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Posenanymo cmpykmypy uacoeoeo mexnonoziunozo nawyoea. Hasedeni mamemamuuni
Mmooeni enemenmie yacoeoi cmpykmypu. Ha 6azi mikpopienesozo ananizy onepayiinoi cmpykmypu
3asHaveni wIsAxu 3a0€3NeYeHHs PayiOHANbHOZ0 (DYHKYIOHYEAHHA MEXHOAOKIYHOL cucmemu 6
peanbHux ymoeax excuiyamayii.

Knrouosi cnoea: asmomamuzosani eupobuuyi cucmemu, eKCniyamayiuna HAOitiHICMb,
Yaco6i MexHONO2IYHI IAHYIOZU, YACO8e Pe3eP8YeanHs

CydacHuit piBeHb TEXHIYHOTO MPOrpecy, BUMOIH JI0 MIBUIICHHS SIKOCTI BUPOOHHIITBA
HOBOI TEXHIKHM, BH3HAYAIOTh HEOOXIIHICT YJOCKOHAJICHHS CTPYKTYPH TE€XHOJIOTIYHOTO IIpO-
necy ckiamanus (TIIC), Tak sk cxiagaHHs € 3aKIOYHHAM 1 BU3HAYAJIBHUM €TanoM BHPOOHH-
4Oro IIponecy, mo 3abe3rnedye TeXHIUHI XapakTepUCTHKU BEPOOIB 1 ixHIO sKicTh. BincyTHicTh
IHXX€HEPHUX METOJUK PO3PaxyHKIB eIEMEHTIB 4acy TEXHOJIOTIYHOTO IPOLECY € OAHIEIO 3 NPH-
YUH Cy0'eKTUBI3MY IIpY BHOOPI BUPOOHUYOT CTPYKTYPH i OLIHKH eeKTUBHOCTI CHCTEMH B ITi-
noMy. Tomy pimieHHs 3a7a4i paliOHaIBLHOI TOOYIOBH 9acOBOI CTPYKTYPH € aKTYaJIbHOIO 3aJa-
YeI0 AJ1s MAaIIUHOOY IyBaHHS KpaiHH.

Yac npoTikaHHS BUPOOHUYOTO IPOIECY XapaKTEPH3Y€EThCS TPUBAICTIO BHPOOHHYOrO
Ky (Ty), vacom mpocToro poGounx Micus (1) i yacoM MDKOIIEpaliifHOTO JIeXKaHHS IIpeaMe-
TIB IIpatti y BUpoOHUITBI (t¥°). Vi Tpu XapaKTepruCTUKH, 0COOIHBO [B1 OCTaHHI, CHIBHO 3aje-
XaTh BY 3HaYEHHS MaKCHMAaJbHOI TPHBAIOCTI OMHIET 3 omeparlii, Bii cepeIHbOl TPUBAIOCTI
BCIX Omepallif i Bil CTyIICHS aCHHXPOHHOCTI TPHBAIOCTI onepaniii [1].

Ipu npoBeneHHI HAYKOBUX IOCIIIKEHD, OYITH BUABJICH 3aKOHOMIPHOCTI TOOYIOBH Ya-
coBoi ctpykrypu TIIC y 3anexxHOCTI Bl TPYAOMICTKOCTI BUKOHAHHS CKJIaajJbHUX Ollepaii
[2]. 3rimHo iX po3pobieHi MaTeMaTH4YHI MOJIEN1 YTBOPEHHS Yacy MPOCTOIO YCTaTKyBaHHA 14acy
MDKOIEpPaNifHOro JIeXaHHs BUPOOIiB Npalli y BUpOOHUITBI, AKi NPEICTABIEHI 3a/IEKHOCTAMH
(1) 1 (2) BignoBigHO.
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3rizso (1) 1(2) Bu3HaYeHi 3akOHOMIpHOCTI po3noALTy Yacy Beepeauni TTIC, mo no3so-
JIHJIA BHSIBUTU THIIOBI YacOBi CTPYKTYpH (Tad1.1).

Metoan pocaimxens. BukopuctoByioun po3pobieHi MaTeMaTHYH1 MOIEN! Jacy npoc-
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TOKO YCTAaTKyBaHHS 1 Yyacy MDKOIEpalifHOro JIEKaHHsI, HA MiICTaBi THIOBUX YacCOBHX CTPYK-
TYp, 3'IBISETHCS MOXIIUBICTH IPOTHO3YBaHHA eheKTy eKCIUTyaTalii CKlIaqaabHOl CHCTEMH B
peaTbHIX BUPOOHHUMX YMOBAX 3 ypaXyBaHHAM JUHAMIKH PO3BHTKY Ipolecy ckiaganHs. Tomy
IO Yac MPOCTOIO YCTATKYBAHHS 1 Yac MDKONEPaNifiHOTO Je)XaHHS € K HO3UTHUBHAMHM (aKTo-
pamH, 110 MiABUIIYIOTH HAIIMHICTh €KCILTyaTallli, TaK 1 HETaTHBHUMH (aKTOpaMH, IO 3HIKY-
10Th e(PEKTHBHICTD €KCIUTyaTalii CKIajalbHOI CHCTEMH Ta 30UIbIIYIOTh TPHBAIICTE BUPOOHH-
4Oro MUKITY, TO 3 MeTOIO parioHansHoro cuntesy TIIC HeoOXximHO 3poOHTH KOMILIEKCHY Oli-
HKY HACIIIAKIB MPUCYTHOCTI JaHUX (PakTOpiB y 4acoBUH CKJIaJOBOI TEXHOJOTTYHOIO MPOLECY
CKJIaJIaHHS BUpOOY.

