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AUTOMATION OF MEASUREMENTS OF ENGINE HEAT CONSUMPTION IN THE LUBRICATION
AND COOLING SYSTEMS

O. V. Trynov, D. G. Sivykh, A. M. Sergienko

The paper presents the results of an intermediate stage of the study of heat transfer processes in high-speed diesel engines of
the automotive tractor type at transient load discharge-load-injection modes, which are characteristic of this type of diesel engines.
In such modes, as evidenced by the results of calculations of the thermal stress state of combustion chamber parts, in particular
pistons, exhaust valves of the gas distribution mechanism, significant tensile and compressive stresses are observed compared to
operation at steady-state conditions.

This is the reason for the occurrence of defects in the form of cracks on the heat exchange surfaces of these parts, which
limits the service life of automotive tractor engines. For a more detailed study of transient processes, as the main approach, it is
proposed to use the well-known method of heat balance tests of a high-speed diesel engine, but with the involvement of automated
processing of measurement results in digital form at steady-state and transient modes. It is proposed to focus on heat consumption,
which is a component of the heat balance in the lubrication and cooling system. Without the use of automated information pro-
cessing directly at the time of transient load shedding and load shedding, it is impossible to obtain such information on cooling and
lubrication systems. Recording of transient heat transfer processes makes it possible to track the influence of engine operating
parameters, the dynamics of the transient process depending on its duration, the initial and final steady-state modes between which
the transition is being studied. In general, this way, it is possible to assess the adaptability of cooling and lubrication systems to
heat dissipation during sudden changes in load, to avoid, or at least limit, the growth of thermal stresses. The publication presents
a possible variant of the schematic solution of such a system for automated processing of the results of heat balance tests with the
maximum use of equipment that is mass-produced and has already been used previously in heat balance tests.

Key words: motor-tractor diesel engine; heat balance tests; automation of information processing in steady-state and transient
modes
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MEPEBATH TA OCOBJINBOCTI BUKOPUCTAHHSA TEXHOJIOT'T IIA®POBUX
JIBINMHUKIB JJI51 CTAIIIOHAPHUX T'A30BUX JIBUT'YHIB

Ha oanuii momenm y ceimi 8i0cymusa Macosa anbmepHamuéa eHepeemuyHuM YCMaHo8KaM OCHOBY AKUX CKIA0Aioms
08USYHU BHYMPIUWHBbO20 320psaHHA. TaKi eHepeemuyHi YCManoeKU Ha yell 4ac NOGHICTIO 0C8OEHT y 8UPOOHUYMEBI, BOHU
— MOOINbHI, He 2POMI30KI, He 3a1excams 6i0 NO20OHUX YMO8 (HasAeHICmb 6impy | meuii, AK Yb02o 8UMA2ArmMy 8iMposi
ma ziopoerexmpocmanyii). Pisnomanimuicms ma 00cmynHicms nanuéa maxoxic € 0ydice 8eUKoI0 nepesazoid GUKOPU-
cmanHs 08USYHIE GHYMPIUHBLO20 320psiHHA. 3 IHUI020 6OKY, 08UYHU € DJICepelom Menad, Wymy ma XiMiunoz2o 3a0pyo-
HeHHsl, a Npayloloyy HA GUKONHUX GUOAX NATUBA, 6OHU CRPUSIOMb HE2AMUBHUM KIIMAMUYHUM 3MIHAM HA NIAAHEm,
MOMY RUMAHHS NIOSUWEHHSI NATUBHOT, eKOHOMIUHOL Ma eKoN02iUHOI eghekmueHocmi 8 excniyamayii 08ueyHie Ha mpa-
HCHOPMHUX 3AC00aX € aKmyanbHum. 3 WeUOKUM PO3GUMKOM THPOPMAYIUHUX MEXHOL02Il 8 HAW YAC € MONCTUBICID
cmeopumu OOCKOHANLY CUCTHEMY KePYBAHHS CMAYIOHAPHUMU OBUSYHAMU, SUKOPUCMOBYIOUU MEXHOL02II0 YUuPposux
OBILIHUKIG, KA 8 MAUOYMHbOMY 3M02Na O 83muU Ha cebe NOGHICMIO 3a0auy Kepy8auHs YCMAHOBKOI 3 MIHIMATbHUM
BMPYYAHHAM THOOUHU, BUKTIOYUBUIU eheKm TH0OCbK020 pakmopy i mum camum 30iibuumu pecypc ma eqhexmueHicms
BUKOPUCTAHHSA CULOB020 acpeaamy. 3a60aHHs NOAA2AE 8 MOMY, W0O 3a OONOMO20I CUCHeMU NPOSHO3YB8AHHS OYIHUMU
peanbHull MexHiYHUL CMan 08USYHA | HA OCHOBL 00EPICAHUX OAHUX 8CIMAHOBUMU ONMUMALLHI MEPMIHU MEXHIYHO20
006Cy208Y8aHHS, A MAKOJIC 3AN00Ii2MU MOJICIUGUM ABAPIAM, SIKI MASHYMb 3a cO00I0 00pouti peMonm, abo HAGimb
noeuy 3aminy azpezamy. Taka cucmema o6yna 6 akmyanvHa 0a GeNUKUX, GAPMICHUX CMAYIOHAPHUX MAWUH, 3A0IAHUX
6 6Y0b-SIKUX MEXHONOIYHUX npoyecax, de npocmiil azpezaniy msche 3a co60i0 GiHancosi gmpamu, nog'si3ami 3 npunu-
HEHHAM MO020 YU IHu020 8upobHU1020 npoyecy. IlpedcmasHuxkamu ybo2o muny eieKmpocmanyiil € 243081 0USYHU —
npuooU 011 OOMUCKYBATLHUX ADO CEEPONOBUHHUX 2A308UX KOMNPECOPI8, 2A302eHEPAMOPI8, WO NPAYIOIOMb HA 361U~
wHoMY 2a3i abo 6ioeasi.

