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Onucano nodynoBy Mojesi HaaiiiHICHOI MOBeIiHKH NMPOrPaMHO-aNapaTHOI CUCTEMH Y
BUIISAI rpada craHiB Ta mepexoiiB, AKa BPaxoBy€ MOSBY BiAMOB Ta 300iB NpPOrpaMHOIo
3a0e3neyeHHs Ta anmapaTHUX 3aco0iB, iX HACJiIKHM, 0 NMPU3BOAATH A0 MPOCTOI0, a TAKOXK
CIoco0M BiTHOBJIEHHS NMpale3XaTHOCTi. 3a PaxyHOK AOCATHYTOI0 CTyNeHs AaJeKBATHOCTI
3aMpPoNOHOBAHOI MOJeJi MiIBUIEHO TOCTOBIPHICTH PO3PaXOBYBAaHUX MOKA3HHUKIB HaaiiHOCTI
nporpamMHo-anapatHoi cucremu. IIpoBeaeHi qociaifzkeHHsl MoKa3ajM Pi3HMUIO MiXK 3HAYEH-
HAAMHU (yHKIIl TOTOBHOCTi MPOrpaMHO-anapaTHOi cucTeMH Ta HMoBipHocTi ii mepedyBaHHs B
CTaHi MPOCTOI0, BU3HAYEHUMH 3 YPAXYBAHHAM KOPOTKOYACHOI TA MOBHOI 3yNNUHOK anapaTHUX
3a2c00iB.
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Hardware/software systems provide flexible implementation of microprocessors,
microcontrollers and various peripheral devices and supply the ability to perform almost any
functional algorithm that can be simply modified or replaced. For reliability estimation of
har dwar e/softwar e systems we must take into account not only the loss of efficiency, which was
caused by the hardware failures, but the abnormal functioning, that was caused by software
failures. All these features of hardwar e/software systems must be considered in their models
for reliability indexes estimation.

Development of mathematical models of hardware/software system begins with
establishing the cause-and-effect relationships of its efficiency violations. Basing on these
cause-and-effect relationships the structural-automatic model, which is formalized
representation of structure and behavior of hardwar e/software system, was developed. This
structural-automatic model and software module ASNA allows obtaining the analytical
mathematical model of hardware/software system as graph of states and transitions.
Development of structural-automatic model involves solving the following tasks: forming the
vector of states, forming the set of formal parameters, defining the basic events and forming
the tree of modification rules of vector’s of states components.

Features of forming the vector of states are that the hardware state affects the software
state and on the contrary, so the hardwar e/software system’s state must be represented by two
vector’s of states components. one to display the hardware state and the other to display the
softwar e state. The set of for mal parameters contains all constants and their values, which are
used for constructing the mathematical model. Basing on the infor mation of Crittercism, IBM,
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Microsoft and Ballista OS Robustness Test Suite the intensities of hardware and software
faults and failures were calculated. Other required initial data were obtained too. Also, 12
basic events, which can be occurred, and development of the tree of modification rules of
vector’s of states components were submitted in the model of hardwar e/softwar e system. The
specification of states and transitions was given and the graph of states and transitions was
presented. From the developed model of the system’s behavior we can clearly distinguish three
types of states, which are related with faults and failures of hardware and of software
separ ately as well as of hardwar e and softwar e collectively.

Using the developed model the reliability indexes of non-reserved hardware/software
system, which provides softwarerestart when it hangs up, were resear ched. This mathematical
model allows us to get standardized parameters of reliability and availability and other
reliability indexes, which can be required by designers or engineers for comparison the
competitive variants of hardware/software systems with different hardware and software
configurations.

Key words: reiability, har dwar e/softwar e system, reiability indexes.

Beryn. IlepeBakHy OUTBIIICTh CydacHUX 3ac00iB 00poOKkH iH(opMallii peai3yoTh SK IpOrpaMHO-
anmapatHi cuctemu (I[TAC). 3 ogHoro Ooky, Takuil miaxia 3a0e3nedye THYYKY peai3allifo CTPYKTYpH
3aco0iB 00poOKHM iH(oOpMaIlii Ha OCHOBI IUPOKOrO CHEKTpPa MIKpPOMpPOLEeCOpiB, MIKPOKOHTPOJIEPIB Ta
pi3HOMaHITHUX TmepudepiiiHuX TPUCTPOiB, a 3 iHIIOro OOKy - 3abe3neuye MOXKIUBICTH peamizallii
MPAKTUYHO JIOBUTBHOTO AITOPUTMY ()YHKIIIOHYBaHHSI, SIKUH MOXKHA JIOCTATHBO MPOCTO MOMUQIKYBATH YH
3aMiHMTH. 37ae0uUIbIoro Moaudikailiss mnependayae JIMIIE OHOBJICHHS 4YH 3aMiHy IIPOrPaMHOIO
3abe3neuenns ([13) Oe3 3aminu anapaTHUX 3aco0iB (A3).

