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MOJEJIOBAHHSA HAJAIMHOCTI 3BIPHUX IHCTPYMEHTIB
JJIs BAJKKUX TOKAPHUX BEPCTATIB

AHoTanis. B pobomi eupiwena 3adaua nioguwjenus HAOIHOCMI 30IDHUX [THCPYMEHmMI8 O
BAJICKUX MOKAPHUX eepcmamie. HazonoweHo, wo npu ekcniyamayii 6ax3cKux epcmamis npocmoi
nompebylomy 8eIUKUX KOWMIB, 3HAYHO 3HUNCYIOMb AKICMb NPOYeCy eKCnayamayii mexHoao2iuHoi
cucmemu. Memoto cmammi € nioguwerHs AKOCmi npoyecy eKCniyamayii mexHoni02iuHoi cucmemu
00pobKU demaneli WIAXOM PO3POOKU MAMEMAMUYHUX MoOeieli OJil NPOSHO3Y8AHHS HAQIUHOCHI
30ipHuUx iHcmpymenmis. J[ogedeHo nepesazy KOMNIEKCHO20 NOKAZHUKA HAOIUHOCI IHCIMpYMeHmy —
Koeghiyienma 2omoenocmi. 30ipHi pizyi po3ena0aiomvcs K NOCI008HA CUCHEMA 3 MOYKU 30pY IX
Haoitinocmi.  Tlpedcmasneno cucmemy NOKA3HUKIE HAOIUHOCMI  PI3AIbHO20  IHCMPYMEHMmY.
3acmocosyrouu mapkiecvkuii nioxio 00 onucy cucmemu i RPURYWeH s eKCHOHEHYIIHO20 PO3N0OiLy
uyacy pobomu i BIOHOGNEHHS. [HCIMPYMEHMY, PO3POOIEHO MAMeMamuyHi Mooeli Koegiyienmis
20Mo8HOCHI 30IPHUX Pi3Yi6.

KuarouoBi cioBa: 30ipnuii  piseyb, GadcKuil 8epcmam, NOKA3HUK —HAOIUHOCMI;  AKIiCMb
IHCMpYMeHmy, cucmeMHuil nioxio, npaye30amuicmns, IHMEeHCUBHICIb GIOMOS.

Beryn. IToctanoBka npo0iaeMu.

[linBuiieHHs  CTYIEHsA  aBTOMAaTH3allii  Cy4yacCHOrO  BHPOOHHIITBA,
3a0e3nedyeHHs] SKOCTI TPOAYKLIl MAalIMHOOYIyBaHHS MOTPEOYIOTh HOBHX
MiIXO/IB O KOMIUIEKCHOTO YIPABIiHHA SAKICTIO TeXHONoriunmx cuctem [ 1,2],
30KpeMa , CHCTEM MEXaHI9HOi 0O0poOKu MaTepiaiiB. BripoBamkeHHS B YKpaiHi
craamaptiB ISO cepii 9000 [3, 4], sKi MOBUHHI 3a0e3MeUNTH TPOLICCHUH TiIXiNT
JO MEHE/KMEHTY SIKOCTI BHUPOOHMYHMX TIPOLECIB, CIPHATH PO3POOIICHHIO
CHCTEMH SIKOCTI HPOIIECY MEXaHOOOpOOKH [5], BH3HAYEHHIO KBaJIMETPUYHUX
MOKA3HUKIB SIKOCTi BEPCTATIB, pi3aIbHUX iHCTPYMEHTIB 1 MpoIieciB 3a0e3neueHHs
ix Oe3BiIMOBHOTO (YHKIIIOHYBaHHS B IIPOIECi BHTOTOBICHHs aeranei. Lle
HaOyBa€e 0COOJIMBOTO 3HAYCHHS MPH EKCILTyaTallil BAXKKUX BEPCTATIB, VIS SIKHX Y
3B’SI3KY 3 1X BHCOKOIO BapTICTIO, IIPOCTOI MOTPEOYIOTh BEIUKHUX KOIITIB, 3HAUHO
3HWKYIOTh ~ SKICTh ~ MpOLECy  eKCIUTyaralii  TEeXHOJOIIYHOI  CHCTEMH.
CrarucTvuHuii  aHami3 [6] TOKa3HMKIB eKcIUlyaTtalil 30ipHUX —pi3albHHX
IHCTPYMEHTIB JIOBIB, LII0 BIZIMOBA IHCTPYMEHTIB € OJIHMM i3 3HauyIInX (haKTopiB
npoctoiB  BepcraTiB. ToMy BH3HaueHHS TOJOBHOTO TIOKa3HUKA SIKOCTI
TEXHOJIOTIYHOT CHCTEMH — HAJIHHOCTI Pi3aJbHOTO IHCTPYMEHTY, € aKTyaJbHOIO
3aj1a4ero Il MiJIBUIIEHHS e()eKTUBHOCTI 00pOOKH JieTalnei.

