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B Kypce JIeKTPOTeXHUKH U3Y4YarTCd CBOMCTBA
3JIEMEHTOB, 3aKOHBI 1 METOAbI pacyeTa 3JIEKTPUYECKUX
JTMHEWHBIX 1IeIeH, pacCMaTPUBAIOTCS OCOOCHHOCTHU
Tpex(a3HbIX U HSIMHECHHBIX [ENEH, IPOLECCHI B LIEIIH
IIPY BO3JICMCTBUM HA HEC U3MEHSIOIIMXCA HAIPSKECHUM,
a TAKXKE IEPEXOIHBIE ITPOIIECCHI.

B Kypce 3J1eKTPOHMKH JAar0TCSA CBEACHUSA 110
YCTPOMCTBY Y IIPUMEHEHHUIO ITOJIYIIPOBOJHUKOBBIX
3JIEMEHTOB B pa3INYHbIX IIPHOOpaXx.

CxeMOTeXHHKA — HAYYHO-TCXHUYECCKOE HAIIPABJICHUE,
OXBaTHIBAIOIIEE MTPOOJIEMBI MPOCKTUPOBAHUS 1
HCCJICIOBAHUSA CXEM DJIEKTPOHHBIX YCTPOUCTB
PATUOTEXHUKU U CBI3U, BBIYUCIIUTEIILHON TEXHUKH,
ABTOMAaTHUKH U ApP. 00JaCTEN TEXHUKH.



[MU®POBBIE YCTPOUCTBA

OneMeHTHad ©0asa BBIUHCIHTENBHOH TEXHHKH CTPEMHTENBHO Pa3BHBAETCA
onmaromapd  vcoexaMm  MOJVIPOBOIHHKOBOH — TEXHOTOTHH. ECTh  MHKPOCXEMBI,
cogepxamue 0Oofiee MIUUTHAPIA KOMIIOHEHTOB THIA TPaH3ICTOPAa Ha OJHOM
Kpuctamne. OOmie NPHHIHIOBL  MOCTPOEHHA  UUPPOBBIX  CXEM  OCTAKTCA
HEI3MEHHBIMH H OCHOBAHBI Ha OyiIeBoll anredpe H MNPHMEHEHHH CTaHJAPTHBIX
(pVHKLIH OHABHBIX V3IO0B.

'3 1eMEHTOM [ poBoro YCTPOIICTBA Ha3LIBAIOT HAIIMEHBII VIO
(PVHKIIOHATIBHVIO YaCTh, HA KOTOPBIE MOKHO Pa3fleNHTh HH(PPOBOE VCTPOICTBO TpH
€r0 MpOoEKTHpOBaHHN 1 a”Hammse. Hadop 31eMeHTOB, 0OBETHHEHHBIX 0O0IIEl
KOHCTPVKIHEN,  TEXHONOIHEN,  CcrmocodoM  MPEACTARNEHHA  HH(pOpMAIIL,
OpraHmsanuen cpaszeil o0pas3ver CHCTEMY 2JeMeHToB. CHcTeMa JONKHAa OBITh
(PVHKIOHATILHO TOJHOM, YTOOBI pean3oBaTh JHObIE TOTHUECKIE (PYHKIHH TYTEM

CYIEPIO 3NN TPOCTEMMHX (PYHKIHI, MPETVCMOTP EHHBIX CHCTEMOIL.



[IU®POBBIE YCTPOUCTBA

DIeMEHTHI MaJlOH H Cpﬁ‘-,ﬂHﬁ‘-ﬁ HHTCTpaoHn CcoIcpkar B CIOHHOM ROPITVCE
Ha ﬁCl'pI:-I OJHOTHIIHBIX 3JEMEHTOB ¢ OTAENBHBIMH BXOTAMH H BBIXOTAMI. 3JIEMEHTEI
BLICOKOIT CTENEHH HHTCTPanin O0BENUHAKT B OJJHOM ROPITYCC Hﬂﬁﬂpbl PasTHYHEBIX
3JIEMEHTOB, 0OBEJIHEHHLIX B 3aKOHUEHHBIE {l}}"HI{I_I,IIDHFIIII:-HI:-I'E‘- V3IIBI.

ITo {l}}"HRL[IIDHHIILHDR—'I}" HasHAUCHITKY AJICMCHTBI OCIAT Ha JOrnIecKIIce,
FAITOMIHAK/OIITE 11 CIICHITAJBHEIC.

JlornueckHe 3JieMeHTbI BLHINOJIHAKT JOrHUECKHIE {l]}"HI{I_[IIII H OTHOCATCA K

KNMaccy KOMOHHAIIHOHHBIX CXEM, B KOTOPBIX BBIXOIHOI CHIHAN B H'li‘-RCI'T'DpI:-Iﬁ MOMCHT
BEPCMCHH 3aBHCHT TONBKO OT BXOOHBIX CHI'HAJIOE, ,I['.i‘-flCTB}"}DHJ,IIT{ B TOT &€ MOMCHT
BEPCMCHII. 3AMOMHHAKIIHE  3JeMeHTHI CIVAAT IOJd4 XpaHCHHA L[II{l]pDBDﬁ

IIH{I}DPMHH,IIII H OTHOCATCA OOBIYHO K KIIaCCy MNMOCHCTOBATCIRHOCTHRIX CXCM., B

KOTOPBIX BBHIXOAHBIE COCTOAHHIA OMPENENAKTCI HE TOIbKO COCTOAHHAMH BXOJIOB B
TAaHHBIIT MOMEHT BPEMEHH, HO H BHVYTPEHHHM COCTOAHHEM CaMOM CXEMBI.
CrernajbHble 3JeMeHThI 00€CMeUHBalOT COMNPAKEHHVIO padoTy V3I0B H
nogcuctemM  SBM, oHH  MOrVT  OBITh  IH(POBBIMI,  aHATOTOBBIMH  H

I_[II{I}p'D‘EI HAaITOTOBBIMI.



[IU®POBBIE YCTPONUCTBA

L[IIC[J}JDBI::IE‘- }-"CTpr[CTBEi pPasgelLoTCA  Ha OBd  KJIAccd. ROR‘IﬁIIHﬂHIIDHHbIE
}"CTpDﬁCTBﬂ. KOTOpPBIC HE DE}HH,I[HIDT [IaMATBIO, IT INMOCJIeJOBATC/JIBHOCTHLIC }-"CTlJC}f[CTBEL
DLf}HH,I[ﬂIOI_T_[IIE IIaMATBIO. ,I[Ef[CT'BIIBI KOL-IGI]I—IHHIIDI—]I—]LIK }-"CTl_’}C}f[CTB OOHOSHATHO
OIIPpedeCIIOTCA TOJIBKO TEKVIIIIMIT SHATCEHITAMIT BXOIHBIX CIITHAJIOB. Ha Pes3vilbTaT
pﬂf}{:}TbI ITOCTICIOBATCIIEHOCTHBIX }-"CT}JDﬁCT‘B BIITIHIIC OKA3BIBAIOT SHAYMCHITI BXOIHBIX

CINHATIOB KdK B HHCTD}':IIT_[IIﬁﬁ TAK ITB H}JE,IILI,I[}-’H_[I]ﬁ MOMCEHTBI BPEMCHITL

B muppoBelx  yeTpoiicTBax  OOBMMHO — HICTHOMB3VIOTCI — MIKPO3TeKTPOHHBIS
KOMITOHEHTEI, Ha BXOIaX M BHIXOJAX KOTOPBIX CHTHAJIBI MOTYT TIPHHIMATh OTHO IT3
IBYX BO3MOKHBIX 3HAUeHII (TOKa I HampsokeHIa) Takim oOpasom, ImippoBbIe
YCTPOIICTBA peamnyIoT JOoTrIMeckie (YHKINII, KOTOpPBIe 3aJal0T CBI3b MEKIY
BXOJHBIMHI U BBIXOJHBIMIT JTOTHHYECKIMII CHTHAalTaMt (a B MOCHETOBATeIIBHO CTHBIX

}"CTpDﬁGTBﬂK — CIIC II BHYTPCHHIIMII CDC‘-TC}HHIIHI\-III).

