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Annomayua — PaccMaTpuBaercsi NpUMeHeHHe NPUHIUINA
00001eHNs] IBY3HAYHBIX HU(QPOBBLIX CTPYKTYP HA MHOIO-
3HAYHBIH ciydail B 3aJaye CHHTe3a CIeNHATIM3MPOBAHHBIX
nuppoBbix C®-010k0B ABTOMATHKH H BBIYHCIHTEJIbHOI
TexHukH. IlpogeMoOHCTPHPOBaHA BBIPOKACHHOCTH IBY3HAY-
HOIi JIOTMKH 110 CPABHEHHIO ¢ MHOro3Ha4Hoi. Ilokasana 3¢-
(exTHBHOCTL NpHMEHEHUS] NPUHIMNA 00001IeHHs IS JIO-
THYECKOr0 CHHTe3a U CXeMOTeXHMYeCKOI0 NPOeKTHPOBAHMSA
MHOT03HAYHOIi 3JIeMeHTHOH 0a3bl, peaju3yeMoii cpecTBAMU
AHAJIOr0BOIi CXeMOTEXHHKH € TOKOBBIMH IPeo0pa30oBaHHsIMH
BXO/JHBIX M BBIXOJHBIX JOrHYeCKHX MepeMeHHbIX.

Knrouesvie cnoea — noruyeckuii cMHTe3; IBy3HAYHAS JIOTH-
KA, MHOTO3HAYHAas JIOTMKa; GYHKIMOHAJIBHO MOJHAsSI CHCTe-
Ma; JuHeiiHas ajaredpa; JuHeliHOe MPOCTPAHCTBO; TOKOBOE
3epKaJlo; JNHelHbIe CXeMbl.

l. BBEJIEHUE

CocTosiHME M TEMIIbl Pa3BUTHUsSL TEXHOJIOTHH MHKPO-
3JIEKTPOHHKH MPEICKa3hIBAIOT, YTO K 2028 roxy BceMHUpHO
W3BECTHBIN 3ak0H Mypa [1] 11 TpaAUIIHOHHBIX TEXHOJIO-
THH TIEPEeCTaHET BBIOMHATHCA. [IpudanHON ToMy sBIsieTCS
JOCTIKeHHE (PU3UUECKUX TPEIesioB YMEHBLICHHUS pa3Me-
POB TPaH3UCTOPOB 0e3 HapymeHUs (PU3NUECKUX 3aKOHOB
ux (QyHKUMOHHMpOBaHUs. He MOBIMSAIOT Ha CHUTYalMIO H
HAaHO TEXHOJIOTHH: YTJIEpOJHbIE HAHOTPYOKH MOTYT M3Me-
HHUTbH MPOU3BOJUTEILHOCTh MUKPOAJIEKTPOHHBIX CXEM, HO
HE MOT'YT CyIIECTBEHHO M3MEHHUTH MX pa3Mmepbl. IMeHHO
MOATOMY BEIYTCS MHOTOYMCIICHHBIE HCCIEOBAHUS 10
00paboTKe W mepenave AaHHBIX HA MHBIX MPUHIMIAX: HA
YPOBHE 3JIEMEHTAPHBIX YAaCTHI, ITyT€M CIIMHOBBIX BOJH U
T.I. SIBHO TpOoCMaTpUBaeTCsl TEHACHIMS NEpPexoja OT afl-
napaTHOi peanuzanuu npeoOpazoBaHus HHOpMaUKM K
MPOIIECCHOH, T.€. K MPEACTaBICHUIO TaKOro mpeoOpa3zoBa-
HUS HEKOTOPBIMH Tpolieccamu. Bripouem, 3To B Gosbrreit
CTETeHHU aKTyaJIbHO JJIsl 00JIaCTH BBIYUCIUTENILHOW TEXHHU-
KH.

B obnactu cucteM ympaBieHHS MMEETCS CBOS CIEIH-
(MKa ¥ CBOM HaIpaBIICHUS COBEpILIEHCTBOBaHMA. Tak, B
pszne cilydaeB IpPH ITOCTPOCHUH CIEIHMaIM3HPOBAHHBIX
crcTeM aBToMarnydeckoro ynpasienus (CAY) npuxoaurcs
00pabaTeIBaTh HE TMOTCHIMAJBHBIC, @ TOKOBBIE CHTHAJIBI
MHOTOKaHaJIbHBIX JIaTYMKOB, OOECHEeYMBATH JIOTHUECKOE
npeoOpa3oBaHre BBIXOAHBIX TOKOBBIX KOOPAWHAT, HAPH-
Mep, CUTHAJIOB KOMIIApaTOPOB HA OCHOBE KIACCHUECKHX
muddepeHInaNpHBIX KackagoB B mapamiensHerx AL
Hexotopele ucnonnutensHele neMeHTsl CAY Takxke Tpe-

OylOT MHOTOYPOBHEBOTO M MHOTO3HAYHOTO TOKOBOTO
yhpaBiicHHs. B 3TO# CBA3M YMECTHO MOCTaBUTH BOMPOC O
MPUMEHEHUH B 3ajladyax JaHHOTO Kiacca JIBY3HAYHBIX U
MHOTO3HAYHBIX IUQPOBBIX YCTPOHCTB C BXOJHBIMHU H BbI-
XOJIHBIMH TOKOBBIMHU TepeMeHHbIMU. CHHTE3 MOA00HBIX
YCTPOMCTB TpeOyeT MHOTO, OTIIMYHOTO OT OyJIeBOM anred-
PbI, MATEMATHYECKOT'O arapara JIOTHYECKOTO MPOSKTUPO-
BaHUS LU(POBBIX CTPYKTYpP, HHON CXeMOTEXHUKH. OIHUM
13 BapUAHTOB TAKOTO MATEMATHYECKOTO arapaTa MOXET
CIIy)KUTh JIMHEIHAs anreOpa — U3BECTHAs anreOpandeckas
CTPYKTYpa, MPEJIOKEHHAST aBTOPAMHU HACTOSIIECH PabOThI
B KaueCTBE MAaTeMaTHYECKOro armnapara JIOTHYeCKOro Ipo-
EKTHPOBAHUsI K-3HAUHBIX HUPPOBIX CTPYKTYP.

