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Pe3rome: B pobomi nocmaenena i supiuwiena 3adaua po3poOKu NPOSPAMHUX MOOeiell i0MO8OCMIUKOL cucmemu 3
KOMOIHOBAHUM CIMPYKMYPHUM Pe3epP8YSAHHIM, KA 3ACMOCO8YEMbCA NPU NPOEKMYBAHHT padioeneKmpoHHUX NiOCUCmem
8I0N0BIOANILHO20 NPUSHAYEHHS, NOOYOOBAHUX 3 OOHOMUNHUX MOOYI8, O AKUX NepeddaieHo KOG3He pe3ep8y8aHHs, d
0ns niocucmem 8 Yilomy — 3a2anvbHe 3amiufyeanvie pezepgysants. Ilpu po3pobyi npoepamuux mooenel 3acmocosand
VOOCKOHANIEHA MEeXHOJI02iA AHANIMUYHO20 MOOeN08aHHA cucmem. B yux npoepamuux moodenix 8paxo8aHo, 5K
0coobaUBOCMi CIMPYKMypU ma NoediHKU cucmemu npu nossi 8iomos, mak i 08a eapianmu peanizayii cmpamezii
mexHiuHo20 00cayeo8y8anua. Bonu 3abe3neyyiomv moociusicmv  0aeamo8apiaHmMHO20 aHANI3y NpU  HEeBeIUKUX
sampamax 4dacy. B cmammi masedewni pesynomamu 00cnioxcens 8i0MOB0CMIUKOI cucmemu, 5Ki LIOCMPYIOMb
MONCIUBOCIE PO36 A3AHHS 3A0aY HAOIUHICHO20 AHANI3Y MA HAOIIHICHO20 CUHME3).

Karw4oBi cioBa: naoditinicms, 6i0M0OBOCMINKI cucmemu, MOOENO8AHH S, PAOIOCICKMPOHHI CUCMEMU MA KOMNIEKCU,

cmpamezisi MeXHiYHO20 00CIY208YBAHMSL.

BCTYI

Ha cucremoTexHIYHOMY eTami NPOEKTYBaHHS
panioeIeKTPOHHUX CHCTEM 1 KOMIUIEKCIB OIHIEI0 3
BOXIMBUX 3aJad € aHaji3 BHOpPaHOTO BapiaHTy
MIOBEIIHKA BiIMOBOCTIMKOI CHCTEMH TIpH TIOSBI
BigMoB. JlaHwii aHami3, HeoOXigHWH Tpu BUOODI
CTPYKTYpH  CHUCTeMH, 3aco0iB  3a0e3meueHHs
BiZIMOBOCTIHKOCTI (pe3epByBaHHS, 3acobu
KOHTPOJIIO, IarHOCTHUKHU Ta TIEPEMUKAHHS, TEXHIUHE
o0CITyroByBaHHss 1 pPEMOHT, TOIO), BUMAarae
moOyIOBU aiekKBaTHUX Mojenei. OQHUM 3 METOIiB,
SIKUI J103BOJIsIE€ OyayBaTH aJeKBaTHI MOJEII CHCTEM
3 BiJTHOBJICHHSIM y BUTIISAII CUCTEMU
mudepeHianbHUX piBHSIHL KomMoroposa-Uenvena
€ METOJI TIpocTopy cTaHiB [1]. OgHaK el MeToa Mae
CYTTEBUH HEIOJIIK, & cCaMe: HOTO BU3HAYAIBHUIA eTar
— moOymoBa Momem y BUDAI rpada craHiB i
MIePEXOiB CHCTEMH MA€ BEIHMKY TPYIAOEMHICTD, SKa
BUMara€ 3HayHUX YacoBux 3arpar [2]. lle
MOSICHIOETHCS THUM, IO KUIBKICTh CTaHIB IS TaKHX
CUCTEM CKIIaZia€ IECATKH 1 COTHI, a TMEepexofiB —
COTHI 1 THCs4i. ToMy ISl po3B’sI3aHHS TaKWX 3a7ad

aKTyalbHUM € BUKOPUCTAHHS TEXHOJIOT1{
AQHAJITUYHOTO MOJEJIOBaHHA, fKa O Jama 3MOry
aBTOMATHU3yBaTH TMpolec TMOOYyAOBH MOAET Y
BUTIIAAL rpada cTaHiB i mepexofiB. Taka TeXHOIOTis
npencTasiieHa B [2], Bci (hopMari3oBaHi eTanu sSKoi
pearizoBaHi B po0IEMHO-0OPIEHTOBAHOMY
nporpaMHoMy Monyii ASNA, siKuil NpHU3HAYCHHUH
JUTS 3a7lad HaJiHHICHOTO aHami3y BiJMOBOCTIMKHX
cucteM [3-5]. ILg Ttexmomoris  mepenbavae
¢dopmarizoBaHe  TMPEACTAaBICHHS  CTPYKTYpH 1
MOBENIHKA 00’ €KTa TPOEKTYBaHHS, TOOTO PO3POOKY
HOro  CTPYKTypHO-aBTOMAaTHOi ~ Mofewdi,  fKa
nependavyae: BU3HAUCHHS 0a30BUX MMOMIN; s
KO>KHO1 0a30B01 NOAIT MpenCcTaBIeHHS BCiX CUTYaLii
Y BHUIJIA[ JIOTIYHUX BUPa3iB YMOB Ta OOCTaBHH; AJIS
KOXKHOI ~ CUTYyallii 3IIHCHIOEThCS KOMIIOHYBaHHS
dbopMyn nns BU3HAUEHHS IHTEHCUBHOCTI 0a30BUX
monid i QopMmyn s BU3HAYEHHS HMOBIpHOCTEH
IbTCPHATUBHUX TIEPEXOMAIB, a TaKOX 3aIa€ThCs
npaBwiIo Moau(ikalii KOMIIOHEHT BEKTOpa CTaHiB.
Hns  mporpamu  ASNA 00’€KT NPOEKTYBaHHS
3a1a€ThCSI MHOXXHHOIO (OpPMaNbHUX ITapaMeTpiB,
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[IOYaTKOBUMM 3HAYECHHSIMH KOMIIOHEHT BEKTOpa
CTaHiB Ta PO3pOOJIEHOI0 MPOEKTAHTOM CTPYKTYpPHO-
aBTOMaTtHOl Mozemwno. Ha mepmomy  erami
mporpama ASNA  Oymye Momenb  00’ekra
NPOEKTYBaHHS Y BUIIISAAL Tpada CTaHiB 1 MepexoiB,
SIKMHA TIPEICTAaBISETHCS MAaCHBOM 3HA4YeHb BEKTOpa
CTaHiB Ta MaTPHULIEIO IHTEHCUBHOCTE mepexoniB. Ha
npyromy erari mporpama ASNA dopmye cuctemy
mdepeHiansHIX piBHAHE Konmoroposa-UenmMeHa,
po3B’s3ye iX uucenbHUM MeTonoM Pynre-Kytra-
MepcoHa, BHU3HA4Yae Ta MPEICTABISIE ITOKa3HUKU
HaAidHOCTI (MWMOBIpHICTH O€3BIAMOBHOI POOOTH
00’€KTy TPOEKTYBaHHS Ha BH3HAUEHOMY iHTEpBali
yacy Ta cepelHe 3HaYCHHS TPUBAJIOCTI HOro poboTH
10 KaTacTpoivyHOI BiAMOBH).

