NPOEKTUPOBAHUE. KOHCTPYNPOBAHUE

A m. n. B. U. XAXAHOB, XAK X. M. [I?2KAXHUPYJI,

MACYAM. . MEXE/TH

Ykpanna, XapbKOBCKHIi rOC. TEXHNY. YH-T PaJHO3JEKTPOHUKN

Jlara 1oCTyIIeHUsST B PEIAKIHIO
12.07 2000 r.
Ommonenr 0. m. . I. @. KPUBYJA

MOJIEJI AHAJIN3A HEVCIIPABHOCTEN
HMDOPOBBIX CUCTEM HA OCHOBE FPGA, CPLD

IIpednazaromcs modesu u memoovl ana-
AU3A UYUPDPOBHIX NPOEKMOE 051 2eHePd-
Uuu mecmos u MoOeAUPOSAHUS. OOUHOU-
HOLX KOHCIMAHMHOLX HeUCNPA6HOCME.

[IporpamMMupyembie JTOrHIeCcKre HHTETPATbHBIE CXe-
Mot (ITJIMC) — Field Programable Gate Array (FPGA),
Complex Programable Logic Device (CPLD) — moc-
TOWHO KOHKYPHUPYIOT ¢ 6a30BBIMU MATPUIHBIMHU KPHUC-
tanamn (BMK), curnanpupiMu mporeccopamu. Takoi
yCIIex ONpeIesisieTcsl MCIoIb30BaHueM CyOMUKPOHHBIX
TEXHOJIOTHIA M3TOTOBJIEHUS KPUCTAJIJIOB, TPUMEHEHUEM
Hardware-Software Cooperation-Design, MuHuMaIbHbIM
BpeMeHeM NpoeKTupoBanus g posoii cucrembr (4 —
5 MecAlEeB), BBICOKUM ObICTPOEHCTBUEM BbINOJTHEHNS
onepanuii (o0 500 MI'y), 6o/IbIION CTENEHbIO MHTErpa-
I[N 3JIEMENTOB Ha Kpucramte (10 3,5 MyH.).

Hapsny ¢ mpenmymiectsamu [IJIVIC cymectBytoT n
MpOo6IEMBI UX TECTHPOBAHMS, CTUMYJIUPYIOIINE PAa3Bu-
THE TaKUX METOIOB, AJITOPUTMOB U ITPOTPAMM, KOTOPbIE
JIOJIKHBI 06ECTIeUMBATD:

— TecTHPOBaHMUE MMU(MPOBBIX MTPOEKTOB GOJIBINON pa3-
MEPHOCTH, BEHTHJILHOTO, (PYHKITHOHATIBHOTO QJITOPUTMU-
YeCKOTO YPOBHEN OMMCAHUS, 33J]aHHBIX B (DOpMe Tpa-
QOB MEpPex010B KOHEYHBIX ABTOMATOB, OGYJIEBBIX ypaB-
HEHWIi, MHOTOYPOBHEBBIX NEPAPXUUECKUX CTPYKTYP;

— TIPOEKTUPOBAHUE TECTOB B BUJIE TIOKPBITUS O/I-
HOMEPHDBIX TyTelN aKTUBU3AIINH JIJIsT TPOBEPKH O/INHOY-
HBIX KOHCTAHTHBIX HEUCITPABHOCTEI C TIOJTHOTOM, 6JT13-
kol k 100%;

— mpuemMJieMoe OBICTPOIECTBIE AJTOPUTMOB MO-
JIeJIMPOBAHNS HEUCITPABHOCTEN /IJIST OIEHKW KayecTBa
TECTOB; TIOCTPOEHNE AJTOPUTMOB TTIOUCKA /1e(PEKTOB;

— BepudUKAIUIO ¥ IUaTHOCTUPOBAHNE CUHTE3NPO-
BaHHBIX ITQPOBBIX ycTpoiictB Ha ocHoBe FPGA, CPLD;

— BO3MOXKHOCTDH MTApaJIIeJIbHOTO BHITIOJHEHUS BEK-
TOPHBIX ONEPAIIHii JJOTHYECKOTO aHAJN3a I/ TeHepa-
1MW TECTOB U OTIEHKH WX KAYeCTBa;

— noaaepxky crangapra VHDL gng onucanug
11npOBOTO YCTPOUCTBA U MTOJTYUYEHHOTO TECTA;

— BO3MOXXHOCTb WHTETPUPOBAHMS B CYTNIECTBYIO-
M€ CUCTEMBI aBTOMATU3MPOBAHHOTO TPOEKTUPOBAHUS
Beymux (pupM Mupa.

TeOpeTI/I‘-IeCKI/Ie NCTOYHUKU IIaCTOHU.[efI paéOTI)IZ MHOTI'O-
3HayHas aireOpa [ 1], aByxraktHas kyOuueckas aire6pa [2],
[[eZ[yKTHBIIbIﬁ METO/{ MO/JIEJTMPOBAHUA IIeHCHpaBIIOCTeﬁ [3 -
6], Metozpr reHepariiu TecToB [7].

[IpeamournTe IHHBIM TIO OBICTPOACHCTBUIO SBJISET-
S IEYKTUBHBII METO MOJIETMPOBAHUS HENCTTPABHOC-
teii. OH MO3BOJISIET 32 O/THY UTEPAINio 00pabOTKH cXe-
MBI OIPE/IEINTH BCE KOHCTAHTHBIE 1eDEeKThI, TIpOBepsie-
Mble Ha BXOJHOM TecTOBOM BekTope. Ho nanubIil Me-
TOJI OPUEHTHPOBAH HA BEeHTUJIBHBIN yPOBEHD OTIMCAHUS
IIUMPOBBIX CXEM. JTO CBSI3aHO CO CJIOKHOCTBIO Pelire-
HUSI TTPOGJIEMbI T€HEPUPOBAHUST BBIXOJHBIX CITIICKOB
neucnpasHocreii (output fault list generation) mus ne-
BEHTHJIbHBIX TIPUMUTHBOB.

[Tpennaraemsrit B paboTe MeTOA Ky6UIECKOTO MO-
JeTMPOBAaHMS HEUCTIPABHOCTEH MO3BOJIsIET 06pabaThl-
BaTh MU POBBIE CXEMbI, ONMCAHHBIE HA BEHTUJIBHOM,
(PYHKIIMOHAIBHOM U aJTOPUTMIYECKOM YPOBHAX. O06-
paTHOM CTOPOHON pelleHns YIOMSHYTOH TTPO6IeMbl
SBJISIETCS] METO/] TEHEPAIIUU TECTOB /IJISI KOHCTAHTHBIX
HEWCITPABHOCTEN, NCTIOH3Y IO KyOmdecKie TTOKPbI-
TUS IPUMHUTUBOB JIJIs1 TOCTPOEHUST OTHOMEPHOTO Ty TH
AKTHBU3AIINH.

