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1.TECTUPOBAHME LIM®POBbLIX YCTPONCTB

KoHTpons u auarHoctuka mupoBBIX YCTPOMCTB NPENCTaBISAIOT cO00M 00-
JacTh MH)XKEHEPHBIX 3HAHUMN, UCCIENYIOUIYIO ABE OCHOBHBIE 33J1a4M, a UMEHHO, 3aja-
4y ONpeJieJICHUs] UCIIPAaBHOCTU IIUGPOBOro yCTPOMCTBA M 3aJady MOMCKA HEUCTIPaB-
HOCTH B CJIy4ae €ro HEMCIPABHOIO COCTOSIHUSL.

JUis pemieHus 3TUX 3a7ad HUCIOJIb3YIOTCA JABa MOAXOAA: mecmogoe OudcHo-
cmuposanue U YyHKYUoHaIbHoe OUASHOCMUPOBAHUE.

Tecmosoe Ouaznocmupogarue TIPEATNIONATaeT, YTO 0OBEKT IUArHOCTUPOBAHUS
HE UCIIONB3YETCs] B CBOEM paboyeM COCTOSIHHHM, T. €. HE BBIMIOJIHSAET CBOUX OCHOBHBIX
GyHKUMN, a HAXOIUTCA B peKuMe TecTUpoBaHus. Hegoctatkom Takoro noaxopaa siB-
JsIeTCsE HEOOXOUMOCTh JOTOJIHUTENBHOTO pecypca BpEMEHHU, OJJHAKO B TO KE BpeMs
TECTOBOE AUArHOCTHPOBAHUE MO3BOJISIET 00JIee MOJHO U ¢ OOJIBLIEH TOCTOBEPHOCTHIO
PEIINTh YKa3aHHBIE BBIIIE JBE OCHOBHBIE 33/1a4U JUATHOCTUKHU.

TecToBoe AUAarHOCTUPOBAHHUE PEATUIYETCS MO AITOPUTMAM, MPUBEIACHHBIM Ha
puc. 1.1, 1.2 u 1.3.
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I'T E— Ly — CC = Jla/Her

Puc. 1.1. TecToBoe n1MarHoCTUpOBAaHKE
C U3BECTHOM ATAJIOHHOM BBIXOJHOW peakuuen

Ha puc. 1.1 ucnone3oBansl cieayroume cokpamenus: I'T — renepaTtop TeCTOB;
Y — uudposoe ycrpoiictBo; CC — cxema cpaBHenusi; IBII — sTanoHHas BbIXOIHAS
MIOCJIEA0BATENBHOCTD.

I'enepatop tectoB (I'T) popMupyet TecToBYIO MOCIEAOBATEILHOCTH HIUPPOBO-
ro yctporicta (I1Y). BeixogHbie peakiiuu Ha TECTOBBIC BO3JEHCTBHUS CPaBHUBAIOTCS
C JTAJIOHHBIMU BBIXOJHBIMH mociienoBarenbHocTAMU (OBII) Ha cxeme cpaBHeHUS
(CC). B cnyuae coBmajieHus] peajbHbIX BBIXOIHBIX MOCIEI0BATEIBHOCTEN C WX 3Ta-
JIOHHBIMH 3HAYCHHUSIMHU MIPUHUMAETCS pelieHrue 00 UCTPaBHOM COCTOSSHUU ITU(POBO-
ro YCTpOWCTBA, COOTBETCTBEHHO (popmupyercs curnan «la». B mpoTtuBHOM ciydae
YCTPOMCTBO HAXOAUTCSA B OJHOM M3 BO3MOKHBIX €TI0 HEMCIIPABHBIX COCTOSIHUH, O YEM
CBHJIETEILCTBYET cUrHasl «He».

B cnyuae Hanuuus 3aBe1oOMO UCIPABHOTO 3TAJIOHHOTO LHU(POBOTO yCTPOUCTBA
(BIY) npumeHseTcss cxema TEeCTUPOBaHMSs, MpuBeieHHas Ha puc. 1.2. CoriacHo
JTAHHOM cXeMe peleHne 00 UCTIPaBHOCTH UJIM HEUCITPABHOCTU MIU(PPOBOTO YCTPOUCT-
Ba NPUHUMAETCS IO pe3yJibTaTaM CPAaBHEHMS BBIXOJHBIX PEAKIUMA IPOBEPSEMOTO
U(POBOro YCTPOMCTBA U €0 ITATIOHHOW BEPCUHU.
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Puc. 1.2. TecToBO€ AMAarHOCTUPOBAHKE C ITAJTOHHBIM U(POBBIM YCTPOUCTBOM

Crnenyromuid alropuTM TECTUPOBAHHS OCHOBAH Ha HCIIOJIB30BaHUU CHKATOU
(xoMnakTHOM) (OPMBI KaK pealbHOW BBIXOJHOM peakuuu HUPPOBOro YCTPOWCTBA,
TaK 1 ATAJJOHHOW peakluu MpeACcTaBICHHON B Bue 3TanoHHoM curHatypsl (3C). s
MOJIYYEeHHMSI TAIOHHBIX PEAKIUi UCTIONIb3yeTcs cxema kommnpeccuu (cxatus) (CK).
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Puc. 1.3. KoMmakTHOE TECTOBOE THATHOCTUPOBAHHE

JlaHHBIN aATOPUTM MOJTYYMWII Ha3BaHUE KOMITAKTHOTO TECTUPOBAHUS LIUPPOBBIX
YCTPOWCTB.

[IpobGnema TeCcTOBOro AMArHOCTUPOBAHUS ITU(MPOBBIX YCTPOUCTB (B JaibHEM-
meM 1Y) Bo3HuKaeT Ha pa3auyHBIX dTanax UX MPOU3BOACTBA U AKCIUIyaTalliyd U CO-
CTOUT U3 PEIICHUS IBYX B3aUMOCBS3aHHBIX 3a/a4.

IIepBas U3 HUX 3aKIFOYAETCA B ONPEACIECHUHN, B KAKOM COCTOSIHUM HAaXOJIUTCA
uccnenyemas cxema. [IpuHATO pasznmuyaTh HECKOJBKO BUIOB TEXHHUYECKOTO COCTOS-
HUs TUGPOBBIX ycTporcTB. OCHOBHBIM cocTosiHueM LY sBnsieTcs ucnpagnoe — 310
TAKO€ TEXHUYECKOE COCTOSIHUE YCTPOMUCTBA, IPU KOTOPOM JTAHHOE YCTPOKUCTBO YIOB-
JIETBOPSIET BCeM TpeOOBAaHUSM, YCTAHOBJICHHBIM TEXHUUYECKOW JOKyMmMeHTanueu. B
MPOTUBHOM CJIy4ae YCTPOMCTBO HAXOJMUTCS B OJHOM K3 €r0 BO3MOKHBIX HEUCIIPAB-
HBIX COCTOSIHHUH.

Ecmu ycranosiieno, yro LY HencnpaBHO, TO pemiaeTcs BTOpas 3ajada: ocylle-
CTBJISICTCSI TIOUCK HEUCIIPABHOCTH (ZedeKkTa) yCTpOHCTBa, 11eJb KOTOPOTO — OIpeje-
JICHUE MECTa Y BUJla HEUCTIPABHOCTH.

Heucnpasnocmu yughposvix ycmpoticme NOSIBISIOTCS B pe3ysibTaTe NMPUMEHE-
HHUSI HEHUCIIPABHBIX COCTAaBHBIX KOMIIOHEHTOB, TAKHX, KaK JIOTUYECKHE DIIEMEHTHI,
AJIEMEHTHI aMaTH U p. KpoMe Toro, nmpuurHONW HEUCTPABHOCTEH MOTYT OBITH BO3-
HUKHOBEHUE Pa3pbIBOB MU KOPOTKHUX 3aMBIKAHUN B MEKKOMIIOHEHTHBIX COCITUHECHU-



SIX, HapyIIEHHUE YCIOBHUM AKCIUTyaTallMy YCTPOMCTBA, HAJIMYHE OIIMOOK MPU MPOCK-
TUPOBAHUM M TIPOU3BOJCTBE U MHOXKECTBO APYTUX (PaKTOPOB.

N3 Bcero MHOXeECTBa Pa3IUYHBIX BUIOB HEUCIIPABHOCTEN BBIJICISIOT KIIACC JI0-
2UYeCcKux HEUCNPaBHOCTEH, KOTOpPhIE W3MEHSIOT JIOTUYECKHE (PYHKIIMU 3JIEMEHTOB
1MdpoBoro ycrpoicTa. YKazaHHbIN K1acC HEUCIPABHOCTEH SIBISETCS JTOMUHHUPYIO-
UM cpeau HeucrpaBHocTer udppoBbiXx yeTporcTB (cxem) (IIC). Jlns ux onucanus
WCIIOIB3YIOTCS CIEAYIONIMEe MaTeMaTUYECKHE MOJCNIHM: KOHCTAHTHBIC HEHCIPABHO-
CTH, HEHCIPABHOCTH THUIMA «KOPOTKOE 3aMBIKAHUE», HEUCIPABHOCTH THUIIA «3aJEPiK-
Ka» U «MHBEPCHAsI HEUCIIPABHOCTHY.

HaunbGonee o61ieit m 4acTo mMpUMEHIEMON MOJENIbIO JJOTUUECKON HEUCIpaBHO-
CTH SIBIISIIOTCSI KOHCMAHMHblE HEeUCHPABHOCMU: KOHCMAHMHbIU (MOodcOecmeeHHbLIL)
Honw (=0), koncmaumuasn (moocoecmeennas) eounuya (=1) , 4To 03HaAYACT HATMYHE
MTOCTOSTHHOTO YPOBHS JIOTHUYECKOT'O HYJIS WJIM JIOTUYECKOW €IMHMIBI Ha BXOJaX WIIH
BBIX0JI€ HEUCTPABHOTO Jiornueckoro anementa (JID). Takas Mojens HEUCIIPABHOCTH
4acTO Ha3bIBACTCSl «KJIACCUYECKOW» W IMIMPOKO MPUMEHSETCS JJIsl OMUCAHUS APYTUX
TUIIOB HEUCITPAaBHOCTEH.

Paznuuaior oounoumble W MHO2OKpamHvle KOHCTAHTHBIE HEHCHPABHOCTH.
OnuHoYHasT HEUCNPABHOCTh — HEUCHPABHOCTh, KOTOpas MPHUCYTCTBYET TOJBKO Ha
oanom nogtoce L[C. CymectByeT 2N TaKux HEUCHPABHOCTEH, rae N — KOJIMYECTBO
nosrocoB [[C. B ciyuae korjia KOHCTaHTHBIE HEUCTIPABHOCTH MOTYT MPUCYTCTBOBATh
Ha HECKOJIbKMX Jornueckux nomtocax LC, T. e. Kax bl MOII0C MOKET HAXOIUTHCS B
OJIHOM M3 TPeX COCTOSIHUM, UCIPABHOM U JBYX HEHUCIIPaBHBIX cOCTOsSHUIX =0 u =1,
HX 061Iee KOIMIECTBO OIpeIeseTcs Kak 3" — 1.

HeucnpaBHocTu tina «kopomkoe 3amvikanue» (MOCTUKOBBIE HEUCIIPABHOCTH )
MOSIBJIIFOTCS TIPU KOPOTKOM 3aMbIkaHuH nojtocoB [IC, B ToM duciie BXOAOB WIH BbI-
xo010B JID.

HeucnpaBHOCTS THIA «3a0epiicka» XapaKTEPHU3YEeTCs TEM, YTO Ha KOHKPETHOM
HCIIPABHOM TOJIIOCE BOZHUKAET (PUKTUBHBIN AJIEMEHT 3a/ICPKKH.

«HMneepcuas HeucnpagHocmuvy — SKBUBAJICHTHA TOSBJICHUIO (DUKTUBHOTO WH-
BEpTOpPA HA HEUCIIPABHOM IOJIIOCE.

B Hacrosiiee BpeMsi, Kak IpaBUIIO, BCE TECThl HAIIPaBJIEHBI HA MOUCK OJUHOY-
HBIX KOHCMAHMHBbIX HEUCTIPABHOCTEH, YTO OOBSICHAECTCS HEBO3MOXKHOCTHIO MOCTPOE-
HUS TECTOB JJIsl 00JIee CIIOXKHBIX TUIOB HeucnpaBHocTel. KpoMe Toro, TeCThl, CUHTE-
3UpPOBAaHHBIC ISl KJIacca OJMHOYHBIX KOHCTAHTHBIX HEUCHPABHOCTEH, XapaKTepHU3y-
IOTCSI BBICOKOM TIOJTHOTOM MOKPBITHS (00HAPYKUBAOIIEH CIIOCOOHOCTBIO) IPYTUX TH-
OB HEUCITPABHOCTEM.

1.1. Memoowvt nocmpoenus mecmoe
1.1.1. Memoo akmugu3zayuu 00OHOMEPHO20 NYMU

OcHoBHas HUACA 3TOTO0 MCTOJA 3aKIHOYACTCA B AKTHUBU3AllMKU IIYTH OT MCCTaA
BO3HUKHOBCHUA HCUCIIPABHOCTU K OTHOMY U3 BBIXOAOB CXCMBI.



[Ipouenypa nocTpoeHus TecTa Ajisi KOMOMHAIIMOHHOTO HU(PPOBOTO YyCTPOHUCTBA
10 3TOMY METOJIy COCTOUT U3 CJIECAYIOIINX TAIOB:

1. Ompenensercs yclioBUe HaOJIOIa€MOCTH HEUCIPABHOCTH B TOYKE €€ BO3-
HUKHOBEHHS.

2. BobiOupaercs myTh OT HEUCIIPABHOT'O MOJIOCA K OJTHOMY M3 BBIXOJIOB CXEMBI.
[TyTh 3aaeTCs B BUJIE NOCIEIOBATEILHOCTH 3JIEMEHTOB, JISKAIIUX HA ITOM ITyTH.

3. Ompenensercs ycloBUE aKTUBHOCTH BhIOpaHHOTO myTH. [1yTh ABIIsSeTCS aK-
TUBHBIM, €CJIM U3MEHEHHE JIOTHUECKOr0 YpOBHS B Hadajie MyTH NPUBOJUT K UHBEP-
TUPOBAHUIO 3HAYECHUN Ha BBIXOJ]aX BCEX JIEMEHTOB, JIEXKAIIUX HAa BHIOPAHHOM MYTH.

4. Pemaercs oOpaTHas 3ajaya, T. €. YCJIOBUS HaOJI0JIaeMOCTH HEUCIPaBHO-
CTH, U aKTHBU3allUU BBIOPAHHOTO MYTH OMPENEISAIOTCS B TEPMUHAX BXOJHBIX Tepe-
MEHHBIX KoOMOMHaronHoro 1V.

B pesynbrate monyyaeM MHOXECTBO HaOOPOB BXOJHBIX NMEPEMEHHBIX, U3 KO-
TOPOT0 BBIOMpPAETCS OJUH HAOOP, KOTOPHIM COBMECTHO C COOTBETCTBYIOIIUM 3TAJIOH-
HBIM BBIXOJIHBIM 3HAUYE€HUEM HA3BIBACTCS MeCmo8blM HAOOPOM.

B kauecTBe npumepa paccCMOTpUM KOMOMHAIIMOHHYIO CXEMY, IPUBEJICHHYIO Ha
puc. 1.4.
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Puc. 1.4. Tectupyemasi KOMOMHALIMOHHAs CXema

[Ipennonoxxum, HEOOXOIUMO MOCTPOUTH TECT JIJIsi OOHAPYKEHUST HEUCITPABHO-
cti F3 = 1, npuMeHUB METOJ] aKTUBU3AI[UU OJTHOMEPHOTO My TH.

1. YcnoBuem HaOm0/1a€MOCTH HEUCHpaBHOCTH F3 = 1 B MecTe ee BOZHMKHO-
BeHUs Oy/eT ycioBre GOPMUPOBAHUS HA HEUCIIPABHOM IOJIOCE YPOBHS JJIOTUYECKOTO
HyJIs, T. €. F3=0.

2. Ilyth, MO KOTOPOMY HEHUCIPABHOCTh MOKET OBITh TPAaHCHOPTHPOBAHA Ha
BBIXOJ] CXEMBbI, IPOXOIUT uepe3 4-il U 5- 3JIeMEHTBI CXEMBbI.

3. YcnoBue aKTUBHOCTU IYTH 4epe3 4-il 3JIeMEeHT 00ecreynBaeTCsl PaBEHCT-
BOM x3 = 1, a yepe3 5-i1 — BbINIOTHEHUEM paBeHCTBaA F1 = 0.

4. F3 = (x4+x5)-x6=0, oTcroga cienyert, 4yto (x4+x5)-x6=1.
Hcnone3ys nociienHee ypaBHeHUE U 1Ba ypaBHEHUS x3=1, F1=x1-x2=0, BbI-

TCKArOImue "3 YCJIOBI/Iﬁ AKTUBU3allUW, HAXOJUM HX PCHICHUA, KOTOPHIC U 6yI[yT SAB-
JITBCA TCCTOBBIMHU Ha60paMI/I§



xl x2 x3 x4 x5 x6
O 0 1 0 0 1
O 1 1 0 0 1
1 0 1 0 0 1

Jlns Broporo TectoBoro Hadopa 011001 sTamoHHOE BBIXOJHOE 3HAUCHHE FS
paBHseTcs 0, a B ciiydyae HaIUM4Ms HeucnpaBHOCTH F3 = 1 FS npuHuMaet 3HaueHue 1.
TectoBbiit Habop 011001, kpome HeucnpaBHOcTH F3 = 1, Takxke oOHapyKUBaeT He-
ucnpaBHocTh FS=1uF4=1.

B o0mem cinydae TecToBble HAOOPBI CTPOSITCS TOJBKO JUIsl XapaKTepUCTUYe-
CKHUX HEUCIPaBHOCTEH, KaKOBBbIMU IS ciyyass komOuHaunonHoi LIC sBasitores He-
MCIIPABHOCTH BXOJHBIX MOJIFOCOB U HEUCIPABHOCTU BETBEN PA3BETBIICHUS.

1.1.2. Memoo akmueu3zayuu MHO20MEPHO20 NYMU

Meto akTUBU3AIIMM MHOTOMEPHOTO MYTH (d-alroput™, win anroputM Pora)
SIBJISIETCS. UCTOPUYECKU TEPBBIM METOJOM, KOTOPBIN MJis ciydass KOMOWMHAIMOHHBIX
LIC no3BoJsieT rapaHTUPOBAHHO MOTYYUTh TECTOBBIM HAOOP, €CIIU OH CYIIIECTBYET.

d-aJirOpuT™ OCHOBAH Ha MCMOJB30BAHUM KyOMYECKOTO OMUCAHUS HHUQPPOBBIX
cxem. Ilpu peanuzanum d-aaroputMa TPUMEHSIOTCS CUH2YISAPHbIE KVObl, d-KyObl U
npumumuensle d-Kyovl Heucnpagnocmeu. Jid 3aJaHUsl CUHTYJISIPHBIX KyOOB UCIIOJIb-
3ytorcsa Tpu cumBodia: 0, 1 u x, rae cuMBoJ x 0603HavaeT 6e3pa3anyHoe 3HaueHue 0
60 1. CuHrynspHbIe KyObl CTPOSITCS COTJIACHO CIEAYIOIIEMY aJITOPUTMY.

