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Summary
The article presents the results of a study of the stages of development of maintenance and repair strat-
egies and their promising forms, taking into account the development of digital technologies. Predic-
tive MRO methodology seems to be an intermediate form on the path to the establishment of predic-
tive and prescriptive MRO strategies. The goal of the methodology is to minimize operating costs and
increase machine reliability. A six-level conceptual model for implementing predictive maintenance
and repair methodology is proposed.
Abstract

Introduction. Technical services, and in particular the maintenance and repair of agricultural machin-
ery, ensure the reliability of one of the key business assets — agricultural machinery. The use of digital
technologies in this area allows the use of advanced strategies based on big data processing and pre-
dictive analytics. Predictive maintenance of machines, taking into account trends in technical re-
equipment and the specifics of agricultural production, can become a key methodology for mainte-
nance and repair. The proposed conceptual model of predictive maintenance for agricultural machinery
allows us to identify practical steps for the development and implementation of this methodology. Ob-
ject. Maintenance and repair system. Materials and methods. The work used methods of system
analysis and modeling, theories: management; decision making; operations research; design of large
software and information systems; content — literature analysis. The study and design of the concept is
based on the scientific works of domestic and foreign scientists, GOSTs, as well as reliability and
quality methodologies RCM, Kaizen, TQC, etc. Results and conclusions. As a result of the study, it
was found that the implementation of the software methodology leads to a reduction in machine down-
time, an increase in their reliability, and a reduction in operating costs. Analysis of scientific research
allows us to identify three tasks, the solution of which precedes the implementation of software: de-
termining the system architecture; determining goals and objectives based on the owners’ strategy;
identifying approaches and techniques to achieve the best MRO results. A conceptual software model
is proposed, which includes 6 layers and a set of actions, allowing for the detection and identification
of previous and incipient faults of machine components and assemblies, monitoring and forecasting
the development of degradation of parts and technical condition as a whole, as well as providing deci-
sion support in the MRO process or development automation maintenance schedules.

Key words: predictive maintenance of agricultural machines, big data processing, loT tech-
nologies, agricultural machines, digital technologies.
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KOHUENTYAJIBHASI MOAEJIb METOAOJIOI'MX TPOI'HO3HOI'O
OBCIIY KUBAHUS CEJIBCKOXO3AUCTBEHHBIX MAIIIMH

B. M. IlomoraeB, xaHouoam 3KOHOMUYECKUX HAVK, OOYeHM

Omckutl 2ocyoapcmeennsiii azpaphwiii yHusepcumem um. 11. A. Cmonvinuna
2. Omck, Poccuiickas @edepayus

AKTyaIbHOCTh. TeXHUUECKHUIA CEpBHC, U B YACTHOCTH TEXHUYECKOE OOCIY)KHBAaHUE U PEMOHT
CEITbCKOXO3IHCTBEHHBIX MAIlMH, 00eCIICUMBAIOT HaJCKHOCTh OTHOTO M3 KIFOYEBBIX aKTHBOB OW3Heca —
CENTbCKOXO3AUCTBEHHBIX MamvH. [[puMeHenne B 3To# cdepe nnhpoBBIX TEXHOIOTHH TO3BOJSAET UCTIONb-
30BaTh MEpPeIOBBIC CTPATETHH, OCHOBaHHEBIE HA 00pabOTKe OONBIINX JAHHBIX U MPEAUKTUBHON aHATUTH-
ke. [Iporno3zHoe obcmyxuBaHHE MaIIMH, C Y4€TOM TEHACHLMH TEXHHUYECKOIO IEPEBOOPYKEHUS U CIIe-
IU(UKN CENTBCKOXO3IHCTBEHHOTO MPOM3BOJICTBA, MOXKET CTaTh KIIOUEBOM METONOJIOTHI TEXHUYECKOTO
oOcykuBaHus U peMoHTa. [IpennokeHHas KOHIETyaTbHAs MOZIENb MTPOTHO3HOTO o0cmykuBanus (110)
JUT CEMbCKOXO3SICTBEHHBIX MAILIMH IT03BOJISIET ONPENENNUTh MPAaKTHYECKUe Iaru JUIs pa3BUTUSA U BHEJI-
penust 3toit Metogonorud. O0bekT. OOBEKTOM HCCIIEIOBAHUS SBISIETCSI CUCTEMA TEXHUUECKOTo 00CIIy-
JKHBaHMS M PEMOHTa B CENILCKOM X03sificTBe. MaTepuaisl 4 MeTobl. B paboTte ncnons30BaHbl METOIbI
CHCTEMHOT'0 aHaJIM3a U MOJIEJIMPOBAHMS, TEOPUI: YIPABICHUS; IPUHATUS PEILICHUIT; NCCIIeIOBAHMUS OIle-
paluif; TPOEKTUPOBAHUS OONBIIMX MPOrPaMMHO-MH(POPMAIIMOHHBIX CUCTEM; KOHTCHT — aHall3a JIUTe-
patypel. B 0CHOBY M3y4eHHs M NPOEKTHPOBAHUS KOHLETLUH IOJOKEHBI Hay4YHBIE TPYIbl OTCUECTBEH-
HBIX U 3apy0OexxHbIX ydeHbl, [OCThI, a Takke METONONOTHH HaJie:KHOCTH M KauecTBa RCM, Kaiinzew,
TQC u ap. Pe3yabrarbl M BBIBOABI. B pesynbrare ncciieoBanus ObUI0 YCTAHOBIIEHO, YTO peasin3anus
Mmetonosorud 110 mpUBOAUT K COKpAIIEHHIO BPEMEHHU MPOCTOSI MAIIHH, TOBBIIIEHUIO UX HaJEKHOCTH,
CHIDKEHHIO SKCIUTyaTallMOHHBIX PAacXodoB. AHANN3 Hay4YHBIX MCCIIEAOBAHHN MO3BOJSET BBIACIUTH TPH
3ajia4H, pelieHne KOTOphIX npemecTByeT BHenpenuto 110: onpenenenne apXuTeKTypsl CHCTEMBI; OIIpe-
JieJIeHre LeJield U 3a/1a4 UCXOJsl U3 CTPaTeruy COOCTBEHHHUKOB; ONpEeNICHUE MOAX0A0B U METOIUK IS
JMocTKeHus Hawrydiero pesyasrara TOuP. [pemnokena koHmentyaipHass moaensb 110, Bkmtowaromas
6 croeB 1 HaOOp NEWCTBUH, NO3BOJISIONIMN OCYIIECTBISTE OOHApY)KEHHE M UACHTU(HUKALIMIO MpeIIe-
CTBYIOIIIMX U 3apOKIAIOIINXCS HEUCIPABHOCTEW Y3JIOB M arperaTtoB MallllH, MOHUTOPHUHT W MPOTHO3U-
pOBaHME Pa3BUTHUS AETpajialiiil AeTajed M TEXHHUYECKOrO COCTOSHHS B LEJIOM, a TaKkxke oOecreueHue
NOAAEPKKHU MIPUHSTHUS perieHuii B mpouecce TOuP nnm aBromarnzanuio paspadorku rpaguxos TO.

