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INPOI'PAMYBAHHS PEXKUMY HEHABAHTAXKEHOI'O PESEPBYBAHHS
Y KOMIPIOTEPHUX CUCTEMAX KPUTHYHOTI'O 3ACTOCYBAHH:

Ocob61116020 3HAYEHHS HA CbO2OOHI 8 3a0ayax Ni0BUWEeHHS eheKMUBHOCMI BUKOPUCTNAHHS Kd-
HAi@ KOMN TOMEPHUX CUCIeEM KPUMUYHO20 3ACMOCY8AHHS HA0Y8AE AKICHUL KOHMPOTb NePEMIHNCHUX
8I0MO8, YACMKA AKUX 8 YCbOMY HOMOYI 8IOM08 cmaHnogume npubauzno 80-90 %, a makosic npaguivbha
idenmudbixayis cmany yux KaHauie Ha OCHOBI AHANIZY CUSHANI@ NOMULOK 3d MIHIMAIbHUL yac ix 6i-
OIMKHEHHS 610 pileHHA «KOpUCHUX» 3aday. Po3pobra moodenetl i areopummie ananisy nociioo8HocC-
metl NOMUNOK, Ki € Hacriokom 360i8 kananie KCK3 3 madxcopumapnum pe3ep8y8anHim, € OCHOBOI
NPOCPAMYBAHHA PENHCUMY HEHABAHMANCEH020 pe3eps8ysanHs. Lle dacmb modscaugicmv MiHiMizysamu
KOMN TOMEPHUX cucmem KPUMuUYHO20 3ACMOCY8AHHS, W0 BUKOPUCMOBYIOMb PEdXCUM HEHABAHmMAaMce-
HO20 pe3ep8yeanHs 3 MOYKU 30py CMIUKOCHI 00 KOPOMKOYACcHUX 30018, i gusHauaromvcs ooracmi ix
0oyinbHO20 suKopucmarts. Ompumani y cmammi aHaiimuyHi 6Upas3u 0ams 3mo2y pooumu euodip
HeHaganmadxceHux pezepsoganux cmpykmyp KCK3 ckopouens i € 0CHO8010 8i0n08iOH020 NpocpaM-

HO020 3a0e3neyeHHsl.

Knrouoei cnosa: npocpamysanms, Komn'romepHi cucmemu KpUMuyHo20 3ACMOCYy8aHHA, 30il,

HEHABARMAINCEHE PE3EPBYBAHHA.

Beryn. PiBenp HamifHOCTI KOMIT IOTEPHUX
cuctem kputuuHoro 3actocyBanHs (KCK3) 3a-
JIEKATH BIJ 1HTEHCUBHOCTI BIZIMOB 1 300IB iX
€JIEMEHTIB, JOCKOHAJIIOCTI 3ac00iB KOHTPOITIO,
JIIaTHOCTYBaHHSA 1 PIBHSA BHUKOPUCTAHOI HaaMip-
Hocti. 3abesneuenns Haxgiiinocti KCK3, mo e
00CITyrOBYIOThCS, B YMOBaX OOMEKEHb Ha Killb-
KiCTh PE3€PBOBAHUX KAaHANTIB 3AIMCHIOETHCS LIS~
XOM BHKOPHUCTAHHS CIEIiaIbHUX MPOLEAYP iACH-
tradikarii 3001B Mpy HEHABAHTAXKEHOMY PE3EpPBY-
BaHHi [ 1, 2]. HeHaBaHTa)XeHUI pe3epB CKIANA€Th-
Cs 3 OJIHOTO UM JCKUTBKOX PE3CPBHUX CIICMCHTIB,
sIKi TIepeOyBaroTh Y HEHaBaHTA)KEHOMY CTaHi 10
MOYaTKy BUKOHAHHS HUMH (PYHKII OCHOBHOTO
enemenTa [3]. Taki pe3epBHiI eneMeHTH Tepedy-
BalOTh y BUMKHEHOMY CTaHi 1 JO MOMEHTY iX
BKIIFOUEHHSI HE € HECITPABHIMHU.