TGD}J&‘-TIFIE‘-C‘-KDﬁ OCHOBOIT UIIC[J}JDBBIK }"GT}JDﬁCT’B. OIOICBIBACMEBIX JIOI'ITHC CKIIMII

(pYHKIIIIMIL, IBIIeTCA alredpa TOTUKI (OyleBa amredpa).
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Jlornyeckue BeHTHJIN

Jlornueckasd (PyHKIMA MOeT OBITH 3aJaHa C IMOMOIIBK TaOMHIBEI HCTHHHOCTH MIIH CTPYKTYPHOIT
(hOpMYIIEL

B Talmime HCTHHHOCTH A KakOOrO BO3MOKHOIO Hadopa 3HAYEHHII BXOOHBIX IIEPEMEHHBIX
YKa3plBAeTCA HAOOp 3HAYEHHIT BHIXOMHBIX IMepeMeHHBIX. B TalmHile HCTHHHOCTH KOMHYECTBO CTOMOIIOB
pPaBHO CYMMe 4YHCIa BXOOHBIX N M BBIXOOHBIX CHTHATOB N, KommuecTBo cTpok (He cuHTas
3arosoBo4Hoit) pagHo 2. TIpiMep TaOMIHLBI HCTHHHOCTH I JIOTHYeCcKOit (DYHKIMH Tpex NepeMeHHbIX
v = flxp.x1.x2) IOKa3aH B Tadm. 1.

Tatauya 1. ITpusep madnuisl UCMURHOCMY Q1A 10ZUMECKOH O VHKYUU MPEX NEPEMEH HBIX

o

X0 ¥

0 f(0.0.0)
1 J(0,0.1)
0 J(0,1,0)
1

0

1

0

1

f(0,1.1)
f(1,0,0)
J(1,0.1)
J(1,1,0)
f1,1.1)
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[Tpu 3amaHuH JTOrHYeCKOil GyHKIHH ¢ TOMOIIEK GOPMYIIBI HCIIONB3YIOTCA Pa3IHYHbIE TOTHYSCKHE
OTIepaIfii, OCHOBHBEIMH H3 KOTOPHIX fABIAKOTCA OINEpalliH JOTrH4YecKoro yMHoxkeHHA (1), clokeHHA
(IJII) m orpumanusa (HE) (cm. Tadn. 2). C IOMOIIBK 3THX OINepaluil MOKHO OINHCATh JTHOVIO

Jorudeckyr QyHKIH0. na ymoOGcTBa MHOTIA HCIONB3YHOT JOMOJHHTEILHBIE JIOTHYSCKHE OIEpalliii,
Takue Kak uckmovatomee I, nckmrodaromee I, a taroke onepamnu MI-HE, ITJINT-HE.



Tabnuya 2. Budel 31euenm qpHbIx

TOZHYEC KX G?Efﬁﬂfﬂﬂ'

Hazearue Buno DvVHKOHA TabmHua HCTHHHOCTH
X1 X0 ¥
— 0 0 0
AND )
5 - ) A-B 0 1 0
1 0 0
1 1 1
X1 X0 A
— 0 0 0
OR -
LT —}_x" A+B 0 1 1
1 0 1
1 1 1
NOT . _ x v
HugepTop g 4 o 1
1 0
X1 X b
_ I 0 0 1
NAND - S—
H-HE -7 A-B 0 1 1
1 0 1
1 1 0
X1 X0 ¥
0 0
NOR = N 1
1 0 0
1 1 0
Xl X0 ¥
XOR S 0 0 0
Hcxnrouatormee T > A®R 0 1 1
(mubo) 1 0 1
1 1 0
X1 X0 v
XNOR N e 4© B J 2 1
JTibo-He 7"'I—f"’ ] 1 0
AGOFE 1 0 0
1 1 1




Jlornyeckue BeHTHJIN

[Tpu 3amaHuH morHYecKoil QVHKLIMH ¢ TIOMOIIEI (DOPMYIIBI HCIIOIB3VIOTCA pasIHyHbIe JOTHUSCKIEe
OINepallid, OCHOBHBIMH H3 KOTOPBIX ABIAKTCA OINEpalllH JIOTHYeCKoro yMmMHO:keHHA (I1), ciokeHmA
(ITJIIT) u orpumanua (HE) (cM. 1adm 2). C mOMOINBKY 3THX ONEpallil MOKHO OIHCATE ITHOOVIO
norndeckyio yHKIM0. Jna ymoOcTea MHOITA HCIIONB3VIOT JOMOIHHTENBHBIE JOTHUECKHE OIepallii,
TakHe Kak uckmovatomee MU, ucknrouaromee 1. a tarske onepamuu I1-HE, IUJIIT-HE.

Peammzamusg stux DHEpEﬂIHﬁ BBITIONTHACTCA BHEKIPDHHDﬂ CXCMEI Ha OCHOEC TPAaH3HCTOPOE, KOTOPad
Ha3bIBaeTCA JIOTHYSCKHM BeHTHIEM. JIorH4ecKHH BeHTH.Ib — 3TO Oa30BBIH AIeMEHT IIH[l]pDEDfI CXCMEL,
BBITIONIHAROIIHI NMEMCHTAPHY KO JIOTHHCCKYH) OIICPallHED, HpEDﬁpELS}"H MHOACCTBO BXOOHBIX JTOTHHUCCKHX
CHTHAJIOB B BBIXOOHOH JIOTHYeCKHH CHIHald. JIoruka pElﬁDTbI BCHTHIA OCHOBdH4d Ha JMOIHYUCCKHX
(5HTDEHK) OnepanAx Hald EXOIHBIMH NBEOHYHBIMI CHIHAJIAMH. HElleHMEp_. IIpH pcaIH3allHH BEHTHIICH B
TT.JI noruke HCITOIB3YHOTCA 5HHDJIHPHI>IE TPaH3HCTOPEL, ¥ KOTOPBIX © OIHH, 4 HCCKOIBKO SMHTTCPOE.

B HacToAllee BpeMA B COBPEMEHHBIX MHKpPOCXeMaX H IH(POBBIX VCTPOIICTBAX JOMHHHPYIOT
JTOTHYECKHE BEHTHIM Ha OCHOBE TIOJEBBIX TPAH3UCTODOB. OMHAKO B MPOILIOM IjIA CO3MaHMA BEHTHICH

HCITOIB30BAMMHCE H OPVIHC VC I'pDﬁCTEE]_: HAIIPHMCP, JNCKTPOMArdHHTHBIC PCIIC, THOPABIHYCCKHC, a Takoke
MCXAaHHYCCKHS }-'CI'IJDITICTEE_. B kauecTre ATBTCPHATHEHBIX JIOTHUCCRKHX BeHTHIICH HCCIICOYVHOTCA BCHTILIH
Hd OCHOEC KBEAHTOBBIX YC I'pDﬁCTEr HEpr OHOE H MOIICKYL.

[Tpu paspadoTke UH(POBOTO YCTPOICTBA JOTHYECKIE BEHTHIH COSOMHAIT MekOy coloil, mpu
3TOM BBIXO[ HCIIONE3YEMOro BEeHTWIA JODKEH OBITH MOOKIIOUEH K OOHOMY HIH K HECKOIBKHM BXOOaM
OpVTHX BEHTHIIEH.

