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Betopyccrui zocydapcmeeunoti mexuottoeuuecrcuil ynueepcumem' Muucrc, Eetapyct

OUEI{KA IIAAEXHOCTI{ NPOI,I3BOACTBEHHbIX ONEPAIII{fr
NO TEXHOJIOII4qECKOMY NYTI{ OEPAEATbIBAIOIIIEIO I4HCTPYMEHTA

Anuoraqxr. flpoqeccu a o6opygonanae uacc[(blupylorcr no llpr3fiar(aM B3auMoAeiicrBl'lt 3jreMeHToB TexIIoJIor!_

,.tecKofi cucrevu. Ha.qexHocrb Kaxlofo Kjacca rexHororltcecKllx clcreM x pean}'t]yev6lx uMh npoueccoB 6yAel palHoi

B CBt3It C pa3lrqttofi cJloxnocTr,Io B6IIoJIHfeMEIX Onepauai, flpri:aarou, oTptDKaIoqI-rM flpoqecc u onpe'{eirf,Iol IM efo

cBoEcTBa, rBnreTct B3altMoaeftc.IB[e cocTaB.rrrto[lrlx SneMegToB TexEolorsqec(ofo npoqecca, npexae Bcero tHcTpyMeHTa

ll npe,Uuera o6pa6oru. TexEotor[qec(Ee npoqeccEr I1o 3oEe B3artMo,UeicrBltt ,qersrct tta qeT6rpe Ktacca: ToqeqHEIe, nn-

gefi EEIe, [oBepxgocrEue a o6reuxHe.
PaccMoTpeE6t RtaccEr aexHoJrortqecK!.rx [poueccoB lr olpeaeneHa IIaaexHocTE onepaqtfi rlpl,l npol'I3BoacTBe t3aenlri.

llo(a3aHa B3auMocBs36 Texqororfiqec(oro llyrtl [peAMera o6pa6orKu lt aHTeHcriBnocrl'l orKa3oB o6opyAoBaqtrt.

flpeAcTaBreEEI pacqeaEl TexEoror[qecKoro nyT[ A.,It xar(qoro Knacca npoqeccoB. PaccqItTaEEI IiETeEc{BEocTE It Bepotr_

trocrL oT(a3oB nJrt Bcex KIaccoB Texllojlorl'qecr(ltx [poqeccoB.

B pe3yffTare pac.{era rexHororFrecKoro IIyrfi loJryqesa oqesra fia'lexllocrlt ollepaqui, BElnorE eMhlx o6opyAoBa-

HreM am KaxAoro Kracca flpoueccoB B3arnMoaeficTBur l1pe.[Me aa o6pa6oftu c rucrpyuenrou. flo:ryuena aaroHoMepllocr6

rt3Mel'leHlit aHTeHcIrBEocTtt oal(a3oB [pI,I yMegElIIeIInt Texl{or'Iof]'qec(oto IlyTll, Io3BO-rItIOIUat KOnri'IeCTBeHHO CpaBHIl-

BaTr, EaaexgocTb aexrloJlorllqecl<Iix npoqeccoB [pI4 Irx fipoeKTlltpoBallllr'

K,trcqesBre cloBa: Knacc flpoqeccar xapalcep B3aI4MoaeiCTBItt, Ha,UeXgocTI" TexHolloltsecKai IyTE, EIlTeIIcuB_
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EVALUATION OF MANUFACTURING OPERATIONS RELIABILITY
ON TECHNOLOGICAL PATH OF PROCESSING TOOLS

Abstract. processes and equipment are classified based on mutual interactions between elements of a technological

system. Reliability ofeach type olthe technological system and operated process is different due to varying complexity ofthe

performed operations. The main properties-determining feature ofthe process is the interaction ofthe constituent element of

the technological process, mainly instrument and machining object

Based on thii, technological processes in the interaction zone are divided into four groups: pointed, linear, surface and

volumetric. Groups of the technological processes and determination of the reliability of their operations during goods

formation is described. Colligation of the technological path with component failure rate is sholvn. Calculations of the

technological path for each group ofprocesses are presented. Intensities and failure rates for the all groups ofprocesses are

calculated.
Based on the calculations of the object technological path, evaluation of reliability of performed operations for each

group ofthe interactions was obtained. Obtained regularity ofthe component failure mte during decrease ofthe technological

;ath; ows quantitative compatison ofthe manufacturing operations reliability during its designing.
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Bneaesr.re. Pags[rue TeopuH Ha.{exHocT[ npoucxonr{T no AByM OCHOBH6IM HanpaBJIeHHtM.

Iepaoe ocnosano Ha Meroaax MareMarr,rqecKoi crarlrcrlrKlI. flpuuenenne MareMarInqecKI.IX MeroAoB

B TeoprrH HaaexHocTr4 npeAnonaraeT r{aJrfiqlte aocTaToqHofo Ko.JIr{qecTBa aaHHI'IX 06 OTKa3aX 06Opy-
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AOBAHII', HaKarrJrr.iBaeMErx B pe3ynbrare creH,qoBbrx r{cnbrraHr{fr r.uru B npoqecce ero pear6Hofi 3Ko-
nryaraqlrr Il].

