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3ABE3NEYEHHS HAIIHHOCTI EKCILTTY ATAIIIT
TEXHOJIOI'TYHOI CUCTEMHU BAKKUX BEPCTATIB

AHoTauist. B pobomi eupiwena 3adaua niouweHHs HAOIHOCMI eKCnIyamayii mexHon02iuHoi

Ilpeocmasnena cucmema nokasHuKie HAOIIHOCMI npoyecy eKCHIyamayii mexHon02iuHoi cucmemu
8ADICKO20 MOKAPHO20 Gepcmamy, sAKa CKIA0AeEmbCsi 3 epcmamy, Oemani, IHCmMpymenmy i
sepcmamuuxa. Ilokasnukom HadiliHOCMI cucmemu 3anponoHOBAHO BUKOPUCTNOBYSamU KoediyieHm
20MmoGHOCI, AKUL BKTIOYAE XAPAKMEPUCUKY K [THMEHCUBHOCMI 6I0MO8 cucmemu, max i
inmeHcugHicms 8i0HO61eHH s iT npayezoamuocmi. Cmamuunuil aHaniz pobomu cucmemu 003601U8
BUABUMU CIPYKMYPY Hacy ii MexXHON02IYHOT pobomu, WINbHICMb PO3NOOLLY Hacy npocmois
cucmemu, no6’A3AHUX 3 00CTY208y8aHHAM IHCMpyMenmy. Pospobneno mamemamuuni mooeni
Koegiyienma 2omogHocmi 0l 080X cmpameziil eKCnIyamayii MexHOI0IUHOI CUCIEMU BAICKO20
MOKAPHO20 BePCMAMA: HEe3ANEICHO20 0OCTY208Y6AHHA CUCTHEMU BePCMAMHUKAMU | CRINbHO2O0
00C1Y208y68aHHA  KINbKOMA — BepPCMAMHUKAMY.  3ACMOCYBAHHA  PO3DOONEHUX  MATNEMATNUYHUX
Modeneti 0038015€ nidibpamu HeoOXIOHY cmpamezito 00C1y208Y8anHs cucmemu O 3a0e3neyeHHs
NeHO20 PiGHsL HAOIUHOCMI iT eKcnyamayii.

KiwouoBi cioBa: 3abesneuentsi HAOIUHOCMI, MEXHONOSIUHA CUCMEMA, PI3ANbHULL IHCMPYMEHm,
8aDICKI epcmamu.

Beryn. ITocranoBka npo6aemn.