Bumer SNIICMCHTAPHBIX JTOTHHCCKHX DHEPB.IIHfI_. HX cXeMaTHueckHe odO3HauYcHHA, aHAIHTHYSCKadA
3aIich H TaOIH 1Bl HCTHHHOCTH IMpEOCTARICHEI B Tald. 2.



Tabnuya 2. Budel 31euenm qpHbIx
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KOMBHHAITHOHHBIE [IH®POBLIE YCTPOHCTBA

Kowmounayuowysle  IHQPOBBEIE  VCTPOHCTBA — NMPemHAIHAYMEHBl  UTH
Opeo0pazoBaHHd NHOPOBEIX CHIHAIOE Ha OCHOBE  KOMOHHAITHOHHEIX
JOTHYIEeCKHX CXeM, H. CIeJ0BaTelbHO, BEIXOIHBIE COCTOAHHA TAKHX VCTPOHCTE
HE 33aBHCAT OT MNOpeJRICTOPHH, a OJHOIHAYHO ONpPEeJeIdAr0TCAd BXOIJHBEIMH
CHTHATAMH B pacCcMaTpHEacMBIE MOMEHTE BpeMeHH. [IpVIHMH CI0OBAMH
KOMOHHAITHOHHEIE YVCTPOHCTEA HE COOEpPXEAT IEMEHTEl IaMATH. K OCHOBHEIM
THIIAM EKOMOHHAITHOHHEIX VCTPOHCTE OTHOCATCH CYVMMATOPEI, JEIMHQPATOPEl H
ITHOPATOPEL, MYILTHILIEECODPE! H JEMVIETHIUIEKCOPEL, TPe00pa3zoBaTenH KOJI0B,
CXEMEI CPAaBHEHHA, IOPOrOBEIE H MAKOPHTAPHEIE 3/IEMEHTEL H Ip.

CyMMAaTOpPHI
PasmadaioT moaHBIE CYMMATOPE! H IOMYVCYMMATOpPRL. [loawwili cyMMamop
NpegHAIHa49eH I8 CI0EeHHA TPeX OJHOpaspsdHBIX 4Hcend 4, B uH O, rae B

KadecTBe wHCIa C BREICTVIAET MNEePeHOC HI OpeIblOyImero paspamza P B
Pe3VIABTAaTe BHEIIOIHEHHA ONEpallHH CIOKEHHA B EKa&IOM paspAge. Kpowue

CYMMEI, MOEET BO3HHKHVTE IEPEHOC B CTapIIHi pazpanm P.

Monyeymyvamop TPH BRIIOIHEHHH ONEpallHH CI0EEHHS HE VIHTBIBAeT
NePeHOCa HI NPeIelIVIINEro pa3pama.



TabmaHna HCTHHHOCTH IMOITyCyMMAaTOPa Tabanua HCTHHHOCTH ITOJIHOTO CyMMaTOpPa

s‘{f B,r' S,f JP;' Ne ;‘1; .B;' P;'_JT 5; P;‘
0 0 0 0 0 0 0 0 0 0
1 0 1 0 1 0 0 1 1 0
0 1 1 0 2 | 0 0 1 0
1 1 0 1 3 1 0 1 0 1
_ 4 0 1 0 1 0
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JemugpaTopsl

Hewugpamopom HA3EIBaeTCH KOMOHHAITHOHHAA CXEeMa, NpPeoOpasvIoIIas
IBOHYHEIH #-pa3pAIHEIH KOJ B VHHTAPHBEIH 2" - pa3spaIHEIH KO, BCE pa3padbl
KOTOPOTO. 33 HCKTHOYEHHeM OJHOTO, PaBHEI HYM0. TO €CTh Jemmdparop
PEATHIVET Ha KAAIOM CBOEM BEIXOJe (VHEIHIO KOHCTHTYEHTEl ©IHHHIIEL 7
nepeMeHHEX. [emmdpaTopsl OLIBAIOT NOMHEIE H HENOMHEIE. B modHOM
OemHGPaTOpe BRIIOTHASTCA VCIOBHE

N=2"
rae M - THCII0 BXOOOB,

N - 9HCIO0 BEIXOIOR.
B wenomnom dewugpamope HMeeTCHS TakEe N BXOJOB., A KOMHISCTBO

BEIXOZOB N<2".

P O =T

VCI0BHOE 0003HaYeHHe JemHdpaTopa 2x4



Tabmmma netnaHOCTH Aemmmdparopa 2x4

X|xlvlrnlrvly,

—|— o |o
— o |~ |O
— o |o|o
o|l—|o|o
o|lo|~|o
olo|o]|—

VpaBHeHN 171 BBIXOI0B JemmidpaTopa OyIyT IMETh BII:

ro e — . ro - - r > o A v >
Y,=X X ;Y =XX;Y =X,X;:7Y =XX,

,HJIH paCHIIIpeHd HICIa BXOJOB I BbIXOIO0OB

MOZKHO IHCIIOJIB30BaTh KACKAIHOC COCIOIIHCHIIC ,Z[EH_II'I[prlTDpDB.



HIngpatopsl

[lugpamops! BEIOMHAIOT (VHENHEY 0OPaTHVIO JeMHGPATOpaM - IIPH
uHclIe BXoZoB N=2", Ha KOTOpEIE 0JAeTC VHHTAPHEI Ko, VCTPOiCTBO HMEeT
71 BEIXOJOB, HA KOTOPEIX QOPMHpPVETCH JEOHYHEIH KoJ. [IpH 3TOM TONBEO Ha
ODHOM H3 BXOIOB IJOTEHA ORITE 1.

X CD N
— 17 L I
—1*] n-] —
VeaoBHOE 000IHAUYCHHE

mHdpaTopa



Tabmuma ncTHHHOCTH IIdpaTopa 4x 2

YHUTAPHBIH KO JIK
Ay | | X | Xo | 1) | Xy
070]0[1]107]0
010 1T [0]0]1
O] 1 10]0]1]0
L0001 ]1

YpaBHeHIS 1714 BBIXOJ0B IMI(paTopa OyAyT IMeTh BI:

P =X XY, X XY +X X XX =X X X®X,)

Y =X, X, X, X,+X, X, X, X,=X X, (X,®X,).

