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Abstract

Djachenko O.N., Gerasimov A.N. Compact testing on the basis four-valued logic, Froblems on the
using of linear shift feedback registers (LSFR) based on four-valued logic for compact testing
digital circuits are considered. The algorithm for determinarion of primitive polynomials on GF(4)
is suggested. A table of some primitive polynomials on GF(4) is presented. The advantages of
LSFR GF(4) as compared with LSFR GF{(2) is described The obtained results may be of use to

self-testig circuit design, compact testing built-in testing of digital circuits on the basis two-valued
as well as four-valued logic.

YBelAYeHAE CIOXHOCTAH H (QYHKIHOHANLHOM HACLIIEHHOCTH IH(POBLIX
YCTPOHCTB CPEICTE BEIMHCIIATCILHON TCXHHUKW TPHBOIHT K 3HAYATENRHBIM TPYIHOCTAM
NpH pellieHHH 3aJla4 HX KOHTPONd H JHarHoCTHpoBaHHA. B cBmsu ¢ »TuM B obnmactu
TEXHAYCCKOH [MATHOCTHKH MOSBWIOCH M B IIOC/ICIHHE IOl MHTEHCHBHO DasBHBAETCH
Takoe HapaBslcHAe HAYIHBIX MCCIeJOBAHHH KaK KOHTpPOJICIPHIOJHOE MPOEKTHPOBAHHE
mdpoBeIX yerpoiicts. B HacTosmnee BpeMd B apccHale  KOHTPOJIEIPHIOTHOIO
[POCKTHPOBAHAS HACYATHIBACTCA IENbIH P HOAXONOB H METO/OB pElIeHHS 3ajad
CHHTe3a JIETKO TecTHpyeMBIX cxeM. OJHAM M3 TakHX MOOXONOR ABIACTCH BBEACHHE B
CXEMBI BCTPOEHHBIX CPEICTB TECTHPOBAHHSA.

Jlns obecriedeHHs ~ MAHAMANLHOH — alapaTHOH HM30BITOYHOCTH RCTPOEHHEIC
CPEiCTBA TECTHPOBAHWH, Kak MPaBWIo, [MMpeIONAraloT KOMIAKTHYIO reHepaluio
TECTOBLIX BO3JIEHCTBHI ¥ KOMIAKTHRIA AHAIH3 TecTOBRIX peakmmii. Ilpmmenenne
MeTOIOB KoMmakTHoro TecTHposanusa (KT) CTaBHT  3aJa49y  OIpejeleHus
JIOCTOBEPHOCTH  PE3yILTATOB TECTOBOIO  SKCHEPAMEHTa. 3To  0BCTOATENbCTBO
NPEONpPE/IENAND CyMecTBOBAHHE [EJIOT0  pAfia pasiMYHbIX cnoco0oB ammapaTHoH
pealEsanMy - KOMIIAKTHOIO TECTUPOBAHHA. Hcenonnsopannc JAUHEHHEBIX
nepekmovaTenhHex - cxeM iz penei KT  sBndercds mambolice cOBMECTHMBIM ¢
METOLEOM CRBUSHUTO GiBArUBOTL pericipa (LSSD - Level Sensitive Scan Design)[l].
Merox LSSD - mpeimonaraer JeKOMIIO3AUMIO CXCMBI B peXHMe TCCTHDOBAHHA Ha
HECKONMBKO CIBUTOBBIX  PErHCTPOE M KOMOMHANHWOHHBIE  cXeMbl  Grmarofaps
NPUMEHEHHIO CHENHATLHLEIX 3lleMeHTOB NamaTH. Ilpw 3TOM 3ajava TCCTHPOBaHUA
NEGPOBOro YCTPOHCTBA CBOATCA B OCHOBHOM K ITPOBEpKe KOMOHHAIIHOHHOH 1acTH.

