good_300kWt
dass

@ bad

# good

Puc. 6.300pakeHHs pO3CiIOBAaHHS CIICKTpa 3rOpHYTOTO BikHOM [1; -1] curHamy y ABOBUMipHOMY HPOCTOPi

3a3Haunmo, mo 1pu ¢yskmionyBaHnHi AKM 3a
nmaaumu mipo napamerpu CEVYJI, aBTOMaTHIHO SIK TOJIOBHA
BUAIJICHAa O3HaKa OyB 0OpaHH CIIEKTP 3TOPHYTOTO BIKHOM
[1; -1] curnany. Ha puc. 4 300paXkeH0 NpHKIa CIEKTPa
st 4 pisHux knaciB. Puc. 4 moxasye, mo Oinbmiicts
CICKTpa 3HAXOIWTHCA B MEXKaxX HHU3BKHX 1 CepeaHix

4acToT, aje 1HOAI JesKi OcCOONMBOCTI  ITPOLECIB
MPOSIBISIOTHCS HA HU3bKUX YaCTOTaX.
Y  poOori ans  OWIHKM  HOTOYHMX  CTaHIB

JIOCITI/DKYBAHOTO 00’ €KTa 3ampONOHOBAHO BUKOPHCTAHHS
pangapuux rpadikis [17], M0 TOKa3yOTh, SKOMY KJacy
HecmpaBHOCTI (ab0 YKOJXHOMY) BiAIIOBiZa€ MOTOYHHIA CTaH
CEVJI (puc. 7). 3a mometo oTpumanoi  irypu
3a3HaueHWd BUA Tpadika T03BOJIIE  JIOCUTH  SBHO
MPEACTABUTH CTYIMiHb HEBM3HAYEHOCTI CHUCTEMH, B TOMY
YUCHI JUIS BUMNAJKIB, HaBiTh KO (irypa poO3TATHETHCS
MiX JICKUIBKOMA KJlacaMH CTaHiB. Puc. 7 IeMOHCTpYE, 110
KOHTPOJILOBAHIM CHCTEMi BiANOBiJla€ BHUCOKUH CTYIiHb
BIECBHEHOCTI II0JI0 BU3HAYEHOCTI XapaKTEPUCTHUK 11
MMOTOYHOTO CTaHy.

Y poboti Ha ocHOBI Bu3HauyeHOi KoHBeepoM AKM
MHOXWHHM O3HAaK JUIs TMPale3JaTHUX Ta I1HIIHUX CTaHIB
CEVJI Oynm moOymoBaHi BigmoBimHi iM  Mozerni
JIOTICTUYHOT perpecii, 3a SKUMH OyJIM peali3oBaHi OiHapHI
Ta Gararokiacosi knacudikamii cranis Bysnis TPC [19].

OCHOBHOIO  MOJICJUTIO  JUIA  BHUPINIEHHS  3amadi
OIIiHIOBAaHHS Ta mporHo3yBaHHA crany CEVYJI Gyna obpana
gorictuuna perpecis (1) 3 Takux NPUYMH: BiACYTHICTbH
CXWJIBHOCTI JI0 TIEPEHABYAHHS; MOXIIUBICTh PEryJsipu3ariii

Ta MOIUQiKaIii AJIsT OTPUMAHHS OUTBIN CKIAQTHUX TPAHUIID
pilIeHB; BUCOKHUI CTYIIiHB TOCTOBIPHOCTI iHTEpIpeTalii.