1



XX K| |55 VHHTapHEIH EOg IK
' FAEAEAEANART
olololololq ojoJo[1]0]0O
o[1]ofo]1]o0 01011101011
ool fols X, XX, X, o fefe it
1{1]1]o]o]o0 - -
Y,-X,X:¥=X,X, 1 lg =X X X X +X X X X, -X X (X ®&X,),
. ’ c ] o T o
¥,=X,X; ¥, - X,X, F=X X XX +X XX X =X X (X,®&X,)
X X
“Lp<t] . -
] <17
— [ 3 oO—
1 Xy
L O—
Y o— &
1 <+ 2 & I,’
s O — 40
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[[TndpaTope! MCMOMB3YIOTCA IS C/KATIA MH(OPMAIIII IpH ee Mepeade.
T.K. KOJIMYECTBO BBIXOJHBIX IIHHII V HEro MeHbIIe KOIIYeCcTBa BXOJIHBIX
muHmI  n<N. J{1a obpaTHOro mpeoOpas3oBaHI Ha APYTOM KOHIE IMepemadl
IICTIONB3VIOTCA  AemmudpaTtopel. B IIpoBBIX clcTeMax 3TO  MO3BOIAET
IICTIONIB30BaTh I CBS3U MEKIY Pa3IMYHBIMII YCTPOIICTBAMI OIPaHITYEHHOE
YNCTO MHHHI cBM3U. JIpyroil mmpokoil o0macThio MpHMeHeHHS MHu(paTopoB
SBIIeTCS KOAMpOBaHIe andaBHTHO-IN(POBOIl HMH(POPMAIII OPH ee BBOAE C
KHOIIOYHBIX ITYJIBTOB IUIN KIaBHATYPhl. |ak, HalpuMmep, P HaKaTHi OJHOI 13
KJIaBHII Ha OJHOM HX BXOIOB ImidpaTopa MoABIAeTCS «l», a Ha OCTATbHBIX
BXO/IaX JOJKHBI OBITH HYII. JTOT BXOIHOI VHUTApHBII KOJ IIpeo0Opa3yeTcs B
TBOIYHBII KOA, KOTOPHIIT o0OpadaThiBaeTcs INMIPPOBBIMII  YCTPOIICTBAMIL
OIHaKO mpH 3TOM BO3MOKHBI CIydall OJHOBPEMEHHOI'O HaKaTisA HECKOIBKIX
KITaBHII, YTO MOKeT BEI3BaTh HEKOPPeKTHYI0 padoTy mmdparopa. Jlmg
ICKIIOYCHIIA TaKIX CHTYAIIIl KaKIOMY I3 BXOJI0B Ha3HAYalOT CBOII MPHOPHTET.
OOBIYHO, YeM BBIIIe HOMEDP BXOZa, TeM BBIIIE €ro MpHopureT. Hampumep, mpn
ommoouHoil BxogHoil KomOmHamum 0011 mmdparop Oyzer padoTath
komOnHammeit 0010. Takme mmdpaTopsl Ha3pIBAalOTCA MPHOPHTETHBIMII
mypaTopamil.



HIIPPATOPBI 11 AEHTHPPATOPBI

IITaKk, OCHOBHBEIM HasHaueHHeM ImdQparopoR M AenmidpaTopor ABRIIETCA
II3MeHeHIIe Kola, B KOTOPOM IIpeICTaBIeHo BXOogHOe uricio. /enoipaTophl MO3BOILOT
OOHAPVKNTL 3aJaHHBIE KOMOHHAINIM CHTHATOB Ha CBOEM BXOme M 3allyCTHTL Ha
BLOTOITHEHIIE OPVITe KOMITOHEHTEI CHCTEMBI, a IOIQpaTophl, B CBOK Ouepelb, Ha
OCHOBAHHI HOMepa aKTHRHOTO BXO[a TeHepHPVIOT 3aJaHHEIe KOMOMHAI[IT HAa BEIXOTE.

Hexotoprle menmidgypaToprl mpeodpasyioT N-pa3paaHbli He TBOMUHELT, a TP OMYHELT
TUTH M-HYHENT KO B 7#77Y-TUHBNT OHOeTHHITUHBLT (VHHTapHBIT) KOJI, Tl 777 — OCHOBAHIEe
CHCTeMEI CUrcTieHIA. JIorue cKIfii CHIHAl aKTHEeH Ha TOM BEIXOe, TIOPAIKOBEIT HOME]D
KOTOPOT'O COOTBETCTBYET He ABOHMYHOMY, a TPOMUHOMY IUII I-HYHOMY Kooy, EcTe Takike
IPaToOPEl, KOTOPEIE BRIIOMHAIOT TpeoOpasopaHIie IMO3HIIMOHHOTO N-PaspsaaHOro Koma
B N-IMUHELOT He JBOMUHELT, a TPOIMUHEBNT I 1 -IUHELT KO,

Tima xoppekTHOiT padoTel mmidpaTopa TONMEKO Ha OJHH €r0 BXOJ MOKHO IIOTaBaTh
CHTHAI (€IIHIMIY ), TIPH 5TOM Ha BCeX OCTABLHEIX BXOTAX CHIHAIA OBITE He TOJDKHO
(rymmi). IIpiopuTeTHBIN 1IQpaTop MPIMEHATCA B cIIyUae, Korma 6omee, YeM Ha OJHOM
BXOIe MOKeT TPICVICTBOBATh AKTHBHELOI CHTHAT. B TakKiX clIvyadx IIPHOPHTeTHBII
nmdpatop odpadoTaeT (umidppyeT) IepBLOT BXOA, Ha KOTOPOM OVIeT IPHCYTCTROBATh

€I THIIIA.



TPIIOPUTETHBII IIII®PATOP

ITHTepecHO, UTO C TOMOMIBIO IPHOPHTETHOTO IMH(pparopa MOKHO OUeHb TIPOCTO
IMPHOIITHTENLHO BEIUNCIIATE JIoTapH(M IO OCHOBAHIEO 2 Ireoro urcia. JloraprdM 1mo
OCHOBAHMIO 2 urciia X' MOKHO TIpe[CTaBHTE B CIeIVIOIeM BHIEe (ICIIONE3VeTCd

SECIIOHCHIITAJIEHAA 3alllIChE € OCHOBAHIICM j}
X=2M,
log, X = log,(2°M) = p + log:M = p,

I7e p — MmopAmoK uricha X, a M — ManHTHcca wicina X, 1 = M < 2. @opmyiy (1) MoEKHO
peanmI30BaTh ¢ IMOMOIIBI0 IIPHOPHTETHOTO InHdpatopa. B Tadmimie Hipke IIa mprmMepa
IpeicTaRIIeHa pearmrsalfid Jorapidgma mo ocHopaHmro 2 uricen oT 0 mo 15. KpacHem
I[BETOM BELIENEHE] eTHHIIEL, 110 KOTOPEIM cpadaTkIBaeT MPHOPHTeTHRIT mmidyparop. Ha
BEIXO/Ie TaKoro ImmdpaTopa reHepHpyeTca pes3yibTaT: HeoOXOIHMOe 3HaueHIe TopaIKa

UTICTIA.



IMTPITOPUITETHBII IO PATOP

Peanuzayua nocapughma no ocrosaruio 2

Ha OCcHOge npuopumemnoz2o wugpamopa oasa yucenr om 0 do 15

JdecaTHYHBIH Hpamoit dsouynbiil Koo
KO/, X3 X2 X1 X0 .
0 0 0 0 0 0
1 0 0 0 1 0
2 0 0 1 0 1
3 0 0 1 ] 1
4 0 1 0 0 2
5 0 1 0 1 2
6 0 | 1 () 2
7 0 1 I ] 2
8 1 0 0 0 3
9 1 0 0 1 3
10 1 0 1 0 3
11 1 0 1 1 3
12 1 1 0 0 3
13 1 1 0 1 3
14 | | 1 () 3
15 l | 1 | 3




IlpendpasoBaTen KOI0B

K npeocopazoeamenam xodoe OTHOCAT IIHPOKHH KIAcC KOMOHHAITHOHHBIX
VCTPOHCTE IIA IPeo0paz0BaHHA M-Pa3paIHOr0 KoJa B m-pa3paaHeld. [TpH aToM
COOTHOIIEHHA MEXETY 7 H M MOTVT OHTE PaIHYHEIMH. C 3TOH TOYEH 3peHHA
nemmbpatopsl  (r<m) ®H  mmdpartoper (n>=m)  TOEE  SBIAHOTCH
Ipeo0pazoBaTeIAMHE KOI0B.