MaremaTHyeckuii anmapaT aHaJIn3a IPUMHTHBA

ABTOMAaTHasI MOJIEJIb TIOCJIEI0BATEIBHOCTHOTO TIPH-
MUTHUBA MPEJICTABJISETCS B BUJIE

M:<Xy Yy Zy fy 8>,
e X=(X1, D, CHINRD G Xm),Y=(Y1,Y2, v Yo Yh),
Z=(Z1y Loy .., 2y ..., Zk) — MHO’KeCTBa BXO/JIHbIX, BHYT-
PEHHUX U BBIXO/[HBIX ABTOMATHBIX TIEPEMEHHBIX, OTHO-
IIIEHUST Me3K/Ty KOTOPBIMU OTIICHIBAIOTCS yPABHEHUSIMU

Y(O=f[X(t-1), X(t), Y(t-1), Z(t-D];

Z()=g[X(t-1), X(@), Y-, Y, Z(t-1D]. (1)

[Tepemennbie Z(t) orsmuaiorcs or Y(t) tem, uro
nepBble HaGJIIOIAEMBbI TIO BBIXOAHBIM JuHuAM, a Y (t) B
5TOM CMBICJIE €CTh BHYTpeHHne. DopMaT aBTOMATHBIX

HepeMEHHbBIX JIJIS 3alUCH KyGUYeCKOro IIOKPBITHS, CO-
orserctBylommii (1), umeer Bus

X(t-1)
X(t)

Yt -1)
Y(t)

Z(t-1)
Z(t)

KOTOPOMY COOTBETCTBYET aBTOMATHAsI MOJIENb, 1300pa-
JKeHHast Ha puc. 1.

DOyHKINOHATBHBIN MOC/IeI0BATETbHOCTHBIN TIPUMI-
THUB 33/Ia€TCSI KOMIIOHEHTAMU

F2=<(t—1,t),(X,Z,Y) {A%>,
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INPOEKTUPOBAHHUE. KOHCTPYUPOBAHUE

rae (t—1,t) — 71Ba aBTOMATHBIX COCEHMX TaKTa B OIUCA-
nun Gyuxiny; (X,Z,Y) — BEKTOPbI BXOAHBIX, BHYTPEHHUX
M BBIXOJHBIX MepeMeHHbix; {A2} — aByXTakTHbIH andaBut
onucanus cocrossiuii (I1epexoq0B) aBTOMATHBIX HepeMeH-
HBIX [1, 2] —
A2={Q=00,E=01,H=10,J=11,0={Q,H},I={E,J},A={Q,E};
B={H,J},S={Q.J},P={E,H}, C={E,H,J},F={Q,H,J},L<{Q,E,J};
V={Q,E,H},Y={Q,E,H,J}, A'={0,1,X={0,1}}, O(U)}.

D

f g

Puc. 1. ABromaTHas MO/i€JIb IPUMUTHBA

[TpuMuTHB omHCHIBaeTCS KyOUUECKUM TTOKPBITHEM

c=(,¢C,..,C,..,C),
rae C,=(C,, C,, ..., C; - G ) Ky6, BKJIIOYATOIMIT
BXOL[HI)IG BHYTpPEHHUE, BI)IXOlIHbIe koopaunatbl C; =
=(CX, CY, C%), g=m+h+k.

[l KoMOUHAIIMOHHOTO aBTOMaTa hopMat omuca-
HUS KyOUYeCKOTO MTOKPBITUS

F! = <(),(X,2) {A"}>
onpeziesisieTcst oTHomeHustMK Ha (q=m+k)-MepHOM Bek-
TOpe TIepEMEHHBIX Ci=(CiX, Ciz). dopmMart 3a71a€T MHO-
TOBBIXO/IOBBI KOMOMHAITMOHHBIN TIPUMUTHBHBII 3IEMEHT
¢ m BXoJaMu u k Berxogamu. [IBonunas 6yseBa GhyHK-
1S OT M MepeMeHHbIX Z=f(X1 1 ST Xm) onpeJenseT-
cs ipu k=1.

IIpumep 1. TlpeumyiecTBa AByXTaKTHOro aadasuta A’
JIEMOHCTPUPYETCSI HAa NpHUMepe IPOEKTHUPOBaHUS KyOumuec-
xoro nokpeituss CD-tpurrepa. McxonHoe onucanue orpe-
JICJIEHO B BU/IE Taé]lH].IbI TIepexo0/10B:

Cia
1

O

Dy Dy Qg
1 1 X

0

Cep =

» O OPRrR Fr OO
P P OORrR PR OO
X X X o X X X
X X X o X X X
O o0 o X P P P
OO0 0O Fr R R,k

Hanee npumensiercst C-npoyedypa NosydeHust By XTaK-
THOTO Ky6HYECKOTO TIOKPBITHS:

1. BpimosiHeHNe KOOPAMHATHOHN oIepanny KOHKaTeHa-
mun (#) g mpeo6pasoBaHus Mapbl COCEAHUX BO BPEMEHN
OJIHOTAKTHBIX CHMBOJIOB B OJMH JBYXTaKTHbIIA:

#|0[1|X
E
J
|

Cia#Cy =

0
1
X

o|T|O

A
5l
Y

2. I/ITepaTI/IBHaH MUHUMU3AINA ITOJTYYCHHOTO ITOKPBITUA
10 TPaBUIY <«JBa Kyb6a OOBEIUHSIOTCS B OJMH, €CJHU OHU
OTJIMYAIOTCSI 110 OJTHOM TIepEMEHHOI» .

3. [lomoJiHenye TOTy4YeHHON MO TIPUMUTHBA Ky6a-
MU OIIMCAHUST BO3MOXKHBIX COCTSI3AHMIA.

[Ipumenenne nanHO# nponeaypol K mokpbitiio CD-Tpur-
repa JaeT CJAeAyIONHii pe3yJ/IbTaT:

Cep=

e MO I o mO IO
< <X <0 <x<Xx<u|lO
OO000 o —0

B npasoe nokpeitue go6asnen ky6 (HPX), xoropbrii
I/I,E[eHTI/I(l)I/IHI/IpyeT COCTA3aHUA ITPU OTHOBPEMEHHOM U3MEHE-
nun curaanoB Ha Bxomax C u D. Ilosyuennoe mokpbiTie
uMeeT TOJbKO 12 CMMBOJIOB, B TO BpeMs KaK UCXO/HOE CO-
JIEPKUT 48 KOOpMHAT.

[Tpumenenne C-niporieaypbl K Ta0IHIE IEPEXOOB /IBYX-
paspsiiHOTO cyeTyrKa erte 6oJiee 3(PpHEeKTUBHO, YeM JIJIsT TPUT-
repa. IIporecc mosryueHnst ABYXTaKTHOTO MOKPBITHS CYET-
YUKa TIPE/JICTaBJIEH CJIEAYIONNM BbIPASKEHUEM:

V C A B, |A, B/| |V C|A B
0 X X X |0 o||o x|]oH
1 E 0 oo 1| |1 E|Q E
1 E 0o 1]0 of |1 E|EH
1 E 1 o1 1| |1 E|JE
1 E 1 1|1 of| |1 E|HH
1 F o o]0 ol |1 F|[Q Q
1 F 0 1|0 1| |1 FlQ J
1 F 1 0|1 ol |1 F|lJ Q
1 F 1 1)1 1| |1 F|l3 3

MuHUMAaIbHOE TOKPBITHE CYETYMKA, 3aITUCAHHOE B JIBYX-
tTakTHOM asidapure, umeer Bcero 16 xKoopauuat. B oGiem
cJIyyae pa3MepHOCTb TaGJIHIl OIMCaHusT (PYHKIINH cyeTa st
N Pa3psiZioB B OJIHO- M JIBYXTAKTHOM MOKPBITHU OIpe/IeJIsieT-
cs oTHouenueM h=2" /n.