Tomy, 3 BHKOPUCTaHHSIM JaHOI TEXHOJOTil
MOJICJIIOBAHHSI, OCHOBHHUM 3aBIAHHSIM NPOEKTAHTA €
JOKJTaIHANA OMUC 00’ €KTYy MPOEKTYBaHHS, IMOOYI0BA
CTPYKTYpPHO-aBTOMAaTHOI MOJENi Ta JOCIiIKCHHS
BapiaHTiB  MOOyJOBH OO0 €KTYy  MPOCKTYBaHHI.
CTpyKTypHO-aBTOMATHY MOJENIb  Pa3oM 3
npo0JIEeMHO-OPIEHTOBAHUM TIPOTPAMHUAM  MOJYJIEM
ASNA 1 30epexeny y Burmani ¢ainy Hamami
OyzeMo Ha3uMBaTH MNPOTPAMHOI0  aHATIITHYHOIO
moaemmio  [3]. OcoONMBICTIO  3alpONOHOBAHUX
NpOrpaMHUX aHATITHYHUX MOJENeH € Te, Mo MpH
BHECEHHI B HHUX 3MiH, HaIpUKJIAJ, MPO KiIbKICTh
OCHOBHMX YW pPE3ePBHUX MOMYHIB, KUIBKOCTI
PEMOHTIB TOIIO, 1 HacTymHoro 3amycky ASNA
OTPUMYIOTH HOBY MOJIENb y BUTJISALI Tpada CTaHiB i
MEPexXo/liB Ta CUCTEMH IU(EpeHIliaTbHUX PiBHIHb
Konmoroposa-Uenmena, 0o € BaXJIUBUM IIpU
OaratoBapiaHTHOMY aHami3i. OCHOBHUMHU
mpoOiieMaMi € HEJOCTaTHS TMOTYXXHICTh HaBiTh
CyYacHHX OOYHCIIOBAILHUX 3acO0iB I TIEBHUX
KJ1aciB 3aja4 Ta PO3B’SI30K CHCTEMHU
mudepeHianbHUX piBHAHD Konmoroposa-Uenmena,
OCKITBKHA 11 PO3MIPHICTE MOXE CTAaHOBUTH Bif
COTEHb 1 JI0 TUCSAY MPH BETUKIN )KOPCTKOCTI.

1. ONUC OB’E€KTY MOAEJNIFOBAHHA

B kondirypariro BigmoBocriiikoi cucremu (BC) 3
KOMOIHOBaHHM CTPYKTYPHUM pE3EPBYBaHHSM, SKY
MPE/ICTABICHO Ha PUC. 1, BXOAATH:

» OCHOBHA paJiOCJIEKTPOHHA TMifCHCTEMa, sSKa
no0y10BaHa 3 OJJHOTUIIHUX MOJIYJIIB;

> TeBHA KINBKICTh PE3CPBHUX MOJIYMIB IS
pamioeTeKTpOHHOT T ICUCTEMH, SIK1

BUKOPHUCTOBYIOTBCSI IK KOB3HUH pPe3epB;
> TIeBHA KiJbKICTh PE3CpPBHUX MiICHCTEM, SKi
BKJIFOUCHI K L-KpaTHMIA 3arayIbHANA (hiKCOBaHMIA
pe3epB OCHOBHOI IMiICHCTEMU;
» 3ac00M KOHTPOJIO i AIarHOCTUKH;
» TIPUCTPOI IIEPEMHUKAHHS.
B mponeci ekcruyaranii  npane3gatHicte BC
MiATPUMY€E PEMOHTHHH OpraH, MOXKJIHMBOCTI SKOTO €

00MeXEeHUMHU.
OcHOBHA paJioOCNEeKTPOHHA TIJACHUCTEMa Mae
pobouy  koH(pirypamito  cpopmMoBaHy 3 n

OHOTHUITHUX MOJYJIB 1 TMEBHOI KIJTBKOCTI M TaKHX
JKe MOJIYJIB, sKi BKIIOYEHI B 11 CTPYKTYypy SK
KOB3HHI pe3epB. Pe3zepBHa mincucTeMa BMHUKAETHCS
3aMiCTh OCHOBHOI B TaKMX BHUMAJKaX: B MOMEHT
BIZIMOBH MOXYJS poO0ou0i KOH}Iryparlii; B MOMEHT
BIIMOBM  TIpaIfiOl0uoi  pPE3epBHOI  IMiJICUCTEMHU.
Moy KOB3HOTO pe3epBYy IMiJKIIOYA0THCS 3aMiCTh
HECIIpaBHUX  MOIyJNiB  pobodoi  KoHpiryparmii
NPUCTPOEM  BMHUKaHHsA/BUMHUKaHHA [Ik.p. UYac
MiAKTIOYEHHS ~ PEe3epBHOTO  MOIYJS  3aMiCTh
HECTPAaBHOTO € BHITAJKOBOI0 BEIHYUHOI, CEpPEIHE
3HAUCHHs sSKOTro JopiBHIOE Tk. [ligkmrodueHHs
PE3EPBHUX IMiJICUCTEM 3J[IHCHIOETHCS 32 JOMOMOTOI0
npucTpoiB BMuKaHHs/BumukanHs [lp.cl,...,IIp.cL.
[Ipomemypa MiAKIIOYCHHS] PE3EPBHOI ITACHCTEMH
3aMiCTh OCHOBHOI 3/IHICHIOETHCS 3a JIy)KEe MaJIHi dac
1 mpu moOynoBi MoJesli BiH BBaKAE€ThCS PIBHUM
Hy 0. Bei mpucTpoi BMUKaHHS/BUMUKAHHS HE €
HaNIHHUMH 1 TOMY TPOLEAYPH IiIKIIOUEHHS

BUKOHYIOTBHCA 3 IICBHOIO ﬁMOBipHiCTIO.

4@ PC,

3K

—

[

Puc. 1 — Kondirypauis BitMoBocTiiikoi cucremn 3
3araJibHUM 3aMilyBaJbHHUM pe3epPBYBAHHAM
OCHOBHOI pajlioe1eKTPOHHOI micucTeMHu,
1no0y10BaHOI 3 OTHOTUIIHUX MOAYJIiB, Ta 3
KOB3HHUM pe3epBYyBaHHAM ii moayiB (1 — Mmoxy.i
palioesieKTPOHHOI migcHucTeMH; 2 — MOAY.JTi
KOB3HOTI'0 pe3epBYy; 3 — pe3epBHi miacucremu; 4 —
pemonTHuii opran; 3K/[ — 3aco0u KOHTPOJIIO Ta
JIarHOCTHKH).

CucremMa ocHameHa 3aco0aMu KOHTPOJIIO Ta
miarHoctuku (3KJI), ski 3[MiHCHIOIOTH yNpaBIiiHHS
pesepBHEM pecypcoM. KoHTpons mpare3gaTHOCTi
MPAITio0Y0l MiACUCTEMH 3IHCHIOETECS HETIEPEPBHO
1 CHTHaJI PO BTPaTy HEIO Mpale3aTHOCTI BUHHUKAE
B MoMeHT BimoBu. Bix 3K/l mocrymarwots koMaHu
Ha BIJIMOBiMHI TPUCTPOI NEpPEeMUKaHHS, a TaKOX B
peMoHTHHM  opran. MoxymBocti  3KJ[ mo
BUSIBJICHHIO Ta JIOKaji3alii BiMOB JUIS MOJIYJIB
OCHOBHOI TIJCHCTEMH 1 pPE3EpPBHUX IIACHCTEM €
PI3HEMH, TOMY ITO IIi TIPOICAYPH BUKOHYIOTHCS 3a
NeBHUN Yac 1 3 meBHUMH iiMoBipHOCTsIMU. [t BC,
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o po3risanaeThest 3K ]I MaroTh Taki MOYKIIUBOCTI:
1) BusiBnsatu (akT BiIMOBH OJHOTO 3 MOJYJIIB

pobovoi  KoH(pirypawii UM KOB3HOTO  pe3epBYy
OCHOBHOT ITiICHCTEMH.
2) Jlokami3yBaTh HECHpaBHMA MOIYyJh B

OCHOBHIH MiJICKCTEMI 1, SIKIIO BiH HAJIC)KUTH POOOHUiH
koH(irypamii, mogatu “xkoMaHAy”’ Ha 3aMiHy HOTO
PE3EpBHUM.

