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[I1aHMpoBaHUE PEMOHTA TPAHCIOPTHO-TEXHOJIOTHYECKUX
MalIWH M0 TEXHUYECKOMY COCTOSHUIO
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AHHOTALMSA:

B craTbe mNpeACTaBJEeHbI pe3ysbTaTbl HCCJAEJOBaHUH B 06JacTH oGecrmeyeHHss PaboTOCHOCOGHOCTH
CJIOXHBIX TEXHHYECKUX 06bEKTOB Ha NMpHUMepe TPAHCIOPTHO-TeXHosIoruyeckux mMamuH (TTM). OnucaHa
cTpaTerdsi GOPMHUPOBAHUsI CHUCTEMbI OGCHYKMBAHHH M PEMOHTOB C y4€TOM TEXHHYECKOTO COCTOSHHS
anemenToB TTM. CTpaTerusi npeAycMaTpUBAET pas/ieJieHHe CTPYKTYPHBIX 3JIEMEHTOB MaLIMH Ha YeThIpe
TPyNnbl B 3aBUCHMOCTH OT INPUHLMIHAJIBHOTO MOAXOJA K pacyeTy IepPHOJUYHOCTH HMX PEMOHTA.
KpuTeprem omnpefiesieHnsl NEPUOJUYHOCTH PEMOHTA SIBJSETCS BEPOSITHOCTb AOCTIMKEHHS MpeesbHbIX
3HAYEeHUH XapaKTEePUCTHK B MEXPEMOHTHBIH NepHoA, a TaKkKe CTelleHb KPUTHYHOCTH MOCJeCTBUI
BO3MOXKHOTO OTKa3a 3jleMeHTa. [Ipy BBICOKOW CTelleHH KPUTHYHOCTH OTKasa 3JIeMEHTa U OTHOCUTEJbHO
HeO60JIbIION CTOMMOCTH PaboT 110 ero peMOHTY (3aMeHe) (3/1eMeHThI IepBOH IPyNIbl) caefyeT NIPUMEHATh
IJIaHOBO-TpPeyNpeIUTE/IbHYIO CTPATEryio, NMpeAycMaTPUBAIOLIYI0 PEMOHT IO persiaMeHTy, PeKOMeH-
JI0OBaHHOMY 3aBOJIOM-H3roTOBUTE/EM. TeXHUYECKOE COCTOSIHHE 3HAUYUTEbHOM YacTH 3/IEMEHTOB MAlIMH
MOXXET NMPOJUArHOCTUPOBAHO, a €r0 U3MeHEHHe CIPOrHO3MPOBAaHO HA OCHOBAHUH JAHHBIX JUATHOCTHKU
(BTOpas rpymnna). PeMOHT TakHX 3/IeMEHTOB Ha3HA4yaeTCs MPH JOCTHXKEHWH NMapaMeTPOB TEXHUYECKOTO
COCTOSTHHUS 6JIM3KHUX K KpUTHYECKUM. TeXHHYECKO€e COCTOSIHUS YaCTH BaXKHBIX 3JIEMEHTOB MaIlMH HE MOXET
ObITh IPOAUArHOCTHPOBAHO (TPEThs IPyIMIA), IO3TOMY X PEMOHT C/IeAyeT IJIAHUPOBAaTh HA OCHOBAHUU
CTaTUCTUYECKUX JAHHBIX IKCIUIyaTALlUH 3THUX 3JIEMEHTOB B OINpPE/eJeHHBIX YCJIOBUSIX PaGoThl. MOMeHT
BpeMeHH PeMOHTa Ha3HayaeTcsl MO AOCTIXKEHHUIO 3aJaHHOr0 YPOBHs 6e30TKa3HOHW paboThl. YeTBepTylo
TPYNIbl COCTABJIAIOT 3JIEMEHTb], 0TKAa3 KOTOPbIX He BbI3bIBAET CEPbe3HBbIX MOCAEACTBUH. PEMOHT 3THX
3JIEMEHTOB NPOM3BOJAT MO KTy OTKa3a.

K/IIOYEBBIE C/IOBA:
TPaHCIOPTHO-TEXHOJIOTUYECKHe MallIMHbI; Ha/IEXXHOCTh; 3KCIJIyaTalUsd; TEXHUYECKOe COCTOSAHUE; pEMOHT

1. BBegeHue

JbdeKTUBHOCTD TNpPHUMEHEHUsI TPAHCHOPTHO-TeXHoJorndeckux MamuHbl (TTM), kak
Y JII0GBIX MaTepHaIbHBIX 00 BEKTOB, ONIpe/e/IsIeTCs] YPOBHEM HUX HaZIeXXKHOCTH, XapaKTeprU3yeMon
KaK CBOMCTBO COXPaHSTh BO BpeMeHH B yCTAHOBJIEHHBIX NTpeZiesiax 3Ha4eHHs BCeX MapaMeTpoB,
XapaKTePHU3YIOIUX CIHOCOOGHOCTh BBINOJIHATh TpeGyeMble GYHKIMH B 3aJJaHHBIX peXUMax
U ycnoBusax npuMeHenus [[OCT 27.002-83]. Haiex<HOCTb 3TO KOMIIJIEKCHOE CBOWCTBO BKJIIOYA-
olee 6€30TKA3HOCTb, J0JIFOBEYHOCTb, PEMOHTONPUIOJHOCTb M COXPAaHAEMOCTb. Bin3koe
3HauYeHHEe K MOHSATHUI0 HA/IeKHOCTH HUMeEET TePMUH pabOTOCIOCOGHOCTb, XapaKTepudyeMasi
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KaK COCTOSIHHe 00BbEeKTa, MPH KOTOPOM OH CHOCOGEH BBINOJHATHL ONpejie/ieHHbIe ero Npej-
Ha3HayeHHeM QYHKIMH, COXpaHsds 3Ha4YeHUs pabouyux (3a/laHHbBIX) MapaMeTpoB B INpejeax,
YCTAHOBJIEHHBIX HOPMaTHBHO-CIIPAaBOYHON JOKyMeHTauuel. [lapameTpel, XapakTepusyloliye
BBINTOJTHEHHE QYHKIMH, 06YCIOBIMBAIOT 3KCIJIyaTallHOHHbIE TT0Ka3aTeJH 00'beKTa: MPOU3BO-
JUTENbHOCTb, IPY3010’bEMHOCTb, MOILHOCTb, TATOBO-CKOPOCTHBbIE U TOPMO3HbIe XapaKTepu-
CTUKH, TapaMeTphl paboyero npoiecca ABUraTesis 1 T.I. C TOUKH 3peHUs NOTPe6UTesT MalluH
TepMHUH paboTOCIOCOGHOCTD G0JIee MOHSTEH, a ero MapaMeTphl HAarJIsSAHbl U U3MepsIeMBI.