[Tpouecc JIOrMYECKOro MPOSKTUPOBAHMS LU(PPOBBIX
CTPYKTYp B JIMHEHHOH anreOpe pacCMOTPEH B psijie aBTOP-
CKHUX pa60T, OTACJBbHBIE M3 KOTOPBIX OTMCUYCHBLI JaJicc.
INockonbKy nBy3HauHas JIOTHKAa HE MPOCTO IpocTeimias,
HO BBIpOXJCHHas (T.e. oOyiajaronias Hepa3JIniuMbIMU B
npenenax JOTHYECKOH CHCTEMBI —CBOWCTBaMH), TO HPH
nepexojie K JOrHdecKkomy cuHTe3y K-sHaunbix (K > 2)
IU(POBBIX CTPYKTYp MPHUXOAUTCS PEIIATh MPOOIeMy BBI-
O6opa onTumaabHOTO (MO0 JIFOOOr0 M3 BO3MOXKHBIX)
00001IeHNs NBY3HAYHBIX NU(POBBIX CTPYKTYp HA MHOTO-
3HAa4YHBIM ciy4ail. JIOTHYHO MHPEANONIOKUTh, YTO OO0
MaTeMaTHYEeCKUil ammapaT HWCXOJHOTO IPEJICTABICHUS
JoTHYecKuX (YHKIMH 00iagaeT cBoel cnenuduKoi Tako-
ro 0000meHHS.

Llens HacTostmielt paboOTBI — MOKa3aTh OCOOEHHOCTH
000011IeHNS IBY3HAYHBIX ONEPAIHi U CTPYKTYp Ha MHOTO-
3HAUHBINA Cy4ail Npu UCIONb30BAHUM annapaTa JMHEHHON
anreOpbl B KayecTBE MCXOAHOTO MPEACTaBICHHS JIOTHUe-
CKUX (DYHKITHH.

B cratbe mpuBeeHBI pe3yabTaThl UCCIEAOBAHUS JBY-
3HAYHOM M MHOrO3HAYHOM 3JEKTPOHHONW KOMIIOHEHTHOMH
6a3bl 1IM(PPOBBIX CTPYKTYP, PabOTAIOIIUX B TSIKENIBIX yC-
JIOBUSX JKCIUTyaTallid M HCIOJB3YIOMHX B KauecTBE JIO-
TMYECKUX 3HAYEHMI KBaHThI TOKA.

Il.  BVJEB HOAXO/ K OBOBIIEHUIO IBY3HAUYHOM
JIOTUKU

IoBbIeHNs MPOU3BOAUTENBHOCTH CHENUAIN3UPOBAH-
HBIX BBIYHCIINTENCH MOXKHO JOOWUTHCS M B paMKax Tpaju-
LIMOHHBIX METOJIOB NPOCKTUPOBAHMS M CO3AaHHs IUPPO-
Boil amemenTHOH 6a3wl (LIOB). IlpuBnexarenbHOCTBRIO Ta-
Koro HampasneHus (B cpaBHenur ¢ 1[Ob Ha HOBBIX du3H-
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YEeCKUX MPUHIUIAX) ABISETCS OTCYTCTBUE GOJIBIINX KaIlk-
TaJbHBIX 3aTpaT 3a CUET MCIIOJI30BAHUS YXKE CYILIECT-
BYIOIIMX TEXHOJIOTHHA ¥ 000pYIOBaHUS I CO3AHUS dJIe-
MEHTHOM 0a3bl C HOBBIMU XapakTepuctukamu. C 3TOH TOY-
KU 3pEHMS CIELYET, B MIEPBYIO OYEpElb, OTMETUTH MHOIO-
3HAYHYIO JIOTMKY W METOJBl MHOTO3HAYHOW 00pabOoTKU
JaHHbIX. [TOCKOJIBKY MHOTO3HAYHOM JIOTMKE XPOHOJIOIH-
YeCKH Mpe/IlIecTBOBaa ABY3HAayHas JIOTUKA, TO MHOTO-
3HAYHAs JIOTHKA MPEICTAaBIsAeT COOOH pe3ynapTaT 00001e-
HUS JBY3HAYHO JIOTUKU HA MHOTO3HA4HbIN CITyJail.

Crieyet OTMETHTb, YTO UCCIICNOBAHMS 110 MHOT'O3HAY-
HOHM JIOTMKE W €€ NPHMEHEHMIO JUI CHHTe3a MHOTO3Hau-
HBIX IIMQPOBBIX CTPYKTYp BEAYTCS BECbMa HWHTCHCHBHO.
[TonTBepxneHneM 3TOMYy SBJISETCS OOJBIIOE KOIHMYECTBO
nmyonmukammii [2 — 4], a Taoke ToT (akT, uro B CLIA yxe
6osiee 40 yieT MPOBOASATCS MEXYHAPOIHBIE CHMIIO3HMYMBI
IO MHOTO3HAYHO# Jloruke [5].

Aurebpandeckue UCCIeJ0BaHus 110 JIOTHIECKOMY CHH-
TE3y MHOTO3HAYHBIX JHCKPETHBIX YCTPOWUCTB BOCXOJST K
padotam Ilocra [6, 7], mpencrasisronium coboii 006001IIe-
HHE HMCCIEOBaHUi M0 (HYHKIIMOHAIBHOM MOTHOTE B JIOTH-
Kax Jr000H 3HaYHOCTH. 37eCh BBOASTCS JiBa OIepaTopa:
yHapHBIH @ (cmoxeHue mo Moayao K) u GuHApHBIH —
max(xl,xz). CucreMa W3 3THX OIEPATOPOB SIBIISETCS

(DYHKIIMOHAJIIBHO TIOJTHOW ¥ TpeBpamaercs B CHUCTEMY
WNJIN-HE B nBy3Ha4HOM Cily4ac.