Knroueswvie cnosa: npocrnosnoe o6Ciyxcusanue cenbCKOX03alUCmMEeHHbIX MAWUt, 0opa-
bomka 60nbUUX OAHHBLX, MEXHOLO0SUU UHMEPHema eeuyell, CelbCKOXO3AUCTNEEHHbIE MAULUHDL,
yughposvie mexnono2uu.

HutupoBanue. Ilomoraes B. M. KoHuenTyaipHast MOzenb METOAOIOTHH MPOrHO3HOTO OOCITYKHMBa-
HUS CEBCKOX03MMCTBEHHBIX MamnH. Hzsecmus HB AVK. 2023. 4(72). 538-547. DOI: 10.32786/2071-
9485-2023-04-54.

ABTOpPCKHIi BKJIaJ. Bce aBTOpbI HACTOSIErO MCCIIEAOBaHHS NMPUHUMAIM HEMOCPEICTBEHHOE ydacTHe B
IUIAaHUPOBAHWH, BBIIIOJIHCHUN WJIN aHAJIU3C HaHHOﬁ CTaTbH.

KonduukT uuTepecoB. ABTOPHI 3aBIISAIOT 00 OTCYTCTBHU KOH()IMKTA HHTEPECOB.

BBenenue. B mocnegaue ronpl Bce vaiie ToBOPAT 0 (OPMUPOBAHUM KOHIICTIIIMH Pa3-
BUTHSI CEIIBCKOTO X03sicTBa — «Cenbckoe x03sicTBO 4,0» [1], Tae 6a30BBIMH TEXHOJIOTUSIMHU
ABISIOTCA 00paboTKa OONBIIUX MaHHBIX, TexHojoruu uHTepHeTta Bemieil (loT-yctpoiicTsa,
CEHCOphI) U T.J. Bce Oomnblle HaYMHAET MPOU3BOJUTHCS CEIBCKOXO3SHCTBEHHBIX MAIIUH,
OCHAIIIEHHBIX CJIOKHBIMH JIEKTPOHHBIMU CUCTEMaMU U CHCTEMaMU OOPTOBOM TUATHOCTHUKHU.
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Hcnonp30BaHue B CEIbXO3MALIMHOCTPOCHUH U B CEJIBCKOM XO3SIIICTBE CEHCOPOB, JaT-
ynkoB U loT-ycTpoiicTB mo3BosisieT coduparb OrpoOMHOE KOJIMYECTBO JAHHBIX, YTO CaMO IO
cebe OTKpBIBAET OOJIbIINE BO3MOXHOCTH B UX MCIOIB30BAHUU JIJISl aHAIM3a U IPOTHO3UPOBA-
Hus [2]. bnarogapst TakuM TEXHOJIOTUAM OBLIO CPOPMHUPOBAHO MHOXKECTBO PA3IUYHBIX MOJ-
X0/ K opraHu3anuu u ynpasienuto TOuP — mpoakTuBHas cTparerus, IporHo3HOe 00CITyXKH-
BaHME U T.A. [3, 4, 5]. EcTb onpeneneHHbIe UCCAEAOBaHUS HA 3Ty TEMY B CEJIbCKOM XO35IMCTBE
[6, 7, 8], omHAKO OHM IOKA HEJOCTATOYHO CUCTEMATU3UPOBAHBI, a TIIYOMHA WX HE MO3BOJISICT
chOopMyITUpPOBATh MPAKTHYECKUE MOIXObI U PeKOMEHIANK i opranu3anuu TOuP B cenb-
CKOXO3SIICTBEHHBIX MpeanpusaTHsax. K ToMy jke 0COOEHHOCTH OTPaCiIM HAJIOXKUIM OTIIEYATOK
Ha TEMITbl BHEAPEHHS M MCIOJIb30BAaHUS HUPPOBBIX TEXHOJIOTHHA. BO-TIepBBIX, 3TO BIUSHHE
NPUPOAHBIX (PAaKTOPOB B PEATBHBIX YCIOBHAX HKCIUTyaTallld, YTO CYIIECTBEHHO 3aTPyAHSET
MOCTPOEHUE MOJETEH OTKa30B M MPOTHO30B TEXHMYECKOTO COCTOSHUS (HEmpeackazyemoe
BHEIIIHEE BO3/ICUCTBUE, YCKOPSIOUIee U3HOC U Tp.). BO-BTOPBIX, 3TO CE30HHBII MHTEHCHUBHBII
XapakTep 3arpy3KH MallluH, KOrJa TEXHUKA JIUTEeIbHBINA MepUOJ] HaXOUThCS Ha MOJSIX, a BbI-
€3[IHasl TUarHOCTHUKA HE MOXET 00eCIeYNTh HEOOXOIMMBIN YPOBEHb TEXHUUYECKOTO KOHTPOJISL.