@opMy IMPOBKA NPOGJIEM TECTHPOBAHHS

[Tpo6.ieMbl TecTUpOBaHUsA IUGPOBOTO YCTPOIiCTBA
(npumuTBa) HOPMYIMPYIOTCS B YCJIOBHUAX HEONPE/Ie-
JIEHHOCTH OJTHOTO U3 KOMIIOHEHTOB MOJIEJIN:

W=(M,L,T),

rjae M — Mogziesib, IpejcTaBieHtas KyGH4ecKIM HOKPbITHEM
c=(C,, C,, ..., C, ..., C)); L — ky6udeckoe TIOKPBITHE CIHCKOB
neucnpasuocreii (KIICH) (Fault Lists Cubic Covering —
FLCC); T — TecT npoBepKU HEUCIIPABHOCTEI.

[TokpbITHe HewcmpaBHOCTEH /s MPUMUTHBA WJIN
1 pOBOIT CXEMDI 32/1a€TCS B BUJIE

L=, L, .., L, .., L),
rae L, = (LM, Ly, ..., Lij, e Liq) — Ky6, BKJIIOUAIONTHiT
BXO/IHbIe, BHYTPEHHHE, BBIXOJHbIE KOOPAWHATBHI:
L=(LX, LY L7, q=m+h+k; (L;Y,L;)={0,1,X};
0- onpeaem{eT BBIYUTAHUE (I[OHOJIHeHI/Ie) cimcka L ;

TexHosorns 1 KOHCTPYHPOBAHUE B 3JIEKTPOHHOI ammapatype, 2001, Ne 2

11




INPOEKTUPOBAHUE.

KOHCTPYHNPOBAHUE

1 — 3ayaer epecevyenve Lj; X={0,1} — npentuduIupy-
€T HECYIIIECTBEHHOCTD CIIMCKA HencnpasHocTeii L.

Ecom L7 — BoixozHast Ha6/mioiaeMast iepeMeHHast,
10 (0) 1 — ectb ngenrudukarop (He-) MPOBEPKH He-
ucrpasHocreii Ky6a L, na sbixoze r, X={0,1} — sanaer
Heollpe/ieJIEHHOEe COCTOSTHIE BBIXOJAHOI KOODIUHATHI
L, %, KoTopoe MOKHO MHTEPIIPETHPOBATD 1 Kak 0, 1
Kak 1.

IIpoGaema 1. Ky6uueckoe HOKPBITHE CIIUCKOB He-
ucnpaBuocteil L n1a Bekropa T 1 MOKPBITHS TPUMUTH-
Ba C BBIYUCJISIETCS TI0 IMHEWHOMY YPaBHEHHIO

TOC=L, (2)
rae O — 6uHapHas koopauHatHas oneparus XOR, or-
penessionias B3aumozeiicrsue kommonentos T, C (L) B
TPOMYHOM aJipaBuTe:

O

(3)

TjD Cij =

X|r|lo|O
X|o|r|r
X[ X|X|X

0
1
X

Yuusepcasnbhast popmyna anamza KITCH, momryyen-
HOTO B pesyJibrate npuMenenus (3) k tecr-sexropy T
U TIOKPBITHIO MHOTOBBIXOJI0BOrO npumutuBa C 1714
oTipeie/IeHNsT TI0 BBIXO/IY T CITUCKA IPOBEPSIEMBIX HEWC-
npaBHoCTel L, mveer creayrommii By

k
_ T.0C;
L= AL, (4)
Di(T,DCi,:1)j:1
e B T.0C =1;
tae L% =fH ~ 1D G

j < Tj 0 C” =0;
L; — paccMaTpuBaeTcst Kak CIHUCOK J1e(heKTOB, OTHOCH-
muiics K JIMHKUU j, KOTOPBILIL c/leflyeT BbIYUTATh U3 Heuc-
HpaBHOCTefI, TIPOBEPAEMDIX T10 HEBBIXO/HBIM JIMHUAM TIPH-
MUTHUBA; Lj — HEUCITPABHOCTH, KOTOPbIE HEOOXOIUMO Tie-
pecexraTb C HEBBIXOHBIMU CITMCKAMM.
3Sameuanue 1. Ecau TecT-BeKTOP ONpPeEesieH B TPO-
WYHOM ajihaBuTe Tj={0, 1,X}, To Tocie moTyYeHusT TI0-
KPBITHS CTIUCKOB HEMCITPABHOCTEN KaKIbIH KyO Lj cJe-
JIyeT Bepnu(pHUINpOBATh 110 IPABUITY
L=L-LO(LOT#C), i= . (5)
3nech ¥ Jajiee 3HAK «—» SKBUBAJIEHTEH TEOPETUKO-
MHOKECTBEHHOMY BBIYUTAHUIO.

Hpumep 2. [lnst MyJIbTUILIEKCOPA, OMUCAHHOTO (DYHK-
uueit f(a,b,c)=acObc, KIICH aia tectroBoro HaGopa
T=(1010) onpenensercs no Gopmyne (2):

|a b c|d| |a b c|d]

0 X 0}0 1 X 1|0
T(1010)ICyux | 1 X O|1|=L| 0 X 11| (6)

X 0 110 X 0 00

X 1 1]1 X 1 0]1

3nech L — kybudeckoe MOKPBITHE CIIICKOB HEWUCTI-
PaBHOCTEM, TT0 KOTOPOMY MOJKHO 3aIMCaTh AU3BIOHK-
TUBHYIO HOpMaJbHyT0 popmy (JIHD) wmu TeopeTnko-
MHO’KECTBEHHOE YPaBHEHHE JIJIsI BBIYNCJICHUST BBIXO/I-
Horo crcka gedextos Ha Bekrope (1010):

I=acbc=(c—a)d(b—c).

U3 (6) caemyer, 9T0 COGCTBEHHBIH CIIMCOK TTPOBEPSIEMBIX
BXOJ/IHBIX OJIMHOYHBIX KOHCTAHTHBIX HEUCTTPABHOCTEN MY JIb-
THILJIEKCOPA IIPeICTAaBIeH MHOKECTBOM

L={b',c0).

B o6miem caryyae /iyt BbIYKMCJAEHUS COOCTBEHHDBIX HEWCII-
paBHOCTell TpuMUTHBa puMensiercs F-miporemypa:

1) TepM AU3BIOHKTUBHON HOPMaJIbHOI (DOPMBbI, UMEIOIHIA
6oJtee OIHON TepeMeHHOI 6e3 WHBEPCUH MJIU BCE TIepeMeH-
HblEe C HHBepCHUeil, BBIYEPKUBAETCST;

2) oCTaBIINECsT TePMbI IOJKHBI UIMETh O/IHY TIePEMEHHYIO
6e3 mHBepcuy, KoTopast POpMUPYET COOCTBEHHYIO ITPOBEPsie-

T,
MYIO HEHCIIPABHOCTD J ' , MHBEPCHYIO COCTOSIHUIO KOOD/IH-
HaTbl TecT-BeKkTopa T'.
Hpumep 3. 3agano Kybuueckoe MOKPbITHE DYHKIMI

X1 Xy X3|Y
X 0 01
— — 1 1 1|1
C(X2X3 OXX,X3) = ) @)
(X2X3OX1X5X3) x o 1lo
X 1 o01/o0
0 1 X |o

Crucku nseHTH(UKATOPOB HEUCIIPABHOCTEH /IS TpeX
BXO/IOB OIIPE/IeJIEHbI TI0/IMHOXKECTBAMU

L1:{1a27475}; L2:{1y2v316}’ L3:{1a37477} (8)
OnpezsiesnTh BBIXOJAHOH CIMCOK HEUCIIPAaBHOCTEH 711
tect-BekTopa 1111.