AJNTrOpUTM MOCTPOCHUSI CUH2YIAPHBIX KVOO08 I TOTUYECKUX DJIEMEHTOB:

1. TIo BBIXOZHOMY MOJIFOCY JOTMYECKOTO 3JIEMEHTAa 33aJa€TCs ONPEeICIICHHBIN
cumBoi — 0 nubo 1.

2. Ilo BXOOHBIM TOJIOCAM 3JIEMEHTA 33Ja€TCS MUHUMAJIBHOE KOJIMYECTBO
CHUMBOJIOB, 00ECIIEYNBAIOIINX 3aJJaHHOE BHIXO/IHOE 3HAUCHUE.

3. Ilo ocTanbHBIM BX0/aM 3a/1a€TCsl CHMBOJI O€3pa3IMYHOrO 3HAYEHUS X.

B xadectBe nmpumepa paccmotrpum jgorudeckuit snement 3WMJIM-HE u cooTBet-
CTBYIOIIIME €My CHUHTYJISIPHBIE KYOBI.

|
S X X ==
S R = XN
R TR
—_o O Ok

s 3amanust d-ky6oe uctonbzyercs nsath cumBoioB: 0, 1, x, du d. T'ne x —

o3HauaeT Oe3pasznuyHoe 3HaueHue; cuMBoi d €{0, 1} Taxke NpUHUMAET OIHO M3
IBYX 3HaueHHM. OJIHAKO B OJJHOM M TOM K€ KyOe Bce CUMBOJIBI d MPUHUMAIOT OJTHO U

TO XK€ 3HA4YCHUC (B OTJIIMYUC OT CHUMBOJIOB x), ad-— IMPOTHUBOIIOJIOKHOC 3HAUCHUC.



d-KY6BI JIOTUYCCKUX 3JJICMCHTOB CTPOATCA HAd OCHOBAHHWHN CHUHTYIISIPHBIX HOKpBITI/Iﬁ
QJICMCHTOB. HpI/I 9TOM HUCIIOJB3YIOTCA CICAYIOIIHNC IIpaBUJId OIICpAlU IICPCCCUCHUA

INl=1

0Mn0=0
INnx=1
0Nnx=0
0=0 xNl=1
xN0=
1n0=d
XNX=X —
0Nnl=d

Jlist moctpoeHus d-ky0a 3JeMEeHTa U3 €ro CHUHTYISIPHOTO MOKPBITHS BBIOMpa-
I0TCA JIBA CUHTYJISIPHBIX Ky0a ¢ IPOTHMBOIOJIOXKHBIMHU 3HAYEHUSIMU 110 BBIXOJIHOM KO-
OpIMHATE U 3aTE€M IEPECEKAIOTCs MO NMPUBEICHHBIM BBIIIE IPaBUjIaM OIEpalyy Ie-
pecedeHus.

Hns cnywas norudeckoro sneMentra 3MJIM-HE nepeceyenue ero mepBoro u

YCTBCPTOI'O CUHTYIIAPHBIX KY6OB ITI0Ka3aHO HHKC:
2

QUl— o™

1 3
1 X
0 0
d 0

oo =

d-KyObl UCTIONIB3YIOTCS JJISL TOTO, YTOObI (hOPMAJIbHO PELIUTh 3a/7a4y aKTHUBH-
3allMM ITyTeH B TECTUPYEMOM cxeMe (TpaHCIIOPTUPOBKU HEUCTIPABHOCTH Ha BBIXON).

Ipumumusnsie d-kybovl Heucnpagnocmel NUCNOIB3YIOTCS JUIsl aKTUBU3ALMK He-
MCIIPaBHOCTH Ha HEUCIPABHOM ToJitoce. Jist aToro B ciaydyae HeucripaBHocTu =0 (=1)

BEIXOJHOTO TOJFOCA JEMEHTa Ha JaHHOM IIONIOCE 3a/aeTcs 3Havuenue d (d ), 9To 03-
HayaeT HaJlMuuMe Ha JaHHOM MoJjtoce 3HadyeHuil 1 (0) mpu OTCYTCTBUU HEUCTPABHO-
ctu. [lpu Hanuuum HeucnpaBHocTu =0 (=1) Ha KaHHOM TONIOCE (PUKCUPYIOTCS 3HA-
yeHus 0 (1). [To BXoaHBIM MOJIFOCAM 3a7]a€TCS MUHUMAJIBHOE MHOYXECTBO OIPE/IC/ICH-
HBIX CUMBOJIOB, 00ECIIEYMBAIOIIUX IO BBIXOAY djeMeHTa 3Hauenuit 1 (0) ms Hewc-
npaBHocTH =0 (=1), a MO OCTaJIbHBIM BXOJlaM 3a/1a€TCsl CUMBOJ 0€3pa3IM4YHOro 3Ha-
YEHUS X.

Jlns cimy4dast HencnpaBHOCTU =0 Ha BBIXOJHOM IOJIFOCE JIOTHYECKOTO 3JIEMEHTA

3MJIN-HE npuMUTHBHBIN d-Ky0 HEMCIIPABHOCTU MPUHUMAET BUJT
1 2 3 4

0 00d
Jns veucnpaBHoct =1 snementa 3UJIN-HE cymecTByer Tpu NPUMHUTHBHBIX

d-ky0a HeucrpaBHOCTH, MPEJCTaBICHHBIX HUXE:
1 2 3

1 x x

x 1 x

SHIEWIE]

x x 1
s peanuzanuu d-aaropuTMa HUCIONIb3YeTCsl onepanus d-nepeceyerusi, KOTO-
past onpeeNsieTcs s IBYX UCXOIHBIX KyOOB.



Pesynbratom d-mepeceuenus ky6oB A=(a,a,,..,a,); B=(b,b, .., b), TI
a,b, e{O, L, x, d, 3} )a d-nepecedeHune kyooB A u B o003HadaeTCs Kak fd\ SIBJISIETCS
pE3yIABTUPYIOUINI KyO A?B:al an a, f;bz, e @, rd\bn. IIpuyem A?Bzﬂ, €CIu XOTH
OBl JJIsl OJTHOTO i BBIMIOJIHAETCS PAaBEHCTBO a, le- = Q. llokoopounamuas onepayusi

d—nepeceqeﬂuﬂ onpeaAcsICTCA CIICAYIOIINMMU COOTHOIICHUAMM

a,, ecrub, = a. um b, =x;
a,Nb, =3b, ecua, =bum a, =x;
d

& 6 ocmanvhbix Cydasix

CyTh d-anropuTMma 3aKJIFOUaeTCsl B TOM, YTO MPUMHUTHUBHBIN d-Ky0 HEHCITpaB-
HOCTH KOHKPETHOT'O JIEMEHTa CXEMBI pacIInupsieTcs 10 d-Kyba Bceil CXeMbl, KOTOPBI
OIMCHIBACT UCIIPABHOE M HEHCIIPABHOE MTOBEICHUE BCE CXEMBI.

HenocpencTBeHHO d-arOPUTM COCTOUT U3 CICAYIOIIMX ITAIOB:

1. BeiOupaercss TpUMHUTUBHBIN d-KyO 3aJaHHOW HEWUCIPAaBHOCTH JIIEMEHTa
CXEMBI.

2. AKTUBU3UPYIOTCS BO3MOYKHBIE TYTH OT JIEMEHTa, COEPIKAIET0 HEHCIIPaB-
HOCTh K BBIXOJY JTUOO HECKOJBKHM BBIXOJAaM CXEMBI. J[JIs1 9TOro MpUMEHSeTCs Ore-
pauus d-nepeceyeHus d-ky0a HEHCHPABHOCTU C d-KyOamMu 3JE€MEHTOB, IMOCJE0Ba-
TEBHO BKJIIOYCHHBIX MEXKIY HEHCIIPAaBHBIM JJIEMEHTOM W BBIXOJAMHU CXEMBI. JTOT
ATal Ha3bIBaeTCs d-MPOX0J0M, (OPMATHHBIM OKOHYAHUEM KOTOPOTO SIBISIETCS TIOSIB-
JIEHHE CHMBOJIA d I d Ha OJHOM WIHM HECKOJHKMX BBIXOJIHBIX CXEMBL

3.BeimonHsieTcs oOpatHas ¢aza Kak MpoIleaypa MOCIeI0BaTEILHOTO Mepece-
4eHUs d-Ky0a, TOTYyYeHHOTO B 1. 2, C CHHTYJISIPHBIMU KyOaMU OCTaJIbHBIX 3JIEMEHTOB,
T. €. DJIEMEHTOB, KOTOPhIE HE YYaCTBYIOT B BBHIMIOJTHCHHUH JIBYX MPEIBIIYIIUX MyHK-
ToB. [Ipu BBIMONHEHWN AaHHON (a3bl coONFONaeTCs MpaBUIO 0OpaTHOrO Xoja, 3a-
KITIOYaromieecs B MOCIE0BATEIbHOM HCIIOIh30BAHUH 3JIEMEHTOB OT BBIXOJTHBIX MO-
JIFOCOB CXEMBI JI0 €€ BXOJIOB.

B kauecTBe mpuMmepa paccMoTpuM HHU(DPOBYIO cXeMy, MPHUBEACHHYIO Ha
puc. 1.4. [Ipeanonoxxum, 4To Al JaHHONW CXeMBI HEOOXOAMMO MOCTPOHUTH TECT AJIS
OoOHapyXeHHUS HEUCTPABHOCTH F3 = |, IpUMEHUB METOJ aKTHBHU3AIIMA MHOTOMEPHO-
ro nytu. [IpeaBapuTensHO Ka)XI0My TOITIOCY CXEMbI TOCTABHM B COOTBETCTBUE YHU-
KaJIbHbIN UICHTUPUKATOP (MHIEKC) B COOTBETCTBUU C Tabi. 1.1.

Taomuna 1.1
x1 x2 x3 x4 x5 x6 F1 F2 F3 F4 F5
1 2 3 4 5 6 7 8 9 10 11

1. Ha mepBoM »Tame 3agaeTcsi MPUMUTUBHBIN d-KyO HeucnpaBHoOcTH F3 = 1
IUTSl TPETHETO IEMEHTA CXEMBI, KOTOPBIA UMEET CIAEAYIOIINI BUL:

10



F3
8 6 9

1 1 4
CunrynspHbie KyObl 1-TO0 ¥ 2-TO 3JIEMEHTOB (3THU JIEMEHTHI HE JIeXkKaT Ha MyTU
OT HEHCTPABHOTO IMOJI0CA K BBIXOJY CXEMbI) U d-KyObl 4-TO U 5-T0 3JIEMEHTOB IIPH-
BEJICHBI Ha puc. 1.5.

Fl 2 F4 F5
1 2 7 4 5 8 3 9 10 7 10 11
0 x 0|1 x O d 1 d|d 0 4
x 0 Ojx 1 O 1 4 d|d 0 d
1 1 1/{]0 O 1 1 d d|0 4 d
d 1 110 d d

Puc. 1.5. Cunrynsipabie KyObl

2. Ha BTOpoMm 3Tame nociaeaoBaTelIbHO BBITIOJIHSIETCS onepanus d-nepeceueHus
MPUMHUTUBHOTO d-Ky0a HEHMCIPABHOCTU C d-KyOaMu 3JIEMEHTOB, JIEkKAIIUX MEXIY
HEUcnpaBHBIM MoJIFocoM 9 (£3) u Beixogom cxemsbl 11 (F5).

1 2 3 456 7 8 9 10 11 KommenTtapun
HcxomHoe coOCTOSTHUE TIOJIFOCOB HE OIpejie-
X X X X X X X X X X X
JICHO.
- 3agaeTcs NMPUMHUTUBHBIA d-Ky0 HEHUCHpaB-
xx x xx I x1 4 x x 8 P y P
HOCTh F3 = 1.
xx x xx 1l x 1 4 x «x Pe3ynbpTar nepeceueHus.
- - BeimosiHsIeTCsT  mepecedeHue ¢ MEePBBIM
X x d x x x x x 1l d x
d-xyoom nns F4.
x x d xx 1 x 1 @ 4 «x [To 9-my mosrocy MoJydeH pe3ynbTar .
- [ToaTOMY BBITIOJHSETCS BO3BpAT HA MPE/IbI-
xx x xx 1 x1 4 x x Y p pedl
TYITYEO UTEPALIHIO.
x x 1 x x x x x d d x Brioupaercs Bropoii d-xky6 F4.
xx I xx 1 x 1 4d 4 x Pe3ysbTaT nepeceucHus.
x x x x x x 0 x x 4 d Brioupaercs d-ky6 s F5.
x x 1 x x 1 01 4 4 4| Pe3ynprar nepeceucHus.

3. Ha TPCTHCM 3TAIIC BBIIOJIIHACTCA IEPECCUCHUC C CUHTYJIIPHBIMHA KY6aMI/I

1 23 456 7 8 9 10 11 KommenTtapun

x x 1 xx 1 01 4 d d PesynbTaT, moaydeHHbIH Ha 2-M dTare.
0 x xx x x 0 x x x x s F1 BeiOMpaeM CUHTYJISIPHBIN KYO.
0 x 1 xx 101 4 d d Pesynbrar nepeceucHus.

x x x 00 x x 1 x x x Jlns F2 BeIOMpaeM CUHTYJISIPHBIN KYO.
0O0x 100101 4 d d Pesynbrar nepeceucHus.
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OKOHYaTeJIbHO MMEEM Pe3yJbTUPYIOMMA KyO, KOTOPBIA ONMUCHIBAET MOBEE-
HUE HU(POBOIl CXeMbI B UCIIPABHOM COCTOSIHMM M B Clly4ae HAJIMYUsl HEUCIPABHOCTU
F3=1.

Tak, B cmydae OTCYTCTBUSI HEMCIIPABHOCTH IPH MOJadye Ha BXOJbI CXEMBbI OJI-
HOTo U3 ABYX TecToBbIX HabopoB 001001, 011001 Ha BbIXOJHOM MOJIOCE OYyIET MO-
nyded 0, 0 UeM CBUJETEIBCTBYET CUMBOJI d Ha BBIXOAHOM mostoce 11. Tlpu Hamuunu
HEUCITPaBHOCTH Ha JIaHHOM ToJItoce Oy/IeT MOoJayyeH ypOBEHb 1.

1.2. 3a0anue 0na evinonnenus 1a00pamopHoil padomal
JlaGoparopHas paboTa BBITIOHSAETCS KaXAbIM CTYJAECHTOM WHIWBHIYaJIbHO CO-

T'JIaCHO HpHBeHCHHOﬁ Ha puc. 1.6 cxeme u BbIJAHHBIMU IIPCIIOAABATCIICM THUIIAMU JI0-
THYCCKHX JJICMCHTOB.

x1
Fl F6
x2 —
X3 F2 P— F5
x4
5 F4
X
F3
x6 J
x7

Puc. 1.6. Tectupyemasi koMOMHAIIMOHHAs CXeMa

3ananmue nis JadopaTtopHoi padborsl Nel

Pa3zpaboraTte mporpammy, KoTopas ajisi 1000 OJUHOYHONW KOHCTAaHTHOW HEHC-
MIPAaBHOCTHU HaXOJUT TECTOBBIA HAOOP MO METOIy aKTUBU3AIIUN OJTHOMEPHOTO MyTH.

3ananmue 19 Ja00paTopHOi padoThl Ne2

Pazpaborats mporpamMmy, KOTOpas HaXOJUT MHOXECTBO TECTOBBIX HAOOPOB,
MIOKPBIBAIOIIIEE BCE OJMHOYHBIE KOHCTAHTHBIE HEUCHPABHOCTHU MO METOJY aKTUBHU3a-
[IUM MHOTOMEPHOT'O MYyTH.
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2. MUHUMMUM3ALUA TIOTPEBJIEHUA DOHEPT' N
IHPU ITPOBEJAEHUNU TECTUPOBAHUA HUP®POBbBIX CXEM

B Hacrosiiiee BpeMs npH MPOEKTUPOBAHUM LUMPOBBIX YCTPONCTB HA OCHOBE
CBUC ognuMm U3 THaBHBIX (PAaKTOPOB, OTPAHUUYMBAIOLIUX IUIOTHOCTH KOMIIOHOBKH,
CTAaHOBHUTCSI SHEPronoTpedsieHHe U CBSI3aHHOE C HUM BblAelieHue Temia. [lortomy
BAXKHOM 3ajayeil sBNsEeTCS CHIDKEHHsSI dHEpronorpediieHus IUGpOBBIX YCTPONCTB
MPU TIPOBEJIEHUU MPOBEPKU MX pabOTOCIIOCOOHOCTH. MOKHO BBIACIUTH JIBE OCHOB-
Hbl€ MPUYMHBI aKTYyaJIbHOCTU JaHHOW mpoOiemsl. [lepBas mpuyuHa cBsizaHa ¢ TeM,
YTO B MOMEHT TECTUPOBAHMS (CAMOTECTUPOBAHUS) HAOJIOAIOTCS MUK MOTPeOIeHUs
SHEPrUU U COOTBETCTBEHHO MUK pacceuBaHud Terma. [lorpebienne 3Hepru MOKeT
BO3pacTaTh B 2—3 pa3za. T0 MOXKET MPUBECTH K BBIXOJY YCTPOMCTBA U3 CTPOS BCIE-
CTBUE IeperpeBa. Bropas npuurHa cBsi3aHa CO CHUKEHUEM CpPOKa CITY>KObl aBTOHOM-
HBIX UCTOYHUKOB MUTAHUS MOOUIIbHBIX HU(PPOBBIX YCTPOUCTB.

B nannoii paboTe paccMaTpuBalOTCS OCHOBHBIE MCTOYHHKHU 3HEpromnorpedle-
Hust udposbix uHTErpanbHbix cxeM (MC), Beimonnennsix mo KMOII-texHnonoruu,
METO/IMKA OLICHKU PacCEeMBaeMON MOIITHOCTH, a TAKXKE OJIUH U3 MOAXO0JI0B K MUHUMH-
3alMM NOTpeOIeHUs] HU(POBBIX YCTPONCTB MpPU NPOBEICHUU TECTHUPOBAHUS C HC-
MOJIb30BaHUEM JETEPMUHUPOBAHHBIX TECTOBBIX HAOOPOB.