[Tix yac omiHtoBanHs HaaiHOCTI [TAC HEOOXiIHO BpaxOBYyBaTH HE TLIBKH BTpATy Ipalie31aTHOCTI,
BUKIIMKaHy BUXOJOM 3 Jaay A3, a TaKoXK MOPYIISHHS Mpale31aTHOCT, SKi cripuuuHeHi BigmMoBamu [13.
[Mpuyomy HecnpaBHOCTI, IoB’s13aHi 3 [13, y pa3u vacrimni, Hixk Buxig 3 many A3. KpiM 11poro, HamidHICTh
IMAC cyrTeBo 3anexuTh Bif 300iB sk A3, Tak i [13, ockinbku 3001 B A3 MOXKYTh CIIpHUMHSTH 3001 Ta
BimMoBu B I3 1 HaBmaku, a IHTCHCHUBHICTH 300iB sk A3, Tak 1 I3, Ha 1-2 mHOpAAKK BWINA, HIX
IHTEHCHUBHICTH TX BIMOB.

Bei mi ocobmmBocti [TAC HeoOXiHO BpaxoBYBaTH B MOJENSAX, Ha OCHOBI SIKHX OTPHUMYIOTh
[IOKA3HUKH TX HaIHHOCTI.

CyvacHi minxomm a0 aHamily HajgiliHocTi mporpaMHo-amapaTHuUX cucTeM. [l OIIHKH
HagiiiHocTi ITAC ChOromHI 3aCTOCOBYIOTH PsJ MIAXOMIB Ta METOAMK, sKi 3 TIEBHOK OCTOBIPHICTIO
JIO3BOJISIIOTh BU3HAYUTU OKA3ZHUKHA HAIIMHOCTI.

Y psani npans [1, 2] 13 BBakaloTh O€3BIAMOBHHMM, 1 PO3MNISAIAIOTh TUIBKH HaOIRHICTH A3, 1110
CYTTEBO 3aBHINyE 3HadeHHs mokasHukiB HagiiHocTi [TAC. B monorpadisx [3, 4] cTBepmXKyOTh, IO
Hamiaicte [TAC 3anexuth sk Big HamiHocti [13, Tak i Bin HamifinHocti A3. IlpuyoMy HpUIHSTO, IO
BimMOBM A3 HE BIUIMBAIOTh Ha HafdikHicTh [13 Ta HaBmaku, 1 WMOBIpHICTH Oe3BigMoBHOI pobotu ITAC
Puss(t) y 1iboMy BHIaIKy BU3HAYAETHCS TaK:

Piss(t) = By (1) xR, (D) (1)
ne Puw(t) — iimoBipHicTh 6e3BinMOBHOT poboTn A3, Psp(t) — iiMOBIpHICTH TpaBUIIbHOTO BHKOHAHHS [13.

VY crarti [5] mig vac ouiHtoBanHs HamiiHOCTI [TAC BpaxoByroThecs ocoOnuBocti [13 Ha erarmi
eKkcruTyaTamii. s 1poro 3acrocoBaHo MOJENb, sIKa BHKOPUCTOBYE MPHITYIEHHS, 10 HaxiiiHicts 13
3pocTae CTPHOKOMOAIOHO Mmicis HOro OHOBIIGHHA. lle MpHITyHIeHHS TPYHTYEThCS Ha TOMY, IO IICIIs
KO>)KHOT'O OHOBJICHHSI KUNBKICTh Je(eKTiB 3MeHIIyeThcsl. OJHAK HaBITh y BUNAJAKYy BUKOPUCTAHHS TaKoi
monem HamiitHocTi I3 #imoBipHicTh 0Oe3BimMoBHOI poOotn I[IAC Oyne 3aHMKEHOKO, OCKLIBKH HE
BPaxXOBYETHCS MOBEJIHKA CUCTEMH Y pa3i TOsBYU BiMoB i 300iB A3 ta I13.

Y crarri [6] momens mnoBeninku ITAC OyayeThcss Ha OCHOBI MAapKOBCBKOI MoOJENi, 3 sKOi
BHM3HAUYAIOTHCS CTaHM, OB’ s13aHi 3 HafiiHicTIo [13, 1 cTanwm, ski Bif HagidHocTi [13 He 3anexkaTh. 3 mepmioi
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IPYIH CTaHIB OTPUMYIOTH HMOBIpHiCTb Phwi(t), a 3 apyroi - Phwa(t). MimoBipHicTs Ge3BimMoBHOT po6oTH
ITAC mHa oCHOBI MoIe/i TIOBEIHKY BU3HAYAETRCS 3TiAHO 3 (2), mpuuomy Psy(t) BusHawaeTses 3rigmo 3 [3].
3asHaumnmo, 1o cyma iimoBipaocTel Pywa(t) 1 Pawe(t) mopisHioe oguHuiIi.
Pass(t) = Py (1 %Pgyy + Byyo (D) 2)

Onnak Taka Mojenb noseninku [TAC He BpaxoBye ycix pizHOBHIIB 3001B i BiaMoB [13, HacmiakiB, 110
SIKHX BOHHU IPHU3BOIATH, Ta CIIOCOOIB MOJOJAHHSA WX HACTIAKIB (BUBaHTaxeHHs I13, mepe3aBaHTaKeHHS
13, mepeycranosnenns I13).