3) BusBiaarn ¢dakT BIAMOBH  NPAIOOYOi
pe3epBHOi  miacuctemu 1 (GOpPMYBaTH  CHTHAI
(komMaHAy) Ha TIPUCTPIA TMEPEMHUKAHHS PE3ECPBHUX
1 JICUCTEM.

4) BusBnat ($akT BiAMOBM HENPAIIOI0YO0l
pe3epBHOI miACUCTEMH.

Hna  mamoi BC  mepembadeHO — TeXHIUHE
oocmyroyBanns (TO) i TomMy mpeameroM
JIOCTiKeHHs (TOPIBHUIILHOTO aHaji3y) € BHOpaHi
(abo cdopmoBaHi) mOIIBHI HOTO cTparterii. A ToMy
pu po3podLi HaAiifHICHOT MOJIeT, KPIM CTPYKTYpH
ta noseninku BC, maioTe OyTH BpaxoBaHi cTparerii
TO.

2. DOPMYBAHHSA CTPATETIA
TEXHIYHOIO OBCJ1YITOBYBAHHA

Cmpameeis 1. Jlna BC mnepenbavueHO TOBHE
BIIHOBJICHHS: TPHUCTPOI0  BMUKAHHS/BUMUKAHHS
MOJTyJIiIB OCHOBHOI MiJCHCTEMH; MOJIYJIIB OCHOBHOT
MiJICUCTEMU; PE3CPBHUX MTiJCHCTEM.

KinpkicTe peMOHTIB IS MOAYJIB OCHOBHOL
MiCUCTEMH Ta JUIA  PE3EPBHHUX IMIJCHCTEM €
00OMEXEHOI0, 10 OOYMOBJICHO OOMEXKEHHSM Ha
KITbKICTh PEMOHTHHX KOMILIEKTIB 3aIlaCHUX YaCTHH,
sKi BuaiieH1 gyt TO BiIMOBOCTIMKOI CHCTEMU.

Kinbkicth PEMOHTIB TUTST MIPUCTPOIO
BMHUKAHHA/BUMUKAHHS MOJYJIiB OCHOBHOI
MJICHCTEMH TPAKTHYHO HE Mae€ OOMEXEHHS

(HamiffHICTh TPUCTPOI0 BMHUKAHHS/BUMUKAHHS €
BUIIOI  BiJ HAAIHHOCTI MOAYNIB  OCHOBHOL
IMiJICHCTEMH Ta PE3EPBHUX MIJICUCTEM, a TX KUTBKIiCTh
B PEMOHTHOMY KOMILIEKTI 3a0e3neuye 4ac poOoTH,
SKHA TEepeBUIIyEe IUIAHOBHIM dac eKCIuTyartarii
panioeIeKTPOHHOI CHCTEMH, B CKJIal SIKOi BXOAUTH
JlaHa TiACuCcTeMa).

He nmepenbaueHo BiTHOBJICHHS:  IPHUCTPOIO
BMUKAaHHS/BUMUKAHHA  PE3EpBHUX  MiJCHCTEM;
3ac00iB KOHTPOJIIO Ta MiarHOCTHKH; BCIX CKJIAIOBUX
BC micns kaTactpodiuHOi BiIMOBH.

B naniii crparerii, TO 3aificHioe N peMOHTHHKIB
(a0o N peMOHTHUX Opuraj, SKIIO I PEMOHTY
omHoro kommoHeHTy BC HeoOXimHO 3alrydaTw
OlIbILIe HIXK OTHOTO PEMOHTHHKA).

B nmaniii crparerii kBamidikallis pEeMOHTHHKA
BPaxOBY€ETHCS] TAKUMH ITapaMeTPaMu:

» cepenHe 3HAYCHHS iHTEepBaTY Jacy,
HEOOXiZHOTO Ha PEMOHT PE3ePBHOI MiJCHCTEMU;
» UMOBIPHICT,  BIJHOBJCHHS  Ipalle3JaTHOCTI

pe3epBHOI MiACUCTEMH 3a BU3HAYCHUU IHTEpBas

qacy;

» cepenHe 3HAYEHHS IHTEpBAITY yacy,
HEOOXiTHOTO HAa PEMOHT MOJIyJs OCHOBHOI
MiICUCTEMU,

» WMOBIPHICTH  BiJHOBJCHHS  MPaIE3aTHOCTI

MOJIyJII OCHOBHOI MiJICHCTEMH 3a BU3HAYCHUU

IHTEpBa Jacy.

PeMOHTHHMKM 3HaXomsAThCS Oe3mocepenHbO Ha
00’€KTi 1 MPUCTYNAIOTh 0 PEMOHTHHUX POOIT 01pazy
MICS BUSABJICHHS BIIMOBH PE3CPBHOI IIICHUCTEMH
abo MOIyJis OCHOBHOI mifcucTeMu (aBapiiiHe
BimHOBIEHHs). HecnpaBHi pe3epBHI MiACHCTEMH Ta
MOIyJIi OCHOBHOI IJICHCTEMH TIiCIIi BiAMOBH
HaJIXOISATh B PEMOHT, SKIIO € BUIbHI PEMOHTHHKH.
Slkmo  BCi  pEMOHTHUKM  3alHATI, TO BOHH
YTBOPIOIOTH YePTy Ha PEMOHT (BiTHOBIICHHS).

Komm peMOHTHHK 3akiHYye pPEMOHT pe3epBHOI
MiJCUCTEMH M MOJYJII OCHOBHOI IiJICHCTEMHU, BiH
aHaJli3ye cTaH 4epru Ha peMoHT. SKmo B uepsi
MPUCYTHI HECHpaBHA pe3epBHA IMiAcCHCTEMA i
HECIIpaBHUN MOJIYyJIb OCHOBHOI MIJCHUCTEMH, TO
PEMOHTHUK oOIpa3y Oepe Ha pPEMOHT 3 YEprd
HECTpaBHY pe3epBHY MiacucTemy. SIkmo B dep3i
HECIIpaBHI pe3epBHI TMiJACHCTEMH BIJCYTHi, TO BiH
Oepe Ha pPEMOHT HECHpaBHUN MOIYJIh OCHOBHOI
migcucreMu. J{ns pe3epBHUX MiICHUCTEM 1 MOIYJIIiB
OCHOBHO{ Mi/ICHCTEMH TIOCTaBJICHUX B YepPTry PEMOHT
€ 3aBXKIM YCHIIHUM 1 3a0e3rmeuye MOBHE IX
BiJTHOBJICHHS. BinpemonToBaHi (BimHOBIICHI)
pe3epBHI  MIACHCTEMH Ta  MOXYJNi  OCHOBHOI
MiJICUCTEMH BKITIOUAIOTHCS B PE3EPB.

[Mpodinaktiuune BimHOBIEHHS KoMmoHeHT BC B
naniit crparerii TO He mepenbadeHo.

Komm gepra HecnipaBHUX pe3epBHUX IIACHCTEM i
MOJYJIB BiICYTHS, TO PEMOHTHUKH TIepeOyBarOTh B
CTaHi O4iKyBaHHI.

TpuBamicTh OZHOTO PEMOHTY € BHIIaKOBA
BennynHa. Tomy uyac mepeOyBaHHS HeCIpPaBHUX
pe3epBHUX IMiACHUCTEM 1 MOAYNIB B 4ep3i TaKoxk
BumnaakoBa BenuumHa. B crparerii TO kimbkicTh
PEMOHTIB ISl MOIYIIB 1 PE3EPBHUX IMIJICUCTEM €
00MEXKEHUMU.