Knrouogi cnosa: cazosuil dsucyn; yudposuii 08IliHUK, MePMiHU 00CIY208Y8AHH, PeCypC; NPEOUKMUBHA MOOeb, eHe-
peemuuHa yCmano8Kd, eKCnLyamayis
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Beryn

Ha cporonHi y cBiTi B ekcIutyararii nepedyBae Be-
JMYe3Ha KiJIBKICTh CTAI[ilOHAPHUX 1 TPAHCIIOPTHHUX CHEe-
PreTHYHUX YCTAHOBOK, B OCHOBI SIKMX 3aKJIaJICHO JBH-
T'YH BHYTPIIIIHBOTO 3TOPSIHHSL.

Bimomo, mo cymapra notyxHicts B3, mo 3Ha-
XOJSAThCS B €KCIUTyaTallil, y I’ sITh pa3iB MEPEBUILYE 110~
TYXHICTh BCIX CTalliOHApHHUX EJEKTPOCTaHLIiH CBITY,
MOPIBHAHO 3 JBUTYHAMH IHINMX THINB, 3 S€HEPTreTHU-
HUMH YCTaHOBKaMHM CICKTPHYHHUX CHIIOBHUX YCTaHOBOK
€JeKTPOMOOLTIB, TIOPU/IIB, ABUTYHIB, 1[0 IPAIIOIOTH HA
BOJIHI, Ta IHIINX AIbTEPHATHBHUX BUIAX MaIuBa. Buko-
pucranas JIB3 3ammmaetbcs Maibke Oe3abTepHATHB-
HHUM, K CTAHOM HaTerlep, Tak i B OTJSLIHOMY MaiOyT-
HBOMY.

CrupaHHs KOPIOHIB MK IIU(YPOBUM CBITOM 1 (i-
3WYHUMH TPOAYKTaMH HPHU3BEIIO JI0 HOSBU TaKOro MO-
HSTTS SK YeTBEpPTa IPOMUCIIOBA PEBOJIIOLIs, a00 [Hmyc-
Tpis 4.0. B ocHOBI 1i€i peBOMIOIIT 3HAXOAATHCS PO3YMHI
TEXHOJIOTiYHI MPOTPaMH, TaKi SK TI00aIbHE ITiIKITIO-
YCHHS, BEJIUKI IaHi, MallIMHHE HABYAHHS Ta BIpTyaJibHA
peanmsHicTh. Texnomoris Digital Twin (Ludposuit asiii-
HHK) TOEIHYE Ii JOAATKH Ta CTajla KJIFOYOBUM KOMIIO-
HenToM [HmycTpii 4.0 [2-8].