H m n " m ¥y

a 0

YcaoBHOE 0003HAYEHHE H CXEMA [IOCTPOEHHA
IpeocdpasoBaTeNnet KoJa



Tabnauma npeodpasosaHud npeodpa3oBaTeld Koaa

X, X, Y, Y, Y, Y, Y,
0 0 0 0 0 | |
0 1 0 1 1 0 0
1 0 | 0 0 | 0
1 1 | 0 1 | |
Y
D L
X, 1
X —y %. -)g('
3 A

[Tpumep peann3aniy npeodpa3oBaTend KoJa




IIpeoGpasopaTesb KogoB (KOJOMpeodpasopaTelib) — 5T0 KOMOHHAINIOHHOE I poBoe
VCTPOTICTBO, KOTOpPOe I3MeHIeT KO TpecTaBIe LT urica. Harbomee TacTo HCMOIBE3VeMEIe
KOTOIMpeoOpa3oBarelmi: JROHUYHO-JEeCATHUHELIT KO B  CEeMICEerMeHTHBIT, JBOIUHO-
e CITHUHBOL KO B IBOIUHEBOT, JBOMHUHENI KOI B IBOIUHO-Te CATHUHBIL, TBOMUHEIT KO B KOI
['pesd, TROMUHENT KOT B KO X9MMITHTA, JTBOMUHEILT KO B KO 771 I3 71.

[IpH MCTOME30RAHITH TBOMYHO-TeCATIUHOTO KoTa KT paspsa JeCATIUHOTO UIicia
JAIIICEIBAETCA B BIIE €I0 UETLIPEXOMTHOTO IIPAMOTO ABOMUHOTO Koma. [Iprmvep TaOmImIiEr
HCTHHHOCTH 71 KomompeoOpazopaTeld I3 TPAMOTO JROHUHOTO Kofa B JROHUHO-

e CATHUHEIT 41T uricen ot 0 go 15 mpexcrapneH B Tadmmie.

JlecaTHYHBI IIpamoii JIBOHYHO-TeCATHYHLIH KO/ Tabauya ucmunHocmu
n ]:]“ﬂ UIIBD“{;[HHE:) Koa o loToToTo oToToTo A Kodonpeobpazoeamens
1 0 0 0 1 0 0 0 0 0 0 0 1 U3 RPAMOCO O8OUYHOZ0 KOO
2 0 0 ] 0O 10[0O[0]O O]10]1]0 & OBOUYHO-0eCAMUYHBILE
3 0 0 1 1 TOL0]0]10 O0(0f1]1 _ .
st yucen om () oo 15
4 0 1 0 O 10(0]00 011010
5 0 1 0 1 O] 0]0]|O0 0] 10711
6 0 1 | 0O 10(0]0|O0 O(1/(11]0
7 0 1 | 1 1O 0]0]|0 O] 1]17]1
8 1 0 01 0[0[0]0]0 1{0]0]0
9 1 0 0 1 (0O[0]0]0 1{0f[0]1
10 1 0 | 0O 10[010]1 0[(0f0]0
11 1 0 | 1 TO10]0]1 0[(0fl0]1
12 1 1 0 O 10[010]1 O0j(0f11]0
13 1 1 0 1 TO10]01 00171
14 1 1 | 0O |]0jJ0]JO0O]1 0] 1]0]0
15 | 1 | 1 10101071 011071




"I BOMYHO-IeCATHUHBIN KOJI

MNP NOMOLW HETRINEY BT MOXHO 33K04MP0BaTE WECTHAZUATE UMM, M3 H MCNoNe3yHOTCA 10, OCTankHBIE B HDMEHHEILI,HF’I B
LEOMYHO-AECATHYHOM KOAE ABNAKTCA 33NPEWEHHEIMK, Taln1ya COOTEETCTEMA LEOMMHO-AECATMHHOM KO4E M AECATHHHENR LKMAp:

JIBOMYHO-AECATHYHBIA Ko, | JleCATMUHBIA KOA
a 0 0 0 0
I L 0 1 1 JIBOMYHO-AeCATHYHDIA Ko | JLONOAHUTENbHBIA CUMBON
0 I 1 0 2 1 0 1 0 * (3pE3g04Ka)
0| 0 1 1 3 1 | 0 1 1 # (pewETKa)
01 0 0 4 1| 1 0 0 + (nniac)
oo 1 | 0 1 2 1| 1] 0 1 - (MHHyC)
L 1 1 . : 1 1 1 0 , [ABCATHMYHAA 2anATaA)
0 1 1 1 7 1 1 1 1 CHMBON FaLUEHHA
1 0 0 0 g
1 1 1 1 a

ABOUMHO-AECATHHHEIN KOO TAKKE NPUMEHAETCA B TENEHOHHOM CEAZK. B aTOM CTy4ae KPOME AECATUMHBE Ltp KOAMPYHTCA
CUMBONEL ™ AW ' 1N NHoA6E 4oyrde. OnA 3an9ed 3TWE CMMBON0E B AEOMHHO-GECATHMYHOM KOLE MCNONBIYHITCA SanpelleHHbIE
KOMBOMHAL MK,



[IpeodpaszoBaTe I KOI0B

B KauecTBe MpHMepa MpeodpazopaTeNd KOIOB, BBIMVCKAaeMbIXx B BHe IIC, MokHO
MPHBECTH CXEMBI, 00¢cMeunBalomue npeodpazopaHie HHGOPMAIHH H3 JABOHYHOTO B JIBOHUHO-
NeCATHUHBI Kof. “[acTHBRIM clovuaeM mpeodpazopaTenell Kofga ABMAKTCA IMHPPATOPRl H
Temn ppaTopsl.

B KauecTBe [MpHnMcepa pacCMOTpPHM H]]Eﬂﬁ]]ﬂ?ﬂBﬂTEﬂL ABOHYYHO-TECATITUYHOI'O KOJa B
KOO O1md CEMHCETMCHTHRIX CECTOOHOTHBIX HHAHKATOPOR ([JIIC.). Ha PHCVHRC TakAC IMORAa3aH
(l}pﬂl"h-'IEHT HOOJRITKHCHHA OOJHOI0 CCIMCHTA K BBIXOOY CXCMEBI C OO IIIHM AMHTTCPOM 1
NPHECOCHBI HAMCPTAHHA IMCPBBIX ITATH L[II(l]p.
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Takoi HpEDﬁpﬂ?DEﬂTEHL JOJIRCH  HMCETE  HCTRIPC BXOOAa, T.K. O104d  KOJHPOBAHIA
ACCATHUYHBIX I_[II'[l]p oT () 70 Y JoCTaTOUHO HETHIPEX JBOHYHBIX, I CEMB BRIXOTOB, IO OITHOMY Ha
KaKObIIT CETMEHT.



CeMucerMeHTHbIN Ko

Tabnnua UCTUHHOCTU AN KD,EIDHDEDGDEBDEETEJ’IH M3 NPAMOro ABOM4YHOIro
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OTHIDM T3 TIPOCTEIIMIX VCTPOTICTE HHIHKAINI (711 0ToOpaKeH I (P M UIicen)
ARTIIETCA CeMIICeTMEHTHRIT HMHAHKATOpP (OOBMUHO CBeTONMOMHELNT) (cM. prc.). Takre
MHINKATOPEL, KaK CIeIVeT II3 HA3BaHILI, COCTOAT M3 CEMII CBEeTOTHOTOR (IHOITA
m00aRILIFOT BOCEMOII CBETONHON — I OTOOpPakKeHII TOUKI). SakIrasd pa3IiuHbIe
KOMOHMHAITII CBETOIHOTOB (CM. PHC.) MOKHO 0ToOpakathk Iipper o1 0 go £ CermeHTE
obozHagaroTca OyKpaMH oT A o G, BOCEMOIT cerMeHT (JecATHUHasA Touka, decumal

pomt, DP), mpegHazsHaueH A1 0TOOpaKeHILI /I CATHUHEBIX TPOOHBIX UHCeTT.