PacceuBaemyto momHocTh i KMOII-cxem MOXHO pa3feiauTh Ha JiBa BUIA:
JUHAMUYECKYIO U CTaTHYecKyto. J[MHaMuueckasi paccemBaeMas MOLUTHOCTh BO3HUKAET
B MOMEHT NEPEKITIOYEHUSI CXEMbI U3 OJIHOTO JIOTHUYECKOTO COCTOSIHUSI B IPYTO€ U OIl-
penensercst AByMs OCHOBHBIMU MCTOYHMKAMH — CKBO3HBIMU TOKaMH, KOTOpbIE MPO-
TEKAIOT Yepe3 JIOTMYECKUH AIIeMEHT B MOMEHT MNEpeKIIOYEHUs, U TOKaMu 3aps-
na/paspsiia mapa3uTHBIX EMKOCTEN JIOrH4YecKux anemMeHToB. CrieqoBaTenbHO, OHA 3a-
BUCUT OT MEPEKITI0YATEIbHOW aKTUBHOCTH CXEMBbI, T. €. YEM BBIIIE MEePEKII0YaTENb-
Hasi aKTUBHOCTh CXEMBI, TeM OOJIbIlIe paccemBaeMas MOIIHOCTh. [Ipu oTcyTcTBUHM TIe-
PEKITIOYEHUH TUHAMHYecKash MOUTHOCTh paBHa Hyt0. CTaTUdeckass MOIIHOCTh pac-
CEUBAETCS TOT/1a, KOTJIa IOTUYECKHUM 3JIEMEHT HaXOAUTCSI B HEKOTOPOM (DUKCUPOBAH-
HOM JioruyeckoM coctosiHud (0 wim 1), u omnpexaensercs TOKaMU yTEYKH KaHala
MOII-Tpan3ucropa, 0OpaTHBIMU TOKAMH p-n-TIEPEXOIOB M TOKAMU BHEIIHUX BBIBO-
nos MC. Ha puc. 2.1 mpeacraBieHa kiaccuduKaius HUCTOYHUKOB pacceMBaeMoOu
MOIIIHOCTH.

B uneansHom cnydae B ctatudeckoMm coctosiiun KMOII-anemeHnT He motped-
JISIeT MOILHOCTH, T. €. TOK Yepe3 Hero He npoTekaeT. OJHAKO B pealbHbIX CXeMaXx TOK
yepe3 Hero TeyeT. BenuunHa 3TOro Toka COCTaBiIsET MOPSAOK MUKOaMIeEp, COOTBET-
CTBEHHO U CTaTHYECKas paccenBaemasi MOIIHOCTh, ONpeieisieMasi STUMU TOKAMH, Ha
HECKOJIbKO MOPSAIKOB MEHbIIIE, YEM JUHAMHUYECKasl.

JluHamuyeckasi paccerBaeMasi MOIIHOCTb ONpENeNsieTcs ABYMs KOMIIOHEHTa-
MU: TOKaMU 3apsjia/pa3psa KOHIEHCATOPOB U CKBO3HBIMU TOKaMH Y€pe3 BEHTUJIH.

bonsmmncTBo i possix KMOII-cxeM He TpeOyeT ucnoiab30BaHus KOHACHCa-
TOPOB JIJIsl BBINOJHEHUSI CBOUMX (YHKIMHA (MCKIIOYEHHE COCTaBIIAECT TUHAMUYECKAS
naMsATh, YCTPOMCTBA BHIOOPKHU/XpaHEHUSI, YCTPONUCTBA 3aJE€PKKU CUTHAJIOB U T. I.).

13



Konnencatopbsl 00pa3yroTcs 3a cueT Mapa3uTHBIX €MKOCTEH TPaH3UCTOPOB U JIMHUM
CBSI31, TIO3TOMY OT HUX HEJIb3s M30aBUThCA. [lapa3uTHas eMKOCTh OKa3bIBaeT CYIIle-
CTBEHHOE BJIMSIHUE KaK Ha BpeMs 3aJepPKKU paclpOCTPaHEHUs] CHUTHaja, TaK U Ha
paccenBaeMyr0 MOIIHOCTh. OIEHKY Mapa3uTHOW €MKOCTH OyJIeM MPOBOAUTH Ha MPH-
Mepe MHBEpTOpa, MPUHIUIHAIBHAS CXeMa KOTOpOro mpuBejeHa Ha puc. 2.2, a. Un-
BEPTOP COCTOMUT U3 p-KaHanbHOTO (V7)) u n-xanansHoro (V'7,) MOII-Tpan3ucTopos.
[TapasutHas eMkocTh (puc. 2.2, 6) 00pa3yeTcsi U3 €MKOCTH BXOJIHBIX JIMHUM CBSI3H
Ciy, €MKOCTU BBIXOJHBIX JTUHUN CBsi3u C,,, U Mapa3UTHBIX €MKOCTEH TPaH3UCTOPOB
(Cep1, Copay Cgsi, Cosy — apa3uTHBIE EMKOCTH 3aTBOP-CTOK M 3aTBOP-UCTOK COOT-
BeTCTBEHHO, Cpp;, Cppa, Cspy, Cspr — MApa3UTHBIE EMKOCTU CTOK-TIO/IJIOKKA U UCTOK-
MOJJIOKKA COOTBETCTBEHHO). BeaWYMHBI ATHUX Mapa3UTHBIX E€MKOCTEH 3aBUCIT OT
TCOMETPUUECKUX Pa3MEpPOB AJIEMEHTOB, TEXHOJIOTHYECKOTO Mpollecca U3roTOBICHMUS,
MIPUMEHSIEMBIX MaTepUajoB U T. . B maHHo# paboTe 3TH eMKOCTU OyJieM yUUTHIBATh
B BHJIC SKBHUBAJICHTHON mepekitoyaemMoit eMkoct Cy, pacloJIOKEHHON MO BBIXOIY
JIOTHYECKOI'0 DJIEMEHTA.

HCTOYHUKH PACCEUBAEMO MOIIHOCTH KMOII-CXEM

v

JAuHaMu4eckasi pacceuBaemMasi

h J

Crarn4eckas paccenBacMmast

MOIIHOCTH MOIONHOCTH
\
) 4 Y h J Y \
Sapsin/ .
Pt CxkBo3zHoii Oopar- Tox
paspsan o Tox
TOK NMpH HBII TOK yTeuKkn
mapasuT- HArpY3-
. MEePEeRJII0- p-n- TpaH3mc-
HOH K1
YeHUN nepexoaa TOpa
EeMKOCTH

Puc. 2.1. Uctounuku paccenBaemoit moutnoctu KMOII cxem

Oueprus, norpednsemas y3nom KMOII-cxeMbl ipu nepexItoueHnu, onpee-
JISI€TCSl CIIENYIOIIUM BBIPA)KECHUEM :

1 2.

E = (2.1)

rae C — cymmapHas nepexitoyaeMasi EMKOCTh; V — HalpsiKeHue nuTaHus (TouHee,
aMIUTUTYJa HAPSDKEHUSI IEPEKITIOUCHHUS ).
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Puc. 2.2. IlpunrnunuansHas cxema KMOII-unBepTopa (a) 1 95KBUBaJCHTHAs
cXema MHBepTOpa JJIsl pacuera mapa3suTHON eMKoCTH (0)

MormiHocTs, paccenBaemass KMOII-cxemoit BciaeACTBUE MPOTEKaHUSI CKBO3HO-
ro Toka, MokeT cocTaBiaTh 10—-60 % oT oOmiel AuHaMu4YecKol MoIIHOCTH. Ee Benu-
YUHA 3aBUCHUT OT TaKUX MapamMeTpoB, KaK BOJbT-aMIIEPHbIE XapaKTEPUCTUKHU TPaAH3U-
CTOpOB (HampsKEHUE OTHMUPAHUS W 3alUpaHUs TPAH3UCTOPOB), JUTUTEIHLHOCTH Tie-
peaHero u 3agHero (poHTa BXOJHOTO CUTHAJA, EMKOCTH HATPY3KH, HAMPSIKEHUS TTH-
TaHUS U T. II.

Jlnst ynporeHust pacueToB AUHAMUYECKON MOITHOCTH, KaK MPaBUIIO, UCIIOJIb-
3yeTcst BeipaxeHue (2.1), B KOTOpOM CKBO3HOW TOK YYUTBHIBAETCS B BHUJE JIOMOJIHU-
TenbHON eMKocTU Harpy3ku Cge. Takum oOpaszom, 11 pacyeTa TUHAMUYECKON MOIII-
HOCTH y3J1a JIOTHYECKOM CXeMbI Oy/IeM UCIIOIh30BaTh CJICAYIONIEE BRIPAKECHUE:

1
PZECLsz’ (2.2)

rae Cp — nepexiaoyaeMasl eMKOCTh (KOTOpasi yUUTHIBACT KaK Mapa3uTHBIE €MKOCTH
BEHTHJICH, TaK W JOTMOJHUTEIbHYIO0 eMKOCTh Harpy3ku Csc); V — HampspKeHHe muTa-
HUS;, f— 4acTOTa UBMEHEHUS JIOTUYECKOTO YPOBHSI.

PaccMoTpuM aHanu3 paccemBaeMoOill MOIIHOCTH 0OoJiee MOApOOHO. DHeprus,
noTpebisemMasi j-M Y3JIOM CXEMBbI IIPHU MEPEKIIOUYECHUH, PaBHA 1/2CjV2dd, rae C; — eM-
KOCTHasl Harpyska j-ro ysna, V,; — Hanpsi>keHue MCTOYHMKA nuTanus. CieaoBaTelb-
HO, BBIPOXEHUE 1/2]§CjV2dd MO3BOJIICT OILEHUTHh MOTPEOIAEMYIO j-M Y3JIOM CXEMBbI
DHEPTHIO 3a f; IepeKIoYeHni. [ y3/10B, K KOTOPBIM MOJKIIOYEHO HECKOIBKO BXO-
JOB JIOTUYECKUX JJIEMEHTOB, €MKOCTHAs Harpy3ka BO3pacTaeT IMPONOPIHUOHAIBHO
4uCIIy BXO1O0B ;. [103TOMY BBIpa)KEHHE AJIsl SHEPTUH, IOTPEOIAEMON j-M y3]IOM CXe-
MBI, MOKHO 3aIMCaTh CIEAYIOIUM 00pa3oM:

1
B, =50, G (2.3)
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rae Cy — HOMUHaNbHas (HOpMaJIU30BaHHAs) eMKOCTHAsI Harpy3Kka OJIHOTO BXOJa, KO-
TOpasi SABJISIETCS OJWHAKOBOM ISl BCEX JIOTUYECKHUX DJIEMEHTOB, BBIIIOJIHEHHBIX IO
eauHou TexHojoruu. O6o3HauMM uepe3 Ej SHEPrui0 OJHOTO MEPEeKIIOUYEHHS CTaH-
JApTHOTO BXOJa:

E, =%Co V2 2.4)

Torma s oleHKH MOTPEOIISIEMOM Y3JI0M j SHEPTUU HEOOXOAMMO 3HATh YUCIIO
IEPEKIIOUEHNH f; U KOJMYECTBO BXOJOB JOIMYECKHX IEMEHTOB ), IOJKIIOYEHHBIX
K 1aHHOMY y311y. IIpousBenieHue sf; onpeaenuM Kak NepeKiIoyaTeIbHy 0 aKTHBHOCTb
SA; (Switching Activity — SA) y3na j n OyaeM UCIIOJIB30BATh B KAYECTBE OLICHKU JUIA
paccenBaeMoil 3TUM y370M SHeprur. COOTBETCTBEHHO TNEPEKIIOYATEIIbHAS aKTHB-
HOCTh BCCH CXEMBI 32 OJMH TaKT CHHXPOHHU3AINH 3aITUIICTCS

SACLK = Zs‘j 'fj’ (25)
j1

I€ f; — YUCIIO NMEPEKIIOYEHHH j-T0 y3J1a 33 OJUH TaKT CHHXPOHU3AIUH; §; — KOJINYe-
CTBO BXOJIOB JIOTHYECKHUX 3JIEMEHTOB, MOAKIIOYEHHBIX K TaHHOMY Y3Jy; V — KOJInuYe-
CTBO Y3JI0B JIOTUYECKON CXEMBI.

Torpa nepexitouyarenbHas akTUBHOCTh BCEU CXEMBI 3a 71 TAKTOB Pa0OTHI MOKET
OBITh HalJIeHa U3 CIEAYIOLIErO BbIPAKEHUS:

$4=3"Ys - f. (2.6)

i=l j=lI

Takum oOpazom, sHeprus, norpediseMa cxeMon, MOKET ObITh HailfieHa cie-
AYIOIHUM 00pa3oMm:

E=SAE,. (2.7)

PaznenuB nomyueHHOE BbIpaKEHHE Ha BpeMsl £, B TEYEHUE KOTOPOro Oblia MoTpeo-
JIeHa PHeprus (WM, 4TO PABHO3HAYHO, YMHOXHB JTAHHOE BBIPAKEHHE Ha 4actoty F),
MOJTYYUM PACCEUBAEMYIO MOIIIHOCTh CXEMBbI:

E
P===E-F, (2.8)

PaccMmoTpumM mpumep pacuera paccenBaeMoOi MOILIHOCTH Ha MPUMEPE TECTUPO-
BaHUA cXeMbl Ha puc. 2.3. B Tabn. 2.1 npeacTaBieHbl BC€ BO3MOKHbBIE TECTOBbIE Ha-
6opsl (TH) nnst nanHOM cXeMbl U 0OHApYKUBAaeMble UMU HEUCITPABHOCTH.

16



X1 &

- (: Z1 1

D3

72

X3 |1

X4

— | D2

Puc. 2.3. IIpumep TeCTUPYEMON CXEMBI

Tabnuna 2.1
OO6HapyxuBaeMble Yucno
Ne | X1 | X2 | X3 | X4 |71 |22 |7 HEHCIIPABHOCTH 0OHapyKEHHBIX
Const 0 Const 1 HEUCTIPABHOCTEH
I 100|001 ]1]0 Z1 Y 2
2 0 0 0 1 1 1 |10 Z1 Y 2
370,01 ]0]1]07]0 Y 1
4 0 0 1 1 1 1 |0 Z1 Y 2
5 0 1 0 0 1 1 |10 Z1 X1,Y 3
6 0 1 0 1 1 1 |10 Z1 X1,Y 3
7101 I 10| 1]01|0 Y 1
8 0 1 1 1 1 1 |10 Z1 X1,Y 3
9 1 10|00 |1 /]1]0 Z1 X2, Y 3
10 | 1 0 0 1 1 1 |10 Z1 X2, Y 3
1] 1 0 1 0 1 0|0 1
12 ] 1 0 1 1 1 1 |0 Z1 X2, Y 3
13 ] 1 1 0 0 0 I |1 X1,X2,722,Y X3, 71 6
14| 1 1 0 1 0 I |1 X1,X2,72, Y Z1 5
5] 1 1 1 0 01010 X3 X4, 72, 4
Y
16 | 1 1 1 1 0 I |1 X1, X2, X4, Z1 6
Z2,Y

Ha ocHoBanuu T1a0m. 2.1 HaxoAMM MUHMMAaJIbHOE KOJIMYECTBO TECTOBBIX HabO-
POB, KOTOPOE MO3BOJIUT OOHAPYXKUTh BCE HEUCIPABHOCTH TECTUPYEMOM cXeMbl. Jljis
ATOro CcHayaja BblOepeM TecToBbId Habop Nel6, KOTOpbBI MOKPOET MaKCUMAalbHOE
KOJIMYECTBO HeucnpaBHOcTed Ne6. 3aTeM M3 OCTaBIIMXCS TECTOBBIX HAOOPOB BHIOM-
paeM TakKoi, KOTOPbIA MOKPOET MAaKCUMYM M3 HEMOKPBITHIX HercnpaBHocTel. [Tomy-
YeHHbIE TECTOBbIE HAOOPHI IIPEICTABICHbI B Ta0J. 2.2

Halinem uucno mepexitoueHUd TpH IMoJavye JAHHOTO MHOMXECTBAa TECTOBBIX
HaOOPOB Ha TECTUPYEMYIO CXEMY, IIOCJIE OKOHYaHMs I10JJa4d HaOOpOB BO3BpallaeMcs
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K UCXOJHOMY HaOopy. [lomy4min, 4To Npu TECTUPOBAHUU CXEMBI, IPUBEICHHON Ha
puc. 2.3, npoucxoaut 20 nepexiatoueHui (tadin. 2.3). Ilpu 3ToM UCHoNb3yeM J0IYy-
IIEHUE, YTO BBIXOJ CXEMbI MOJKIIOYCH K OJHOMY JIOTHYECKOMY BXOY.

Tabmuma 2.2
Const 0 Const 1
N | X1 X2 1 A3 ) X4 X1 | X2\ X3 |X4|Z1|Z22|Y | X1 | X2|X3|X4|Z1|2Z22|Y
1 |1 1 1 1 |+ |+ + | 4
2 |1 1 1 |0 + A 4= | AF
3 11 0 |1 1 + S5 +
4 |1 1 (0 |0 |+ |+ + |+ 4 +
500 |1 Jo o + + T
IToxpeiTHE S e o e e e ol e s o e e O e N e Y e N e ol e
Tabmuma 2.3
N | X1 | X2 | X3 | X4 |71 |22|7Y Yucno nepekinroyeHui
11 1 1 1 0 1 |1
21171 (1]70,0]01]0 3
311 0 1 1 1 1 10 4
41 1 1 0[]0/ 0 1 |1 5
5101110101110 3
11 1 1 1 0 1 |1 5
Bceero 20

[locTaBuMm 3amayy MUHUMM3AIUMU YHCIA MEPEKIIOYEHUN NpU TECTUPOBAHUU
cxeMbl. [{nst aToro nocrpoum tabn. 2.4, B KOTOPOH PAacCUUTAEM UYUCIIO MEPEKITHOYE-
HUH TIpU MoJjaue pa3InyHbIX KOMOMHAIMN U3 IBYX TecTOBbIX HaOopoB (TH).