PasnuyHble BapUaHTBI IPEICTABICHUS 3TOW CHCTEMBI
OBUTH pacCMOTPEHBI M JPYrMMH aBTOpamH. B uactHoCTH,
Hanpumep, B [8] ommcana mpeioxeHHass BeObom (yHK-
[IMOHAJIGHO IOJIHAs CHCTEMA, COCTOSIIAs U3 OIHOIO OIle-

partopa X; |X j » OTIPENIENAEMOTO B BHJIE:

0 npu X; #X;

(1@)(') npu Xi :Xj ’

i[X]

U TEpexolsIero B JBY3HAYHOM CIydae B H3BECTHBIH
mrpux epdepa (UJIU- HE).

Cucrema Poccepa-TrrokerTta [9] Takxke sBISETCS MHO-
rO3Ha4YHbIM BapHaHTOM OCHOBHOH (YHKIMOHAJIBHO MOJI-
HOM cucteMbl. OHa BKJIFOYAET B ce0sl Oneparnm:

X&y=min(x,y),
Xvy=max(x,y),

1 HabOp XapaKTepPUCTHIECKUX (DYHKINH:

J,(x) = k=1 npu x=a’ 0<a<k-1.
0 npu x+a

Hcnonw3yercst Takxke HaOOp MOAMPHUIIMPOBAHHBIX Xa-
PaKTEPUCTUYECKUX (QYHKITHH:

(@) _ 1 npu x:a.
0 npu x+a

AHanu3 pe3ynbTaToB IPEAIIECTBYIOIINX HCCIEI0Ba-
HUH, TIPUBOJUT K BBIBOJY, YTO IpEAJaraBLIMECsS MHOIO-
3Ha4YHbIe ()YHKIMOHAIBFHO TIOJNHBIE CHCTEMBI OBLIH 0000-
LIEHUSMH COOTBETCTBYIOIINX JABY3HAYHBIX (DYyHKIIMOHAIb-
HO TmosHBIX cructeM. OTCroza ciemyeT, 9To TpaJuIuOHHAS
MHOTO3Ha4Hasi JIOTMKa pa3BUBajach IIyTeM O000O0IIeHHUS
JIBY3HAYHOU OYIIeBOM JIOTHKH Ha MHOTO3HAYHBIHA CITydaii.

K coxaneHuio, NPUXOIUTCS KOHCTATHPOBAThH, YTO
00001IIeHe ABY3HAYHON JIOTHKM HAa MHOTO3HAYHBIA CITy-
Yail ¢ WCIOJIb30BaHHWEM OyJieBa MPEICTABICHUS JIOTHYC-
CKUX (DYHKIHUH OKa3aJoCh HE OYEHb YAA4HBIM: 3TO Mpej-
CTaBJicHHE TpeOyeT Hanmuyus (PU3MICCKUX 3JICMEHTOB C
YHCJIOM Pa3IMYUMbIX COCTOSIHHM, PAaBHBIM 3HAYHOCTH JIO-
THKH, KaK U B IBy3HAYHOH JIOTHKE. B CBA3U ¢ OTCYyTCTBHEM
TaKUX TPHUPOJAHBIX IJIEMEHTOB M HEYIABIIMMHUCS MOIMBIT-
kamu (M0 KpaliHe# Mepe, TOKa) CO3[aHus paboTOCIOCO0-
HBIX MCKYCCTBEHHBIX 3JIEMEHTOB MPAKTUYECKOE HCIIOJIB30-
BaHHE MHOTO3HAYHBIX JIOTHK B OYyJI€BOM CHHTE3¢ LU(PO-
BBIX CTPYKTYp OCTaercst J0 CHUX IOp MpOOIeMATHIHBIM.
ITosToMy Hambojice 4acThIM B COBPEMEHHBIX HCCIICIOBA-
HUSIX SIBJSIETCS MPUMEHEHHE armnapara MHOTO3HAYHOU JI0-
THKU JJISL PEIICHNUS 3a/1ad B CMEXHBIX 00JACTSX: Mepeiayue
1 00paboTKe NaHHBIX, paclo3HaBaHUU 00Pa30B U T.J. DTO
HalpaBJIeHHE UCCICI0BAHUI HAMOOJIEe IIMPOKO MPEACTAB-
JICHO U B MaT€pHajax YINOMAHYTOI'O BBIIIC MEKIYHaApOd-
HOT'O CUMITO3MyMa 110 MHOTO3HAYHO# JIOTHKE.

111, JIMHENHBINA HOAXO0/] K OBOBIIEHMIO JIBY3HAUYHOM
JIOTUK1

ABTopamu HacTosIIeH pabOTHl pa3pabOTaH HHOW, OT-
JMYHBIA OT OyJieBa, MOAXOM K CHHTE3y JBY3HAUHBIX IH(]-
POBBIX CTPYKTYp, OOOOLICHHIO ABY3HAYHBIX JIOTHIECKUX
(GyHKIMI Ha MHOTO3HAYHBIN CIydail U peaju3alu MHOTO-
3HAYHBIX 3JIeMeHTOB u cTpykTyp [10, 11].

TeopeTnueckoe 3HaYEHHE 3TOTO MOAXOAA COCTOHUT B
OpUMEHCHUH I CHHTe3a K-3HauHbIX [UQpoBbIX [P-
6JI0OKOB HOBOTO MaTE€MaTHUYECKOTO armapara — JMHEHHOH
anreOpsl. OH oTiMuaeTcs OOMBIINM COOTBETCTBHEM Bep-
0ambHOTO (MCXOMHOTO) W MaTeMaTHYecKoro ((popManbHO-
r0) ONMHUCaHHUH JIOrnYecKuX (YHKIMH JF000H 3HAYHOCTH, a
TaKke MUHHMAJbHOW M30BITOYHOCTBIO IIOJy4aeMbIX Ha
€r0 OCHOBE CXEMOTEXHUYECKUX PELICHUN.

