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BJIUAHUE COOTHOWEHUS TPOU3BOACTBA TEXHUKH U
3AIACHBIX YACTEN HA HAJIEXKHOCTb OBOPYJIOBAHUSA
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Annomayus — PaccMoTpeHa CBA3b MEXIY HaAEKHOCTHIO TEXHUIECKOTO O0OPYJOBaHUSA M XapaK-
TCpHCTHKOﬁ cucremsl 3UIL. HOKaSaHO, qTO HO’I’pe6HOCTI) B 3allaCHBIX YaCTAX IJId HYX[ SKCILTyaTalluud U
PEMOHTA TCXHUKU 3aBHUCUT OT BO3PACTHOI'0 COCTaBa IMapKa TCXHUKU U nokas3areei JOJITOBEYHOCTH HUX

OJICMCHTOB.

Knioueswie crosa: Haﬂé)KHOCTB, JOJITOBCYHOCTh, TCXHUYCCKOC O6CJ'Iy>KI/IBaHI/Ie, 3aIaCHbIC YaCTH.

THE INFLUENCE OF CORRELATION FOR PRODUSTION TECHNIQUE AND EXTRA
PARTS ON RELIABILITY OF EQUIPMENT

V.1. Rosliakov

The St.-Petersburg state university of service and economy (SPbSUSE),

191015, St.-Petersburg, street Kavalergardsky, 7

The summary — The relation between reliability of technical equipment and description of extra
parts are considered. It is considered that requirement in the extra parts for the needs of exploitation and
of repairs of technique depends on age structure of technical park and from longevity of their elements.

Keywords: reliability; longevity; maintenance service; extra parts.

IIpn skcmutyaranuym TEXHUKH OOHHUM
U3 OCHOBHBIX MyTel obecrieueHus: HaJI&KHO-
CTU MAIlUH SBIISETCS CBOEBPEMEHHOE U Ka-
YECTBEHHOE BBINOJIHEHHE TEXHUYECKOro 00-
CILy’)KMBaHHSI U PEMOHTa, 4TO TpeOyeT ompe-
JIeTIEHHOTO KOJIMYECTBA 3aIlaCHbIX YacTen
(BUID).

PaccmoTpuM cBs3b MEXy HAaJIEKHO-
CTbIO OOOPYZOBaHMS M XapaKTEepUCTHKaAMU
3UIL.

Ecnu i1 TeXHMYECKOro 00CTyXH-
BaHUS OOBEKTA IMpPENIoaraeTcs HCIoJb30-
Banue cucrtembl 3UII, To 3QdeKTUBHOCTH
JKCIUTyaTallMy 3aBUCHT HE TOJBKO OT ITOKa-
3areneil HaAEKHOCTH 00bEeKTa, HO U OT IO-
kazateneit spdexruBHOCTH cuctembl 3UII.
Opnako, cymecTByroUiasi INpakTUKa Ipea-
10JIAraeT MPOLECC Pa3ieIbHOIO IIPOEKTUPO-
BAaHUs TEXHUKU U OTHOCAILEHCS K HEU CHUC-
templ 3UII. Tak npu NpoeKTUPOBAHUU CHC-
TeMbl 3UII yuyuThHIBalOT NMpPOEKTHBIE Xapak-
TEPUCTUKH TEXHUYECKON CHCTEMBI, K KOTO-
PBIM MOXXHO OTHECTH MHTEHCHBHOCTbH OTKa-
30B arperaTtoB, Y3JIOB, DJIEMEHTOB, MHTCH-
CHUBHOCTb MX IIOCTYIUICHHS Ha TEXHUYECKOE

00CIyXKMBAaHUE M PEMOHT, CII0)KHOCThH BBI-
IIOJIHEHUSI PEMOHTOB. B Takux ciydasx co-
BOKYNHOCTb U3enus u cucreMsl 3UIT mox-
HO paccMaTpuBaTh Kak €IMHYIO CUCTEMY U,
COOTBETCTBEHHO, OMNpeAensaTh 3IPPEeKTHB-
HOCTh W HaJ&XHOCTh €€ (YHKIIMOHHUPOBA-
HUSL.