Ta6auna 2.4
TH 1 213145
1 |- |3]|3|2]|5
2 |3 |—-1413]|4
3 |34 —-|5]|4
4 |23 |5|—-13
5 |5]1414]3]|-

Ha ocHoBanuu 1abn. 2.4 HaxoauM Takyro THoclefoBaTelbHOCTh noaaun TH,
MPU KOTOPOM YHUCIIO MEpEeKToueHuit 0yaer MuHuManbHo. OJIMH U3 MpOCTeNIuX aji-
TOPUTMOB MOKUCKA — TaK HA3bIBAEMBIN <GKaIHBIN» anropuT™M. CyThb €ro 3aKJIF0YaeTCs B
cienytouieM. M3 Tabnuipsl BeIOMpaeM mapy TECTOBBIX HaOOpPOB, KOTOpask UMEET MH-
HuUMyM niepexiatoueHuit, Hanpumep TH1 u TH4. BoiuepkuBaem 1-ii u 4-it cTONOUBI.
3areM B 4-0H1 CTpPOKE UILlEM MUHUMAJIbHOE 3HaYEHHE BO BCEX CTOJOLAX 3a UCKIIOYE-
HUEM BbIYEPKHYTHIX. Takux 3HaYeHUH JBa U OHU HAXOIATCSA BO 2-M M 5-M CTOJOIIE.
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Bri6upaem 3HaueHue u3 2-ro ctojidiia U BIYEPKUBAEM 3TOT CTONOEI. 3aTeM BO 2-i
CTPOKE HILEM MHUHHUMAJIbHOE 3HAYEHUE Cpelu HeyJaJIeHHBIX CTOJOI0B. BriOupaem
3HaueHue U3 3-ro cToa0I1a U BEIYEPKUBAEM €ro. B TpeTheil CcTpoKe 0CTalloCh OAHO HE
BBIUEPKHYTOE 3HaU€HHUE B MATOM cToj01e. MTak, monyuunu cieayrollyro nocieaoBa-
TeIBHOCTDH MoAaun TecToBbix HaOopos: TH1-TH4-TH2-TH3-THS-THI.

CooTBeTcTBEHHO yncao nepexioueHud SA =2 +3 +4 + 4 + 5 = 18. llonyuu-
au 18 mepekiroueHMil, 4To Ha 2 MEHbLIE, YeM B IpeaslayiieM npuMepe. OnHako
(OKaIHBIM» aArOpUTM HE TapaHTHUPYET MOCTUNKEHUS aOCOJIOTHOIO MHUHHMMAJIBHOIO
3HaueHnusi. Hampumep, npu nogaue TH B cienyromieid nociegoBarenbHoct TH2-
TH4-THS-TH3-TH1-TH2 nonyuum SA =3 +3 +4 + 3 + 3 = 16. B o0mem cinydae
HEO0OXOIMMO PACCUUTATh BCE BO3MOKHBIE BAPUAHTHI MOJa4H TECTOBBIX HA0OOPOB.

Jlyis pacueTa MOITHOCTH OyAeM CuuTaTh, YTO HampspKeHue nutanus Vi = 3,3 B,
Co= 11 n®, yacrora nogauu paBHa 10 MI'1, COOTBETCTBEHHO JJIUTEIBHOCTH OJHOTO
TakToBOro umiyisca paBHa 0,1 mkc. Ha ocHoBanuu (2.4) Haiiiem 3HEpPruio0 OAHOTO
MIEPEKIIFOUECHUS.

E, :%-3,32 11107 =0,59895-107" [Tx.

st mopaun 5-TM TECTOBBIX HAaOOpPOB TpeOyeTcss 5 TakTOB, CIEJOBATENbHO,
t=5-0,1=0,5mkc =5-10"c . Bocronp3oBaBmucs (2.8), moxydum

-10
P=== Sﬂtfo L0 0’29?(9)_57 10 958325 = 191664-10° Br.

2.1. 3a0anue ona evinoIHeHUA 1AOOPAMOPHOU padoOmbl

3ananmue 19 JadopaTtopHoi padboTnl Ne3

Pa3zpaborars nmporpammy, KOTOpass MUHUMHU3UPYET YHUCIIO MEPEKIIOYCHUN TIPU
1moja4ye TeCTOBBIX HAOOPOB, IIpH ATOM HeoOxoauMo obecreuuth 100 %-HOe TOKpHI-
THE HEUCIIPABHOCTEN 3aJaHHOMN CXEMBI.

19



3. TEHEPATOPBI TECTOB HA BA3E PETTUCTPOB CABHUT A
C JUHEMHOMN OBPATHOM CBS3bIO

OaHUM U3 KITIOYEBBIX 3JIEMEHTOB JII000M CUCTEMBI BCTPOEHHOT'O CaMOTECTHUPO-
BaHUA IIM(PPOBBIX YCTPOUCTB siBisieTcsl reHeparop TecToBbix HabopoB (I'TH). B co-
BpeMeHHbIX UGPoBbIX ycTporcTBax ['TH, kak mpaBuiio, COCTOUT U3 ABYX YacTeM:
HMCTOYHUKA TECTOBOW IMOCJIEAOBATENIBHOCTH M YCTPOMCTBA TPAHCIIOPTUPOBKH TECTO-
BbIX HAOOPOB Ha BXOJbl TECTUPYEMOi cxembl — 1enb ckanupoBanus (LIC). B kauecT-
BE TECTOBOM IOCIENOBATEIBHOCTH 4Yallle BCETr0 UCIoNb3yercs M-mocnenosa-
TEIBHOCTh (IICEBJIOCTYYaliHAsl MOCIIEI0BATEIBbHOCT MAaKCUMAJIbHOW JJIMHBI). OTO
CBA3aHO C MMPOCTOTOM aNIapaTHOW pealn3alu reiepatopa M-mociie10BaTeIbHOCTH,
KOTOPBIN COCTOUT W3 CABUTOBOTO PETUCTpa C JUHEHHOW OOpaTHOM CBS3bIO, TaK Ha-
3piBaeMoro LFSR (Linear Feedback Shift Register). Pabota LFSR omnpenensieTcst xa-
PaKTEPUCTUYECKUM MOJIMHOMOM ((X), KOTOPBIN onpezenseT KoHPUryparuo o0paTHON
ces3u. ITpumep LFSR ¢ xapaxTepuctiuecknM momaoMoM ¢(x) = 1@x°®x* npencras-
JieH Ha puc. 3.1, a cCOCTOsTHUE BBIXOI0B TPUITEPOB MIPEICTaBICHO B Tab. 3.1.

(M.
\/ J
A
D[ TT D| TT D|TT D|TT

—IC|] 1o Cl 2 b Cl 35 b Cl + p
BT

Puc. 3.1. ®yukuuonansHag cxema LFSR

Y

Tabmuma 3.1

Ne tak- | CocTOsIHHE DIIEMEHTOB MMAMSITH Ne CocTosiHIE DIIEMEHTOB MTAMITH

Ta 01 o2 03 04 takta | QI o2 03 04
1 1 0 0 0 9 1 0 1 0
2 0 1 0 0 10 1 1 0 1
3 0 0 1 0 11 1 1 1 0
4 1 0 0 1 12 1 1 1 1
5 1 1 0 0 13 0 1 1 1
6 0 1 1 0 14 0 0 1 1
7 1 0 1 1 15 0 0 0 1
8 0 1 0 1 16 1 0 0 0

[lepuon dbopmupyemoit ncesnociayuaitnoit nocnenosarenbHoct (I1ICII) 3aBu-
CUT OT CBOMCTB XapaKTEpUCTUUYECKOr0 MOJMHOMA. B paccMOTpeHHOM ITpuMepe nepu-
0J1 paBEH MaKCUMAJIbHO BO3MOXHOMY 3HAau€HHUIO — 15, U COOTBETCTBEHHO TI'€HEpHU-
pyeMasi IocleZIoBaTeNIbHOCTD siBisieTcst M-nocnenoBareiabHocThio. st hopmupoBa-
HUs M-1iocae0BaTeIbHOCTH TOCTATOYHO, YTOOBI XapaKTePUCTUICCKUM TTOJIMHOM SIB-
JSCs HenmpuBOAUMBIM. B Tabn. 3.2 mpuBeIEeHO YMCIO MPUMUTHBHBIX MOJHMHOMOB
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st m ot 1 1o 19, a B Tabin. 3.3 — npuMepbl NPUMHUTHUBHBIX HETIPUBOJUMBIX MOJIUHO-
MOB C MUHUMAaJIbHBIM YHCJIOM HEHYJIEBBIX KO (DUIIUEHTOB.

[onuHoM @(X) ABISETCS MPUMUTHBHBIM, €CIU TIOJIMHOM Buaa x' @1 menutcs
Ha @(x) Tompko mpu k=2" -1, rne m = deg ¢(x) — crapuias CTENEHb MOJIHMHOMA
¢(x). [TommHOM @(X) ABIAETCS HEMPHUBOIUMBIM, €CIH OH HE JCIHUTCS HU HA KaKOH
ApYroi TIOJTWHOM CTEIeHU, MEHBIIEH 4eM m, Tae m = deg @(x) — cTapiiasi CTENeHb
noJuHOMa P(X).

s ymoOcTBa M3NOKEHUS MPUMEHHM cleayroniue obo3HaueHus. Ilycte a;
€CTh i-i CUMBOJ M-TIOCIEIOBATEIIBHOCTH, OMPEICIIeMON MOPOKIAOINUM TTOTUHO-
MOM ((x) cTerneHd m. 3aJaHHyl0 M-mociaeaoBaTebHOCTh, HAYMHAIOUIYIOCA C A-TO
CHMBOJIa, OyZeM 0003HAYaTh KaK {a;} = aidj + 1Qks2...A; 100, ... A5, Tae L = 2"—1
— mepuoa M-TocieoBaTeIbHOCTH. byaeM cuuTarh, 4TO MOPOXKAAMOIINN MOJIUHOM
SIBIISICTCS] IPUMUTUBHBIM, €CJIM HE OTOBOpEHO MHOoe. [Ipu aHanmm3e MHOTOKaHAJIBHBIX
(mapasienbHbIX) reHepaTopoB M-mocienoBaTeNbHOCTH Yepe3 (k) Oyaem 0003Ha-
4aTh k-l cUMBOJ M-TIOCIEIOBATENBHOCTH, POPMHUPYEMBIN i-M pa3psaIoM IeHepaTo-
pa.

Ha puc. 3.2 mpeacraBieHbl cTaHAapTHBIE CTPYKTyphbl peammsammu LFSR c
BHemiHUMU (Type 1) u BuyTpennumu (Type 11) cymmaropamu. [Ipumeps! peanuzanuu
3THX FeHepaTopOB TIPH HCIIOIB30BAHAN MOMHHOMA P(x) = 1@x’@x” npeacrapieHs! Ha
puc. 3.3.

Puc. 3.2. Cranpaptabie cTpykTypsl LFSR:
a—Typel; 6 — Type 11

Paccmorpum LFSR, npuBenennsie Ha puc. 3.1, 3.2, a u 3.3. Peructp casura
(PC) BO Bcex mpHBEACHHBIX CTPYKTYpax BBINOIHIET PYHKIUIO XPAaHEHUSI TEKYLIETO
COCTOSIHUSI T€HEpaTopa U CIBUIa 3TOT0 3HAYEHUS Ha OJMH pa3psal BopaBo. Cymmaro-
pbl 110 MOAYJIIO JIBa B LIEMH OOpaTHOW CBSI3M BBINOJHSIOT ONEPALMIO BBHIYMCIICHUS
CJIEYIOLIETO 3HAYEHHUs, TOCTYIAIOIIEr0 Ha BXO/ IIEPBOrO TPUITEpa PErucTpa CABUIA.
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[IpencraBum Tekymiee coctossaue PC B Buae nBonunoro Bekropa A(k) = a(k)ax(k) a,.(k),
k=20,1, 2, ... Torna B matpuuHoii ¢opme yHkunonuponanue nogooHoro LFSR
MOKET OBITh OMUCAHO CJIEIYIONIUM BbIPAKEHUEM:

Ak + 1) = VA(K), 3.1)

rae A(k), A(k + 1) npenpinymiee u nocnenyromee cocrossuue LFSR, V' — nopoxnaro-
mas Marpuia reaeparopa. s npumepa LFSR, npencraBnennoro Ha puc. 3.1, no-
pO’KJIaroIias MaTpuila UMEeT BU/T:
0 0 1 1]
1 000
V= . (3.2)
0100
0010

ITycte Tekymee cocrosaue LFSR 3agano Bektopom 1000. Torma cinenyromee
COCTOSIHME ONPEIENIeTCs KaK

001 1]|[1] [0

Alk+1) =VA(k) = 1000 x 0| (3.3)
0100[]|0] |0 :
001 0]|0] |O]

[To anamorum cocrosinue LFSR uepes k TakToB Ha ocHoBaHuu (3.1) MOXKHO 3a-
IHCATh

A(k+s)=VA(k). (3.4)

Takum 00pa3oM, MOTYYEHHOE BBIPAKEHUE IMO3BOJISET BBIYUCIUTH COCTOSHHE
LFSR B npou3BOJIbHBIII MOMEHT BPEMEHH.

\:
DTT »{ DI TT »{ DI TT »{ Dl TT DTT »{ DI TT :DTT=>=DTT
] 1 bCl 2 bCl 3 bCl 4 bCl 1 bCl 2 bCl 3 bC| 4
w[H [Hao (Hes ey (s ey o e
1 1 1 1 0 1 1 1 1
0 1 1 1 1 1 1 1 0
1 0 1 1 2 0 1 1 1
0 1 0 1 3 1 0 1 0
1 0 1 0 4 0 1 0 1
1 1 0 1 5 1 0 1 1
0 1 1 0 6 1 1 0 0
0 0 1 1 7 0 1 1 0
1 0 0 1 8 0 0 1 1
0 1 0 0 9 1 0 0 0
0 0 1 0 10 0 1 0 0
0 0 0 1 11 0 0 1 1
1 0 0 0 12 0 0 0 1
1 1 0 0 13 1 0 0 1
1 1 0 4 1 3 0 __ _ _ 1 _
1

.
.
.
.
4]
e
e
e
e

Puc. 3.3. Ilpumepsl popmupoBanus M-nociaeaoBaTeIbHOCTEN
Ha 6a3e LFSR Type 1 u Type 11
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PaccmoTpuM oCHOBHBIE CBOMCTBA M-TIOCIEN0BATEIIBHOCTEN.

m
1. I[JISI 3aIaHHOT'O0 m CYHICCTBYCT M Pa3JIMYHbIX IPUMUTHBHBIX ITOJIHWHO-
m

MOB CTEIEHU m, Te ®(x) — QyHKIus Ditnepa, KOTopas onpeaeseT KOJIuIecTBO Iie-
JIBIX YUCEJT MEHBIIMX 1I€JIOT0 YHUCIIO X U B3aUMHO MPOCTHIX ¢ X. C pOoCTOM m 3Ha4YCHUE
(2" — 1) GBICTPO pacTeT, COOTBETCTBEHHO OBICTPO PACTET M YUCIIO IPUMHUTHBHBIX I10-
JTUHOMOB. YHCIJIO TPUMUTHUBHBIX MOJUHOMOB JiJis1 m < 19 npeacrtasieHo B Tadi. 3.2.

Tabnuma 3.2
m qI/ICJ'IO HpI/IMI/ITI/IBHI)IX IIOJIMHOMOB m qI/ICJ'IO HpI/IMI/ITI/IBHI)IX ITIOJIMHOMOB CTCIICHU
CTCIICHU m m
2 1 11 176
3 2 12 144
4 2 13 630
5 6 14 156
6 6 15 1800
7 18 16 2048
8 16 17 7710
9 48 18 7776
10 60 19 27594

2. Jlng 3aJaHHOTO MOJIMHOMA ((X) CTENEHU m CYIIECTBYET B3aUMHO OOpaTHBIN
A1 o
MOJIMHOM @ (X), KOTOPBIN CBS3aH C HUM COOTHOILIEHUEM

¢ (x) = x"o(1/x) (3.5)

Ecmu @(x) sBIsieTCS MPUMUTHBHBIM, TO ¥ B3aUMHO OOPATHBIN €My MOJIMHOM
TaKXKe SBISICTCS TPUMHUTHBHBIM.

PaccmotpuM mpumep. Iyets ¢(x) = 1@x°@x°. Torma ¢ '(x) = x’o(1k) =
= X (1®(1/x)®(1/4)°) = X’®x*®1. IMonyumiu, uto s monuHoMa @(x) = 1®x°®x’
B3aHMHO OOPATHBIM SBJISETCS HOMHHOM ¢ (x) = 1@x’@®x’, KOTOpHIil TakKe SBISETCS
MPUMHUTHBHBIM.

3. Ilepuon M-mociaenoBaTENbHOCTH L OMpeeNseTcss CTaplieid CTETEeHBIO IOo-
pokaaromiero mojguHoMa u pasex 2" — 1, roe m = deg ¢(x), . e. L =2"— 1.

4. JInst 3aJaHHOTO MOJMHOMA O(X) CTereHu m cyiiectByeT L = 2”1 pasznunu-
HBIX M-TI0ClIeIOBaTEIbHOCTEH, pa3nuyaronuxcs (a3zoBbIM caBUTOM {ao}, {a;},
{Clz},..., {Cl]rl}.

B kauectBe mpumepa paccmorpum npumep {a;} = 111101011001000. Torna
{a;n1} =111010110010001, {a;1,} =110101100100011, ... .

5. Jlna 3agaHHOro mMONMHOMA () CTENEeHM m  CYIIECTBYET Takas
M-1miocrie[oBaTeNnbHOCTh, JJII KOTOPOW CHpPaBeUIMBO COOTHOIICHHE @; = dj;, THAE
i =0,1,2,... . Takas M-nocnenoBaTebHOCTh HA3BIBACTCS XAPAKTEPUCTUUYECKOM.
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B nanpueiimem O6ynem o6o3Hauath ee Kak {ao}. Ha puc. 3.4 npuBenen npumep xa-
paKTEepUCTUYECKOH MocnenoBaTenbHOCTH, (popmupyemoit LFSR, xoTopsiil npeacras-
JieH Ha puc. 3.1.

Nertakrta | O |1 | 2|34 |5|6|7 8|9 |10|11]12|13]|14]15
{ao} 00
{ao}” 0 1 1 1 1 0 1 0

(e
p—
p—
(e
p—
(e
(e
(e

Puc. 3.4. Xapakrepuctuueckuid caiBur M-ociie10BaTeIbHOCTH

XapakrepucTuueckuit ciur M-mocnenoBaTelbHOCTH, (popmupyemoit LFSR
(cm. puc. 3.1), MmoxkeT ObITh HAWJEH MyTeM pEHIeHUs CIEAYIOIIEeH CUCTEMbl JIMHEH-
HBIX YPaBHECHUU:

aop = Ao,

a, = as,

a) = A4 = 00@613;

asy = ade¢ = 612@615 = 02@01@614 = az@al@ao@al = Clo@al.

Pemenue cucremsl naet ap=0, a;=a,=a3;=1.

Takum obpazom, {ap} =011110101100100... .