IIpuknagHoe 3HaYEHHE ITOrO MOJAXOAA COCTOMT B 3a-
MEHE Ka4eCTBEHHOTO MpEACTaBJICHHUs 3HAYCHHUIl JlorHde-
CKON (DyHKIIMM KOJMYECTBEHHBIM M CBA3aHHOW C 3THUM 3a-
MEHOU yacTH OyJIeBBIX OIepali JUisl IPeCTaBIeHHUs JIO-
rudeckux (yHKOuil anredpamdeckumu omnepamusiMu. Ho-
Basi CXEMOTEXHHKA M METObI JIOTHYECKOTO U CXEMOTEXHH-
YECKOTo NMPOEKTHUPOBAHMs MO3BOJISIOT MOJIy4aTh Ha CyIle-
CTBYIOIIEH dJeMEeHTHOW 0a3ze mu(ppoBBIE CXEMbI C yIyd-
LIEHHBIMU TEXHOJIOTHUECKUMHU M OSKCILUTyaTallMOHHBIMU
xapakTepucTukaMy. OCHOBHBIE TIOJIOXKEHHS 3TOTO amrmapa-
Ta u3noxensl B [11 - 12].

Jlornueckuili CMHTE3 NpenroyaraeT MoJy4eHUue Mare-
MAaTHYECKOTO OIMUCAHUS IM(POBOH CTPYKTYpPHI C IMOMO-



IIbI0 HEKOTOPOro Habopa TMepeMeHHBIX W omeparmid. [1o-
3TOMY pa3paboTKa HpaBuil 0000IICHNS TODKHA HAYHHATh-
sl ¢ 0000IIEHUS MTOHATHI MIEPEMEHHBIX M OTICPAITHIA.

Obobwenue nepemenHvlx TPOU3BOIMWTCI HAa OCHOBE
NPUHIANA TOJHOTHI KCIOJB30BaHHUS 3HAYHOCTH JIOTHKH.
CyIIHOCTh 3TOTO MPHHIIUIA OMPEICIICTCS CICTYOIIMMU
HCXOJHBIMH MOMEHTAMHU:

— B anre0panvyecKkoM IUIaHe — JIOTUYECKHE OIepaliu
MOTYT BBITIOJIHITHCS TOJIBKO HaJ MEPEMEHHBIMU, UMEIO-
IIMMU OJIHY U Ty € 00JIACTh ONpe/eNicHus (CyIeCTBOBA-
HUA);

—B KOM6I/IHaHI/IOHHHX CXE€Max — BCC BXOJbI U BbIXOJbI
CXE€M PaBHOLCHHBI B OTHOIICHWHN HCIIOJB30BaHUS 3HAYHO-
CTH NICPCMCHHBIX, TO €CTh Ha JII000M BXOJC U 11:000M BEI-
X04€ OOITyCTUMBIL J00bIC 3HAYCHHUS CUTHAJIOB B npeaemax
3HAYHOCTH JIOTHKH,

— B NIOCJIEJOBATEIbHOCTHBIX CX€MaX — COCTOSIHUE 3JIe-
MEHTa MaMATH JOJKHO XapaKTepU30BaThCsl HAOOPOM ecex
JOMYCTUMBIX 3HAaYE€HUH BBIXOIHBIX MEPEMEHHBIX B Tpefe-
Jlax 3HAYHOCTH JIOTHKH (APYTMMH CJIOBaMHM, 3JEMEHT Ma-
MSTH JOJDKEH UMETh YHCIO BBIXOJIOB, PABHOEC 3HAYHOCTH
JIOTHKH).

HepeqncneHHHe HCXOJHBIC MOCBUIKH BBIIIOJTHAOTCA B
I[BySHa‘IHOﬁ JIOTUKC U JOJI’KHbI OBITh COXpAaHCHBI MPpHU I1€-
pexone K OOJIbIICH 3HAYHOCTH.

O606wenue onepayuti TPOU3BOAUTCS C YUECTOM JIOTHU-
K1 0000mIeHusT mepeMeHHbIX. Ecnm xiaccumdyeckoe 0000-
ICHHE ONepalnii KOHBIOHKIMU U JU3BIOHKIIMU eCTh MIN U
Max, COOTBETCTBEHHO, TO B IpeIjiaraéMoM IOAXOJIE BO3-
MOYHBI HECKOJIbKO OIepalii Kaxaoro tuma. Hampumep,

TpEeX3HaYHBIC OIEpaIu min(xl,xz) , min(xl,2x§) ,

min(2xll,x2), min(2x11,2x§), rae X =min(i,j), a koa¢-
¢uireHt 2 npu mepeMeHHbIX moHuMaeTcst kak K — 1, st
JIBY3HaYHOM KOHBIOHKIIMU OYIyT SKBHUBAJIEHTHBIMH. T04-
HO Taloke JIBy3Ha4HOHM mMHBepcun X =X@1(B mpexacrasie-
Huu [locTa) COOTBETCTBYIOT omepanyuy NpsiMoro u obpart-
HOTO IMKJIMYECKNX CJ[BUTOB.

X— ol —1y=x®1 x— ®2 —y=x®2
a) 0)
@ F—y=x®1
]
—y=x®2
B)

Puc. 1. YciaoBuble rpaguyeckue 0003Ha4eHHs] BADHAHTOB
0000111eHNs1 ABY3HAYHON HHBEPCHHI

B sToM ciryuae MHOTO3HauHOE 00O0OIIEHVE MHBEPCUU
MOJKHO IIPEJCTaBUTh, KAK MHOXKECTBO JIEMEHTOB, pealu-
3YIONMUX pa3jnyHble MHOTO3HAYHBIE OOOOIIEHUs WHBEP-
CHH, MO0 KaK 3JEMEHT, PEeTU3YIOINA BCE BO3MOXKHBIC
MHOTO3HauHBIe O00O0OIIEHNsT OIepani WHBEpCHH. Tak
000011eHNe NBY3HAYHOW WHBEPCUH JUIS TPEX3HaYyHOH JIo-
TUKH MOXeT OBITh TPEACTaBICHO HaOOpPOM 3JEMEHTOB,

M300paXeHHBIX Ha pucC. la, 0, MO0 AJIEMEHTOM, SBIISIO-
LIMMCSI HEKOTOPHIM OOBEIMHCHHEM 3TUX peallu3alluid, Mo-
Ka3aHHBIM Ha puc. 1B.