OCHOBHUMHY TPUYMHAMH BUHUKHEHHS I10-
MUJIOK KOHTPOJIIO € HEJOCTOBIpHA iAeHTU(IKALIs
niesmatHoro crany. OcoOIMBOro 3HAYEHHS Ha
ChOTOJIHI B POOOTI 3 MigBUIICHHS €()EKTHBHOCTI
Bukopucrantsa kaHamB KCK3 naOyBae sKicHHIA
KOHTPOJIb TIEPEMIKHHX BIIMOB, YacTKa SKHX
B YCHOMY ITOTOIIl BiIMOB CTaHOBHTH MPHOIHM3HO
80-90 %, a Takox mpaBWIbHA iAcHTU(IKALIS
CTaHy X KaHANiB Ha OCHOBI aHaNi3y CHUTHAIIB

IIOMIJIOK 3a MIHIMAJIBHHUI 4Yac iX BIAIMKHEHHS BiJ
pilieHHs «KOpUCHHX» 3amad. [IporpamyBaHHs
PEKUMY HEHABAaHTA)XKEHOTO pe3epBYBaHHS 3a0e3-
TIEYYEThCS 3aCTOCYBAHHSAM BIIITOBIAHUX METOJIIB
Ta aJTOPUTMIB, 110 CIPUSIOTH ITiIBUIIICHHIO €(eK-
THBHOCTI BHUKOPHWCTaHHS KaHAJIB KOMIT IOTEPHUX
CHCTEM KPUTUYHOTO 3aCTOCYBAHHSI.

AHaJI3 OCTAaHHIX TOCHiIKeHb TAa IMyO0.Ti-
Kamiid. JlocmimKeHHIO KOMIT FOTEPHUX CHCTEM
KPUTHYHOTO 3aCTOCYBaHHS IPHCBSYEHO POOOTH
psny aBtopiB. Tak, y poOoTi [4] aBTOpamu nocii-
JUKYETBCSI CHHTE3 apXiTEKTYPH CydacHOi KOMII FO-
TEPHOI CUCTEMH JUTSl YIPABIIHHS CKJIATHUM PO3-
MONUICHAM 00’ €KTOM, OCHOBHI €Talmy CHHTE3Y
apxiTeKTypH. ABTOpH BKa3yIOTh Ha HEOOXITHICTh
MOTIEPEAHBOTO PO3KIIAJIaHHs, CTPYKTYPYBaHHS Ta
(hopmarizariii CHCTEMH, a TAKOK HaBEJICHO OCHOB-
Hi eTamu iepapXivyHOi IOCIiJOBHOCTI TPOIECY
po3kianaHHa. ABTopu poOoTH [5] MPOMOHYIOTH
KOMIUIEKC, 10 BKIIIOYA€ KibKa MOJIENed Ta Me-
TOJI; BiH BUKOPUCTOBYE 3pa3Ku Tpadiky 3 JeKiib-
KOX CEaHCIB K BUXIiJHI JaHl JUIT BUKOHAHHS KO-
POTKOYACHOTO MpOrHO3yBaHHs Tpadiky. B pobo-
Tax [6-8] aBTOpHM aKLEHTYIOTh CBOIO yBary Ha
METOAaX PO3paxyHKy IapaMeTpiB HAIIHHOCTI Ta
(yHKLIOHATIBHOT O€3MeKH TEXHIYHUX CHCTEM, IO
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XapaKTepU3yIOThCS  MOXKIIUBICTIO  OTPUMAaHHS
crporuXx (OpPMYJBHHUX BHpa3iB CTaliOHAPHUX
napameTpiB Oe3nocepeanbo 3 rpadika cTaHy CH-
cremu. B [7-13] BimoOpakaroThCs pe3ysIbTaTH
JTOCITIDKEHB MoJieielt iHpOopMaIliiHOI CTPYKTYypH
CHCTEMH MiITPUMKH, L0 BPaxOBYE IMOTY>KHICTb
TpaH3akilii cucremu. Lle onTuMizye MPOIMyCKHY
3IATHICTh BY3JiB 1, SIK pe3yiabTar, MiATPUMKA
e(eKTUBHOCTI CUCTEMH EJICKTPOHHOTO HaBUAHHS
3poctae. B poboti [13] posrmsimaeTses came
CTPYKTypa Mepexi TilepKOHBEPreHTHOI 0a30BO1
MepeXi MIATPUMKU €JICKTPOHHOTO HABYAHHS SIK
OCHOBHHH (akTOp, IO BIUIMBAE HA SIKICTH 3alu-
TiB cucteMu. B po0oTi [14] po3rISIHYTO METO.X
CHHTE3y OOCpHEHMX OIlepalliid I BiJIOMHX IIps-
MuX omnepaiiii. Llei meTon 3a0e3mneuye moOya0BY
00epHEHOT omepalii MUISIXOM IEPETBOPEHHS APY-
roro omnepaHfa JABOPO3PSIHOI JBOOMEPaHIHOT
omepalii CTPOroro CTIHKOro KpumrorpagidHoro
KOJTyBaHHSI.