Bropoe uanpar:reHfie 6a3r.rpyercr Ha HccJre,{oBaHr.ru c rroMorurro MexaHHKx pa3pyrneHr,n H Apyrlx
MeroAoB E3yqeHI.It QI.I3I.IKo-MexaHI.I.IecKux cBoficrB Marepr.raJroB ocHoBHbrx y3JroB Maur-lH r,rJrr.r KoH-
cTpyKIHi B npoqecce fix lrcrrbrTaHr.rfi unr{ 3KcrrnyaTaurnH [2].

B coapeuennrrx yc:roBllrx pa3Blrrue 3Tnx HarrpaBJreHr.ri cra:rr<r.rsaercq c pr4ou rpygnocrefi, o6y-
cJIoBneHHbIx Bo3pocurei c.noxHocrr,ro o6opy4oaanr.rr. B pesynrrare orra3r,r y3JroB coBpeMeHHbrx rex-
HoJlorllqec(I4x cI'lcTeM npI4xoAI.ITcr xnaccr,rQr.rqupoBaTb flo 6oJI6IIroMy KonrrqecTBy nplrsuaror. flo:ry-
qeHl4e aaHHBIx 06 orKa3ax B norHoM o66eMe Ilo BceM KnaccfiOrKar]t-ioHH6]M npr{3HaKaM conprxeHo
c MHoroJIerHLiMI4 rtctlF,rcaHusMr4 u:ru ua6:Ilo4eIrr.rrMll [3]. B 3Tr.rx ycjroBr4.,rx c]rcrerrau ruraccr.rQr.rxauuu
oTKa3OB I.rMerOT TeH.4eHr.lHrc K yCJrOXHeHr,rrc.

Tpaauqr.rouso o6teKTaMI.I [ccJleroBaHr.rr B Teopxrz Ha,qe)Knocrr,r rBJrrrorcr Marrrr.rHbr r.r o6opy.uona-
HI'Ie, XOTS ee MeTOABI B pXIe CIyqaeB pHMeH'IOTCS X An.{ I.I3yqeHHt CJIO)KHBrX TeXHOJIOffiqeCKI,IX CU-
creM I4 KoMnJIeKcon [1, 2]. Ec:ru paccMarpl,IBarE HaAexHocr6 TexHoJrorfiqecKr{x npoueccoB, To orKa3r,r
TexHoJrorlrt{ecKoro o6opynoaaur.rr cocraBJrrror ocHoBHyro, Ho He err.rHcrBeHHyK) qacrr, orr<aaor [3].

Axrya:rsuocrr uccJle,{oBaHlrt HarexHocrll BbIIIoJTHteMLIx rexHoJloruqecxlrx npoqeccoB noBLIrIa-
eTc-{ c ycJIoxHeHHeM MOAeJIH COBOKynHbIX TeXHOJTO|UqeCKI-rX nepeaeJloB, oc[roBaHH6Ix Ha oTpaXeHI4L
Herl4HeiH;rx .,{Bnenr.ri nsaulro4efrcrBr.u 3JreMeHroB Texuo,rorxqecxoi cllcrevu [4].

B cooraercrsufi c uaccr.r$uraquefi, npeg:roxeruofi JL H. Kouxrauuv, nprl:HaKoM, orpaxarcu]r.rM
cylrlHocrb rexHoJrorlrqecKoro npoqecca ra ofipeAenrrcur.rM ero cBoicrBa, rBJrrercr a:auvo,qeficrnr,re
gayx o6r:arenrnsrx cocraBJrrrorrlHx - xHcrpyMeHTa r{ npegvera o6pa6orru. Taxoi xpurep uit t<Iraccu-
tpuxaunlt BcJIeAcrBI.Ie ero o6rqxocru npI.IMeHr.rM Ko MHoruM TexHoJrorfiqecKriM npo[eccaM rr no3Bonr-
eT pa3IeJIIiTb 3TO MHOXeCTBO Ha qeTblpe KJIaCCa B COOTBeTCTBHIT C rIeTEIpbM.f, BO3MOXH6IMI,I BI.IAaMH
npocrpaHcrBerrHoro B3anMoAetcrBr,u r.tHcrpyMeHTa r{ npe,{Mera o6pa6orru: ToqeqrrbrM, :ruueinuv,
noBepxHocrHblM z o6leusrrv [5]. Hagexnocrs Kor<l{oro KJIacca rexHoJrorr{qecroro nDouecca 6vler
pa3Hofr B saBr,rcuMocrr.r or cJroxHocrr.t B;rrloJrHreM;rx onepaqlri.