2. IlpeaMer, 3aa44 ¥ METOAbI

[IpeaMeToM ucciefoBanus siBseTcsa TTM, Kak cJI0XKHasl TEXHUYECKasi CUCTEMa, COCTOSIIasT
U3 3JIEMEHTOB, IEPUOAUYHOCTDb 3aMeHbl KOTOPBIX ONpe/ie/isieT HaJ|e)KHOCTh MalllMHbI B 11€JIOM.
3ajaya, peuraeMasl B CTaTbe - pa3paboTKa MeTOAOB OGOCHOBAHMSA IIepPUOJUYHOCTH 3aMeH
y3J10B. UCMO/Ib3yI0TCS METO/IbI CTATUCTHYECKOTO aHaIM3a U MPOTHO3UPOBaHHUsA. CTPYKTypHas
cxeMa obecnedeHust pabotocnoco6Hocty TTM mo TC npepcraBieHa Ha pucyHke 1. CrpaTerus
3KCIIyaTalY 110 TEXHUYECKOMY COCTOSTHHIO OCYILeCTBJISIeTCS CIeyoluM o6pasoM [3]:

[ aTan - aHa/M3 CTPYKTYpbl 06bEKTA IKCIIyaTaliMi. CocTaBJsieTcs epedeHb 3JIeMEHTOB,
3KCIJIyaTUPYEMbBIX C KOHTPOJIEM YPOBHSI HaJIeXKHOCTH, C KOHTpoJieM napaMeTpoB TC, mo Ha-
paGoTKe U J10 0TKa3a.

Il aTan - cocTaB/ieHHe MaTeMaTUYECKUX Mo/JieJiel JUHAMUKY NoKa3aTeseld TC 3JieMeHTOB
C LeJIbI0 UX MPOTHO3UPOBAHHUs U ONpeJie/IeHUs] CPOKOB HMX MPOPHIaKTHYECKHUX PEMOHTOB
Y 3aMeH.
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322 C.B. Penun, C.A. Esmioxos, . Patiuvix

Buj MaTeMaTHueckux Mojiesiell, npeseibHble 3HaUEeHUs ToKa3aTeJiell YPOBHS HaJ|eXKHOCTH
1 napaMmeTpoB TC 371eMeHTOB BBIOGMPAIOTCS C yY€TOM THUIIA 00'BEKTA, XapaKTepa ero HCHo0Jb30-
BaHUS, CTPYKTYPHOU CXeMbI ero HaZ|eXKHOCTH, BUuJa (Mau cnocoba onpejesieHust) npeaeabHOro
COCTOSIHUSL.

JluHaMHKa TeKyIIMX 3HaueHUU mapameTpoB TC 3/7eMeHTOB B Ipoliecce 3KCIIyaTaluu
OTCJIEXKUBAETCSl MOCPEJCTBOM MPOBeJEHUS MEePUOJUYECKOr0 JUAarHOCTUPOBAHUSI COTJIACHO
nJiaHa npoBefieHuss MeponpusaTuid TOP nau nocpe,cTBOM HeNmpepbIBHOTO AUarHOCTUPOBAHUS
CrelUaJbHbIMU MPUOOPAMH, BCTPOEHHBIMU B 3KCIJIyaTHPYeMbl 0G'bEKT, U HAOJ/IIOJeHUIMU
nepcoHasa (Il atam). /luHaMuKa TeKyIMX 3HAaYeHUH MOKa3aTeseld YPOBHSA HaJEXXHOCTH
OLIEHUBAETCs HAa OCHOBAHUU c60pa CTaTUCTUYECKON HHPOpPMALUU 10 OTKAa3aM 3JIeMEHTOB.

[lyTeM Mo/iCTaHOBKM TEKYIINX 3HAUeHUM NoKa3aTesiel ypoBHS HAJlEXXKHOCTU U TapaMeTpoB
TC 3/1eMeHTOB B MaTeMaTH4YeCKUe MOJeJNUd UX JWHAMUKHA NPOU3BOJUTCS NPOrHO3UPOBAHUE
CPOKOB TNpOBeJieHUs] MX NPoUIaKTHUUYEeCKUX peMOHTOB W 3aMeH (IV 3Tam), Ha OoCHOBaHUMU
KOTOPOTO IJIaHUPYOTCcs MeponpusaTus no TOP u 3amMeHe anemenToB (V atamn). [LtaHupoBaHue
MepONpPUATHH MO0 OGCAYKUBAHUIO, PEMOHTY U 3aMeHe 3JIeMEHTOB MPOU3BOJUTCSA C YYETOM
cnetUPUKHU IKCILIyaTalluh 06'bEKTOB.

CorsiacHO pa3paboTaHHBIM IIJlaHAM NPOBOJSTCS MJIAaHOBble MEPONPUSATHUS O 06CAYKHUBA-
HUIO, PEMOHTY U 3aMeHe 3JIeMeHTOB 00'beKTa. HemsaHOBble peMOHTHble BO3/eHCTBUS NPO-
BOJATCS 1Mo $aKTy BHE3aMHOr'0 0TKasa 3JieMeHTa MalluHbl. KoJiM4ecTBO BHE3aNMHbIX 0TKA30B
MPOTHO3UPYETCH COrJIACHO CTAaTUCTHUKE OTKA30B MAallMH JAaHHOW MapKd WM APYTUX Mapok,
O6JIM3KUX K JJAHHOH M0 TEXHUYECKUM MapaMeTpaM (y3J/Ibl OJHUX U TeX e 3aBOJJ0B-HU3TOTOBU-
TeJie, KOHCTPYKTUBHbIE pellleHUs, YCJIOBUSA HCIOJb30BaHUS M T.I.). COrJlacCHO MpOrHo3am
BHE3aMHbIX 0TKA30B Pe3epPBUPYIOTCS PeMOHTHbIE MOIIHOCTH U 3aMMYacTH.