C NOMOINBI0 HE3HAYATENBHBEIX CXEMHRIX HIMEHEHHH CIBHTOBLIE PErHCIPBI
npeobpasyloTes B PErHCTPHl CJBATA C JIHHCHHbIMH 0OpaTHRIMM CBA3AMH (PCJIOC),
KOTOpPEIE MOTYT BENIONHAT: (YHKIWA TeHepaTopoB IceBAOCHYHaHHOH TECTOBOH
nocnefopatebioctd  (ITITIT) 1 aHamH3aTOPOB TecToBhIX peakiui (ATP). ;

B paGotax [2,3,4] BeImONMHEH HOApobHEIH aHAIH3 3QQEKTHBHOCTA 1 ocobeHHoOCTEH
npmvenenns  PCJIOC B xagecree [TITII u ATP, mocTpOeHHBEIX Ha OCHOBE
[BY3HAYHOM Soruky. BMecTe ¢ TeM HO06HBIE CIPYKTYpEI MOTYT OBITh paspaboTaHbl
Ha OCHOBE K-3HAYHOMH JOrEK@. {1 IpOCTEIX ML k Takue CTPYKTYphI PACCMOTPCHEL B
paborax, nocesmerHrx KT, B 9acTHOCTH, B [5]. Takoe orpaHMYcHAE, BEPOATHO, CBA3AHO
¢ onpeficnenreM noms Fanya, mpEBeneHHbM B [6]. BMecte ¢ TeM, Ions [arya cymecTByoT
- u juiA kpateeix k [7]. B nammol pa6oTe mpenjiaraercs HCMOJL30BAHUC JUTH IICICH K’E
JNIMHEHHBIX NEPEKTIOYATE/LHEIX CXCM , MOCTPOCHHBIX Ha OCHOBE CTRIPEXSHATHOH
IOTHKH.

Kak | B crydae [BY3HaYHOR, yerpoiictea KT k - 3HAYHON JTOTHKH IIPEICTABIIAIOT
cobo¥ TMHEHAHEIE MEPEKI0OYATEIHHEIE CXEMBI [T [e/IeHHH NOTHHOMOB. O6patHbie CBSA3N
BBIGMPAIOTCA B COOTBETCTEHMM ¢ HEHYICBRIMH  Koadgunuenramu  obpasyiomiero
NoMHOMA (MoMWHOMa - jemdrens). OMMH M3 BAKHBIX BOIPOCOB  aNMapaTHOM
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peaTAsallii YcTpoiicTBa KOMIAKTHOIO TeCTHPOBAHMA - BHIGOp 06pasyioulero noiMHOMa.
Kak mpapwio B KadecTBe 0Opasyloliero MNOJHHOMA OPHHHMAKOT  HEIIPABOIAMELT
NPUMHTHBHBIA MoMMHOM. JlOCTOHMHCTBA MPHMMTHBHOIO TOJHHOMA: BO IEPBRIX i
ITITIT  Takoit  momMHOM oOecrevnBaeT TeHepALHIO rceBIoCTyIaiiHoil
nocaefoBaTe/IbHOCTH MAaKCHMAIBHOM JUIAHE] kT - 1, roe kK - 3HaYHOCTH JIOTHKH, r -
creneHs nomHoMa; s ATP - obHapyXeHHe BceX ONUHOYHEIX OIMOOK HE3aBHCHMO OT
ITHHBL  AHATH3UPYEMOH  MOCIeJOBaTeNLHOCTH, 0GHApYKEHHE BeeX ABYKPATHBIN, €CIH
JUTHHA aHATH3HPYeMOH nocneoBaTenbHOCTH He bonee (kr - 1)/(k - 1).