OrpannuenHocts cuctembl  3UII,
IIPEKIE BCEro, CKa3bIBAa€TCsl HAa BPEMEHU
BOCCTaHOBJIEHUs 00bekTa. Tak, mpu oTCyT-
ctBun B cucreme 3UII Heobxomumoro 3a-
[IaCHOTO 3JIEMEHTA, BPEMsI PEMOHTA YBEIIU-
yuBaetcs. [loaromy >3 pexTuBHOCTH cucte-
Mbl 3UIT MOXKHO XapakTepu30BaTh CPEAHUM
BPEMEHEM 3a/IEP)KKU B BBINOJIHEHUH 3asiBKU
Ha 3aITlacHOM dJIeMEeHT. B ¢Bs3M ¢ >TUM 11
IIOCTPOEHHUS MOJIETEN IKCIUTyaTallui TEXHU-
YECKUX CUCTEM, YUMTBHIBAIOUIMX IPUMEHE-
Hue cucrembl 3UIL, 0OBIYHO NPUMEHSIOT
METO/bI TEOPUU MACCOBOTO OOCITY>KUBAHMS.

B sToMm ciiydae kaxkaoe COCTOSIHHE
00bekTa (MCIOJIb30BAaHUE 110 Ha3HAYCHHIO,
TEXHUYECKOE 00CTy)KUBaHUE, PEMOHT U T.JI.)
COOTBETCTBYET Y3J1y OOCIYKHMBaHHUA, a CMe-
Ha COCTOSHHM — LUPKYJSIHMUA TpeOOBaHUIMA
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0bopyoosanus

MO Yy3J1aM, KOTOpOE OIMCBIBAETCS Cllydaii-
HBIM TIPOIIECCOM:

n() = [nu(®).n2(t),... .nm(O], (1)
rze: N(t) — m-mepueIii BekTop; 1;(t) — yncno
TpeOOBaHUH B | —M y3Ji¢ B MOMEHT BPEMCHHU
{; M — yucIo y37I0B B CUCTEME.

[TockonbKky umcio TpeOoBaHUM B
CHCTEME MacCOBOTO OOCIYXHBaHHS PABHO
YHUCIly OOBEKTOB CIIOKHOW TEXHUYECKOU
cucreMbl N, To B TF000H MOMEHT BPEMEHU:

ni(t)+ na()+ ...+ np()=N. (2)

HauGonpmmii npakTHYeCKUil HHTE-
pec OOBIYHO TPEACTABISECT CTAMOHAPHBIN
(YcTaHOBHBIIHMICS) pEXUM (DYHKIIHOHHPO-
BaHUS CUCTEMBI MacCOBOTO OOCITYy>KWBaHWUS,
IpU KOTOPOM paclpeie]IieHne BEPOSTHOCTEH
ciy4aiiHoro BekTopa N(t) He 3aBUCHT OT
BpeMeHH. CTallMOHapHBIA PEXHUM JOCTHUTa-
eTCsl uepe3 HEKOTOpOe BpeMs Ioclie Havama
JKCITyaTalldd U COCTaBJISeT  OOJBIIYIO
YacTh BCET0 BPEMEHHU JKCILTyaTalluu, BCIe-
CTBHE YEro OH OIpeNeNseT MoKa3aTelu Ha-
JNEKHOCTH JKCIUTyaTallMM CJIOKHOW TEXHU-
4yecKoi cuctemsl. [3]