6. B M-nocnenoBaTtenbHOCTH, ONPENEIAEMON XapaKTEPUCTUUYECKUM TMOJHHO-
MOM ((X) CTENEHH m, YHCIO eJUHUYHBIX CHMBOJOB PaBHO 2" ', a UHMCIO HyJIeBBIX
ciMBONOB paBHO 2" — 1. COOTBETCTBEHHO BEPOSTHOCTH MOSBICHUS CIUHUYHOTO H
HYJIEBOI'O CUMBOJIOB PaBHBI

P4 | 1
P4 =1) 71 2 M)

11 1
a:O: =— — .
A4 =0) 71 2 2"

7. Ceoticmeo cepuii. B M-niocinenoBaTenIbHOCTH, ONUCHIBAEMON XapaKTEPUCTHU-
YECKHM MOIMHOMOM ((X) CTEIICHH /1, CepHs U3 OJHOM ¢IMHHIBI BCTpeTHTCs 2™ pas,
a cepust u3 omHoro Hymst — 2" '— 1 pa3. Cepus U3 JBYX HWAYIINX HOAPS €IMHHIL
BeTperntest 2" pasa, a cepus M3 JBYX WYX MOAPSA Hylnei Berperutes 2™~ — 1
paza. Cepust 10 (a Taxxe cepust 01) Bectperutes 2™ pasa. B o6mem ciydae cepust u3
¥ CHMBOJIOB BCTpETHTCS B M-TiocieioBarenbaocta 2™ pasa.

8. ABTOKOppensnoHHas GyHKUMsS M-10Cae0BaTeIbHOCTH paBHA

L 7=0modL;
R(r)=
© %, 7 # 0mod L.

Hpyrumu crnoBamu, cpenu L Gpa3oBbIX CIBUTOB M-1TOCIIE0BATEILHOCTH TOb-
KO B OJTHOM Cllydae 3 L MPOWCXOIUT COBMAJICHNE, @ B OCTAIBHBIX L — | Cllydasx oHH
HE COBIAJAIOT.

9. Cesoticmso cosuea u cnooscenus. JIns moodoro s (1 < s < L) cyliecTByer Takoe
r#s (1 <r<L), 1yt KOTOPOro UCTUHHO COOTHOIIEHUE {a;} D{ar s} = {ar,}.
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JIJIst IPOM3BOJIBHBIX § B k TIPYM CYMMHPOBAaHHH 110 MOJIYJIFO 1B CIIBHHYTHIX KO-
Ui M-TIoce0BaTeIBHOCTH TIOJydaeTCss HEKOTOpasi TPEThs, CIBUHYTAsl Ha 7 TAKTOB
KOIIUS TOM ke M-1mocnenoBaTeabHOCTH. [IpocyMMupyeM MO3JIeMEHTHO JiBa (pa3oBbIX
caBura M-mocnea0BaTeIbHOCTH, PEACTABICHHON Ha puc. 3.5. B pe3ynbraTe moiy-
quM (Ba30BbIi CABHT TOW ke M-TIOCIEA0BATEIBHOCTH, IS KOTOPOTO BBITIOJHSICTCS
pPaBEeHCTBO {ao}P{ay} = {ay}.

No TakTa 0 1 213 4 5 6 7 8 9 |10 (11|12 |13 14
{ap! o1ttt ]olt]olt1][1]o]o][1]0] 0
() 11 1ot ]olt]1]o]ol1]o]o]o] 1
fag'®lai=tat | 1]olol1[ofo]o|1|t]1][1]o][1]0] 1

Puc. 3.5. Ilpumep cBOICTBA CABUTA U CIIOKEHUS

DTO e CBOIMCTBO MO OTHOIICHUIO K CHMBOJIaM M-IIOCIIEIOBATEIEHOCTA MOYKHO
copMyIHpOBaTh CIEIYIOIM 00pa3oM: ¢;Pay. s = aj . TakuM 00pa3oM, IPU CyMMHPO-
BaHHUH TI0 MOJYJTIO JIBA JIByX CUMBOJIOB M-IIOCIIEIOBATEIFHOCTH TIOTy4aeTCsl HEKOTOPBIN
CHIMBOJT TOM k¢ M-T10CIIeI0BaTeIbHOCTH.

10. Ceoticmeo oeyumayuu. Jenumanueit M-1mociieqoBaTeIbHOCTU {@;} TI0 UHIEKCY
q(g=1,2,3,...) Ha3pIBaeTCs BHIOOPKA g-X DJIEMEHTOB JAHHOU M-110CIe-10BaTeILHOCTH.
B pesynbTate nenuManuy GopMupyercs HeKOTopasi ocienoBaTebHocTh {b;}. Eciu ne-
puoj ucxoaHoN M-niocienoBateibHOCTH L=2"—1 1 KO3(PUIMEHT ACIUMAIMN ¢ B3aHM-
HO TIpocThl — (L, ¢) = 1, merMarys Ha3pIBaeTCsl COOCTBEHHOW WM HOpMalibHOM. HoBast
MIOCJIEIOBATENIFHOCTD SIBISIETCSL M-TIOCIIEI0BA-TEIBHOCTRIO, OIpEeAesieMOl TPUMUTHB-
HBIM TIOJIMHOMOM TOH JK€ CTEINEeHH, YTO M MCXOAHas. B manpHeieM moj meruMaryeit
Oyzem mojipa3ymeBaTh TOJIBKO COOCTBEHHYIO (FJT HOPMAITBHYIO) ACIUMAIINIO, B PE3YITh-
TaTe KOTOPOH MoydaeTcsi M-1ocae10BaTeIbHOCTh TOTO e TIePHo/Ia, YTO UCXOaHas M-
MIOCIIEI0BATEILHOCTD. JIeIMMAIINIO {@;} 10 MHAEKCY g OyneM obo3Hayath uepe3 {a;}?.
HoByro M-noc-nenoBaTesbHOCTE OyneM 0003Ha4dath Kak {b;}. Takum 0Opazom, MOXKHO
3ammcatsb {b;} = {a;}7.

Ha puc. 3.6 npuBenen npuMep aenumaiiiu M-mociaeoBaTeIbHOCTH {as}, onpere-
JISIEMOM TIOPOXKAAIOIIUM TIOJTMHOMOM (X)) = Xox’®l, mo uHaekcy 2 u 3. B nepBom
ciydait gopmupyercss 9-it pa3oBblii CABUT UCXOJHOM M-TOCIIEAOBATEIbHOCTH, T. €.
{a3}* = {ao}. Bo BTopoM ciy4ae (pOpMHpPYETCs BHIPOXKICHHAS [IOCIICIOBATEIBHOCTD, KO-
TOpast He SBJACTCS M-TT0CIeA0BATEILHOCTBIO. DTO BBI3BAHO TEM, UTO HHICKC JCIIUMAIIH
U Tepuoa  M-TIOCIeNoBaTeIbHOCTH HE SBISAIOTCS B3aHMMHO IPOCTBIMU  YHCIIAMH,

T.¢. (15,3)=3.
Ne takra 0 21314 6 | 7|8 10111213 |14
{as} 1 olt1jofl1]1]oflofl1]ofoflo|1]1]1
(a3}’ 1 0 0 1 0 0 0
(a3}’ 1 1 1 1 0 0

Puc. 3.6. Ilpumep neunmanuu M-mociae0BaTeIbHOCTH
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11. YBenuuenue yactotsl popMupoBanusi M-nocnegosatenbHocTu. Eciau mpo-
CyMMHUPOBATh MO MOJIYJIIO JBAa JABE M-IOCIIENOBATEIBHOCTH, CABUHYTHIE POBHO Ha
MIOJIOBUHY TEPHOJA JPYyr OTHOCUTEIBHO [Jpyra, TO NOJIYYUM Ty XKE CaMYIO
M-nociienoBaTeIbHOCTh, HO (OopMHUpPYEMYIO ¢ yIBOeHHOUW yactoToil. Ha puc. 3.7, a
M-nocnegoBaTenbHOCTh  {ap}, oOmpenenseMas  MOPOXKAAOIMIMM  MOJMHOMOM
o(x) = x'®x’® 1, cymmupyeTcs co cBOEil CABUHYTOH POBHO Ha MOJOBHHY MEpPHOAA
koruent {ay,}, rme L = 21 =15.B pe3ysbTaTe MOJIy4aeM IOCIIEI0BATEIBHOCTD
{ai}, bopMupyemyro c yIBOCHHOM 4aCTOTOH, T. €. {ao} ® {aisn} = {ai1}.

Ne takra 1 2 3 4 5 6 7 8 9 10

fa)=10 ot 1Tt tJur 1]t t]o oft t]o oft 11 1]

fasy= 01 1T1 1o oo oft 1]o ofo oo of1 171

fapy=loft]olooftTiTrTi]oft]o[tT1i]olo[t]o|o]o]

Ne takra 1 2 3 4 5 6 7 8

—_
—_
e
)

faoy=|1 1 1|t 1 1ft 1 1f1 1 1]1

oft 1 11 1 1|

{as}= 0 0]0 0 0f1 1 1{0 0 Of1 1 1jo 0 Of1 1 1|1 1 1]0

{arxps3= 010 0 0]O O O[O O OfJ1 1 1)1 1 1|0 O OJO O Of1 1

oy=[1T1T1iT1T1]o]ofo[1T1]o1T1T1]o[1]o[1]0]0|0|0[1]0]

{ap}=11111 01110 00101 01101 00001 10010 O

px)=x"ex'ox’eox’el

{bo}=10010 11001 11110 00110 11101 01000 O

P )= Ox®1

B
Puc. 3.7. ®opmupoBanue M-1ocie10BaTeILHOCTH C YIBOCHHOM () U YTPOCHHOM
4acTOTOM (0) M XapaKTEPUCTUUYECKUE CABUTY UCXOJTHOU U PE3yJIbTUPYIONICH
M-tiocnenoBaTeIbHOCTEH (B)

PaccmoTrpum BTOpO# mpumMep g M-11ociie 10BaTENbHOCTH, ONIPEAEIISIEMOM MO-
5o 4 302
POKIAIONIUM TMOJIMHOMOM @(X) = X" ®@x ®@x ®x @ 1, chopmupyemM TpHU CIBUHYTHIE
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POBHO Ha TpeTh nepuoja komnud (T. €. Ha 31/3 = 105 takTa) U npocymmupyem ux. B
pe3yNIbTaTe MOJAYyYUM M-TIOCIEA0BATEIBHOCTD, OMPEACIIEMYIO MOPOXKAAIONIUM 10~
nuHOMOM @(x) = X’ ®x°® 1 u caBUHYTYIO Ha 10 TAKTOB OTHOCHUTEIBHO XapaKTEePH-
CTUYECKOTO CJIBHTa, CUMBOJIBI KOTOPOH (OPMHPYIOTCS B TpH pa3a ObICTpee, YeM
CHUMBOJIBI UCXOJIHBIX TOCJeaoBaTebHOCTeN (cM. puc. 3.7, 6). Ha puc. 3.7, B npuBe-
JICHBI XapaKTePUCTUUICCKUE CABUTH M-TIOCIIEIOBATEILHOCTEH, ONMPEASISIEMbIX COOT-
BETCTBYIOIIMMH ITOJTHHOMAaMH.

JlaHHOE CBOMCTBO M-TIOCIEIOBATEIILHOCTH SIBJISICTCS KOMOWHALIMCH CBOMCTBA
CIBUTA M CJIOKCHUS M CBOMCTBA JenuManuu. Ho ecnu mpu penuManuu M-mocieno-
BaTEJILHOCTH MPOUCXOAUT CHI)KCHHE YacTOTHl (hOPMHPOBaHHUS (IIPOPEKUBAHUE I1O-
CJIEIOBATEILHOCTH), TO B JAHHOM CJIydac MPOMCXOJMT YBEIMUCHHUE YaCTOTHI e (hop-

MUPOBAHUA.

3.1. 3a0anue ona vinoIHEHUA 1AOOPAMOPHOU PAdOMbL

3ananmue 19 JadopaTopHoi padboTnl Ned
Pa3zpaborars mporpammy, kotopas moaenupyet padboty LFSR c 3aganHbM mo-
POXKIAOIIUM IOJIMHOMOM. JJIsl 3aJaHHOM TECTUPYEMOM CXEMbl HAUTH TAaKOE HAadaJlb-
Hoe coctosHre LFSR, npu koTopoMm 4uciio TakToB paboThl Oy1eT MUHUMAIBHO, TIPU
TOM HeoOxoaumo obecnieunts 100 %-Hoe MOKPHITHE HEUCIIPABHOCTEI.

Tabnua 3.3
n=3 n=2=a n=13
rOX’®1 PO O DxD1 Pex‘er’oxdl
rOx®1 FPOXex’ ®xd1 P’ e’ ox’ex’exd1
dox'ex’ereoxex®l | xPexexr’or’exexdl
Yo’ ex’extdl Pex’exr’ o’ ex exd1
n=4 FYoxrex’ e’ el n=15
Yoxr’®l Yo’ ex’ e’ el Pex®el
X'Ox®1 Lox'ex’eoreorex®l | xPex'er’eoxdl
FPoOx' ex’exd1 Poxex oxd1
PO O DxD1 Poxer’eox'ex’exd1
PO ®xd1 Poxer’eoxex’dxr’®1
toxex’ereoxex’®dl | Pexexex*er’ox'®l
n=>5 PO Dx D1 n=16
rOX®1 FYoxrex’ e’ el e e’ O’ d1
rOX®1 Yo’ ex’ el ex" el ex’ex’exr’d1
rOxX‘exr’ e’ ®1 LOX OO x®1 | ' ex ex!ex’ex’ex’®1
PO O ®xd1 FPox' ex’exd1 exPex'ex’er*ox' el
PO O OxD1 exPex'ex’exteoxdl
PO BxD1 exPex'ex*er’ o’ el
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Oxonuyanune Ta0:1.3.3

n==6 n=9 n>16
o’ ®l1 YOX®1 ex’®1
Yo ex e’ el Yo’ ex’er’®1 xex’®1
PO ex’ e’ ®d1 Yox'ex’ex'®1 ex’er’ox®1
xX*®xd1 ox’ @1
SO Dx ®x®1 n=10 lor’el
Yox‘erex®l x'ex'®1 L@l
YO drex®1 x'exr’ex’ex’@l Parel
Yox‘erex®l xorex‘ex’®l Parel
‘arex’ex’exr’ex'®l | ool
x'exr’exex’®1 Pai®l
'ex‘ex‘er’®l Cladel
O OO’ @1 Parierexel
‘ear’ex’erex'exr’®l | Bexlel
e’ exrex’®l e
- T »oox!'®1
n = n= 39 4
¥ Ox®1 HlexX’ @1 §89g§3%l
YO ®xD1 e’ ex* ool o o1
Yoxrex'er’®l Hex’ex*ex'el S e et @
Xer‘erex'erex®l | x''ex'ex'ex'el N NS
ngxjg)lcs@xz@ 1 xi 12)6122)622}622 } x; (1) @x;Z@ x;@x:@l} 1
X X X X X X 1
xZ@xZ@xZ@x:@l3 2 xii@xéo@)f@)gz@l ilm%cf%cxl%xl%l
X DX Dx®x DxDx Dl |x Dx Dx Dx D1 v D1
x OO dx®1 n=12 RELEENI LN
Yox’®l1 ex'ex'eoxr’®l NN
Yox*exer’ el PO OO O OB | 9689, 84
Yox‘exr’ e’ el ex'ex'oxr’®1
YOO OO DxD] | x A’ B B DD
X OO BxD1
X Oxr’d1
YOO OxD1
X OX®x OO BxD1
Y Ox*ex'exd1
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4. CHTHATYPHBINA AHAJIN3

Jliss omucaHus MPOLEAYPHI CXKATHS MHPOPMAIIUU HCIIONB3YIOTCS pa3iInyHbIe
MaTemaTtnueckue moaenu. OHO#M u3 Hanboee MHUPOKO PACIIPOCTPAHCHHBIX SBIISET-
csl MOZeJb, KOTOpasi MPEACTABIISIET MPOLEAYPY CKATHU KaK ONEPALMIO JCICHUS TO-
nuHoMOB Haj nonem GF(2).

[IycTh ¢ BBIXOAQ TECTUPYEMOH CXEMBI TOCTYIMAeT TOCIEA0BATEIHLHOCTh
11110101. B mnonuHomMuanbHOW (opMe OHAa MOXKET OBITh IMPEACTABICHA Kak
h(x) = x’®x°®x’Dx*®x*® 1. DTOT HOTHHOM HCIIONB3YETCS KK ISITHMOE.

JlenureneM  CIyXUT  MOJMHOM  cUrHarypHoro  ananuzaropa  (CA)
o(x) = X’ O’ ®1.

B pesynbraTe neneHus mosiydaeM dYacTHbIE ¢(x) M OCTaToK s(x), T. e.
h(x) = q(x)- 9(x) Ds(x) .

Paccmotpum npumep nenenust monmuHoMoB B GF(2), KoTopblil MOBTOPSIET MPO-
HEeAypY CKaThs HAa CUTHATYPHOM aHaIH3aTope.

Ha puc. 4.1 mpuBeneH mpuMmep NENCHUS TOJIMHOMOB, KOTOPBIH OIHCHIBACT
MPOIEAYPY CKATHUS JaHHBIX NP MOMOIIM CUTHATYPHOTO aHAIM3aTOpa ¢ BHYTPCHHH-
MU CyMMaTopaMmu 1Mo Moaymio naBa. Ha paspsgax CA GopmMupyeTcss JTBOHMUHBIA KO
110, koTopblii cooTBEeTCTBYET KO3 UIIMEHTaM MOJIMHOMA OcTaTKa s(x), rae s(x) =
= 1x°@1-x'®0-x° = x*@x. 151 HpaKkTHUECKOil peantu3alii CUIHATYPHOTO aHaIn3a-
TOopa HanboJee YacTo MCIONB3YIOTCS CTPYKTYPhI C BHEITHUMHU CyMMaTOpamMH Mo Mo-
JyJTIO [Ba, IPEMEp TAKOro aHAIM3aTopa Ts nomuHoMa @(x) = x°®x°®1 npuseeH Ha
puc. 4.2.

h(x) e
Vorororelell * ox ol

e X Ox’ Ox®1
X Ox Dx 79

X ®x’ D1
¥ ®x'®x’
x' @1
¥ X Dx
¥ ®xDl
¥ ®x* ®1
s(x)

Puc. 4.1. Cxema neseHusI HOJIMHOMOB
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) |
D3 |« D2 i DI « h(x)

0 0 0 11110101
0 0 1 1110101
0 1 0 110101
1 0 1 10101
1 0 1 1 0101
10 1 1 1 101
101 1 1 1 01
1011 1 1 0 1
10111 1 0 0
\_ _/

q(x) c(v)

Puc. 4.2. CurHatypHblid aHAJIU3ATOP
C BHEIIHUMHU CyMMaTOpaMu Mo MOAYJIIO /1Ba

Curnarypa c(x), mofrydeHHas JUIs Cliydas aHaJIM3aTopa ¢ BHEIIHUMHU CyMMaTO-
pamu 1o MOJYJIO /IBa, CBSI3aHA JIMHEHHBIM COOTHOIICHHEM C CUTHATYpPOH S(X) TaKuM
0o0pa3oM, 4TO MEXIy 3HaYCHUSIMH JaHHBIX CUTHATYpP CYIIECTBYET OJTHO3HAYHOE CO-
OTBETCTBUE.