I-{e,rrro pa6orrr rBJrrercr orreHKa HaaexHocrH BsrnoJrH.{eMhrx rexHororucecKnx onepaqnfi pas-
JII.ItIHI'IX KIIACCOB.

Analul uagexxocru onepaqni TexHoJror qecKnx npoueccoB. Paccuorpuu xapa(Tepr.rcrr,rKr.r
rexHororrqecKHX npoueccoB xaNaoro r.nacca [5].

E4rlucrneunuv o6rqnu reouerpa.recxr,tM 3reMeHToM r.lHcrpyMeHTa n flpe4uerou o6pa6orxlr npo-
qeccon I r:racca xBJlterc{ Totl(a, rocJleloBarejrbHo Bcryrraroqar Bo B3aruo4eficraue co rceMr.r roqKa-
ur,r o6pa6arr'raaeuofi nonepxuocrlr, To ecrr TexHoJrorlr'{ecxr4fi pe3yrbrar npoqecca oflpere;rgerct
nr.rrrr6 leficrBr.reM olxoi rouxlr uucrpyMeuTa Ha npelMer o6pa6orxra.

Xaparcrepnoe .{nr npoqeccoB II rnacca .nrauefiuoe n:alruo4eficrar.re r.rHcrpyMeHTa r,r npeguera o6-
pa6orxra anpaNaerc.fi B ToM, qro rexHo,rorr.rrecxuil pe:yrETar npoqecca onpege,rrercx 4eicrBfieM pa-
6oqei lr.rnulr HHcrpyMeHTa. Texsoloruqecru :Q$errr,raunurl rBJrxrorcr ace rouxlr pa6oue it tuuuu,
a He oAHa-e.urHcraenual pa6ouar rouxa. KaxAa.r r.r3 Toqel(, nexaulaJ{ na pa6ouefi lr.rnuu, flocneroBa-
re:ruro nsauvogeicrByer yxe He co BceMr.r rotrKaun o6pa6arr,raaeuofi noeepxuocur, a rHr]Ib c roqKa-
Mr{, Jrexarlr.rMr.r Ha rpaeKTopEr.r coorBercrByrorqux pa6ovr{x roqer. KaNAa.s pa6ovar rovxa coorBer-
crByer orlpe,qeJleHHbIM MHoxecrBaM rouex o6pa6arrrnaeuoi nonepxnocru. O6rquu reoMerprarrecKr.tM
oneMeHToM r.rHcrpyMeHTa r,r npeAMera o6pa6orrn .rn:rrercr yxe He ror{Ka, a Jrr.tHur - reoMerpuqecKa,
o6pasyrorlax o6pa6arunaeMofi nosepxHocrr.r.

flonepxxocrnoe n:auuo.qefictnue r,rHcrpyMeHTa r{ npegMera o6pa6orru BEJpoKaercr B ToM, r{ro
pesyJrbTar rexHojrorlrqecKoro npouecca onpeaenrercr HenocpeAcrBeHHo aefrcrBr.reM cavofi pa6ouefi
noBepxHocrl{. Texsoloruqecrlr SQOeKTLBHBTMT{ flBJrrorcr yxe He roJr6Ko Bce roqKr.r, Jre)Karu}re Ha
onp€,uereHHoi Jrr.rHr.rn, Ho Bce roqKH, flpl,rHalJrexaque pa6ouefi noaepxuocrr.r HHcrpyMeHTa. Kax,{a.f,
pa6ovar ro'rxa I.IHcrpyMeHTa coorBercrByer ruII]6 o,qnofi rovxe o6pa6arrraaeuofi nonepxuocrr.r.
o6u1uu reouerpzqecKr4M sreMeHToM npe,qMera o6pa6orKu H HHcrpyMeHTa B rrpoqeccax III xnacca
tBllteTc_f, yxe He ToqKa II He JII.IHI.Ifl, a nOBepXHOCTB.

O6r,eunoe B3auMoAeficrBr.re r.rHcrpyMeHra (o6pa6arnearoiqefi cpelu) 14 npeAMera o6pa6orxu rsr-
paxaercr B ToM, qro pe3yn6rar npoqecca - 9To pe3yn6Tar AeicrBras scero o6ter4a o6pa6arrrsarorqefi
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cpe.qhr Ha rrpeAMer o6pa6orxu. Texnorortrqecx[ gsQexrurusruu 
'BJrrIOTCg 

BCe rOIIKI,I, 3aKJIIOqeHHBle

B AaHHOM o6leue o6pa6arrrnaroqefi cpegrr. Kaxga.r rouxa o6pa6arunarouefi cpeal'I coorBeTcTByeT

nro6ofi rOqre o6pa6arrrnaeuoro npe,{MeTa. Bce tOqxu pa6Overo o6tena rexsOlornvecrcra rQQetcrue-

HLI I,T PABHOIIEHHI'I.
11: scex so:r{oxHxx onepaqufi [peanorlTeHr4e ,4OIXUO 6Urr OT,qaHo BapI4aHTy c nau6olee nuco-

rofi crofixocrrro aHcrpyMeHTa, Hal'IMenluefi vyncranreJlbHocr;lo t{ncrpyMeHra u pe:y:['raros o6pa-