TMpHMATHEHEIE NOIHAOME] JBY3HAYHOH JIOTHKH ONpENelfioT ¢ MOMOMEI0 Tabmm
HEMPHBOIMMBIX NoIHHOMOB. B [6,7] npueeleHbl HEOPHBOAWMBIE IIOTHHOMBI CTETECHH, HE
npepocxofsmeit 34, Hag monem GF(2), B [6] - HenpHBOMAMEIE MOJHHOMLI Hajl MOIeM
GF(3), GF(5), GF(7) crenenn, He MpeBocXoAgel cooTBeTCTReHHO 7,54,

Jlns onpejelleHUs I[PUMHTHBHOro TlonMHoMa Hajg mnoineM GF(4) MoxkHO
MCTIOILI0BATL ANITOPHTM, KOTOPBIH paccMOTPHM Ha NpHMEpE.

Moxe GF(4) comepxuT dwerkipe sneMenra {0,1,2,3}. Oncpauns clIoXCHHS H
yMHOKeHHs 3neMenToB ot GF(4) mpemcrasnensl B Tabaumax 1 u 2.

Tabmuua 1. Tabimuua 2. .
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CrnefyeT oTMeTHTR 4YTe B OTIHYHE, OT cIy4aeB Korja kK - mpocToe 4Heno,
OIEpALIHH CTIOKEHHA H YMHOMXeHHS dJeMeHTOB mnoig GF(4) ne spisroTed CIOXKEHHEM H
yMHOMXeHHEM mMo Momymo 4. Onepauus clIoXeHHA MOXeT ObITE MNpeOcTaBieHa Kak
nmopaspaqHad cyMMa To MOy Jea ITpH oGo3HadeHHHA Kaxnoro aneMenTa rnouad GF(4)
IBYMA CUMBONAMM JBY3HAYHON JJornkn. Hampamep 2+ 3 =10+ 11 =01 = 1. [Moaromy,
kak W B ciaydae nons GF(2), onepamus eeuATanmns B moie GF(4) skeuBaneHTHA
onepaluK caoxerud [7].

IpemionoxuM, TpebyeTcs OMNPEASAThH NPUMHTHBHBIH IIOMMHOM HAL NojcM
GF(4) cremenn 2. Jlnma mocrpoeHHMs Takoro IiofmHoMa Henoisdyem none GF(16),
KoTopoe  sBiasercs  pacimpennem moms GF(2) Hal DpPUMHTHBHEIM TOJMHOMOM
qeTBepToil crenenn, HanpuMep S(X) = X4 + X + 1. B mone GF(16) none GF(4) Mox#Ho
npegctasuTs B Buge: GF@) ={ 0, 1, 2,3} =1{0, I, a% al® }, rge a - MpHMHTHBHBIH
anemeHT  noma  GF(16). MHoxecTBO CcONpAXKEHHBIX JEMCHTOB, COMCpXKallHX a,
otHocHTebHO GF(2) HMeer BHA {a,a? a4 a8 }; oTHocHTebHO GF(4) - {a,a4 }. [loaromy
HCKOMbIA MPHMATHBHBL moaHHOM: [ (X)=(X-a)(X-a4)=X2-aX-aX*-a’ =X +(a+a¥)X+a’.

[Tockomeky S(X) = X4 + X + 1, ¥ a - npaMATEBABIA 2neMent noins GF(16),
MOCTPOEHHOI'O Hajl 3THM NOJMHOMOM, BEIIOIHACTCA paBeHcTBO a‘=a+ 1. ClienopareikbHo,
fi (X)=-X2+(a+a+ )X +as=X1+X+a’=X21+X+2.

Ecm none GF(16) paccMaTpuBaTh Kak pacimpenwde nong GF(2) nan apyrum
MPHMUTHBHBEIM IToHOMOM, HampuMep S'(X)= X¢ + X5 + |, (S8'(X) - mmoiicTBeHHbIHA
noaHHoM S(X)), moxydHM f(X)= Xi+(at+af)X+as= X:+(a+ad+1)X+as=X2+2X+2.
MOCKONBKY a*+a+]=a’ (ocraTok npu JielcHHH NMolMHoMa X° Ha moiHHoM X4 + X3 + |
paBeH X3 + X + |.