Takum 00pa3zoM, BaKHON HAay4HO-TIPAKTUUECKOH 3a/1aueil sIBIsIeTCsl OIpeAesieHue myTen
pazButHs cucteMbl TOUP B yCIIOBHSIX aKTHBHOTO BHEIPEHHUS IMU(MPOBBIX TEXHOJOTHH, a TAKKe
CIOCO00B 00ECIICUCHUsT HAICKHOCTH M PabOTOCIIOCOOHOCTH CEITbCKOXO3SIMCTBCHHBIX MAIIIMH C
ONTUMaJIbHBIMU K3epskkamu. Llenb uccnenoBanus: pa3padoTKa KOHLENTYalbHOM MOJENU pea-
JM3aIMX METOZOJIOTHH MTPOTHO3HOTO OOCITY)KMBAHHUS CETbCKOXO3SICTBEHHBIX MAIIIHH.

Marepuaasl u meroabl. B coorBerctBun ¢ I'OCTP 27.601-2011 nonsitue crpareruu
TO omnpenensiercs, Kak «o0muid moaxoa kK odbecrnedennto TO U ero moaaep:KKe UCXos U3 1e-
Jiel U cTpaTeruu BIaJeNbleB, MOJIb30Bareei u 3aka3unkoB. OHA BIMSET HA pElICHUs, MpH-
HATBIE 110 MeponpuaTusaM TO u pecypcam, BBIAEIIEMBIM B TEUEHUE BCETO )KU3HEHHOTO IIUKJIA
u3aenus». MoxxHO ckasare, 4to ctparerus TOuP BkiIrouaeT COBOKYIMHOCTH METOIOB YIIpaB-
JIeHUs, HalpaBJIEHHbIX Ha OOecleyeHue HAJEeKHOCTH MAIllMH ONTHUMAJIbHBIMU CPEICTBAMHU.
HccnenoBannue MO3BOJIWIO BBIIBUTH 3Tambl pa3BuTHs crpareruit TOuP u npeanoxuts nx
NEepCIEeKTUBHbBIE POPMBI (PUCYHOK 1).
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Pucynox 1 — OBomrorus crpareruit TOuP
Figure 1 — Evolution of MRO strategies
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ITepexon ot peaktuBHOU cTparerun (PC) Kk mIaHOBO-TIpeAyNPEANTEIBHON CTPATETHH
(TITIP) 6b11 O cBOEMY pEeBOIOIMOHHBIM. OIHAKO ake Ha ceropHsAmHui 1eHb PC ocraercs
3HAYUMOM CTpaTeruen B CeIbCKOXO3MCTBEHHBIX MPEANPUITHIX HE ToIbkO Poccun. Jomunu-
pytouier crpareruil siBisiercs [II1P. Bo MHOroMm 3To CBA3aHO ¢ MOJUTUKOW MPOU3BOAUTEICH
MAIIWH, KOTOPBIE CTPEMSATCS OOSCIICUNTh YIIPABICHUE )KU3HCHHBIM [IUKIIOM MAIllMH Ha dTarne
OKCIUTyaTalluy JKECTKUMH PerjiaMeHTaMH O0CITyXKHBaHUs (3a4aCTyI0 C MPUHYIUTEIBHOMN OJ10-
KUPOBKOM MAlllMH), YTO MPUBOAUT K CYILIECTBEHHOMY POCTY CTOMMOCTH OOCITY>KHBaHUS.

CrpemieHue HaiiTh OanmaHc MeXIy oOecriedeHHWeM HaJeKHOCTH MAIlUH U CTOMMO-
cteio TOuP ctumynupyeT pazputue otaeabHbix MeTogojoruid TOuP u npuMeHeHne npakTUK
U3 Ipyrux cep SKOHOMUKU (HAJEKHOCTHO-OPUEHTUPOBAHHOE TEXHUYECKOE 0OCTyKUBAHUE
(RCM), Kaitnzen, TQC (Total quality control) u np.).