6orxn r sosruoxHbrM oTKroHeHH.sM rrapaMeTpoB 3afoToBKI.I, a TarcKe c rIocTotHcTBoM KaqecTBa oopa-

6orxu no aperr,renu, naraueurmei leposrHocrrlo BbIxoAa x3 crpo{ [HcrpyMel{Ta I.r r' a' Cra6ranlnocrr

sErnorHceMofi ot4o6uofi onepaql'In, KaK npaBI'lJIo, TeM BbIIle, qeM MeHee Halp.{xeHHr'IMI'r tBJltlorct
ee pexuvrr u 6o:ree aagexen pa6o'rzfi r'rncrpyrraenr r'r r. n.

Xapaxrep flpocrpaHcrBeHHoro s:auMoAeitcrsfic I'lHcrpyMeHTa H npe,{Mera o6pa6orru tBJterc{
KaqecTBeHHbrM Kpr{TepueM TexHolro {qecKr.rx [poqeccos. Pa:IuqI,Ie ocHoBHBIX CBOiCTB TeXHOJIOfI4qe-

c(t{x flpoqeccoB, a npe)K,{e Bcefo cnoficra, cylqecrneHHLrx ,{Jrr B6IIIOJIHeHI.I' sTIIX [pOqeCCOB nOCpeA-

crBoM MarrrrrH, norHocr;rc onp€,qer{IoTct 3HaqeHI.{tMI'I OCHOBHOTO Kprlreplrx [5]'
ocnosHsre csoficrBa TexHororlrqecKr.rx npoqeccoB pa3nr{qHLlx KJIaCCOB npltne.{euu a ra6:r. 1.

T a 6 r Ii II a l. OcEoBgEre cBoficrBa retttororf,qecl.lx lpoqeccoB pa3nEqnBrx KJraccog

Table 1. The maitr properties oftechnological processes of differeot classes

II ut 1V

XapaKrep BaliMonefi crBut
rEcTpyMeETa Ii lpe.uMera
o6pa6or(Ir

ToqeqriEri JIuEein6rfi flpocrpaHcrBeHIIbIfi O66enrGri

feoMeapnqec(at
xapaKTepr-rcrri(a pacoqero
.IIBIiXEIll,l'

rlpocrpascrBeHnoe nrocxocfitoe flprMonrseiHoe flpoq3BorEnoe

Pa3MepEocrB npocrpaEcrBa
IlepeMeqeH{t

3(x, y, z) 2(*, v) (')
Xapa(TepEEri cloco6
ocyqecrBreHr4r pa6oqero

,UBI{XEElI'

YqacrByror IrHcrpyMeET
n npeaMer o6pa6orKt

YsacrByroa rucrpyMeET n npe,{Mer

o6pa6or(ri lnna rorbKo lrHcapyMest
Pa6ovee Aorxe-

gl4e npon3BoJtEHO

Berlsr ra
lpou3BoanTer6EocTtl

OrpasIIseIIa AolycrtM6IMIt
3Eaqes[rMr-r rpaEcnopTsot

lI TexsorortqecKotr
ckopocrei Ii ycKopes[fi

Orpaqlsena
AOTIYCTI,IMBIMI'

3EaqeEr,{tM1,

Da6ocei cKopocrl,I

Orpauaseuann L,uo[ycrtMElMrr
3HaqeE tMr rpagcroprHot ckopocrll

o6opy,uoaariue, pa6oTarorqee no npr{Hrlr,rny I rlacca, nMeeT cnoxHy}o Kot{cTpyKulllo, HI.I3KyIO

croixocrr, riHcTpyMeHTa, a npo.qonxHTenbHocTb pa6oqero aBr{xeHr{r seflIixa. Bce 5To npI,IBo,uIT

K Hrr3KOi HaAeXHOCTs O6opy,{oBaHr.rs, llarqe ncero oTKa3br y o6opy,[oBaHl.I.s I x.iracca cBs3aHbI co

cnoxHofi Kr{HeMarl,Ixofi ctpoenul.
o6opy4oaanrae II rnacca Kr.rHeMaTr{qecKH npoqe. crofixocrB uHcTpyMeHTa U pa6OqUX opIaHoB

B6rrne, oAHaKo HaAexr{ocTl o6opyaoBaHr.rt TaKxe HeBbrcoxa. ,{:rx 6o:rsurefi na4exnocru nlHeMaTIIqe-

CKH cJto)KHOe O6opyAOBaHLre I r,r II xnaCcos 3aMeHlxlT KLIHeMaTIIqecKE npocTblM OdopyAoBalrueM