Bribop BapmanTa 0000IIEHUS IBY3HAYHOH OMeEpaIiy
Ha MHOTO3HAYHBIH CiIydail ompenensercs KOHKPETHOM
3a1a4yei.

IV. TIPUMEHEHME IIPMHLIUIIA OBOBIIEHUS K
MHOTO3HAYHOM JITHEMHOM CXEMOTEXHUKE

OCOOEHHOCTH CXEMOTEXHMYECKHX pEIICHUH MHOTro-
3HAYHBIX HU(POBBIX CTPYKTYP B paMKax MPEIUIOKEHHOTO
MOJX0]a COCTOSIT B TOM, YTO, BO-TIEPBBIX, B HUX IMOSBIIS-
IOTCS CBOMCTBA, CYLIECTBOBAHHWE KOTOPBIX B JABY3HAYHOU
JIOTUKE OOHApYXKUTh HEBO3MOXHO, & BO-BTOPBIX — B TOM,
YTO CXEMOTEXHHYECKHE PELICHHUS MHOTO3HAYHBIX IU(PO-
BBIX CXEM pEaJIM3YIOTCSl Ha CYLIECTBYIOIIUX JBY3HAYHBIX
(YHKIIMOHABHBIX 3JIEMEHTaX. PaccMOTpnM HEKOTOpBIE U3
9THX CBOMCTB Ha IpPHMEpPE MHOTO3HAYHBIX CXEM CHHTE3H-
POBaHHBIX C UCTIONBE30BaHUEM ITPHHITUIIA 0O0OIICHHS:

— MOJIHOT'O TPEX3HAYHOT'O MHBEPTOPA,
— TPEX3HAYHOI'0 OAHOPA3PAAHOIO IMOJHOTO CyMMATOpPA.

IlonHbIi TpeX3HAYHBIIA HHBEPTOP peaIU3yeT TPU JIOIU-
YeCKNX (YHKIIUH:

— MOBTOPCHUSA BXOJTHOTO CUTHAaIA Y, =X,

— IpAMOTO HMUKIINYECKOT0 CABUT'a BXOJHOI'O CUT'HAaJIa
Y, = x@®1=[(1=x)+2(x=1)],
- 06paTHOF0 IMUKIINYECKOI'o CABUI'a BXOAHOI'O CUIrHalia
Y, =X 81=x®2=(x=1)+2(1=x).

B mocnefHuX BBIPAKEHUSIX CHMBOJIOM -~ 00O3HAueHa
orepanys yCeUeHHOH pa3HOCTH.

[MpuHnummaneHas JWHEHHAs CXeMa IMOJIHOTO TpeX-
3HauHoro mHBepTopa Ha K-MOII-TpaH3ucropax npuseze-
Ha Ha puc. 2. OH peann3yeT COBOKYITHOCTh OTepaInil IIHK-
JMYECKOro CIBHra BXOAHOW mepemeHHOH X@®0
x®1,..., x®(k-1) (8 namem ciysae X0, xD1,

X@®2), KOMOUHAIIMK BBIXOJHBIX CHTHAJIOB KOTOPBIX 00-
Pa3yroT MOJIHOE MHOECTBO BBIXOJHBIX JOIMYyCTUMBIX 3HA-
yenwuii. [y obecrieueHnss HEOOXOAUMOCTH MHOTOKPATHOTO
UCIIOJIb30BAHUS BBIXOHBIX CHTHAJIOB OHU Pa3MHOXKEHBI (B
JIAHHOM CJTy4ae TPOEKPATHO).

Crnemyer OTMETHTh, YTO OWIOJSIPHBIN BapHaHT ITOM
(xak u m0060# Mpyroi MUQPOBOI CXEMBI) TOMOIOTHICCKU
uaentnyen K-MOII-BapuanTy.

OpmHOpa3psITHBIN TBOWYHBIA CyMMaTOp — 3TO JIOTHYE-
CKasg CXEeMa, Ha BXOJbl KOTOPOM IOCTYNAIOT 3HAYCHUS
JBYX pa3psioB CKIIAJbIBAEMBIX YHCEI U NEPEHOCA C BBIXO-
Ja TpeIBLAYIIero pas3psiia, a Ha BBIXOAE (GopMupyroTcs
3HAa4YEeHUs] CYMMBI U [IEpEHOCca B CIeAYOMMi paspal. Ecnu
3HA4YEHUS] 000MX Pa3psIOB CKIAIBIBAEMBIX YHCEN U TIepe-
HOCa PaBHBI JIOT. «1», TO Ha BBIXOJIE CyMMaTopa GopMHUpy-



€TCd MaKCUMaAJIbHOC 3HAUCHHUC BBIXOIHOI'O KOJa — JIOr.
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Puc. 2. K-MOII-BapuanT NpUHIMIIHAILHON CXeMBbI TIOJTHOTO
TPeX3HA4YHOI0 HHBepTOpa

OO0o0meHne CTPYKTYpBl 3TOH CXEMbI 3aBUCHT OT HH-
TepupeTaluu ee QyHKIHOHUPOBAHUSL:

— nonnMas «l1» Kak MakCUMaJbHOE 3HaYEHHE CYMMBI
TpeX JBOMYHBIX CHT'HAJIOB (ClIaraéMbIX JaHHOTO pas3psiaa U
MpebIIYIIEro nepeHoca) U 006001mas ero Ha MHOTO3HAY-
HBI cly4ail MHOTO3HAa4YHBIA OJHOPA3psAHBIN CcymMMaTop
MOJKHO TaKXe MPEJCTaBUTh CXEMOW CYMMMpPOBaHMS Tpex
K-3HAa4YHBIX CUTHAJIOB;

— nounmast «11» kak «k—1, k—1», MoxkHO paccmarpu-
BaTh K-3Ha4HBIl CyMMaToOp Kak CXeMy OIHOBPEMEHHOIO
cymmupoBanus K + 1 gucen. Pe3ynprarsl TakOro cymMmu-

poBaHus I pas3IMYHbIX 3HAYHOCTEH IIPUBC/JICHLI B TabJ1.
1.