CTBOpPEHHIO METOJOJIOTIYHOTO 3abe3me-
YeHHs CHHTE3Y Ta aHajli3y HaOOpiB IBOOTIEpaH/I-
HUX JBOOITOBHX KpuOTOrpahidyHux oOmeparii
3 TOYHOIO TIEPECTAHOBKOIO TPHCBAYEHO POOOTY
[16]. ABTopm TIpoBeIM JOCTIMHKEHHS, IO TPYHTY-
I0TbCSl Ha pe3yJsibTaTax OOYMCIIOBAJIBHOIO EKCIIe-
PUMEHTY, KW TOJATae y CHUHTE31 JBOOTECPaH]I-
HUX JTBOOITOBUX KPHUIITOOMEpAIlii, siki 0a3yroThes
Ha OHOOIIEPaHHUX, 3 TOJAJIBIIUM MOLIYKOM Tap
oreparii TpsAMOTO Ta KOPEKTHOTO 3BOPOTHOTO
KPHIITONIEPETBOPEHHS Ha OCHOBI MOBHOTO IOIITY-
Ky. B mporeci 009HCITIOBaIHFHOTO EKCIIEPUMEHTY
aBTOPH OTPUMAJIH TAPH JBOOTICPAHIHUX OIllepa-
i, o mpeAcTaBieHi KOpTeXKaMi YOTHPHOX Of-
HOOTIEpAHIHUX OTIEPAITii.

Takum unHOM, aHami3 mitepaTypu [4-20]
MMOKa3aB HEOOXiTHICTh PO3POOKH YHIBEPCATHHOTO
Merony mis KCK3 y pi3HHX Tamy3sx, 1o aae
MOYJIUBICTb OOpaTH OJHH 13 PEKUMIB HEHaBaH-
TaKEHOTO PE3epBYBaHHS Yy KOMIT IOTEPHUX CHC-
TeMax KPUTHYHOTO 3aCTOCYBaHHSI.

Merta gocaimzkeHHss — po3poOka Mopeneit
1 aTOPUTMIB aHAJI3y MOCIITOBHOCTEH MTOMMIOK,
sIKI € HacHigkoM 300iB KaHaJiB KOMIT IOTEPHHX
CHCTEM KPHUTHYHOTO 3aCTOCYBaHHS 3 Ma)KOpHTap-
HUM pEe3EpBYBaHHSM, L0 AaAyTh 3MOTY MiHiMi-
3yBaTH HMOBIPHICTb HEIOCTOBIpHOI ineHTH(iIKa-
1Tii IXHBOTO TEXHIYHOTO CTaHy Ta € OCHOBOIO Bij-
MOBiTHUX MPOTPaMHHUX 33aCO01B.

Buk/ajgeHHsl 0CHOBHOIO martepiajy J0-
caimxennsi. Po3poOka mporpamHoro 3abesrie-
YeHHS Ui PEeXUMY HEHABaHTAXKEHOTO pe3epBY-
BaHHsS 3a0e3ledye aBTOMATH3AII0 IIPOIIECIB
y KOMII'IOTEPHUX CHUCTEMaxX KPUTHYHOTO 3aCTO-
CyBaHH:. BakJIMBHMU Ha MOYATKy Tepe]l mpole-