Ormeram, uro [(X) He ABnAeTca OBoiicTReHRABIM mo oTHouweHmo K fi(X):
fl.m:}{da.;mx]tﬁm:x:m +X 1+2)=2X2+X+1=X2+3X+3.

Ananoruyno nomydaeM £ (X)=X21(X 242X +2)=2X2+2X+1= X2+X+3,

Takum 06pasoM, NONYYHIH YeTHIpe NPUMWTHBHRIX NOJHHOMA HaJX MojeM
GF(4), mnockombky [IBOHCTBEHHBIH TIOJMHOM [0 OTHOUICHHIO K NPHMHTHBHOMY
MOJIMHOMY TAK&Ke SRIHeTCA MPUMHTHBHBIM: X2+X+2, X14+2X+2 X2 :3X+3, X1+ X+3.

Hucmo M(k,r) mpUMHTHBHBIX MoJMHOMOR r-if cTenenn Hax nonem GF(k) mokHo
OIlpeJe/THTh COIIAcHO cie/lylomeMy Beipaxenmo [6): M(k,r)=[L(k-1)Vr, rae L(k=-1) -
HHCTIO PavIMYHBIX  B3aMMHO MpocThiX K™= | MONMOXKHTCIRHBIX 9Mces, MeHbmmx k- 1,
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scmovad 1. B anysac k = 4 W r = 2 monywaem M(4,2) = [L(42-1)}/2=8/2=4. Taxuum
obpaszoM BRUIE NMPHBEICHE] BCE NPUMHTHEHEIC MOTHHOMBL BTOPOH CTENCHA HAJL MoJIeM

GF(4).
Amnﬂrgmm 06pa3soM MOXKHO MOTYYHTE NPAMHTHABHEIC [IOIHHOME] Haj GF(4)
- TpPOM3BOIGHOM CTCHEHH T, MCHOJIB3yA MOpHMHTEBHBIC Haj GF(2) crememm Jr.
Happumep jns r = 8 H OpAMHTHBHOrO mnoumAoMa Ham GF(2) XI6+X12+3X3+X+]
- Moliy4acM DOpPHMHTHBEBIN nomHoM Hajy GF(4): XEH N6+ XA+ X204 X +2 H
ABOMCTBEHHBIH K HeMy X5+3X7+3X¢+3X5+3X14+3X2+3. [Ipu otoM M(4,1) = 2M(2,21)
nockoibky L(4=- 1) = L(22- 1). Takum ofpasom, B obmem ciIydae RDJ‘,[H'lIb(;'I:Bc:
PA3IIYHBIX IPHMATHBHBIX NOJMHOMOB Haj GF(4) cremenw r BjBoe Golibiie pa3THIHEIX
OpUMHTHBHBIX nomHEOMOB Hal) GF(2) crenenw 2r. Amaormaso, M(8,r) = 3M(2,3r) u ..
B Tabinmne 3 mpuBeICHE! HEKOTOPhIe NPAMMTHEBHBIE MMOMMHOMEI HAaj IoJicM
GF(2) cremern 16 H COOTBETCTBYIONIHE HM NPAMHTHBHELIE MOHHOMS! Haf monem GF(4)
CTEMECHM 8, MOJYYEHHBIE C NMOMONLID NPOIPAMMHON PEAH3ANMH BHINEH3I0KEHHOTO

Tabimia3l.

IpumumueHsnii nOMIHOM ITpumumusHble nonuHOMb!