Cmpameeia 2. Jlnsa BC mnepenbadeHo moBHE

BIHOBJICHHS: TIPUCTPOIO TICPEMUKAHHS MOIYIIiB
OCHOBHOI MCUCTEMHU, MOJTYJIiB OCHOBHOI
MiJICHCTEMU; pe3epBHUX MiCUCTEM. He
nependadeHo BiTHOBJICHHSI: MIPUCTPOIO
MEPEeMUKAHHS  PE3CPBHUX  IMIJCHCTEM; 3aco0iB

KOHTPOJIO Ta MiarHOCTHKH; BCiX ckiamoBux BC
MICIIA KaTacTpo(ivHOI BiIMOBH.

HecmpaBHi pe3epBHI ImiacucTeMHd Ta HeCIpaBHI
MOJYyJIi OCHOBHOI MIJCUCTEeMH TIiClIi BIMOBHU
(GhopMyIOTh 4Yepry Ha pEMOHT (BiJHOBICHHS), [
BOHM 3HaxoIiTbcad 10 INPHUI3Ay PEMOHTHHKA
(pemoHTHO{ Opurann).

B pamit  crparerii, TO

3OIMCHIOE  OJUH

155



Manosiu B.A., Borouii B.1O., Oziproscoxuii J1J]. / Komn tomune, 2008, mom 7, eunyck 1, 153-163

peMOHTHHK (ab0 oHa peMOHTHA Opurana, SKIIo s

peMoHTY oaHoro kommnoHeHTy BC HeoOXigHO

3ayyaTd OUTbIlIe HIXK OJHOTO PEMOHTHHKA), a

KkBanmi(ikaiisi PEeMOHTHHKA BpPaXOBYETHCS TaKHUMU

napamMeTpaMu: CepefHE 3HAa4YeHHS IHTepBaly 4Yacy,

HEOOXiTHOTO HAa PEMOHT pPE3EepPBHOI IiJICHCTEMH;

CepelHe 3HAYCHHS iHTepBaly 4acy, HEOoOXiTHOTO Ha

PEMOHT MOJYJISl OCHOBHOI ITiICHCTEMH.
Hns  mpuctporo  mepeMUKaHHSA

PEe3epBHUX  MJICUCTEM 1  MOJYJIB

MiJCUCTEMH, IIOCTaBIEHNX B 4Yepry,

3aBXIM  YCHIIIHMM 1 3a0e3nedye IMOBHE  iX

BiHOBIICHHS. BimpemoHTOBaHU  (BiTHOBIICHMIA)

MIPUCTPill TIEpeMUKaHHS MOIYJIB BKIIOYAETHCS B

pobody KOH(Irypamiro OCHOBHOI TiJICHCTEMH, a

pe3epBHI  MIJCUCTEMHM Ta  MOMIYJI  OCHOBHOL

ITiJICHCTEMH BKJIIIOYAIOTHCS B PE3EPB.

PemoHTHUK (pemMoHTHA Opurama) 3HaAXOAUTHCS B
odici peMOHTHOTO OpraHy Ha 3HA4YHINA BigAaii Bif
00’€KTiB, 5IKi BiH 00cTyroBye. PeMOHTHUK 31iHCHIOE
TO, nmna doro mpuOyBae Ha 00’€KT, Ha SKOMY
excrutyatyetbest naHa BC. PeMOHTHHK (peMOHTHa
Opuraga) npuOyBae Ha 00’€KT MO IUIAHY, ajle Yac
TOYHO HE BH3HaueHWH. Jlumie BimOMHI TOPSIOK
(mmicist n-ro 00’€kTa) 1 Opi€EHTOBHO HYac (B IHOMY
Micsi  abo Ha [BOMY THXKHI). PeMOHTHHK
(pemonTHa Opurana) 3ailicHioe TO BiAMOBOCTIHKHX
CHUCTEM Ha 3aJaHiil (3aKpIIUICHHM 32 HUM) KUTBKOCTI
00’€KTIB TI0 Uep3i.

ABapiliHuil BUKIHMK (MPUOYTTS) PEMOHTHHMKA Ha
00’exT B nmaniit crparerii TO He mepenbadeHi.

Konu wepra HecripaBHUX pe3epBHUX MIJICUCTEM 1
MoayiiB BiacyTHs, TO BiIMOBOCTIHKOI CUCTEMHU Ha
JAaHOMY 00’ €KTi 3aBEpIICHO i PEMOHTHHK (PEMOHTHA
Opurazna) rmepehkmKae Ha HACTYITHUAN 00’ €KT.

Tpusamicts TO Ha ogHOMY 00’€KTI € BUIIAJKOBA
BennmunHa. ToMy iHTepBanm dacy MiX JBOMaA
MMOCTIIOBHAMH  BiIBIAyBaHHIMH  PEMOHTHHKOM
OJTHOTO O0’€KTY € TaKOXX BUIMAIKOBA BEIWYMHA 3
3aKOHOM po3noainy (abo cepefHIM 3HAUYCHHSIM),
SIKUH  HEOOXiMHO BW3HAYUTH (IIPH MOIKIIMBOCTI,
repea0adnTH).

JlomyctiMa  TpuBaNicTh 4acy TepeOyBaHHS
PEMOHTHHUKA Ha 00’€KTI € OOMekeHa, aje JOCTaTHS
U  peMOHTY  (BITHOBJICHHA)  MaKCHMAaJIbHOT
KIJTBKOCTI  HecmpaBHMX — KommoHeHT BC, ski
PEMOHTHUK MOXE 3aCTaTH B 4ep3i HA PEMOHT.

B crparerii TO KiNBKICTE pEMOHTIB JIJIs1 MOJTYJTiB
1 pe3epBHHUX MiJCUCTEM, a BIIMOBIAHO 1 KIJIBKICTh
BI3HTIB, € OOMEKEHUMU.

Hocnimkennst crpareriii TO mis manoi BC mae
JIATH BiJTIOBiAh HA HACTYITHI TUTAHHS:

» JSxky xinpkicte TO 1 3 sxkuMm mepiogoM Tpeba
3aMOBUTH Ui 3a0e3leueHHs  MOTPiOHOI
HaIHHOCTI Ha 3a/IaHOMY iHTEpBaTi
ekcruryatarii BC?

» Sy xinpkicte TO Ttpeba mependauuty ajs

MOJYJIB,
OCHOBHOI
PEMOHT €

3a0e3medeHHs 3a7aHoro PiBHSA HAAIHHOCTI Ha

Yac rapaHTIHHOTO 00CITyrOByBaHHs?

» SIky MakcuMainbHy KUIBKICTH 00’€KTIB MOYKHA
3aKpIlTUTH 32 OTHUM PEMOHTHHKOM (PEMOHTHOIO
Opurazoro), moO npu 3amaniid crparerii TO
Hamifinicts BC Bianosigaia 3agaHUM BUMOram?

Sxmo norpibHa mis amaparypu Kinmbkicte TO,
MIEPEBUIIYE PO3YMHE (HAMPHUKIIAMI, 32 €KOHOMIYHUM
KpUTEpi€eM) 3HAYeHHS, TO MOXe NpPUHMATUCDH
pillleHHs TPO TOBHY 3aMiHy amaparypu Micis
MIEBHOTO TEPMiHY eKCIUTyaTartii.

[IpencrasneHi crpaterii MOXXYTh MaTH BapiaHTH
peamizauwii. MoxyTb OyTH 3MiHEHI YMOBH, IO
HaKIIaJal0ThCsI Ha BHKOHAHHS PEMOHTHHX PpOOIT.
Hampuknan, B crparerii 2 KUTBKICTP MOIYIIB i
KIUJIBKICTD PE3epBHUX MiACHUCTEM, SIKi MOXYTh OyTH
BIZIHOBJIGHI B OJMH TMPHi3J] pPEMOHTHHKA €
oOMexxeHHMH.  SIKIMO  KUTBKICTH  HECIpaBHUX
MonyiiB abo (i) pe3epBHUX MIJCHCTEM B 4Yep3i Ha
PEMOHT € OLTBLIOI HI’)K MOXJIMBOCTI PEMOHTHHKA,
TO HE BIIPEMOHTOBaHI MOMYJIi 1 pe3epBHIi
MiJICKCTEMH 3TUINAIOTECS B 4ep3i Ha PEMOHT [0
HAaCTYIHOTO HOT0 NpHUi3Aay.