ToMy akTyalbHHM 3aBIIaHHSM € pO3poOJIeHHs anekBaTHOI moxeni moBeninku ITAC, ska 6 gama
3MOTY 3 BUCOKOIO JIOCTOBIPHICTIO BU3HAYATH TTOKA3HUKH 11 HAMIHHOCTI.

Po3pobaenns Monesii moBeAiHKM NMPOrpaMHO-anapaTHOI cCMCTeMH y BUIVIsAAl rpada cTaHiB Ta
nepexoaiB. B pe3ynbTaTi aHamizy iHdopMariiiinux mkepen [7 — 11] BCTaHOBIEHO MPUYMHHO-HACTIIKOBI
3B’sI3KH MOpYIeHb npane3aatHocTi [TAC, siki HaBeeHO HUKYE.

Ha ocHOBI ¥X NMPUYMHHO-HACIIIKOBUX 3B’SI3KiB 3rinHO 3 [12] 37iiicHEHO po3po0IeHHS CTPYKTYPHO-
aBromatHoi Mozeii (CAM) — popmainizoBaHoro onucy crpykrypu ta noseminku I[TAC. Pospobinena CAM
€ BXIJIHUMH JaHUMH JUIs iporpamHoro Monayiast ASNA [13], skuii aBToMaTH30BaHO TeHepye rpad CTaHiB
Ta MEPEXOiB.

Pospobnennss CAM mepenbauae mociiioBHE PO3B’sI3aHHS TaKWX 3a/1a4: (opMyBaHHS CTPYKTYpH
BEKTOpa CTaHiB, (OpMyBaHHS MHOXKWHH (POpPMalbHUX MapaMeTpiB, BU3HAYCHHS Oa30BUX MOAIA Ta
PO3pO0JICHHS IepeBa MpaBrl MOAU(IKaIlil KOMIIOHEHT BEKTOpa CTaHy.

@opMyBaHHsI BEKTOpa CTaHy. BHOIP KOMIIOHEHT, iX 3HaYe€Hb, BCTAHOBJICHHS NMOYaTKOBUX
3HaveHb. Ockinbku craH A3 BruimBae Ha crad 13 1 HaBnaku, To ctaHu ITAC HEoOXiIHO MPEnCTaBIsATH
JIBOMa KOMIIOHEHTaMH BEKTOpa CTaHIB: OAMH Ui BimoOpaskeHHs CTaHiB A3, a IHIIMH I BiJOOpaXKeHHS
cranis I13.

[lix wac ¢yHkuionyBanas A3 ciij BpaxoByBaTd, mo npu 300sx [13 moTpiOHO pO3pi3HATH IBa
pisHOBUAM 3ynuHKH A3, a came: 3ynuHka A3 ta moBHa 3ynuHka A3. Ilin 3ynmuHKoro A3 po3ymioTh
TUMYacoBy Hempare3natHicth A3. Ilpanesmaticts [TAC y pa3i 3ynuHKH A3 BiTHOBIIOETHCS MUIIXOM
BHUBaHTaXeHHs [13, sike CIpUYMHUIIO 3yNMUHKY A3, 3 TOBTOPHHM HOTO 3aBaHTAKCHHSM Ta 03 TTOBHOTO
nepezaBanTakeHHs [TAC. V pa3i noBHoT 3ynuHku A3 BigHOBJICHHS mpaiie3gatHocTi [TAC MoxiuBe nuiine
yepes 11 IOBHE Iepe3aBaHTaXECHHS.

V1 - cran A3 — 0 - A3 mpamne3natue
1 - A3 THMYacoBO HecrpaBHHUIA Micis 30010 A3
2 - 3ynuHKa A3
3 - moBHa 3ynuHKa A3
4 - A3 Hempare3gaTHe

224



V2 — cran 13 — 0 — I3 mpanie3matue
1 - 13 TuMyacoBo Hemnpane3aaTHe micis 3000 A3 ado [13
2 - TI3 TMMYacoBO Hempale3IaTHE B pe3yJIbTaTi
3aBucanus [13
3 - I3 moBHICTIO HEmpale3aaTHe i morTpedye
MepeyCcTaHOBJICHHS

Po3po6siennsi aepeBa mpaBuil Ta Moaudikanii KOMIOHeHT BeKTopa cTaHiB. Po3poOieHHs
JepeBa mpaBuil MoaM(bikallii KOMIIOHEHT BEKTOpa CTaHy 3rimHo 3 [12] mependayae ¢popManizoBaHUN ONHUC
nopeninkd [TAC 3a pi3HMX BUIIB MOPYIICHHS MPale3daTHOCTI y BUIJIAAI 0a30BHX IOMIH, IO MOXYTh
BIIOYTHCS; YMOB Ta OOCTaBHMH, 3a SKHX IIi MOJii BinOyBarOThCs; GOPMYNT pO3PaxXyHKY IHTCHCHBHOCTEH
BIIMOB Ta IIpaBUJ MOAM]IKaIil KOMIIOHEHT BEKTOpa CTaHIB.

