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Pozenamymo cmpykmypy uacoeozo mexuonoeiunoeo nanyroza. Haeeoeni mamemamuyni
Modeni enemenmis yuacosoi cmpykmypu. Ha 6asi mikpopisnesoeo ananizy onepayitinoi cmpykmypu
3a3HaveHi wAxXu 3a0e3neyeHHs payioHanbHO20 (DYHKYIOHY8AHHS MEXHONIO2IYHOI cucmemu 6
PeanbHUX YMOBAX eKCHJLamayil.

Knrouosi cnosa: asmomamuzosani 8UpoOHUYL cucmemu, eKCayamayiuHa HAaoitiHicmy,
Yacosi MEexXHONI02IYHI TAHYIO2U, YaCO8e Pe3epP8Y6aHHS

CyuacHuil piBeHb TEXHIYHOT'O IIPOIPECY, BUMOT'H JI0 MIABUIIEHHS SIKOCTI BUPOOHHUIITBA
HOBOI TEXHIKH, BU3HAYAIOTh HEOOXIAHICTh yJIOCKOHAJIICHHS CTPYKTYPU TEXHOJIOTIYHOTO IPO-
necy cknananns (TTIC), Tak sk CkiIagaHHS € 3aKIIOYHUM 1 BUSHAYAJIIBHUM €TarioM BUPOOHM-
4Oro Mpoliecy, 1o 3a0e3neuye TEXHIYH1 XapaKTepUCTUKHU BUPOOIB 1 IXHIO SIKICTh. BiICyTHICTH
IH)KEHEpHUX METOJIMK PO3PaxyHKIB €JIEMEHTIB Yacy TEXHOJIOTTYHOTO MPOILIECY € OJIHIEO 3 MPHU-
YUH Cy0'€eKTUBI3MY ITPU BUOOP1 BUPOOHUUOT CTPYKTYPHU U OIIIHKH €PEKTUBHOCTI CUCTEMHU B I1i-
nomy. Tomy pilmieHHs 3a/1a41 paiioHaTbHOT TOOYI0OBH YaCOBOI CTPYKTYPH € aKTyaJIbHOIO 3a/1a-
Yero 17151 MallMHOOYAyBaHHS KpaiHu.

Yac nmpoTikaHHs BUPOOHUYOTO MPOIIECY XapaKTEPU3YETHCSI TPUBAIICTIO BUPOOHUYOTO
nukiy (Ty), gacom mpoctoro podounx micts (t'P) 1 yacoM MDKOTEPaLiiHOTO JIeKAHHS TIPeIMe-
TiB npaii y BUpoOHULTBI (t¥°). Yci Tpu XapakTepucTUKu, 0COOJIMBO Bl OCTaHHI, CUIIBHO 3ajie-
KaTh B1Jl 3HAYCHHS MaKCUMAaJIbHOI TPUBAJIOCTI OJIHIET 3 omepalliil, Bil cepelHbOT TPUBAIOCTI
BCIX OIleparliif 1 BiJl CTyIeHs1 aCHHXPOHHOCTI TPUBAIOCTI onepartii [1].

[Ipu mpoBeieHH1 HAYKOBUX JIOCIIJKEHb, OY/IM BUSBIIEHI 3aKOHOMIPHOCTI MOOY0BH Ya-
coBoi ctpykTypu TIIC y 3aeXHOCTI BiJl TPYAOMICTKOCTI BUKOHAHHS CKJIAJAIBHUX OTIEpaIliid
[2]. 3rigHO iX po3po0seHi MaTeMaTHYHI MOIEI1 YTBOPEHHS Yacy MPOCTOI0 YCTATKYBAHHS 1 4acy
MDKOTEpaLIfHOTO JIeKaHHs BUPOOIB Ipalll y BUPOOHULTBI, K1 IPEICTaBICH] 3aJI€KHOCTAMHU
(1) 1(2) BinnoBiaHO.
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3rigHo (1) 1(2) Bu3HaueH1 3akoHOMIpHOCTI1 po3nouty yacy Bcepeauni TIIC, mo no3Bo-
JIWJIA BUSIBUTH TUIIOBI 4acOB1 CTPYKTYypH (Tadim.1).