3. OOCNIMKEHHSA HALIMHOCTI
BIOMOBOCTIMKOI CUCTEMM NPU
PIBHUX CTPATErIAX TEXHIYHOIO

OBCJTYTOBYBAHA

Jlns mpoBenenHs nociimkers BC 3 BpaxyBaHHIM
chopmoBanux ctpaterii TO 3rigHO TEeXHOJIOTIT
BUKIAACHOI B [2] Oyno po3poOieHO CTPYKTypHO-
aBToMaTHI Mofem. OgHak depe3 iX TPOMI3IKICTh B
JaHiii pobOTi He BOHU HE MPUBOJISATHCA.

Oyinka wnaditinocmi BC npu nepwiti cmpameeii
TO. Buxonsum 3 TpaKTHYHUX MIpKyBaHb, 3
BpaxyBaHHSIM MOXJHMBUX oOMexeHb, ansi BC,
3a7al0ThCSl TOYATKOBI 3HAYCHHS TNapaMmeTpiB ii
KOoH(ITyparii, HanpuKIaI:

KUIBKICTH MOIYJIiB
(YHKIIOHANEHOTO PU3HAYCHHS N=2;

»  KIiJbKICTh pe3epBHUX migcucteM L=1;

» IHTEHCHBHICTh BIIMOBH MOIYJIIB OCHOBHOI'O
(YHKLIOHANBHOTO TMpPU3HAYEHHSI Ta PE3EePBHUX
MonyiiB Am=1e-4 1/rox;

» IHTCHCHBHICTh BiMOBH MpAIlOI0Y0i PE3epBHOT
migcucremMu Aprs=1e-3 1/rox;

> IHTEHCHUBHICTH BIIIMOBH HEIpaIowyoi
pe3epBHOI migcuctemu Anrs=1e-4 1/rox;

» cepemHE 3HAYEHHS Yacy HEOOXigHOrO JJIs
MiKITIOUYEHHST pe3epBHOro Moayns Tprm=le-1
roJ;

» cepenHe 3HAYEHHS iHTEepBay Jacy,
HEOOXiJIHOTO Ha PEMOHT PE3epBHOI MiJICUCTEMHU
Trs=1e-1 ron;

»  cepenHe 3HAYCHHS iHTEepBaly qacy,
HEOOXITHOTO Ha PEMOHT MOIYJII OCHOBHOL

OCHOBHOTI'O
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nigcucremu Trm=le-1 roa.

[Ipoananizyemo HaTIHICTh BUOpaHOT
koHpirypauii BC 3 mepmoro crpaterieto TO mpu
TPHOX 3HAYCHHSX KIJTBKOCTI MOAYIIB Pe3epBy 1 JBOX
3HAYEHHSIX KIJIbKOCTI pe3epBHUX MiJICHCTEM. Y BCiX
BapianTax peamizauii BC: KinbKicTh BiZHOBIICHD
MOy TiB Smos = 1, KiTbKIiCTh BiHOBJIECHB ITiJICHCTEM
Srs = 1; Ha 00 exTi TO 37iiiCHIOIOTh 2 PEMOHTHUKH,
T00TO R = 2. Pesynbratu po3paxyHKiB IpeacTaBiIeHi
Ha pucyHkKax 2, 3 i B Tabm. 1.

Tabuus 1. Ouinka cepeAHBOr0 3HA4YECHHSA
TpuBaJocTi podoru BC 10 karacrpodiunoi BinmoBu
NPH Pi3HUX KiJTbKOCTAX Pe3epBHUX MOAYJIIB Ta
pe3epBHHX MiACHCTEM

Kinekicts €3E€PBHUX
. pesep 111223
MO/IyJiB
Kinekicts €3epBHHUX
) pesep 1l2112]1
IICUCTEM
CepenHe 3HA4YEHHS dYacy
000TH ol @ | &S 2158
p . . A sl on 0 S 0
KaracTpodigHO] bl I B IS N IR T
BiZIMOBH, TOJ
Pt) ~=—
0.9 ;
\\\
. \ N, m=2
5 \\
- NN
07 m=1 % : Sl
\-\
03 NN by
\ o,
. NN
. NN
03 AN
" X
b
. \\
. e i i
0,1 S
| —_ trog
2000 ™ = 210000 use M@l 20000 == W= »m e 30000

Puc. 2 — 3anexHicTh iiMmoBipHOCTi Oe3BiTMOBHOT
po6otu BC Bix yacy npu pi3Hiii kinbkocTi
pe3epBHMX MoayiB i mpu 1 cTparerii
TeXHIYHOro 00¢cIyroByBaHHS.

BuzHaunmo HanilHICTh BHOpaHOi KOH(Irypartii
BC 3 mepmoro crparericco TO mpum pi3HHX
3HAYEHHSIX TependayeHol KilbKOCTI BiJAHOBIICHD
MOJYJIiB SmMOS Ta KiTBKOCTI PEMOHTHHKIB Ha 00 €KTi
R. V Bcix BapianTtax peanizauii TO: nepenbadeHa
KUIBKICTh BiZJHOBJIEHb HECIPaBHHUX MiJCUCTEM SIS =
1, xijgpKicTh MOmyNiB y pe3epBi m=1. PesynpraTtu
pO3paxyHKiB MPEACTaBIICHI HAa PUCYHKY 4 1 B TaOJL
2.

OmiHka CcepeAHBOr0 3HAYCHHS  TPHUBAJOCTI
pob6otu BC 1o xaractpodidHOi BIIMOBH IS Pi3HHX

BapianTiB peamizarii TO 3a cTpareriero 1

P(t) ——\
09 NN\ =
. \\\-\\ '_I
\ \_\ n=2, m=1,
0’1 NN\ Smos=1, Srs=1,
! NER=2, L=2
e
N\ O\ n=2, m=2, Smos=1,
8l n=2,m=1,  \\ X Srs=1,R=2L=2
03 Smos=1. T

M,

Srs=1,R=2,L=1 \ S
N\

03

04

. : —__t rog
2000 = = = 0000 we v W we 20QOD me %= > 30000

Puc. 3 — 3anexnictp iiMmoBipHoCTi 0e3BiIMOBHOI
po6otu BC Bin yacy npu pisHEX KiJIbBKOCTAX
MOIYJIiB pe3epBy Ta pe3epBHHX HMiACHCTeM i mpH
1 cTparerii TexHiYHOT0 00CTyrOBYBAHHS.

Tadauus 2. Pe3yabTaTn po3paxyHkiB

Ilependaucna KUIBKICTh 1 1 2 | 2
BiJTHOBJICHb MOJIYJIiB

KinbkicTh  PEeMOHTHHKIB  Ha
N 1 2 1 2
00 €exTi

Cepenne 3HAYEHHS qacy
pobotm 1o  karactpodiuHOi
BiMOBH, I'OJ

10321
11553
13261
14646

N
\ R=1, 'S mos=2,Srs=1

\ X R=2, Smos=2,Srs=1

‘trog
2000 = sm ew {QQQQ tw v wm o owm O(QY s  wm  =mo =moganaaq

Puc. 4 — 3anexuicts iimoBipHoCTi 6e3BiTMOBHOT
podotu BC Bing yacy npmu pisHiii kinbkocTi
nepeadavYeHNX BiTHOBJIEHb MOIYJIiB Ta pi3Hii
KIJILKOCTi peMOHTHHKIB i ipu 2 cTparerii
TeXHIYHOro 00cIyroByBaHHs.