B o6miem cirydae momHOTa 0OHApYKEHUsT HEHMCTIPABHOM CXEMBI 3aBUCHUT OT Ka-
YecTBa TECTOBBIX BO3IACHCTBHIA, T. €. €CIIM HEHUCIIPABHOCTh HE aKTHBH3MPOBAHA TEC-
TOM W HE TPOSBISETCS B BBIXOJHBIX MOCIIEIOBATEILHOCTSAX, TO OHAa HE OyaeT oOHa-
pyxeHa ¢ momoipio CA. [ToaTomMy 1Mo T0CTOBEPHOCTHIO CUTHATYPHOT'O aHAIN3a To-
HUMAIOT ero 3((HEKTUBHOCTH OOHAPYKEHUS OMHUOOK B MOTOKE CKUMAEMBIX BBIXOJI-
HBIX JIaHHBIX. J{J151 € OleHKH UCTIONB3YETCs BEPOSTHOCTHBIN MOIXO/.

B kauecTBe Mepbl 3P PEeKTUBHOCTH IPUMEHSIETCS BEPOSITHOCTh HEOOHAPYKEHUS
omuboK P, B aHaTM3UPyeMOi MMOCIeI0BaTeIbHOCTH JaHHBIX. [Ipu 9TOM mpeamona-
raeTcs, 4YTO dTAJIOHHAs MOCJIEIOBATEILHOCTh JAaHHBIX MOXKET MPUHUMATh PABHOBEPO-
ATHO MPOU3BOJILHOE 3HAYEHUE, a Jt00ass KOH(PUTypalus OIIMOOYHBIX OUT TaKXKe pPaB-
HOBeposiTHA. [lycTh ATalloHHAsI MOCIEN0BAaTEILHOCTh COCTOUT M3 [ OWT, TOrJaa Mpu
cxatuu Ha CA dopmupyercs ([ — m)—pa3psiaHoe yacTHOE g(X) U m-pa3psiiHasi CUTHa-
Typa s(x) (OCTaTOK), UTO CJIEeAYET U3 ANrOPUTMA JIeJIEHUs, IPUBEEHHOTO Ha puc. 4.1.
[Tpu 5TOM COOTBETCTBHE peaTbHON MOCIEA0BATEIBLHOCTH A(X)™ ee dTaoHHOM Bepcuu
h(x) oLIeHMBAETCS TOJILKO 10 PABEHCTBY MX /M-pa3psAHbIX CUTHATYD.

Jltst 27" (I-m)-paspsitHBIX 9ACTHEIX OyIeT (hOPMHPOBATHCS OIMHAKOBAsS CHI-
HaTypa. Cpemnt 9THX 2" Y4aCTHBIX TOJNBKO OXHO YACTHOE COOTBETCTBYET TANOHHO!
HOCIIeIOBAaTENBHOCTH, a 27" —1 — MOCIeI0BaTEIbHOCTSIM JaHHBIX COJIEPIKAIINX
ommOku. Takum 00pasom, B CpeTHEM € YYETOM MPUHSATHIX JOMynieHui 2" —1 omm-
OOYHBIX TOCIEIOBATEIILHOCTEH OYAyT UMETh TaKYIO K€ CUTHATYPY, YTO U dTAJIOHHAs
MOCIIeI0BATENHHOCTE. O0IIee YMCI0 OMMOOYHBIX MOCIEI0BATEILHOCTEH PaBHIETCS
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2' ~1. Torma BeposATHOCTH P, HEOOHApYKEHHsI OMKOOK B aHAIN3UPYEMOM MOCIIE0-
BaTEJIbHOCTH JIAHHBIX Oy/IEeT ONpenesiThCs Kak

p -2 -1 4.1)

Jlist GonpluX 3HaYeHUM / ¢ ydyeToM HepaBeHCTBA [ >> m TMOJy4YHUM, YTO IS
OLIMOOK, KPATHOCTh KOTOPBIX OOJbIIE TPEX, BHITOIHSIETCS PABEHCTBO

P, ~ ZL 4.2)

Kpome Toro, curHaTypHbIi aHaIM3 MO3BOJSIET OOHAPY)XUTh BCE OAMHOYHBIC
ook i1t V/ v IBOMHBIE IIPU BBIIIOJIHEHUN HEPABEHCTBA [ < 2m 1.

PeanbHas tecTupyemMas cxema COAEPKUT HE OJIMH, & MHOTO BBIXO0B. [loaTOMYy
MIPU TECTUPOBAHUH CTOUT MPOOJIEMa OJHOBPEMEHHOT'O aHalin3a 0OJIBIIOTO KOJIUYECT-
Ba TECTOBBIX PEAKIM, MMOJIy4a€MbIX HA PA3JAYHBIX BBIXOJAX TECTUPYEMOW CXEMBI.
OnHuM K3 TIepBBIX OBUT MPE/JIOKEH MOAX0, OCHOBAHHBIN HA MYJbTUILICKCUPOBAHUU
BBIXOJHBIX MOCJIEA0BATEIILHOCTEN TECTUPYEMOM CXEMBbI, TPUBEICHHBIN Ha puc. 4.3.

1
Tectupy- y MynbTH-
eMad 2. IJIEKCOP »  OnnokananbHbIA CA
cxema :
Yo

Puc. 4.3. MHOTOKaHAJIbHBIN CUTHATYPHBIM aHAIU3aTOP HA OCHOBE MYJIbTUILIIEKCOPA

JlaHHbI MOAXOJ OCHOBAH HA NMPUMEHEHUHM OJIHOKAHAJBbHOTO CUTHATYPHOTO
ananuzatopa (OCA), 4To 3HaUUTEIBHO YBEJIMYUBAET BpEMs TECTUPOBAHUSI.

Crnenyromuii moXo1 IpeanoiaraeT AByXCTyleH4YaToe npeoopa3oBaHUe CKU-
MaeMbIX JaHHBIX (puc. 4.4). CHauana BbIXOJHAS PEaKUs CKUMAETCS B POCTPAHCTBE
IIPU MOMOILM MHOTOBXOJIOBBIX CyMMAaTOPOB 10 MOJYJIIO JBa, 3aTEM BO BPEMEHU INpU
oMo OCA.

M2

Yk ——

A (o >
. Yo(h)

y (k); s(x)

Puc. 4.4. MHOTOKaHaIbHBIN CUTHATYPHBIN aHAJIA3ATOP
Ha OCHOBE JBYXCTYIIEHYATOI'O C)KATHUS BBIXOJIHBIX PECAKIUN
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[IpMeHeHne MHOTOKaHaJbHBIX CUTHATYPHBIX aHanu3aTopoB (MCA) sBiseTcs
OCHOBHBIM METOJIOM C)KaTHsl MHOTOPA3PSAAHBIX BBIXOJHBIX PEAKLIUN IPU TECTUPOBA-
HUU TU(GPOBBIX YCTPOICTB.

Paccmotpum npumep npoektupoBanus MCA.

OYHKIHOHUPOBAHUE OJTHOKaHATBHOTO CA ONUCHIBAETCA BBIPAKEHUEM

a,(k+1)
a,(k+1)
a,(k+1)

a,(k+1)

a
1
=10

a, a
0 O
1 0
0 O

a,_

m

0
0

a

m

0
0

a,(k)
a, (k)
x| a;(k)

a, (k)

y(k)
0
0

(4.3)

rae afk) — cocTossHUE i-rO dJEMEHTa MaMATH B k- MOMEHT BpeMeHH, i=1, m,

m=dego(x).

B marpuunoii popme nosydaum, 4yTo

Ak +1) =V - A(k)® Y (k),
Ak +2)=V - Ak + )+ Yk +1)=V2AK)®V - Y (k) ® Y (k +1),

A(k+n)=V"- A(R)® V™Y (k—1+1).

Hanpumep, nis n = 2 umeem

Ak +2) =V AK)®V - Y(k)+ Y (k +1).

[Mycte (x)=x*® X’ @1, m=degp(x)=4, Torma

0 0

1 0
V=

0 1

0 0
Y(k+1)=

32

S = O O

—_—0 O

O O =

S O = O

. Alk)=

a,(k)
a, (k)
a;(k)
a, (k)

Y(k) =

(4.4)

(4.5)

y(k)




Jns n = 2 noay4um

Ak +2) =

o = O O
—_—0 O

a,(k)® ay(k)
ay(k)® a, (k)
a,(k)
a, (k)

O O =
o o = O

y(k)

a,(k)

a, (k)
| a,(k)
a,(k)

oS o~ O

y(k+1)

S~ O O

L[ p®) | | k+D)
0 O 0 0

. @
0 O 0 0
1 0 0 0
a, (k)@ a, (k) @ y(k+1)
a, (k) ® a, (k) ® y(k)

a,(k)

a, (k)

(4.6)

JanHoe BbIpakeHue onucbiBaeT CA, KOTOPBIM 32 OJIUH TakT CKUMAET cpazy
JIBa CUMBOJIa TeCTOBBIX peakiuu — y(k) u y(k + 1). 3amenum y(k + 1) Ha npyryro mno-
clieIoBaTeNbHOCTh z(k) U 3amuiuIeM ypaBHEHUS COCTOSHMM JJiIi CUCTEMBI AJIEMEHTOB
namsTH AByxkaHaabHoro MCA, cxxumaroiiero ase nocieaoatenbHOCTH Y(k) u z(k):

a,(k+1) = a,(k) ® a; (k) ® z(k);
ay(k+1) = a,(k)® a, (k) ® y(k);

ay(k+1)=a,(k);
a,(k+1) = a, (k).

4.7)

@DyHKIIMOHAJIBHAS CXeMa JBYXKAaHAJIbHOTO CHTHATYpPHOTO aHaJM3aTopa, II0-
CTpOCHHasl Ha ocHOBaHuH (4.7), mpuBecHa Ha puc. 4.5.

A
N>
| TT | L TT TT
2(k) D D — LD [ D
3
C C C C
Clk $ t } i
y(k)

Puc. 4.5. JIByxkaHanbHbII CUTHATYPHBIA aHAIN3ATOP

PaccMoTpuM mpuMep cuHTE3a YeThIpexkaHaubHOTO (1 = 4) MCA 11 OpoXK-
JAIOLIEro momHOMa @(x) = X" @x '@®x *®x *®x ‘@x *®1.
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1. ITepBoHavaIbHO CTPOUTCA MaTpuua V-

S O O = O O O =
S O = O O O O =
S = O O O O O =
—_ o O O O o o =

S O O O O o = O
S O O O O = O =
S O O O = O O O
S OO oo o o

2. C nomomnipto V HaX0AUTCS MaTpula Ve

01000110
00100011
101 11110
pe 0101111
10000000
01000000
00100000
00010000

3. Ha ocuoBannu V* ctpoutest Bynxumonanshas cxema MCA mst n =4 (puc. 4.6).

4y < 4

A A A
De < < C <
A \

o-&FH o S oTY 1o
iy ] ‘ k

z(k)

(k)

Puc. 4.6. UeTblpexkaHaabHbII CUTHATYPHBIN aHAIU3aTOP
AHanu3 NpUBEICHHOW CXEMbl MOKAa3bIBAET BO3MOXXHOCTH €€ ONTHUMHU3ALMNU C

OCJIbIO YMCHBIICHUA KOJHYCCTBA IMOBTOPAIOIIUNXCA ABYXBXOAOBBIX CYMMATOPOB IIO
MOAYJIXO IBa.
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4.1. 3a0anue ona vinoIHEHUA 1AOOPAMOPHOU PAdOMbL

3ananmne 119 Ja00paTOpHOM padoThI NeS

1. Pa3paboTarh nporpammy, KoTopasi MOJEIUPYET MPOLEecC KOMIAKTHOIO TeC-
TUPOBAHUS C NMPUMEHEHUEM T'€HepaTopa TECTOBBIX BO3JCUCTBUI M CUTHATYPHOTO
aHaJIM3aTOpa MO CXEeMe «T'e€HEpaTopa TECTOBBIX BO3ACHCTBUN — TecTUpyeMasi cxema —
CUTHATYpPHBIN aHanmu3atop» (puc. 4.7).

B kauecTBe reHepatopa TECTOBBIX BO3JCHCTBUN HCIONB30BATH TE€HEPATOP
TICEeBJIOCITYYalHBIX TECTOBBIX HaOOpOoB Ha ocHOoBe LFSR, mopoxmaromuii moamHOM,
JUISL KOTOPOTO 3aJaeTcsl Mo pe3ysibTataM jJabopaTtopHoit paboTsl Ne3 (cMm. Tabu. 3.3).
B kauecTBe TecTupyeMoi cxembl HEOOXOJIUMO MCIOJb30BaTh BAPUAHT CXEMbI U3 Ja-
6oparopHoii pabotel Nel. MoaenupoBaHue paboThl OCYIIECTBIISIETCS 10 JOCTHUKEHUS
MCYEPIBIBAIOIIETO MOKPBHITHS BCEBO3MOXHBIX OJJMHOYHBIX KOHCTAHTHBIX HEHUCIPAB-
HOCTEM, MPU ITOM KOJUYECTBO TAKTOB MOJIETUPOBAHUS JIOJKHO OBITH HE MeHee 127.

2. IlopoOpaTh MOPOXKIAIOIINNA MOJUHOM CUTHATYPHOTO aHaaUu3aTopa C BHEII-
HHUMH CyMMaTOpaMu 0 MOJYJIIO JBa (cM. puc. 4.2) miist ctenenet m = 7, 8 1 9 Takum
oOpa3oM, 4TOOBI ammapaTHbIe 3aTpaThl HAa pealn3aluio ObUIM MHUHUMAJIBHBI, MpPU
3ToM Heobxoaumo obecneunth 100 %-Hoe oOHapykeHHE OAMHOYHBIX KOHCTAHTHBIX
HEHUCIIPABHOCTEN.

Tectupyemas
cxema

Puc. 4.7. CxeMa npoBeieHHs] TECTOBOTO AKCIIEPUMEHTA

JI1st 3TOrO CleayeT YMEHBIIUTh YKMCJIO CyMMAaTOpPOB IO MOAYJIO JIBa B ILIETHU
oOpaTHOM CBSI3M aHAJIM3aTOpa U IyTeM repedopa MOpoKAAIONINX TOJTUHOMOB TOM Ke
cTeneHu mpoBepuTh yciaoBue 100 %-HOro oOHapyKEHUS OJAMHOYHBIX KOHCTAHTHBIX
HeucnpaBHocTeN. Tak, 1yt m = § HaYAJIbHBIN MOJIMHOM CUTHATYPHOTO aHAJIM3aTopa —
o(x) = x"®x'® x’®x’Dx*®x*®1, a xoHeuHBIH OMIHHOM Q(X) = X DxD1.
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Pe3ynbTaThl paboTel iporpaMMbl 0QOPMUTH B BUAE TAOIHIBI, B KOTOPOH s
KaXJ0TO MOJMHOMA MPUBECTU almnapaTypHYIO CJIOKHOCTh B BUAE KOJUYECTBA JIBYX-
BXOJIOBBIX CYMMAaTOPOB IO MOYJIIO JIBa ¥ MPOLUEHTHYIO MOJHOTY MOKPBITHSL.

3ananmne 115 Ja00paTOpHOM padboThI Neb

1. Pa3zpaboTaTh mporpammy, KOTopas MOACIUPYET pabOTy OJHOKAHAJIBLHOTO
CUTHATYpHOT'0 aHaju3atopa (cM. puc. 4.2), paboTa KOTOPOTO ONMUCHIBACTCS MOJIUHO-
MOM BOCHBMOM CTETIEHU B COOTBETCTBHE C 3aJlaHHBbIM BapuanToM (Tadm. 4.1). [Ipous-
BOJILHBIM 00pa3oM c(hOpMHUpPOBaThH MOCIEIOBATEILHOCTh CKUMAEMbIX JaHHBIX W3
[ cumBonoB. MccienoBars 0OHapykuBawIyr0 crnocoOHOCcTh OCA ¢ TOYKU 3peHuUs
OoOHapy»XeHUs OJHOKPATHBIX, JBYKPATHBIX, TPEXKPATHBIX M YETHIPEXKPATHBIX OIIIH-
00K B CKMMaeMoOM IOCJe0BaTeIbHOCTH. BhIBECTH Bce KOMOMHAIIUM HEOOHAPYKH-
Ba€MBIX OIIHMOOK.

Tabnuua 4.1
Ne 1o paspsaam ITonnHOM [
1 OO DD 40
2 PO DD 50
3 rex’oxr’ox'®l1 48
4 P OO DD 40
5 e’ eoe1 52
6 O O’ DxDd1 50
7 O O’ DxD1 44
8 OO DD 56
9 PO DD 44
10 Lexr’exr’dx'd1 52
11 P OO DD 56
12 YOO O D1 40
13 LOx B’ O DD 1 44
14 Oxr OO DD D1 58
15 Ox OO DD D1 60
16 rox’ oo’ eox'ex’ el 40

2. JIng 3a4aHHOTO BapUaHTa MOPOKAAOLIEr0 OJIMHOMA CUHTE3UPOBATH ABYX-
KaHAJIbHbIN CUTHATYPHBINA aHanu3atop. OueHuTs ero 3pPeKTUBHOCTh OOHAPYKEHUS
OLIMOOK ¥ CPABHUTH C pe3ybTaTaMH, OJYYSHHBIMU TP BBIMOJHEHUU 1. 1.
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5. TECTUPOBAHHUE ONNEPATUBHBIX 3AIIOMUHAIOIINX
YCTPOUCTB

5.1. Knaccugpukauus 3anomunarouiux ycmpoiucme

B Hacrositiiee Bpemsi CyIIecTBYET MHOTO pPa3HOOOpa3HBIX YCTPONCTB, KOTOPHIC
MO3BOJISIIOT XPAHUTHh MH(POPMAIINIO U BBITIONHATH C HEH TaKHWe ONEpaIuy, KaKk YTCHHE
U 3alHCh. DTO TaKue YCTPOMCTBA, KaK PETHCTPHI, OTICpATUBHAS MMaMATh, KIII-TIAMSTh,
JVCKOBBIE HAKOMUTENH, (IAII-MaMsITh, MMOCTOSHHBIC 3alIOMHHAIOIINE YCTPOMCTBA,
MarHUTHBIE KapTOYKU W JPyTHe Pa3HOBUIAHOCTH mamsTH. Jlanee Oyaem paccMaTpu-
BaTh TOJBKO MOJYMPOBOJHUKOBYIO MaMsTh, MPEACTABICHHYIO B BHJE OTACIHHON
MUKpOCXeMbl (KpucTayia) wuiau sBistonryrocss dacteio CBUC, Tak Ha3piBaeMmylo
BCTPOCHHYIO NaMsTh (embedded memory).