Pemtenne cBoputes K BbINoJHEHUIO [J-omepariun MexiLy
BektopoM T n nokpoituem C:

X1 X2 X3|Y| |X1 X2 Xs|Y|
X 0 0|1 X 1 110
raunod?t ooy © o9
X 0 110 X 1 0|1
X 1 010 X 0 1|1
0 1 X |0 1 0 X |1

I[aJIee 110 eIMHUYHBIM 3HAUYeHUsIM BbiXoja Y B TIOKPbI-
tun L 3anuckiBaeTcd AM3bIOHKTUBHAS HOpMaJibHasA (bopMa
(TeOpeTI/IKO-MIIOH{eCTBeIIIIOG ypaBIIeIII/Ie) IIPOBEPAEMDIX BXO/1-
HbIX CIIMCKOB:

L =X,X3 0XoX; OX,Xs =
=(X,~X)0(X;-X)0(X,=X,). (€))

HO[[CTaIIOBKOfI BMECTO INEPEMEHHDBIX Xi COOTBETCTBYIOIIUX
CIIICKOB L, IoJtyyaercs cieyIonuii pesy ibTar:

L=({1,2,3,6}-{1,3,4,7})0({1,3,4,7}-{1,2,3,6})0
0({1,2,4,5}—{1,2,3,6))=(2,4,5,6,7}. (10)

IIpoGaema 2. Tect nposepku aedeKTOB IPUMUTHU-
Ba, 3aj1aBaeMbIX L!-Ky6oM IOKPBITHS CIIHCKA HEHCII-
pasuocreii L=(L?,L!), onpenesstercst mo ypasrenuio

L!'DC=Tk, (11)
rae LY, L — ky6br, nMeroliie Hy.ieBbIe HIH ¢AMHIIHBIE
3HAYECHMS HA BBIXOIHON KOOPIUHATE T.

[Ipu aToM OTIpeIesIAIOTCST BEKTOPBI-KAHIUIATI B TECT
TkOTk. U3 muosxecrsa T* popmupyeres tect T, rae B
KauecTBe s/1emMenTa paccMarpusaercs Ha6op T, OT. Kax-
JTBII TtDT JIOJIKEH YJOBJIETBOPATD YCJIOBUAM

T=C,nTkO O(C,nTkz0). (12)
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Hpumep 4. Qna ¢pyuxiun AND-NOT nocrpoutsb Tecr,
NPOBEPSIONIMIT CIIUCKM HEUCIPABHOCTEH, 3a/iaHHbIe KyGOM
L(011).

Huske npuBezieHa npolie/ypa morydeHns Tecta Ha OCHO-
Be 110c/1e10BaTe ibHoro npumenenns gopmya (11) u (12).

|a blc] |a bjc]
0 X1 0 x|o| _22fe
LD Cano| o |4 =Tk « 11077 1 ol (13)
10[1
1110 1 01

B pesysbrare nostyuensl 2 Ha60pa, KOTOPbIE OTHOMEPHO
AKTUBU3NPYIOT BXOIHYIO TiepeMentyio b. CiieoBartesbHO, TeCT
SIBJISIETCS TIOJTHBIM OTHOCHUTEJIBHO IMPOBEPKU OJMHOYHBIX
KOHCTaHTHBIX [e(eKTOB HA JUHUSIX b, C.

Onpedenenue. TecT TPOBEPKU OJMHOYHBIX KOHCTAHT-
HBIX HEUCIIPABHOCTEH OJHOBBIXO0BOTO IPUMHUTHBA, 3a/1a-
BaeMbix L!-nokpbitiem criucka gedexTon

X; Xp oXjo Xp|Z
1 0 .0... 0 |1
0 1 .0. 0]1
=] ... , (14)
0 O L1001 |1
0 0 .0. 1]1

onpezesstercsa T-npoueaypoii:
1. @opmMupoBaHne KaH/1aTOB B TECT Tt]‘I:JTk MyTeM BbI-
HOJIHEHHUS onepanuii Haj Bexktopamu us L, C:

L'OC=Tk (15)

2. Momyuenne tecra T(T,UT) us muosxkecrsa Kanmnma-
toB T* na ocnose npumenenus soipaxkenus (12).

3. MUHUMU3AIUS MHOXKECTBA TecT-BeKTOpoB T myTeM BbI-
MOJIHEHUS OTIEPAIUH TOTJIOEHUS:

T=T-T,0 T, nT,=T,.

IIpumep 5. llocTpouTb TECT IPOBEPKU BCEX OJMHOUYHDIX
KOHCTAHTHBIX HEHCIpaBHOCTeH [ (yHKIUM, 3aJaHHOM
nokperraem (7).

Tenepupyercst L!-nokpbiTie crucka aedekTos 110 aHa-
norun ¢ (14) u st erpokn L' Boimosmsiercs: O-oneparust
mo (11):

X1 X2 Xzl|Y
X1 Xy X3 X 0 0|1
E R e ol e l=T'<(|_1i),i=1§ (16)
0 1 0|1 X 0 110
0O 0 1|1 X 1 010
0 1 X|O
K TOJIy4YE€HHDbIM ITOAMHOKECTBaM KaH/AWU/1aTOB B TECT
TGD T TWY)
X1 X2 X3|Y X1 X2 X3|Y X1 X2 X3|Y
X 0 0 |0 |X 1 0|0 |X O 110
0 1 1001 o 101 1 oo
X 0 1|1 (X 1 1|1'(x o 0|1
X 1 0|1 |[X O 0|1 |X 1 111
1 1 X |1 |0 0 X |1 |0 1 X |1

npuMensiercs mporeaypa (12), Kotopas onpenenser B gam-
HOM Cﬂy‘lae y)Ke MI/IHI/IMaJIbeHjI TECT, TaPAaHTUPOBAHHO IIPO-

BEPAIONIHii CXEeMHYIO CTPYKTYPY, KOTOPasi COOTBETCTBYET JIBYX-
yPOBHEBOH peanmzanuu GyneBoit dyuxumm (7):

X1 Xo Xs|Y
0 1 110
1 1 X |1
X 1 010
1 0 110

ol X111
X 0 0|1 7
0 0 X |1
X 0 110
1 1 0|0
X 0 0|1
X 1 111

IIpo6aema 3. Onpenensiercss BO3MOKHOCTb BEPH-
duKkaIm pesyIbTaToB, OTYYEHHDIX TIPU PEIIEHIH Tep-
BBIX JBYX IpO6JIEM, —

TOL=C. (18)

Heo6xoanMocTb JaHHOH TIPOTIEy PhI CBSI3aHa ¢ MHO-
TOYHCJIEHHBIMU ONTMOKAMK, BO3HUKAIOIINMH B TIPOIIECCE
PYYHOTO WJIM aBTOMATU3UPOBAHHOTO MTPOEKTHPOBAHUS
TecToB. KpoMe TorO, coryacHo 3amevanuio 1, pemrerne
po06JeMbl 3 06513aTEJBbHO /171 BePUMUKAINN TOKPbI-
THA HeI/ICHpaBHOCTeﬁ IIpu HaJIU4YUKU B TECTE CUMBOJIOB
X. Jlns noryyennbix Ha6opos (17) Bepudukanus my-

TEM BBITIOJIHEHUST OTIEPAIIUi LfDT(Lf), i=1,_3 JnaerT 1o-
JIO>KUTENIbHBIN Pe3yabTaT:

X1 X2 X3l|Y
0o 1 110
1 1 X |1
X 1 010 X Xo X3|Y
1 0 110 X 0 0|1
X ot o4t 11 1t
X 0 01 -%x 0 1]of
0 0 X |1 X 1 010
X 0 110 0 1 X |0
1 1 010
X 0 011
X 1 11

Iro o3nauaer, uto jmo6oii Bexrop LIOT(LHOC sis-
JseTcs Ky6oM MCXOIHOTO MOKpbITHs (yHkimu. Crie-
JI0BATeJIbHO, TECT IPOBEPKH HEHCIIPABHOCTell He nMeeT
OM6OK TIPOEKTHPOBAHHSL.