0, y*<0 (1)

Y= ,
1, yv*>0

e y*:0T$:00+01m1+~~~+0nxn+6'

BaxnuBoro ocobnuBicTio  Kiacudikaropa (1) €
MOXJIMBICTh PO3AIIATH 00nacTh jume OinapHo. Tomy aus
BUpimieHHs OaraTokiacoBoi kiacudikauii B poOOTI
OynyeTbCcss ~ MHOXHHA  JIOTICTHYHHMX  (QYHKIIH,  sKi
BUPILIYIOTH 110 mpobiemy 3a metonoM OVR (omuH mpotu
Bcix). Ipu knacugikanii OVR o0upaeThest HAIEKHICTD 10
TOTO KJacy, /A€ CTYMiHb HAJEXHOCTI BHWINE, TOII AK Yy
Bunagky OVO (0aMH MpOTH OJHOTO) OOHPAETHCS TOM
KJIac, KA OTpUMaB HAWOUIBITY KUTBKICTh HAJICKHOCTEH
Ha CBOIO KOPHCTb.
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cylinder_2nd_off_is1

cylinder_3rd_off_is0O

cylinder_4th_off_isO

cylinder_4th_off_is1

cylinder_5th_off_isO

cylinder_6th_off_is0

cylinder_2nd_off_is0

cylinder_1st_off_is1

- cylinder_1st_off_isO

T T T
0.2 04 06 08

good_300kWt

cylinder_6th_off_is1

Puc. 7.Pagapuwmii rpadix Bu3sHaueHHS motouHoro ctany CEVYIJI

Hagenmemo BacTUBOCTI OTpUMaHUX Mojenell kinacudikaiii. BmactuBocti Mmoneni GiHapHOT KiacuQikarrii:
C=10, class_weight={'"bad": 0.25, 'good": 0.75}, ldiralse,

fit_intercept=True, intercept_scaling=1,
penalty="l2', random_state=None,
solver='Ibfgs’, tol=0.0001

BnactuBocTi MoJieni 6araToki1acoBoi Kiacugikarii:

I1_raticorié,

max_iter=1000, multi_class="ovr',

C=100, class_weight=None, dual=False, fit_interc&pte,
intercept_scaling=1, I1_ratio=None, max_iter=100dtmclass="ovr",
n_jobs=None, penalty="l2', random_state=None, sollEgs’,

tol=0.0001

Pe3ynbTyrodi Mozeni, moOymoBaHi Ha OCHOBI KOHBEEpa
puc. 5, oTpuMaii BUCOKI 3HA4YeHHS TOYHOCTi: OiHapHa

kiacudikamis — 97,19 %, 6araroxmacopa — 89,97 %.

Ockinbku  Juist  OiHapHOl Kiacudikauii npoBoamIacs
KOpEKIis Ha THUI IOMWIKH, TO Tabj. 2 IoKaszye, IO
MOMMJIKHM JJPYrOro POy BiJICYTHI Ha TECTYBaHHI.

Tabiuus 2
MaTtpuus HeTOYHOCTe# 1UIs OiHapHOT Kiaacudikamii
Bigxunenus Bigxunenus
HasBHI BiJICYTHI
BinxuneHHs
g | OV 117 5
2 | HasBHI
=
2 | Bi
1IXUIICHHS
=1 0 58
BiZICYTHI

VY Tabna. 2 rosoBHA IiaroHajdbh IOKa3ye€ MPABUIBHO
krmacu(ikoBaHi 3pa3KW, Ha JAPYropsAgHiA — TOKa3aHi
TTIOMHJIKH TIEPIIIOTO i IPYTroTo poy.

Busnaueni B pobori ouinku craniB CEVJI ta mozeni
BUSIBWJIMCS TPUAATHUMH i 100ynoBu 0a3 3nanb KEC-
CEVJI xnacuoikanii cranis TPC.

Y mporpamuomy komiuiekci KEC-CEVYJI  Takox
3aCTOCOBAHI Ta pealli3oBaHi METOAM KOPEKII MOMHUIIOK
kiracudikauii CEYJI ans 6inapsoi kinacudikauii [21], mwo
3a0e3meuye TMiIBUIICHHS EKCIUTyaTalliifHOT HaIiHHOCTI
CHCTEMH TPOTHO3YBaHHS cTaHiB yctaHoBok TPC. Bonu
HaJal0Th ~ MOXIIMBOCTI  TOJANBIIOTO  3aCTOCYBaHHS
Mozened kiacugikamii Ay ONTHUMI3amii TTOKa3HUKIB
€KOHOMIYHUX 1 YacOBHUX BHTpaT IMPOLECIB EKCILTyaTallii.
Taka xopekmis OyayBajgach Ha OCHOBI MiHiMi3allii
MOMWIKH TEPIIOr0 pONy 1 BBEICHHs Ii€l OLIHKH SK
JTIOJTATKOBOTO METOJTY OLIHIOBAHHS SIKOCTI MOJICII.