151 TexHOJIOTIsI BIAKPUBAE 3HAYHI MOXIIMBOCTI JUIsI
aBianifHOTO, €HEPreTUYHOI0, Ta TPAHCIIOPTHOTO CEK-
TOpPY, OCOOIMBO MAlO4U B CBOEMY IIPOTPaMHOMY 3a0€e3-
MeYeHH] MPEAMKTUBHY MaTeMaTHYHY MOJEJb, L0 Ja€
3MOTY NTPOTHO3YBAHHS TEXHIYHOTO CTaHy arperaty. Llu-
(GpoBHil CBIT MyKe IIBUIKO 3aI0JIOHWB HAlry OyICH-
HICTb 1 MPOJIOBXKYE PO3BHBATHCH BEIIMKUMHU TEMIIAMHU,
TOMY 30BCIM HE BHKJIIOUEHO III0 TEXHOJIOTis IIU(YPOBUX
JIBITHNKIB JO3BOJIMTH NEPEKIAcTH 3a/lady KepyBaHHS
TUMH YH IHIIUMH MalliHAMH Ta MPOLIECAMH Ha INTYY-
Huii iHTenexT [6].

AKTYaJIbHiCTh NPO0J1eMH IO PO3IJISIAETHCS

3 MOMEHTY CTBOPEHHsS TEXHOJOTii HU(POBUX
IBIAHKKIB, a came 3 2002 poKy MO ChOTOIHIIIHIN Yac
BXE € KOMIIaHil fKi aKTUBHO BHKOPHCTOBYIOTH Ta PO3-
BHBAIOTH ii y CBOiX mpoaykTax. Rolls-Royce 3actocoBye
TEXHOJIOTI0 HU(PPOBUX NBIIHUKIB 17151 00CIYrOBYBaHHS
CBOiX ra3oTypOiHHUX ABUTYHIB. ABB po3pobuina mat-
¢dopmy "Ability Digital Powertrain", sika BUKOPHCTOBYE
TEXHOJIOTi10 IN(POBUX IBIHHHUKIB 11 0OCTYTOBYBaHHS
TEIUIOBUX Ta €NEKTPOABHUIYHIB. Siemens TaKOX BUKO-
PHCTOBYE IIf0 TEXHOJIOTIIO JUIsl 00CIYrOBYBaHHS TEILIO-
BUX JIBUTYHIB. IX pimenns, sizome six "Sinalytics", Ha-
JIa€ TaHi B peaIbHOMY 4aci Ipo CTaH i MPOAYKTHBHICTH
JIBUT'YHA, @ TAKOK PEKOMEHJIAIIIT 3 ONTUMIi3allii poOoTH.
OueBHTHO IO TaKa TEXHOJIOTIS B MEpIIy Yepry 3arpe-
OyBaHa JIsl MOTYXXHUX JIOPOTMX arperaTiB J0 SKUX B
TOMY YHCIIi HaJe)XaTh CTaIlilOHapHI ra3oBi OIBUTYHH Yy
CKJIaJli TeHepaTOpHUX OJIOKIB, CTaHIIH J0XXUMY TIPHPO-

JTHOTO razy, Touo. /i TaKNX YCTAaHOBOK € JTyXKe aKTy-
AIIBHUM IIUTaHHA iX HaiitHO1 Ta Oe3nmepebiitHoi podoTH,
3MEHIIIEHHS Yacy Ta BUTpAT Ha TEXHiYHE OOCIyTroBY-
BaHHS, MOXIJIMBICTh ITPOTHO3YBAHHS TEXHIYHOTO CTaHY
[9].