COM MpOTpPaMyBaHHS € JOCHIIPKEHHS Ta BHOIp
BIAMOBIMHUX Monemel 1 po3poOka Ha iX OCHOBI
BIJIMOBITHUX anropuTMiB. MoJlefOBaHHS ONTH-
MaJIbHOT HAIIHHOCTI TPEICTaBIIsAEe TOBHUN 00CST
iHdopMaIlil Ta CTpaTerid Ui BH3HAYCHHS Hak-
OubI eheKTUBHHUX CHOCOOIB 3a0e3MeYnTd Bif-
MOBITHICTh CHCTEM yCiM HEOOXiTHUM BHMOTaM
10 TPOAYKTUBHOCTI, BpaxoByOuu rpadik, Bap-
TICTh Ta JOLIIBHICTH [19].

1. AHamiz MakOpUTapHOi CTPYKTYpH
3 HEHABAHTAKeHUM pe3epBYBAHHAM

Jst aHami3zy aJrOpuTMIB 1 MaTeMaTHIHOL
MoJielTi B poOOTi pO3rISTHYTO NyOJIbOBaHy CHCTE-
My (AC) 3 A0AaTKOBHM KaHAJIOM, SKHH 3HaXO-
IUTBCSL Yy HeHaBaHTaxkeHoMy pesepBi (DCH),
BMHKA€ETHCS TICISA BiMOBH OJHOTO 3 KaHATIB
1 IOYMHAE BTpavaTH HAMIMHICTE B MOMEHT BUXOIY
3 JIaly OJTHOTO 3 Tpare3gaTHux KanajiB. Ocolu-
BIiCTh W€l CTPYKTYpH MOJISATa€ B TOMY, 1[0 BOHA
Mae Tpu iHpopMauiiiHi O0J0KH, CXeMy HOpPiBHSH-
Hs 1 komyTatop. Komanny Ha mepekomyTamio
KaHATIB BUIA€ OJIOK KEpyBaHHS ITCIIA aHAIII3y
CUTHAJTIB 31 CXEM ITOPIBHSIHHS, SKI KOHTPOJIIOIOThH
BC1 TpH KaHau (PUCYHOK 1).
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Pucynok 1 — CtpykrypHa cxema DCH

[Ipu mosiBi cUrHANy MOMWIKH B OJTHOMY 3
kananiB KCK3 3 HeHaBaHTakeHHMM pe3epBYBaH-
HSM HEHaBaHTA)KEHUI KaHal BMUKA€ThCS, a Bil-
TIOBITHI TEXHIYHI 3ac00M 3IIHCHIOIOTH IiIpaxy-
HOK CHTHAQJIB TIOMIJIOK 3a IHTEpBaJ CIOCTEpe-
xenHss TC (3amaHuil BiApi3ok yacy, miapaxyHOK
SIKOTO TTOYMHAETHCS 3 MOSIBOK MEPIIOTO CUTHAITY
MOMMWJIKH) 1, SKIIO iXHA KinbKicTh K Oinpma 3a-
nanoi KZ, To KOHTpOJIbOBaHUN KaHal igeHTH]i-
KY€ThCS K HEI€3TaTHUHA 1 BIH BUMHUKAETHCS Bix
moaajbinoro (GyHKI[ioOHyBaHHS. [HTepBajgoM Oe3-
neku TB OynemMo Ha3uWBaTH 3alaHuil BiPi30K
Yacy, MiIpaXyHOK SIKOTO ITOYHMHAETHCS 3 MOSBOIO
KOxHOro curHany momwiku. Skmo K < KZ i
TC > TB, xontponroBanuii kanan KCK3 BBaxa-
€TBCS JI€3JATHUM 1 BMHKAETHCSI B POOOTY «3a
MIPU3HAYEHHSIM)» 3 OJHOYACHUM BUMKHEHHSM OJI-
HOTO 3 KaHAJB y HCHABAHTAXXCHUH Pe3epB MiCIsL
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MOMeHTy KiHug crnoctepexkeHs TC. Sxmo
TC < TB, 4ac cnocTepe:keHHs 301UIBIIYETHCS HA
T =TB — TC. SIkmo 3a nei yac He HaAlNIEe CUT-
HaJl TIOMWJIKM, KaHall BBA)KAETHCS [I€3JATHHM.
IIpy mosiBI CHUTHAITy MOMHJIKHA IHTEPBAJI CIIOCTE-
peXEeHHS NPOJOBXKYETbCA Ha BenuuuHy 1B. Sk-
o 3a yac TB He Hamiiige cUrHaja MOMUIIKH, TO
KaHaJI BBOXKAEThCs Mie3natHuM. [Ipu nossi L min-
psA CUTHAJIB MOMIIOK 3a yac TC KOHTpOIhOBa-
HAW KaHaT 1IeHTH(IKYEThCS SK HEMi€3TaTHHMA
1 BUMHKAETRCSL.