— -
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. -
Puc. Buewniii 610 ceMucezMeHmuozo D ® dp
HH!’]HH'EI”I!’J‘”EI [ mmm’nﬁ

Puc. Cxemamuunoe oboznavenue cez2mMenmoes

Puc. Ilpumep uzotpadicenus na cemucezMeHmuom uHoukamope yugp 2 u 9



Koa I'pes (OgHOIMATOBEIT) (UAcTO CIOBO “OMHOIIATOBEIT  IIPOIYCKAIOT) — 5TO

TaKoil JBOMUHELIT KO, B KOTOPOM JIFOOBIE JBa CMEKHEIX CIOBA Pa3/IIUaroTCcd TOIBKO B

OMHOIT TO3MIMH. [[PpyTHMII CHOBAMII, pacCTOSHIIE XAMMIHTA MeXKTY MHOOBIMIL JTBYMI

CMEAHBIMIT CTIOBAMIT PABHO €THHITIC, BRIIFOYAA ITICPROC H ITOCIIeTHEE CIIORA (I_H*[[U]IF-IE CEIL

3AMKHYTBIT OTHOIIATOREIT Kom [ ped).

Hecsitnunwiii | Hpamoi dsounnwtii Koo Koo I'pen

KO/ X2 X1 X0 i »i o
0 0 0 0 0 0 0
1 0 0 I 0 0 I
2 0 1 0 0 1 1
3 0 1 1 0 1 0
4 1 0 0 | | 0
5 1 0 1 | | |
6 I 1 0 | 0 |
7 I 1 | | 0 0

Tabmuuya uemunnocmu 044
Kodonpeodpazosameis uz NPAMo2o
OBOUYHO20 KOO

& o0Howazoebll Koo I pes

[leperpom N-pazpagHoro WIicia M3 IIPAMOTO TROHUHOIO KOda B IBOMUHELT Kof ['ped

BEIOTOTHAETCA 10 crepyiomeit gopmymne: vi = X3 XOR X41,1 =0, 1..., N=-1. T e. gma

BEIUTICTIEHTII 1-TO paspsama B Koge I'ped HeoOXommo B3aTh Hekmouatoree IIJII ot 1-To 1

(1+ 1)-ro pa3pagor B IIpsaMoM gBoruHoM Koge. [Tprr1=N-1 cuntars X;; = 0. 3mecs X; —

pazpAAEI HCXOTHOTO UTCTA B TIPAMOM JTBOMUHOM KOJle, a V; —pa3psaael uIiciia B Kofe I ped.



[leperog N-pa3zpATHOTO UICIIAa M3 IIPAMOTO IBOHUHOIO Koga B JBOMYHBLL Kox ['ped
BEITOMHAeTCA TI0 cleayiomeit gopyyie: v; = X XOR x4, 1 =0, 1..., N-1. Te. gma
BEIUTICTIEHILI 1-TO paspaaa B Koge ['pesd HeoOxomrMo B3aTh Hekmouarornee 111 ot 1-ro it
(1+ 1)-ro pazpgaor B mpsamMoM ABoHUHOM Kome. [Ipi1=N-1 curtars X,y = 0. 3mech X; —

pazpAIEI HCXOMHOTO WICTA B TIPAMOM JBOHUHOM KOTe, a V; —pazpsAamael uricia B Koge [ ped.

OOpaTHELT Teperox WICHa I3 Kofa Iped B mpsamMoil TBROMUHENT KO BEIIOTHIETCS
Tak: X; =V; XOR v, ... XOR vy, . Te. 1-if pa3psag B IIpaMoM JABOHYHOM KOJIe paBeH

rckmrouatomeMy 1T oT Beex pazpdamor B kofe I'pesd ¢ HoMepaMIl He MeHee 1.

JBorruHEnT Ko, ['pes mInpoko mprMeHAeTcd B Kaue CTBe MAaHIIIVILAIIOHHOTO KoTa B
PA3IIUHBIX cITocoOax Ipidporoit Mogymapni. B o0IeM cimyuae yIoOCTBO TPHMEHEHTLT
Koma I'ped B KauecTBe MAHIOTYIDIMOHHOTO KOJUA, 3aKIIOUaeTca B TOM, YTO IIPH
cTyyaitHoM (0OBIUHO, OIMIOOUHOM) ITepexole MeXIY COCETHIMI COCTOIHILIMH B

cricTeMe OVIeT BOZHIKATE OIMIOKA TOMBEKO B OTHOM pazpaie.



MyasTHILIEKCOPHI

Mvasmuniexcopom HA3EIBAIOT KOMOHHAIITHOHHOE VCTPOHCTEO.
npeIHa3HaYeHHOS A4 KOMMYTAIHH IHQPOBBEIX CHTHAIOB. MOCTYIAKIIHX II0
HECKOIBKHM HH()OPMAIIHOHHBIM BXOJaM. Ha OJHH BBEIXOA. [IpH 3ToM Ka:kIbIH
HH(QOpPMAITHOHHBIH BXOJ HMEET CBOH aapec, KOTOPBIH 3aJaeTcA 1-pa3pAaIHbIM
mHGPOBEIM KoJ0M. Torga KoaHdecTBO HH(pOPMAIIHOHHBIX BX0J0B OYIET paBHO
N = 2" CrpykTypa MyIbTHIUIEKCOpPA VCIOBHO o0o03HadaeTcd 3amHCcbo (N—>1).
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(O0o0meHHaA cxXxemMa H YCIIOBHOC 0003HaUcHHE MYIBTHILIICKCOPDA



MyJabTHIIEKCOPBI

BeiOop BxomHOM JuHMKM X, HHGOOpMAIUs C KOTOPOM IOCTyIaeT Ha BBIXOHA Y,
OCYIIECTBIISIETCA TPUA MOMOIIY CUTHAJIOB, ITOCTYMAKOIINX HA aIPECHBIE BXOIBI A.

Bxoansie nornueckue curdaibl X
MMOCTYNAOT HA BXOJbI KOMMYTaToOpa 1
yepe3 KOMMYTATOP IIEPEIAIOTCS HA BBIXO/
Y. YrpasiieHrue KOMMYTaTOpOM
OCYIIECTBIISIETCSA BXOAHOM JIOTUYECKOM
cxeMol. Ha BXoj j1jornueckom cxeMnl
MTOJJAI0TCA APECHBIE CUTHAJIBI A.
MyJIBTUILUIEKCOPBI MOTYT UMETh
JOIMOJTHUTEIILHBIN YIIPABIISIOIIUN BXoA E,
KOTOPBIN MOXKET BBITIOJHATH
cTpobupoBanue Beixoja Y. Kpome atoro,
HEKOTOPBIE MYJIbTUIIIICKCOPHI MOTYT
UMETD BBIXOJ C TPEMS COCTOSHUSIMU: JIBA
coctosiHuA O 1 1 U TpeTbe COCTOSTHUE —
OTKJIFOYEHHBIN BBIXO/I (BBIXOJHOE
COIIPOTHUBJICHUE PABHO O€CKOHEYHOCTH).
ITepeBoa MyJIBTUIIIIEKCOPA B TPETHE
COCTOSIHHE MTPpOou3BOAUTCA curHanom OE.
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O0o0menHaA cxemMa MYJIbTHILIEKCOpa



Taommma NCTHHHHOCTI

MVIIBTHIITIEKCOpPAa
4,14, Y| CKH®
0|0 X, | _ _

Ay A, X E
0 1 ‘Xf Aa E“;I E
1 | 0 |X,| 4,4.X,E
1 | 1 | X,|| 4,4,XE

(I)}"HKHIIOHIII}DBHHIIE‘
JIOI'ITYECKIIM BBIPpaKCHIIEM
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Cxema myapTHIIIEKCOpa 4 — |

CIIHTC3IIpYEMOI'O  MVJIBTHIIICKCOpPa  OIIICBIBACTCA

Y =(A, A X, + A A X + A A X, + A A X, )E.



