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AJITOPUTMIYHA MOJAEJIb ITPOLNECY TEXHIYHOI'O
OBCJIYTOBYBAHHA 3A CTAHOM 3 IOCTIITHOIO
INEPIOANYHICTIO KOHTPOJIIO

Y cmammi pospobrena anzopummiuna mooenv npouecy npoeedeHHs MmexHiuHozo
00CIY208Y6aNHA 34 CIMAHOM 3 NOCMIUNH0I0 NEPIOOUUHICIO KOHMPOLI CKAAOH0Z0 MeX-
Hiunozo 06’ckma. Modenv npedcmasiena y 6uzisdi CMpyKmMypHoi cxemu aizopummy.
3anpononosana mooenp 3’C08Ye MEXAHIZM NPOBEOCHH MEXHIUH020 00CIY208YEaAHH HA
camomy 00’ckmi ma neobxiona 0is nobydosu Ha i 0CHOGI IMIMAUIIHOT CIMAMUCTIUYHOT
MoO0eli npouecy nposeoeHHs MexXHiun0z0 00CIY208Y6anHs 34 CMAHOM 3 NOCMILHON0
nepioouunicmo Konmpoao. Y ce0io uepzy, iMimayiina cmamucmuyia mMooeib Heooxiona
OLsl ONMUMI3AUTT 3G2ANbHOZ0 NPOUECY MEXHIUH020 00CIY208Y6AHHS T PEMOHMY.

Kmouoei cnosa: mexniune obcayzosyeanis, cmpamezis adanmugrozo 00Ciy206y-
BaMHsL 34 CIMAHOM, BUSHAUAILHUL NApamemp.

B cmamuve paspabomana anzopummuyueckas Mooeib Npouecca MmexHuuecKkozo
0OCIYHCUBAHUSL NO COCMOSIHUID € NOCMOSAHHOU NEePUOOUUHOCTIBIO KOHMPOJISL CLOHCHOZO
mexHuueckoeo obsexma. Modenv npedcmagiena 6 sude CmpyKmypHOU CXeMbl Ar20PUMMmdA.
IIpednoxcennas MoOenb BbIACHSIEM MEXAHUSM NPOBEOCHUSL MEXHUUECK020 00CIYNCUBAHUSL
Ha camom obwvexme u Heobxoouma Onsi NOCMPOCHUSL HA €€ OCHOBE UMUMAUUOHHOU
CMamucmuyeckoll MoOeiu NPoyecca MexHuUeck0zo OOCIYICUBAHUL NO COCMOSHUIO C
NOCMOSHHOU NEPUOOUUHOCTIBIO KOHMPOJSL. B ce0to ouepedv, umumauonnas cmamucmu-
uecKas MoOeb HeodX00uMa Oisk ONMUMUSAUUU 00UE20 NPOUECCA MEXHUUECK020 00CYHCU-
8aHUSL U PEMOHMA.

Kntouesvte cosa: mexnuueckoe o6cayorcusanue, cmpamezus adanmuenozo 0ocuy-
HCUBAHUE 1O COCMOSHUIO, ONPEOCNTIOUUTL Napamemp.

In the paper it is developed an algorithmic model of the maintenance as a constant
Jrequency of a control complex technical subject. The model is represented as a block
diagram of the algorithm. The proposed model clarifies the mechanism for maintenance
at the site and need to build on the basis of the simulation model of the statistical process
of maintenance as constant frequency control. In turn simulation statistical model is
necessary to optimize the overall process of maintenance and repair.

Keywords: maintenance, adaptive maintenance strategy as defining parameter.