BuxsiajieHHsI 0CHOBHOTO MaTepiaiy

Hudposuii neiiinnk (Digital Twin) — nporpam-
HUH aHajor Gi3UYHOrO MPHUCTPOIO, IO MOJIEIIOE BHY-
TPINTHI TIPOIIECH, TEXHIUHI XapaKTePUCTUKU Ta TOBE-
JIHKY pealbHOTO 00'€KTa B yMOBaX BIUIMBY HABKOJIH-
LIHBOTO CepeIOBUINA. BakIMBOIO 0COOIUBICTIO ITU(-
pPOBOTO ABIIfHHKA € Te, 10 3aBJJaHHS HA HHOTO BXiTHUX
BIUIMBIB BHKOPHUCTOBYETHCS iH(QOpMAIS 3 JaTUHKIB
peanbHOro MPUCTPOIO, 10 Mpalfoe HapajensHo [8].
Jani MoxiIMBE TPOBEJCHHS MOPIBHAHHS iHpOpManii
BipTyalbHHUX NAaTYUKIB NU(POBOTO MBIHHUKA 3 NaTIU-
KaMH peaibHOr0 MPUCTPOIO, BUSBJICHHSI aHOMaJIiH Ta
NPUYHH iX BAHUKHEHHSI.

Ha crorommimHiii neHP B eKCIUTyaTamii 3Haxo-
JUTHCS BENMKA KUIBKICTh YCTAHOBOK SIKI MarOTh Yy CBO-
€My CKJIaJi CTalliOHApPHUH Ta30BHH JBUTYH BHYTpILI-
HBOTO 3ropsiHHSA. OCHOBHA Maca TaKUX yCTaHOBOK IIPH-
T1aJla€ Ha TEHEPATOPH Ta YCTAHOBKU VIS IOKUMY Ta TIe-
peKadyBaHHs IPUPOIHOTO ra3y, IpH bOMY SIKIIO I'eHe-
paTopHi yCTaHOBKM MOXYTh OyTH He 3a/1isiHi y Oe3nepe-
PBHiiT po0OTi, a HAIPUKIIA]] CTOSITH B aBapiitHOMY pe3e-
pBi, To JIB3 siki € mpUBOIOM JJIs Fa30BUX KOMIPECOPIB
3aisHi y Oe3nepepBHiA poOOTI 1 HeperiaMeHTOBaHUI
MIPOCTii IMX arperariB HETaTHBHO BIUIMBAE HA TEXHOJIO-
Tifo y sIKi¥l BiH 3aJIisTHHUH.

Ha puc.l nokazano npukian o0jacTi BHKOPHC-
TaHHS Ta30BUX JBUTYHIB Bin BupoOHHKa Waukesha B
HadTorazosiil mpomucioBocti [10]. Tyt Mu Moxkemo
0auuTH 110 HA OJHOMY JIHINE MiAMPHEMCTBI 3 100Y-
BaHHS Ta (a00) MiATOTOBKM MPHPOAHBOTO Tazy JIB3
MOYK€ BUKOPHUCTOBYBATHCh SIK MPUBLI AJIS TA30BUX KOM-
IIPECcopiB, TEHEPATOPIB y CKJIAAlI €HEPreTUYHUX CTaH-
1i#f, IPUBIJ IS IHIIIOTO MEXaHIYHOTO 00JIaHAHHS.

Exploration, Drilling, Oilfield reclamation

& Production

mechanicol drive

@ grsw*w:wn

oilfield power generation I

)
\Q 9 §‘/,. 3
T Gus processmg ﬁ,\o

mechanicol drive fe

2 Transmission,

storage & distribution

N power

gos compression

08 compression

~

Puc. 1. Buxopucmanns 2azo8ux 08uzymie 6io upoo-
nuxa Waukesha 6 nagpmoeazositi npomuciosocmi

52 ISSN 0419-8719

ABUT'YHU BHYTPILUHbOIO 3IrOPsIHHA 2'2024



BunpobysarHsa ma excrinyamauis [JB3

Came TOMY BHKOPUCTaHHSI TEXHOJIOTI U(POBUX
JBIHHHKIB 3 MOXIIMBICTIO IIPOTHO3YBAHHS TEXHITHOTO
CTaHy, BBEICHHSI aJallTUBHUX IHTEPBaIiB OOCIyTOBY-
BaHHS, Ta BiJJJaJICHNII MOHITOPHUHT 3 CHCTEMOIO Kepy-
BaHHSA € JOBOJII aKTyaJdbHHUM HAmpsMOM /I IpOBe-
JICHHS JOCIIDKEHB B il Tay3i.