Konkperni Benmuunn TC, TB, KZ, L no-
BUHHI 3aJaBaTHUCS, BUXOASYH 3 aHANI3y MPUYUH
1 BUKJIMKAQHUX HMMH IIOCJI1JOBHOCTEN 3001B.

2. AHajitnyna mojess Hagilinocti DCH

PosrnsaeMo cxemy 3aMmillieHHs A7l CHCTe-
MU, III0 TIPAIIOE TIPH PE3ePBYBAHHI 3aMIIICHHSM.
3 MOMEHTY BMUKaHHS CUCTEMH B POOOTY CIIBHO
MPALOIOTh JBa KaHAJHM, Y Yac T BUXOAY 3 Jaxy
OJTHOTO 3 HHUX BiIOYBA€THCS BMHUKAHHS B POOOTY
kagary C 1 KoMmyTaIliss #oro Ha BHXIJ CHCTEMH.
3 gacy T IMoYMHAE BUTpadaTHCS HATIMHICTh KaHa-
my C. OCKiTbKH y BHITAJIKY 30010 OJTHOTO 3 KaHa-
nmiB cucremMu 3a yac TC BiH imeHTH(DIKYETHCS
1 cMCTeMa BEPTAETRLCS B MONEPEIHIN CTaH, TO IPH
JIOCTAaTHLO TPUBAIIN EKCIUTyaTallii CUCTEMH MOX-
Ha BBaXaTH, IO J0 BiAMOBH cuctema K pasir
BMHKanacs npotsarom yacy TC.

f45(1) = deiB

Fe(t,n)= j'e‘k(f —(t+1,87¢tn))
0

—0,2At
PDCHCK(t) =|e +Z

3. MapkiBcbka mogenb HagiliHocti DCH

3Har4YM 1HTEHCUBHOCTI BiAMOB 1 BIJHOB-
JICHHSI OKPEMHUX €JIEMEHTIB CHCTEMHM, MOXKHA I10-
OyayBatu rpad mepexomniB, y SKOMY BepIIMHAMH
OyIyTh CTaHU CHUCTEMH, peOpaMu — MEPeXOoau
3 IHTGHCUBHOCTSIMU BiJIMOB 1 BigHOBJIIeHb. [lpm
moOynoBi rpada mepexoiB (PUCYHOK 2) TIpHuiiMa-
€MO TaKi JOIYIICHHS:

1. B xoxxHOMY 31 CTaHiB S; BogHOYac HE
MOKe BiIOyTHCS OibIe OHI€T BiIMOBH KaHATIB.

2. Yac cnoctepesxeHHs! Ty HACTUIBKHA Ma-
T, 10 T Yac WOTro He MOXKe BinOyTucs 30ii
IHIIIKX KaHaJiB.

Qup® _ Qlup
T

Hexait AZ — iHTEHCHBHICTb pOOOTH OJHOTO
KaHamy Ha 30iif, AB — Ha cTamy BizMmoBYy,
A = AZ + AB — iHTEHCHBHICTH pPOOOTH OJHOTO
KaHaly Ha 30iif 1 BigmoBy. Ilpwmiimaemo:
AB=0,1A; AZ = 0,9A. Toni TZ — cepenniii gac
HaIpaIloBaHHS Ha 301l JBOX KaHAJIB OOYHCITIO-
€THCS 32 BUPA30M

TZ: 1/27\.2 (1)
CepenHs KUTbKiCTh 300iB TBOX KaHAIB
K=t/Tz=2)\tTc. 2)

3rigHO 3 ajJTOPUTMOM BMHKAHHS KaHAIIB
IiCTIs BIIMOBH JIBOX 13 HHX BiIOyBaeThCs Tepe-
KOMyTaIliss Ha pe3epBHUN kaHan C, HamIHHICTH
SIKOTO TIOYaJia BUTPAYaTHUCS TI3HIIIEC BXiTHUX Ka-
HaJIB:

Pss(t) = PAB(t) + Pc(t,t + 2}\’CTCt) =

t
3
= 6_0’2}” +ITC(t —(T—zchcl)) fAB(‘C)dT = ( )
0
ze—O,ZKt + e—?»(t—(r +1,8tTC7»)).