Hcnonp3oBanre TEXHOJIOTUN HHTEPHETA BEIICH, OONBIINX JaHHBIX, ITPE/ICKa3aTeIbHON
AQHAMTUKH TO3BOIMIN chopMUpOBaThes eie ogHoi merogonoruu TOuP — mporuoznoe 00-
cinyxuBaHue. B 3apyOexkHO# nuTepaType OHO Yaiie 0003HAYaeTCsl KaK CUCTEMbI MPEAUKTHB-
HOTO TexHu4yeckoro odcmyxuBanus (PAM) nnm npoaktusnas crparerus (IIpCO) [9, 10, 11].
[TocTpoeHue NporHo30B Ha OCHOBE UCTOPUUECKHUX JIAHHBIX WJIM Ha OCHOBE JIaHHBIX CEHCOPOB
B MpoIiecce dKCIuTyaranuu (6osee mpoIBUHYTHI METO/) MO3BOJIUIIHN MMOBBICUTH YPOBEHb JKC-
IUTyaTallud OTHEJIbHBIX JeTajel u y3noB. /[l MonBHIKHOTO KEJIE3HONOPOXKHOIO COCTaBa,
HanpumMep, ooveM oreparuii TOUP, onpenenseMblii Ha OCHOBE MPeICcKa3aTeIbHBIX MOICICH,
yxke pocturaer nopsaka 60% [12]. Ha ocHoBe mpOrHo3HbIX MOAeNeld OMpelessitoT CPOK
CIIY>KOBI Y3JI0B U arperaroB, epUOANYHOCTD TUATHOCTUKH, TPODUIAKTHKU U PEMOHTA.

B nenom cyte merononoruu 110 3axntouaercst B o0ecrieueHun ynpaBieHUsl HaJeKHO-
cThio MamuH Ha stane XKL (3kcrutyaraius) ¢ neiablo IpeaynpekIeHus] OTKa30B MpU MaKCHU-
MaJlbHON HapaboTKe U 0OecreyeH s KauecTBa dKCIUTyaTallii Ha MpeleTbHBIX MapaMeTpax Ha
OCHOBE MH(OPMAIIMOHHBIX, HHTEIJIEKTYAJIbHBIX W IIU(PPOBBIX TEXHOJIOTHI.

Boiaenenue nporHo3Horo o0CiyKMBaHUS B CAMOCTOSITETIbHYIO CTPAaTeruio (HapaBHE ¢
[IITP wim PC, B cenbCcKoM XO3sMICTBE BO3MOXKHO MPU BBICOKOM YPOBHE aBTOMAaTHU3alMy KOH-
TPOJIA IKCIUTYaTallHOHHBIX MapaMeTpoB U muianupoBaHus TOuP, korma ¢gakTuyueckn mammHa
CaMOCTOSITENIbHO «3aKa3bIBAE€T» TO WM HHbIE 00CITYXXHBAIOIIME, PEMOHTHOE BO3/IEWCTBHE B
YCIIOBHSIX HETIPEPHIBHOTO KOHTPOJIS U MOHUTOPUHIA TEXHUYECKOTO COCTOSTHUA.

MoXHO BBIAETUTH Pl OapbepoB HA MYTH peaiu3alluu MpefcKa3aTelbHON cTpareruu
TOwUP B cenbckoM x034HCTBE:!

1. HemocrarouHelii ypOBEHb OCHAILEHUS CEJIbCKOXO3AMCTBEHHBIX MAIIWH YCTPONCTBA-
MU KOHTPOJISI TEXHUYECKOTO COCTOSIHUS, OTCYTCTBHE €IMHBIX CTAaHAapPTOB OOPTOBOIA CBSI3H.

2. OrpaHU4YeHHOCTb 30HBI MOKPBITUS CBA3BIO B CEJILCKOM MECTHOCTHU (Ba)KHO JJISl pas3-
BUTUS apXUTEKTYPBHI).

3. Huskwuit ypoBeHb UCTIONB30BaHUS MH(POPMAIIMOHHBIX CHCTEM B CEITHCKOM XO3SHCTBE
(cucrembr EAM, ERP u T.11.), MO3BONSIFOIIMX JOKYMEHTHUPOBATh M XPAHUTh JAaHHBIE O CEJb-
CKOXO03sTHCTBeHHBIX MammmHax (CM).

4. CenbCKOXO35MCTBEHHbIE MAIIMHBI — 3TO CJIOKHBIA TEXHOJIOTMYECKUNM KOMILIEKC,
SKCIUTyaTUpYyIOLuiics B HeOmarompusTHOU cpene. COOTBETCTBEHHO, MPH MPOTHO3UPOBAHUU
HEO0OXOMMO YUYUTHIBAaTh MHOXKECTBO CIA00CTPYKTYPUPOBAHHBIX ITAPAMETPOB.

5. KanpoBslii cocTaB dKCITyaTHPYOMHUX CIIyX0 U ciy:k6 TOuP mano moarotrosieH k
HCTIOJB30BaHUIO IIU(PPOBBIX TEXHOIOTHUH.

6. PeiHok UT-ycnyr nmist cenbckoro xo3siiictBa He cOpMUPOBAJICS B TOJTHOM Mepe,
HEJ0CTaTOYHO Ka4eCTBEHHBIX U Hepoporux UT-pemennii.

7. PemoHTHO-TexHUYECKass 0a3a B CEINbCKOXO3SHCTBEHHBIX MPEIIPHUSITUSIX, KaK MPABUIIO,
cabo TOTrOTOBJIEHA ISl OOCITY>KUBAHUSL CIIOKHON TeXHUKU. B rapantuitneii nepuon CM o0cmy-
’KUBaIOTCA y Iuiiepa (MHpOpMalUs O COCTOSHUM MAIlMHbBI XpaHUThCS Y HUX). B mocne rapanTuii-
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HbIIl 1epuos paboThl BBIIOJIHSIIOTCS 33 YAaCTyI0 CaMOCTOSITENIBHO JIMOO Ha CTOPOHHMX CEpBHCAX
(nH(OpMAIHS O COCTOSHUM MAIIMHBI XPAHUTHCA Y HUX, MO0 HE codupaercs). B aTux ycioBusx
oLU(ppOBATh JAHHBIE O COCTOSHUU MAIlMH JJMOO HEBO3MOXHO, TMOO KpaliHe 3aTPYAHUTEIIBHO.