Beryn
Cooromni 3HauHa yBara TPUAIISIETHCS TMUTAHHIM MO0 30iTbIIEHHsST 3aXO/IiB 3
miaTpUMKN Ge3meKn B pobOTi pisHOMaHITHHX OO’'€KTIB Ta CHCTEM, Yy TOMY YHCJ i
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00’€KTiB KpUTHYHOI iHPPACTPYKTYPH, BiJl AKMX 3AJT€KUTD JKUTTS Ta 310POB’S JIIO{UHH.
3eb6isbIoro 6e3mneuna pobora TakKux 00 €KTIB 3a/IEKUTh BiJl Ha(iiTHOT poOOTH CKJIaJHUX
eJTeKTPOHHUX Ta PATi0eJIEKTPOHHUX CUCTEM. ¥ CBOIO 4epry, HafiliHe (PyHKIIOHYBaHHS
eJIEKTPOHHUX Ta PaAioeJeKTPOHHUX O00’€KTIB Ta cucTeM 3a0e3Ne4yeEThCsl SKiCHOIO
poboTOI0 crcTeMU TeXHIYHOTO 00cayroByBanHs i pemonTy (maii — TOiP). HeobximHicTh
IIPOBE/IEHHST TEXHIYHOTO OOCTyTOBYBAHHS MOJISITAE Yy CBOEYACHIH 3amiHi (OHOBJIEHHI)
€JIEMEHTIB, AKi 3HAXOAATHCA Y ePeABIIMOBHOMY CTaHi, 1110 IPU3BOAUTD /10 MOJIIIIIIEHHA
[MOKA3HUKiIB 6€3BiIMOBHOCTI 06’€KTy B 1IiJIOMy. PEMOHT IPOBOIUTBHCA 3 METOIO BiJTHOB-
JIEHHST CTIPABHOTO abo TIparesaTHOTo CTaHy 00’€KTa, a TAaKOXK BiJIHOBJEHHSI PeCcypcy
BChOro 00’ekra abo ioro yactuau [1-3].

[TokazHuky HaIIMHOCTI Ta BAPTOCTI eKCILTyaTailii 00’€KTIB 3a/1eKaTh Bijl BJACTUBO-
creit 6e3BiIMOBHOCTI Ta PEMOHTOTIPHIATHOCTI caMOTro 00’'€KTa, a TAKOXK B/l TapaMeTpiB
cucremu TOiP. TakuM yrHOM, icHY€ 3arajbHa 1pobaeMa ONTHMI3allil XapaKTepUCTUK
o0’exty Ta mapametrpiB cuctemu TOiP. BusHauaty 1mokasHUKKM HaAilftHOCTI CKJIaJHUX
TeXHIYHUX O0’EKTIB Ta IX B3a€MO3B’s130K 3 mapamerpamu cucrtemu TOiIP Ha ocHOBI
CTATUCTUYHUX JIAHUX BUSIBJISIETHCS JIy’Ke CKJIAJHO. S3HAUYHO TPOCTile Ta edheKTUBHile
7711 BCTAHOBJIEHHS 3B’I3KiB MiXK IIMMU TTapaMeTPaMU i TPOrHO30BaHUMU ITOKAa3HUKaMU
HaIHHOCTI 1 BapTOCTi eKCcIuTyaTaitii caMoro 00’eKTa MPOBOANTH iMiTalliiiHe CTaTUCTUYHE
MO/JIeTIOBaHHs. Buxonasium i3 BUKJIANEeHOr0 BWIIE, JJs MTPOBEJEHHS iMiTalliliHOTO

CTAaTUCTUYHOTO MOJIEJIOBAHHS HEOOXiHO H06y11yBaTI/I caMmi MojieJli pisHUX cTparteriit

TOiP ta pemonty.

IIocranoBka 3aBHaHHS

Y crarTi BupilyeTbcs 3azada 6y110131/1 JITOPUTMIYHOI MO/JIeJIi ITPOIeCy TEXHIYHOTO
obcayroByBans (zaai — TO) 3a cTaHOM 3 HOCTIHHOIO MEPIOAUYHICTIO KOHTPOJIIO SIK
ofiHi€l 3i cTpareriii MPOBeIEHHST TEXHIYHOTO 0OCIyroByBaHHs. Mojenb mpusHaYeHa
JUIsl BU3HAUEHHS NIJISXiB CTBOPEHHS iMiTallilHUX CTaTUCTUYHUX MOJlesiel 3arajbHoi
CHCTEMHU TEXHIYHOTO OOCJYTOBYBaHHSI i PEMOHTY.

Pe3yabrati gociigkeHHs

[Ipu p03po6ui moziesii ipottecy TO cKIaHUX TeXHIYHUX 00’€KTIB BBOJIUTHCS
0OMesKeHHs 00 CUCTEMU TEXHIYHOTO AiarHOCTYBaHHs. Po3risgaiorbest cydacHi abo
MozepHizoBati 06’ektu PET, y sakux nepeabadeHa HassBHICTh BOYI0BaHOT aBTOMaTHYHO]
cucteMu TexHiuyHoro fpiarHoctyBaHHA (nani — ACT/I). 3asHauena cucreMa ClipoMOKHA
ITPOBOZIUTHU [IIarHOCTUKY Ta KOHTPOJbL TexHiunoro crany (mami — KTC), BusBasatu
BiZIMOBY CTPYKTYPHUX eJIeMEHTIB (BiIlIOBIZHO 10 PO3POOIEHOTO PiBHS JEKOMIIO3UIILIi)
Ta BUMIpIOBaTU 3HAUeHHS BU3HAYAJbHUX (JIiarHOCTUYHUX) IapaMeTpiB.