Momin 1. — “36iit A3” — 1151 moais MOKe BiOYBaTHCh 32 YMOBH Toro, 1110 A3 1 [13 € cripaBHUM:
ymosa 1 — A3 cnpaHi i [13 cnipasre (V1=0) AND (V2=0).
Honin 2. — “3ynunka A3” — 114 oIS MOKEe BiIOYBaTHCh 32 YMOBH TOTO0, 1110 BiiOyBCcs 301k A3 a6o I13:
ymosa 1 - A3 TMMYacoBO HecnpaBHUH micis 30010 A3 (V1=1);
obcmasuna 1.1 — 13 npanesnatue (V2=0);
obcmasunu 1.2 — 13 TuM4acoBo HenparnesnaTae micis 36ot0 A3 ado [13 (V2=1);
ymosa 2 — A3 cnpaBuuii, [13 TuMYacoBo HemnpamnesgaTHe micisa 30010 A3 abo I13 (V1=0) AND
(V2=1).
Honin 3. — “BiamoBa A3” — 11 oisi MOXKe BiI0YBaTHCh 32 YMOBH CripaBHOIO A3:
ymosa 1 — A3 cripaBuwmii ta 13 cipasue (V1=0) AND (V2=0).
Honin 4. — “TloBHa 3ynunka A3” — 1 mojis MOXe BiIOYTHUCH 3a YMOBH TOI'O, 10 BimOyBcs 30iit A3 abo
I13:
ymosa 1 - A3 TMMYacoBO HecnpaBHUH micis 30010 A3 (V1=1);
obcmasuna 1.1 — 13 nparnesnatue (V2=0);
obcmasunu 1.2 — 13 TuM4acoBo HenpanesnaTae micis 36o0t0 A3 ado [13 (V2=1);
ymosa 2 — A3 cnpaBuuii, [13 TuMYacoBo HemnpanesgaTHe micisa 30010 A3 abo I13 (V1=0) AND
(V2=1).
Moais 5. — “36iit [13” — 1141 mozis MOXKe BIZOYTHCH 32 YMOBH TOrO, 1110 [13 € mparie3naTHumM:
ymosa 1 - A3 1113 npanesnatai (V1=0) AND (V2=0);
ymoea 2 - A3 THMYAcOBO HecnpaBHUH micis 30010 A3 (V1=1);
oocmasuna 2.1 — 113 nparnesnatue (V2=0);
obcmasuna 2.2 — 113 THM4acoBo Henpane3aaTHe micis 30010 A3 abo [13 (V2=1).
Monin 6. — “3aBucanns [13” — 114 oAl MOXKE BiOYTHCH 3a YMOBH Toro, 1110 [13 € npare3naTHuMm.
ymosa 1 - BinOyses 36ii [13 (V2=1);
obcmasuna 1.1 — A3 cnipaBuuii (V1=0);
obcmasuna 1.2 — A3 TumuacoBo HecripaBHUI Ticys 306010 A3 (VI=1).
Honin 7. — “Biamosa [13” — s moist Moke BiIOYTUCH 3a YMOBH cripaBHoro I13;
ymosa 1 — Binbynack BimmoBa A3, I13 cnpashe (V1=4) AND (V2 = 0);
ymosa 2 — Binbdyscs 36iit 13 (V2=1);
obcmasuna 1.2 — A3 TumyacoBo HecripaBHUIA micis 30010 A3 (V1=1);
obcmasuna 2.2 — A3 cripasauii (V1=0).
Mopnist 8. — “Ilepe3aBantaxenns [13” — s moxist Moxe BinOyTHCH 32 yMOBH KO A3 mepeOyBae y cTaHi
3ynuHk# a00 [13 THMYacoBO Henpaie3iaTHe B pe3y/IbTaTi 3aBUCAHHS
ymosa 1 — A3 cnpaBHuii 1 nepeOyBae y craHi 3ynuHKH, [13 THMMYacoBO Hempale3JaTHE B
pesynbrati 3apucanus (V1 =2) OR (V2 =2)
Monin 9. — “Tlepesanyck [TAC” — 1151 moais MOKe BiAOYTHCH 32 YMOBH ITparie3aaTHoro A3:
ymosa 1 — BinOynack noeHa 3ynunka A3 (V1=3).
Honin 10. — “ITepeycranoBnenns [13” — s mois MoXe BiOYTUCH 3a YMOBH Hempatie3aaTHoro I[13:
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ymosa 1 - BinOynacs Bigmosa [13 (V2=3);
oocmasuna 1.1 — A3 cripasae (V1=0);
obcmasuna 1.2 — A3 TumuacoBo HecripaBHUIA Ticys 30010 A3 (VI=1).

Mopnist 11. — “3aBepuienHst peMoHTY A3” — 1 OIS MOXKeE BiIOYTHUCH 32 YMOBH HecrpaBHOTO A3:
ymosa 1 — Bindynace BimmoBa A3 (V1=4).

Hoain 12. — “CamoycyHenHs 30010 A3” — 1151 OIS MOKE BiTOYTHCh 32 YMOBHU CIIpaBHOro A3:
ymosa 1 — Binoyscs 36iit A3, I13 cnpasue (V1=1) AND (V2=0).