YacTtoTa BiIMOB OOYHCIIOETHCS 3a BHUpa-
30M (4). OTpumaHni Bupas3u miacTaBisieMo B (5).

3 ypaxyBaHHSIM O€3BiJIMOBHOCTI KOMYyTa-
TOpa 1 CXEMH IMOpIBHSHHS Maemo Bupas (6).

(r)=(1 _ e—o,zxr) = 0,206 02, 4)
2
e1,sx T (e_o,m B e—kt)
-0,2he "t = ®
4
2
lel,sx TCt(e—O,ZM _ e—kt) B, ()P () - (6)

Pucynok 2 — I'padu nepexony cranis DCH
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ITonii S1 BimmoBimae BXIOHHUI CTaH CHCTE-
MU (7Ba Mparie31aTHi KaHAIM 1 OJMH KaHaj, STKHMA
3HAXOIUTKCS B «XOJOIHOMY» pe3epBi). 31 cTaHy
S1 cucrema moxe nepeiitu B cran S2 (36010 0f-
HOro 3 Ipale3JaTHUX KaHajaiB) abo B craH S4
(BiIMOBH ONIHOTO 3 TIpame3gaTHUX KaHaiiB). 3i
cTtany S4 cucremMa MoOXK€ Iepedth B cTaH S3
(30010 OIHOTO 3 TpalEe3aTHUX KaHalliB), BOJHO-
yac cucTeMa 3aJMIIMTLCS B Mpare3aTHOMY CTa-
Hi (OCKUIBKH aJTOPHUTM TIEPCKIIIOUYCHHS KaHAJIiB
MIPUITYCKAaEe mepeKkomyTallito Ha kaHan C, skuit
paHille 3HAXOIUBCI B «XOJOTHOMY» pE3epBi,
y pa3i He30iry IBOX KaHaJiB, IO 3aJIHIIATIUCH),
B craH S5 (30010 kanany C), BogHOYac cucremMa
3HAXOJUTHCS B CTaHI YaCTKOBOI BiIMOBH, S6 (Bif-
MOBHU OJTHOTO 3 MpAaIe3qaTHUX KaHaJiB), BOIHO-
4yac CHCTEMa 3aUINAETHCS Mpare3aTHO (KaHal
C nie3pathuit) i S8 (BigmoBu kanany C, mo npu-
3BOJMTH IO BIAMOBH CHCTEMH). AHAJOTIYHO 3i
crany S6 crucreMa IepexoauTh B cTtaH S7 (36010
ka"airy C, yacTKoBHit 30i#f CUCTEMH, 00IacTh Q)
abo cran S8 (BimMOBH cucTeMH). [HTEHCUBHOCTI
BIJTHOBJIEHHS KaHAJIIB IICJIS 30010

w=1/Te. (7)

Ha migcraBi moOymoBaHoTo rpada mepexo-
JiB 3aIIIICYEMO CUCTEMY TU(EpeHLIHHIX PiBHSIHb
Konmoropoga:

d_f;fl =—(2hc +2hy) Py + 1Py,
B2 Py + D0y,
% =Pz + Al
dP. Y
=54 = (20 +2hy) Py + WPy + W5 + 200 Py,
Bes P vicRy,
dt
BT Py 40Py,
dt
B8 ) P+ 0y Pay.

Jlns BpaxyBaHHS 0€3BiIMOBHOCTI 3aco0iB
NOPIBHSIHHS 1 KOMyTalii BBEAEMO TOJATKOBI Iie-
pexoau 3i craniB S1, S4, S6 B cran S8, 3 iHTCH-
CHBHOCTSIMU BiJIMOBH KOMYTaTOpa i CXeM IOpiB-
HSIHHSI CUCTEMH, 1110 JOPiBHIOIOTH Acrx = 0,05-Ap.