Haspricte Ha i-ii ctamil TIIC t™ i/um t“° € yacoBuM pe3epBoM, IO MIABHIIYE Haiii-
HIiCTE eKcIuryaTamii rexnosorignoi cucremu (TC).

JIns KibKicHOT OI[IHKM BIUIUBY CYKYIIHOI'O PE3E€pPBY 4acy Ha HaJIHHICTH €KCILTyaTali
TC i3 moxa3HUKIB, palliOHAIEHO CKOPHCTATHUCA KOMIUIEKCHHM ITOKa3HHKOM HaIiHOCTI eKCILTY-
atanii — koe(illieHTOM roToBHOCTI ycTaTKyBaHHS K. Jlanwii BUOip BU3HAYAETBCA CYTHICTIO
HOKA3HHKa, [0 J03BOJISE€ KUIBKICHO OLIHHTH BIIIMB YacOBOI CKJIAIOBOI, MOB'A3aHOI 3 IIpOBe-
JeHHSAM poOiT HO BITHOBICHHIO Ha eKCIUTyaTallliiHy HaALiHICTh CKJIANAJIbHOI CUCTEMH B Li-
a1oMy. PosrsiHeMo moxnanHo cTpykTypy eneMeHTiB K. KoegiuieHT rotoBHOCTI 10piBHIOE Bi-
JHOUIECHHIO 9acy eKcIUIyaTalii 10 CyKyITHOrO yacy eKCILTyaTallii 1 yacy mo3alIaHOBHX PEMOH-
1iB [3]. V takum yrsoM K, TC MoxHa IpeAcTaBUTH y BHAL:
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Je ® — II0Jie PpO3CIOBAHHSA Yacy BUKOHAHHS ONepanil
At"®%; — TomycK Ha HaJlliHICTh BUKOHAHHS Olleparii
Ai - IOTIK BIZIMOB Ha i-OMY YCTaTKyBaHHI.
3a yMoBH, o M(t;)) = ti 1 At"**>> /2 popmyra (4) IepeTBOPIOETHCS B 3AJIEIKHICTD:
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Obrosopenns pesyabraTiB. CxiianoBa Tpew B 3aexHOCTI (3) 3'IBISETHCA B HACIIAOK
HEJIOCTAaTHBOTO CYKYITHOTO pe3epBY 4acy IIpH BUKOHaHHI i-01 onepauii ckiaganus abo nmoBHo1
fioro BiICYTHOCTI IUB. puc.la.

VY ToMy BHIAIKy, KOJM 4Yac BIIHOBJICHHA IICIS BIIMOBH Ha KOHKPETHIN orepaiii He
BHXOJHUTH 32 MEXI CYKYITHOTO 4YaCOBOTO pe3epBy Ili€i oneparii, To HacHiKH Bi/IMOBH yCTaTKYy-
BaHHA He BIUIMBAIOTh HA PHTMIYHICTH POOOTH TEXHONOIHHOI chcTeMH (puc. 16), mo ykpaii
Ba)K/IMBO B yMOBaX aBTOMaTH30BAHOTO BUPOOHHITBA. AJie IIpU LbOMY CIIII YPaxOBYBATH Bipo
TIHICTH [IOSBH 30HH HIBEIIOBaHHS, KA IPH ONTHMI3aNii IOBUHHA 3HUKHYTH. B npukiani, Ha-
BeICHOMY Ha pHC. la HeMHHy4a BIIMOBa BCl€l TEXHOJIOTIYHOT CUCTEMH depe3 3aHaJATO Malui
9aCOBHI1 pe3epB.
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Tabnuia 1
Tumnosi 9acoBi cTpyKTYpH
Crnioci6 nobynosu : Lluknorpama pobotu Bun crpykrypu
o CliaJaHHIO L I T ] I ] %
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Jlnst panioHanpHOI oprafizanii BApOOHULTBA HEOOXiTHO B KOMILJIEKC1 OLUHIOBATH BIUIUB
BCIX €JIEMEHTIB 4acy TeXHOJOrTYHOI0 IPOlecy, Ha eKOHOMIUHI TOKa3HHKH 1 IOKa3HUKM HaJIH-
HOCTI eKCIUTyarTallil, 3 OrJisay Ha Hacliak#u MidiMizanii. Ile 103BoJsi€ pO3KPHTH 1 BUKOPHCTO-
ByBaTd U1 3a0€3MEUYeHHS HOPMANLHOTO (HYHKIIIOHYBaHHS CHCTEM BHYTPIIIHI pe3epBH (30-
KpeMa, 4acoBl), 3aKJIaJIeH1 B CaMUX CHCTeMaXx.
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Puc.1 - Ilpuxnanu BOIABY eJieMeHTIB yacy onepanii Ha poGory TC