3. CocTaB/ieHUe NepeyHs 3JIEMEHTOB, IKCIUIyaTUPyeMbIX U PEMOHTHPYEMbIX
MO pa3/JIMYHbIM CTPATErusiM

CocTaBjieHUEe TIIepevyHs] 3JIEMEHTOB, PEMOHTHPYEMbIX I10 HapabOTKe, NPOU3BOAUTCS
[I0 perJlaMeHTy, PeKOMeHJ0BaHHOMY 3aBOZOM-H3roToBuTesneM. K 3Toi rpymnmne ajieMeHTOB
OTHOCSAITCSI PEMHHU IPUBOJIA PaClpe/ieINTEJbHBIX BaJIOB JIBUTaTeseHd, TOPMO3HbIE KOJIOJKH,
GUIBTPEI U ApyTHe GBICTPOM3HAIIMBAIOLINECS YaCTH, Ppe3UHOTEXHUYECKHe U3/ieMs. a TaKKe
3KCIJIyaTalMOHHbIE MaTepUasibl. HecBoeBpeMeHHast 3aMeHa 3THX 3JIEMEHTOB MOXET NPUBECTH
K II0JIOMKaM MallHHBbI.

C xoHTpoJsieM napaMeTpoB TC 3KCIUIyaTHPYIOTCS 3J1eMEHTbl, U3MEHEHHs IapaMeTpPoB
COCTOSIHMSI KOTOPBIX MOXXHO M3MEpPSITh NOCPEJCTBOM JUAarHOCTUPOBAHUS U MPOrHO3UPOBATh
MOMEHTBI HaCTYTJIEHUs PeI0TKA3HbIX COCTOSHUN. ITO 3/IeMeHThI, HapylleHHe paboTocnoco6-
HOTO COCTOSIHHUS KOTOPBIX HMPOUCXOJUT INPEUMYILeCTBEHHO BCJIE/CTBHE IapaMeTpUyecKHX
OTKa30B.

JJIeMEHTHI, IKCIIyaTUPyeMble [0 YPOBHIO HAJIEXKHOCTH, 3TO 3JIEMEHTBI, HapylleHHe paboTo-
CIIOCOGHOTO COCTOSIHHSI KOTOPBIX IPOUCXOAUT MPEUMYLIeCTBEHHO BCJIE/ICTBHE BHeE3aIHbIX
OTKa30B.

Jlo oTKasa 3KCIJIyaTHUPYIOTCS 3JIEMEHThl, OTKAa3 KOTOPbIX He NPUBOAMUT K CEPbe3HBbIM
MIOCJIE/ICTBUSIM MJIM HE OKa3bIBAeT CYIeCTBEHHOTO BJIHAHHUS Ha PabOTOCIOCOGHOCTh MAIlHHBI.
3TO HpUOOpPBI OCBELeHHs, 3JeMEeHThl OT/EJIKH, 3allUTHble KOXYXH, NpeJOXpaHUTeJbHbIe
3JIEMEHTHI U TIp.

[IeproJMYHOCTb PEMOHTOB U 3aM€eH 3JIEMEHTOB, IPOBOJUMBIX 110 PErJIAaMEHTY M 3KCIJIya-
THPYEMBIX /10 OTKasa, ONpeJjiejieHa OJJHO3HAYHO W IJIAHUPOBAaHHUE JAHHBIX MEPONPUATHH
He BbI3bIBAET CJIOKHOCTU. A BOT IIJIAHUPOBAHHE MEPONPHUATHH [0 PEMOHTY 3JIEMEHTOB 110 UX
TEXHUYECKOMY COCTOSIHHIO TpeOyeT CleLMabHbIX HCCIeJ0BAaHUN JJIsi KOHKPETHBIX THIIOB
MallVH U YCI0BUH 3KCIIJIyaTalUH.
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4. HJIHHI/I]JOBHHPIE pPEeMOHTA U 3aM€H 3JIEMEHTOB MAallIUH 10 AWHAMHKeE
nmapaMeTpoB TEXHHYECKOI'o COCTOAHUA

W3MepeHnure 3HaueHUH XapakTepuCcTUK Xi napaMeTpoB TC a/ileMeHTa MallIMHbI IPOU3BOJUTCS
IIOCPe/ICTBOM JIMarHOCTMPOBAaHUs IIPY IPOBeJIeHUU TJIaHOBBIX MeponpuaTuil TOP uiau Henpe-
PBIBHO CpeJiICTBAMU BCTPOEHHOH JUAarHOCTUKH (pHC. 2).
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Puc. 2. Tpaduk u3MeHeHHs1 COCTOSIHHS 3/1eMEHTa MaLIMHbI TPU 06CIY>KUBAHUU C KOHTPOJIEM
napameTpoB TC: 1...6 - Touku 3amepa napameTpa X; TTO, TTP - nepuoguuHOCTb NpoBejeHuUs
TEXHUYECKOT'0 06C/TY>KUBaHUS U TEKYIIEro peMOHTa cOOTBeTCTBeHHO; TocT2, ToCT6 — 0CTaTOYHBIN
pecypc 3jieMeHTa IPY BTOPOM U 111eCTOM 3aMepax apamMeTpa X COOTBETCTBEHHO

[To u3MepeHHOMY 3Ha4YeHHUIO Xi mapaMeTpa U U3BECTHOMY 3aKOHY ero usMeHnenus X(T) pac-
CYMTBIBAETCS OCTATOYHBIHA pecypc TocTi, onpeAensouuil pacdieTHy0 HapaboOTKY Ji0 peseib-
HOT'O COCTOSIHMSA 3JIEMEHTA, XapaKTepu3yeMoro 3HauyeHHeM Xipes napaMerpa. Ha ocHoBaHuM
TocTi mpuUHUMaeTcs pelleHHe O JAaJbHeHLIed 3KCIJyaTallMd 3jleMeHTa WM NpPOBeJeHUU
PEMOHTHBIX paGoT. U3 puCyHKa 2 BHUJIHO, YTO PEMOHT 3JIeMEHTa CJeJyeT NMPOU3BECTH Ha
BTOpPOM TekyuieM peMoHTe. T.0. 3aja4ya CBOJAMUTCA K OIpe/eJEHHI0 OCTaTOYHOI'O pecypca
3JIeMeHTa 0 Pe3yJIbTaTaM KaX/10ro U3MepeHUs apaMeTpa.