Oyinka naoiinocmi BC npu opyeiti cmpamezii
TO. Buxoasum 3 TpPaKTHYHUX MIPKyBaHb, 3
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BpaxyBaHHIM MOXJIUBUX oOMexeHb, mai1 BC,
3aJ]al0ThCSl TaKi MMOYaTKOBI 3HAYEHHS MapaMeTpiB ii
KOH(]irypauii, HampukIaz:

KUTBKIiCTh MOJYJIiB OCHOBHOTO (DYHKIIIOHAJIEHOTO
MPU3HAYEHHS N = 2;

KIJIBKICTh pe3epBHUX mifcucteM L = 1;

IHTEHCHBHICTh BiMOBH MOJIYJIiB
(hyHKIIOHATHPHOTO TPHW3HAYCHHS Ta
MoyJiB Am = le-4 1/rox;

IHTEHCHBHICTh BiJMOBH TIPAIFOIOY0i pPe3epBHOI
cuctemu Aprs = le-3 1/roxm;

IHTEHCHBHICTh Bi]MOBH HETIPAIIOI0Y0i pe3epBHOI
cuctemu Anrs = le-4 1/rox;

CepelHE 3HA4YeHHS 4Yacy HEOOXITHOTO JUIs
M IKITIOYEHHS pe3epBHOTO Moyt Tprm = le-1 rogx;

cepe/iHE 3HA4YEHHS iHTepBaly 4acy, HeOOXiIHOTO
Ha PEMOHT pe3epBHOI mincucremu Trs = le-1 rog;

CepellHe 3HAUCHHS iHTEpBaIy Yacy, HEOOXiTHOTO
Ha PEMOHT MOJYJISl OCHOBHOI mijcuctemMu Trm = le-
1 ron.

IIpoanamizyemo HaJIHHICT BHOpaHOi
koHpirypanii BC 3 nmpyrorw crpateriero TO mpu
TPhOX 3HAYCHHSX KIIBKOCTI MOIYJIB pe3epBy. Y
BCiX BapiaHTax: mepeadadeHo KiTbKiCTh BiIHOBJICHB
MoayliB Smos = 1 1 KUIBKICTh BiIHOBJICHB
migcucteM Srs = 1; cepelHe 3HAYCHHS IHTEPBAILY
gacy MDK JBOMa IIOCIiJOBHAMH BiJIBilyBaHHSIMU
peMoHTHHKOM 00’ekty Tvro = 3000 rom.
Pesynbrati po3paxyHKIiB MpeNCTaBICHI HA PUCYHKY
5 1B Tabm. 3.

OCHOBHOTO
pe3epBHUX

03 N

0.1 i

5000 10000 20000

Puc. 5 — 3anexnictb iiMmoBipHoCTI
0e3BiTMOBHOI po00TH Bix Yacy mpu pi3Hii
KIIBKOCTI MOy 1iB pe3epBy i npu 2 crparerii
TEeXHIYHOT0 00CIYrOBYBaHHS.

Ta6umug 3. Oninka cepeHbBOr0 3HAYCHHS
TpuBaJjocti podoru BC 1o karacrpodiunoi BinMoBu
NpH Pi3Hili KiITBKOCTi pe3epBHUX MOIY.TiB

KinbkicTh pesepBHUX 1 5 3
MOJYJIiB

Cepenne 3HAYCHHS
rpusanocti poborit BC 10 11,5036 1 16001 | 17914
KatacTpo(iyHOi  BiZIMOBH,
roj

[poananizyemo HaTIHHICTh BUOpaHOi
koHpirypauii BC 3 mpyroio crpateriecto TO mpu
pi3HMX  3HAYeHHSAX  mependadeHoi  KiTBKOCTI

BIHOBJICHL MOXIYJiB Smos. Y BCiX BapiaHTax
peamizanii TO: mepenbadeHa KilnbKiCTh BiJHOBJICHB
HECTpaBHUX MifcucTeM Srs = 1, KUTBKICTh MOIYIIB Y
pesepBi m = 1. Pe3ynmpTatm = pO3paxyHKiB
Npe/ICTaBIICH] Ha pUCYHKY 6 1 B TaOII. 4.

Taéauus 4. Ouinka cepegHbOr0 3HAYEHHS Yacy
po6oTH 10 KaTacTpogivyHOI BiTMOBH NPH Pi3HUX
3HAYEeHHSAX NnependavyeHoi KilbKOCTi BiTHOB/IEHb

MOIYJIiB

[lepenbavena KinbKicTh
BiJTHOBJICHb MOJYJIiB

Cepenne 3HAYEHHS
TpuBanocTi poboru BC mo
KaracTpoiyHOi  BiAMOBH,
rof

12936 | 13784 | 19944

P(t)

09

[=]
t3 tn EREcEE

03

- . — .. - TI rc‘q
TR T

" 2000 = v 10000 R e e 20000 e w =
Puc. 6 — 3anexuicts iiMmoBipHOCTI Oe3BiIMOBHOI
podoTu Bix yacy npu pi3Hiii KinbkocTi
MAaKCHMAJIbHHUX BiTHOBJICHB 32 OJMH Bi3HT
peMoHTHHUKa (Opuraan) (2 crpaTeris

TeXHIYHOr0 00CIyrOBYBAHHS).

Sk BUIHO 3 BWILNCHABEACHUX pE3YJIBTATIB
30UTBITICHHS. MaKCUMAaJIbHOI KUTBKOCTI JTOTYCTHMHUX
BiTHOBJICHb MOJYJIIB OCHOBHOI IiJICUCTEMH Ja€
3HAUHUK  edekT  JMIme TP BIANOBIOHIN
koHpirypanii BC, T00TO icHye Mexa, micis SKOi
30UTBIIICHHS IIHOTO MapaMeTpy HE Bele IO CYTTEBOI
3MIiHH 4Yacy poOoTH 10 kKaracTpodiyHOi BiMOBU (B
JTAHOMY BHITAJKy I MeXa piBHa Smos = 2).
[Ipoananizyemo HaniliHicTh BHOpaHOi KOH]iryparii
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BC 3 apyroro crparerieto TO mms TphoX 3HAYCHB
nepeadaueHoi KUTBKOCTI BiHOBICHb MOAYJIIB Smos
Ta A7 YOTHPHOX 3HAYEHb CEPEAHBOTO 3HAYCHHS

iHTepBay dYacy MDK JBOMa  MOCIiZOBHUMH
BiZIBIlyBaHHSIMH PEMOHTHHKOM 00’ekTy Tvro. VY
Bcix Bapiantax peamizanii TO: mnepenbauenHa

KITBKICTh BiTHOBIIEHh HECIIPABHUX ITIJICUCTEM SIS =
1, KiUTBKICTH MOAYJIB y pe3epBi m= 2, cepemHe
3HAYCHHS IHTEpBAly 4Yacy HEOOXIJHOTO HAa PEMOHT
MIPUCTPOI0 BMUKAHHS/BUMUKaHHSA MonyliB Tppm =
1 rox. PesymbTatm po3paxyHKIB IpEACTaBIICHI Ha
pHUCYHKY 7 1 B Tabm. 5 Ta 6.