3/ech BBIICICHBI SIMEHKH TAOJUIIBI, OMPEICIISIFOLIHe
YUCJIO BXOJIOB cymMMaTopa, HeobOxoaumoe it popmupo-
BaHUS HA €r0 BHIXOJIE 3HAYCHUSI CYMMBI, [IPEICTABIIEMOTO
komoM K-1, k-1 mpu naHHO#M 3HAYHOCTH JIOTHKK (OCHOBA-
HUSL CHCTEMBI cunciienus) K.

AHanmM3 3TOW TaOJHIIBI MO3BOJIIET CHIENAaTh HEKOTOPBIS
BBIBOZIBI OTHOCUTEIBHO CTPYKTYpPHl H 3((HEeKTHBHOCTH
MHOTO3HAYHOTO 0000IIEHMS IBY3HAYHBIX CYMMAaTOPOB:

Tabiuma 1

P€3yﬂbmambl CHIOJHCEHUS Hucesl 6 pa3IuUdYHbIX cucmemax

CHUCTICHUA

3Haue- Koz cymMbl Ipy pa3/IMyHbIX KOJIMYECTBAX MaKCH-
uue k MaJbHBIX 3HAUEHHH CIaraeMbIX

2 3 4 5 6 7 8
2 10 11 100 101 110 111 1001
3 11 20 22 101 110 112 120
4 12 21 30 33 102 111 120
5 13 22 31 40 44 103 112
6 14 23 32 41 50 55 104
7 15 24 33 42 51 60 66

— BCE OJHOpAa3psIHBIE CyMMAaTOpPbl MOXHO Pa3/elIUTh
Ha TpPEAIONHbIE (AaHAIOTH ABOMYHOTO IIOJyCYyMMaTopa, C
YKCJIOM BXOJ0B MeHbIIM K +1), MMoJHbIe (C YMCIOM BXO-
10B, paBHbIM K +1) U CBepXIOIHBIE (C YKCIOM BXOJOB,
Gonpinum K +1);

— € BO3paCTaHUCM 3HAYHOCTHU JIOTHUKHU ITOBBIIIACTCA
CTCIICHb Mapauiejin3dMa mnpouecca CIO0XKCHUA (paCTeT KO-
JIMYCCTBO OJHOBPEMEHHO CKJIaJIbIBACMBIX '~II/ICCJ’I).

BpinoaHuM NUHENHBIA CHHTE3 OJIHOPA3PSIIHBIX IMOJI-
HBIX ABOUYHOI'O M TPOUYHOI'O CyMMAaTOPOB C HCIIOJIb30Ba-
HHEM IpeUIaracMoro BapuaHTa O0OOIICHUS IBY3HAUHOU
JIOTUKH (TalII. 2).

Tab6muma 2

Ta6ﬂuua UCMUHHOCIU 0BOUYHO20 cymmamopa

Cymma  BXOA- BrixoaHble cUrHabI
HBIX curHanoB | Ilepenoc p Cymma S
0 0 0
1 0 1
2 1 0
3 1 1

ByneBbl normueckne (yHKIMM CyMMAaTopa OINHCHIBA-
IOTCSI, KaK M3BECTHO, BBIPAKESHUSIMH

P, =X X, P_V X X PV X X PV XX, P,
S=X X, P_ VXX, PV XX, PV X X, P

JluHelHbIe TIpeICcTaBIeHUS ITUX (QYHKIUI MOTYT OBITH
3aMucaHbl B BUZIE

p= Zglxdx>l =1=12=>"x, |;
1

1

S=) X, =2p.

1

B sTux BBIpAXKCHUAX W JAaJie€ IOoJ sz IIOHHUMAaECTCA

CyMMa paspsIOB CKIaJbIBa€MbIX 4HCENI M IEpeHoca U3
npeasiaymero paspsaga. CrpaBeIMBOCTh 3THX BBIpaXe-



HHH MOJKET OBITh MOATBEPIKIACHA aHAIN30M COICPIKAMOTO
TalII. 2.

IlpuHuunuansHas JUHEHHAs CXema JBOMYHOTO CyM-
MaTopa, CHHTE3UPOBaHHAS Ha OCHOBE IOCIEIHHUX BBIpa-
JKCeHHH, IpUBEJICHA Ha pUC. 3.

L/
J

Puc. 3. [IppHuMNMAJIbHASA JIMHEHAs cXeMa ABOUYHOIO M0JI-
HOT0 0OJJHOPA3PSITHOr0 CyMMAaTOpa

Tpex3HauHbIl CyMMaTOp, KaK U JBY3HAa4HbBIH, MOXET
OBITH peaan30BaH Kak Ha OCHOBE IOJIyCYMMAaTOPOB, TaK M
B BHJC IIOJIHOW OIHOPa3psAHOW cxeMbl. PaccMoTpmMm o0a
BapUaHTa CUHTE3a.

Tabmuma 3

Tabruya ucmunHHOCMU MPOULHO20 ROTYCYMMAMOPA

Cymma  BXOI- BrbIxo1HbIE CHTHAIBI
HBIX CHTHAJIOB
Ionyneperoc hp | Iomycymma hs
0 0 0
1 0 1
2 0 2
3 1 0
4 1 1

AHanu3 TaOJMIBl TPUBOAUT K MPEACTABICHUIO (YHK-
IIMH CyMMBI U TIEPEeHOCA B BUIE

hP=1-(3=x,);
hS=x, =3hP.

CooTBeTcTBYIOMAs 3TUM BBIPRKCHUSM NPUHIUITHAAIb-
Has cxema (K-M/II1-BapuaHT) npuBeneHa Ha puc. 4.