MoaempoBaHue HeHCIIPAaBHOCTEH
B [I0CJIE/I0BATEIbHOCTHBIX IPUMUTHBHBIX 3JI€MEHTaX

DyHKIMOHATbHAS 3aBUCUMOCTD CITUCKA 1e(DEeKTOB
110 Ha6JTI0/IaeMOMY BBIXOJLy Z . COTJIACHO (1) onpenens-
€TCSI ypaBHEHUEM

L=f[(T),(C), (L LLLE LD ], (19)
rae TtDTI(T1,...,Tt,...,TP) — T1apa COCeIHUX BXO/-
HBIX BO3/IEUCTBUH, T/le KaXK/1asl KOOpIMHATA OTpe/ieJie-
Ha B CJEYIONINX COUETAHMIX
(20)

CTloT1T0 XX 01X
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[IByxdpeiimoBbIil (popMart BXoJ- Ta6mmma 1
HOTO HabOpa OPMEHTUPOBAH Ha aHa-
13 TociesioBareboctHoro npumn- |0 |0 |1 (X ]2 TIKINIQIEIHI IO T IABISIPICIF L)V Y
THBA, MOCKOJbKY €ro nokpeitne B [0 1 [ |, tlkInlolelnlaloli|alelslplclellv]y
o06IeM cJydae 3aJaHO B JBYXTakT- |0
rom andasure A2, st rexmonorma- | % |1 |o[x |z G|K|IN|E|Q|Jd|H|I|o|lalB|P|S|F|lc|v]|L]|Y
Horo BoImosHeHus onepainuun XOR i
MEJK/1y KOODAMHATAME TECT-BeKTOpa |4 | 0|1 |X |2 TIKIN|HIJIQIE|O|I|B|A|P|S|L IV ICIF]Y
" KyOHUYECKOTO HOKprTH;IT DC nc- 1
noAb3yeTcs Taba, 1. Llrjolx|z G|K|N|J|H|E|Q|I|O|B|A|S|P|V|L|F|C]|Y
Kaxpas xoopamnara tabmmipr |9 |y |y [ | x T|K|N|[A|A|[B|B|Y|Y|A|B|Y|Y[B|B|A|A|Y
ecTh cokpamieHHass dopma sammcn | X
CHMCKOBHeHCHpaBHOCTeMLTDC Blx x| x | x G|K|[N|B|B|A|A|Y|Y|B|A|Y|Y|A|A|B|B]|Y
Hanpuvep, ecom T;; =(01), C S §
HOBXOLIHOI/IKOOp,Z[I/IHaTejBCOOT- b l0]1]x|2Z X[x|x|o|1|oflt|jo|1|Y|Y|Y|y|1|o|lI]|O|Y
BeTCcTBUM ¢ Ta6a. 1 mosryyaercs: X
i o Lltlolx|z XX |[x|1|o]r]o]t]o]y|y|y|y|lo|li|of|I|Y
T, ODOPODAO=(L; L) DMLY, [X X [ X[ X |x XX XY [Y[Y[Y[Y|Y|Y[Y[Y|[Y|Y|Y|Y|Y]|Y
Ta6a. 2 mpegHasHadeHa s 10- X
OIpeesIeHN BBIXOAHBIX KOOPANHAT Ta6auma 2
Ky6a TOKPBITHSI CIIHCKOB HEHCTIPAB- 01 X|ZIGITIRIN[O[EIH[JOIITA[B] S | P [CIE[L]V]Y
Hocreil B Momentsl (t—1, t). Hampu- ZI[ T ZIGITIZ[ Z G E T[T Z [T E[J X EX[1[J[1[E[1

Mep, IS KOOPJAUHATHI L =V ee 3Ha-
yeHue B TakTe t—1 paBHO 0 a B MOMeHT t paBHO 1, uTO
B TabJ. 2 onpenensietrcs: 6ykBoit E. Vckaouenne co-
CTaBJISIOT TTpeoGpa3oBanms cuMBOJIOB S, P. 31ech cy-
IIECTBYeET Pa3Jnyie UHTePIIPeTali B 3aBUCUMOCTH OT
TOTO, SIBJISIETCS JIN BBIXO/HAS TEPeMeHHast (hyHKyuet
NN apzyMeHmoM K BBIXOLY, /LIS KOTOPOTO CTPOUTCS
CIIMICOK TIPOBEPSIEMBIX HeHMCITpaBHOCTel. B mepBoM ciy-
Yae J00TIpe/IeJieHIe YIIOMSHYThIX cMMBOJIOB gaet (J,
E), Bo Bropom — (X, X), 4TO CBUAETEIBCTBYET 06 OT-
CYTCTBUH CITUCKOB HEUCTIPABHOCTEH /ST TAHHOTO BbI-
Xo/1a B MoMeHT t—1.

HpuMep 6. OHpeﬂe]II/ITI) CIIMCKU TTPOBEPAEMbIX HEUCIT-
paBHOCTeH cyeTdnka Ha ABYX TecT-BekTopax 1101, 1001 mpu
uCcXOmMHOM cocTtostHIH nepeMennbix 1000.

MojenupoBanue nepBoro Habopa J1aeT CJaeAyomuil pe-
3yJIbTatT:

IV C|A B| |V C|A B|
0 X[{0 O 1 X|0 1
1000 1 E|S E|=L|0 S
11101 count - Q Q
1 E(P H 0 QP J
1 F|S S 0 C|S P

L,(T) = ViCi-1CeABt-t OV(C~1CeA_Be-1 O
OVU(Cyoy OCOA DAL = A OB DA

Ly(T) =V, OV(C¢-1C¢Be-1 OV(C-1 0C)B-1 O
0B, =V, OB,_, 0C,_, 0C, OB;

LTy =Vl ocl,oc’ oAl 0Bl OAl OB

PeSyJIbTaT MO/I€JIMPOBaHuA BTOPOTO Ha60pa nMeeT BrUQ

[V C|A B| |V C|A B|
0 X[0 0 1 X0 1
1000
21 1 o 1|0 Ceoum |t E/S E|=LI0 JIS H|.
t EPH |0 JPE
1 F|S'S 0 V[Ss

La(T2) =Vt CieiCiA 1Bt OVt CCy AtaBt-1 O
OVe(Cit OCOA . DA, = A DA
Ly(T,) = V, OViC,_C,Bi-1 OVi(Ci OC)B,_; OB, =V, OB;
L(T,) =VPOAL  0AlOBY.
Taxnm 06pa30M, IIpOBEpAEMbIE Ha BbIXOJaX CYETUYMKA HE-

ucnpastocti cocraBiisior muoskectsa L(T,) u L(T,), rae sHax
KOHCTaHTHON HEMCIPABHOCTH OTMEYeH BEPXHHUM MHJIEKCOM.