IcHye Tpu 3araJbHONPUNHATHI cTpaterii TexHiuHOro ob6cayroByBanHs: TO 3a
pecypcoM, azantuBHe TO 3a ctanom Tta TO 3a cTaHOM 3 MOCTIHHOI TEPIOANYHICTIO
KoHTposo. OCTaHHSI CTpaTeTisl € CIPOIIeHo0 Moje/to agantuBHoro TO.

Cytaicts ctpaterii TO 3a cTaHOM 3 TIOCTIITHOIO TIEPIOINIHICTIO KOHTPOJTIO TIOJIATAE
B ToMy, 1o TexHiyHuii cran (mani — TC) 3pa3ka BU3HAYAETHCS 3a pe3yJabTaTaMu
KTC, nepioan npopeaeHHsa AKMX € IOCTIHHOIO BENIWYMHOIO, T =const, a 4Yac
nposezernss TO (iforo moyarok) BU3HA4Ya€Thcst Ha ocHoBi manux 1mpo TC o6’exta y
iiziomy. Takum ynHOM, yac nipoBesieHHs TO Bu3HauaeThes 3a hakTUYHOO iHhOPMAaIli€o
npo TC ycix esemeHTiB 00’'€KTa, BU3HAYAIbHI TTApaMeTPU SIKMX CIIPOMOKHA BUMipSTH
ACT.

ITepenbauaerbes, mo TC ob’ekra BusHauaetbess TC oro enemMeHTiB, a s
Bu3HaueHHs1 TC esleMeHTa BUKOPUCTOBYETHCS MTOHATTSI BU3HAYATBHOTO TTapameTpy [1].

CHICTEMU TA METOIM OBPOBKV IHOOPMAIIIL

27



Cy4acHa cneuianbHa TexHika N2 1(48), 2017 ISSN 2411-3816

CHUCTEMMU TA METOIV OBPOBKIM IH®OPMAIIIL

28

Ak Mopmesti BiTMOB eJieMeHTiB BUKOPUCTOBYIOThCS iMOBipHicHO-(i3nuHi MozeJi, a came:
JUId BiIMOB ejieKTpopajiioesieMeHTiB DN—po3nosii, a MexaHiuHuX ejieMeHTiB DM—
posmofia [4; 5]. Aximo dyHKIioOHAJBHUI BY30J CKJIAJAETHCSI 3 MEXaHiYHUX Ta
€JIEKTPUYHUX CKJIa/JI0BUX, TO BUKOPUCTOBYETHCA TaKOK DN—po3nomii.

BuxopucroByBaTu peasibHe 3Hau€HHS BU3HAUYa/IbHOTO Tapametpy (masi — BII)
HEJIOIIJIHO, TOMY IPOTIOHYETHCST TTPOBOAUTH 1oro HOpMyBaHHS (1):

u, (t)=% (1)

1

ne: u; (t) — HOpMOBaHe 3HAQUEHH:A BU3HAYAJBHOIO IlapaMeTpa i-r0 eJEeMEHTY; X, (f) —
BuUMipsgHe 3HaueHHs BII B MoMmeHT 4yacy ¢ x° — BuxigHe (HOMiHAJbHE) 3HAYEHHS
BU3HAYAJIBHOIO I1apaMeTpa,; xl?p — TpaHMYHe 3HAYEHHSA BU3HAYAJILHOIO IapaMeTpa,
IIPU JIOCATHEHHi $IKOr0 BUHUKAE BijfMoBa. SIKINO -1 eseMeHT cupaBHuii, T0 u; (1) =0,
a HecnpaBHui, To u; (t) =1.