OIiHKK TIOKa3HUKIB TOYHOCTI KOXHOI Mojeii Oymu
IHTepIpeTOBaHi Ha OCHOBI HMoBipHicHOrO Metony [18],
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o 3a0e3MeyYmyi0 MOJKJIMBICTE BCTAHOBHTH 3HAUYIIICTh
NEBHUX XapaKTEPUCTHK CHTHANIB, CTOCOBHO 3aBJaHb
kimacudikamii. Sk miacyMOK BH3HauYeHi y poOOTi OIIHKH
craniB CEVYJI BusBwInCs npuaaTHUMH U TOOyI0BH 6a3
3HaHb eKCTIepTHOI cucTeMu Kiacudikarii ctani TPC.

Jost HAOYHOTO BiTOOpakeHHS pe3yNbTaTiB
excneptHoro BucHoBky B KEC-CEVJI 3actocoBane
npezacTaBiaeHHs y ¢opwmi il Tpenny crany CEVJI, sx
nogaHo Ha pwuc. 8. Ilpu 1pomy TpeHx BinoOpaxae
XapaKTEPUCTUKU CTaHIB K <«3a ICTOPIEI0 PO3BUTKY», 32
4acoM, TaK 1 3a OIHAPDHUMH O3HAKAMU — <CIIPABHUI/HI».

0.9

0.8

0.7

0.6

0.5

04

03

0.2

01.01.2019.csv 01.04.2019.csv

Just  popMyBaHHS Takux JIHII TpeHAIB HEOOXiIHO
BUKOHYBaTH HAKONHWYCHHS ICTOPHYHHMX MaHuX. [padik
TpEHY 32 TIOO0YIOBOIO J03BOJISIE BiNIOBIIATH HA MUTAHHS:
9M € BiIXWICHHs B poOoTi ABuryHa (3HaueHHs Hukde 0,5)
a0o, HaBmakd, Hemae (3HadenHs Bume 0,5). Skmio
HaKOTINIYBaTH MIeBHI TIOBTOPEHHS pe3ybTaTiB
niarnoctyBanHs craHiB CEYJI, toni niHIl TpeHAy TakKOro
BUTIISLY JIETKO 3a0e3Meuy0Th MOJKJIMBOCTI
MPOTHO3YBaHHS CTaHIB KOHTPOJBOBAHMX CHCTEM Ha
MIEBHUH TIEPIOI.