PaccMoTpuM 0611yt0 cxeMy GOpPMUPOBaHHUs NTApaMETPUYECKOI0 0TKa3a U3/eus, KOorAa Npo-
TeKaHHe PA3JIMYHBIX NPOLECCOB NMOBPEX/EHUS TPUBOJUT K U3MEHEHHUIO BO BPEMEHHU BBIXOJ-
Horo mapaMeTtpa X. OTKa3 BO3HUKHET NpPH JOCTH)XXEHUM NapaMeTpOM CBOEro IMpejesbHO-
—JIONyCTHMOTO0 3Ha4eHUs XIpeJ, YTO MPOU30H/IeT Yepe3 HEKOTOPBIH C1ydyalHbIN NPOMEKYTOK
BpeMeHU paboThl U3/eHSl.

Ha cxeMe moka3aHbl OCHOBHbIe 3Tamnbl GOpMHUpPOBaHUS 3akoHa pacnpegesenus f[T). BHauase
MMeeT MeCTO pacceMBaHMe IapaMeTpoB 3jeMeHTa f{X) OTHOCHUTEJIbHO CBOEro MaTeMaTHyec-
koro oxxujanus X0. 3To CBSI3aHO C pacceMBaHHWEM HayaJbHbIX OKa3aTesieil HOBOW MalllMHBL
Ha u3MeHeHMe MapaMeTPOB 3JIEMEHTOB MallMH B MpOLECCe 3KCIJIyaTallMd CKa3bIBAKOTCS
Me/lJIEHHO NPOTeKalolle MPOIlecchbl, HaNnpuMep, U3HOC. B 0611eM ciy4ae mporecc U3MeHeHHs
napaMeTpa MOXET HavyaTbCs Yepe3 HEKOTOPbIH MPOMEXYTOK BpeMeHH T1, KOTOpBIH Tak e
SIBJISIETCsl CIyYalHOM BEJIMYMHOM U CBSI3aH C HAKOIJIEHHEM MOBPEX/eHUH (HapuMep, ycTaso-
CTHBIX) WJIH C IeHCTBHEM BHEIIHUX IPUYHH.
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[Ipouecc M3MeHeHHUsI NapaMeTpa X co CKOPOCTbIO )X, TAKXKE SIBJISIETCS CJyYaWHbIM U 3aBUCUT
OT U3MeHEeHHUs MOBPEXJEHUH OT/IeJIbHBIX COCTABJISIOIUX 3JIeEMEHTA (MX U3HOCA CO CKOPOCTHIO
y1,v2, ...yn).

B pe3ysbTaTe BCeX 3THX SBJIEHUH NMPOHUCXOAUT POPMHUpPOBAHHME 3aKOHA paclpejiesleHUus
fIX,T), KoTOpBIH ONpesiesisieT BEpPOSTHOCTh BBIX0Ja MapaMeTpa X 3a rpaHuny Xnpex. Cienyet
OTMETHUTB, YTO B 06IIeM cIy4yae 3HaueHUe XIpeJ, TAKKe MOXKeT UMeTb pacCeMBaHMUe, eCJIM OHO
OLleHMBAET JMaNa3oH TpeGOBaHWU NOTpeOUTessl K IMpeJie/bHbIM 3HAUYEeHHUSM IOKa3aTeJsed
MallIWHBL.

JlanHas cxema B 06l1eM BHJe ONHUCBIBAET IIPOLecC BOSHUKHOBEHHS MOCTENIeHHOTOo (mapa-
MEeTPHUYECKOro) OTKasa W NMPU YaCTHBIX 3HAYEHUSIX BXOZALIMX ITapaMeTPOB MOXKET OTpa)aThb
Te WM HMHbIE CJIy4YaH, XapaKTepHble /Il ONpeJieJIeHHbIX YCJIOBUH paGoThl U KOHCTPYKTHBHBIX
ocobeHHOCTeH H3zenus. Eciu mpouecc nu3MeHeHUs mapaMmerpa HayuHaeTcs cpasy (T1=0),
TO IOJIy4aeM THUIHUYHYI CXEMYy BO3HUKHOBEHHS MOCTENEHHOro MapaMeTPUYeCKOro OTKasa.
Ecsu npu foctmxkeHuu Xnpey 6ynet peskoe Bo3pactanue X(T), To, Kak IpaBUJIO, BOSHUKHET
oTKa3 QyHKIMOHHpoBaHUsA. Eciu B npouecce GopMUpPOBaHUs OTKa3a OCHOBHYIO POJIb UIPAeT
BO3HUKHOBeHHe (3apoxJeHue) mpouecca, T.e. dyHkuus f(T1), a 3aTeM mpouecc npoTekaeT
€ 60/1bIIOH UHTEHCUBHOCTBIO X(T) — ©0, TO MOJIyYUM MO/Ie/Ib BHE3AIMHOI0 0TKAa3a.

PaccenBaHUe Haya/IbHBIX IapaMeTPOB 3j1eMeHTa f{X) clieyeT yYUThIBaTh IPU paccCMOTpe-
HUU OlIpesie/IeHHON COBOKYITHOCTH U3/IeJIMH, HanpUMep, BCeX MalllMH JAHHOW MO/IeJIH, BhINYycC-
KaeMbIX 3aBoZloM. Eciii paccMaTpuBaeTcsl KOHKPETHOE U3/ieIie, TO 3HaYeHe X mpeBpalaeTcs
B HECJIy4aiHYI0 BEJIMYMHY, TaK KaK XapaKTepHU3yeT HayaJIbHble MapaMeTphbl JaHHOI0 06pa3la.

EcJiv ke yYUTBIBaTh pacCeMBaHHe HayaIbHBIX IApaMeTPOB MALIMHbI B pe3ysbTaTe ee pa6o-
Thl IPU PA3/IMYHBIX PEXHUMaX, TO X OyJeT cl1y4yalHOW BeJMYMHOHN JJis AAaHHOTO 3K3eMILIsIpa
U3/ieusl.