MOHITOpUHT peajbHUX YMOB EKCIUTyartarii uis
JIBUTYHA MOKJIaJIa€ThCs Ha CHCTEMY, B OCHOBI SKOI 3a-
KJIaJICHO TEXHOJIOT11 MU(PPOBHX IBIIHUKIB 3 IPOrHOCTHU-
YHOIO MozesuTio. Taka ciucrema Moske OyTH iHTerpoBaHa
B OJIOK KepyBaHHs IBUTYHOM, a00 3aCTOCOBaHA SIK OK-
pema crcTeMa 3i CBOiMH BIACHUMH JATIYMKAMH Ta BAMi-
proBanbHUMHE TIpECTposiMu [8]. BincrexeHHs Ta Kepy-
BaHHS TAKUMH ABUI'YHAMH MOJIIMBO 32 JJOIIOMOT'OIO iH-
tepHety peueit (Internet of Things, IoT). Inrepner pe-
4e — Ie KOMIUIEKC MPUCTPOIB, SAKI B3AEMOMIIOTH MiXK
co0010 1 3 30BHIIIHIM CEpENIOBUIEM Yepe3 MEpeKy
3B’s13Ky. 3aB1siku 10T MO)KHa aBTOMaTH4YHO B PEXHUMI
pearbHOTO Yacy BiACTEKYBaTH POOOTY Pi3HUX CHUCTEM i
BUKOHaHHA TporieciB [2,8]. Takum 9MHOM, BUKOPHCTO-
BYIOYH IHTEPHET peyeil, BIICTe)KYBaTH poOOTY JIBUTYHA
MOX€ HE TUIBKM KOMIIaHis IO eKCIUIyaTye Horo, a Ta-
KOX cepBicHa (pipMma, 0 MPOBOINTH TEXHIYHE 00CITy-
roByBaHHs. THM caMHM OCTaHHSI, BAKOPHCTOBYIOYH CH-
CTeMy NpOTrHO3yBaHH: (0a30BaHy Ha NPEIUKTHBHIN MO-
JIeNi IBUTYHA B IHTEpHETI pedeif), MOXKe CIUTaHyBaTH
CBOi POOOTH IO TEXHIYHOMY OOCIYrOBYBaHHIO 3 MiHi-
MaJIbHOI0 YYacTHO) MOcepenHix (akropis, Oepydd 10
yBary JIMIIE peaNbHuil TEXHIYHUN cTaH qBuryHa [9].

PosrisiHeMo THIIOBY cXeMy eKCIUTyaTalii IBH-
I'yHa, 33J{I5IHOT0 y TIEeBHOMY BUPOOHHYOMY IPOIECi K
MOKa3aHO Ha puc 2. 3a3BUYail Mpu BBEICHHI B poOOTY
HOBOTO JIBUT'YHA, 710 HOTO 0€3M0CcCepeIHbO MAIOTh Bijl-
HOIIICHHS TP KOMIIaHii, [[¢ KOMIIAHIsI 10 €KCILIyaTye
el JIBUTYH, sIka € HOTro BIIACHUKOM, (hipMa-BHPOOHUK
JIBUTYHA, Ta cepTu(iKOBaHA CepBiCHA KOMITaHis, sKa 3a
JIOTOBOPOM MAa€ BHKOHYBAaTH TEXHIYHE OOCIIyroBy-
BaHH;I.

IHchopmaunin
npo craH

—
ABapiiHuii

KOHTpONb

Puc.2. Cxema excniyamayii 0gueyna

BukopucToByrour TEXHOJIOTIIO LU(PPOBUX JBiHi-
HUKIB Ta iHTEpPHET pedeil BCci KOPUCTyBadi MalOTh 10C-
Tyn 1o iHpopMamii B peaqbHOMY Yaci Mpo MOTOYHUH
CTaH JIBUI'YHa, ITOKa3H HOro JaTYKiB, KPIM TOTO KOM-
TIaHisg 10 eKCIUIyaTye OBUTYH Ma€ MOXIIHMBICTH Kepy-
BaHHS HHUM 32 IIOTPEOH.