[TokazaTenu HanéxHOCTH U I dek-
TUBHOCTH  (DYHKIIMOHUPOBAHUSA TEXHUYE-
CKOM CHCTEMBbl B 3HAUMTEIBHON CTEINEeHHU 3a-
BUCAT OT OOecreyeHHss HEeOOXOAUMBIM KO-
JMYECTBOM 3alacHbIX 3JIeMeHTOB. OpHaKo,
co3/iaHue OOJIBIINX 3aMacoB SKOHOMUYECKH
HEBBITOJHO, TaK Kak TpeOyeT 3HAYNTEIbHBIX
CPeACTB Ha WX MPOHM3BOJCTBO M XpaHEHHE.
[TosTOMY TIpH OTpeneIeHNH HOPM 3aIlaCHBIX
3JIEMEHTOB HEOOXOAMMO YYHUTHIBATh JBa
POTHBOIOJIOXKHBIX MMOAX0Ja: C OJHOM CTO-
POHBI yBEJIMUYEHHE YMCIa 3allaCHBIX YacTel
NPUBOAUT K TIOBBIIICHUIO HAI&KHOCTH H
3pGEKTUBHOCTH (PYHKIMOHUPOBAHHS TEX-
HUKH, C IPYTOi — YBEITMYUBAET PAcXoJbl Ha
JKCIUTyaTanuio. B cBsi3u ¢ aTuM, mipu pacué-
TE€ MPOM3BOJICTBA 3aITACHBIX YacTel Heo0Xo-
JUMO peuiaTh 3aJady ONTHUMH3AlUU HO-
MEHKJIATypbl U KOJIMYECTBA 3alacHBIX dJe-
MEHTOB.

Hapsiny ¢ sTtuM, mpousBOICTBO 3a-
MACHBIX YacTel MOJDKHO obecneunBaTh IO-
TpeOHOCTH OJKCIUTyaTallud B 3aMEHSEMBbIX
netansax. s BwiosiHEeHUs: 3TOro TpedoBa-
HUS HEOOXOJWMO TMpU NPOEKTUPOBAHUU
TEXHUYECKOM CHUCTEMBI OIpPEAENATh €xkKe-
rOJHbIE MpeJroyiaraeMbple 00BEMBI MPOU3-
BOJICTBA 3aIlaCHBIX YacTel U CPABHUBATH UX
C IPOU3BOJCTBEHHBIMH BO3MOXHOCTSIMU
MPOMBILUICHHBIX MPEINPUATUH, TAe Npe.-
IIOJIAraeTCsl BBIINYCK M3IEIMM M 3allaCHBIX
4acTeil K HUM.

OO0béM  MPOU3BOJCTBA  3aMacHBIX
yacTel M3 1o cpaBHEHHIO C 00BEMOM BBI-
MIyCKaeMOM OCHOBHOM NMPOAYKLMH Ha IMpeJ-
IPUATUN  OIPEACIACTCS B  CONOCTAaBUMBIX
SIIMHMIAX COOTHOIICHHEM: [2]

_ M

o, = WH, < Olppess 3

TJIE: Oyypey — MPEAETBLHOE COOTHOIICHHE JUIS
BCEM HOMEHKJIATYPBI 3allaCHBIX 4YacTeu
(00bryn0  mpuHEMaeMoe 0,05 < ey <
0,35); N, — 00BEM HpoU3BOACTBA NaHHOM
MOJIENIA B L -M TOJy WX HPOHM3BOJCTBA IIT.;
W — macca (wim 11eHa) OJTHOM CHUCTEMBI, Ke
(TBICAY pyOuneit).

OO0BéM  MpoOM3BOACTBAa  3aMacHBIX
qacTeil AN KaKAO0ro rojia BbITycKa TEXHU-
YECKMX CUCTeM Mz, W i NOTPEOHOCTH B
3aMeHe JeTanell B KaXKJI0M roJly dKCIUTyaTa-
[IUM TEXHUKH BBIYUCIISIETCS MO BBIPAXKEHUIO!

- . m=a; u=b;
M3|,1_ZN|J gm m=1; p=1, (4)
rac. a — HOCHCI[HI/II‘/JI roa SKCIryaralu CUuc-
TCMBI, b — HOCHCI[HI/II‘/JI T'OJ BBIITYCKA CUCTEM.