JocmikeHHss 0coOnIMBOCTeH eKCILTyaralii iHCTPYMEHTY Ha Ba)KKHX
BEpCTAaTax I0Ka3ajo, o Hapsly 3 NiBUILIEHUMH CEepeIHIMH HaBaHTAKECHHIMU
Ha pi3aJbHUIl IHCTPYMEHT, NOB'SI3aHUMH 31 3HAUHMMH MEPETHHAMHM 3pi3y, PU
MeXaHIYHi 00poOIll CHOCTEpIiraeThCsl TAKOXK BEJIHMKA KiJIBKICTh (aKTOpiB, 1110
00ypIOIOTh, TOB'I3aHUX 3 PO3CIIOBaHHAM MapaMeTpiB  eKcruryaramii i
BJIACTUBOCTEH IHCTPYMEHTIB. Y 3B'S3Ky 3 MM OJHUM 3 HaWBaKIUBIIINX
KpPHUTEPiiB SKOCTI MpOIeCy eKCIuTyartarii € foro HamiiHicTh. OCKUIBKH caMm
IpolLec eKCIUTyaTallii € CKJIaJHOI0 CHCTEMOIO, IO BKIIIOYAE OE3JIY MifcucTeMm,
10 BUKOHYIOTH Pi3HI (QYHKIIT 1010 3a0e3MmeYeHHs palioHaIbHOT eKCILTyaTalii
IHCTPYMEHTY, IUIsl OI[IHKK HOTO HAIIHHOCTI B Lilf pOOOTi 3aCTOCOBYETHCS PSiA
pi3HUX MOKa3HUKIB (puc. 1). Pi3anbHuil iHCTPYMEHT € HEeBiT'€MHOI YaCTHHOIO
(HalOIMBII BPa3TMBUM EJIEMEHTOM) TEXHOJOTIYHOI cucteMu. IIpm 1mpomy
BEpPCTaTHWKAM 3 METOI0 BH3HAYCHHS OINTHMAJIbHOTO pIBHSA HAIIHHOCTI
TEXHOJIOTIYHOi cHcTeMH - KoedimieHta ii roroBHocTi. IlpumitHATO BBa)kaTh
piBeHP HAIIHHOCTI TEXHOJIOTIYHOI CHUCTEMH 1 Tporecy i oOCIyroByBaHHS
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MTOKa3HIKOM HaJiHHOCTI MpPOIeCy eKCIUTyaTarii iHcTpyMeHTy. TpanumifHnMu
nokasHukamu [1, 2, 3], € mokasauku Oe3pigmMoBHOCTI P (7), T Ta iHmm, sKi
XapaKTepU3yIOTh HAIIMHICTh Pi3aJIbHOTO Jie3a B 3B'SI3Ky 3 Horo BimMoBoro. [Ipu
Iepexoi BiJ HamailHWX IHCTPYMEHTIB 10 30ipHHX BHHHUKIA HEOOXITHICTH iX
PO3TIALY 3 TOYKU 30pY HAMIMHOCTI 30ipHUX PI3LiB SIK CHCTEMH eIeMeHTiB [4].
Arne He BHpiOIeHa 3ajada 3aCTOCYBAaHHS YHIBEPCAaJbHOTO IIOKAa3HUKA
HaIIIHOCTI TEXHOJIOITYHOI CUCTEMU .
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CcTpaterii 0OCTyrOBYBaHHA
Pucynok 1 — [Toka3HUKH HAIIMHOCTI MPOIECy eKCIUTyaTallii TEXHOJIOTIYHOT CHCTEMHU

[Toka3HMKOM HAZIHHOCTI Takoro pisms BIEpIIE 3alpPONOHOBAHO
BUKOPHCTOBYBAaTH KOE(QILi€EHT TOTOBHOCTI 30ipHOTO IHCTPYMEHTY, SIKHH
BKIIIOYae B ceOe¢ HE TUIBKH IHTCHCUBHICTH BIJIMOB EJEMEHTIB pi3lii, a i
IHTCHCUBHICTh BIJHOBJCHHS IX TIpAIe3IaTHOCTI, TOOTO € KOMIUICKCHIM
MOKAa3HUKOM, 3aCTOCYBAaHHS SIKOTO JIO3BOJISIE  YIPABIATH  HAIiHHICTIO
IHCTPYMEHTY 3a JONOMOTOI0 K TEXHOJOTIYHHX, TaK 1 KOHCTPYKTOPCHKHX
(hakTopis.
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MeTtoauka 0CaiIKeHb.