Bupimyemo cucteMy YMCETBHUM METOIOM
[17] 1 omepxyemMo BCi HMOBIPHOCTI CTaHIB
{P15 (#)}. 3HaxogumMo (PYHKIIit0O TOTOBHOCTI CHC-
temu (®@I) sik cymu HMOBIpHOCTI CTaHiB, B SKHX
cucTeMa 30epirae mparne3naTHICTh:

Pog(t) = Psy (1) + Py (1) + Ps3 (1) + g4 (1) + Psg (2) ()

4. ITopiBHAJILHUHT
CTPYKTYpH
Jns aHamizy BUKOPHUCTAEMO aHATITHIHY
moaens DCH 6e3 ypaxyBanHs 300iB KaHAIB,
ananitnyny mozens DCH 3 ypaxyBaHHAM 3001B —
DCHck 1 uncenbHy MOAENb, OTPUMaHy HA OCHOBI
MapKiBCBKHX TpadiB mepexofiB. AHaIITHIHA
mozens DCH 6e3 ypaxyBanHs 3001B Ma€ BUTIIAL

Ppen (1) :€7A'+267M( l-e™)=

=P(1)(2-P(t))=[P(1)(2-P(1))] PccPk(?).

Jst aHami3zy OTpUMaHUX aHANITHIHUX BH-
pasiB DCH 3adikcyemo 3MiHHI ¢, A, Az, A, Acm,
Ax. Yac t Oymemo 3mintoBatd 3 0 1m0 3 pokiB
3 kpokoMm Af=2160 roguH. [HTEeHCUBHICTH BiJ-
MOB A KaHamiB 3MIHIOETBCS B  MeXKax
A =107-10" l/rom. JUst A3, Ag, Acri, Ak BBOIAMO
3QJICKHICTD B A, A€ Acp = MAg, Ax = [-Ap; TOpH-
mMaemo m=2*10 '2, [=3%10 2, ITixcraBnsaroun i
3HAYCHHS B OTPUMaHi aHAJITHYHI BUpPA3M, aHa-
nizyemo anaiitnuai moxenm DCH; 3 ypaxyBaH-
HaM 300iB, DCH, ©6e3 ypaxyBanHs 300iB
1 mapkiBcbki Mogeni DCH; 3 ypaxyBaHHsIM 300-
iB. PesympTaTm aHamizy IMokazamd, M0 IS
L = 107 1/r mozmeni DCH, 3 ypaxyBaHHAM 360iB
Oinbin Hagiliai, Hixk DCH, 6e3 ypaxyBaHHs 3001B.
Ile 3ymoBIIeHO THM, 110 30iif B OJHOMY 3 KaHAJIIB
DCH, npusBene 10 «BTpaTw» KaHamy i, IK Haci-
JIOK TIHOTO, A0 Jerpajnarii cucteMu. PesynpTaTi,
OTpYMaHI TIPH aHATITUIHOMY 1 YHCEITEHOMY IO-
cmipkerni moaeneit DCH, He3HAYHO pi3HHUIUCS
MiX c000I0, IO MiATBEPIKYE MOKIUBICTh BHKO-
PUCTaHHA IIUX MOJIENEN IJis OLIHIOBaHHS HEHa-
BaHTQXCHUX CUCTEM 3 PI3HOMAHITHUMH PEXKH-
MaMU BMUKaHHS KaHaIB.