8. Peanmuzamus mudpoBeix pemieHuil 1 moaepHusanus MTB sBasercs moporoctos-
MM WHBECTULIMOHHBIM ITPOEKTOM, YTO OTTAJKUBAET MHOTHX COOCTBEHHUKOM, OCOOCHHO BIIa-
JIeNbLEB HEOOIBIINX IPEANPUATUN U (PepMepCKUX X035 CTB.

OnHako ¢ KaXIbIM rofioM cuTyanus Mensercs. O0beM JaHHbBIX, TCHEPHUPYEMBIX AJICK-
TPOHHBIMHU YCTPOWCTBAMM U JIaTUUKAMHM CAMOXOJHBIX CEJIbCKOXO35HCTBEHHBIX MAIIUH (KOTO-
pble 3a4acTyIO Y)K€ YCTAHOBJIEHBI ILTaTHO), CTAHOBUTCS Bce Oojblle. JTO, KaK IOKa3bIBAET
OIBIT APYTUX OTpaciiedl, OTKPhIBAET HOBbIE BO3MO)KHOCTH B IOBBIILIEHUN YPOBHS MHTEJUIEKTY-
anbHoctu TOwWP. Kpome Toro, pacTtér 30Ha NMOKPBITHS CBA3BIO, ANANITUPYIOTCA K CEIBCKOMY
xo3siicTBy UT-pemienus u3 Ipyrux oTpacieu.

[IpencraBisiercss 000CHOBaHHBIM Ha MEPEXOAHOM 3Tarne CPOPMUPOBATH YCIOBHS IS
obecriedeHust cOopa nH(MOpMAMK U3 BCEX MCTOYHHMKOB Ha 1U(ppoBoil miardopme, addumm-
POBaHHOM ¢ BiajenblieM MammuH. Tak, B padore [13], HanmpuMmep, npearaercs s odecrie-
YEHUS! YCIIOBUN Pa3BUTHUS U PACIIUPEHUS IPOTHOCTUYECKUX CTPATETUi B CEIBCKOM XO35HCTBE
cobuparp UT-apTedaxtsl Ha equHON TUIaTPOpPME, TOCKOIBKY JAaHHBIX C IATYMKOB ceiddac s
IIOCTPOEHUS 1OCTOBEPHBIX IIPOTHO3HBIX MOJENIEH HEAOCTATOYHO.

Pesynbrarsl ucciaenoBanusa. Merononorus 110 pa3BuBaercst y’ke MHOIO JIET, HO TOJb-
KO HEIaBHO IM(POBBIC TEXHOJOTUU CTAJI Ka3aTbCsl TOCTATOYHO S((PEKTUBHBIMU U HEIOPOTH-
MU, 4ToObI caenarh [10 mmpokonoctynHbiM. [1IO 00bIMHO BKIIIOYAET B ce0si MOHUTOPUHI CO-
CTOSIHMSI, JMarHOCTUKY HEMCIIPABHOCTEN, MPOTHO3MpOBaHue HeucnpasHocTterd U TOuP.

VY Kcnonb3yeMbIX UHTEIIEKTYaIbHBIX TEXHOJIOTUI €CTh MOTEHIMAN Uil OOHapyKEeHUs U
WAEHTU(UKAIMY TIPEJIIECTBYIOMINX U 3apOXKAAIOLIMXCS HEUCIPABHOCTEN Y3JI0B U arperaroB
MalllMH, MOHUTOPUHIA U MPOTHO3MPOBAHMs Pa3BUTHS ACTPAlalliy y3JI0OB M arperaroB, a TaKKe
oOecrieueHHs MOANEPKKY NPUHATUS peleHnii B npouecce TOuP u aBromaruzanuu pa3paboTKu
rpadukoB TO. Hike npejcTaBiieH nepeueHb TEXHOJIOTHM, Jiexarux B ocHOBe pa3Butus [10.

1) IoT nns c6opa nansbix. loT uHppacTpykTypa mo3BossieT coOuparbh HENpephIBHO
YBEJIUYMBAIOIIMNICA 00bEM JITaHHBIX C MHOXKECTBA JaTYMKOB, YCTAHOBIICHHBIX HA MAIIMHAX.

2) Ananu3 OonpIIMX JaHHBIX. MeTozbl aHamu3a U 00pabOTKU OONBIINX JaHHBIX MPO-
U3BEJIM PEBOJIOLUIO B MHTEIUIEKTYalIbHOM OOCITYKUBAaHUM, IPEBPATUB OOJIbIIINE MAIIMHHbBIE
JTaHHbIE B MOJIE3HYI0 MH(pOpMaLUIO (OUMCTKa, TpeoOpa3oBaHue, U3BJIEUCHUE U 00beIMHEHNE
npu3HaKoB U T.A.). I1O mo3BossieT CHU3UTH YacTOTy OOCITY>KMBaHUSI HACTOJIBKO, HACKOJIBKO 3TO
BO3MOKHO, 4TOOBI IIPEJOTBPATUTh HE3AINIAHUPOBAHHOE PEMOHTHI, C OJHON CTOPOHBI, U BbI-
MOJTHEHUS CITUIIKOM OOJIBIIOTO KOJMYECTBA IJIAHOBBIX paboT, ¢ Ipyrou.