MyJabTHIIEKCOPBI

BOJIBIIIMHCTBO MYJIBTUILNIEKCOPOB CIIOCOOHO MEpeIaBaTh CUTHAIBI MH(OPMAIUU
TOJILKO B OJIHOM HaNpaBJICHUHU — OT BXOJa Ha BbIXoA. OJHAKO HUMEIOTCA U
JABYHANPaBJICHHbIE MYJBTUIICKCOPHI (CEIEKTOPBI-MYIbTUILIEKCOPBI), KOTOPHIE
MOI'YT IlepeaaBaTh MH(POPMAIMOHHBIE CHUTHAJbl (HE TOJIBKO LU(MPOBBIC, HO U
aHaJIOTOBBIC) B 000X HAIIPABICHUSIX.

I[J'I}I pacCliupCHus  49HuCila  BXOJIHBIX JJUHUM MOXKHO  HMCIOJb30BaTh
KAaCKaJUPOBAHUC MYJIbTUILJICKCOPOB.

HTErpanbHbIlE MHUKPOCXEMbl MYJBTHUILUIEKCOPOB MOXKHO pa3JIeiauTh Ha
IPYNIIBI O CIECAYIOIIUM IIPpU3HAKaM:
- TI0 YMCJIY BXOJIOB: 2-, 4-, 8- 1 16-BXOI0OBHIE;
- 10 YUCJTY MYJIBTUIIIIEKCOPOB B OJJHOM KOPITYCE (YUCITY Pa3psaoB);
- IO HAJIMYUIO CTpoOupyromero Bxoaa E;
- 10 HAJIMYHIO BBIXOJIA C TpeMs COCTOSTHUAMU (Hamn4uio Bxoja OFE);
- 10 CIIOCOOHOCTH IIepeAaBaTh CUTHAJIbI B IBYX HAIPaBJICHUSIX.

[IoMMMO OCHOBHOIO HA3HAUYEHUS KOMMYTAllMA BXOIOHBLIX CUTHAJIOB
MYJIbTUIUIEKCOPBI  HAXOAAT NOPUMEHEHHE B  CIABUTAIOMUX YCTPOUCTBAX,
JEJIUTEIISIX YaCTOThI, TPUTTEPHBIX YCTPOMUCTBAX U JIP.



;[E‘MFJLTHHJEHCU]}E:I

Henvasinuniexcops! BRIMOTHAKRT QVHKIIHI, 00paTHYIH MYIBTHILIEKCOpPAM,
T.€. OJJHH BXOJHOH CHI'HAI pacOpeIearT 10 HECKOIBKHM BRIXOodaM. IIpH 3ToM
Ka kIl BEIXOJ HMEET CBOIH aJapec, KOTOPBIH 3aJaeTcA N-pa3pAIHbIM IHQPOBEIM
KogoM. Torga KOTHYeCTBO BBEIXOJ0B Oyaer paBHO N =2". CTpyKTypa
IEMVIBTHINIEKCOPA VCIOBHO 0003HavaeTca 3amHchr (1 —N).
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ObdobmenHad cxemMa H YCIOBHOC 0003HauYeHHE JCMYIBTHILICKCOPA



Tabanua HCTHHHOCTH ACMYIBTHIIICKCOPA
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JleMyJIbTHILIEKCOPBI

JIeMyJIbTUIIEKCOPOM  Ha3bIBAIOT (DYHKIIMOHAJBHBIA y3€1, KOTOPBIN
oOecrneunBaeT nepeaady UU@poBol MHPOpPMALMY, HOCTYIIAIMIEH 110 OJHOU
JMHUAM, Ha HECKOJIbKO BBIXOJHBIX JIMHUNA. BbIOOp BBIXOAHOM JIMHUM
OCYIIECTBIACTCA IIPWU MOMOINMA CHTHAJIOB, IOCTYIIAIOIIMX Ha aJIpEeCHBIC
BXoAbl. TakuM 00pa3oM, AEMYJIBTHUILICKCODP BBINOJHACT IIPEOOpa3OBaHUE,
oOpaTHOE ASUCTBUIO MYJIBTHILIEKCOPA.

HMHTETpasbHble MUKPOCXEMBI JEMYIBTUILNIEKCOPOB MOXKHO Pa3ACinuTh Ha
IPYINBL HO CIEAYIOUIMM IIPU3HAKAM:
- TIO YHUCITY BBIXOJOB;
- TI0 YMCITY JEMYJIBTUILICKCOPOB B OJITHOM KOPIIYCE;
- 10 HAJIMYUIO CTPOOUPYIOIIETO uMItyibca E;
- IO CITOCOOHOCTH IMEepeAaBarb CUTHAJbI B IBYX HaIPAaBICHUSX.

Cpenu cxeM KOMMYTAalldM MOXXHO OCOOO BBIJCIIUTh CXEMBI, KOTOPHIC
CIIOCOOHBI MPOITyCKaTh CHTHajbl B 000uMX HampaBiaeHusx. K Takum
AJIEMEHTAM OTHOCSTCS KOMMYTAllMOHHBIE MHUKPOCXEMbI, BBIIIOJIHEHHBIE I10
texHosiorun KMOII. Kommytaroper KMOII criocoOHBI mpomyckarb Kak
aHaJIOTOBbIE, TaK U LM(POBBIC CUTHAJIbI, B HUX MOXXHO MEHSTh MECTaMH
BXO/T M BBIXO/I.



MVYIbTHIVIEKCOPBI H JTEMVY/IbTHILTEKCOPDI

I\"I}"HI:F'H'II'IHEKC OpbI I JCEMYIIBTHITICKCOPBI PCHIAOT 3ada'uil HallpaBJICHHA TITOTOKOE JaHHBIX B
I'IIJDI"]JFIP»IT»]I'IIJ}"ET»IDﬁ JorHke. B 3aBHCHMOCTH OT  COCTOAHHA VIIPpaBIAKMHY  CHIHATOB
MYJIbTIHTLIICKCOPBI H OEMYITBTHILICKCOPBI BblﬁI'IIJ'FIH}T OdMH H3 HECKOJIBEITX BOSMOAHBIX l'I}"TE‘ﬁ

[P OXOAT CHHA JaHHBIX.

MynbTHITIEKCOPBI MOTYT HCIIONB30BAThCA JMA PeadH3alii TOTHYECKHX (PYHKITHIT MHOTHX
MepeMEHHBIX, B JeMHTeNdX 4vacToThl (B coBpeMeHHBIX IIJITIC Tak genmaTh KaTeropHueckH He
pPEKOMEHIVeTCA), TPUITEPHBIX VCTPOICTBAX, CBHIAKMIHX YCTpoiicTBax H Ap. Kpome Toro, oHH
MPUMEHAKTCA A4 ¢TpoOHPOBAHHA  CHTHAIOB  TAKTHPOBAHHA B L[€MAX  CHIDKEHHA

SHEPTornoTpedIeHHd yCTPOiicTBRA.