CeprudikoBaHa cepBicHa KOMIIaHIS Ma€ JIOCTYI
JO JIBUT'YHa 3 METOI0 HOro TEXHIYHOro OOCIyroBy-
BaHHS, IPOBE/ICHH IUTAHOBHX, aBapiHUX PEMOHTIB, Ta
HAJIaro/KyBaJIbHUX POOIT, Ma€e TOCTIHHUX KOHTAKT 3
BUPOOHHMKOM JBUT'YHA 3a]U1s1 0OMiHY TEXHIYHOIO iH(OP-
Mariero. TexHomoris muppoBUX IBIHHUKIB U cepBic-
HOI KOMITaHil B IepIIy 4epry Hece 3aIiKaBIeHICTh B MO-
JKITUBOCTI 1HTETPYBaHHSI CUCTEMH IPOTHO3YBAHHS TEX-
HIYHOTO CTaHy B JBIMHHUKA y BHIVISAI IPOTHOCTHYHOT
MatematuaHoi Mozeni [6]. Lle mae 3mory amanTyBaTH
CEepBICHI IHTEPBAJIM 0 PEAJbHUX YMOB CKCIUIyaTallii,
OINITHMI3yBAaTH Yac MPOBEJCHHS TEXHIYHOTO 0OCIYTrOBY-
BaHHS, CIUIAaHYBaTH CKJIAACHKUI 3amac HEOOXIiAHUX 3a-
MIACHUX YaCTHH, Ta 32 MOXIIMBOCTI Iepe0adnTH aBa-
piifHI Ta mo3amTaTHI CUTYyallii, OMMPAIOYKUCh HA MTOKA3H
nudpoBoro ABifHUKa [§].

[in MOXXJTHBICTIO aJanTyBaHHS CEPBICHUX iHTEp-
BAJIIB MiJl yMOBH EKCILTyaTallil MAa€ThCsI Ha yBa3i IpoJ0-
BXKEHHs a00 CKOPOYEHHsI IX B 3aJIS)KHOCTI Bl TOTO B
SIKMX eKCIUTyaTalliiHIX Ta HaBaHTAXXyBAJBHUX YMOBax
NPALIOE ABUTYH, SIKOT SIKOCTI BUKOPHCTOBYIOThCS 3aIT4a-
CTMHHM Ta PO3XiJHI MaTepiaiu Iuiss Horo oOCIyroBy-
BaHHA [9].

Juis koMmaHii BUpOOHUKA BUKOPHUCTaHHS iHG(OpP-
Marlii 3 iHTepHeTy pedeil PO CTaH JIBUTYHA MOXe OyTH
B HAroJli MpU HACTAHHI rapaHTIHHOTO ab0 HerapaHTil-
HOTO BHIIQJIKy, TAKHM YHHOM € MOXKJIMBICTH OLIHUTH
MOKAa3M Ta PEKUMH POOOTH IPH SIKMX CTABCS aBapiHUI
3YIUH ABUTYHA. TaKkoX € MOXKJIMBICTh HAKOTIMYHUTHU 1H-
(opmariiro B BUIIIsIIi CTATUCTHYHOTO HAIJIALY 3a CBOIM
TIPOJLYKTOM.

Onuparodnch Ha BUILECKAa3aHe, TEXHOJIOTIIO K-
POBHX BIHHUKIB MOKIJIMBO aIaliTYBaTH JI0 OY[Ib-SIKOTO
JIBUTYHA, aje A OUThIN HaJiiHOTO Ta mependadyBa-
HOro JIBUTYHa e OyJe BTIIMTH Habarato IpocTille.
ToMmy 715t IBUryHa I1i]] BAKOPUCTaHHS CUCTEMH ITPOTHO-
3yBaHHsI TEXHIYHOTO CTaHy Oyno O CIpaBeNIMBUM BH-
CYHYTH JesKi eKCIUTyaTalliifHi Ta KOHCTPYKTHBHI BH-
Moru. HamifiHicTh Oyab-sSKOT MallMHU CKJIaJa€ThCS 3
HaCTYITHUX O3HAK:

1. Bucoka 10BroBiYHICTb,

2. be3BiAMOBHICTb po0OOTH,

3. besasapiiiHicTs,

4. CraOuIbHICTh POOOTH (3IATHICTH POOOTH JOB-
ruii 9ac 6e3 3HMKEHHS BUXITHUX ITapaMeTpiB),

5. BurpuBanicTs (31aTHICTF BUTPUMYBATH Iepe-
BaHTaXEHHS)
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6. Hesenukuit 00’em omepauiii mo oOGcimyroBy-
BaHHIO Ta JOTIIAY.