Hawn6osee yacTo u3amMeHeHHe napaMeTpa U3zienns X Mo INHSAeTCs IMHETHOMY 3aKOHY

X(T)=Xo+k-T (1)

B nmaHHOM ciy4ae k= y - 3TO CKOPOCTb IPOTEKAaHMs Mpolecca (CKOPOCTh W3HAIUIMBAaHUSA
WJIM CKOPOCTb U3MeHeHUs llapaMeTpa), KOTopas 3aBHUCHUT, KaK MPAaBUJIO, OT GOJIBLIOrO YHCIIA
CIy4aiHBIX GAaKTOPOB — OT HAarpy3KH, CKOPOCTH, TEMIIEPATYPhI, YCIOBUH 3KCIJIyaTalUU U T.II.

B o6uieM caydae Buz ¢oyHkuuu k(T) uaum Y T) MoKeT UMETb JII060H XapaKTep, KOTOPbII
MOXXEeT OBITh U3BECTEH WM ONPEeNAThCS B IPOLeCCe aHAIN3a 3KCITyaTallMOHHBIX JaHHBIX.

W3 pucyHka 2 BHJHO, YTO XapaKTep M3MeHeHHUsi nmapaMeTrpa Xi, U3MepsieMblil B i-ThIX
TOYKaX, IepeMeHHbIN. [[03TOMy ¥ CKOPOCTh Y U3MEHEeHHs MapaMeTpa TaKXKe HeIllOCTOSTHHA

Xi—Xiq
Vier T 7 7 (2)
i i-1
rje Xi - 3aMepeHHOe 3HayeHHUe [TapaMeTpa B MOMEHT BpeMeHU T1.

Cpe,cu—lee 3HAa4Y€HHe CKOPOCTHU UBMEHEHHUA [TapaMeTpa

n
y _ i=2 yi,i—l (3)
P n—1

r/ie n - KOJINYeCTBO 3aMepOB NapaMeTpa.
HauGoJiee xapakTepeH ciiydaH, Korja pa3époc 3HaueHHUH CKOPOCTH U3MeHeHHUs TapaMeTpa
NOJYMHEH HOPMa/IbHOMY 3aKOHY:

1 (v —7)?
- exp (4)

f) =

202

rae: f()/) — IJIOTHOCTb BEpPOATHOCTH; ? — MaTeMaTH4YeCKoe OXUJaHHe;, 0 — CpeJHee KBaJpa-
THUY€CKO€e OTKJIOHEHHE CKOPOCTHU IIpoLecca.
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[IpesesbHO JONYyCTHMOe 3HAaYeHHe TapaMeTpoB XTpeJ yCTaHOBJIEHO U3 YCIOBHS PAaBUJIb-
HOCTM OGYHKUMOHUpOBaHMA wusfenus. [lpu X = Xupen HacTynaeT NpejesibHOE COCTOSIHUE,
KOTOPOE U OTpeiesISIeT CPOK CAYKObI (HapaboTKy) uszeus 1o oTkasa T = Tom.

CpeTHUH CPOK CIYKOBI U3/IeTUs

Tcp = (anea - X())/ch (5)

OcTaTO4YHBIN pecypc, onpejiessieMblil 0 pe3yJbTaTaM M3MepPeHUs 3HAueHUsl MapaMeTpa
B I-TOH TOYKe

Tocri = (ane,u - Xi)/ycp (6)

Ecnu IMNOJIy4€eHHO€ 3Ha4€HHe OCTAaTOYHOr'o pecypca MeHblle NepuogU4HOCTH TP, To PEeMOHT
3JIEMeHTa cjieAyeT [IPOU3BeCTH IPU GJIKaneM TeKylleM peMOHTe.

5. HJIaHPIpOBaHPIe PEMOHTA U 3aM€H 3J/IEMEHTOB MAaIlIMH
O YPOBHIO HAAEKHOCTH 3JIEMEHTOB

Jltob6ass MallMHa NpeACTaB/sAeT COOOH CI0XKHYI TEeXHUYeCKyl CHCTeMy, HaJleXXHOCTb
KOTOpOM omnpefe/isieTcsl COCTAaBJSOILUX ee 3JeMeHTOB [5,6]. AHalIU3Upys CTPYKTYPHYIO
HaJIe)KHOCTh CHCTEMbl MOXXHO YCTAaHOBHUTb IOKa3aTesJd HAaZeXXHOCTU ee 3JeMeHTOB [7].
HaziexxHOCTb 3/1eMeHTOB MallMH sBJAseTC PyHKIUEeHd BpeMeHHM MX 3KCIIyaTalMH. 3ajaBast
onpejesieHHbI YpOBeHb HAaJeXKHOCTH 3JIEMEHTOB U, 3HAasd 3aKOH WU3MEHEHUS HaJle)KHOCTHU
110 BpEM€eHH, MO>XXHO HaWTH NEPUOJUYHOCTDb UX 3aMeHBI.

OnpefieieHde YpOBHS HaJeXXHOCTH 3JIeMEHTA MOXeT NPOU3BOAUTBLCA IO Pa3JUYHBIM
KpUTepHUsM. PaccMOTpHUM BepOSITHOCTHYIO MOJie/Ib ONpe/iesIeHHsl HapaboTKH /10 peaynpesu-
TeJIbHOM 3aMeHbl 10 KPUTEPUI0O MHUHHMMHU3ALUMU CpeJHEB3BeLIEHHBbIX 3aTpaT Ha PEeMOHTHI
[8-13]. B kauecTBe BecOBBIX K03QPUIIMEHTOB /i1 ABYX aJbTePHATHUB: aBApUHHOI0 PEMOHTA,
BbI3BAHHOTO BHE3allHbIM OTKa30M, U NpeAynpeJUTeJbHOTO PEMOHTA, UCII0JIb3yeTCs COOTBET-
CTBEHHO PHCK NponycKa oTka3a (coorBetcTByeT F(TP))

R, = [,” f(T)dT = F(T,) = 1 P(Ty) (7)

U DUCK Hepepacxojia CpPeJCTB Ha NpeAyNnpexxJeHHe OTKa30B (COOTBETCTBYeT BepPOSTHOCTH
6e30TKa3HOH paGoThI)

Ry = [ f(T)dT = P(T) ®)

rae: f{T) - NJIOTHOCTBb paclpejieJleHUs] HApaboTOK A0 OTKasa C MaTeMaTHUYeCKUM OXXHJAHHeM
Tyr; Ty — HAPaBOTKa, HA KOTOPOH BBIMOJIHSAETCA IPEYNPEANTEbHBIA PEMOHT.
[Toanexaliyie MUHMMH3alUK 3aTPAThl ONPees0TCs 1o popMy.ie

Z=1Z,"Ry+Zy R, = Zy[1 — P(Ty)| + Z, - P(T,) > min 9)

rae: Z, - CyMMapHble 3aTpaThl Ha aBapUHHBIA PEMOHT; Z,; — CyMMapHble 3aTpaThl Ha MpeJ-
yIpeAuTeJbHbI PEMOHT.