OO0BEM  MpOM3BOACTBAa  3aMacHBIX
qacTel N7l CUCTEM IIEPBOTO rojia BBITYCKa
(n=1) u I yIOBJIETBOPEHUS TTOTPEOHOCTH
B MEPBOM oy 3Kcrutyaramuu (m=1), toraa
M1 = Nj- 9g1-

OOBEMBI  TIPOM3BOJICTBA 3aMACHBIX
qacTel s KakKJOoro roja BbIIyCKa TEXHU-
YeCKMX CHUCTeM M3, U I IOTPEOHOCTH B
3aMeHe JleTajeil B KaXJI0M I'OJly dKCIUTyaTa-
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MU TEXHUKHU BBIYHUCISAIOTCS MO BBIPAXKECHU-
SIM.

W=2; M,=N;g1tN19>

w=3; Mz =N39,tN,g,+N, g3 (5)

W=4; My = Nygit N3g, tNogst ...
.t Ny g,

OO0BEMBI  TIPOM3BOJICTBA 3aMacHBIX
yacTedl mpu | = a, T.e. KOrJa NEPBbIA BBI-
MyCK OOOpYIOBaHUS JOCTUT TMPEISIBHOTO
BO3pacTa U MOMJIEKHUT CIHCAHUIO, TOJIKHBI
o0ecneunTh NOTPEOHOCTH B 3aMEHE JeTaei
Z OCTaBIIMXCS B MapKe eAMHUIl 000pyn0oBa-
HUs 060Jiee MO3JHUX BBIMTYCKOB:

w=a,M,=Ng,+N,_19,% ...
...*N1ga;

u=a+1M,= Ng;+
Ny_1gzt......... +NyGas (6)

u=a+2M, = Ngi+N,_19, +...
wtN3g, u T.1.

B Ttex cmywasx, Koraa MpOJONIKH-
TEIbHOCTh TMPOM3BOJACTBA O0OpPYHOBaHUS
MPEBBIIIAET MPOAOKUTEIBHOCTh €ro JKC-
TUTyaTaluu

p=b=a+6 M, = Ny gy +Ny_, -
g2 teoitNsio - Ga1 tNsy1 - ga (7)

[Tocne 3aBepiieHuss MPOU3BOACTBA
A30EIUNA JAaHHOH MOJEIN JOJDKHO OBITh
o0ecreyeHo MPOM3BOJCTBO 3alacHbIX Yac-
Tel Ha JKCIUTyaTaluio JEWCTBYIOIIETro map-
Ka:

H=b+1,Myr1=Np - got Np—y - g3+

+ Nsi3* Ga-11 Ns+2 * Ga;
H=Db+2; Mpyy =Ny gzt Np_1°gat...
+ Nst4* Ga—1 tNs13 " Ga ; 8
W=D~k Mysx =Np Gi+1 t -
. tNp - Gr42 ... ¥ Nsi24kGa-

Ecnu ofriee uncno et mpou3BOJICT-
Ba 3alacHBIX YacTed paBHO a+b—1, To B mo-
ClIeTHEM TOJly MPOU3BOJCTBO 3alacHBIX
yacTeu paBHO:

H=b+a—-1;, Myyq1=Np-ga- (9

Kak crnemyer u3 mpuBenEHHBIX pac-
YETHBIX CXEM, €KErojHble OOBEMBI MPOU3-
BOJICTBA 3allaCHBIX YacTed IJsl HYXKHI JKC-
IUTyaTallid ¥ PEMOHTa TEXHUKH (OpMUPY-

I0TCS B 3aBUCUMOCTH OT BO3PACTHOTO COCTa-
Ba MMAapKa W MOKA3aTeJied 10JrOBEYHOCTH UX
anemeHToB. [Ipu 3TOM TOTpeOHOE YHUCIO
3amyacteld BHa4yalle BO3PACTaeT, a 3aTeM IO
Mepe CHHUCAaHMs BBIPa0OTABIIETO CBOH CPOK
000py/I0BaHUsl, YMEHBIIACTCS.