CraTHCTHYHI TOCTIKCHHS BIACTHBOCTEH OOCIYTOBYBAaHHS 3 TOUKH 30Py
AKOCTI TpoIlecy eKcIDTyaTamii TOKa3ali, IIO0 TIPOCTOi, TOB'I3aHi 3
00CITyTOBYBaHHIM Pi3aIbHOTO IHCTPYMEHTY, Pi3KO 3pOCTAIOTh ISl BEPCTATIB, y
SKUX pi3LeTpUMad 3HaXOAUTHCS Ha MaillaH4MKy, PO3TallOBAHOMY Ha IEBHIi
BucoTi. KpimM Toro 30imbmnryeTbcss Maca iHCTPYMEHTIB JJIsl BEPCTATiB BEIUKUX
TUIOPO3MipiB. 30LNBIIEHHS PO3MIPIB  JieTali CTBOPIOE  IICHUXOJIOTIYHY
Halpy)XeHICTb JUIi BEpPCTaTHUKA 1 3HIKYE IHTEHCHBHICTH IIPOLECIB
BiJTHOBJICHHS TPAIIC3/IaTHOTO CTaHy CUCTeMH. Y PoOOTi [5] 3 i€l ToukH 30py
3alpOIIOHOBAHO  BHKOPUCTOBYBaTH  IOKa3HMK  HANPYXEHOCTI  mpai
BEPCTAaTHHKA SIK OJMH 13 KPUTEPIiiB ONTUMI3allii PeKUMIB pi3aHHS Ul BaKKUX
BepcTaTiB. AJle Il JOCHTIHKEHHS Mepeinuii B 00JIaCTh TICUXOJIOTIT 1 MOTHBAIIIT
mpani BepcTaTHHKAa 1 Mallo CTOCYBAIWCA TEXHIYHOI CTOPOHH Ipolecy
eKCILTyaTalil iHCTpYMEHTY.

Ha puc. 2 1oKa3aHHl NPHKIAA BaXKOTO TOKAPHOTO Bepcrara,
OOCITyroByBaHHS SIKOTO HEOOXiZHO NPOBOJMTH 3 MAaiJaHYWKa, IO
3HAXOJIUTHCS Ha MIEBHIN BHUCOTI.

Pucynox 2 — Baxxkuii TokapHuii Bepcrat 3 UIIK
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Y rtabmumi 1 mpencTtaBiieHI pe3yiabTaTH  CTATHCTUYHOTO — aHATI3Y
CTPYKTYpH 4acy (QYHKIIIOHYBaHHS CHCTEMH IIpH 0OpoOIli AeTanell Ha BaKKUX
TOKapHUX BEPCTaTax pi3HUX THIIOPO3MIpIB (XapaKTEPUCTUKOIO THUIOPO3MIPY
BepcTara € HaWOIBIIKIT JiaMeTp Hall CTAHHHO0 06poGirroBanoi meraii De).

Tabmumt 1 — CtpykTypa 4acy poOOTH BaXKKHX TOKapHUX BEPCTATIB

IpuyrHa CTaHy CHCTEMHU Tunoposmip Bepcraty D¢, MM
1250 [ 2500 [ 4000
Jong gacy pobotu cucreMu
3MiHa i KOHTPOJIb AeTali 0,15 0,10 0,16
KepyBanHs BepcraToM 0,03 0,03 0,03
Txmi nmpocToii 0,13 0,07 0,04
Ipocrii, [OB'A3aHl 3 obeyrosyBannsm | 0,08 0,06 0,19
Ppi3anbHOTO iHCTPYMEHTA
Pizanus 0,61 0,74 0,68

Ha wactky mpocroiB, mOB'SI3aHMX 3 OOCIYrOBYBaHHAM pi3aJIbHOTO
IHCTPYMEHTY, TOBOIUTHCS 8 - 9% BChOTO yacy (YHKIIOHYBAHHS CUCTEMH 1 25
- 27% 4acy, B SKOMY CHCTEMa 3HaxOAUTHCS B Hempare3iaTHoMy craHi. Yac
MPOCTOIB, MOB'I3aHUX 3 00CIYTOBYBAaHHSM Pi3aJIbHOTO IHCTPYMEHTY, BKIIOYAE
Yyac 3aMiHHM, 3aTOYyBaHHs, PEMOHTY, HaJIaro/DKCHHS 1032 BEpCTaTy
IHCTpYMEHTY, 4ac XOJIHHS BepCTaTHUKA (Hajaa4yuka) B IHCTPYMEHTAJbHY
koMopy. CTaTUCTUYHI JOCIKEHHS MIOKa3YIOTh, 1[0 PO3MOALT CYMapHOT0 4acy
MPOCTOIB CHCTEMH, MOB'SI3aHUX 3 OOCIYrOBYBAaHHSM pi3ajIbHOTO IHCTPYMEHTY
(dacy BIZHOBIICHHS TPAIE3AaTHOCTI CHUCTEMH), IO HE CYIEPEYUThH
eKCroHeHIanpHoMy 3akoHy G(t) = 1 — e™ a wac BiIMOB pi3aibHOTO
inctpymenty F(t) = 1 — €™, me p i A - iHTEHCHBHICTH BiJIHOBJICHHS i BiIMOB
iHcTpyMeHTy. Ha puc. 3 mokasaHmii mpukigax po3nOAiIy dYacy HpOCTOIO
CHCTEMH, IOB'I3aHUX 3 00CIyrOByBaHHSIM IHCTPyMEHTA.
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Pucynok 3 — LL{inbHICTE pO3NOALTY Yacy MPOCOiB TEXHOJIOTIYHOI CHCTEMH,
MOB'SI3aHNUX 3 Pi3ATEHIM iHCTPYMEHTOM
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Mera po0oTH — TiABUIIEHHS HAAIHHOCTI eKCIUTyaTamii TeXHOJIOTiYHOI
CHCTEMH Ba)XKKHX BEPCTaTiB MNUIIXOM BH3HAYCHHSpAIIOHANBHOI crparerii il
o0ciyroByBaHHS.