OuiHroBaHHS HAIHHOCTI 30ipHOTO IHCTPYMEHTY JUISl BOKKUX BEPCTATIB Ma€e
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3apa3 BUKOPHCTOBYETHCS BEJIMKa KUIBKICTh MOKa3HHKIB, IO J03BOJIAIOTH
BU3HAYUTH  OE3BIIMOBHICTh,  JOBTOBIYHICTH 1  PEMOHTONPHUIATHICTH
IHCTpYMEHTY [8,9,10]. Posmomin mepiogy CTIMKOCTI IHCTPYMEHTY
XapaKTepU3y€e HAMIMHICTh Pi3ajJbHOTO Jie3a I HE J03BOJISE BHUPINIMTH 33734y
3a0e3rmeueHHss HaJiifHOI eKcIUTyaralii IHCTPYMEHTY, BKIIIOYAlOuM 1HII
KOHCTPYKTHBHI ~ elmeMeHTH  30ipHOro  iHcTpymeHTy.  KoMriutekcHUMEI
MOKAa3HUKAMH HAJIHHOCTI 30ipHOTO iHCTPYMEHTY SIK CHCTEMH MOXKE CITY>KUTH
koedimienT rorosrocrti [11,12].

Meta poboTH — IABUINEHHS SKOCTI MpOIeCy  eKCIUTyaTarlil
TEXHOJIOTIYHOI cHCTeMH OOpOOKH JeTajel MUITXOM PO3POOKH MaTeMaTHIHHX
MoJIeIel I IPOTHO3YBaHHS HAIIHOCTI 30ipHUX IHCTPYMEHTIB.

MeToauka aocaiTKeHb

30ipHHUll TBEPAOCILIABHHN pi3ellb 3 TOYKH 30py HAIIHHOCTI MOXKHA
YSBHUTH SIK TOCHIZIOBHY CHUCTEMY, TaK SIK BUXiA 3 Jaay OyAb-sSKOTO eleMeHTa
pi3is MPU3BOIUTH O BiIMOBHU BCi€i CHCTEMHU. 11 Mo’kHA BBaXKaTH TAKOIO, 1[0
00CITYyrOBYETBCS B 3B'SI3KY 3 HAasBHICTIO IIPOLIECY BiTHOBJICHHS Ipalle31aTHOCTI,
TOOTO 3aMiHM BiJIMOBHBIIHX €JIeMEHTiB (puc.1).

[Noxa3HuKaMHu HaAIHHOCTI OOCIYTOBYBaJIBHOI CHCTEMH € KOE]ilieHT
TOTOBHOCTI, SIKMH XapaKTepu3ye sK Oe3BiIIMOBHICTH pi3Ili, TaKk 1 HOro
PEMOHTONPUATHICTh. BiH Bu3Ha4yae HMOBIPHICTH 3HAXO/UKEHHS CHCTCMH B
Ipane3JaTHOMY CTaHi B IEBHHI MOMEHT 4acy 3a YMOBH, IO B IOYaTKOBUI
MOMEHT cucTeMa Oyna B CIpaBHOMY CTaHi.