III xnacca, o6na.{arOurau nUcor<ofi CroixOCrsro LIHcTpyMeHTa Ir pa6OUr.rx opranOr, qTo IpI'IBO,qI'IT K BLI-

corofi cra6u:rsnocru r, flpolr3Bo.4lrrenr,Hocrll o6opyaoranu.a. O6opyaonaul'Ie, orHoct reecs x IV xrac-

cy, TaKXe rrocTpoeHo KrrHeMaTr{qecKn npocTo r.r r,rMeeT 6o:rtmyro cra6u:rbHocTl, oAHaKO Ha npol{3Bo.q-

crBe r.rcrroJrb3yerct pexe, qeM o6opyaoBaHl.Ie apyrux Kraccoa [5]
Hapyurenrax Texno:rorfiqecxoro flpoqecca Ha rrpon3BoacTBe IIoaJIexaT yqeTy I.I n3yqeHlrlo an-r

Qopullpoaanur 6a3 .qaHHhIx Iro Ha,4exnocrn o6opynonaHlrt 3a Becb cpoK 3KcnJIyaraIIHIl'

oqenxy uaAexnocTH BbrlorEqeMErx onepauafr .qnr Kaxloro Klacca npoqeccoB MoxHo IIonyqI{TE'

paccqHTaB rexnonorrcecrl4i nyrr S, roropni npeacraBJlter co6oi paccro.firue, [potAeHHoe IlH-

cTpyMeHToM no pa6oqefi noBepxHocTr,r [peAMeTa o6pa6orxlr. ,{.n.r xax4olo Klacca npoqeccoB TexHo-

:roruuecxufi nyrr 6yAer pa:nUuntrrtr. HafiAeu rexnO:rOrl.recxufi nyrl ,q:rr qeTblpex pa3nuqHblx KJIac-

coB npoqeccoB Ha nprauepe o6pa6orxl4 o6reMa :aroroaxu n er'I4e xy6a (plrc' l)'
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O6leu xy6a c g:ruHofi pe6pa a 6yAer paBeH

vo =o3. 0)

Yuenslrenrae 4nraurr pe6pa nocne o6pa6orKr4 noBepxHo-
crrr yqreM c rroMoruhro rcoa$rplrqlrenra p. flocne o6pa6orru
ry6a o6r,eu crauer cJreAyrcrqrrM:

rt=a? =1"(t-zg))3. e)

I,huesenue o6r,eva MoxHo npe,qcraBlrrr KaK

LV =vo -vt =,'[r-1r-zBy']. (l)

I'Io (3) c:resyer, vro 0 < p < 0,5. Ec,rn p = g, ro AZ= 0, ro
ecrr, o6pa6orxa He flpor.r3Bonurcr. Ecnr.r B = 0,5,ro LV= d,
To ecr6 Bec6 oreueurapnr,ri o6reM lrcqesHer. Taxuv o6pa-
3oM, Tepf,erc.,r cM6rc:r o6pa6orru.

K I xraccy orHocrrcfl npoueccbr c roqeqHbrM erawMorefi-
cTBr{eM npe,{MeTa r.r uHcrpyrraenra o6pa6orrcu. flpoqecc o6pa-
6orxn uoxer cqr{Tarlcr roqeqHlrM, ecr}r rxr4puHa KpoMKH r,rHcrpyMeHTa MeHr,rre glunst pe6pa s:re-
MeHTapHoro o6r,eva. flpunra, qro 3JreMeHTapH;ri o6rell o6pa6arrraaer HHcrpyMeHT c lrlrpuuofi
rpovrr B. roropsri cslrvaer c,roi c floBepxHocrl.t rorrquHoii H. voxuo Ha[Tr rexHo,ToruqecKxi
nyrr g:r.r I nracca npoqeccoB. Lllupuna xpolrxra onpegarxercr no Qopuyne

B=Tq, @)

rge y : 0,01-0,001 - xoaQQuqraenr, npegcraa:rxrorqrfi orHorneHr.re rxHpHHEr KpoMKr.r K 4nuue pe6pa
::reuenrapnoro o6reva.

TonItluga cnuuaeMof o croq cocraBl-tr

H =69a, (5)

rne 5 = l--2 - rco:QQuqraenr, roropslfi paaen orHorrreHrrrc ToJrrrInHBr yAaneHHoro cnor K ToJruIr{He cHr.r-

Maer,roro c:ros Ba.

B paccuarpunaevov o6reue Mo)r(Ho BsrAeJrrirb no ABe nporr.rBonoJroxHbrx rpaHr.i (cv. pr.rc. 1). Ta-
rne rpauu 6ygyr raMerb olr.rHaKoByro o6pa6orxy, a cJreAoBare:r;Ho, 14 rexuo,roruvecrufi nyrr,.

,{:r.r ncex rpauefi rexnororuqecrufi nyrr, 6y4er pareu

S, = S,, + S,, +,Sr3 + Sr4 + ,Srs + ,tr6, 6)
rqe S,, - rexuo:roruqecrofi nyrs Alr o6pa6orxlr nepnofi rpanu, S,, - aropoi, S,, rperrei, Sr, - uer-
seproft. S,, - nxrofi. S,u - ruecroi rpaHn.