Po3podka maTemaTu4HMX MojeJei

PosrnsHEMO pi3HI cTpaTerii 00CITyroByBaHHS CHCTEMH, SKa CKIIATA€THCS
i3 3pa3KiB IHCTPYMEHTY BEpCTAaTHHKA 3 I' TIpaIliBHUKIB. Ha Ba)kkoMy TOKapHOMY
BEpPCTATI 4acTO MpAIOIOTh J[Ba CYHNOPTH B pPeXHMax SK HOCIHIJZOBHOrO, TakK i
napajenbHOro 3'€JHAHHS 3 TOYKHM 30py HaziiHocTi. Bepcrar obciyroBye nBa
BEpCTaTHHKA, poOOTa SAKUX MOXe OyTH SK B pPEKHUMI HE3aJIECKHOTO
00CITyroByBaHHsI, KOJIHM KOKEH 3 HUX 3aKPIIJICHUH 32 POOOTOI0 OKPEMOTO BHIY
IHCTpYMEHTa, TaK 1 B pexuMi criipHOro obciyroByBaHHs. Ilepenbauaerscs,
II0 CHCTeMa MOXke nepeOyBaTH B OJIHOMY 3 TPhOX MOXIIMBHX CTaHiB B IIEBHUN
MoMmeHT 4acy t. [TosHaummo: 0 — cTaH cHUCTeMH, B SKil BCi iHCTPYMCHTH
npanesnatHi; 1 — cTaH CHCTEMH, KOJM ONWH IHCTPYMEHT BUIIPaBJICHUH, a
IpYTUN BITHOBIIOETBCS; 2 — CTaH BIAHOBJICHHS BCIX IHCTPYMEHTIB. Takum
YHUHOM (YHKIIiSl TOTOBHOCTI CHCTEMH € HMOBIPHICTh 3HaXOKCHHS B cTaHi 0,
Po(t) . Hdani BBaxkarumemo, mo Po(t) 3amexuts Bijg yuciia BepcTaTHUKIB. B
IbOMY BHITAJKy cucTeMa Oyze mepeOyBatu B cTaHi 0 THM OlnbIie, YuM OinrbIine
r. 3acTOCOBYIOYM MApKOBCHKHI MiAXiA OI[HKKA HAMIHHOCTI 1 CHCTEMH
3aMUIIeMO MATPHIIO MEPEXO0y 3 OJHOrO CTaHY CHCTEMH B IHIINY JJIs BUIIAJIKIB
I =N = 2 npu He3aJIe)KHOMY 00CIYrOBYBaHHS CUCTEMH:

1-22 24 0
P.= u 1—(/1+,u) A
0 2u 1-2u

Cucrema, niepe0yBarouy B CTaHi 2 B MOMEHT 4acy t, Moke MOBEpHYTHUCS Y
crau 1 3at, t + dt, skimo Oyap-skuil 3 iIHCTPYMEHTIB BiTHOBICHUI (3aMiHEHMIT)
3a 1ed yac. IMoBipHICTB Takoi nojii AOpiBHIOE:

20t (1— pdt) = 2 dt +0(dt).