3aCTOCOBYIOUH MAPKIBCBKUH MiIXiJ OO OIKCY CHCTEMH, HEOOXITHO
NPUITYyCTUTH, LIO BIAMOBM pi3lisl BUHHMKAIOTH 3TiJIHO E€KCIOHEHIIaJbHOTO
3aKOHY pO3IMOJITy, a 4ac 3aMiHM €JIEMEHTIB, 1[0 BiIMOBHJIH, SBISIE COOOIO
BUIIAJIKOBY BEJIMYMHY TAaKOX 3 €KCIOHEHLIaNbHUM po3nonaiioM. CTaTHCTHUHE
JOCHI/DKEHHST  Tpale3JaTHOCTI  TBEPIOCIUIABHMX  DI3LIB  HE  3aBXKIH
HIATBEP/KYE TMPABOMIPHICTh MPHITYIIEHHS EKCIOHEHIIabHOTO PO3IOJILTY.
OmHak B 3B'I3Ky 3 THUM IIO BiIMOBHI €JIEMCHTH (HANPHKIAN, pi3albHi
IUIAaCTUHHA) BUMAaraioTh HEBEJIMKOrO 4Yacy BIJHOBJIEGHHS B TIOPIBHAHHI 3
TPHUBAJICTIO EKCIUTyaTallii iHIIUX eIIEMEHTIB (HalpHKIaA, KopIyca pi3s),
3acTOCyBaHHA MapKiBCBKOTO TMIAXOQY JO OIIHKH HAIIHOCTI CHCTEMH
JIO3BOJISIIOTE  OTPUMATH MaTeMaTHYHI MOZEMi, SKi OMHCYIOTh IOBEAIHKY
CUCTEMH 3 OCTATHBOIO ISl MPAKTUYHOTO 3aCTOCYBaHHS TOUHICTIO [13,14].

OcHoBHA yacTuHa. [ BU3HA4YCHHS KoedillieHTa TOTOBHOCTI 30ipHOTO
pi3lis pO3TISHEMO JIBa CTaHW, B SIKHX BiH MOXe TmepeOyBaTh B TPOIECi
excrutyartarii: craH 0, Koiam BiH mpane3fgaTHuii, i cTaH |, Komu BepcTar
MPOCTOIOE (3aMiHa Pi3Id 1 MOBOPOT OaraTorpaHHOl INIACTHHN).

Martpurst nepexoiB cucteMu (30ipHOTO iHCTPYMEHTY) 3 OJHOTO CTaHy B
IHIINH Ma€e BUTIIL:
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A
g 1-p

Ie: A— IHTEHCHBHICTH BiIMOB pi3abHOI IIITACTHHH;
[t — IHTCHCHUBHICTH BiTHOBIICHHSA (3aMiHa Pi3aJbHIX BEPIIIHH).

Pucynok 1 — Pizers 30ipHOT KOHCTPYKIIIT Ta HOTO eeMEHTH
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J1st eKCIIOHEeHIIaIBHOTO PO3MOALTY CTIHKOCTI pi3us 7 1 yacy BiJHOBJIEHb
T, IHTCHCUBHICTh BIMOB IUIaCTHH A BH3HaudaeTbCcsi A=I/7, a IHTEHCHUBHICTh
BigHOBJICHHSA 1= 1/ T,.

CKiHYEHHO-PI3HUIEB] PIBHSIHHS, 110 OMHCYIOTh CTOXaCTUYHY IMOBEIIHKY
1i€i cHCTeMH, MOXKHAa CKJIACTH 3 TaKuX MIpKyBaHb: HMOBIPHICTH TOTO, IIO
cucTeMa 3HaXoIWThesi B cradi 0 mo mMomenty t - t + dt, BuBomMTBCS 3
HMOBIpHOCTI TOTO, IO I cucTeMa Oyna B craHi 0 B MoMmeHT yacy 1 i He
BiZMOBIUIA 32 iHTepBan t - t + dt abo Te, M0 BOHA 3HAXOAWTHCSA B CTaHi 1 B
MoMeHT t i moBepHynacs B crani 0 3a inTepBan t - t + dt. Tomy oTpumyemo:

5 Py(t+dt) = Py(t)(1— Adt) + P,(t)pude + 0(dt)

HmoBipHicTh mepeOyBaHHS CHUCTEMH B CTaHi | BHU3HA4YaEMO MOIIOHUM
YHHOM:

P, (t+dt) = Py(t)Adt + P,(£) (1 — udt) + (dt)