3HavyeHHs1 iHTeHcMBHOCTeli moxidi. 3a maHuMu, omyOmiKoBaHMMH KoMmmaHiew Microsoft [7],
IMOBIpHICTh amapaTHOro 30010 depe3 IMOMHJIKH B mporecopi craHoButh 1/190, depe3 MOMHIKH B
ornepaTuBHii mam’siti - 1/1700, a 4epe3 MOMUIKH y )KOPCTKOMY THCKyY - 1/270 BigmosinHo. Takoxk 3 {bOro
JOCTIDKSHHS BUIHO, 110 HOMAIOHI 300i € moBTOpHUMH y 97 % BunankiB. OCKUIbKH IIi TOMHJIKH €
HEe3aJISKHUMH, IHTEHCUBHICTD 30010 A3 BU3HAYaTUMEThCs 3a (popmyiioro (3)

Myg a3 = 7‘[117 +Aosn +7‘;1aza ®)
ne 7»1”7 - IHTGHCHBHICTh 30010, BUKJIMKaHa 300sIMH B POOOTI IIEHTPAJIBHOIO IPOIECOpa; 7»03,7 -

IHTEHCHBHICTh 30010, CIIpUYMHEHA 3005MH B POOOTI OMEPaTHUBHOI IMaM’sITi; A sk - THTEHCHBHICTB 30010,

BUKJIKaHa 3005IMH B POOOTI JKOPCTKOTO JTUCKA.
[HTEHCUBHICTH 30010 BU3HAYAETHCS 32 TAKOK (POPMYIIOHO:

n(t
=M 4)
N xAt
ne N(t) - xinbkicte 360iB, sKi BinOymuch mpotsrom wacy mocmimkenss; N - 3aragpHa KimbKicTh
npucrpois; At - intepsan yacy crocrepexenms.
2
o = ) o 3203 5 309x0%200"]. (5)
N xAt 1000000 X720
n(t) 589 g s
= = =8,18407[200"]. 6
T N>At 1000000 X720 [eod”] (©)
4
SN _ 370% 14440007 7

TN XAt 1000000 X720
OTxe, IHTEHCUBHICTh 30010 anapaTHUX 3ac00iB JOPIBHIOE:

Mgz = Mg F hogy T Ay =7,30940° +8,18407 +5,14440° =1,327407[200™] .
3a pmanumu  jpociimkeHHs Crittercism [10], iMoBipHICTH 300IB HporpamMHOro 3a0e3rneucHHs
30UTBIIYETHCS 38 AKTUBHIIIONO BUKOPUCTaHHS pecypciB. IMoBipHiCTh 300iB onepaniiiaux cucrem 0,007 +
0,025, a 3 momarkoBumH Tporpamamu nopiBaioe 0,044. 3rigHo 3 [7] iMOBipHICTH 30010 TpPOrpaMHOTO

3a0e3MevyeHHs, SIKMii BUHUK BHACHIZIOK TIOMHJIOK y ITporpami, JIeKuTs y Mexax 0,023 + 0,045.

Py 113 =0,023+0,045
[HTEeHCHBHICTH 30010 MPOrpaMHOro 3a0e3MeyeHHS:
_n(t) _0,59386...1,1619
BTG TN AL 25824000

B pesynbrari nocmimkennst kommaniero IBM [8] B TecToBiii cykymHocTi [TAC Oyno BUSBIEHO 5 THCSY

=2,9940"...4,540%[200"] (8)

3001B, OCHOBHHMH MPUYMHAMH SIKHX OyJIM TPOXOPKEHHS allb(pa-4aCTHHOK Ta HEHTPOHIB. 3 yci€i CyKymHOCTi
30018 99,80 % Oynu BHsIBIICHI Ta BHIIpaBIieHi 3aco0aMu KOHTpoito Ta aiarHocTuku [TAC, a y 0,19 % Bunamkax
- TPU3BENH JI0 3YITUHKYU rporpamy, iymime B 0,01 % Bunajakax 301l cpiYMHUB BTPATY JAHUX.
[HTEHCUBHICTH CaMOYCYHEHHS 30010:
_n(t) _ 4990

= = =9,9840*[200" 9
N At 5000 X000 [ ] ©)
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[HTEHCHUBHICTD 3yIIMHKH:
_n® _ 95
MEUNSAE 50004000

[HTEHCHBHICTH TOBHOT 3yITUHKH:

=1,940°[200"] (10)

n(t) 055 -7 -1
A = = =140"[200 11
MOB3VIT N st 5000X 000 [c00™] (D

3a manmmu mpoekty Ballista OS Robustness Test Suite [11] TecryBannam m’stHaausta POSIX
CYMICHUX ormepaiiiiaux cucreM nporsaroM 5000 roavH Ha THCSAYi KOMIT'IOTepax Oylo BHU3HAYEHO
HMOBIPHOCTI BiIIMOBH OIlEpaIiiHOI CHCTEMH J0 Ta IICJAsA OHOBJIICHHS. 3HAYCHHS IMOBIPHOCTI BiJMOB
neXuTh B Mekax 10...24 %.
[HTEHCUBHICTH CaMOYCYHEHHS 30010:
_n(t) _ 100..240

heamosess = at = 10005000

3a pmanuMu KommaHii Microsoft cepenmHiii uyac 3aBHCaHHS NpPOrpaMHOro 3adesnedeHHs — 1-3

XBWIMHHU, CEPEIHIA 4Yac mepe3amycky mporpamMu — 61 CekyHAy, a cepemHiii yac mepe3aBaHTaKCHHS
cuctemu 48 cexyHI.