Metoau gocaimkenb. BukopuctoByroun po3po0iieHi MaTeMaTH4yHi MOJIeNli 4acy Mpoc-
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TOIO YCTaTKyBaHHS 1 4acy MDKOIEpALIIiHOTO JeKaHHs, Ha MICTaBl TUIIOBUX YaCOBUX CTPYK-
TYp, 3'ABJIAE€THCS MOXKJIUBICTh IPOrHO3YBaHHS e€(eKTy eKCIuTyaTalll CKiIaJajdbHOI CUCTEMU B
peaJIbHUX BUPOOHUYMX YMOBAX 3 YpaxXyBaHHIM JUHAMIKH PO3BUTKY MPOLIECy CKiIajaHHsA. Tomy
10 Yac MPOCTOK YCTAaTKyBaHHS 1 4aCc MDKOTEPALIMHOTO JIEKAHHS € K TIO3UTUBHUMH (DaKTo-
pamu, 1110 MiJIBUIIYIOTh HAJIMHICTh €KCIUIyaTallli, TaK 1 HeraTUBHUMHU (PaKTOpamu, 110 3HIKY-
I0Th €PEKTUBHICTh €KCIUTyaTalli CKJIaJaJIbHO1 CUCTEMU Ta 30UIbIIYIOTh TPUBAIICTH BUPOOHU-
YOTO0 LHUKIY, TO 3 MeTOI0 parioHanibHoro cuuTe3y TIIC HeoOXimHO 3pOOUTH KOMILIEKCHY OIIi-
HKY HacJl1IKiB MPUCYTHOCTI JaHUX (PaKTOPIB Y YACOBUI CKIIa0BOI TEXHOJOTTYHOI'O IIPOLECY
CKJIaZaHHsI BUPOOY.

HasBuicth Ha i-# ctaaii TIIC t™ i/yn tY° € yacoBuUM pe3epBOM, 110 MIABUILYE HaT1H-
HICTh eKcIutyaTalii TexHosoriyHoi cuctemu (TC).

JUjis KUIbKICHOT OIIIHKY BIUIMBY CYKYITHOTO PE3€pBY Yacy Ha HaAIMHICTh eKcIuTyaTarii
TC 13 nOKa3HUKIB, PalliOHAIBHO CKOPUCTATUCSA KOMIIJIEKCHUM MMOKAa3HUKOM HAJIIITHOCT1 €KCILTY-
aTauii — KoeQilieHTOM roToBHOCTI ycTtaTKyBaHHs K. Jlanuii BUOip BU3HAYAETHCS CYTHICTIO
MOKa3HUKa, 1110 JI03BOJISIE KUIbKICHO OLIIHUTHU BIUIMB YacOBOI CKJIaJI0BOi, MOB'A3aHOI 3 MpoBe-
JEHHSM POOIT 1O BIIHOBJIEHHIO HAa €KCIUTyaTallliiHy HaJIMHICTh CKJIaJalbHOI CUCTEMU B IIi-
nomy. PosristHemo noknagHo cTpykTypy eneMeHTiB K. KoedilieHT roToBHOCTI TOPIBHIOE Bi-
JTHOTICHHIO Yacy eKCIUTyaTallii 10 CyKyIMHOTO Yacy eKCILTyaTallii 1 yacy mo3arjaHOBUX PEMOH-
TiB [3]. ¥V Takum unnom K; TC moxHa npeacTaBuTu y BUAIL:

F
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Tpew - HE CyMillIEHUH Yac, 3aTpadyBaHU HA MO3aIlJIaHOBI PEMOHTH, 3B's13aH1 3 BIIMOBaMHU
YCTaTKYBaHHS, IOJI .

Tpem BU3HAUAETHCS 3aJIEKHICTIO!
_ BiH __ ('Oi HaJa np MO
T, = AL =1 (M(t) - t;; +7)+Ati )— (67 +57) |- A, 4)

JIe ® — TI0JI€ PO3CIFOBAHHS Yacy BUKOHAHHS omeparrii
At"™%; — nomyck Ha HaJlIHHICTh BUKOHAHHSI OTlepartii
Ai - IOTIK BIIMOB Ha 1-OMY yCTaTKyBaHHI.

3a ymoBH, mo M(t) = ti 1 at"**>> @i/2 Gopmyna (4) MepeTBOPIOETHCS B 3aJICIKHICTh:
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Oo6roBopenns pe3yibratiB. CxitanoBa Tpew B 3aJI€KHOCTI (3) 3'IBJISIETHCS B HACTIIOK
HEJIOCTAaTHHOTO CYKYITHOTO PE3€PBY Hacy P BUKOHAHHI 1-01 omepariii ckiiaganHas abo MoBHOT
HOro BiICYTHOCTI AUB. puc.la.