Ecnim cocrapJisiioniye 3aTpaT BbIPasUTh Yepes3 Cpe/HUe CTOMMOCTH aBapuiHoro C, (¢ yueToM
yiep6a Y — mpsAIMOro U CONPSKEHHOT0 M3-3a OCTAHOBKHU paboT) W NpeAaynpeauTeabHOro Cy
PEMOHTOB, TO MOJYYUM

Z=Txp{(C, +Y) - [1 = P(Tp)] + Z, - P(T,)} - T, 't - min (10)

rae Tkp/T, - KONMMIECTBO 3KCIIIyaTAallMOHHBIX (PEMOHTHBIX) IIMK/IOB HA 33/JAHHON KOHEYHOH
Hapab6oTke TKp (Hampumep, 0 KamuTaJlbHOro peMoHTa — KP).
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Jna paccmMaTpuBaeMoro npuMepa paspaboraHa Mathcad-nporpamma. Ha pucynke 3
npeJcTaBjeHbl rpaduvecKy pe3yJbTaThl pacyeTa ONTHMaJbHBIX MIEPUOJOB 3aMeHbI 3JIeMeH-
TOB 10 MUHUMYMY 3aTpaT 3a PeMOHTHbIN LIUKJI AJ151 pa3/IMYHBIX 3HaUeHUH yiepba V.

PacueT BbINoJIHEH /i [ByX BU/I0B 3aMeHsIeMbIX 3JIeMeHTOB 0/JHOKOBILIOBBIX 9KCKaBaTOPOB
(OK3) - pykaBoB Bbicokoro faBienusi (PB/l) u 3y6beB koBiia. CpegHee BpeMsl HapaboOTKU Ha
otkas (T,;) PB/l cousmepuMo ¢ Hapa6oTkoit 0 KP (6500 u 8000 MOTO-4acoB COOTBETCTBEH-
HO), TO3TOMY KOJIMYeCTBO 3aMeH B MEKPEMOHTHBIN IIEPUO/] He TPEBBIIIAET JIBYX, YTO CHHXKAET
[I0Ka3aTeJbHOCTb HEKOTOPBIX Auarpamm. OxaHako st PB/l Besnko BiMsHME CONPS>KEHHOIO
C BHe3alHbIM 0TKa3oM yuiep6a (¥ — go 10000 py6.), T.K. B ciay4yae pa3pbiBa PB/l BriTekaeT
60JIbIoe KOJMYECTBO JOPOrocTosiell pabouei >xuaKocTu. Jia sy6bes koBma T, = 400...
500 MOTO-4acoB, MO3TOMY KOJHMYECTBO 3aMeH JJis 3JIeMeHTOB C pa3HbIMM IOKasaTeJsIMU
Ha/JIeXKHOCTH 3HAYMTeJbHO pasHUTcA. Ha pucyHke 4 mpejcTaB/eHO BIAUSHUE XapaKTePUCTHUK
Ha/IeXKHOCTH 3aMeHsIeMbIX 3JIeMeHTOB Ha BeJIMUUHY ONTHUMaJ/bHbIX IEPUOJ0B 3aMeHbl 3/1eMeH-
TOB, PAaCCYMTAHHBIX 110 MUHUMYMYy 3aTpaT 3a PEMOHTHBIH IUKJ. Mcrmosb3oBaHMe JaHHOTO
MeToJia aHa/M3a I103BOJIET MOJONTH K ONTHUMH3AIMK 3aKYNOK 3am4acTed ¢ TOYKHM 3peHus
«I[eHa-Ka4eCTBO».

BinsHUe BelMUYMHBI yllep6a OT BHe3allHbIX OTKA30B 3JleMeHTa 060py/0BaHUsA Ha 3Haye-
HUe ONTHUMaJIbHbIX MEepPHUOJOB ero 3aMeHbl NI0OKa3aHO Ha pUCYHKe 5. PacyeT BbINOJIHEH AJis
JABYX 3aMeHsIeMbIX 3J1eMeHTOB C Pa3/INYHbIMU NTapaMeTpaMH XapaKTepUCTUK HaJeXKHOCTH.

3arparsl, py6. To"(Y=10000)  7,,~6500

y 1.2:10* ‘ 1 ‘ ; \]
N
1~ Z(T,,1000)  Zmin|— = _,lL L /T
— 2
2- AT, 5000) 1.10* A\ |
| I
—

i
3 — Z(T,, 10000) :
|

0.8-10* |
3000 4000 5000 6000 T, MoTO-yac
TTeproAMYHOCTD 3aMeH (PEMOHTOB)
Puc. 3. Pe3ysibTaThl pacyeTa ONTUMAJIbHBIX IEPHO/I0B 3aMeHbI 371eMeHTOB (PB/I)

10 MUHMMYMY 3aTpPaT 32 PEMOHTHBIN LIUKJI LISl Pa3/IMYHbIX 3HAUEeHUH
yuep6a ¥ (py6.): 1 - 1000, 2 - 5000, 3 - 10000

2104
1 -Z(Tp)

1.5-10"
2-72(Tp)

1-10

100 200 300 400 500
Tp, MOTO-Yac
Puc. 4. BiusiHYe HaJIe)KHOCTH 3aMeHsIEMbIX 3JIEMEHTOB (3y6bsl KOBILIA) HA BEJIMYUHY

ONTHMaJIbHBIX IEPUO/I0B 3aMeHbI 3JIEMEHTOB, PACCYUTAHHBIX 10 MUHUMYMY
3aTpaT 3a peMOHTHBIH IIUKJI (CM. XapaKTepUCTHKHU B TabsuLe 1)
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Ta6auna 1
XapaKTepHUCTUKU 3aMeHsIEMOTO 3JieMeHTa (Ha mpuMepe 3y6a 3KCKaBaTopa)
JjeMeHT T,., MOTO-4ac 0, MOTO-4ac Cy PY6. Cp, py6. Y, py6.
Ne1 550 100 500 800 1000
Ne 2 450 120 400 700 1000
T o 500
s S
s = 1
8 2 ~
.S 1-Tp 400 ~
g = ) ——
& 2-Tp ~<. ]
T mee- 2
= £ Feead
o =-~.
= 2 T -0
o 200