H#ET el h

hp
I—.E“.
Eeu hs
Puc. 4. [IlpyHuunuanbHas cxemMa nojycymMMaTopa

iyrearnl

VYcnoBHoe Tpadudeckoe M300pakeHHE TPEX3HAYHOTO
MOoJlyCyMMaropa MpHUBEeHO Ha puc. 5 (cumBoiamu hP u

hS 06o3HaueHBI TOMYIIEPEHOC U MONTYCYMMa, COOTBETCT-
BEHHO), & CTPYKTypHasi CXeMa IOJIHOTO OJHOPa3PsAHOTO
CyMMaropa — Ha puc. 6.

HS
hPl—

Puc. 5. YcinoBHoe rpaguyeckoe 0003Ha4eHIE TPOMIYHOTO
noJiycymmaTopa

HS HS
Xt Pl — hPf—

X2 S

— hS hs

HS

hP!

— hS

Puc. 6. CTpyKTypHasi cxeMa TPOUYHOI0 CyMMATOPa Ha
HOJIyCyMMAaTopax

OYHKIIMOHUPOBAHUE OIHOPA3PSAHOTO TPOUIHOTO JIH-
HEWHOTo0 CyMMaTopa WIIIOCTpUpyeTcs B Ta0I. 4.

Tabnuua 4

Ta6ﬂuua UCMUHHOCMU MPOUHUHO20 cCymmamopa

Cymma BbIXO/IHbIE CUTHAIIBI
BXOJIHBIX Iepenoc P | Cymma S
CHTHAJIOB

0 0 0

1 0 1

2 0 2

3 1 0

4 1 1

5 1 2

6 2 0

7 2 1

8 2 2

PeanmzyemMble jorndeckre (QyHKIMH TaKKe 3allHUIIeM
HETIOCPEICTBEHHO U3 TaOJIHIIBI:

ixgx>2 + ix“>5 =
1 1

[IpyuHuMnUanbHas TUHEHHAs CXeMa TPOUYHOTO CyMMa-
TOpa, CUHTE3UpOBaHHas B cpene Cadence Ha ocHOBe IO-
CJIeTHUX BBIpaXXCHHI, TIPUBEJICHA HA pUC. 7, a BpeMEHHas
Jrarpamma ero paboTsl — Ha puc. 8.

CpaBHEHHUE CXEMOTEXHUUECKUX PELIEHUH JBOMYHOIO U
TPOUYHOTO CYMMATOpPOB TOKa3bIBAET, YTO TOCIECIHUN W3
HUX JCHCTBUTEIBHO MOXKET PacCMaTpUBaThCi Kak 0000-
IIEHWEe TEepBOM Ha MHOro3Ha4HbId ciayyail. bonee Toro,



CpaBHEHHE JIOTMYECKUX (YHKIMI, IPHBENCHHBIX BBHIIIE,
MO3BOJISIET CPOPMYJIUPOBATH OOIMIMIT BHI STHX (QYHKLHUH
npu ar060M K cleayrommm o0pa3om

k+1

K—:
pzi T={i-k=>x |5
-1 =

k+1

s=y x;-k-p.
=1

(L

LE ATy

I -
)

Puc. 7. [IpuHuMnuaibHas JUHEHHAsA cXeMa TPOUYHOI O MOJI-
HOT'0 OIHOPA3PSIAHOT0 CyMMAaTOopa

150-TAT

300-IZ

1500

L]

1 T T
0 20,0 40.0 60.0 80.0 100 120 140 160 180
time {us)

Puc. 8. BpemenHas auarpaMma pagoTsl TPOHYHOTO MOJTHOI0
O/IHOPA3PSAAHOr0 JMHEHHOr0 CyMMaTopa

Pe3ynbraThl CMHTE3a TIOKA3bIBAIOT Ha APPEKTUBHOCTH
MPEJUIOKEHHOTO BapHaHTa OOOOMICHHUS M CTPYKTYyPHYIO
HICHTUYHOCTh CXEMHBIX PELICHHH CyMMAaTOpoB MpHU pa3-
JIMYHBIX 3HAYHOCTSAX JIOTUKU. C pOCTOM 3HAYHOCTH yBEIIH-
YMBAETCSl KOJIMYECTBO OJHOBPEMEHHO CKIIA/[bIBAEMbBIX UH-
cel.

Ha ocHoBe pa3paboTaHHOI METOTWKH MOTYT OBITH
cuHTe3upoBaHsbl, B T.4. Ha KMOII TpaH3ucropax, MHOTHE
IpyTHe JIOTHYECKHe JJIEMEHTBI — TpeX3Ha4yHble Nemudpa-
TOPBI, JIOTHYECKUE 3JIEMEHTBI MiN (Xi, Xp), CXeMbI Mpej-
TIOJTHOTO Y TIOJTHOTO TPEX3HAYHBIX CYMMAaTOPOB M JIp.

V. 3AKJIIOYEHUE

[Mpennaraemass B cratbe  0a3oBas  KOHIIEHIUS
JMHEHHOTO JIOTUYECKOTO chHTe3a IMU(poBeIX [P-Momymei

couetaeT B cebe  aHAJIOrOBBIA  MOIXOXN K
CXEMOTEXHHYECKOMY  IPOCKTHPOBAHHIO I (POBBIX
CTPYKTYp 00paboTkM uHpOpMaLMK C  aHAJIOrOBO-

IU(pPOBHIM (MHOTO3HAYHEIM) MIPECTABICHNEM CHTHaia. B
U3BECTHOM Mepe 3TO SBJSIETCd HOBOM peainu3anuei
W3BECTHBIX ~ TNPHHIMIOB  IIOCTPOSHHS  LU(POBOH
9JIEMEHTHOM 0a3bl U METOI0B 00pabOTKH HH(pOpMALIUH.

HpI/IBe,Z[CHHLIG TIPpUMCPBI JIMHEWHOTO JIOTHYECKOTO
CHHTE3a IMPCACKA3bIBAIOT IIOABJICHUE HOBBIX CBOHCTB U
METOO0B MHOTO3HAYHOM 06pa6OTKI/I JaHHBIX,
CyHIeCTBOBaHHUC KOTOPBIX B ;:[BysHaquﬁ JIOTHUKC
HEBO3MOKHO B CUITY €€ BBIPOKACHHOTO XapaKTepa.