VY ToMy BUIQ/Ky, KOJIM Yac BIAHOBJIEHHS IIICJIA BIIMOBU Ha KOHKPETHIN omepaii He
BHUXOJIUTh 32 MEK1 CYKYITHOTO YaCOBOTO PE3EepPBY ILIi€] onepallii, TO HaCJIiIKU BIIMOBHU YCTAaTKy-
BaHHS HE BIUIMBAIOTh HA PUTMIYHICTH POOOTH TEXHOJOTTYHOI cuctemMu (puc. 10), mo ykpai
BAKJIMBO B YMOBaX aBTOMAaTH30BaHOTO BUPOOHUIITBA. AJie NP IbOMY CIIiJ] YpaxOoBYBaTH BIpoO
TIAHICTH TIOSIBU 30HU HIBETIOBaHHS, sSIKa TP ONTHUMI3aIlli TOBUHHA 3HUKHYTH. B mpukiazmi, Ha-
BEJICHOMY Ha puC. la HEeMHHYy4Ya BIIMOBA BCI€T TEXHOJIOTTYHOT CUCTEMH Y€pe3 3aHAATO MM
YaCOBUU PE3EPB.
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Tabnums 1
Tunogi 4acoBi cTpyKkTypH

Crioci6 no0y10BH : Iukorpama po6oTn Bun ctpykrypu
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Jlist parionanbHOT oprasizaiiii BApOOHUIITBA HEOOX1HO B KOMIIJIEKC OIIIHIOBATH BILUIMB
BCIX €JIEMEHTIB Yacy TEXHOJOTIYHOTO MPOIIECy, Ha EKOHOMIYHI TOKa3HUKH 1 TOKa3HUKHU Hai-
HOCTI €KCIUTyaTallii, 3 OTJIsy Ha HacHiIKu MiHIMizallli. Lle 703Bosie po3KpUTH 1 BUKOPHUCTO-
BYBaTH JUIsl 3a0€3MeUeHHs HOPMAJIbHOTO (DYHKI[IOHYBAHHS CUCTEM BHYTPIIIHI pe3epBH (30-
KpeMma, 4acoBl), 3aKJIaJIeHl B CAaMUX CUCTEMaXx.
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Puc.1 - IIpukjaaam BIVIMBY eJieMeHTIB uacy onepauii Ha podory TC

B pesynbrari gocnikens Oyiaa BUBEJEHA MaTeMaTUYHa MOJIEIb HAAIMHOCTI eKCILTya-
tauii TC, mo € pynkuiero Big yacoBoi ckinagosoi TIIC 1 mapameTpuyHOi HaIHHOCT1 €J1EMEHTIB
TC. IinBuienns excrutyarauiinoi HagiiiHocTi TC BiiOyBa€eThCsl B HACHIOK HAKOIIMYEHHS Ya-
COBOTO PE3epBY 3a PaxyHOK 30utbIIeHHS Ty pu KokHIM BXopkeHH1 B TIIC.

Takum YMHOM MU BU3HAUWIIHM, IO HAsBHICTH y 4acoBiil cTpyktypi TIIC wacy mixome-
paliifHOrO JIeXKaHHS 1 4acy IPOCTOI0 YCTaTKyBaHHS MOXE IIABUIYBAaTH HaAIMHICTh €KCIUTya-
Talli CK1a/1ajIbHOT CUCTEMU B LIUIOMY 33 PaXyHOK BBEJCHHS YaCTHHH Yacy BUKOHAHHS 3aX0/I1B
10 BIIHOBJICHHIO IICJISl BIIMOBHU YCTaTKYBaHHS B J1alla30H PE3EPBY Yacy, MOB'SI3aHOTO 3 JIUC-
kpetHictio TTIC.

IIpakTHyHe 3HaYeHHS1 OTPUMAHUX Pe3yJbTATIB MOJSAra€e B TOMY, 1110 po3po0iIeHUi
METO/1 CUHTE3Y pallloHAJIbHUX BapiaHTIB TEXHOJOTTYHUX MPOIIECIB CKIIaJaHHs BUPOOiB. 3ampo-
ITOHOBAHMM METO/ I03BOJISIE HA €Talll MIATOTOBKY BUPOOHUIITBA KiIacU(iKyBaTH ICHYIOU1 Bapi-
anTH yacoBux cTpykTyp TIIC Ta BU3HAuuTH palioHaIbHUM 3aBASKH pPO3POOJIIEHOMY aJIrOpHU-
T™yY. OTpUMaHuil B pe3yabTaTi JOCIIHKEHHS METOJl MOXKe Oy/Ii BUKOPUCTAHUM HPU MPOEKTY-
BaHH1 HOBUX TTIC Ha MamMHOOYIIBHUX MIAMPUEMCTBAX Ta IPU aHATI31 CTPYKTYPH MPOIeCy Ha
pallOHATBHICTD TOOYA0BH, 1110 JI03BOJIUTH B MOBHIN Mipi BUKOPUCTOBYBAaTH BHYTPILIHI pe3e-
PBHU TEXHOJIOTTYHOT CHCTEMH, 30KpeMa YacoBi.
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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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