Puc. 5. BaiusiHre BeJIMYMHBI yliep6a OT BHE3aMHbIX 0TKA30B 3JieMeHTa 060pyAoBaHus (3y6a) u ero
XapaKTepUCTUK Ha 3Ha4YeHHe ONTHMa/bHbBIX TEPUO/0B 3aMeHbI (Ha MprUMepe 3y6a 3KCKaBaTopa)

v

[TosiydyeHHOe B pe3ysibTaTe ONTUMHU3ALMHU 3HaueHHe TP CIyKUT OCHOBaHHEM JJIs pacyeTa
NOTPeOHOCTH B 3aM4acTsX, IPUYeM IeJlecCO0Opa3HO NMPUYpPOYMBATh 3aMeHy K GumxaiiieMy
(y1yu1le nmpeAIeCTBYIOIEMY 110 CPOKY) IJIaHOBOMY MepornpusiTuio TOP.

PaccMaTpuBaeMblii MeTOJ, pacyeTa IepPUOJUYHOCTH U KOJHUYECTBA 3aMeH 3JieMeHTa
060py/IOBaHUSI MO3BOJISIET pellaTh 33/layy TaKXKe C TOYKHU 3peHHs obGecrnedyeHUs] 3aJaHHOMN

BepOSITHOCTH 6€30TKa3HOM paGoThl. Ha pucyHKe 6 npejcTaBieHa cxeMa U pe3y/IbTaThbl TAKOTO
pacueTa B rpa¢pudeckoil popme. Ha pucyHke 7 npuBesieHbl pe3y/IbTaThl pacyeTa /iJisl 3JIEMeH-
TOB C pa3/IMYHbIM YPOBHEM Ha/[€XKHOCTH

P(Tp)

0.8
0.6

0.2

Tep

n(T,) = T,(P) Ty(P) n(T,)
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Puc. 6. Onpesenienye konuuecTsa 3aMeH n(Tp) ajleMeHTa 0G0OpYJOBaHUS B 3aBUCUMOCTH

oT TpeGyeMoH BepOsTHOCTH 6€30TKa3HOW paboThl, T/ie: @ — CBSI3b BEPOSITHOCTH 6e30TKa3HON
pa6oTel P(Tp) c neproanyHOCTbIO Tp 3aMeH 3/1eMeHTa 060py/10BaHus (B MOTO-4acax);
6 - 3aBUCUMOCTb KosinyecTBa 3aMeH n(Tp) asieMeHTa 060py/J0OBaHUs OT TpeGyeMoil BEpOATHOCTH

ero 6e3oTkasHoi pa6otsl P(Tp); TKP - nyaHOBast Hapa6oTKa /{0 KAMUTaJIbHOIO pEMOHTA
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Puc. 7. BiusiHre HaJIe)KHOCTH 3aMeHsIEMOro 3JieMeHTa (3y6 KoBLIa) Ha TEPUOJUYHOCTD (@)
Y KoJI4ecTBO (6) ero 3ameH

WccnenoBaHure BbINoOJMIHEHO py drHAaHCOBOM noasepxkke PITH® B pamkax Hay4HO-HCC1e0-
BaTeJbCKOro mnpoekTta «Pa3paboTka MeTOAMKH (GOPMHUPOBAHUA CTPYKTYPHBIX 3J€MEHTOB
TPAHCIIOPTHOM CHUCTEMBI MO 3KOHOMHUYECKUM U HAJIeXXHOCTHBIM KpUTepUsM (Ha mpumepe
MAapKOB TPAHCIOPTHO-TEXHOJOTHYECKUX MAIlIWH)», TpoeKT N2 15-02-00512.

[ToTepst paboTOCIOCOGHOCTH, T.€. Iepexo/; B HepaboTOCIIOCOOHOE COCTOSIHHUE, TPOUCKOAUT
no npuuvHe oTkasza. OTKa3 MoXeT GbITb BHe3alHBbIM (II0JIOMKA MAIIWHBI) WM NMapaMeTpH-
4YeCcKUM (BBIXOJ, MMapaMeTpoB 3a JloNycKaeMble npejesbl). O6ecnedeHre paboTOCIOCOGHOCTH
CJIOKHBIX TEXHUYECKHX 00'BEKTOB, K KOTOPBIM oTHOCATCA U TTM, ocyiiecTBsieTCsl TOCPeCTBOM
TeXHU4eCKUX obcayxuBaHui u peMoHTOB (TOP). OcHoBHas 3agavya TOP - cHU3UTB [0 Lese-
CO0OPA3HOr0 YPOBHSI BEPOSTHOCTh BHE3ANMHBIX 0TKA30B, T.e. 06eCeYUTh OCHOBHOE CBOMCTBO
Ha/JIeX)KHOCTH — 6€30TKa3HOCTh, U COXPAHATb 3HaYEHUs MapaMeTPOB B JOIYCKAEMBbIX Ipe/ieiax.
3azava pemaeTcsl OCPeACTBOM CBOEBPEMEHHOI0 PEMOHTA WJIM 3aMeHbI BIUSIOLUINX Ha paboTo-
CIOCOGHOCTD 3JIEMEHTOB MallIHMHBI.

PeMOHT MpOU3BOAUTCA B COOTBETCTBUM C NPUHATOM B HacToslllee BpeMs IPOrpecCHBHOM
CTpaTervei sKcIyaTaluu — 10 TexHU4eckoMy cocTosiHUIO (TC). Touku 3peHuUs1 BepOSITHOCTHU
BHe3alHbIX 0TKa30B olieHKa TC MpoBOgUTCA MO CTaTUCTUYECKUM JAHHbIM 3KCILIyaTalluu AaH-
HOTO 3J1eMeHTa, U MOMeHT NpOoBeJileHUs] peMOHTa Ha3HayaeTcsl N0 BbIOPAaHHON BepOSITHOCTU
6e30TKa3HON pa6oThl. TOYKM 3peHUs NapaMeTpUueckod paboTocrnocobHocTu oueHka TC
NPOBOJUTCA 3HAYEHHUSIM NapaMeTPOB PeMOHTHUPYEMBIX y3JI0B, ollpeje/iieMblM NOCPeACTBOM
JAMaTHOCTUPOBaHUA. PeMOHT (3aMeHa) 3/leMeHTOB NPOU3BOJUTCS A0 HACTYMJeHUs Npejeib-
HBIX 3HaYeHUH BepOSATHOCTH 6e30TKa3HOM paboThl UM 3HAaYeHUH NapaMeTpOoB.