=2X07°...4,840°[200" ] (12)

Ha ocHoBi Bu3HaueHHX TOAIH po3pobIeHO JepeBO MpaBHI MoauQiKalii KOMIOHEHT BEKTOpa
CTaHy, sike € ckiaagoBoo CAM i nogaHo y Burjsiai Taom. 1.

Tabauys 1
JdepeBo npaBua Mogudikanii KOMIOHEHT BEKTOPa CTAHY
dopmynu [IpaBuna
TTomii VYMoBH Ta 00cTaBUHU . POSPAXyHKY . Momdirai
IHTEHCHUBHOCTE KOMIIOHEHT BEKTOpa
0a30BHX MO CTaHIB
1 2 3 4
1.36iit A3 (V1=0) AND (V2=0) | V1=l
35.43
2. 3ynuHka A3 (V1=1)AND (V2=0) | i V1:=2
(VI=1)AND (V2=1) | i V1:=2
(VI=0)AND (V2=1) | i V1:=2
3. BiamoBa A3 (V1 =0) AND (V2=0) | B A3 V1:=4
4. IoBHa 3yrmuHKa A3 (VI =1)AND (V2=0) | - V1:=3
(VI=1)AND (V2=1) | OBAVI V1:=3
(VI=0)AND (V2=1) | - V1:=3
5. 36ii1 I13 (V1=0) AND (V2=0) | V2:=1
3BI1.1T3

(V1=1)AND (V2=0) | [ V2:=1

(VI=1)AND (V2=1) | V1:=0; V2:=1

3BI1.1T3

6. 3aBucanns [13 (V2=1) AND (V1 =0) 1/t,,, V2:=2
(V2=1)AND (V1=1) 1t,,, V2:=2
7. Biamosa I13 (V1 =4) AND (V2=0) | BT V2:=3
(VI=1)AND (V2=1) | BT V2:=3
(VI=0)AND (V2=1) | BT V2:=3

8. [lepesaBantaxenns 13 (V1=2)O0R (V2=2) VR pprs s, V1:=0; V2:=0
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Ipooosoicenns mabn. 1

1 2 3 4
9. IMepezamyck [TAC (V1=3) VR ppismac V1:=0; V2:=0
10. ITepeycranopnenns 13 (V1=0) AND (V2=3) U pever V2:=0
(V1=1)AND (V2=3) U ppiver V1:=0; V2:=0
11. 3aBepueHHst peMoHTY A3 (V1 =4) U, V1:=0
12. CamoycyHeHHs 30010 A3 (V1=1)AND (V2=0) V1:=0
YCYH.

[To6ynopana CAM BBoauThcs y nporpamuuii Monynb ASNA. B pesyabrati chopmoBano rpad
cranip Ta nepexonaiB IIAC, mpencraBimeHuit Ha puc. 1, crenudikaiilo CTaHiB MMOJaHO y Tabm. 2, a
cnenudikaiiiro nepexomais — y Tabi. 3.

Tabnuys 2
Crneuudikamnis cranis
Ne crany Omnmc crany
1 A3 Ta I13 nparesnatHi
2 A3 TuM4acoBo HecnipaBHHH micist 30010 A3, 13 cripaBHe
3 3ynunka A3, I13 npaue3znathe
4 A3 nenpane3natauii, [13 npanesnatue
5 IToBHa 3ynunka A3, I13 npane3gatae
6 13 TumuacoBo Hempane3aaTae micis 300t0 113, A3 cipaBHuii
7 A3 TuM4acoBo HecripaBHHH micist 300r0 A3, [13 THMuacoBo HenpauesaaTHe micis 30010 A3
8 cnpaBHuii A3, [13 TuMuacoBo Henpane3aTHe B pe3yibraTi 3aBucanus [13
9 A3 TrMuacoBo HecripaBHUH micist 300r0 A3, 13 THMUacoBO Henpane3qaTHe B pe3ynbrari 3aBrcaHHs [13
10 A3 TUMYacoBO HecrpaBHHIA miciist 3000 A3, I13 moBHICTIO Hempale3aTHe 1 moTpedye
TepeyCTaHOBIICHHS
11 A3 Henpare3aatauii, [13 MoBHICTIO Hempale3aTHe 1 MoTpedye MepeyCTaHOBICHHS
12 A3 npane3natauii, [13 MOBHICTIO Helpale3aaTHe 1 TOTpeOye MmepeyCcTaHOBICHHS
13 3ymunuka A3, I13 TumyacoBo Henpare3gatHe micis 30010 113
14 [ToBHa 3ynunka A3, I13 TiMuyacoBo Hemparie3naTHe micis 3600 13
Tabauys 3
Crnenudikamnis nepexoais
Ne nepexony 3i crany B cran ThercHBHICT Omnue momiit
nepexony
1 2 3 4 5
1 1 2 A 36.A3 BinOyBcs 361t A3
2 2 1 A yos6.43 36iii A3 caMOyCyHyBCs
3 1 4 A A3 BinOynace BinmMoBa A3
4 4 1 1/ tpem.a3 3aBepiieHo peMoHT A3
5 1 6 A 56013 BinOyscs 36iit [13
6 3 1 1/ tyepes.m3 BinOynocs nepezaBantaxkenss 113
7 2 3 A ayn BinOynack 3ymunka A3
8 5 1 1/trepes.niac Iepesamyck [TAC
9 2 5 A nos.3yn BinOynach moBHa 3ynuHka A3
10 2 7 A 56013 Binoyscs 36iit [13
11 4 11 A3 BinOynace Biamona I13
12 7 6 A yos6.43 30iif A3 caMOyCyHYBCS
13 10 1 1/ tuepeyer.i13 BinOynock nepeycranosieHns 113
14 9 1 1/ tuepes.m3 BinOynocs nepezaBantaxkenss 113
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Ipoooeoicenns mabn. 3