BucHOBKH i mepcneKTHBU NMOAAJIBIIOIO
PO3BUTKY. B pe3ynbrari aHamizy pisHHX MOJe-
et DCH BusHayeHo 00J1acTi JOLIJIBHOIO 3aCTO-
CyBaHHS 3aJICKHO Bijl pi3HOMaHITHHX YMOB. [Ipn
BHUKOPHCTAHHI  KaHAJTB  MaJloi  HamIHHOCTI
A =10-5 1/rox. npu KOpOTKOMY 4aci QyHKIIIOHY-
BaHHS CHCTEMH crioctepiraerbes nepeBara DCH,
3 ypaxyBaHHsM 300iB, mopiBasHo 3 DCH, Oe3
ypaxyBaHHs 300iB KaHaJiB cHUCTeMH. J{JIs1 OiabIm
Haniaux kaHams A = 10-7 1/roxa. DOmijIbHO BH-

aHaJi3 Mojaeei

(10)
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kopuctatu DCH, 6e3 ypaxyBanns 3001B KaHaJIiB.
AHaITAYHI BHPA3H IJIS CTPYKTYP 3 «XOJIOTHIM
pEe3epBHUM KaHAJIOM PO3TIITHYTO OUIBII TITHOOKO
B 3B’S3Ky 3 TUM, 1[0 II¢ HAWOUIBII MPUHHATHUI
3aci6 migBumeHHs HagiHOCTI KCK3 6e3 06cimy-
TOBYBaHHS IPU TPUBAJIOMY IEpiofi EKCIuTyaTa-
uii. OTpuMaHi aHaNITHYHI BUpa3W JAIOTh MOX-
JUBICTh POOMTH BUOIp HEHABAHTAXECHUX pe3ep-
BoBaHMX CTpyKTyp KCK3.

TakuMm 4YWHOM, 3aIPOIIOHOBAHO MOJENI Ta
aJTOPUTMH, IO 3a0€3MEeUyIOTh aHaI3 TIOCIIIOB-
HOCTEH MOMMUIIOK, SIKI € HACIIJKOM 300iB KaHAJiB
KOMIT IOTEPHUX CHCTEM KPUTUYHOTO 3aCTOCYBaH-
HS 3 MOKOPUTAPHUM pe3epByBaHHAM. Kpim TorO,
HABOJATHCS TPUKIATN MOJEICH cucTeM Hamii-
HOCTI, [0 JACTh 3MOTY MiHIMi3yBaTH WMOBIPHICTb
HEZOCTOBIpHOT iAeHTH(IKAMI{ IXHBOTO TEXHIYHOTO
CTaHy. 3alpoIOHOBaHI MOJIENI 1 arOPUTMH € OC-
HOBOIO BiJIITOBITHAX MTPOTPaMHUX 3aCO0IB.
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PROGRAMMING OF UNLOADED REDUNDANCY MODE
IN COMPUTER SYSTEMS OF CRITICAL APPLICATION

Today, the quality control of intermittent failures, the share of which in the total failure rate is
approximately 80-90 %, as well as the correct identification of the state of these channels based on the
analysis of error signals for the minimum time of their disconnection from the solution of "useful”
tasks are of particular importance today in improving the efficiency of using channels of computer
systems of critical application. The purpose of the study is to develop models and algorithms for ana-
lyzing the sequences of errors that result from channel failures of computer systems for critical use
with majority redundancy, which will minimize the likelihood of inaccurate identification of their
technical condition and are the basis of appropriate software. In the paper for analyzing the algo-
rithms and mathematical model a duplicated system with an additional channel, which is situated in
the unloaded reserve, turns on after the fault with one of the channels and begins to lose reliability at
the fault-time with one of the working channels, has been considered. Knowing the intensities of fail-
ures and recoveries of the system's individual elements, a transition graph is constructed in which the
vertices will be the states of the system, the edges will be the transitions with intensities of failures and
recoveries. As a result of analyzing various DCH models the areas of expedient application depending
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on various conditions have been determined. When using low-reliability channels, an advantage
of DCH; with a short-time system operation, taking into account failures, is observed compared to
DCH,; without taking into account failures of the system channels. For more reliable channels, it is
advisable to use DCH, without taking into account channel failures. Analytical expressions for the
structures with a "cold" backup channel are considered in more depth due to the fact that this is the
most acceptable means of increasing the CSCA reliability without maintenance for a long operation's
period. The reliability of computer systems of critical application, which use the mode of unloaded
redundancy, is researched in terms of resistance to short-term failures, and the areas of their appro-
priate use are determined. The analytical expressions obtained in the article allow to make a choice
of unloaded redundant structures of CSCA.
Keywords: software, computer systems of critical application, failure; unloaded redundancy.
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