K OCHOBHBIM XapaKTepUCTHKaM MaMSITH MOXXHO OTHECTH:

1) uHpOpMAIMOHHYIO EMKOCTh — MaKCHUMAaJIbHO BO3MOJKHBIN 00BEM XpaHUMOM
uHpopmaIuy;

2) OpraHM3aIfio — YUCIO XPAaHUMBIX CJIOB M WX Pa3psSAHOCTh, HHOT/IA yKa3bl-
BaIOT KOJIMYECTBO OAHKOB MaMSITH;

3) 4uciIo MOPTOB BBOAA-BBIBOAA JaHHBIX (OHO-, IBYX- WJIHM MHOTOTIOPTOBAs
namsTh) U WX peanu3anus (IByHAlpaBiICHHBIC MW pa3leibHbIC JTUHUH Ha BBOJA U
BBIBO/I /IAHHBIX);

ITamaTe nudpoBeIX ycTpoiicTB

/\

IlocTosinnasn
(3HepronezaBHcHMasn)

OmnepatuBHasa
(BpeMeHHas HJIH YHeprozapicHMast)

C npou3BoJIb-
HBIM JOCTYNIOM
(RAM)

/

Craru-
deckasn
(SRAM)

C nocJegoBa-
TeJbHbIM
JAOCTYIOM

AN

IMukauvec-
Kasi NaMsITh
(Video RAM)

Acconua-
THBHaA

(CAM)

SRAM ¢
BCTPOE€HHBIM
IJTEMEHTOM
NMHTAaHHUA
(NVRAM)

IIporpammu-
pyemasi npu
H3rOTOBJEHHH
(ROM)

IIporpammu-
pyemas Ho0JIb-
30BaTeJleM
(PROM)

Peppornek-
TpHYeCKas
(FRAM)

Junamu
yeckas

(DRAM)

daiigo-
Bast

Cunx-
poHHas

THY €

IlceBaocTa-

Daiia
(FIFO)

Cmk
(LIFO)

CKasf

SDRAM

RDRAM

SGRAM

OpHokpaTHo
nporpaMmupyemas
namats (PROM)

MHorokpaTtso
nporpaMMupyemas
namsaTh

EPROM

EEPROM

Flash

Puc. 5.1. Knaccudukaims nosrynpoBoIHUKOBON NaMsTH
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4) ObICTpOAECHCTBUE — OLIEHUBAETCS BPEMEHEM YTEHUS, 3alHCH WIH JJIUTEb-
HOCTBIO IIUKJIA YTEHUS-3aIUCH.

Ha puc. 5.1 nmpuBeaeHa knaccudpukamnus MOTYyNPOBOJHUKOBON MaMsTH, HC-
MOJIb3yeMON B COBPEMEHHBIX KOMIIbIOTEpaxX. B manHol paboTe ucciaeayroTes: BOIpo-
Chl TECTUPOBAHUS ONEPATUBHBIX 3alIOMUHAIOMUX ycTpoiicTB (O3Y).

5.2. Knaccuueckue moodenu HeucnpagHocmeil 3anOMUHAIOWUX YCMPOTICHE
Ha puc. 5.2 npencraBnena o6masi (yHKIIMOHAIbHAS MOJENIb TUHAMUYECKOrO

O3VY. Hns cratuueckoro O3Y cxema OyneT aHAJIOTWUYHOM, TOJIBKO B HEW OyJeT OT-
CYTCTBOBAaTh OJIOK YIIpaBJICHUSI pereHepalei.

IIuna
agpeca ) . ;
A ‘ // \ PeFI/ICTp Hemn(bpa’rop BHOK
m 1 axmpeca CTONOIOB peresepanyn
2 4
Maccus
WE Hewndpar
S Top 3aIIOMHUHAOIINX
CTpOK 3J1€MEHTOB
CS
RAS
A 6 Ycuaurenu
CAS YTEHUSI/3aMUCH
Clk
7 Permcrp
JTAHHBIX
i

@ IIuna

JAHHBIX
D

Puc. 5.2. ®ynkuuonansHas monens O3Y

B cootBercTBUM ¢ QyHKIHOHANBHOW Monenbio O3V, KoTtopas mpuBejeHa Ha
pHuC. 5.2, BO3MOXHbIE HEUCHPABHOCTH MHUKpOcXeM 3Y MOKHO MpPEICTaBUTh JABYMsI
OCHOBHBIMU TPYIIIAMU:

1) HeucrpaBHOCTH CXE€M OOpaMIICHUS;

2) HEUCIIPAaBHOCTH MacCUBa 3alIOMUHAIOIINX JIEMEHTOB IMAMSITH.

Paccmotpum Oosiee moipoOHO JaHHYIO KJIacCU(UKALIMIO HEUCIIPABHOCTEN.
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5.2.1. Heucnpasnocmu cxem oopamienus

K HeucmpaBHOCTSIM cXeM OOpaMJIeHHS OTHOCAT CIEIYIOIIHE MOJETH HEeHuc-
MPAaBHOCTEN

1. Monenu afpecHBIX HEUCIIPABHOCTH (HEUCTIPABHOCTH JEIIH(pPaTOpOB aape-
ca). TpanguunoHHo aapecHble HeucnpaBHOCTU (Address Decoder Faults — AF) Bkiio-
YaroT B ce0s1 CIICTYIONINE MOJIEIIH:

— HU OJTHA U3 BCEX SAUYEEK MaMSTH HEIOCTYITHA TI0 3aJaHHOMY aJIpecy;

—3a/laHHas sYeiKa MaMsITH HEAOCTYITHA;

— 110 3aJJaHHOMY aJIpecy MaMsTH OCYIIECTBIISIETCS JOCTYII Cpa3y K HECKOIbKUM
sTYCHKaM;

— JIOCTYTI K 3a/IaHHOW sUeiKe MaMsATH OCYIIECTBISETCS M0 HECKOIBKUM ajpe-
cam.

2. Monenu HeHCIIPaBHOCTEH JIOTUKH YTEHUS/3aIHCH.

3. Monens HeucnpaBHOCTH THIIA 00pBIB (Stuck Open Fault — SOF).

4. Mojenb HEUCTIPAaBHOCTH «pa3pyliaromias onepaius ureHus» (Read Disturb
Fault Model — RDF).

5. Mojnenb HEMCHPABHOCTU «CIabObli 3armoMuHaronui anement» (Weak Cell
Fault Model — WCF).

6. Monenps HeucnpaBHOCTH «omnbouHas 3anucky» (False Write Through Fault
Model — FWTF).

Bce nmpuBeneHHbIE HEUCITPABHOCTH B DJIEKTPOHHOM OOpaMIICHHUH 3allOMHUHAIO-
IIETO YCTPOMCTBA MOTYT OBITh OOHAPYKEHBI KJIACCHUECKUMHU TECTaMH, KOTOPHIC BbI-
SBIISIFOT HEMCIIPABHOCTH MATPUIIHI 3aIIOMHHAIOIINX AJIEMEHTOB, JTHOO MyTeM BHECE-
HUSI BPEMEHHBIX 33JIep’KeK B JAHHBIC TECTHI TAMSITH.

5.2.2. Heucnpasnocmu maccuea a4eexk 3anOMuUHaOWux yCmpoicma

Bce MHOXECTBO HEHCIIPAaBHOCTEH MAaTpPHUIIBI 3aIIOMUHAIONINX siueek 3Y AenuT-
Csl Ha TIOJMHOKECTBA B 3aBHCHMOCTH OT KOJMYECTBA SYEEK, yUYACTBYIOIINUX B OIHCA-
HUM KOHKPETHOW HEUCIPABHOCTU. BBIAENAIOT HEUCIPABHOCTH, B KOTOPBIX
y4aCTBYIOT:

1) ogna siuerika 3V,

2) nBe sueciiku 3V

3) 6onee aByX siueek 3V (KOJIOUYBCTBUTEIbHBIE HEUCTIPABHOCTH).

JlanHas xnaccudukamnys xapakTepHa Kak A CTaTUYeCKUX, TaK M I JTHUHA-
muueckux O3VY.

K HencnpaBHOCTSIM, 3aTparuBalONINM OAHY S4eiiKy 3V, OTHOCAT:

1. Koncmanmmuovie neucnpasnocmu (Stuck-At Faults — SAF). JlanHble Hewc-
MPAaBHOCTH XapaKTEPU3YIOTCS TEM, YTO COCTOSIHME KOHKpeTHOW sueiiku 3Y (Heuc-
MIPaBHOM ) MMOCTOSTHHO HAXOJUTCS B OJJHOM W3 BO3MOXHBIX cocTostHuiA: Hyns (0) win
enuHUIBl (1) HE3aBHCHMO OT BBHIMIOJTHEHHBIX paHEE ONepaluii 3aluch B JTaHHYIO
SYEHKY MPOTHUBOIOIOKHOTO 3HaueHUsI. COOTBETCTBEHHO Pa3IMYalOT HEMCIPABHOCTD
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KoHCTaHTHOTO Hyms (Stuck-At 0 — SAF) m HEeUCNPaBHOCTh KOHCTAHTHOMW €JIMHUIIBI
(Stuck-At 1 — SAFI). Taxxe BbIAEISAIOT OAHOKPATHBIE U MHOTOKpPATHbIE KOHCTaHTHBIE
HEHCITPaBHOCTH.

2. Ilepexoonvie neucnpasnocmu (Transition Faults — TF). IlonoOHble Hewnc-
MIPaBHOCTH XapaKTEPU3YIOTCS HEBO3MOXKHOCTBIO JIOTHYECKOTO TEPexo]a COCTOSHUS
HercnpaBHoit staeiiku 3Y u3 0 B 1 (transition up) (1) wnu w3 1 B 0 (transition down)
(¥) TIpH BBIMOTHEHNH COOTBETCTBYIOIINX ONEPALHii 3arncH. [JaHHBIH THII HEUCIIPAB-
HOCTH JOCTaTOYHO OJIM30K IO CBOEH CYTH K KOHCTAaHTHBIM HEHCIpPaBHOCTAM. JleHcT-
BUTEIIHHO, €CITH SUYCiKa, MEIOIIasl MePEXOqHYI0 HEUCIIPABHOCTh, OKa3bIBACTCS B CO-
CTOSIHUH, U3 KOTOPOTO OHAa HE MOXKET MEpPEHTH B JPYroe COCTOSHUE, €€ MOBEICHUE
MOBTOPSIET TIOBEICHUE STUCHKHU, COAepKAlle KOHCTAHTHYIO HEUCITPaBHOCTh. DTO 00-
CTOSITENIBCTBO JIEJIaeT BO3MOXKHBIM HCTIOIB30BaHUE MPUEMOB, TO3BOJSIONINX OOHA-
PY’KHMBaTh OJJHOBPEMEHHO 00a THITA HEHCIIPABHOCTEH.

Cpenun HEMCIIPaBHOCTEH, B KOTOPBIX YYaCTBYIOT JIBE siuehku 3V, BBIICISAIOT:

1. HUneepcuvie Heucnpasrocmu 63aumnoco enuanus (Inversion Coupling
Faults — CFin). B 1aHHO! HENCIIPaBHOCTH y4acTBYeT JBe fAueiiku 3Y: a; U a; , TAe
i #j, OJlHA U3 KOTOPBIX a; HA3bIBAETCSl arpeccopoM (aggressor), a BTopas a; — KepT-
BO#l (victim). PacmonokeHne arpeccopa M >KEpPTBBl B aJ[pECHOM IMPOCTpaHCcTBEe 3Y
MPOU3BOJIBHO. [Ipr HaTMYMKM JaHHOW HEWCHPABHOCTH JIOTHYECKUH mepexoa u3 1 B 0
wi u3 0 B 1 B arpeccope @; IPUBOJUT K HHBEPCHH JIOTHICCKOTO 3HAYCHHSI B )KEPTBE
a;. Takum oOpa3oM, pa3aMYarOT JBa BHJA MHBEPCHBIX HEUCIIPABHOCTEH: (1, a) "
, a;. Jlnsa npencraBiieHnss COOTHOLIEHHs aJpECcOB arpeccopa U KepPTBbl UCIONb3Y-
IOT CUMBOJIBI A U V, IPHYEM CHMBOJI A O3Ha4daeT (akT TOTO, YTO ajpec arpeccopa
MEHbIIIE ajipeca >KepTBbI (I < j), CHMBOJ Vv 0003HAYaeT, uTo ajpec arpeccopa Hao6o0-
pot Gombire aapeca xkepTBHl (i < j). Torma mMeeM YeThIpe Pa3IUYHBIX HHBEPCHBIX
neucrpasroctH A(T, a;, A, a;), w(T, a) u vy, a;).

2. Heucnpasnocmu npsamozco oevicmeus (Idempotent Coupling Faults — CFid).
[Tpu naHHOW HEMCIIPABHOCTH BO BpeMs JIormueckoro nepexona u3 1 B 0 wim u3 0 B 1
BO BIIMSIONICH «; (arpeccope) SYCHKe MPOMCXOAMT NMPUHYIUTEIbHAS YCTAaHOBKA OII-
peleaeHHOro Jlorudeckoro 3HadeHus 0 unu 1 B sdeiike )KepTBE @, HA KOTOPYIO OKa-
3BIBACTCS BIUSHUE arpeccopa. PasnmuyaroT BoceMb HEMCIPABHOCTEH MPSMOTO JIEHCT-
st A(T,0), ACT.1), Ald,0), A1), (1,00, W(T,1), v(d.,0) u v({,1). TIpu anamuse
3¢ (HeKTUBHOCTH TecTOB 3Y aHAIM3UPYETCS X MOKPHIBAIOIIas CIOCOOHOCTH JIJISl BCEX
12 HeucnpaBHOCTEMN, B KOTOPBIX YUaCTBYIOT JABE siuelku (2-coupling faults).

3. Cmamuuecxue neucnpasnocmu 63aumuozo euanus (State Coupling
Faults — CFst). Ilepexon B si9eiike KEPTBE a; B IPYro€ COCTOSIHUE b; BOBMOKEH IpU
OTpe/IeICHHOM 3HAa4eHWH b; BIUsIONICH a; (arpeccope) sueiike. Bo3MokHO BOceMb
neucnpapHocTelt CFst: A(0,0), A(0,1), A(1,0), A(1,1), v(0,0), v(0,1), v(1,0) u v(1,1).

HeuncnpaBHOCTH, 3aTparuBaroife HECKOIBKO sST9eeK 3Y, HA3bIBAIOTCS KOOOU) 8-
cmeumenvuvimu Heucnpasnocmamu (Pattern Sensitive Faults — PSF). ]I mogoOHbBIX
HEUCTIPABHOCTEH JIOTHUECKOE COCTOSTHUE OJHOM stueiiku 3Y, KOTOPYIO Ha3hIBAIOT Oa-
30601 sauetxou (base cell), 3aBucut ot coaepxumoro (0 wim 1) uiam OT JIOrMIECKUX
nepexosioB u3 1 B 0 unu u3 0 B 1 coceonux sueiikax (neighborhood cells) 3Y. Paznu-
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YaroT JBa BUJA KOJOYYBCTBHTEIHHBIX HEHCIPABHOCTEH: HEOTpaHWUYCHHBIC (unre-
stricted) n orpanuueHHble (restricted) (unu rpanudHsie (neighborhood). Ilpu Tectu-
pPOBaHMU MaccHBa siueek 3Y OOBIYHO MPHIEPKUBAIOTCS IMOCIIEIHEH Ooliee peanbHOM
MOJIETTN KOJIOUYyBCTBUTEIIbHBIX HEUCTIPABHOCTEHA.

Ha puc. 5.3 npencraBieHo cxeMaTHYeCKOe N300paKeHNEe MOJIeTIeH TPaHUYHON
KOJIOUYBCTBUTEJIBHOW HEHUCHPABHOCTH, B KOTOPBIX ydacTByIOT 3 (puc. 5.3, a),
5 (cM. puc. 5.3, 0) u 9 (cM. puc. 5.3, B) sgueek, u3 koTopbix oaHa (Cp) siBasieTcs 0a30-
BOH, ocTanbHbIe (C,) — COCETHUMH.

C, Co | G| Gy

Cn Cb Cn Cn Cb Cn Cn Cb Cn

C, Co | G| Gy

NPSF3 NPSF5 NPSF9
a 0 B

Puc. 5.3. Monenu Koqo4yBCTBUTEIbHOW HEUCTIPABHOCTH

B 3aBucumocTtu ot 3ddexra BausHUSI Ha 0a30BYIO SUYCHKY paszinyaloT He-
CKOJIBKO BUJIOB KOJIOUYBCTBUTEIbHBIX HEUCIIPABHOCTEM:

1. Ilaccusnvie kooouyecmeumenvnvie neucnpasnocmu (Passive NPSF —
PNPSF), npu KOTOpPBIX COCTOsSIHUE 0a30BOM SYEHKM HE MOMKET ObITh U3MEHEHO IS
OTIpeJIeTICHHOr0 KoJia B kK — 1 cocennux siueiikax 3Y.

2. AxmusHvie kodouyscmeumenvhwle Heucnpagrocmu (Active NPSF — ANPSF),
B KOTOPBIX 0a30Basi Aueika U3MEHSAET CBOE€ COCTOSHUE M3-3a U3MEHEHHs KOJAa B CO-
ceanux. 3menenue xoaa /st oJ00OHBIX HEUCITPABHOCTEHN MPOUCXOAUT B pe3yJIbTaTe
M3MEHEHHUS COCTOSHUS Ha IMPOTUBOIIOJI0KHOE TOJIBKO B OJHOM COCEIHEM DJIEMEHTE, B
TO BpEMS KaK OCTAJIbHbIEC AUEUKU COXPAHSIOT MPEIbIAYIEE COCTOSHUE.

3. Cmamuueckue rooouyscmeumenvhvle Heucnpaeuocmu (Static NPSF —
SNPSF) xapakTepu3yrTcs TeM, YTO JJIsI OMPEACIICHHOW KOMOWHAIMKM 3HAYCHUU B
COCEJIHUX sYeMKax COCTOSTHUE 0a30BOM MPUHYAUTEBHO YCTAHABIMBAECTCS B COCTOS-
Hue 0 mim cocrosgHue 1. ['TaBHBIM OTJIIMYMEM CTaTUYECKUX HEHUCIPABHOCTEM OT aK-
TUBHBIX KOJOYYBCTBUTEIBHBIX HEUCIIPABHOCTEN SABISETCA JJIATEIBHOCTH Ipolecca
YCTaHOBJICHUS HEBEPHOTO 3HaueHUs B 0a30BoM siueiike. [ craTuyeckux HeucnpaB-
HOCTEH 3TO BpEeMsI CYIIECTBEHHO OOJIBIIIE.