Had nonem GF(2) Hac nonem GF(4)

KISH XX 14+ X1+ 104+ X5+ X8+2XT+X4+2X2+2

OGS+ 304 XEH X6+ X5+ ] eI TH3X64+3IX54-2

X6+ X 144X 124 X104 K9+ X5+ 1 XE+3X6+X5+2X53+4-2

K6+ X144+ X124 X9+ X6+ X2+ | X+ X7+ X64+2X+2

X164 X 14+ X104 X7+ X4+ X2+ | XE+X7+2X2+2X+2

X6+ X124 X UHXE+XSHI0HX2+HX+] | XE4H3X44+330+X+2

X164+ X114+ X 104X 84 K64+ K +] X84+3X3+3X2+X+2

XS4 N 14X T4+ X 64304+ X2+ 1 Xe+X54+2X343X2+2

X164+ X0+ X0+ Xe+X6+X5+30+X2+] | X8+X5+2X2+2X+2

K16+ X104+ X6+ X5+ X2+ X+] XE+X6+2X4+X+2
ANropHTMa.

_ Ciielyer oTMETATE, 9TO JUIs KajkJoro M3 NpPHBEJEHHBIX MOJIHHQMOB HAM IOTEM

GF(4) wMoxHO ompeneieTh eme TpH momaHoma Hajx moaeM GF(4) . HampmMep,
nmoMMeEOMY  XE+X7+X6+2X+2  COOTBCTCTBYET  JBOHMCTBCHHEIA €My  IOJHMHOM
XE4X7+3X2+3X+3 ; mMoJCTAHOBKOH BMccTO Ko3(QQHIHCHTOB 3 KoapdHIHCHTOR 2
moygaeM momuHoM XA+X7+2X2+2X+2, KOTOPHIA COOTBETCTBYET [BOHCTBEHHOMY
nomusoMy Haj GF(2): W HakoHem, NOC/IeAHEMY HOTHHOMY COOTBETCTBYET JBOMCTBEHHbIH
eMY IMoIEHOM X8+X7+X6+3X+3.

Annapartaas peamasamus ITITIT u ATP gersipex3Ha¥rof JIOTHKH OCHOBaHA Ha
nprMercren PCJIOC, BRINOMHMOIMHAX ONEpalHio JIE/IeHHS Ha obpasylomuii MOJIHHOM .
PCIIOC GF(4) B orimgme ot PCJIOC GF(2) B kagecTBe JIEMEHTOE 3a/ICPKKH HCIIOIB3YCT
jfBa JNeMeHTa MAMSATH JBOMYHON Jorakn. Kpome Toro (OPH COOTBETCTBHH 37IEMEHTOB
GF(4) snemenram GF(2) : 0-00, 1 -01,2-10, 3 - 11) , 9/IeMEHTRI YMHOXCHAL M
croxenus GF(4) B JBOHYHOIN JIOTAKE pea/m3yioTes cIeAyIonmM obpasom: *1) - yi=x1;
Vi=x2; (*2) - y=x+xa; y:=xi (*3) - yi=Xy; ya=XutXe () - Y1=Xi+Xs; y2=Xa+X4, TIC B
ckobkax obo3nadeHE! ONEpAllHH, Xi, X2, X3, X4 - paspsa/bl BXO/IHBIX mmepeMcHHEBIX, Y1, Y1 -
PaspANLl pe3yILTaTa.

Ha puc l.a, 6 npuencant PCJIOC GF(4) wis ATP u I'TITII cooTBeTCTBEHHO,
obpasytommii moymaoM X2+X+2. O6paTHble CES3H BBICHPAIOTCH B COOTBETCTBUH C
HEHyIeBbIMM Koo drmenTamy moymaoma. Ha prc.1.p mpuseneHa cxema ITITIT mons
GF(4) Ha aneMeHTax J{BOWYHOH JOTMKH, Ha pHc.l.r - Ta e CXcMa B BHIIE OJ(HOI'D