Puc. 8.Icropuunuii Tpeny crany CEYJI

BucHoBku

VY crarTi BUpIMIyETbCS 3aBIAaHHS IMOAO CTBOPEHHS
3ac00iB 3 yIOCKOHAJIEHHS Ta aBTOMAaTH3allii TpoIeciB
eKCIUTyaTalii napkiB JokoMoTHBiB, 30kpema CEVII,
NUIIXOM  3alpPOBA/DKCHHS  CYYaCHHMX I1HTEJICKTyallbHUX
ACY 3TYV. B po60Ti 10CiiPKEHO MOXIIMBOCTI CTBOPCHHS
excneptHoro kommiekcy KEC-CEVJI, mo BukopucTtoBye
CUTHAJIM KyTOBOi HIBHJIKOCTI OOEpPTIB KOJIHYATOrO Baya
noxomotuBiB. Kommieke KEC-CEVYJI peanizye 6a30Bi
3aBIaHHsI 1010 moOynoBH CUCTEMH aHami3y,
JarHOCTYBaHHSA Ta TnporHodyBaHHsa crtany CEVJL
3aBHaHHSA €KCIIEPTH3N PEANI3YIOThCS MUIIXOM IMOETHAHHS
MeToniB mH(poBOi OOpPOOKKM CHUTHAIB, CTATUCTHYHOTO
aHamizy, kiacugikamii Ta BUKOPHCTaHHS EMITIPUYHUAX
3HaHb €KCHepTiB. Y KOMIUIEKCi OyJo aBTOMAaTH30BaHO
3aBIAHHS 3 BH3HAYCHHA MHOXHH O3HAK CTaHIB Ta
noOynoBH e(EeKTHBHUX MOJENEH JIOTiICTUYHOI perpecii,
npu3HaueHux  Juis  kinacudikanii  cranis  CEVYIL
®opmyBaHHs Mojenei kimacudikanii opraHizoBaHo 3
MEepEeXpEeCHUM  IOLIYKOM 1  MmigbopoM  Iapamerpis.
Haiikpami 3a TounicTio Kiacugikarmii cranis CEVIJI
MOJIeTi HOETHYIOThCA B aHcamMOib  (BIAMOBiAHO 10
KOKHOTO KJIACY 03HAK) 1 YTBOPIOIOTH 0a3y 3HAHb MOJEIEH
Kiacudikarii. OuiHKH KOXHOT Moei Oynu
IHTEpIPETOBaHI HAa OCHOBI HMOBIPHICHOTO METOIY, IO

01.07.2019.csv 01.10.2019.csv
3a0€3MCUMII0  MOXJIMBICTh ~ BCTAHOBHTH  3HAYYIIICTh
MEBHUX XapaKTCPHCTUK CHTHAJIB, CTOCOBHO 3aBJaHb
kiacuikarii.

BcTaHoBeHO, 10 3amMpoTIOHOBaHI B POOOTI METOAM 3
OI[IHKM HEPIBHOMIPHOCTI CHUTHAJIB KYTOBOI IIBHIKOCTI
obepTiB KomHYaToro Bana, kiacu craHiB CEVYJI, moxeni
aHami3y, [IarHOCTYBaHHs Ta TPOTHO3YBaHHS CTaHY
BHSIBIJIMCS TIPUIATHUMHU s ToOynoBu 6a3 3Hanb KEC-
CEVYJI ta BukoHanHs knacudikarii cranis TPC.

[epciekTHBHUMH HanpsiMKaMu MOJATBIINX
JOCHI/DKEHb  Ta  pPO3po0OK  II0A0  BHKOPHCTaHHS
XapaKTepPUCTUK HEPIBHOMIPHOCTI KyTOBOI LIBHJKOCTI

06epTiB KoJIiHYaTOro Basia (HIIKMX €IeMEHTIB KOHCTPYKIiH
TPC) s 3aBOaHp  JiarHOCTYBaHHS, aHaNi3y Ta
MIPOTHO3YBAaHHS CTaHIB BY3JiB JIOKOMOTHBIB € TaKi:
BHKOPHUCTAHHS IHITUX KaTeropii eKcrepTHOI iHdopMarrii,
JNOCHIDKCHHS  1HIIMX TEXHIYHUX CHUCTeM, po3poOka
IHTETIeKTYalbHUX TPOLEAYp AaHalizy HaKOMHYyBaHOI
iHdopmarii Ta TuianyBaHHs MoHiTopuHTYy TPC.

Cnncoxk BUKOPHCTAHMX JKepeJ
1. Ckanozy06 B. B., Leilitnun C.1O., Uepeaunuenko M. C.
WurennekryanbHble WHPOPMAILIMOHHBIE TEXHOJIOTHH U
CHCTEMBI JKeJIE3HOI0OPOKHOTO TpaHcropTa. MoHorpad.
«Cucmemuvle MexHONO2UU MOOETUPOSAHUS CLOHCHBIX
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IHOPOPMAILIMHO-KEPYIOUI CUCTEMMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

Ckano3y6o B. B., OukacoB A. b., KuGen JI. B.
ABTOMATH3MPOBAHHBIN JKCHEPTHBIH KOMILIEKC A
HCCIeI0BAHMA W MPOTHO3MPOBAaHHS NapaMeTPOB
CUJIOBBIX JHEPreTHYeCKHX YCTAHOBOK JIOKOMOTHBOB.