Havuelr paccvorpenze c nepaofi u rpertei rpaueil xy6a. I,lucrpyuenr rrpoxo.qr.rr rro rpanrlr xy6a
Bo3BparHo-rrocrynareJrbHrrM ,{Br.rxeHr.reM nyrs g:runofi d, cMeulaJrc; Ha rxzpr.rHy,B, B :rov c.nyvae
TexHororu.recKr.rt nyrl Arf, yKa3aHHux rpauei xy6a cocranur

Srr =S,: =aNuNo, Q)

,. a 0arAe y'y'8 =: - quc,'ro npoxoaoB HHcrpyveqta no rpaut xy6a: N u = i - qucno npoxonoB HHcrpy-
bH

MeHTa no cro_tM.

lloncrasuz Nru N, a (7), nonyvaeu

Pnc. 1. 3aroroBKa B BnAe Ky6a (1-6 nepBar-
ruecrar rpaxrl xy6a)

Fig. 1. A blank in the form ofa cube (1- 6 - first-
sixth faces ofthe cube)

^R^J,, :J,, -.r,\ Dt\ " =.1_.- - a 
a 9a a

BH ya6pa 16
(8)
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Eclra paccuarpunaTb Bropyro r qeTBepryrc rpaHr.r Ky6a, ro IIo rIpLIHe OHLI yMeH6InxJIxCL Ao dl'

TaKI,IM O6pa3OM 9TI,I rpaHl{ I,IMeK}T AnI',IHy A tl lUtrplljiiy at. B aannou cJryqae rexHoJorlqecKlfr nyTb

paBeH

(e)

(10)

K II ruraccy npoqeccoB oTHocHTcr B3alr,rMOAefiCTBr.re nO JTTAHXH npeAMeTa I{ I,IHCTpyMeHTa OopaooT-

ru, flpuuepou oTHocsrqerocr K aaHHoMy Kraccy o6opyaoBaHu.f, MOIyT BbICTyIIaTb II.IJILOTLIHHBIe

rroxHtlubt [5]. B paccrraarpr.raaerr.rou ry6e n.rnefinuu nesnr.reu 6y,{er o6pa6arunaGcr cpa3y Bct anI'IHa

rpann. ,{lr nepBEIx qerblpex rpaxefi nernrae npoxoal'IT nyrr '4lIanofi a, a 4lt' nxtoit u nrecroi rpa-

iefi - ar.llxrat uuecrac rpaH6 [o,{Bepran}rc6 no,Epe3Ke co Bcex cropoH no apeu.r o6pa6orKn nepBblx

uerurpex rpaxei.
Texuonoruqecrrfi nyrb aJIt npoqeccos II ruIacca ul4eer sl4a

Sz = 4a +Zar = 4a +2a(1-29) = 4a+2a - 4pa = 6a - 4Pa =za? -2P). (r2)

,{lx npoqeccoa III ruracca peanusyerc* rsaurrro4eiicrnue rro rIJIoc(ocrLI. I{y6 6yaer no4reprarrcr

no"n".{ou"ran""oi xooxe xaxgofi rpanr.r [5], nocle rero oua 6y.{er yvexluresa Ao ar. Texnolorsqecxufi

nyrb Anr npoueccos I ll Knacca eblr,TtAr{r creryrcfiIHM o6parolr:

srz =sr+ =arN tN a =',|ff='{t-2ilfr#=4#
fl.srar u ruecrar rpaxn xy6a no ,4lrHe I{ uEprrHe cTaHoBrTc.t paBHbIMI.I 4t. TeXnOnOrUUeCrUfr nytr

c yqeroM TBMeHeHI{t npoxoaa }rHcrpyMeHra no rpaHl{ Ky 6a N s = ! I{Meer BI'IA
B

a, t\n ,, ^^,,a(l-2B) Ba a(l-29)'
S,, =Sr, =atN aNn =atL7=a(l-'?P);-ffi

TaxraM o6nasoM. nonsufi rexuolorr.rqecrufr [yTB Art npoqeccoB I ruracca paBeH

s, = 2!- + 24:3|- + 2"0 -]B)' -2! [r 
* 1r - zp; * 1r - zBl' ] (11)

Sz = 69a. 03)

B npoqeccax IV xnacca Bce rpaHu Ky6a ognoapeuexno nogoeprarorc.a o6pa6orxe, nanpurraep o6T -

erlrsofi urrar.,rnonre [5], r peeynrrare qero pa3Mep rpanu xy6a yIr'rexbuaercs ,qo a,' B gannov cly'rae

xncrpyveur o6pa6orxu npoxo4ur caurri xopotrr-rfi r'r npocroi rexno,rorusecKllr nyrl

Sa =Bq. 04)

,{nr oqenxu HaAexHocrI,I paccMorpeHHhlx Kraccon o6pa6orxu roroxl4M, qro BepocrHocrb orKa-

:or P nponopuuoHa-[sHa rexHoJlofl4qecKoMy rlyrlr

P:6S, (15)

rae € - rosQQuqlreHr rlpolopqnoHatrbHocru.
Eoru orxa:n pacnpeaeneHLr no gKcrroHeHrIr.rzIJtBHOMy 3aKOHy C r,rHTeHCI.IBnOCrSrO l, [1], rO AepOn-

nocrr orxasor P c yqeroM TexHororrauecxoro nyrra S uoxHo 3arrucarb B cileayroDleM BI'I,{e:

flpor.rnrerpupyelr .4aulloe BBIpaxeHI'Ie:

7"-u 6s = \dS.