Taoauusa 5. OuiHka cepeIHLOT0 3HAYEHHS
TpuBajocTi po6oru BC 1o karacrpodiuHoi BinMoBH
JJIs1 pi3HUX BapiaHTIB peaJsizaumii TexHiYHOTO
00CJIyTOBYBaHHS 3a cTpaTeriero 2

[lependayena
KIJIBKICTH
. 2 2 1 1 1
BiJHOBIIEHB
MOJyIIiB
Cepenne
3HAYEHHS
inTepBany  wacy S S s S S
MK gBoma | L,, 4 =3 4
MOCJIiJOBHUMH N N N N —
BiJIBIIyBaHHSIMU
PEMOHTHHKOM
00’€eKTy, TOx
Cepenne
3HAYCHHIA o O o o <
. ~ < Na) N O
TPUBAIIOCTI o ~ X — N
(@) o~ o) o~ (e o]
podotru BC mo | — — — — —
KatacTpodigHOl
BIIMOBH, TOJ

Tabuusa 6. Ouinka cepeHHOr0 3HA4YCHHSA
THpBaJocTi podoTn BC 1o karacrpodiunoi BinmoBu
JJISl Pi3HUX BapiaHTIB peaJi3anii TexHiYHOTO
00CcIyroByBaHHS 32 CTpaTericio 2

[epen6ayena
KUIBKICTB
BIJHOBJIEHD
MOJTyJIiB

CepenHe 3Ha4YeHHA
IHTEpBay 4acy Mix

IIBOMa
IIOCJTI IOBHUMH
BiJIBIyBaHHIMH S S S = S
(e [« [« v o

PEMOHTHHUKOM A A A N Q
00’€eKTy, TOx
CepenHe 3Ha4YCHHS
TPUBAIOCTI POOOTH | 0 00 —_ —_ ~
BC | IR 3|8
KaTacTpodiyHOT — — — — —
BIZIMOBH, TOJ

TTokasani MOJKJIMBOCTI M ABUILEHHS

edexTuBHOCTI aHamizy BC 3aBasku BHKOPHCTaHHIO

YIOCKOHAJICHOI TEXHOJOTil MOJCIIOBAHHSA, sKa
JI03BOJISIE BIIMOBHUTHUCH Bijg BUKOPHUCTaHHS
JICKOMITO3HUITIT 3a7adi HaJIiHHICHOTO aHaji3y Ha
3amavy anamnizy koHgirypamii BC i 3agauy anamizy
crpareriii ii TO.

P(t)

09 \

»| Brs=1,5mos=1, .
0 ? Tppm=1, Tvro=3000-_%
: Srs=1, Smos=2,

Tppm=1,Tvro=3000 -
| Srs=1, Smos=3, Tppm=1,
o+ Tvro=3000 : -
Srs=1, Smos=3, Tppm=1;
Twro=2500

Srs=1, Smos=2, Tppm=1, Tvro=2000
Srs=1, Smos=2, Tppm=1, Twro=2500

N e ~ Srs=1, Smos=1, Tppm=1, Twro=2500
, __Srs=1, Smos=1, Tppm=1,
~ Twro=2000

- Srs=1, Smos=1, Tppm=1,

05 Twro=15000

2000 ™ 10000 o e 20000 F

Puc. 7 — 3anexuicte iimoBipHocTi 6e3BiTMOBHOI
podoru BC Bin wacy npmu pisHiii kinbkocTi
nepenadavYeHNX BiTHOBJICHb Ta PI3HUX iIHTepBaJax
Yacy MiK IBOMAa MOCTiTOBHUMH BiBiTyBaHHSMU
PEMOHTHUKOM 00’ €KTY
(2 cTparerisi TeXHiYHOr0 00CIyTOBYBAHHS).

3 BUKOPUCTAaHHSIM YJOCKOHAJCHOI TEXHOJOTil
MOJCITIOBAaHHS  po3poOJIEHO  HOBI  TpOTrpamHi
HaaidHICHI Momell 1 OTpUMaHO pe3yJbTaTH
HaJIHHICHOTO aHali3y BaXJIMBOI AJS NPaKTHKH
koHpirypamii BC 3 3arampHuUM 3aMilllyBaJbHUM
pe3epByBaHHSIM, MMOOYJOBaHOI 3  OJHOTHUITHUX
MOIYJTiB, Ui  SKHX  IependadyeHo  KOB3HE
pesepyBanHs Ta TO. B po3pobneHnx mporpaMHUX
MOJEINISAX  BPaxOBaHO OCOOJTUBOCTI  TOBEMIHKH
CHUCTEMH, 00yMOBIIEHOT BUKOPUCTAHHSIM
KOMOIHOBAaHOTO  CTPYKTYPHOTO  pE3epBYBaHHS,
MOXKIIUBOCTEH 3ac00iB KOHTPOIO Ta MiarHOCTHKH,
AKICTh  MPHCTPOIO  TEPEMHKAHHS, MOXKIHBOCTI
BITHOBJICHHsSI HECTPaBHUX €JIEMEHTIB PEMOHTHUM
opraHoM.  MOXJIMBOCTI ~ PEMOHTHOTO  OpraHy
TIpeIcTaBlicHi: KBamiikailiero PEeMOHTHHKIB 1 iX
KUTBKICTIO; MOJJIMBOIO KIJIBKICTIO PEMOHTIB, sKa
00yMOBIIEHa HAfBHICTIO 1 KUIBKICTIO 3alacHUX
eneMeHTiB, crpareriero TO Ta peMoHTY.

3arnouaTKOBaHO 0i0moTeky
aBTomMatHux Mmozmened BC 3 komOiHOBaHMM
CTPYKTYpPHHUM  DPE3E€pBYBAaHHSIM  Ta  PI3HUMH
crparerisimu TO, siki B MO€AHAHHI 3 MPOOJIEMHO-
OpieHTOBaHMUM mporpaMHuM  Moxyiem ASNA
3a0e3Meyy0Th aBTOMATH3ALII0 PO3B’A3aHH 3a/1a4 iX
HaJIHHICHOTO TPOEKTYBaHHS.

CTPYKTYPHO-
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MaHa3iii Bo2zdaH AHOpiI-
uoesu4, rnpoghecop, OOK-
mop MEexHIYHUX Hayk,
npogpecop kagpedpu “Te-
opemuyHa padiomexHika
i padiosumiprogaHHs” Ha-
UioHanbHo20  yHigepcu-
memy “Jlbgigcbka Mosii-
mexHika”. Cmax nedazo-
eiyHoi  disnbHoCcmi  y
suwiti wkoni 6nu3bko 40
poKis. Aemop noHad 250 Haykosux ma HayKogo-
nedazoeiyHuX rpaub, 8 Momy 4ucsi 2 MoHozpadii

ma 6 HaeyanbHUX  [OCIBHUKIE 3  2puhom
Minicmepcmea oceimu YkpaiHu.
Haykosi iHmepecu — mMmemodu asmomamu-

308aH020 aHasisy HeniHIlHUX eneKmpPOHHUX Kin i
3abesneyeHHs1  HadilHocmi  padioenekmpoHHUX
npucmpois i 3acobie mesekoMyHikayid.

Bonouiti BozdaH Kpitiosuu,
ooueHm, kaHOuOam mexHid-
HUX HaykK, npoghecop kaghedpu
“TeopemuyHa padiomexHika i
padiosumiprosaHHsi” HauioHa-
NibHO20 yHieepcumemy “fIbgie-
cbka rnonimexHika”. Cmax
nedaeoeiyHoi  dignbHOCMIi Yy
suwjit wkorni 32 poku. Aemop
noHad 150 Haykosux ma
Haykogo-redaz20eiyHuUx npaub, 8 momy 4ucri 2
MOHoepadghii ma 1 HasyaribHUL MOCIOHUK.

Haykoei iHmepecu — meopis ma npakmuka
CUCMEMOMEXHIYHO20 MpPoeKkmyeaHHsi padioenek-
MPOHHUX IHGhopMauiliHUX cucmem.

Ozipkoecbkuli JleoHid [e-
OHicitiosu4, doueHm, KaHOU-
dam mexHIYHUX Hayk, 0o-
ueHm kagpedpu “TeopemuyHa
padiomexHika | padiogumi-
progaHHs" HaujoHarnbHo20
yHigepcumemy  “JIbgigcbKa
nonimexHika”. Cmax nedazo-
eiyHoi  dissneHocmi 'y euwid

\ / wkoni  6rusbko 10 pokie.
Aemop noHad 40 Haykosux ma HayKoeo-
nedaezoeiyHuUXx fpaub, 8 momy 4qucihi 1 Has4asrbHUl
MOCIOHUK.