B mensix panuoHaqbHOTO MCHOJB30-
BaHUs 3amyacTeil HeoOXOAMMO IMPHU MPOeK-
TUPOBAHUM HOBOW TEXHHUKHU 3apaHee olpe-
JeNATh TpeArnonaraeMbie 00BEMBI MPOU3-
BOJICTBA 3allaCHBIX YacTeW JUIsI H3MEHSIO-
HICHCS YUCICHHOCTH EAMHUI] TEXHUKU B
napke. Ecnu ypoBeHb MpOM3BOJCTBA 3armya-
CTel OKa)KeTCs HEAOCTAaTOYHBIM, TO Mpea-
roJlaraeMblil 1epUIUT MPOU3BOICTBA MOKET
ObITh JIMKBUIAMPOBAH MYTEM paCIIUPEHUS
MPOM3BOJICTBA HMJIM MYTEM COBEPIICHCTBO-
BaHMS KOHCTPYKIIMHU U3JIEIHS.

PaccmorpuM B KkadecTBe mpuMepa
pacuéT eXeroJHol MOTPEOHOCTH B IPOHU3-
BOJICTBE 3aIlaCHBIX 4YacTed Mg OBITOBBIX
MAaIIMH OJHOM MOJIENU, CPOK CIY>KOBI KOTO-
pBIX 110 cnucaHusa T, paBeH 5 JeT, IJIaHH-
PYEMBIX K BBHIMYCKY B TeueHue 4 JeT ¢ 00b-
émamu Boitycka N, = 100; 200; 500 u 1000
mTyk. Macca MamuHbl 0€3 KOMIUIEKTYIO-
mmx y3noB cocrasisier W= 1000kr. Macca
3aMEHSEMON JleTa W = 5 KT, YUCIIO OJTHO-
BPEMEHHO 3aMEHSAEMbIX JeTaneil N,=3; mpe-
JIeTIbHBII OTHOCUTEJBHBIM YpPOBEHb IMPOMU3-
BOJICTBA 3aryacTedl He JOJHKEH IMPEBbIIIATh
0,05 06bE€Ma OCHOBHOTO MPOU3BOJICTBA.

B pabote [2] nmpuBenén pacuér mo-
TPEOHOCTH B 3aMAaCHBIX YACTAX, CPOK CITYXK-
Obl, O CHHUCAHUS KOTOPBIX, COCTAaBJISET 5
ner. JlaHHbple MO TOJOBOH MOTPEOHOCTH B
3amacHbIX YacTsax Af, mpuBeneHbI B TaOIUIE
1.

[Tonb3ysace naHHBIMUH TaOMUIEL |1,
B3ATBIMU U3 PaboOTHI [3], ompexaenseM exe-
TOJHYIO J0JieByt0 ToTpeOHocts AFp, B 3a-
MACHBIX YaCTAX ISl BCEX 3aMeH 10 GhopmyIie
AFn=3%_1 AF,,;.

Pe3ynbTarel pacy€ToB mpuBEICHBI B
Tadauue 2
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Tabnuna 1 — Pacyér esxkeroaHoi noTpeGHOCTH B 3aNIACHBIX YACTAX
Ne Cpemamii  cpox | Cpennee kBagpaTw- | ['omer skc- | KBantunb WuTerpan Tl'onoBas
3ame- | 3amenbl, e | YECKOECOTKIOHEHHE | TLTyaTalui, pacnpenerne- BEPOSATHO- noTpeo-
uel, f o, mer m — i creti, HocTs. AR
e o
1 1,00 0,8413 0,8413
2 5,00 1,0000 0,1587
1 0.75 0,250 3 9,00 1,0000 0,0000
4 13,00 1,0000 0,0000
5 17,00 1,0000 0,0000
1 -1,42 0,0778 0,0778
2 1,42 0,4222 0,3444
2 1,50 0,352 3 4,26 1,0000 0,5778
4 7,10 1,0000 0,0000
5 9,94 1,0000 0,0000
1 -2,89 0,0019 0,0019
2 -0,58 0,2810 0,2791
3 2,25 0,433 3 1,73 0,9582 0,6772
4 4,04 1,0000 0,0418
5 6,35 1,0000 0,0000
1 -4,00 0,0001 0,0001
2 -2,00 0,0228 0,0227
4 3,00 0,500 3 0,00 0,5000 0,4772
4 2,00 0,9772 0,4772
5 4,00 0,9999 0,0227
1 -4,92 0,0000 0,0000
2 -3,13 0,0010 0,0010
5 3,75 0,559 3 -1,34 0,0901 0,0891
4 0,45 0,6736 0,5835
5 2,24 0,9875 0,3139
1 -5,72 0,0000 0,0000
2 -4,08 0,0000 0,0000
6 4,50 0,612 3 -2,45 0,0071 0,0071
4 -0,82 0,2061 0,1990
5 0,82 0,7939 0,5878