ZS
xle-xtat =1Jas,

rge I- apeur na npoxoxAeHl'Ie rexHollorlqecKoro rlyrlr.
B pesyrnare unrerpl4poBaHl'It lonyql{M 

^ _

-e-^'+1=ES.

(16)

07)

08)
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Brrpa:uu rurreucxBnocrl I43 (18)

) -_ (le)

flpegcraauu cKopocrs o6pa6orKlr pa6o.rei nonepxnocrlr flpll paBHoMepHoM aBllxeHlrll IlHcrpy-

MEHTA. KAK

(20)

Taxuu o6pa:ou, c yqeroM (20) oxouvare.nsllar Qopuy.na ,{r.{ Haxo)K,qeHu.s I'IHTeHcI{BHocrI{ orKa-

3OB CneAyIOtUat:

r = -h(1-Es)1. Q\)

Orpnuare,rrurre :na-renur .norapu$Ma Jlexar B nurepna:re 0 < (1-(S) < 1. II: gannoro arrpaxeuux

uoxno uafirn ouenxy ,q:r.r {: . 1

8. 
" 

Q2)

Paccuorpull texuonorl4qecKHe nyTI.I Inr pa3JIIrqHbIx KllaccoB rlpoqeccoB rl cooTBeTcTByIorqHe HM

r{HTeHcuBHocrr,t orxa:os. flpu npoBeAeHr,ru pacqeroB cropona xy6a a:reuenrapnoro o6r,eMa nplIHI.tMa-

:racr parnofi a = 0,2 u, ro:QQuqueuru: B = 0,200;1= 0,010; 6: 1; {:0'750 10-4. Cropocru o6pa6or-

r<u 6r,r:rn 83116r r{3 [6] 4:r.r cooraercrByloul4x KnaccoB npoueccoB, Br'rnollHqeMb]x ua o6opy'4onaHuu.

Pe:yrr,raGr pacuera no Qoprrlylau (11)-04), (18) u (21) rexrrorroruqecKofo nyrri, BeporrHocrtt rl vH-

TeHcr.rBHocrb orKa3oB Anl KaxAoro KJIacca [poqeccoB npeacraueurr a ra6:r. 2.

T a 6 t t q a 2. PacserErie 3B|qer rs rexqororlcecKoro nyTil H trETeEcsBEocTs oTKa3oB.qrs Bcet K,[accoB rlpoqeccoR

T a b I e 2. Calculated values ofthe technologicql path and the failure rate for all process classes

^t
T

C:regyer orueru:r6, qro rexHojlorll'{ecKl]i nyr6, xH-

TeHCIIBHOCTB OTKa3OB H B€pO-fiTHOCTI' IIX BO3HIIKHOB€HIIf

cy IecTBeHHo yMeHLIITaIOTC' npH flepexo.4e or npoqeccoB

I Knacca K IV
B rpaQuuecrofi Qopue pesy;rrrarrr paci{eroB orpaxe-

Hrt Hap c.2,3.
Kax suaHo I43 rpaOI{Ka na puc- 2, uagexnocrr o6opy-

aoBaHHr Bbrrle ,4JIt npoqeccoB IV rutacca H 6y,{er yMeH6-

uarrcr npu nepexo,{e r I r.naccy. O6opyaoeanue, nr'rno:r-

Hrrouee roqeqHbre onepaunlt o6pa6orxu. ,1Meer caMyto

Hr,r3Kyro Ha,[exHocTb. a BH IloJlHgtouee o66eMHylo o6pa-

6orxy - carrayro nucorylo HaaexHocrB.

flpune4ennsre Ha pl4c. 3 3aBllclrMocrl,t rexHoJloruqe-

cKofo nyrH ,s(P) s e,quHuuax d or rJIy6I.tHbI o6pa6orxlr p

cBlraererLcrByro! qro ,{:r.t I r.r II rlaccoe onepallufi rlpn
BospacraHrl r{ B nyrr S yuensuraerc.{, a Int III u IV r:rac-
coa - no:pacraer. Pa3;rr,rtlfie B LrHTeHcr.IBHocrI,t orKa3oB .ult
KJIACCOB CJIIIIIIKOM BEJII,IKO.