AnHotauusi. B crathe wmcclegoBaHBl  BO3MOXKHOCTH
CO3daHus u PE3YIILTATHI MIPUMCHECHHUS
aBTOMAaTU3UPOBAHHOTO JKCIIEPTHOTO KOMILJIEKCa,
MpeIHa3HaYeHHOTO IS peuieHust 3a1a4 o
YCOBEPIIECHCTBOBAHUIO JKCIUTyaTaluu MapKOB
JIOKOMOTHBOB, KOTOpbIE  peaJu3yrTCs METOIaMH
COBPEMEHHBIX HMHTEJJICKTYaJbHBIX cucTeM. llponenypbl
MOHUTOPHHIA W  JHAarHOCTHPOBAHUS  OOCCIICYHBAIOT
peann3anmio 3a1a4 KOHTPOJIS napamMeTpoB

(YHKIIMOHMPOBAHUS CHJIOBBIX 3HEPTETHUECKUX YCTaHOBOK
noxomotueoB (CEDJI). Komiuieke SKCHEPTHOH CHCTEMBI
(KOC-COVJI) peanmsyer  Ga3oBble  3ajaHus IO
(hOopMHPOBAHUIO CHCTEMbI aHAIN3a, JUATHOCTHPOBAHUS H
nporHo3upoBaHus coctossanii COYJI Ha OCHOBE CHUTHAJIOB
YIJI0BOM CKOPOCTH BpallleHHsl KoJeH4aTsIX Banos. B KOC-
COVJI 3amaHuMs OKCHEPTU3Bl  PEAIU3YIOTCS  IyTEM
00beaANHEHNST METOJIOB LU(pPOBOIi 00pabOTKM CHTHAJIOB,
CTaTHCTHYECKOTO aHaJM3a, Kiaccudukanmun u
UCIIONIb30BAHUSl ~ DMITUPUYECKHX  3HAHMHA  JKCIEPTOB.
[IpuBomsiTcst  CTpyKTypa, MOIEIH W PE3yJIbTaThl
nmuarnoctupoBanus COVYJI.

KroueBble c10Ba: cuioBas SHEpreTHUECKas YCTaHOBKA,
JIOKOMOTHUB, YTJIOBas CKOPOCTHb BpAICHMS, KOJCHYATHIN
BaJI, MHTEIUIEKTYaJIbHBIC aBTOMATH3UPOBAHHBIC CHCTEMBI,
JUarHOCTHPOBAaHKWE, MPOTHO3UPOBAHHUE, JIOTHCTHYIECKAs
perpeccus.
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Abstract. The article describes the possibilities of creaatichttps.//orcid.org/0000-0002-1901-9110
and the results of the automated expert complergusi
which is designed to solve improving problems of th

locomotive fleets operation, which are implementsthg

modern intelligent systems. Monitoring and diagmost

procedures provide the implementation of the cdiinigp
tasks of the locomotive power facilities (LPF) ftinaing
parameters.

The expert system complex (ESC-LPF)

implements the basic tasks of creating a system for

analyzing, diagnosing and predicting the state &fFL
based on signals of the angular speed of the dnaftks
rotation. In ESC-LPF expertise tasks are implentkig

combining methods of digital signal processingtistiaal
analysis, classification and the use of empiricgegts’
knowledge. The structure, models and results
diagnosing LPF are given.

of

Keywords. power plant, locomotive, angular rotation

speed, crankshaft, intelligent automated
diagnostics, forecasting, logistic regression.
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