— PEIHCEPa ¢ OOpaTHHDME—CcBE3AMHA. [IpH HAYAILHOM HEHYJICBOM COCTOSHHHA [TITI1

TeHEpUpYET MCCBOCTYSaliHYIO MOCCAOBATENBHOCTh, IEPHO/L KOTOPOH paBel 47 - Bl
Ecm mauambHoe cocrosaue [IITII cooTBeTCTByer ojieMenty mons al, T.e. 1, To
TeHEpUpYeMas ITOCTeIOBATETLHOCTE HMeeT BHL 2%, al, ..., alt.
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B rtabmmne 4 mpeacTaBieno rome GE(16) kak pacmupenne nons GF(4) nan
rommHoMoM X2+ X + 2 1 kax pacmmpenne nons GF(2) Han momaoMom X4 + X + 1.
OBo3HadnM 3]IeMEHTHEI mond a’ |, al, .., al* B IBoMYHOM BMOE A paclMpeHus

Esstaan
%

=%, [

ik

TR
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Puc. 1. PCIIOC GF(4) u GF(2) mu ATP w TTITIT

nonsa GF(4) Z=2s222120; i pacmapernd mont GF(2) - X=xsx:XiXo . AHammus Tabamim
MIOKA3BIBALT,  YTO 73=X3 , Z2=Ko+Xi, ZiI=Xs+Xa, Zo=Xo, WM Z=M*X, rge M- marpua,
CTPOKH KOTOpPOH MpeJcTaBsaioT coboi IBoHYHOE IIpeJIcTABIEHHE aNleMeHTOR ad | al, a?, a?
pacurgperns noas GF(4) Hax mommsomom X2+ X + 2. Taknm ofpasoM, Juia onpegeneHus
3ABHCHMOCTH £ 0T X JOCTaTOYHO IIOCTPOMTE MATPHIY M3 3JIeMeHTOB a°, ... , a>~!  rher -
creneHtb nonuHoMa Han noneM GE(4). ITockomsky Z 1 X - cocrosnans PCJIOC GF(4) n
GF(2) npu reHepanum mcepocHyyaiiHoi MOCTEIOBATEEHOCTH WIH CKATHH TECTOBOR
PCAKLIHH, M3 DONYYCHHOH 3aBUCHMOCTH wliefyeT, 9To obHapyKHBalompe crocobHOCTH
ATP B Buze PCJIOC GF(2) ¢ ofpasylondM NONTMHOMOM CTENEHH 2T DABHBI
obHapykupaionmM crnocobuoctaM ATP B puge PCJIOC GF(@) ¢ ofpasyiommm
[MOJIMHOMOM CTENeHH I KDTOpblﬁ nomyvycH Ha OCHOBE CpaBHHBACMOTO TIOIMHOMA HAM
nonem GF(2).

B saxmodenne MOXKHO ¢Ie/IaTh CIEAYIONIHe BLIBOIBI:

- PCJIOC, nocTpoeHHbIe Ha OCHOBe 9eThIpeX3HAYHOMN JIorMkH, kak ¥ PCJIOC
ABY3HAYHOH JIOTHKH, XOPOIIO COYETAIOTCS ¢ METOLOM CKBOSHOTO GIBHIOBOTO PErHCTPa;

- dnnapaTHas peammsalmMs B JBonYHOH normke PCJIOC mHan nmosem GF(4)
cpaBHHAMa no 3aTpataM ¢ PCJIOC Hax monem GF(2); o

- KOJIHYECTBO NPHMMTHBHBIX TMOJMHOMOB cTeMeHH r Haj mnomeMm GF(4) B jBa
pasa Boblle KOMMYECTBA NPMMHTHBHBIX MOMWHOMOB CTCMCHH 2r HAJl MoJeM GF(2), uro

MO3BOTHET pealM30BaTh B JBa pasa Oonpme pasmmapsix TTITIT mMakcHMaahHOro
[NEpHOIA;
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- obmapyxuBaromue crocobHOCTH ATP Ha - OCHOBe PCJIOC

| HETHIPEX3HAYHOH JIOTHKH I ommbok PAasHOH - KpaTHOCTH R

obHapyxmBaromuM cniocobHocraM ATP Ha ocrose PCJIOC meomunoll norm-
- PCJIOC, mocrpocHHbIC HA OCHOBE MHOTO3HAMHOM JTOIHKH MOT'YT HalTH
MpUMEHEHHE JUII KOMITAKTHOIO TECTHPOBaHHA IMQPOBKLIX YCTPOICTE KaK JBOHYHOM,

.TAK M MHOT'O3HAYHOI JTOTHKH.