Haykoei iHmepecu — npoekmyeaHHs1 iHGhOpMA-
uitiHux cucmem, MooOersito8aHHs (byHKUIOHaIbHOI ma
HadiliHicHOT noeediHKu, HaldiliHicmb ma Xugy4dicmab
iHpopmayiliHux — cucmem, CMBOPEeHHs1  3acobis
asmomamua3saujii cCUCMeMOMEeXHIYHO20 rpoex-

myseaHHs iHbopMauiliHuUX cucmem.

160



Bohdan Mandziy, Bohdan Volochiy, Leonid Ozirkovskyy / Computing, 2008, Vol. 7, Issue 1, 161-163

ISSN 1727-6209
International Journal of Computing

] computing@computingonline.net
J www.computingonline.net

PROGRAM MODELS FOR INTERACTIVE DESIGN OF FAULT-TOLERANT
SYSTEM WITH MIXED STRUCTURAL REDUNDANCY TAKING ACCOUNT
MAINTENANCE SERVICE STRATEGIES

Bohdan Mandziy, Bohdan Volochiy, Leonid Ozirkovskyy

Department of Theoretical Radio Engineering and Radiomeasurement
Institute of Telecommunications, Radioelectronics and Electronic Engineering
Lviv Polytechnic National University
12, Stepana Bandery Street, Lviv, 79013, Ukraine
lozirkovsky@polynet.lviv.ua

Abstract: The problem of development of program models of the fault-tolerant system with the mixed structural
redundancy is solved. For designing of program models an advanced technology of analytical modeling of the systems
is used. This technology takes into account all features of structure and behavior of the system under the action of
refusals and two variants of realization of maintenance service strategy. It provides possibility of multiple analysis at
the small expenses of time. The results of researches of the fault-tolerant system, which illustrate possibilities of

decision of tasks of reliability analysis and reliability synthesis, are resulted in the article.

Keywords: reliability, fault-tolerant system, modelling, radioelectronic systems, maintenance service strategy.

INTRODUCTION

On systems design stage of radio-electronic
systems one of the important tasks is an analysis of
the chosen variant of fault-tolerant system behaviour
at occurrence of refusals. Next of tasks of the
reliability design of the fault-tolerant systems is a
task of choice of strategy of its maintenance. In this
article the problem of development of reliability
models of the fault-tolerant systems with a mixed
structural redundancy [1] for research of efficiency
of strategies of its maintenance is solved.

Consideration of such fault-tolerant system in
combination with strategies of its maintenance
substantially complicates the problem of designing
of reliability model. A problem is solved with
application of original technology of modelling [2,
31

At the first stage of modeling technology the
software ASNA builds a designing object model as
the state graph. At the second stage the software
ASNA forms Kolmogorov — Chapman system of
differential equations of and solves its by means of
Runge-Kutta-Merson numerical method, defines and
represents parameters of reliability

A structural — automatic model saved as a file of
ASNA software we will name a software model in
what follows.

1. THE DESCRIPTION OF MODELLING
OBJECT

Configuration of fault-tolerant system with the
mixed structural redundancy (Fig. 1) includes:
e Basic radio-electronic subsystem which is built
from the same modules;
¢ Quantity of redundant units for a radio-electronic
subsystem which are used as moving
redundancy;
Quantity of redundant subsystems;
Means of control and diagnostics;
Switches;
Maintenance organization.

2. DESIGN OF STRATEGY MODELS

For conducting of researches two strategies of
maintenance are formed, which differ the terms of
conducting of works of repairs.

Research of strategies of maintenance for this
fault-tolerant system must give an answer to the
following questions:

1. What qualification of repairer is needed for
providing of the necessary level of
reliability of the fault-tolerant system?

2. What amount of repairs for the modules of
the basic functional setting it is necessary to
provide, to provide the necessary level of
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reliability of the fault-tolerant system?

3. What amount of maintenance with what
period is needed for providing of necessary
reliability on the set interval of exploitation
of the fault-tolerant system? What amount
(prophylactic renewal) it is necessary to
provide for providing of the level of
reliability in a time of guarantee service?

4. What ceiling amount of objects for one
repairer is possible to fasten, that the
necessary level of reliability of the fault-
tolerance systems will correspond to given
requirements?

5. What financing of repairs works is
necessary. Is it economic expediency the
maintenance? If necessary amount of
maintenance, exceeds a reasonable (for
example, according to economic criterion)
value, decision can be made about complete
replacement of apparatus after the certain
term of exploitation.

RS, =
., <> } =]
le ]
CDM @ RS,

(i

4 Unit, ¢4 Unit, |e « o[ Unit, $

. =
OOty tidh

Fig. 1 — Fault-tolerant radio electronic system with a
mixed structural redundancy (1 — units of radio
electronic system; 2 — UMR - units of moving
redundancy; 3 — RS - redundant subsystems; 4 —
maintenance organization; CDM - control and
diagnostic means; S — switch).

3. RESEARCH OF RELIABILITY OF

FAULT-TOLERANT SYSTEM WITH

CONSIDERATION OF DIFFERENT
MAINTENANCE SERVICE STRATEGIES

Designed models can serve as prototypes for
designing of new models of the modified fault-
tolerant systems with the use of mixed redundancy.

Before conducting of researches the estimation of
potential possibilities of the fault-tolerant systems
with the purpose of determination of maximum
values of parameters and degrees of their influence
is carried out.

For research of fault-tolerant system taking
account of the maintenance service strategy
according to technology described in [2] structurally

automatic models have been designed. However
through their bulkiness in the given article its are not
shown.

Rating of reliability of fault-tolerant system
taking account of maintenance service strategies.
Proceeding from practical reasoning, in view of
possible restrictions, for fault-tolerant system, initial
values of parameters of its configuration are set:
amount of units of the basic functional appointment
n=2; amount of redundant subsystems L=1; Intensity
of refusal of basic functional units and redundant
units Am=le-4 1/hour; Intensity of refusal of a
working reserve subsystem Aprs=le-3 1/hour;
Intensity of refusal of an idle reserve subsystem
Anrs=1e-4 1/hour; Average value of connection time
of reserve unit Tprm=Ile-1/hour; Average value of
an interval of repair time of reserve subsystem
Trs=1e-1/ hour; Average value of an interval of
repair time of unit of basic subsystem Trm=le-1
/hour.

A research of dependence of reliability
probability of the fault-tolerant system with mixed
structural redundancy and maintenance service
strategies is carried out (Fig. 2, Fig. 3).

4. CONCLUSION

Opportunities of increase efficiency of fault-
tolerant systems analysis of the due to use of the
advanced technology of modelling which allows to
refuse use of decomposition of a task of the analysis
of reliability on a task of the analysis of a
configuration of fault-tolerant system and a task of

i the analysis of strategy of its maintenance service

are shown.

New reliability program models with use of the
advanced technology of modelling are designed.
Results of the reliability analysis of fault-tolerant
system with the mixed redundancy constructed of
the same units which moving redundancy and
maintenance service is stipulated are carried out.
The features of system behavior, caused by use of
the mixed structural redundancy, an opportunity of
means of the control and diagnostics, quality of the
device of switching, an opportunity of renewal of
faulty elements of maintenance service are taken
into account in the designed program models.
Opportunities of maintenance service are submitted
of the next indexes: qualification of repairmen and
their quantity; possible quantity of repairs which is
caused by presence and quantity of redundant
elements, strategy of maintenance service.

The library of structurally automatic models of
fault-tolerant systems with the mixed structural
redundancy and different strategies what in a
combination with software ASNA provide
automation of the decision of tasks of their
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Fig. 3 — Dependence of reliability probability on time
at amount of repairs for Strategy 2 of maintenance.
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