OCHOBHOIO XapaKTepUCTHUKOIO BU3HAYAJIbHOIO IapamMeTpa i-To ejgeMeHTa — u,(t)
Oy/te cepeiiHs MIBUAKICTD HOro merpazaiii — a,(f):

a,(t;) =t”£—t’;) (2)
k 0i
ae: u,(¢t,) — HOpMOBaHe 3Ha4Y€HHSA BU3HAYAIbHOIO IapaMeTpa i-I'o_eJeMeHTa B MOMEHTH
yacy t¢,; {p — MOMEHT 4acy OCTaHHBOI 3aMiHM i-TO eJleMeHTa; i =1, E0|, E, — MHOXH1Ha
yCiX KOHCTPYKTUBHUX €JIEMEHTIB, sIKi BXO/ISITh Y CTPYKTYPHY CXeMy HaJiitHOCTi 06’€KTa,
|E0| — KIJIBKICTh €JIEMEHTIB BU3HAYeHOI MHOXKUHU E.

BixnosigHo 1o crparerii mpoBefeHHsT TEXHIYHOTO OOCTYTOBYBaHHS HOTO He0O-
XiJTHO MTPOBOUTH TIPH HAOGJMKEHHI BU3HAYATBLHOTO IMapaMeTpy 0 TPAHUYHOTO CTaHy.
HopwmoBate rpaHudyHe 3HAUY€HHS BU3HAYAJIBHOTO IapaMeTpy, INC/s mepebiabIleHHS
SaKOro HeoOxigHo mpoBoguT TO, MOKHA oTpuMary 3 Takoro Bupasy (3):

e

ul’ (1) =

)

2 0
%p—x‘

me: x°(t) — 3HaueHHsI BU3HAYAJIBHOTO [1APAMETPA, TIPU JIOCSTHEHHI SIKOTO HEOOXijtHe

npoBenenass TO.
Bignosinno 1m0 (2) OCHOBHOIO XapaKTepUCTUKOIO BU3HAYAJIBHOTO TTapaMeTpa i-

TO eJIEMEHTA € Cepe/lHd MIBUAKICTD MOro Aerpajauii — a,(¢) , TAKUM YMHOM, IIPOTHO3HUI
yac nposefieHHd TO i-ro esieMeHTa BU3HAYa€ThCs (4):

TO
1oy _ U
TOt) =" (4)
a(t)
Yac nposeznenns TO ob’ekra BU3HAYaeThCs MOTOUYHMMU gaHumu 1po TC iioro
eJIeMEeHTIB 3TifHO 3 BupaszoMm (D):

T =minT°(t,) (5)
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Bigmosigno no BuaHavyeHoi crparerii mpoBefennsa TO moskHa no6y11yBaTH TaKy
CTPYKTYPHY CXeMy aJrOpuTMy TpoBefieHHs agantuBHoro TO 3a cranom (puc. 1).

1 BBeneHHs1 BUXiaHMX
naHuX
TO TO
Eo”, U5 Tys 1(0)

n=0k=0

10/ BysHavenns BiIHOCHOrO Yacy
3 ‘ nposegeHHa TO: 7 70 < PemoHT >
Bu3HauveHHs yacy npoBefeHHs 1o
KTC: t; =t(0)+ Ty

11| BusHaueHHs kaneHaapHoro yacy

j nposeneHHs TO
4 ty =t +T710
MpoeepenHsa KTC ACT[L n k
k =k+1

‘ 12 Hi

BusHauerHs BM- u; (¢, )

‘ TakK
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BusHayeHHs1 LUBMAKOCTI aerpagadii 13
) MpoBeneHHst TO
0 enemeHTy: a ;
viai(ly) n=mn+1
7 14 OHoBneHHs B a;(t)
< CtopeHHs B 2;() < to = {?0 i = 1,]E° ‘}
‘ ‘
8 15 | BusHa4eHHs yacy npoBeaeHHs
BusHayeHHs yacy nposeaeHHs HactynHoro KTC: ¢, = ¢, + T

HacTynHoro KTC: ¢, = t; + Ty

Puc. 1. CrpykrypHa cxema ajroputmy rpoBegents TO 3a cranom
3 TOCTIHOIO MepPioUYHICTIO KOHTPOJIIO

Omneparop 1 3aiiicHioe BBeieH s BUXiAHNUX HaHnx: E° — MHOKHWHA KOHCTPYKTHBHUX
eJIeMEHTiB, BU3HAYAIbHUIA TapaMeTp AKuxX crpoMoskna susnauntu ACT/l; U™ — mHoxuHa
HOPMOBAHWX TPAHWYHUX 3HAYEHb BU3HAYATBHUX TapaMeTpiB, mepeOiIbIeHHsT STKUX
roBopuTh 1po HeoOXinicTs mposenenna TO; T, — mocriiina BeJMynHa, XapaKTepusye
nepioy mpoBeieHHsT KoHTpoJiio TexHiunoro crany ACT/I; #(0) — vac yBemeHHs1 00’'eKTa B
eKCIIyaTallio.