1 2 3 4 5
15 7 9 A sasc.13 BinOynochk 3aBucanns 13
16 7 10 A3 BinOynace BiamoBa I13
17 7 14 J —— BinOynach moBHa 3ynuHka A3
18 7 13 A ayn BinOynack 3ymunka A3
19 11 12 1/ tpem.a3 3aBepiieHo peMoHT A3
20 6 13 A ayn BinOynack 3ymuHka A3
21 13 1 1/ tuepes.m3 BinOynocs nepezaBantaxkenss 113
22 6 14 J —— BinOynach moBHa 3ynuHka A3
23 14 1 1/trepes.niac ITepezamyck TTAC
24 6 8 A sase.13 BinOynochk 3aBucanns 13
25 8 1 1/ tuepes.m3 BinOynocs nepezaBantaxkenss 113
26 6 12 A3 BinOynace Biamona I13
27 12 1 1/ tuepeyer BinOynock nepeycranoBienss 113

Puc. 1. Haoitinicna moodens IIAC y suensnoi epagpa cmanie ma nepexoois

3 oTpuMaHOi MOJIeNTi MOBEAIHKA CHCTEMU MOXKHA YiTKO PO3PI3HUTH TPH BHIM CTaHIB, SIKi MOB’s3aH1
31 3005MH Ta BIJMOBaMH: amapaTHOI YacTUHU (cTaHu: 2, 3, 4, 5), nporpaMHoi yacTuHH (ctanu 6, 8, 12), a
TaKOXK arapaTHOl Ta MporpamMHoi yacTuH pa3om (cranu 7, 9, 10, 11, 13, 14). Takox 3 1i€l Mojeli BUAHO,
[0 CAMOCTIMHO MOKyTh BUHHMKaTH 3001 A3 Ta [13, a Takox BimMOBH A3, a BCI IHIII CTAaHU € HACIIAKAMU
LUX MOIM.

Hocaimkenns nokasuukis edpextuBnocti [TAC. 3a gomomoror po3po0iieHoi MOei TPOBEICHO
JOCITIDKEHHS TTOKa3HUKIB HaJiiHOCTI HepesepBoBaHoi [TAC, y sikiit mependadeHo mepesamyck [13 y pasi
Horo 3aBucaHHs. Po3poOieHa Monens TOBEAIHKA Ja€ 3MOTy OTpPHMAaTH SK 3araJlbHONPUIHAITI
XapaKTePUCTUKN HAJIHHOCTI  (3aJIKHICTH HMOBIpHOCTI 0€3BIIMOBHOI pOOOTH BiJ TpPUBAJOCTI
eKCIUTyaTarii, (YHKIiS TOTOBHOCTI), TaKk 1 XapaKTEpUCTHKH Ta TOKa3HUKH HaAIHHOCTi, HEoOXimHi
MPOEKTAHTY JJISl TOPIBHSHHS KOHKYpeHTHHX BapiaHTiB [TAC 3 pi3HMMH amapaTHUMH Ta MPOrPaMHUMH
KoH(pirypamismMu ((yHKIiST TOTOBHOCTI 3 ypaxyBaHHsIM 3ynuHkH A3 mpu 3aBucanHi [13, iiMoBipHICTH
3YIIHHKH, WMOBIPHICTH MPOCTOI ab0 TMOBHOI 3ynuHKH). DOPMYIOTHCSI Ha3BaHi MOKa3HHKH HaJIIHOCTI
miJicyMyBaHHIM HMOBipHOCTEH nepeOyBaHHs y TICBHUX CTaHax (IWB. Tal0. 2).