O-aropuTM KyOGHYECKOro MOAETMPOBAHUS
HeHCIpaBHOCTElH MUPPOBBIX CXEM
Ha ocnose npumenenust popmyant (4) onpenensier-
¢ J-anropuT™ KyOMYeCKOTo JIeyKTUBHOTO MOJIEH-
POBaHUs HEMCIIPABHOCTEN 1I(POBOTO yCTPOHCTBA.
1. MojenupoBaHue UCIPABHOTO TOBEJCHUS Ode-

peznoro npumutisa P, (i=1,M ) na Tect-ektope T,

(t=1,N). Eciu t=N — ¢popmupyercs cracok L(T) npo-
BepeHHbIX HercpaBHocTell Ha Tecte T. Konery mojesn-
poBanusi. Unaue, t< N — mepexop K 1. 2.

2. Eciu Bee amemMentsr cxembl o6paboranbt (i—-M),
BBITIOTHSIETCST CPABHEHE BEKTOPOB MCIIPABHBIX COCTO-
SAHMN MUY B ABYX cocelHUX uTepanugax. Ecim Bekro-
PbI UJICHTUYHbI Ttr=th‘1, KOHeI[ MOJIeJTMPOBAaHUSA Tt n
nepexon K 1. 3. Vlrave — mepexo K 1. 1.

3. OmnpeiesieHnie CIIMCKOB HEMCITPABHOCTEH BHEIITHITX
BXOJIOB B BUJIE [IOTIOJIHEHUS K UX UCIIPAaBHOMY COCTOSI-

HUIO Lj={ jTJ}. [l HeBXOIHBIX JIMHUH yCTPOICTBA BbI-

TIOJTHAETCA OoIlepaliud MIPpUuCBOCHNA

Li=0(j=m+1,q).

4. Mopae/mpoBanne HENCIIPABHOCTE MpuMUTHBa P,
(i=1,M ) mo mponeype (4). JlonoHEHNE MOTyYEHHO-
O CIICKA HEMCIPABHOCTDIO BBIXOIHON JIMHUM TPUMU-

o oy
TUBA, WAEHTUPUIIPYEMOii B BUJE {J !
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5. Ecim mocte 06pa6oTKy BeeX IPUMUATHBOB HA IBYX
COCETHIX UTEPAIMSIX BBITIOJHSAETCS yCIOBHE LjH:Lir ,

(j=1,q ), ocymecTBasgeTcs Hepexos K 1. 6. Vnaue —

K 1. 4.
6. opMUpOBaHHUE CITHCKA MTPOBEPSIEMBIX J1e(heKTOB

q

L(T) = UL,

j=m+h+1
0 BceM HaOJTI0/ITaeMbIM BBIXO/IaM YCTPOUCTBA U Tiepe-
xon K 1r. 1.

BricTposeiicTBre omrcanHoro Boite [-ajgropurMa
CKBO3HOTO WHTEPIPETATUBHOTO CHHXPOHHOTO MO/IEJTH-
POBaHUSA HEMCIIPABHOCTEN A1 OJHON UTEpaIii UMeEeT
OIIEHKY

M
W= _21{qixnix[(0,01><Q)2+3]+2},

rie n;, q; — 4ucjao Ky6oB M nepeMeHHbiX B MOKpbiTun C,;

[lasee BBITIOJHSIETCS MO/IeIMPOBAaHUE OJUHOYHBIX KOH-
CTAHTHBIX HEUCIIPABHOCTEIl /7151 TIepBOTO BEKTOPA.

Wcxomable cicku IpoBepsieMbIX HEMCIIPABHOCTEN BCeX
JIMHUI CXeMbl, oIlpe/ieJisieMble B COOTBETCTBUU C 1. 3, UMEIOT
cJIeyIoIni BUJ:

L={1%, L=2", L=(3%, L,={4"}, L;={5"), L={6"}, L,={7"},

Lg=Lg=Lyo=Ly=Lp=L5=0.

Ecusin ouepennoe Ky6uueckoe OKPBITHE SIBJISIETCST OJTHO-

TaKTHbIM, TO (I)OpMaT TECT-BEKTOPa MOKHO 3a/laBaTb B TPO-
NYHOM aJI(baBI/ITe, KOTOprfI OIpeeJIiAeT COCTOAHUSA JIMHWH B

MomenT Bpemern t: | X(t) )

[lasiee BbITIOJTHSIETCS TIEpBasi utepaimsi 06pabOTKH BCEX
IIECTH TIPUMUTUBOB ycTpoiictsa (11. 4 aaropurMa), KoTopast
IpeacraBjacHa CJIe[[yIOH.II/IMI/I BbIUNCJICHUSAMU .

_ o 11112 11112
(0,01xQ) — cpeansis AJMHA CIMCKA HEMCIIPABHOCTEH [1is
Kaxk 10l iuHuu cxembl; Q — o6iree yncsao JuHuii B mudpo- T 11112 oc 1 X0 -1 1 X0 0
BOM YCTPOHCTBE. o 11 'x 110~ X 0|0
Ipumep 7. BbIoHUTD MO/IEIMPOBAHKE 110CJIE/[0BATEIb- 0 0 0 111
HOCTHOI1 CX€eMblI, IIPe/ICTaBIeHHOI Ha puc. 2 [§, c¢. 177]. _
O L,,=L,L,,012={1°, 121},
[12 29| [12 29|
(] 7o 12 2|9 1 X|0 X
1 _?—R H R T1}—HDC2 =12 0
5 1 |— 2 b b 0 0|1 X 110 1)1
3 8 0 0]1 0 010
C| . C
! MNE 4 0 LL, (L, 00010, 121,21, 99)
6 [9 3 4]13| [9 3 4]13]
7 9 3 4|13 1 X X|0 X X0
Puc. 2. Cxema c o6paTHOII CBA3BIO T,[X X X|[X|OC4/0 0 E|O =140 0 E|0]|O
DYHKIIK YeThIPEX TUIIOB IPUMUTHBOB CXEMbI OTIMCAHBI 1 10]0 01 E|1 10 EI1
KyOUYECKIMHU TTOKPBITUSIMHU: C(F3) o 0X F|S 1 X 0O|lY
C(F1) C(F2) 513 6111 8 C(F4) 0 L13:L9L3L'4L4E|131={131},
11 112119 3 4|13 13 8 10
1 X X|0 1 3 '
nech 1 ganee mwrpux (') uAeHTHOUIIPYET MOMEHT
12 2191 X X|0 10 7 |14
T xlol:lo o 0 00 EN0 1 o N BpeMmenn t—1.
’ E1OBl0 1 El1 o X
X 1(0(/0 1 E|1 0X FlQ J X 01 6|11 8| [5 13 6|11 8
0010X1SOXFJQ110 X|0 1 1 X X[0 0
MogenupoBanue HCHPABHOTO MOBEJEHHS HA BOCHMHU El0 1 1 00 E0O 0
JBOMYHBIX BXOJHBIX HAG0OpaxX B COOTBETCTBUU C IIyHKTaMU E{1 0 11 E|1 1
1 u 2 O-anropurMa KyGU4eCKOTro MO/IEJIMPOBAHUS JJAeT CJIe- F|Q J 1 X OlO 1
JIYTOIIUH pe3yJIbTat: F|J O 1Xo0l1 o
12345678910 11|12 13 14
- T T 1 _ 1
1010100111 00 0 1 O EL11—L5L13;L,6L6DLS}6D101 —{30,3)1);
1111010001 1[0 1 1 s = LsLisl g Ls OLsLs 08" ={57.87).
1010011011 1,0 0 O
1111101101 10 1 1| |13 8|10] |13 8]10]
0110011001 1/0 1 0 p I3 810 1O X510 X0
0010001011 1,0 0 0 0 0}1 X 01 X 010
1101111101 00 0 0 rafo (RN
0110101101 01 0 O O L,,=L,3Ls010°={10°}.
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|10 7 [14]  [10 7 [14]