Yien O (dt) sieasse co00r0 HECKIHYCHHO Maly BEIHYHHY, TaK SIK €
HMOBIPHICTIO IBOX HE3AJICKHUX MOJIH OPAUHAPHOTO MOTOKY.
BuxkopucroByroun mepexin mpu dt — 0 BU3HAYUBLIN:

. Pi-(t—i-dt)—Pi-(t):P; i U[dt)zﬂ

de—=0 dt dr—0 df

MaeMo: PE, (t) = —APy(t) + uP, (t),Pl () = APy(t) — uP ()

SAxmo cucrema mpu t = 0 3HaXOOUTBECA B POOOTI, TO MMOYATKOBHMH
ymoBamu OyyTh: Po(0) = 1, P,(0) = 0. Komu t = 0 cucrema nepeGysac B
PEMOHTI, TOfi MOYaTKOBMMH yMoBamHu OyayTh: P,(0) =0, , P,(0)=0.
3acTocoByroun nepeTBopeHHs Jlamraca 10 piBHSAHB 1 BPaXOBYIOYH ITOYATKOBI
yMOBH P (0) =1, Py (0)=o0, OTPUMYEMO:

sPy(s) — 1+ APy(s)—uP(s) =0
5P, (5) —APy(s) + uPy(s) =0

1 TIcTIs IpUBEIeHHS MOTIOHUX WICHIB MaeMO:

(s 4+ 1)Py(s) —pPy(s) =1
—APy(s)+ (s + WP (s) =0

Jlns  BUpimeHHS JaHOiI CHUCTEMHU PIBHSHH BBEAEMO BHU3HAYHHK D,
eneMeHTaMu AKoro € koedinientu npu P;(s). Kpim Toro, mozHaunmo D, swmit
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YTBOPIOETBCSI B pe3yibTaTi 3aMiHM i-TO CTOBIIS CTOBIIEM KoOe(illi€HTiB
NpaBOi YaCTUHHM PiBHSAHb cucTeMu. Togi:

P,(s) =D;/D
i TOMY
o o+
0 s+pu
PU(S)=s+l —p
|—l S+
abo
S+ u
Pols) =————
s(s+ A+

@dyHKIiE TOTOBHOCTI, sKy mo3HaunMmo uepe3 A(t), € 3BOpOTHHM
neperBopeHHsM Jlamaca st Py (5), ToOTO.

A(t) = LHR ()N}

abo

K A ouwr
Kr = Pylt)=——+ e e
fu () H+i A4np

Cepenniii yac mpane3JaTHOTO CTaHy A[THH) pi3usg A IEAKOro
KiHIIEBOTO iHTepBaly Yacy 1 MOKHa BH3HAYHMTH, MPOCyMyBaBInu Py(t) 1o

BCHOMY IHTEpPBaJy 1 pO3AIIHBINN HA HHOTO:

4t = [ Pirae

JJis maHOTO BUTIAIKY

u A A
A(T,) =

+ _ —(A+u)T
g+r (A+pET A+4np

PosrnsHemMo HagmiftHICTE 30ipHOTO pi3UA [UIS BAXKKHAX BEPCTATIB, IO
CKJIQIa€ETBCSI 3 KOpIYyCy, OJIOKY-BCTAaBKM, Ha SKifi KpIiNUThCS pi3ajibHA
wiactuHa. 30ipHUH  pi3elb BIJHOBIIOE CBOIO Mpale3JaTHICTh JBOMa
crnocobamu. Ilpn BUHHMKHEHHI mepmIoi HecTpaBHOCTI (BIAMOBH pi3aibHOI
IUTACTHHN) 3MIMCHIOETBCS YAaCTKOBE BiIHOBICHHA-TIOBOPOT abo 3aMiHa
TUTACTHHU 1 CHCTeMa BiJHOBIIOE CBOIO Tpare3gatHicTh. Ilicms mosiBu apyroi
BIIMOBH (BUIXi[l 3 JIaZy BCHOTO OJIOKY 200 €IeMEHTIB KPIIUIEHHS) BUKOHYETHCS
3amiHa Onoky. Ilpm mpomMy cHcTeMa TMOBHICTIO BiIHOBIIOE  CBOIO
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npane3fatHicTe. Hexait A1 03Hauae IHTEHCHBHICTH BiIMOB OJIOKIB, a Ay —
IHTCHCHBHICTb BIAMOB IUIACTHH, npudomy A2> 1. Hexai jami p, —
IHTEHCHBHICTh yCTaHOBJICHHS Pi3aJIbHOI YaCTHHH, TOOTO 3aMiHHM a00 MMOBOPOTY
IIACTHHH, a [, — IHTEHCUBHICTD BIJHOBJICHHS TIIPane3JaTHOCTiI OJOKIB.