Ilin yac dopmyBanHs moka3HUKiB HaxiitHOCTI [TAC mnpUHWHATO MOMYIIEHHS, IO TPHBAIICTh
nepeOyBaHHS Yy KOXHOMY CTaHi PO3IOMIICHA SKCIIOHEHIIHO, OCKIIBKH Ha CHCTEMOTEXHIYHOMY eTarli
MPOEKTYBaHHs JJAHUX TPO pealibHI 3aKOHW PO3IMOIiTy MOXe He OyTH. SIKIIo y MpoeKTaHTa € JaHi mpo
pealibHI 3aKOHU PO3IOIUTY TPHBAJIOCTI MepeOyBaHHs y BCIX UM OKPEMHX CTaHaXx, mij 4ac nooynosu CAM
CJTiJ] CKOPUCTATHUCS METOAMKOIO, BUKIIAJACHO B [13].
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Pesynbratu mocmimkenHs noka3HukiB edextuBHocTi [TAC HaBemeno Ha puc. 2—4. 3 rpadika 3
BUJIHO, 110 HeBpaxyBaHHs 3ynuHOK [TAC y pasi 3aBucanns [13 3aBuinye 3HaueHHs (QyHKIIi rOTOBHOCTI
(xpuBi 2 i 3 puc. 3).

Takox Ha OCHOB1 MOJIeNi MOBEIHKK OyJI0 BU3HAYCHO 3aJIEKHOCTI WMOBipHOCTI niepeOyBanns [TAC
y craHi npocroto. Ha puc. 4 300paxeHo 3aleKHICTh WMOBIPHOCTI mepe0yBaHHS Y CTaHi 3yNUHKH A3
(xpuBa 1) Ta 3anexHicTh HMOBIpHOCTI IepeOyBaHHS y CTaHi MOBHOI 3ynuHKU A3 (KpuBa 2) Bijl TPUBAIOCTI
eKCILTyaTalii.

MakcuManbHe 3Ha4YeHHST WMOBIPHOCTI 3YNMUHKH (KOPOTKOYACHOi) Ha TMOPSAOK Oinmble, HiXK
MaKCHUMallbHE 3HaYeHHs HMOBIPHOCTI MMOBHOT 3yMUHKH A3 B pe3yibTaTi 3aBUCaHHS UM BUXONY 3 naxy [13,
110 BIAMOBITAa€ eKCIIEPUMEHTAILHUM JaHUM, SIKI IPEACTaBIeH] B podorax [7-11].

1 F@)
09 \
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05 \

0.4 \
03 \

e \
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'\h“.‘-‘-
ﬂ: 1 l.'-""'I--.-__
0 t
0 200 400 600 800 1000

Puc. 2. 3anescuicmo timosipnocmi 6e36i0M06HOI pobomu
TTAC 6i0 mpusanocmi excniryamayii

0,94 \ /
0,92

09 \
0,88
0,86 \ /

Puc. 3. 3anescnicme ynxyii 2comosnocmi 610 mpueanocmi excniyamayii.
2 — ¢ynxyis comosnocmi ITAC 3 ypaxyeannsm 060x euodie 3ynunxu A3,
3 = @yuxyis comosnocmi ITAC 3 ypaxyeannsm auuie nogroi 3ynunku A3
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Puc. 4. 3anexcuicmo timosipnocmi npocmoio TIAC 6i0 mpusanocmi excniyamayii’
1 — npocmiii, obymosnenuil 3ynunkoio A3, 2 — npocmiil, 00ymosnenuil nogrow 3ynunkor A3

BucHoBkH. 3anmpornoHoBaHa MOJIENb, Ha BIIMIHY BiJl HasSBHHUX, JIA€ 3MOT'Y aJIcKBATHO BPaXOBYBaTH
noeeninky [TAC y pa3si nosBu 300iB 1 BigMoB sik A3, Tak i1 [13, Ta 1X HaCHiAKH, IO MiABUIILYE TOCTO-
BIPHICTh MOKA3HUKIB HaAidHOCTL. KpiMm 3aradpbHONPpUIHATHX, po3pobiieHa MO/Eb JT03BOJSIE OTPUMYBATH
taki nmoka3zHuku [TAC, sk HMOBIpHICT MOBHOI 3yNTUHKH, HMOBIPHICTh KOPOTKOYACHOI 3yMUHKK Ta HMO-
BipHoCTi npoctoro [TAC. Ipu ripomy npoctiii [IAC BUHHKAE SIK Y pe3yJibTaTi MOPYIIEHb Mpale3aaTHOCTI
A3 1113, tak i mijx yac ii BiJHOBJICHHSI IUIIXOM I€pe3aBaHTaKSHHS UM IepeycTaHoBneHHs [13.

[lepCcrieKTHBHUM BBa)KA€ThCS BJIOCKOHAJICHHS MOJIENI TOBEMIHKH JJIS JOCHIDKCHHS ITOKa3HUKIB
HagiiHoCcTi BigMoBocTiiikux ITAC, sKi 3aCTOCOBYIOTBCS B CHCTEMax BIAMOBIAAJILHOTO MPU3HAYCHHS,
OCKUTBKH B TaKMX CHCTEMaxX KPUTHYHHM € HE TUIbKM BUXIJ 3 Jlajy, ajle i KOPOTKOYACHI MPOCToi Mmij yac
3aBucanHsa [13 um foro nepesaBaHTa)KEHHS.
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