3) Mertonel rimybokoro obyuenus (DL) u mmybokoe oOydeHHE C MOJKPEIJICHHEM
(DRL). B nocnennue roasl pa3paOaTbIBa€TCsl U COBEPIIEHCTBYETCS OIPOMHOE KOJIUYECTBO
noaxonoB DL y1st AMarHoCTUKY HEUCIPABHOCTEN M MIPOrHO3UPOBaHUs. boibliee KOIMuecTBO
cioeB U HelipoHoB B cetu DL mo3Bossier o0ecniednBaeT TOUHYIO JUArHOCTUKY HEHCIIPaBHO-
CTell ¥ MPOTHO3MpPOBaHKE (HAMpUMeEp, MPOTHOZUPOBAHME OCTATOYHOI'O CPOKa IOJIE3HOTO HC-
nonbs3oBanus). [IpopsiB B DRL 1 ero BapmanTax obecrieunBaeT 3QPEKTUBHOE yIpaBICHHE
CJIO)KHBIMU TEXHUYECKUMH CUCTEMaMH.

4) BricOKOIpOM3BOIUTENBHOE annapaTHoe odecrieueHue. MoiHoe anmnapatHoe obec-
MeYeHne, MOXKET 3HAYUTEIbHO YCKOPUTH MPOLIECC IBOJIOLUU TEXHOJOTUH M UX BHEAPEHHUE
npu peanusanuu 110 u IIpCO.

OueBunHO, uro peannsanus 10 NpuBOOUT K COKpAIIEHNUIO BPEMEHH IIPOCTOS MAILUH,
MOBBIIICHUIO UX HAICKHOCTH, CHIKEHHMIO DKCIUTyaTallMOHHBIX pacxonos. IIpu peanusanumn
metoponoruu I1O Bo3HMKaeT HOBBIM Kilacc 3a7ady. AHaIM3 psla UCCIEJOBAHUN TO3BOJSET
BBIJICJIUTH TPH 33/1a4H, pellieHNe KOTOPBIX npemecTByeT BHeApeHuto 110 (pucyHnok 2) [14].
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[[Iupokoe oOCyx)aeHHE B IUTEparype noiayunia apxutekTypsl cuctem I10. C pa3Bu-
THEM TEXHOJIOTHN MHAYCcTpUH 4.0 Ha NMPAKTHKE PeaTn30BaIUCh HU(POBBIE METOIBI U3MEpe-
HUS, JUCTAHLIMOHHAS Tepeaadya JaHHbIX, oOjayHble BbicesleHus U T.1. Pa3pabareiBaemas ap-
xuTekTypa cuctemsl [10 nomkHa ObITh COBMECTUMA C PA3IMYHBIMU CTaHAAPTAMHU U MTPOTOKO-
JIaMH, JIETKO MHTETPUPOBATHCS C HOBBIMU TEXHOJIOTUSIMH, YIOBJIETBOPSTH KIIOYEBBIM TPeOO-
BaHusM [10 (cOop JaHHBIX, TUATHOCTHKA HEUCIIPABHOCTEH U MPOTHO3UPOBAHKE U T. II.).

Henu [10O xoHCTUTYHPOBaHBI B OanaHce IBYX KaTeropuil — CTOUMOCTh U HaJIeKHOCTb.
BwMmecre ¢ TeM mupoko 00CyXar0Tcs MOAETH OajaHca STUX Lelel, ONTUMH3AIHI UX B YCIIO0-
BUSAX KOHKPETHBIX TeXHHWYecKux cucreM. Kpome toro, cnenuduxa 10 pasnuyna B pa3HbIX
OTpaciIAX JUIsl pa3IMYHOIo Kjacca TEXHUYECKUX CHCTEM, a CJIE0BATENbHO, U MTOIXO/bI K J1a-
THOCTHUKE HEHCIPAaBHOCTEH M MPOTHO3MPOBAHHIO JOKHBI pa3padaThiBaThCsl U aalTUPOBATb-
Csl K KOHKPETHBIM MpobaemMaM. ITO, B CBOIO OYEPE/lb, OPOKIACT TPEOOBAHUS K apXUTEKTYpPE
10O, xoTOpas Toke AOKHA UMETh CBOM MOKa3areinu 3(hp(HEeKTUBHOCTH U SKOHOMUYHOCTH.
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Pucynoxk 2 — TakcoHOMHS Hay9HBIX UCCIIEZ0OBAHHI 110 TEME TPOTHO3HOTO OOCITYKMBAHUS B CXeMa
KOHIIENTYyaJIN3alHsl IPEIMETHON 001acTH
Figure 2 — Taxonomy of scientific research on the topic of predictive maintenance and
conceptualization scheme of the subject area

Haubonee nquHamuuHOM 0071aCThIO UCCIEIOBAHUM SBJISIOTCS MOAXOABI K TUAarHOCTUKE
Y MIPOTHO3UPOBAHUIO 0TKa30B. CyllecTBYOMNE TOAX0AbI HIMPOKO BAPbUPYIOTCS B 3aBUCUMO-
CTH OT HCIIOJIb3YEMbBIX AQJTOPUTMOB, TaKMX KakK aJIrOpUTMbl Ha OCHOBE HMCKYCCTBEHHBIX
HelipoHHbIx cereil (ANN), MeTos onopHbIX BeKTOpoB (SVM), aBTOMaTHYeCKU KOTUPOBIIUK
u cBeprouHas HerponHas cetb (CNN) u ap. Hamnbomee mmpoko MCHONB3YIOTCS TOIXOABI H
METObI, COCPEIOTOUEHHBIE Ha CIEAYIOIUX HAPABJICHUSX:

— Mopnenu knaccuuKauy Ui BbISIBICHUS pAaHHUX CTaAUsAX Jerpajalii.
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— OGHapyxeHue MaTTepHOB. JTOT THUIl MOAXOIOB MO3BOJSET BBISABISATH aHOMAJIbHOE
MOBEICHNE, HECMOTPSI Ha OTCYTCTBHE KaKUX-JIMOO MpeaBapUTEIbHBIX CBEICHH 00 omnoKax,
OTCYTCTBHE CTaTUCTHUECKHX JAHHBIX, (PU3MUECKUX MOJIEJIel U3HOCca U TIp.