B pesynbrari gociikeHb Oyna BHBEIEHa MaTeMaTHYHa MOJIENb HAMIHHOCTI eKCIuTya-
tauii TC, mo € ¢pyHkmiero Bix yacosoi cknagoBoi TIIC 1 mapaMeTpudHOi HAAIHHOCTI elleMeHTiB
TC. Ilinguinenus ekcnyaraniiinoi HagiiiHocTl TC BigOyBaeTbes B HACHIIOK HAKOIHYEHHS Ya-
COBOTO pe3epBY 3a paXyHOK 30utbiieHHs Ty mpu koxHIM BXopkeHHI B TIIC.

TaxkuM YHHOM MY BU3HAYHJIH, IO HAsBHICTH y dacoBiit ctpykrypi TIIC wacy Mmixomne-
paLiifHOTrO JIeXKaHH 1 Yyacy MPOCTOIO YCTaTKyBaHHS MOXeE IIIBUINYBATH HAIHHICTh €KCILTya-
Talil CKIaJalbHOT CHCTEMH B IIUIOMY 3a PaXyHOK BBEICHHS YaCTUHHU Yacy BUKOHAHHS 3aX0/1iB
10 BiIHOBJICHHIO IIiCJIS BIIMOBH YCTaTKyBaHHS B [1alla30H Pe3epBY 4acCy, HOB'I3aHOIO 3 JuC-
kpetHictio TIIC.

IIpakTnyHe 3HAYeHHS OTPHMAHHX Pe3yJIbTATIB IIOJIATAaE B TOMY, IO PO3pOOIeHMiA
METOJI CHHTE3Y pallioHAJILHUX BapiaHTiB TEXHOJOMYHUX MPOIECIB CKafaHHs BUpoGiB. 3anpo-
DOHOBaHMI METOJ A03BOJISIE Ha eTalli IMATOTOBKH BUPOOHHNITBA KIacH(piKyBaTH iCHYIOUI Bapi-
anty gacoux cTpykTyp TIIC Ta BH3HAUUTH pallioHaNBHUH 3aBIAKH PO3POOIEHOMY alropH-
™y. OTpHMaHKii B pe3ynbTaTi JOCIUDKEHHS METOA MOXe Oyl BUKOPHCTAHHIA MIPH NMPOEKTY-
Bansi Hopux TIIC Ha MamIMHOOY IIBHHUX HMIANPHEMCTBAX Ta IIPH aHAJI31 CTPYKTYPH NpoUecy Ha
paioHaIBHICTh MOOYNOBH, IO JO3BOJINTH B TIOBHIHM Mipi BHKOPHCTOBYBATH BHYTPIlIHI pe3e-
PBH TEXHOJIOTTYHO1 CHCTEMH, 30KPEMa 4aCOBI.
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Summary

Ie.Konoplianchenko, V.Gerasimenko, V.Kolodnenko, A.Rebriy, I.Ribenko.
Technological and organizational methods ensuring operational reliability of the automated
industrial systems

In modern industrial conditions different operations are carried out in different conditions,
and consequently, with their various duration. Operation synchronization at large engineering dis-
tinction of producing items is especially difficult and in many cases even impossible. At different
duration each pair of adjacent operations absorbs or accumulates stock, if it is not available item
storage or equipment standstill will be observed. Stock storage needs interpreting stores. However,
store using essentially contradicts the requirement of manufacture continuity because the industrial
areas and production cycle duration increase.

The novelty of the approach to the analysis and maintenance of the reliability of technolog-
ical process consists in «weighingy refusals according to the expenditure of time. It allows to open
and use for maintenance of normal functioning of systems internal reserves (time in particular),
incorporated in systems themselves , deeper penetration into the essence of the researched pro-
cesses of functioning allows to reveal and to prove new, effective methods of maintainiry the relia-
bility of complex systems in real conditions of operation.

Changing an organization of moving the products during constantly brings about one and
same results: changes a total idle time values of equipment, changes duration of production cycle,
and changes a total wait time of items that brings about work-in process change. The analysis of
time structures of technological processes has allowed choosing typical structures, which are ap-
propriate to various kinds of specialization of manufacture. The interrelation of time, reliability and
cost parameters is considered and the ways of optimization of time technological chains are speci-
fied

Keywords: automated production systems, operational reliability, time process chains, time
reservation.
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