7. HeBuOarmuBicTh 10 SKOCTI AOTILILY

8. JKuByuicTh (3maTHICTH IPH YACTKOBHX YIIKO-
JOKEHHSX TIPOJIOBXKYBATH JCSIKUM 9ac poOoTy, Xo4a O Ha
3HIKCHUAX PEKUMAX )

9. 30epekeHHS PEMOHTONPHUIATHOCTI.

10. ITponoBsxeHi MI>KPEMOHTHI CTPOKH.

YMOBH npaBHIIBHOI eKCIDTyaTalii MalluHi MaloTh
OyTu 3akianeHi B ii koHCTpyKIii. HeoOximHO 3a6e3me-
YUTH HaJiiiHy poOOTy HaBiTh B yMOBaxX HEJOCTAaTHHO
KBaJIi(ikoBaHOTO OOCIyroBYBaHHS. YCYHEHHIO MiIJIsi-
TafoTh NEePIOINYHI ONeparil peryaoBaHHs , MiITKKH,
3MAaIleHHs 1 T.J., SIKi IPH HEJOCTATHHO YBAXKHOMY 00-
CIIyTOBYBaHHI MOXKYTb CTaTH ITPUYNHOIO IIPUCKOPEHOTO
3HOCY W TIEPEAYacHOrO BHXOXMy arperaty abo By3ia 3
nany.

IocranoBka 3anayi

Ha ocHOBI BHKIIaZieHOTO BHIE MaTepiaiy, poro-
HYETBCS 10 OCHACTUTH ICHYIOUHH ABUTYH 10JaTKOBUMHU
JIATYMKaMH Ta TPUCTPOSIMHU, 3aBASKU SIKUM OyJie MOXK-
JIMBICTH MOHITOPUTH OCHOBHI ITapaMETpH JIBUTYHA Ta 32
JIOTIOMOTO0 IHTEPHETY peue 3aBaHTaxyBaTu iHpopMma-
LiI0 B XMapHi pecypcH.

B stkocTi qocmigHOTO arperaty Oy/e ClyryBaTH ra-
3oBuit ieurys MAN E2876 E322 motyxHictio 160 kBT,
1110 € IPUBOJIOM JIJIsl JIOTUCKHOTO ra30MOPIIHEBOTO KOM-
npecopa. /laHa KOMIIpeCOpHa YCTaHOBKA € OCHOBHHUM
JIOTHCKHUM arperaroM B TEXHOJIOTi] yCTAaHOBKH KOM-
IUTEKCHOI MiATOTOBKH Ta3y, ToMy ii Oe3mepebiiftHa po-
Oota nyxe BaxiuBa. [IIaHOBO JBUTYH 3YIHHSETHCS
OJIMH pa3 Ha MICAb IS MPOBEICHHS TEXHIYHOTO 00-
CIlyTOBYBaHHS.

ITig 000B’SI3KOBHIA KOHTPOJIb IMiANAAI0Th HACTY-
ITHI poOOoYi MOKA3HUKU:

1. Tewmmeparypa OXOJOIKYOUOI PITUHH Ha BXOJI
Ta BUXO/i 3 pajliaTopa OXOJIOKESHHS.

2. Temneparypa BiampalpoBaHuUX Ta3iB (3ara-
JIbHA TA 110 KO)KHOMY IIMITIHAPY OKPEMO)

3. Temmneparypa macTuia.

4. TemmepaTypa y BIIyCKHOMY TPakTi Ta TeMIie-
parypa 30BHILIHBOTO CEPEJOBUIIA.

5. Twuck macTuna.

6. Tuck y BIOYCKHOMY TpPaKTi MICIsl APOCENBHOT
3aCIIHKH.

7. PiBHI MacTHIa Ta OXOJIOKYIOYOT PiTHHH.

TakoX 10 TEXHIYHOTO OOCIYroByBaHHS OyayTb
nonaHi poOoTH 1Mo BiOPO-aKyCTHYHOMY aHali3y IBH-
I'yHa, 3arajlbHOMY aHaJi3y MacTuiIa Ta 0XOJIOKYI04ol
pinuHHM, 3aMipH 3a30piB MiXK €JIEKTPOIaMH CBIUOK 3ama-
neHHa. Ha OCHOBI IaHHX 1O IIUM 3aMipaM Oyae MOX-
JIMBICTh OLIHUTH PEaJbHUW CTaH JIBUTYHA NMPU JaHUX
yMOBax poOOTH, Ta IO MOXJIMBOCTI 3aCTOCYBAaTH a/ial-

THBHI TEPMiHU OOCITyrOBYBaHHs, SIKi OyAyTh Harpas-
JIeHi Ha 30UTbIIeHAs 200 CKOPOYCHHS MIJKCEPBICHUX 1H-
TEpBaJIiB, Ta MPOTHO3YBAaHHA aBapiHHUX CHTYyaIil.

BucHoBkn

Ha ocHOBiI BUKITaIeHOTO B CTATTi MaTepiany Mo-
JKHA 3pOOUTH BHCHOBOK, III0 BUKOPUCTAHHS TEXHOJIOTI]
IU(PPOBUX NBIHHUKIB 3 TMPEAUKTUBHOIO MOJICIUTIO JIJIS
CTalliOHApHHUX Ta30BHX [BUTYHIB JOIIOMAara€ y BHUpi-
IIEHH] AeKIIBKOX 3a7a4, a CaMe:

1. Jlo3Bouisie KOHTPOJIIOBATH CTaH JIBUTyHA, TA Ke-
pyBaTH HUM 4epes3 iHTepHeT peyei.

2. [lae MOXIIMBICTH MiHIMI3yBaTH aBapiiiHi BHIIa-
JIKH, T2 BYACHO BUSIBUTU HECTIPABHOCTI.

3. ApnanrtyBaTH iHTepBaJM OOCIYrOBYBaHHS IIiJl
peaibHi YMOBH €KCIUTyaTallii.

4. MiHiMi3yBaTH TIOACHKHIA (PaKTOp MPU Kepy-
BaHHI CHJIOBOIO YCTaHOBKOIO.

MaiibyTHs OCHOBHA 3a/1a4a B [IbOMY HAIPSAMKY LE
CHHXPOHI3amis [HTepHeTyY pedei, TeXHOIOTii mudpoBUX
JBIAHUKIB 3 CHUCTEMOIO TMPOTHO3YBAHHS TEXHIYHOTO
CTaHy Ta KOHCTPYKLI€O IBUTYHA B LIIOMY.
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ADVANTAGES AND FEATURES OF USING DIGITAL TWIN TECHNOLOGY FOR STATIONARY GAS ENGINES.
D.I. lvanov, S.Y. Bilyk

At the moment, there is no mass alternative to power plants based on an internal combustion engine. Such power plants are
fully mastered in production, they are mobile, not bulky, and do not depend on weather conditions (wind, current, etc.), as required
by wind and hydroelectric power plants. The variety and availability of fuels is also a very big advantage in favour of internal
combustion engines. On the other hand, engines are a source of heat, noise and chemical pollution, and by running on fossil fuels,
they contribute to negative climate change on the planet, so the issue of improving the fuel, economic and environmental efficiency
of vehicle engines is relevant. With the rapid development of information technology, it is now possible to create a perfect control
system for stationary engines using digital twin technology, which in the future could take over the entire task of controlling the
unit with minimal human intervention, eliminating the effect of the human factor and thereby increasing the life and efficiency of
the unit. The goal is to use the forecasting system to assess the actual technical condition of the engine and, based on this data, set
the optimal maintenance intervals, as well as prevent accidents that entail expensive repairs or even complete replacement of the
unit. Such a system would be relevant for large, expensive stationary machines involved in any technological processes where the
unit's downtime entails financial losses associated with the cessation of a particular production process. Representatives of this
type of power plant are gas engines - drives for booster or downhole gas compressors, gas generators operating on landfill gas or
biogas.

Keywords: gas engine; digital twin; service life; resource; predictive model; power plant; operation.
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