HIJI'I IMPOCKTHPOEBAHHI L[I'I{l}]JDEI:-IK }"CT]JDﬁCTE JacTO BOSHHEACT 3aJdada HallpaBJIICHHA [TOTOKA
AdadHHBIX OT OJHOIO H3 MHOACCTBEA HCTOUYHHKOE K OOHOMY H3 MHOAKCCTBA l'ICPH}"‘IFITEHEﬁ. Te.
HEDﬁI‘IDI[I'IMD Ve 'T]JDﬁC'T‘BD* KOTOpPOC MOOEKTHYAcT (BDTI»IP»I}"‘T‘I‘I]J}"ET) orpeaciiCcHHbBIC BEXOIHBIC TTOPTHI

K OIIpeacJICHHBIM BRIXOIHBIM ITOPTAM. f_‘}T} saJatTy pellacT KOMMYTAaTO].



KOMMYTATOP

[Ip1 mpoeKTIpoBaHHH LIHQPOBLIX YCTPOIICTB YAacTO BO3HHKAET 3a7ada HarpaBleHHA II0TOKA
OaHHBIX OT OOHOTO M3 MHOKECTBa HCTOUHHKOB K OJHOMY H3 MHOXKECTBa ITonayuarteneil Te
HeOOXOIMHMO VCTPOIHCTBO, KOTOpoe IMOAKIIYaeT (KOMMYTHPYET) ofpefelneHHbIe BXOAHBbIE TMOPTHI K
orpel eneHHbBIM BhIXOOHBIM [MOPTaM. 3TY 3a7aqy pellaeT KOMMY TATOP.

PaccMOTpHM KOMMYTaTOpP, KOTOPBIH B Kaidblil MOMEHT BpeMeHH paldoTaeT TOMbBKO ¢ OIHOH
Mapoil BXOJHOTO H BRIXOAHOTO IMopToB. Takoli KoMMyTaTop HMeeT N HHPOPMALIIOHHBIX BXOTOB, Ny
HH(OPMALIOHHBIX BbIXOTOB, My H M,y aflpecHBIX BXOTOB A4 BRIOOPA COEIMHAEMBIX BXOIHOTO H
BBIXOIHOTO HH()OPMALIHOHHBIX [TOPTOB COOTBETCTBEHHO.

Tatauya wemunnocmu Or8 komvymamopa 4x4.
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KOMMYTATOP

Ecmi coeqUHHTL BBIXOIBI JIeMYTLTHITIEKCOpPa €O BXOJaMH MYIbTHIUIEKcOpa (CM. pHC.) IpH
Nip=N,ut, TO HONYYHUTCA YCTPOIICTBO ¢ OOHIM HH(pOPMALIHOHHBIM BXOTOM H OFHIM HH(O PMALTHOHHBIM
BRIXOOM. Takoe VCTpOICTBO MO3BOMAET pa3denATh (pasyIIOTHATh) OOHMH BhICOKOCKPOCTHOIT KaHal
JaHHBIX Ha MHOKECTBO HIBKOCKOPOCTHBIX, 4YTO yIpomaeT o0padoTKy [JaHHBIX B KakIOM
HIT3KO0 CKOPO CTHOM KaHane. Tlocime Toro, Kak JaHHbIe oOpadoTaHbl, HX MOAKHO CHOBAa OObeIHHHITL B
OZIHH BBICOKOCKO PO ¢ THOIT KaHan. [To TakoMy MpHHLMITY padoTal T COBpeMeHHbIE BBICOKO CKOPO CTHBIE

10 CIIENOBATENBHBIE TPaHCHBEPRI B FPGA.
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CXEMbI CPABHEHMUAS

Cxembl  cpasHeHua W YUDpo6vie KoMnapamopwsl MpelIHa3HAuYeHBl 1A
peam3anmi oIepanini CpaBHEHIA JIBYX KOIOB, Hampumep X n Y, 1 OBIBarOT
JIBYX THIIOB:

1) mpocrerimue i cXeMbl paBHO3HAYHOCTI, BBIIAOINIE CUTHAT F=1 mpn

X=Y;
2) VHUBepcalbHEIE, BBIIAOINIIE TP curHana: ;= 1, ecmn X=Y;
F,= 1, ecmm X<Y; F,= 1, ecin X>Y.

Y cII0BHEIE 0003HAYEHIISI CXEM CPaBHCHITA IIPIHBCICHEBI Ha PIIC.
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Piuic. YcinoBHBIE 0003HAUEHITA CXEM CpaBHEHIIA



CXEMbI CPABHEHMUAS

[IpocTeiimie CXeMBI CpaBHEHHSA CTpoATCA Ha  0ase
y1eMeHToB MCKJIIOUAIOIIEE MJIM mo cxeMme, NpHBEICHHOI
Ha prIic. ( IpUMep CpaBHEHIA 1A 4-pa3psIHBIX KOJIOB).
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(CxeMa paBHO3HAUHOCTH 4-pa3psaIHBIX KOJIOB



CXEMbI CPABHEHMUAS

JIms  mocTpoeHHA  VHHBEPCAIBHBIX CXEM  CPaBHEHHIA  HCIOIB3YVEOT
CYMMAaTOPBI, Ha KOTOPBIX PEATI3VIOT omepauni BerauTaHus X-Y. Jlma storo
nepeMeHHass ] mojaeTcs B oOpaTHOM KOJIe M Ha BXOJ II€peHoca cyMMaropa
nojiaeTca «1», 9TO 3KBHBATIEHTHO TPEJACTABICHUIO } B JIOMOTHUTEIBHOM KOJE.
Ha piic. mokaszaH mpuMep peaan3allill CXeMbl CpaBHEHIS M-Pa3psAIHBIX KOJIOB.
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L= O , & | F (X<Y)

yHIIBEpCElHBHEIH CXCMa CPAaBHCHIIA Ha Daze CYMMATOPa

BreixogHas Jornka MOCTpOeHa € VYYEeTOM pealn3alill  CIeIYROIINX
COOTHOIIIEHMUII:

1) eclu X=Y, 1o S=0 u F,=1;

2) ecm X<Y, to S#0, P=1u F,=1;

3) ecu XY, To S#0, P=0u F,=1.



MAKOPHUTAPHBIE JIEMEHTbDI

MaskopurapHblil 3J1eMeHT — JTOTHUECKUH IIeMeHT, ¢
YETHBIM WM HEYETHBIM — YHCIOM BXOJOB W OJHWUM
BEIXOJHBIM CHUTHATOM, 3HAaU4eHWE KOTOPOTO COBIAJaeT CO
3HaUeHUeM, Ha OONBIIMHCTBE BXOJOB. lIpm uéTtHOM umcie
BXOJIOB OOJNBIMUHCTBOM cuuTaercs n/2+1, cooTBEeTCTBEHHO
n/2 x OOJBIMMHCTBY He OTHOCHTCA. Takum oOpazoM,
3JIEMEHT padoTaeT 10 «IIPUHITUITY OOTBITMHCTBA»: €CIH Ha
OOJIBIIIMHCTBE BXOJIOB OyJeT CUTHAT «l», TO M Ha BBIXOJIE
CXeMBI VCTaHOBHTCS CHTHAI «l». @ HaoOOpOT, eclnH Ha
OOJIBIIIMHCTBE BXOJIOB OyJeT curHail «0», TO M Ha BBIXOJIE
yCTaHOBUTCA «()».

Maxkoputapable  SJIEMEHTBI  HCIOJNB3VEOTCS B
IMU(PPOBHIX BLICOKOHAJIEKHBIX CHUCTEMax U YCTPOUCTBAX,
HAIIpUMED, B cucTeMax pe3epBUPOBAHNS, B

HOMGXL)}-’C-'T'()f/’ILIHBBIX TCJICKOMM YHUKAITHOHHBIX CHCTCMAX.
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CXeMa MaKOPHTAPHOTO
3TIeMeHTa C TPeMs BXOJAMIT
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