Mo)kHa OTpUMATH pIBHSHHS JUIS CTaJOr0 PEXUMY (Ui BEIMKOTO
MPOMIXKY 9acy pobodoi sMminu). [Ipu TpuBaniit ekcruryararii qoist 9acy, KOJIH
cucreMa Oyze nepeOyBaTH B KOKHOMY CTaHi, HE 3aJIeXHTh Bif Il HOYaTKOBOTO
CTaHy.

3BiZcH, B MeXi 3Ha4YeHHs KOkHOI #moBipHOcTi Pi(f) Oyne moctiiiHuM,
limPi(t) = Pj, o mae MOXIUBICTh BiAHAWTH PIICHHS AJS CTAIOTO PEXKUMY
OpHUPIBHIOBAaHHS NOBiMbHUX Hymo liMR(t) = 0, i BUKOPHCTOBYBATH YMOBH, IO
nepeOyBaHHS CHCTEMH B KOXKHOMY 3 MOXJIMBHX CTaHIB — TOAIl B3aeMHO
BUKIIIOYHI, Po + P1 + P2 =1. .
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Toni MokHA 3anMCaTH HACTYIIHY CHCTEMY alreOpaiTHUX piBHSIHb:

24P, + 1P, =0,
2P, —(A+ )P +24P, =0,

AR —2uP, =0,
P+B+P, =1

Bupimyro mi piBHIHHA MiACTaHOBKOIO, OTPUMYEMO BHpa3 JUIA
BU3HAUYCHHS KoedillieHTa TOTOBHOCTI CHCTEMH TIpH ii He3aJeKHOMY
00CJIyrOBYBaHHI TBOMa BEPCTATHUKAMHU:

K, =y2/(ﬂ,+y)2.

OnHak BepCTATHUKH TPALIOIOTh HE3aJIe)KHO OAMH BiJl OJHOTO TUIbKH 3a
OHOYACHOI BIIMOBM IHCTPYMEHTIB, 3aKpIIUICHUX B JBOX CYIOpTax.
[punycTrMo, 1Mo OOCIYroByBaHHS OIHOTO BepcTara JBOMa CTaHOYHHKOM
NPOBOJMTHCS 3 IHTEHCHBHICTIO 1,5 [ 1 10, SKIIO ABA BEepCTaTHHKA OOCIYroBye
OJIMH CYIIOPT, a IHCTPYMEHT, 3aKpiIUICHHH y IpyroMmy CyNOpTi, BUXOAUTBH 3
Jamy, TO NPYrHii BEpCTATHHK HETaifHO MepeMUKAeThCs Ha OOCIyrOBYBaHHS
Ipyroro iHCTpyMeHTy. Tonl mpW CHiTbHOMY OOCIYrOBYBaHHS CHCTEMHU
MaTpHil nepexoiB P HaOyBae BUIIISAY:

1-22 22 0
P.=15u 1-(A+15u) A
0 2u 1-2u

[Ipu  1mpOMY  KOEQIIIEHT TOTOBHOCTI  JOPIBHIOE  HWMOBIpHOCTI

npane3aaTHoro CTany:
2

_ U
3’ +4ud+24%

K. =P,

c

VY Tabnuii 2 s NOpiBHSAHHS HaBeIeHI Koe]illieHTH TOTOBHOCTI CHCTEMH
B TpPhOX BHIIAJAKaX OOCIyrOBYBaHHS IHCTPYMEHTY OJHUM 1 JBOMa
BEPCTaTHUKAM.