Exeronnyro morpe6HOCTH B 3amac-
HBIX YacCTSAX Ha OJHO H37AeNue Jm Ompeens-
em 1o dopmyre u3 [4]:

Gmj = Wj - nj-AFmj, (10)
rae: W — macca (ueHa) j-if geramu, kr(py0.);
Nj —4UCII0O OJHOBPEMEHHO 3aMEHSEMBIX -
Tayiel j-ro HaumeHoBaHus, AFn, — exeron-
Has MOTPeOHOCTh B JAETAISAX B Mpejenax ro-
J1a DKCILTyaTal .

Exxeroanbie 00BEMBI MPOU3BOICTBA
3aracHbIX YyacTed HaxouM 1o (opmyie:

Om :Z§=1 9mj - (11)

OTHOCUTENBHBIA 00BEM TPOU3BOJI-
CTBA JIETANIEH (), JUIsl KaXI0TO TOJIa BBITYC-

My
W-Ny

Ka HaXOJUM 110 popMyIie: &y, =

PesynbraThl pacuéra o6béma mpous-
BOJICTBA 3aIIaCHBIX JETaJIeH Ul YKa3aHHOTO
W3JIeNUs TIPUBEICHBI B Tabuiie 3.
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Tabmuma 2 — E:xeroanasi moTpedHOCThL B 3a-
MeHe JeTajei

I"oap! SKCIUTYaTaKM
AF |1 2 3 4 5
mj
1 0,8413 | 0,1587 | 0,0000 | 0,0000 | 0,0000
2 0,0778 | 0,3444 | 0,5778 | 0,0000 | 0,0000
3 0,0019 | 0,2791 | 0,6772 | 0,0418 | 0,0000
4 0,0001 | 0,0227 | 0,4772 | 0,0227 | 0,0000
5 0,0000 | 0,0010 | 0,0891 | 0,5835 | 0,3139
6 0,0000 | 0,0000 | 0,0071 | 0,1990 | 0,5878
o 0,9211 | 0,8059 | 1,8284 | 0,8470 | 0,9017
s
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Tabmua 3 — Pacuér o0béma nmpom3BojACTBa
3amacHbIX AeTaJjei
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W3 Tabmunsr 3 crnenyer, yTto mpu
[IOJTHOM 00ecredyeHu NOoTpeOHOCTH B 3a-
HACHBIX JETAIsAX 00BEMBI UX MPOMU3BOJCTBA
He mpeBocxoaiaT 3HadeHus 0,04 ot oObEma
IPOM3BOJICTBA OCHOBHOW MPOAYKIHMH. ITa
BEJIMYMHA JIOCTATOYHO XOPOILO COrIacyeTcs
C PEKOMEHIYEMBIM B [1] 3HAYEHUEM Olypes U
noaTBepkaaeT 3(PPEKTUBHOCTh NPHUBENEH-
HOM MeToauKu pacuéra 00bEMa MPOU3BOA-
CTBA 3aIlaCHBIX JIETaJICH.
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