OmnepaTop 2 BCTAaHOBJIIOE TMOYATKOBI 3HAYEHHSI 3MiHHUX: 7 — KiJIbKiCTh ITPOBEJEHUX
TO; k — xinbkicts nposexennx KTC.

Omnepatopu 3, 4 3[iliCHIOIOTh BU3HAUYEHHS Yacy TPOBEJEHHS TIEPIIOr0 TEXHIYHOTO
obcsryroByBaHHst Ha 00’ekTi Ta cam mporec nposeaents KTC.

Omneparopu 5, 6, 7 3aiiicaooTh BuaHauenHst: BIT U, (f,) aBTOMaTH30BaHOIO CHCTEMOTO
TeXHIYHOTO [[iarHOCTYBAaHHS 3TiHO 3 BupaszoMm (1) Ta MBUAKICTIO Aerpajallii eleMeHTiB

3a Bupa3oM (2), a Takok cTBOPIOIOTh B/l Ta 3amucytorh y ctBopeny 6a3y BU3HAuYeHi
3HadenHa & (t,) .
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OmnepaTtop 9 TmepeBipsic yMOBY HEOOXiZHOCTI IPOBEAEHHS ILJIAHOBUX PEMOHTIB,
t, — vac nposezienns k-ro KTC — BU3HAYEHUU Yac MPOBEJIEHHS IJIAHOBOTO PEMOHTY
(peMOHTIB).

Omnepatopu 10, 11 BM3HAYaIOTh BiTHOCHUM yac TpoBefieHHd HacTymHoro TO
srigno 3 Bupasamu (4, 5) Ta KaneHpapHuii yac nposegennsa TO — ¢ .

Omneparop 12 BusHauyae ueprosicth nposenenns TO a6o KTC.

Omneparopu 13, 14, 15 BU3HAYalOTh MPOBEIEHHSI TEXHIYHOTO OOCTYyTOBYBaHHSI,
OHOBJIIOIOTh 3HAYEHHS MOMEHTIB 4acy 3aminu eseMeHTiB micasg TO (timpku s
3aMiHEHMX eJIEeMEHTiB /1711 BUKOPUCTAHHA B T0/JIaJbIIIOMY Y Bupa3i (2)) Ta BU3HA4YalOTh
yac npoBesieHHst HacTymHOoro KTC.

BucHoBku

Y crarti pospobiieHa ajJropuTMiuHa MOJIE/b MPOIECY MPOBEAEHHS TEXHIYHOTO
O6CJIyFOByBaHHH 32 CTAaHOM 3 IIOCTiMHOIO TEePiOJANYHICTIO KOHTPOJIIO CKJAJHOTO
TexHiYHOro 06’ekTa. MoJie/b IpeicTaBIeHa Y BULJISAI CTPYKTYPHOI CXEeMH aJITOPUTMY.
3anporioHoBaHa MoJIeJIb Onucy€e MexaHiaMm tmporiecy TO ta HeoOXigHa st moOya0BH
Ha i OCHOBIi imiTalliitHOi cTaTucTUYHOiI Moeni mpoitecy mpoBeneHHss TO 3a cTaHoM
o obpaniil crparerii. 3a ZOMOMOroi0 iMiTaliiftHOI CTAaTUCTUYHOI MOJEI MOJKHA BUPi-
HIUTHA aKTyaJlbHi HAyKOBi 3ajiadi 1070 ontumisanii napamerpis TO Ta pemoHty, a
TaKOX ONTHUMi3yBaTU aBTOMATUYHY CHUCTEMY TEXHIYHOIO JiarHOCTyBaHHS, 4K ii ara-
parHy, Tak i IPOrpaMHy YaCTHHY 3 ypaxyBaHHSIM KOHCTPYKTUBHUX OCOOJIMBOCTEN
KOHKPETHOI'O 3pa3Ka TeXHiKU.
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