Bu3HauuMo 4YOTHpM CTaHW, B SIKUX 3HAXOJUTUMYTHCS CHCTeMH: craH 0 —
CUCTEMHU CIIPaBHI MiCNs 3aMiHK OJIO0KY; cTaH 1 — pi3elh He MpaIoe y 3B'3KY 3
Bi]MOBOIO ILJJACTUHH, MPOBOIHUTHCS i MOBOPOT abo 3aMiHa; cTaH 2 — pi3elb
3HAXOJHUTHCSA B pOOOYOMY CTaHi MICNS 3aMiHM IUIACTHHH; CTaH 3 — pi3emnpb He
MpAITioe ¥ 3B'A3KY 3 BiIMOBOIO E€IIEMEHTIB KpiIUIeHHS a0o OJIOKIB B IIiomy,
MIPOBOIUTHCS 3aMiHa OJIOKY.

Cran 0 i 2 sBISIIOTH COOOIO NMOIyCTHMUM CTaH A HAmIHHOI poboTH
pisusa. MaTpuis nmepexony 3 OIHOIO CTaHy B IHIIMH B IIbOMY BHIIAJKy Mae
BULJIS

0 1 2 3
1-4 A 0 0
P= - 0

Cucrema anreOpaidHuX PiBHAHD NPEACTABISETHCS!

0=—-MF+uB
0=MR — P,
0=+ M5
0=—M0P + uspP;
0=Py+P, +P, +P,

Omnyckaroun MPOMiXHI MaTeMAaTHYHI BUKIIAJKH, BH3HAYa€EMO KOe(illieHT
TOTOBHOCTI, LI[0 HAJIA€ YACTKY Yacy, B IKOMY Pi3elb 3HAXOMUTHCS B CIIPABHOMY
CTaHi:

’a’l.u'l.ug + Azﬂlﬂg

Kr. -
Y Aoy Ay p, + Ay pop, + Asp

BHKOPHCTOBYIOUM IF0 MAaTEMaTHYHYy MOJICIb MOXXKHA BU3HAYHTH
KOe(IIiEHT TOTOBHOCTI pi3ls 3a 3aJlaHUMU MMOKA3HUKAMH HOTO HaIiHHOCTI:
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TNOKAa3HUKH O€3BIIMOBHOCTI A, i A5 i PEMOHTONPUAATHOCTI i, 1 {t,, OTPEMAEMO
Ha Mi/ICTaBi pe3yJIbTaTiB eKCIUTyaTallifHUX BUIIPOOYBaHb.

Iro 3anexHIiCTs Ha CTafiil MPOEKTYBaHHS MOKHA BUKOPHCTOBYBATH IIS
pO3MoTy 3aaHOTO PIBHS HAIIMHOCTI BCHOTO i3l JaHOT KOHCTPYKILIi MiX
Horo eyieMEeHTaMH, Malouu anpiopHy iHQopMalilo Npo IHTEHCHUBHICTH iX
BIZTHOBNICHHS. SIKIIO K HEOOXIIHO CKOHCTPYIOBAaTH pi3elb Ui JaHUX YMOB
06po0ku (To6TO 3aj1aHi iHTEHCUBHOCTI A i A5), TO 11 OTPUMaHHS 33/aHOTO
PIBHSIHHS HaJiHHOCTI HEOOXiJHO BMOpaTH Taki KOHCTPYKTHBHI DIiIlI€HHS, SIKi
JIO3BOJISIIOTH  3a0€3MEYMTH  BH3HAYEHI II€I0  3aJIeKHICTIO  MOKa3HUKH
PEMOHTONPHUAATHOCTI.

BucHoBku.