n P07 o O X6t X0
1 o1 X 01 X 00
1 1]0 0 11

L,=L,L,,014%={7", 14%}.
O

BTOpaS{ urepalnua MoJeJIMpoBaHuA IIeHCHpaBIIOCTefI JlaeT
cjaenylionme MHOKeCTBa:

L={1%, L=2", L=3", L,={4"}, L;~{5%,

L6={61}, L7={71}, Ls={50, 8%, L9={10, 121,21, 9%,

L, =(10%, L, ={5°, 111}, L,={1°, 121}, L, ~{13'}.

Ha ocHOBaHMU IIyHKTa 5 aJTOPUTMA JIeJaeTcs BbIBOJL O
TpeKpaIeHH MOJICIMPOBAaHUS BXOHOTO BEKTOPA, HOCKOJIbKY
cruckn feeKToB, TI0TyYeHHbIE B IBYX COCEIHNX UTEpally-
X, TOXKIECTBEHHO PaBHBI.

CIMCOK TIpOBEpSeMbIX Ha TecT-BeKTope NedeKTOB MO0
Hab/mogaeMbM Bbixogam (12, 13, 14) onpesnensiercsa kak o0be-
JAVNHEHNE MHOKECTB:

L(T)=L,,0L,,0L, ={1°, 121, 13!, 71, 14%}.
[11s1 BTOPOTO TecT-BeKTOpa BINOIHEHKE KyOndeckoro (-
AJITOPUTMA JIAeT CJICIYIONIIE Pe3yJIbTaThl:

[11 1]12] |11 1]12]
11 1]12 1 X o x|o
T, 0C =1 O
1 1]0 X 1]0 X 00
00 1 11
0 L,=L,,L,012'={121}.
[12 29| 12 29|
12 29 1 X[0]_ ,[1 X0
T 0c, =L O
0 1[0 X 1]0 X 0]0
0 01 0 11
0 Ly&=L,,L,00'=(20, 91},
|9 3 4|13 |9 3 4 13|
9 3 4|13 1 X X|[0 1 X X|1
=140 1 Q|1|DO
0111 01 E|1 00 Q0
0X F|S 0XC|P
0 Ly=LyOL L, L L, OL L, (13°={20, 91, 30, 40, 13%).
611 8] [513 611 8]
X|0 1 1 X X|1 1
E|{0 1] 410 1 Q1 1
El1 0/~ [0 0 olo of"”
FIQ J 0 X C|E E
FlJ Q 0 X C/[HH

0., = Ls OLsL3Ls Lg OLsLgL;Lg 011° =
{5',12!,9' 3% 49 13° 69 11%);
g = Ls OLsL;sL's Lg OLsLgLy g 08! =
B (5',12,9',3°,4°,13% 6°,8").

ad

113 8]10] |13 8]10]

13 810 0 X1 <10 X|0
T1 DCs =D a

0 0]1 X 01 X 0]0

1 1]0 1 111

0 Ly,=L,;L010°=L-L,,010%=
=(5',21,91, 3, 4,130, 6, 812!, 91, 3°, £, 139010°=(5', 6", 8',10%}.

110 7[14] |10 7 [14]

10 7 14 0 X|1 6l 1 X|0
T1 DCS =

1 0|1 X 01 X 0]0

1 110 0 1|1

0 L,=L, L, 014°={7", 149

IToBTOpEHME UTEPALIMU BIYUCAECHUS CIINCKOB HEUCIIPAB-
HOCTel He M3MEHSeT TOJyYEHHbIE /U JUHUH MHOMKECTBA
HEUCIIPAaBHOCTEH.

Crmcox mpoBepsieMbIxX 1e(eKTOB Ha BTOPOM BEKTOPE TI0
na6mogaembiM Bbixogam (12, 13, 14) pasen

L(T,)=L,,0L,0L, ~{2°, 91, 3%, 4°, 121, 130, 7', 149},
PeByJIbTaT BbIITIOJIHEHUA D-KyéI/I‘IeCKOFO aJropuT™Ma MO-

JAeJMPOBaHUA IIeHCHpaBIIOCTeﬁ Ha BOCbMH 11a60pax IIOJIHO-
T'O IPOBEPAIOUIETO TECTA UMEET BU/L

o G

123456789 10 11{12 13 14 0 (%)
o . . . . .1 . 1 1 017 17
000 . .1 1 . 10 028 35
1. .. 0 0 0 11 125 33
00000 . .01 1 .1 0 0|39 75
001100110 0|1 0 1|46 78
.101110100 01 1 1|46 85
0 1 0 0 .|t 1 125 89
1 1 0 0 1]0 1 1]28 100

3/1ech ToUKa WAEHTU(UIMPYET T1yCTOe MHOYKECTBO TIPO-
BepsieMbIX Ha JIMHUHU HeucnpasHocreil; 0, 1 — mpoBepKy KOH-
crauTbl HyJist, equanipl. Crombert Q,, (QE) Olpe/IeIsAeT PO~
HeHT 1posepsaemMbix (IpoBepeHHbIX) Ha Bektope (Tecte) ze-
dexToB.

3ak/mouenue

MeTtoa KyOrUecKOro MOJeTMPOBAHNS HEUCTIPABHO-
CTeil IBJISIETCS] HOBOW TeXHOJIoTHEN 06paboTKu 1ndpo-
BBIX CX€M TabIm4HOro (BEHTUIBHOTO, (PYHKIIMOHAIBHO-
o, aJTOPUTMUYECKOr0) YPOBHA npejcraBieHus. OH
TIO3BOJISIET 32 OJ[HY UTEPAIUIO MOJIETUPOBATD BCE O/IH-
HOYHbIE KOHCTAHTHbBIE HEUCTTPABHOCTH 1IM(POBOTO yCT-
poiicTBa, TpoBepsieMble TeCT-BEKTOPOM. Y CJIOBUE TIPH-
MEHEHUsI 3aKJII0YaeTcsl B HAJIUUIun TabJnIHOi (HOpMbI
oTHcanus MPUMUTHUBOB 1T poBoro ycrpoiictsa. [Ipes-
JIOJKEHHBIN MeTO/T TakKe 3(P(HEeKTUBHO 06pabaThIBaeT 1
TIOCJIe/TOBATETbHOCTHBIE TTPUMUTUBBI TN POBBIX aBTO-
MAToB, OIMMCAHHBIE BYXTAKTHBIMUA KyOUUECKUMU TTOKPBI-
tisivu [2, . 33, 38]. [ocaeanue hopMamnusyioT omnca-
HUS aJTOPUTMOB B BU/IE€ IPUMUTHUBOB, COOTBETCTBYIO-
mwmx rpadam nepexoioB, rpad-cxeMam, TabJIHIIAM TIepe-
X0/10B 1N POBBIX aBTOMATOB.