— Perpeccuonnbie Mozmenu s NpOrHO3UpoBaHMs ocTtarouHoro pecypca (RUL).
ITonxon nampasneH Ha nporHo3upoBaHue RUL B COOTBETCTBMHM € IPOLECCOM AErpaaaluu,
KOTOPBIM YyUUTCS HA UICTOPUUYECKUX JAHHBIX.

B wurore xoHnenrtyaigbHas MOJENb MPOTHO3HOTO OOCITYXHBAHUS ISl CENbCKOXO3Sii-
CTBEHHBIX MAIlIMH MOXET UMETh CIICAYIOUIUI BUA (PUCYHOK 3).

.
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Pucynok 3 — KoHnenryansHast MOEIb IPOTHO3HOTO OOCITY)KUBAHHUS TS CENTbCKOXO3SHCTBEHHBIX MAIlIMH
Figure 3 — Conceptual model of predictive maintenance for agricultural machinery

Jran 1: JlaTuuku, ycTaHOBJICHHbIE Ha CEIbCKOXO3SIMCTBEHHBIX MAIlMHAX, MEepPeJatoT
CUTHAJIBI HAIIPSIMYIO WM yepe3 npeoOpa3oBareib B MOAYIb 00pabOTKU CUTHAJIOB.

Jrtan 2: BeixonHble JaHHbIE MOAY/S 00paOOTKM CUTHAJIOB MPEACTABIAIOT OO0 1aH-
HBbIE JIaTYMKOB, MPOIICAIINX MpeoOpa3oBaHue udepe3 MUGPOBYIO (PHIIBTpAINIO, YaCTOTHBIE
CHEKTPBI, AEMOIYISALUI0 UCXOMHOTO CHrHaja M T.J. OOpaboTka CHUTHAJIOB OCYILECTBIISETCS
QITOPUTMaMH JINOO HETIOCPECTBEHHO Ha MAIlIWHE, JIN0O B 00JAYHOM CEpBUCE MIIM HA CTAIlH-
oHapHoM [IK, B 3aBUCMOCTH OT apXUTEKTypbl CUCTEMbl MOHUTOPHHTA.

Jran 3: [Ipouiecc MOHUTOPUHTA COCTOSHUS — HEMIPEPHIBHOTO HAOJIOAEHUS, OCYIIIECTB-
JSIETCSL € LeNIbI0, CPAaBHUTD TOJyYEHHBIE JTAaHHBIE C YCTAHOBJICHHBIMHU 3HaueHHUsAMH. Cucrtema
MOHUTOpPHWHTA, B CIy4ae OTKJIOHEHHS MapaMeTpOB, TEHEPUPYET OIMOBEIICHUS IJISI ONEparopoB
MaliH WK Ui crienuanictoB TOuP o mosiBiIeHu# SKCIUTyaTallMOHHBIX OIPaHUYEHHH.

dtan 4: J[narHocthka TexHHYecKoro coctossHus CM WM OTAENBHBIX WX 3JIEMEHTOB
OCYILECTBIISIETCS] HA OCHOBE JTAHHBIX MOHUTOPHUHIAa TEXHUYECKOTO COCTOsIHUSL. OCHOBHAS LIENb —
OIleHKa paboTocrnocoOHOCTH. J[aHHBI MOIY/Ih OIEHKH PaOOTOCTIOCOOHOCTH JMAarHOCTUPYET
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COCTOSIHHE, OCYIIIECTBIISIET 3alIMUCH JUATHOCTUUECKUX MTapaMETPOB U YKa3bIBAET HA BO3MOKHBIE
HEWCIIPAaBHOCTU. J[MarH03 OCHOBBIBAECTCS HA TEHJCHLMUSAX B UCTOPUU JUArHOCTUYECKHUX Mapa-
METPOB, pab0YEM COCTOSIHHH, a TAKKE UCTOPHUH HATPY3KH MU TEXHUUYECKOTO 0OCTY)KUBAHUSI.

Jrtan 5: [Iporuo3upoBaHue TEXHUYECKOTO COCTOsIHUS BakHewmmi stan 110, koTopbrit
KCIIOJB3YET JIaHHBIE BCEX MPEbIAYIIUX 3TanoB. OCHOBHAA 1€Ib MPOTHO3UPOBAHUS — PACCUH-
TaTh OyAylIee COCTOSIHHE pa0OTOCIIOCOOHOCTH C YYETOM TEKYIIUX BHEIIHMX W BHYTPEHHHUX
(aKTOPOB M OCTABIIMICS CPOK IMOsIe3HOT0 Mcnoib3oBanus (RUL).

Jran 6: DIIeMEHThI apXUTEKTYPbI MOIJEPKKU MPUHATHS PEIICHUHN MOTYy4YaroT JaHHBIE OT
MOYJIeH JUAarHOCTUKU U MPOrHO3UpoBaHus. OCHOBHAS 1IEJb — MOJUICPIKKA MPUHSTHS YIIPABJICH-
YEeCKUX pelieHuid U (OPMUPOBAHNE TEXHUYECKUX PEKOMEHIAIMA. PereHns MOryT OTHOCHTBCS
KaK K TEXHHYECKOMY OOCITYKMBaHUIO (opMUpoBaHHE TpaUKOB, YIIpaBICHHEM CKJIaJI0M 3arac-
HBIX YacTel  T.J1.), TaK U K dKciuTyaranud CM (Hanpumep, UI3SMEHEHUE PEKUMOB HArPy3KH).