Pesynbratsl NPOBEIECHHBIX Hcciea0BaHUN
MTOKA3BIBAIOT, UTO MPU 0OOOIIEHUN ABY3HAYHBIX CTPYKTYP
U METOJIOB 00paboTKu HH(OpMAIMKH Ha MHOTO3HAYHBIN
ciyyait HE00X0TUMO coburoaTh U3BECTHYIO
OCTOPOXXHOCTb, ~ IOCKOJIbKY  pa3iIU4YHble  BapUaHTHI
00001IeHNS MOTYT NPUBECTH K KapJHHAIBHBIM Pa3In4UsIM
B TpPUHIOWINAX CO3JAHHUS MHOTO3HAYHBIX IU(PPOBBIX
YCTPOMCTB.
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ABSTRACT

The circuit microelectronic elements stock improve-
ment measures are proposed to change the traditional body
of mathematics of logic synthesis of digital IP-units (Bool-
ean algebra) to another - linear algebra.

Linear algebra is an assemblage of the two mathematic
structures: field enabling to build up basis vectors of linear
space with the use of operations differing from linear space
operations, and linear space with standard set of opera-
tions: algebraic addition of vectors and multiplication of a
vector by a number. Such a structure provides certain free-
dom in choosing operations to form bases including the
bases having the properties of functional elements. As this
takes place, a series of useful properties is provided as fol-
lows:

— freedom in choosing operations while forming bases
for implementing functional elements makes it possible to
make an optimal choice of circuit engineering solutions of
the base functional elements within the chosen technology;

— representation of a vector in linear space in the basis
of interest (i.e. representation of logic function through the
descriptions chosen for representation of the basic func-
tional elements) can be considered as difference represen-
tation; in this case all the destabilizing factors affecting
both of the difference components are subtracted, resulting
in their effect reduction and dynamic range widening of
normal operation of functional elements and IP-units tak-
ing everything into consideration;

— while choosing a more appropriate (for example, cur-
rent) representation of a signal, the arithmetic operations of
linear space on signals (addition, subtraction) are executed
while wiring the elements, i. e. without using the hardware.

— current representation allows to form a multi-valued
signal in the form of a sum of the two-valued elements that
makes it possible to use two-valued functional elements to
implement multi-valued digital circuits through the appli-
cation of wiring to the elements to ‘sum up’ the double-
valued signals;

— circuits engineering of current digital circuits is, in
fact, analogous, which attracts widespread attention espe-
cially in creating analog-digital systems of ‘system-on-
chip’ type, since suggests producing analog and digital
parts of ‘system’ within unified technological cycle;

— while building up computer-aided control systems
one is often forced to process current signals of multi-
valued sensors and to provide logic transformations of cur-
rent signals, for which current elements stock is ideally
suited: there is no need in additional transformation of sig-
nals, thus increasing hardware costs, worsening frequency
characteristics, etc.

Possibility of real logic synthesis and circuits engineer-
ing design of multi-valued elements stock on two-valued
functional elements, i.e. transistors, is an advantage of lin-
ear algebra along with logic synthesis of two-valued digital
structures having the improved technical characteristics.

Problem of synthesis of multi-valued elements stock is
usually considered as a problem of generalizing the two-
valued logic functions (operations, functionally complete
systems, etc.) for multi-valued case. Some set of solutions
in multi-valued logic corresponds to its solutions in two-
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valued logic. As this takes place, a choice of some solution
determines not only circuits engineering peculiarities, but
system engineering ones of implementation of multi-
valued digital devices.

One solution of the problem of generalizing two-valued
logic to multi-valued one is possible even in Boolean alge-
bra; however, practical importance of this fact is too small:
development of multi-valued elements stock in Boolean
logic is impossible due to the absence of functional ele-
ments having amounts of various states which are greater
than two. For example, linear algebra allows to carry out
logic synthesis and circuit engineering design of multi-
valued elements stock; this being so, one solution of the
problem of generalizing two-valued logic to multi-valued
one in linear algebra is of practical importance.

The prime object of this work is demonstration of some
peculiarities of linear algebra in generalizing two-valued
operations and structures to multi-valued case and also
logic synthesis of multi-valued digital structures using the
way of generalizing put forward by us.

In connection with the available possibilities of imple-
mentation of multi-valued digital IP-units are some prob-
lems of their synthesis using the principle of generalizing
analog two-valued structures. Analysis of the study results
reveals that various essential filling of this principle results
in multiple variants of generalizing two-valued digital
structures to multi-valued ones.

The examples of the solution of the problem of gener-
alizing two-valued structures to multi-valued ones are il-
lustrated by the design results of two- and three-valued
linear single-digit adders. On grounds of comparison of the
circuits schematic and algorithms of functioning of the
adders it is demonstrated that the adders may be divided
into prefull, full, and superfull ones depending on the
number of inputs. The general linear expressions have been
determined for logic synthesis of such adders of any
valuedness.

The time characteristics of the three-valued linear ad-
der circuit operation demonstrate high efficiency of the
obtained circuits engineering solution.

The base concept of linear logic synthesis of digital IP-
modules that is put forward in this article combines analog
approach to circuits engineering design of digital structures
for processing data of the analog-digital (multi-valued)
signal representation. To a certain extent, this is a new im-
plementation of the known principles of building up digital
elements stock and techniques of data processing.

The cited examples of linear logic synthesis make a
prediction about an appearance of new properties and
methods of multi-valued processing of data, the existence
of which is impossible in two-valued logic by virtue of its
degenerate nature.

The results of the studies demonstrate that while gener-
alizing two-valued structures and techniques of data pro-
cessing to multi-valued case it is necessary to follow a
common known caution, considering that different variants
of generalizing may result in cardinal distinctions in the
principles of designing multi-valued digital devices.
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