MoykHa MMOMITHTH, IO MPU CHIIBHOMY OOCIYTOBYBaHHS CHUCTEMH JBOMa
BEPCTaTHUKAMHU KOE(Dilli€EHT TOTOBHOCTI CHUCTEMH 3HAYHO IiJBHINYETHCS B
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MOPIBHAHHI 3 HE3aJeKHUM OOCITyTOBYBAaHHSM, SKa Majla BiIPi3HAETHCS Bix
BUIIAJIKy POOOTH OTHOTO BEPCTATHHKA.

Tabmumt 2 — IlopiBHSAHHA NOKa3HWKIB HaIIHHOCTI TpH PI3HUX CTpaTerisx 3MiHK
incrpymenty (A= 0,05 munl, u=1,01 mun?)

KoediuieHnt CymapHuit
Croci6 o6cimyroByBaHHS TOTOBHOCTI npocriii 3a 10000 xB.
CHCTEMH po6oTH cHCTEMH, XB.
OJ1H BepCTaTHUK 0,9050 946
A. Hezanexxne 0,9070 928
00cIyroByBaHHS
JlBa BepcTaTHHKA B Crimbne
) 0,9360 639
00CITyrOBYBaHHS

VY 3arajJpbHOMY BUNAaJIKYy, KOIM € N pi3abHUX IHCTPYMEHTIB 1 I
BEPCTATHHKIB, HMOBIPHICT TEPEXOMAIB 3aJEXKHUTh BiJ YHCIA BiIMOBICHUX
iHCcTpyMeHTiB, KoTpi mosHaummo uepes k (K = 0,1,2,....,n). MwmoBipuicts
3HAXO/XKCHHS CHCTEMH B JICIKOMY cTaHi Oyje 3aiexatn Bix ymoB K < r, k=r
a6o k > r, mmg sSKMX OTPUMAaHO BHpa3W BH3HAYCHHS HMOBIPHOCTI
Npare3JaTHOro CTaHy CUCTEMH:

n! n! N
i
r-1 P k—r

K. =P = Pl = , 1

L0 kZ;(n k) ik1” Z(n k) i Uy @
A
ae p=—.
y7]

BucHoBknu.

MaremaTtryHa Moznenb (1) Moxke OyTH BHKOPHCTaHA ISl CTATHCTUYIHOTO
MOJICITIOBaHHSI ~ OOCIYrOBYBaHHS ~ TEXHOJOTIYHOI  CHUCTEMH.  3HAIOUH
IHTEHCUBHOCTI BIJMOB 1 BIJIHOBJICHHS MPAaIE3aTHOCTI CHUCTEMH, MOXKHA
migiOpaté HeoOXimHY cTparteriro oOCIyroBYBaHHS IJIsI OTPUMAaHHS 3aJaHOTO
piBHS HagiffHOCTI. MOKIIMBE BHpIMICHHS i 3BOPOTHBOI 3a7adi MpH 33JaHOMY
KOe(ilieHTI TOTOBHOCTI CHUCTEMH B pI3HHX TMOEIHAHHAX A 1 W, SKi
XapaKTepU3yIOTh 1HTEHCHMBHOCTI BiIMOB 1 BiJHOBJICHHS Tpale3/aTHOCTI

84



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

IHCTpYMEHTY, SIKi peami3yloThCS Ha CTalii BHOOpY iHCTpyMeHTy. OCKUTBKH
HaifyacTimie B BUPOOHMYNX YMOBaX Ba)KKi TOKApHI BEPCTaTH 0OCIYTOBYIOTHCS
JIBOMa BEpCTaTHUKAMH (OCHOBHUM 1 MiPYYHHUM), B I[bOMY BUMAIKy HaHOLIbII
e(eKTHBHUM 3 TOYKH 30py HAIIMHOCTI € CHiIbHE O0CIyroBYBaHHS TEXHIUHOL
CHUCTeMH. 3aMiHa pi3aJbHOTO IHCTPYMEHTY Ha BaXKKMX BepcTaTax —
TPYAOMICTKHIA 1 BIAMOBINANHHUN WpOIEC, MOB'A3aHUN 3 BEIUKOID MAacOI0
iHCTpyMeHTY (iHOZl MoHax 25 KijorpaM) i BUCOTOIO CYNOPT HAa MalJaHYUKY,
Ha SKy A BepcTariB ¢ D¢ > 2500 MM HeoOXimHO migHIMATHCA MO cxoaax. B