3akirouenue. Vcronb30BaHUE B CEIbXO3MAIIMHOCTPOECHUU U B CEIBCKOM XO3SUCTBE CEHCO-
poB, gatunkoB U [0T-yCTpoHCTB MO3BOJISIET COOMPATh OTPOMHOE KOJIMYECTBO JIAHHBIX, YTO CAMO TIO
ce0e OTKpBIBAET OOJBIIME BO3MOXKHOCTH B VX HCIONB30BAHUY JIJIsl aHAIN3a W TPOTHO3UPOBAHUS TEX-
HHUYECKOI'0 COCTOsIHUA MaAIlIWH. HCHOJ’ILE}OB&HI/IG 3TUX TCXHOHOFI/Iﬁ HpI/IBCJIO K pa3BI/ITI/IIO B CCJIIbCKOM
XO03s1iCTBE HOBOrO noxaxoaa kK opranuzauuu TOuP — nporno3noit merononorun TOuP, cyTe koToOpoi
3aKJTII0YacTCs B 00ECIICUCHNH YIIPABICHHS HAISKHOCTHIO MAIIHMH C IENBI0 MPEIYIPEkKACHUS OTKA30B
NpY MaKCHUMaJbHOUM HapaboTKe U 00ECTIeUeHUs KauecTBa SKCIUTyaTalliy Ha MPEACIbHBIX MapaMeTpax,
Ha OCHOBC I/IH(bOpMaHI/IOHHBIX, HHTeHHeKTyaHBHLIX nu ]_[I/I(prBI)IX TCXHOHOFHﬁ.

B pesynmbrate mccnenoBanus ObUIO YCTAHOBICHO, YTO peaim3anus merofonoruu [10 mpuBo-
JOUT K COKpaH_[eHI/HO BpeMeHI/I HpOCTOH MalllruH, IMMOBBIMICHUIO UX HAACKHOCTH, CHUXCHHIO 3KcnnyaTa-
IIUOHHBIX paCXOZIOB. AHaHI/I3 Hay‘-IH])IX I/ICCHCI[OBEIHI/II\/'I II0O3BOJIAACT BBIACIIUTH TpI/I 3aJa4H, peHleHI/IC
KOTOPBIX TpeaniecTByeT BHeApeHuto [10: onpeeneHre apXUTEeKTYpbl CHCTEMBI; ONIPE/CIICHHE TIeTeH 1
3a7a4 WCXOMAS W3 CTPATerMu COOCTBEHHWKOB, OTPEIECIIEHHE IMOAXOMO0B M METOMMK IS JTOCTHIKEHUS
Hawty4niero pesynsrara TOuP.

[pemnoxkena koHienTyaibHas Moaes [10, Bkitodaromas 6 cioeB u Habop JICHCTBHIA, 103BO-
JISIFOINUE OCYIIECTBIATh OOHAPY)KEHHE U UACHTU(PUKAIIUIO TIPEANISCTBYIONIMX U 3aPOXKIAIONIIXCS HE-
HCHpaBHOCTeﬁ y3HOB u arperaTOB MalllvH, MOHI/ITOpI/IHF nu HpOFHOSI/IpOBaHI/Ie pa3BI/ITI/I$I I[era]laIH/H/I
JICTaNe U TEXHUYECKOTO COCTOSHHUS B IEJIOM, a TaKkKe 00eCneUeHNe MOAICPKKH TPUHSITHS PEIICHU I
B niporecce TOuP wim aBromatusaiuio papadotku rpadukos TO.

Conclusions. The use of sensors, sensors and IoT devices in agricultural machinery and agriculture
makes it possible to collect a huge amount of data, which in itself opens up great opportunities for their use
for analyzing and predicting the technical condition of machines. The use of these technologies has led to
the development in agriculture of a new approach to organizing maintenance and repair - a predictive
methodology for maintenance and repair, the essence of which is to ensure the management of machine
reliability in order to prevent failures at maximum operating time and ensure the quality of operation at
maximum parameters, based on information, intelligent and digital technologies.

As a result of the study, it was found that the implementation of the software methodology
leads to a reduction in machine downtime, an increase in their reliability, and a reduction in operating
costs. Analysis of scientific research allows us to identify three tasks, the solution of which precedes
the implementation of software: determining the system architecture; determining goals and objectives
based on the owners’ strategy; identifying approaches and techniques to achieve the best MRO results.

A conceptual software model is proposed, which includes 6 layers and a set of actions, allowing for
the detection and identification of previous and incipient faults of machine components and assemblies,
monitoring and forecasting the development of degradation of parts and technical condition as a whole, as
well as providing decision support in the MRO process or development automation maintenance schedules.
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Summary

The article deals with the problems associated with the defectiveness of the connecting rod and main
journals of the crankshaft, and also presents a mathematical description of this process, taking into
account the control of dimensions, shape and location of surfaces. The studies were carried out a the
repair enterprises of the agro-industrial complex. Determining the condition of parts after fault detec-
tion is an important step in the repair process. This determines whether parts can be machined to repair
size or should be rejected. To more accurately determine the condition of defective parts, a tool was
developed for monitoring and analyzing dimensions and shape deviations. This tool allows you to
evaluate defects in more detail and determine how critical they are for the further use of the part.
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