3nas :HaqeHI.Ir I,IHTeHcIrBHocrIt, Mo)I{Ho nocql-{Tarb Be-

po.{THocrr, orKa3oB ,qJIt Bcex KJIaccoB onepaqui. C yverorra

rpopuy:r (15) u (18) eepolruocrB orKa3a Irplr BLInoJIHeHI'IH

onepauh H paBHa

P[c. 2. 3aeficttrtocrr [grelrcr{Bgocrtt or(a3oB or
TexEo.fiorliqeckofo ryr[: B - Teopert.Iec(at 3a-

BricnMocrr,; ,1 - I r,,racc onepaqui; 2 - II x.nacc

onepaqrfi;.t I[[ xnacc onepaqli;4- [V (nacc

onePaqlri

Fig. 2. Dependence of failure rate on the techno-
logical pathr I theoretical dependence; / -
I class ofoperations; 2 - lI class ofoperations; .l -
Ill class ofoperations; 4 - IV class ofoperations
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Puc. 3. 3aB[cttMocr6 Tex{oror{qecKoro nyrlj B ea'llrau'x a or rny-

6nriEr o6pa6orKri.[JIt KJIaccoB orrepauui: 1 -l 2 -lll. 3 -Ill;4 -lv
Fig. 3. Dependence of the technological path in units on the depth of

proceising for classes ofoperations: 1 -li, 2 -ll:, 3 -IIl]'4 -IlJ

flpeo6pa:yeu u npofiorapuQMl.rpyeM (25):

-1.*?* =lnil-P1.

, -\Tp=t-e-"'. (23)

Ecru paccuorperr xolrxpernrrfi tex-

EororuqecKl.Ifi npoqecc, To oH cocroltr
I.r3 Onpe,4eIeHHOrO KOiIUCeCTBa O[epa-

uuia n. B 3ToM cnyqae BepotrHocrb rlo-

{BJIeHLI' OTKII}OB nplt BblllorHeHr',{r{ Ta-

rcoro npouecca 6y.[er cne.uy]oulei :

P=npi.

Beporrnocrs a,'rr rcero npoqecca Mox-

HO rrpe,4cTaBuTE B BIr,{e

P =1- 
"-irlcr"P ' 

(25)

rAe Znp - cyMMapHoe BpeM{ Ha B6rnor-

HeHUe .[aHHoro npoqecca, KoTopoe onpene-

irrercr BBIpaxeHIreu 7* =)Zi; Inp-

o6o6rqenna.t I4HTeHcI'IBHocrE orKa3oB

,4rs Bcero npoqecca.

Q6)

Q7)

LI: (26) nsrpa:rau l,np lI yqreM B (24). Oxonvarelrnoe Bblpaxeuae aJlr l'no npnuer nu'4

Q4)

nlt-llp' 
I

----,-
s7.

lntl-rl1 -_ \ '=-
.np

flo $ra:nuecrouy cr',rnc:ry 1.oo > 0 npu P < 1' llr Qoprr'ry:rlr (27) nuauo' uro sro crlpaBe'qJllrBo' raK

xar (1-P) ( 1, nocro.nucy [poI'I3BeAeHI{e nepoxtuocrefi raxxe 6y4er MeHbIne eaHHI'IIIbI::JIy*
(2?) no:no:rxer paccqurarb o6o6uegnyro IrHTeHcIrBHocrL orKa3oB aJIt Bcero npoqecca oopaoorKlr'

Koropbli Moxer cocro{Tb 113 /, TexHo:loruqecKlx oflepaqui pa:usrx ruraccoe' Taroi pacver rlo3Borter

KOJrr.{qecrBeHHo cpaBHr,tBarb HaaexHocrb rexHoJlof[qecKl4x rlpoqeccoB npl{ }Ix [poeKTI'IpOBaHHI.r'

3arc.nrcqenne. B pe3ynbrare pacqera rexHonofl4qec(oro nyrri rlpu o6pa6orre noryrleHa oIIeHKa

HaAexHocrrr ouepaulrfi, u"rrron"t"t"r* o6opynonanraeu ,qr.s (ax.qoro Kilacca apoqeccoB B3aHMoAefr-

crBr.rr npe.qMera o6pa6orxz c I'IHcrpyMeHToM' Ilo:ryrenna.r 3,axonoMepHocrs I'I3MeHeHI'I.I I{HTeHcI'lB-

Hocrr,r orKa3oB npI,I yMeHbIx€Ht4Ir rexHoJlor[qecKoro nyrlr o6pa6orrr,r cBl{aererbcrByer o roM' trro

HaAexHocrb o6opyaoBaHlt.s BbI e,4r.s npoqeccoB IV xnacca c o6leMusrv s:all\.{oueficraueu r.r 6y4er

fr"rr"-utu"t arpt nepexoge x I x,raccy c roqequHM B3ararraoneficrnraeu uHcrpyMeHTa c npeqveroll o6-

pa6orxu.
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