3B'SI3Ky 3 UM HaOyBae OINBIIOTO 3HAYEHHS MPaBWIHLHUNA BHOIp cTpaTerii
3aMiHM IHCTPYMEHTY, SKHUH 3a0e3nedye TIpH HaWMEHIIMX BHTpaTax
MaKCHMaJIbHUH pIBEHb HaAIHHOCTI.
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G. Klymenko, V. Kvashnin,
Kramatorsk, Ukraine

RELIABILITY ASSURANCE TECHNOLOGICAL SYSTEMS
EXPLOITATION OF HEAVY LATHE

Abstract. The paper solves the problem of increasing the reliability of operation of the
technological system of heavy machines by determining a rational strategy for its maintenance.
The analysis of the literature showed that there are various indices of reliability, durability,
maintainability, which partially characterize reliability, to assess the reliability of the
technological system. To determine them, you must have a large number of statistical studies. But
there is a need to develop universal mathematical dependencies to predict a specific maintenance
strategy for the technical system of heavy machines. Research methods include static data
collection of heavy machine tools, the reliability of which is determined mainly by machine
downtime associated with the failure of cutting tools, which are the weakest element of the
technological system. Mathematical processing of statistics results allows to determine the density
distribution of system failures, as well as the intensity of failures and system recovery. A feature of

85



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

the recovery of heavy machines is the location of their caliper on a high platform, which makes it
difficult to replace the tool, whose weight reaches 25 kg. The paper presents a system of indicators
of the reliability of the process of operation of the technological system of a heavy lathe, which
consists of machine parts, tools and machine operator. Statistical analysis of the system allowed to
identify the structure of the time of its technological work, the density of distribution of the system
downtime associated with the maintenance of the tool. The maintenance of the technological
system of a heavy machine is carried out by 2 machine operators (the main and the assistant). The
paper considers two strategies of machine maintenance - independent and common. The criterion
for choosing a rational strategy is the level of reliability of the system. A universal indicator of the
reliability of the technological system is proposed to use the system availability ratio. It is assumed
that the system can be in one of three possible states at a certain point in time: the system health
state, the state when only one tool is operational, the state in which all tools are restored. The
system availability function is the probability of being in a working system state. Using the Markov
approach to assessing the reliability of the system, a matrix of transitions from one state of the
system to another is written, which allows us to obtain algebraic equations, solving which we
obtain mathematical models for determining the availability factor for various maintenance
strategies of the technological system. Mathematical models of availability factor have been
developed for two strategies for operating a heavy lathe technological system: independent
maintenance of the system by machine operators and general maintenance by several machine
operators. With the joint maintenance of a technological system by two machine operators, the
level of reliability of the system is significantly increased compared with independent maintenance.
For the general case with a certain number of cutting tools and a certain amount of machine
operators, a mathematical expression was obtained for calculating the availability factor, which
determines the probability of a healthy state of the system. The use of the developed mathematical
models makes it possible to select the necessary system maintenance strategy to ensure a certain
level of reliability of its operation. The developed mathematical models are used for statistical
modeling of the maintenance of the technological system of a heavy lathe, whose downtime has a
greater cost. Knowing the failure rate and system recovery, you can choose the necessary service
strategy to obtain a desired level of reliability. Possible solution of the inverse problem for a given
system availability in various combinations of A and u, which characterize the intensity of failures
and recovery of the tool, which are implemented at the stage of tool selection. Since most often in
production conditions heavy lathes are serviced by two machine operators, in this case the most
effective from the point of view of reliability is the joint maintenance of the technical system.
Keywords: reliability assurance, technological system, exploitation of heavy lathe, machine tool,
heavy lathe.
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