[IpensioskenHast TEXHOJIOTHS TECTUPOBAHUS TI0 YPaB-
"enuo TOC=L naetr BO3MOKHOCTb:

— MO/IEJTMPOBATh HEUCTIPABHOCTU HA OCHOBE aHAJIH-
32 KyOGUYECKOTO TIOKPbITHS;

— TIOJIyYaTh JeAYKTHUBHBbIE (DOPMYJIBI s TIOOBIX
THUMOBBIX (DYHKITMOHATBHBIX 37IEMEHTOB;
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— TIPOEKTUPOBATH KOMITUJISITUBHBIE CUMY JITTOPDI JIJIST
006paboTKX MUQPOBBIX YCTPONUCTB MPOU3BOJBLHOTO YPOB-
HS OIIICAHVS;

— reHepupoBaTh TECTbI AJs IIU(POBLIX CUCTEM Ha
ocHose ucnoabsopanusg KIICH;

— BepUpUIIMPOBATh Pe3yJIbTaTbl MOAEINPOBAHIA He-
WCTIPABHOCTEH U TeHEPAINN TECTOB;

— IMPOEKTUPOBATD alapaTypHbIe OBICTPOIEHCTBRY-
IOINE CUMY JISITOPHI.

Mopesu 1 METO/bI peaJin30BaHbl B BU/IE IIPOTPaM-
MHDBIX TPHUJIOXKEHUH [/ CHCTEMbl ITPOEKTHPOBAHUS
VHDL-Active [9]. Onu nucnosb3yiorcst npu renepa-
1MW TecTOB 751 mpoeKkToB Ha ocHoBe FPGA n CPLD.
Kiracc o6pabaTbIBaeMbIX CTPYKTYP: KOHEUHbIE aBTOMA-
TbI, ONMMCAHHBIE B BUjie IpadoOB MEPEXO0B, a TaKxKe
6yJIeBBI YPABHEHUS C TPUTTEPHBIMU cXeMaMu. BXomHoit
sI3bIK orcanust 1udposbix cucrem — VHDL, Verilog.

Bpemsa npoexktupoBanus tecta GyHKIIMOHAIBHO 3a-
BHCHUT OT KBaJ[paTa CyMMapHOTO o0beMa KyOn4ecKnX
TTOKPBITHIA:

W(T) =
=

OO6DBEKT AMATHOCTUPOBAHUS UMEET CJIeIyTolTe Xa-
PaKTEePUCTUKU: YUCJI0 BeHTuiel — 10 20 Tbic.; Kosmye-
CTBO 3KBUIOTEHITHATBHBIX JTUHUN — IO 5 THIC.; BpPEMSI
MIPOEKTUPOBAHUS TECTA AKTUBU3AINN OJTHOMEPHDIX ITy-
Tell — 10 2 4acos.

Bonee momHy0 KapTHHY 0 BO3MOKHOCTSIX CUCTEMBI
MO/IEJIUPOBAHMS JACT ee anpolallus Ha TeCT-3ajauax
Pa3MEPHOCTDIO TTOPSIIKA MUJLTNOHA BEHTUJIEH.
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BbIBOP CTPYKTYPbI HUDOPOBOTI'O ©UNJIBTPA
I[TIO YPOBHIO BbIXO/HOI'O HIIYMA OKRPYIVIEHUA

Paccmampueaemcs 603mox1nocmy 66160-
pa Hauryuweln cmpyxmypvl yughposozo
Gurompa u3 cemelicmea WUPOKO UCNO.Ib-
3yemvlx cmpyKxmyp.

[Ipy mpOEKTHPOBAHUM ¥ PeaNU3aIuu IHPPOBLIX
duabrpo (IID) BosHUKaeT mpobieMa BHIGOPA €ro
CTPYKTYPBI 110 TlepeiaToqHoi pyHKInu. Hanmyummas
CTPYKTYpa OIpeesieTcs I0 KPUTEPHIO KadecTBa, Ko-
TOPDII BEIGUPAETCS HA OCHOBE TPEGOBAHMIA, TIPEIbSIB-
JsieMbIX K husbtpam [1, ¢. 252]. Hanpumep, B oxarm-
OHHBIX CHCTEMAaX OCHOBHBIMU SIBJISIOTCS KPUTEPUH ObI-
CTPOJEHCTBHS M MUHUMAJIBHOTO BBIXOJHOTO MIyMa OK-
PYTJIeHus, a B cucteMax 06paboTKy GHOMeJUITHHCKOMH
nH(pOpMANN — KPUTePUH MUHIMAJIbHOTO BBIXOIHOTO
IIyMa OKPYTJIEHUST 1 IyBCTBUTEIBHOCTH K N3MEHEHUSIM
k03 huImeHToB.

Culeryet OTMETHTD, YTO JTI06ast CTPYKTYPHAST PeasIu-
3arust LIMD ocHoBana Ha apuMETHIECKUX OTIEPAITUSIX C

KOHEYHOI TOYHOCTBIO, TI03TOMY CPABHEHUE PA3JIUUYHBIX
CTPYKTYP IIeJiecoo6pa3Ho TPOM3BOIUTH HA OCHOBE Xa-
PAKTEPUCTHK IIIyMOB OKPYTJICHNS 1 YyBCTBUTEIbHOCTH
K U3MeHEeHUsIM K03 OUIIMEHTOB.

Ha ceromns cymiecTByeT psiji IOJIXO/IOB K CHHTE3Y
noBbIX cTpyKTyp 1D, ogHaKO 9TO AIUTEIbHBIN 1IPO-
1ecc, He BCer/la MPUBOJSIININ K MOJTOXKUTETHBHOMY pe-
3yabTary [2, 3]. AHATM3 IIMPOKO MCIIOJIb3YEMBIX CTPYK-
TYp yupoiiaer oty 3ajaady. [loaTomy 1esbio fjaHHON
paboThI SBJISIETCS MCCJIEJOBAHNE BO3MOYKHOCTH BBIGO-
pa Hamayuiei cTpykrypol 1M BTOpOTO MOpPsiIKA U3
ceMefcTBa MIPOKO UCTIOJIB3YEMBIX CTPYKTYP Ha OCHO-
B€ KPUTEPHS] MUHUMAJILHOTO YPOBHS BBIXOHOTO TITyMa
OKPYTJICHUS.

s ucenenoBanus crpykryp LD B3sTo 17 mupo-
KO MCIIOJIb3YEeMbIX THIIOBBIX CTPYKTYP (KaHOHUYECKHUX
— 8, JIECTHIYHBIX — 5, MOCTOBBIX — 4), TPUBEIEHHBIX
Ha puc. 1—3. Vcxoanas nepegarounas gpyukius (I1dD)
3a/laHa B BUJEe aHAJIOroBoro (puibTpa — MPOTOTHIIA
TTOJIMHOMHUAIBHOTO ThMA [2]:
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