- Tabmma 4.
Pacumpenue nona GF(4) | Pacumpenue nonn GF(2)
B BHze B 4-m B 2-m B 2-m BHE
CTCMeHH BHJIE BHJIC
0 00 0000 00no
a? 01 o001 - 0001
al 10 0100 5 0010
a? 12 0110 0100
al 32 1110 1000
a4 11 0101 0011
as 02 0010 ' 0110
aé 20 1000 i 1100
a7 o3 1011 ¥ 1011
as 13 DL = 0101
a? 22 1010 . 1010
alo 03 0011 0111
all 30 1100 1110
al? 31 1101 1111
al? 21 - 1001 1101
a4 33 oo dlll 1001

Takum obpasoM, rmaBaeiM  npeuMymiectBoM PCJIOC, mocTpoeHHBIX Ha OCHOBC
MPUMMTHBHEIX NONMHHOMOB Ham moleM GF(4), aBndercd BO3MOXHOCTL PpeallH3alldH
Goibiiero kommuecrBa pasmaqHBEIX  [TITII MakcuManmbHoro nepuopa. Pesymerare:
monemupopanua PCJIOC GF(4) Ha smemeHTaX OBOWMHOM JIOTHKH ¢ MOPOXIAIONAMM
nolMHoMaMi 13 Tabmrnel 3 ¢ noMomeio CATTP OrCAD noareepAIatoT IIPHMATHBHOCTE
arux nosmHOMOB: [TITIT B BHge PCIIOC GF(4) rencpupyror 48-1 pasmHYHBIX HaOopoB
[IpH Ha9aNEHOM HeHyJieBoM cocrosnuu PCJIIOC.

NUTEPATYPA

l. Benmrerc P.JDK. TIpoeKTHpOB&HHE TECTONMPHIOJHAIX JIOTHYECKAX cxes: Ilep. ¢ agrm - M.:
Pamao ® e, 1990, - 176 c.

2. Apmomux B.H., Kanoma E.Il. Meroj aHAIHTAYECKOI® PACICTa  CHIHATYP B HarHocTHKE//
JNeKTpOoH. MoACHpoBaHHS. - 1989, - 11, N6. c. 50-54.

3. dpmommk  B.H., Kamoma E.JI. D3ddexTABHOCT: CATHATYpHOTO AHANH3A B
caMmoTecTHpylonxes CBMC/ Omexrpor. Mofemapopanme. - 1992. - 14, N3 c. 51-36.

4. Hawerko O.H. CpasserelsHaf® oOeHKA 3(QeKTHBHOCTH METONOB KOMOAKTHOTO
TECTHPOBAHAS KOMOHHANHOHHEIX cxem. COOpHHK — Tpymos dakynhTeTa BERMHCTHTETLHOH
TCXHHKH ¥ HEQGOpMaTHKH.  Bemyek 1. JloWemisil  TOCYTAPCTBCHHEIN  TeXHHYECKHA
yRuBepcHTer. - Jomem: Joal TV, 1996. - 215¢.

. 5. Jlwrakos W.I. Kompnesoe TecTHposande madpoBhix ycrpoiicts.- M.: DHCproaToMHESJAT,

1990.- 160c.
6. JluHecliHEe MOCHCIOBATCILHOCTHEIE MameHLL, [wm A, mep. ¢ aHTn. MajaTenscrBo
"Hayka" [iapEas pejakops  (HIHKO-MaTeMAaTHUCCKOH MHTepaTyphi, M., 1974, 288 c.
1. Nurepcon V. Vammon 3. Kosr Rcnparmsiomae omubkm. - M. Map, 1976, - 600c.