5.3. Paspywaiouwjue mecmol OnepamugHbvlX 3anOMUHAIOUWUX YCMPOIICME

K nanHomMy MOMEHTY BpeMeHHU pa3paboTaHO OOJbIIOE KOJUYECTBO Pa3HOO0-
pasHbIX QYHKUHOHATBHBIX TecToB O3V Kkimacco N, N u N2, COOTBETCTBYIOILIUX 3a-
BUCHUMOCTH YHUCJIAa IIUKJIOB B TOCJIEIOBATEIILHOCTH TECTUPOBAHUS OT €MKOCTH N 3a-
MOMHHAIOIIETO ycTpolicTBa. Hike mpuBeIeHbI MPUMEPHI HanOoiee pacipoCTpaHeH-
HBIX TECTOB.
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Memory scan, umu MSCAN. D10 Hanbosiee MpPOCTON TECT, KOTOPBIA COCTOUT
W3 CIEAYIOUIEH IOCIEN0BATEIBbHOCTU AEUCTBUM. BO BCEe SYEHKH MaMATH 3alUChIBa-
torca 0, 3HaueHue sueek nposepsierca Ha coorBeTcTBUE 0. [ToTOM BO Bee siueiiku mna-
MATU 3amnMcbiBaeTcs 1, 3HaueHue siueek nposepsieTcss Ha paBeHcTBO 1. Ilpouenypa
MPOBEPKH MaMSTH SIBJISIETCS OYEHb OBICTPOM, OJTHAKO UMEET HU3KYIO MOKPHIBAIOIIYIO
crocoOHOCTh. JlaHHBIN TecT uMeeT cioxHOCTh 4N u rapantupyer 100 %-Hoe obHa-
pyKeHHE TOJIbKO SAF.

GALPAT u Walking 0/1. Ot aBa TecTa COCTOAT U3 MOX0XKETro Habopa omnepa-
nui. CHavana tect 3anuckiBaeT 0 miu 1 Bo Bce siueiiku, Uckitovas 6a30BYIO sUEHKY,
kotopas coaepxxuT 1 win 0 cooTBeTCTBeHHO. B TeueHnue tecta GazoBas sueiika mo-
CJIEIOBATEIIbHO TepeMeliaeTcs uepe3 BCro namsaTh. Paznuuue mexay GALPAT u
Walking 0/1 coctouT B ciocobe uteHus 3HaueHus: 6azoBoit sueriku. Walking 0/1 no-
CJIe KaXKJIOTO Il1ara BBIMOJHEHUS YUTAET 3HAYCHMS BCEX SUYEEK MaMATHU U TOJBKO MO-
cie 3Toro yurtaer 6a3zoByio sueiiky. GALPAT Takke unTaer 3HaA4eHHs] BCEX sAUEeEK,
OJIHAKO YTeHHE 0a30BOM SUCHKU MPOU3BOJAUTCS MOCIE YTCHUS KaXA0M SYEHKH TamMsi-
i. Jlannble TecTsl HMeeT cnoxkHocTh O(N?). Hanpumep, GALPAT mMeeT ClokHOCTb
2N*+ 6N, tpu stoM rapantupyer 100 %-Hoe obHapyxkenue SAF, AF, TF. [ins 6omee
cnoxxubix HeucnpaBHocTed (CF u PSF) on He naet rapantun 100 %-Horo oOHapy-
KEHUS.

B Hacrosiee BpeMs 00beM ONEpaTUBHON MAMSITH B MEPCOHAIBHBIX KOMIIbIO-
Tepax coctapiser 6onee 1 I'6 . [T09TOMy MpUMEHEHHE TECTOB CO CIOKHOCTBIO N 1
N? HeshdeKTHBHO BCIeACTBHE GOIBIIOTO0 BPEMEHH TECTHPOBAHHS. PaccMOTpUM
npUMEp MPOBEPKU MNaMmsATH oO0beMoMm 256 MO, koTtopas paboTaeT Ha 4YacToTe
100 MI'u (uukin obpaienus paBeH 10 HC). 3anuch B KaKAyI0 SYEHKY OIHOTO PUKCH-
poBaHHoro 3HaueHus (0 wiu 1) u yreHue 3Toro 3HaueHus 3aiimet 5368709120 He =
~ 5,37 ¢ (2°* = 268435456). Tect crnoxuoct N°° Gyner BbimonHsThes 210 He =
=43 980 ¢ = 733 muH nwnm 12,2 4. COOTBETCTBEHHO HEpPEAIbHBIM NPEACTABIACTCS
MPUMEHEHUE TAKUX TECTOB.

[ToaTOMy HmIMpOKOE pacHpOCTpaHEHHE HAILIN TOJBKO TECThI CI0KHOCTU O(N),
MOJTYYUBIIIME Ha3BaHUE Mapuiegvlx mecmos (Tabn. 5.1). DT TecThl 00J1a1aI0T JOCTa-
TOYHOM ISl OOJBIIMHCTBA MPUIIOKEHUHN MOKPHIBAIOIIEH CTIOCOOHOCTHIO M MTPOCTOTOM
peanusaluy, 4To OYeHb BaXKHO MPHU MPOEKTUPOBAHUU BCTPOCHHBIX CUCTEM CaMOTEC-
tupoBanus O3Y.

JI1060i1 MapIIeBbI TECT COCTOMT U3 KOHEUHOT'O YHCJIa MapIIEBbIX 3JIEMEHTOB.
MapieBblii IeMEHT MpecTaBiIsieT coO0M KOHEUHYIO MOCIe0BaTEbHOCTh ONepa-
11N, IPUMEHAEMBIX K KaXIOM sUelKe MaMsTH Mepes MepexooM K TeCTUPOBAHUIO
cienytouieil. HanpapieHnue nepexoja MOKET OCYIIECTBIATHCA B OAHOM U3 JIBYX Ha-
TpaBJICHHIT: B HAMPABICHUH yBeIMdYeHns aapeca (o6o3Hadaercst cumsonoM 1), T. e.
aapeca siueek u3menstores ot 0 1o N — 1, 1100 B HampaBlieHUH YMEHbBILIEHUS ajpeca
(o6o3nauaercs cumpoioM ), T. e. ajgpeca sraeek H3MEHSIOTCS B 0OPaTHOM MOpSIIKE.
Korpna nanpapnenue u3MeHeHUs aJpeca He UMEET 3HAUY€HMs], 3TO YKa3bIBA€TCA CUM-
BosioM { (Mpu peanu3anuu KOHKPETHOTO MapIlieBOro Tecta HeoOXOAMMO BbIOPATH

KaKOC-TO OIIPCACIICHHOC HaHpaBJICHI/IC). VBenuueHue aJIpcCoB HeoO0sA3aTeJILbHO O3Ha-
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gaeT u3meHnenue ot 0 1o N — 1. B ob61miem ciydae 370 MOXKeET ObITh MMPOU3BOJIbHAS T10-
CJIeI0BATEILHOCTH aJIpecoB, Hampumep, 5, 7, 2, 0, 3, 4, 1, 6. Heo6xoauMbIM yCJIOBH-
eM SIBISICTCS TO, YTOOBI HAIpaBieHHs, 0bo3Hadaemble cumBomamu 11 u U, Gbumm GbI
MIPOTUBOMOJIOKHBI ApYyr Apyry. [lomoOHbIE TOCIen0BaTeILHOCTH aApecoB (B KOTO-
PBIX HE COOTIOIAETCS MIPUHIIUI TTOCTOSIHHOTO YBEIMYCHUS WJIM YMEHBILICHHS aJipeca)
WCIIOIB3YIOTCS JIJI1 OOHAPYKEHUS HEUCIPABHOCTEH B aIpECHOM JIOTMKE CUCTEM Ta-
Msatu. HaGop omeparuii, mpuMEHsSIEMbIX B paMKax MapIIeBOr0 3JEMEHTa K KaxJou
STUCHUKE TTaMSITH, COJICPXKUT CIEAYIONINEe ONepaIliu:

— 3amuCh 3Ha4YeHUs Jorudeckoro 0 B ssueiiky namsatu (o6o3HavaeTcst w);

— 3aIUCh 3HAYCHUS Joruueckoit 1 B ssueiiky mamstu (ob6o3HavaeTcs wl);

— CUMTBHIBAHHE XPAHUMOTO 3HAYEHUS U3 SUCHKU MaMsATU U CPAaBHEHHE €ro C JIO-
ru4eckuM HyJsieM (o0o3HavaeTcsi cuMBoioM 70);

— CUMTBHIBAHHE XPAHUMOTO 3HAYEHUS U3 SUCHKU MaMsATU U CPAaBHEHHE €r0 C JIO-
rudeckoi enquuuuen (0003HavaeTcss CMMBOJIOM 71).

Tabmuma 5. 1

No Tect Anroput™Mm N
1 2 3 4
1 |MATS g (w0); Nr0,wl); g (rD); AN
2 MATS+ g (w0); N0,wl); U(r1,w0); 5N
3 MATS++ g (w0); N0,wl); U(r1,00,10); 6N
4 Marching g (w0); N(0,wl,r1); U(r1,w0,70); N(w1); N(r1,w0,70); |14
1/0 U(rO,wl,rl); N

5  |MarchX g (w0); N0,wl); Ul w0); g (r0); 6N
6 MarchY [ (w0); N(0,wl,r1); U(r1,w0,70); g (+0); 8N
March C  |g (w0); N(0,wl); N(r1,w0); ¢ (#0); U(r0,wl); 11
U(r1,w0); §(+0) N

8 March C- | § (w0); 1(0,w1); N 1,w0); U(0,wl); U(r1,w0); 10
£ (r0); N

9 March A T (w0); ﬂ(rO,wl,wO,wl); ﬂ(rl,wO,wl); 15
U@r1,w0,w1,w0); U(r0,w1,w0); N

10 March B T (w0); ﬂ(rO,wl,rl,wO,rO,wl); ﬂ(rl,wO,wl); 17
U(rl,WO,wl,WO);U(rO,Wl,WO); N

11 Algorithm | § (w0); ﬂ(rO,wl,wO,wl); ﬂ(rl,wO,rO,wl); 17
B U@r1,wo,w1,w0); U(r0,wl,r1,w0); N

§ (w0); N(0,70,wl); N(r1,r1,w0); U(0,-0,wl); 15

13 IMarch &Ry 0); ¢ (40,00): N
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OxkonuaHue TaoII. 5. 1

1 2 3 1
: ) : _ 1
1 lemovi | 800% NE0wLrD): 1 w0,r0); b(rO,wl,rl); 13
U(@r1,w0,-0);
' ' ; 17
s Ipmovir | 80V NG0wLrLr1): (1 w0.0.0); Ur0,wl, N
r1,r1); U (r1,w0,70,70);
; : : . |13
17 March U ¢ (w0); NG0,w1,r1,w0); T(r0,wl); U(r1,w0,r0,w1); N
U(r1,w0);
: ; : 15
19 March U-R II (WO)’ ﬂ(’”O,Wl,I”l,I"l)WO)’ ﬂ(l"O,Wl), U‘(I”l,wO)rO, N
r0,wl); U(r1,w0);
' ' ; ; 14
20 IMarchir | TOV0) U@0,wl); Nr1,w0,70,wl); N(r1,wo); N Kk
(r0,wl,r1,w0); J(0);
; ; : 22
21 March LA 8 (w0); N0,wl,w0,wl,r1); N(rl,w0,wl,w0,r0); "
U(rO,wl,wO,wl,rl); U(Vl,WO,wl,wO,rO); U(rO);
22 March M
o Ur1,w0,70,w1); N
: ; - 23
23 |Marchps | SO0 N(0,w1,r1,w0,r0,wl); N(1,w0,70,wl,r1); 23
ﬂ(rl,wO,rO,wl,rl,wO);ﬂ(rO,wl,rl,WO,rO);

Hanpumep, mapuiessiit Tect March C BBITTISIUT CIETYIONIMM 00pa3oM:

§ (w0); N0,wl); N(r1,w0); ¢ (r0); U(0,wl); U(r1,w0); ¢ (+0);

Ecnu B pe3ynbpTaTe onepanuy CpaBHEHHUS OKa3bIBA€TCs, YTO CUYMTAHHOE M3 Ia-
MATH 3HAYEHUE HE COBIIAJAET C OKMIAEMBIM, CUMTAETCS, YTO JaHHAs A4elKa Colep-
KUT OITMOOYHOE 3HAYECHHE, BI3BAHHOE HAIMYMEM HEUCIIPABHOCTH.

5.4. 3a0anue ona evinonnenusn 1a60pamopHoll padomaol

3ananmne 115 Ja00paTOPpHOM padoThI Ne7

PaspabortaTth mporpammy, koTopas Moaenupyet padory O3V c 3amaHHON co-
rJIACHO BapHaHTaM €ro OPTaHM3AIMeH, U MCCIEI0BaTh MOKPHIBAIOIIYIO CIIOCOOHOCTD
MapIIeBbIX TECTOB JJIsl Pa3IUYHBIX KJIACCOB HEUCIIpaBHOCTEH (Tadm. 5.2).

Tabnuma 5.2
Pasmep Moaenupyembie
Bapuant Tect 1 Tect 2 o3y, HEHCIIPABHOCTH
Mour
2 3 4 5
GALPAT MATS 4 AF, SAF, CFin,
CFid
2 Walking 0/1 MATS+ 2 AF, SAF, CFin,
CFid
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[Tponomxenue tadi. 5. 2

1 2 3 5

3 WALKING 0/1 | MATS++ AF, SAF, CFin,
CFid

4 GALPAT Marching 1/0 AF, SAF, CFin,
CFid

5 Walking 0/1 March X AF, SAF, CFin,
CFid

6 GALPAT March Y AF, SAF, CFin,
CFid

7 GALPAT March C AF, SAF, CFin,
CFid

8 Walking 0/1 March C- AF, SAF, CFin,
CFid

9 GALPAT March A AF, SAF, CFin,
CFid

10 GALPAT March B AF, SAF, CFin,
CFid

11 Walking 0/1 Algorithm B AF, SAF, CFin,
CFid

12 GALPAT March C- AF, SAF, CFin,
CFid

13 GALPAT March A AF, SAF, CFin,
CFid

14 Walking 0/1 March B AF, SAF, CFin,
CFid

15 WALKING 0/1 | March X AF, SAF, CFin,
CFid

16 GALPAT March Y AF, SAF, CFin,
CFid

17 Walking 0/1 March C AF, SAF, CFin,
CFid

18 WALKING 0/1 | March C- AF, SAF, CFin,
CFid

19 GALPAT March A AF, SAF, CFin,
CFid

20 Walking 0/1 MATS+ AF, SAF, CFin,
CFid

21 WALKING 0/1 | MATS++ AF, SAF, CFin,
CFid

22 GALPAT AF, SAF, CFin,

Marching 1/0

CFid
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Oxkonuanue taodi. 5. 2

1 2 3 4 5

23 Walking 0/1 March X 1 AF, SAF, CFin,
CFid

24 WALKING 0/1 | March Y 8 AF, SAF, CFin,
CFid

25 GALPAT March C 6 AF, SAF, CFin,
CFid

26 Walking 0/1 March C- 4 AF, SAF, CFin,
CFid

27 WALKING 0/1 | March A 2 AF, SAF, CFin,
CFid

28 GALPAT March C- 1 AF, SAF, CFin,
CFid

29 Walking 0/1 March A 8 AF, SAF, CFin,
CFid

30 WALKING 0/1 | March B 6 AF, SAF, CFin,
CFid

OLeHuTh BPEMEHHYIO CJIOKHOCTH TECTOB /1 3agaHHoro O3Y.

OTt4et mo paboTe AOHKEH COAEpkKaTh CIACAYIOIINE CBEACHUS O MapIICBOM TeC-
te, Hanpumep, March C: J(w0); ﬂ(rO,wl); ﬂ(rl,wO); 8 (70); U(rO,wl); U(rl,wO);
$ (#0) 1 cBeneHust 00 €ro MOKPHIBAIOIIEH CITIOCOOHOCTH.

3ajganmue 19 Ja00paTopHOi padoThl Ne§

Pa3zpabotars mporpammy, koTopasi mojenupyer padory O3V c¢ 3amaHHO# co-
IJIaCHO NPUBEJICHHBIM B Ta0d. 5.3 BapuaHTaM €ro OpraHu3aluu, U UCCIeqoBaTh I0-
KPBIBAIOILIYIO CIOCOOHOCTH MapIlEBbIX TECTOB AJII KOJOUYBCTBUTEIbHBIX HEHCIPAB-
HOCTEH, B KOTOPBIX YYaCTBYET PAa3IMUYHOE YHUCIIO STUYEECK.

Tab6aua 5.3
Pasmep MoenupyeMsle
Bapuant Tect 1 Tect 2 o3y, ACIIDY
M6ur HEHCIPABHOCTH
1 2 3 4 5
1 MATS March PS 4 PNPSFK3, ANPSFKS
2 MATS+ March PS 2 PNPSFKS, ANPSFK9
3 MATS++ March PS 1 PNPSFK9, ANPSFK3
4 Marching 1/0 | March PS 8 PNPSFK3, ANPSFK5
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Oxonyanue Ta6m1. 5.3

1 2 3 4 5
8 March C- March PS 8 PNPSFKS5, ANPSFK9
9 March A March PS 6 PNPSFK9, ANPSFK3
10 March B March PS 1 PNPSFK3, ANPSFKS
11 Algorithm B March PS 8 PNPSFKS5, ANPSFK9
12 March C-R March PS 6 PNPSFK9, ANPSFK3
13 PMOVI March PS 8 PNPSFK3, ANPSFK5
14 PMOVI-R March PS 6 PNPSFKS5, ANPSFK9
15 March U March PS 4 PNPSFK9, ANPSFK3
16 March U-R March PS 2 | PNPSFK3, ANPSFK5
17 March LR March PS 1 PNPSFKS5, ANPSFK9
18 March LA March PS 8 PNPSFK9, ANPSFK3
19 March M March PS 6 PNPSFK3, ANPSFK5
20 MATS March PS 4 PNPSFKS, ANPSFK9
21 MATS+ March PS 2 PNPSFK9, ANPSFK3
22 MATS++ March PS 1 PNPSFK3, ANPSFKS
23 Marching 1/0 March PS 8 PNPSFKS5, ANPSFK9
24 March X March PS 2 PNPSFK9, ANPSFK3
25 March Y March PS 4 PNPSFK3, ANPSFK5
26 March C March PS 1 PNPSFKS5, ANPSFK9
27 March C- March PS 4 PNPSFK9, ANPSFK3
28 March A March PS 2 PNPSFK3, ANPSFK5
29 March B March PS 4 PNPSFK5, ANPSFK9
30 Algorithm B March PS 2 PNPSFK9, ANPSFK3
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