Jns migBUIIEHHS SKOCTI NpoLecy eKcIulyaralii TeXHIYHHX CHUCTEM
MeXaHOOOpOOKHM JeTajyeil HeOOXiTHO B CHCTEMY BIACTHBOCTEH SKOCTi BCiel
CHUCTEMH BKIIIOYATH TIIOKa3HUKH HAMIHHOCTI pi3albHOTO IHCTPYMEHTY, SIKi
BU3HAYAIOTh YaCTKy Yacy CIpaBkHbOi podotm Bepcraty. Lle mMae ocobmmse
3HAYCHHS U1 BaYKKUX BEPCTaTiB, €(PEeKTUBHICTh POOOTH SKUX B 3HAYHIN Mipi
3aNIe)KUTHh Bl MPOCTOIB, IMOB’S3aHMX 3 BIIMOBOIO pi3aJbHUX IHCTPYMEHTIB.
AHami3 pi3HHX TOKa3HWKIB HAMIHHOCTI O3BOJHMB BHSBHTH IIepeBary
KOMIUIEKCHOTO MTOKa3HUKa Ha/liIHHOCTI IHCTPyMEHTY — Koe(illi€eHTa TOTOBHOCTI.
[lpu po3pobui MareMaTHYHUX MoAeied 30ipHI pi3li PO3MISAAINCH  SK
MOCJIIZIOBHA CHCTEMa 3 TOYKH 30py iX HaJIHHOCTI, KUIBKICTh €JIE€MEHTIB SIKOi
3aJIeKHUTh BiJl KOHCTPYKIIi IHCTPYMEHTY. 3aCTOCOBYIOYM MapKiBCHKUI IiaXif
JIO OIUCY CHCTEMH 1 NMPUIYIIEHHS EKCIOHEHIIIHOTO Po3no/iny yacy poboTH i
BiTHOBJICHHSI 1HCTPYMEHTY, PO3pOOJICHO MaTeMaTH4YHI Mojelli Koe]ilieHTiB
TOTOBHOCTI ISl IBOX KOHCTPYKIiK 30ipHUX pi3wiB. Li 3aexxHOCTI eeKTHBHO
BUKOPHCTOBYIOThCS SIK Ha CTajii MPOEKTYBaHHS IHCTPYMEHTY IUISI PO3MOLITY
HAIIHHOCTI MK eJleMeHTaMU KOHCTPYKIIii, TaK 1 Ha CTaii HOro eKCIuTyararii
JUISL BU3HAUEHHS SIKOCT] TEXHOJIOTIYHOI CHCTEMH.
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MODELING THE RELIABILITY OF ASSEMBLY
TOOLS FOR HEAVY LATHES

Abstract. The problem of increasing the reliability of prefabricated tools for heavy lathes is solved
in the work. The idea of implementing ISO 9000 series standards is justified. The need to develop a
quality system for the machining process has been proven. Qualimetric indicators of quality of
machines, cutting tools and processes of ensuring their trouble-free operation are defined. The aim
of the article is to improve the quality of operation of the technological system of processing parts
by developing mathematical models for predicting the reliability of assembly tools. Special
attention is paid to the operation of cutting tools for heavy machines. The high cost of such tools is
emphasized. Attention to reducing downtime of heavy machines is paid. The statistical analysis of
indicators of operation of assembly cutting tools is carried out. It is proved that tool failure is one
of the significant factors of machine downtime. The system of indicators of reliability of the cutting
tool is presented. The reliability of the assembled tools for heavy machines is considered. The
operation of the machine during operation is analyzed. Two ways to restore the efficiency of the
tools are analyzed. State 0, when the machine is operational, and state 1, when the machine is idle
are considered. Markov's approach to the description of the system is applied. Assumptions about
the exponential distribution of operating time and tool recovery are made. The advantage of a
complex indicator of tool reliability - readiness factor is proved. Assembly tools are considered as
a consistent system in terms of their reliability. The number of system elements depends on the
design of the tool. Mathematical models of readiness coefficients for two designs of assembly
cutters are developed. The effectiveness of the use of research results proved. The distribution of
reliability between the structural elements is determined at the design stage of the tool. The quality
of the technological system is determined at the stage of its operation. Design solutions must be
chosen to ensure serviceability. This will provide a given level of reliability.

Keywords: assembly tools; heavy machine; reliability indicator; tool quality; system approach;
efficiency; failure rate.
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