[IpefenbHble 3HaYeHUs NMoOKasaTesell ypOBHS HaJleXXHOCTU U nmapaMeTpoB TC sneMeHTOB
BBIOUPAIOTCSA C y4eTOM THIIA 00'beKTa, XapaKTepa ero MCMOJIb30BaHUS, CTPYKTYPHOH CXeMbl
ero Ha/leXXHOCTH, BU/Ja (M cnoco6a onpefeseHus1) peJejibHOro CoCTosIHUA. Tak, npuMepoM
TUNa 06'beKTa MOXeT CAYKUTb TPaHCIOPTHOe CPeACTBO. PaccMOTpuUM JABa THUNA TPaHCHOPT-
HBIX CPeJACTB — MACCaKUPCKUH CaMoOJIET U CeJIbCKOX03ANUCTBeHHbIN TpakTop. OTKa3 BaXKHOIO
3JleMeHTa caMoJleTa B IoJleTe NpHUBeJeT K KaTacTpode, a y TpaKTOpa K OCTAaHOBKe B MOJIe.
[locsecTBUS OTKas3a CHJIBHO OTJIMYAIOTCS, IIO3TOMY M BHJbI NPEJIEJIbHOTO COCTOSIHUSI TOXe
OoyayT pas3suyHbl [y camoJsieTa IpeJie/IbHOE COCTOsIHME — 3HayeHHe BepPOSITHOCTH OTKasa
B I10JIeTe, 00YCJIOBJIEHHOE TPe6GOBAHUAMM 6€30MaCHOCTH. Y TPaKTOpa — 3HaYeHHe BEPOSITHOCTU
0TKa3a, 06yCJIOBJIEHHOE TPe6GOBAaHUSIMH 3KOHOMHYECKOH 11e1ecO06pa3HOCTH ero MCIoJb30Ba-
Hus. CTPYKTypHast cxeMa OIpeiesisieTCsl HaJIMYMeM pe3epBHUPOBAaHUsS 3JIEMEHTOB. Y caMoJieTa
60JIbIIMHCTBO CUCTEM Pe3epBUPOBAHO, y TPAKTOPA — TOJIbKO TOPMO3Has CUCTeMa.

JluHaMMKa TeKyIMX 3HadeHUW napameTpoB TC 3/71eMeHTOB B Ipoliecce 3KCIJIyaTalUU
OTCJIEXKMBAETCSI TOCPEACTBOM IPOBEJIeHHUs] NEePUOJUIECKOTO0 JAUArHOCTHUPOBAHUS COTJIACHO
IJ1aHy npoBejeHus MeponpusaTuil TOP nin nocpeAcTBOM HENPEPBIBHOTO JUAarHOCTUPOBAHUSA
CrenMaJbHBIMUA TPUGOPaMH, BCTPOEHHBIMU B 3KCIUIYaTUPYEMBIH 06BEKT, U HAGJIIOIeHUSIMU
nepcoHasa. /InHaMUKa TeKylIMX 3HAa4eHUH IoKasaTesledl YPOBHS HA/le)KHOCTH OIleHHUBAEeTCs
Ha OCHOBAHUHM c60pa CTATUCTHYECKOW MHGOPMAIMK 10 0TKa3aM 3JIEMEHTOB.
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[l1aHupOBaHKEe MepONPUATHH MO0 0GCAYKUBAHHUIO, PEMOHTY M 3aMeHe 3JIEMEHTOB ITPOU3BO-
JIUTCS C YY4E€TOM CllelIUPUKH IKCIIyaTallud 00'beKTOB. Hanmpumep, /i/is MallliH TPaHCIOPTHOTO
CTPOUTE/ILCTBA (ra3ompoBO/bl), UCIOJIb3yEMbIX CE30HHO B TPYAHOAOCTYIHBIX JAJs NMpoOBeje-
HUSI MepONpPUATUN MO O6GCAYKUBAHUIO U PEMOHTY MECTax, IEPUOJ, MEXAY PEMOHTAMU OyJeT
AauTenbHbIN. [103TOMy 3anac pecypca 3JleMEHTOB MallMH /10 PEMOHTA WU 3aMeHbl J0/KeH
Ha3HAYaThC COOTBETCTBEHHO YyBeJWYeHHbIM. [l03TOMy BoO3pacTaeT M 06beM paboT IO
PEMOHTY W 3aMeHe Tepei ce30HOM paboThl. Takoi MeTos TOP mo cocTosiHMIO MOXKHO Ha3BaTh
NpEBEHTHBHbIM.
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Planning of the renovation of transport and technological machines
determined on the basis of the assessment of the technical condition
of the object

ABSTRACT:

The efficiency of using transport and technology machines (TTM) as any material objects is determined
by the level of reliability characterized as a property occurring over time in the adopted ranges of values
of parameters characterizing the ability to perform the required functions in the ranges specified and their
conditions defined by standards, e.g. GOST 27,000.83. Machine reliability is a set of properties that includes
stability, long-term behavior of component features as an element of repair capacity. The notion of reliabil-
ity period is also poured as load capacity in the work process, characterized as the state of the object at
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which it is able to perform programmed functions maintaining the values specified in the normative docu-
mentation. Parameters characterizing the fulfillment of given functions are determined by operational indi-
cators of a given object, among which it is defined; efficiency, power, speed, thrust, braking characteristics,
engine parameters in the load process, etc. For the practical evaluation of the machine user the concept of
working capacity was expressed in the assessment of a complex technical condition for which it is possible
to effectively plan their renovation, where the individual components of the parameters can be measurable
parameters.

KEYWORDS:
planning the renovation of technological and transport machines; reliability; operation; technical condition;
measurement parameters of technical condition



