[IU®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.



[IUP®POBBIE YCTPOUCTBA

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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Jlormyeckue 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
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X0 ¥

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

0

1

0
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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




Jlormyeckue 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

TOZHYEC KX G?Efﬁﬂfﬂﬂ'

Hazearue Buno DvVHKOHA TabmHua HCTHHHOCTH
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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
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0 0 0 0 0 0 0 0 0 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
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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
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CxemMma germdpatopa 2x4 Cxema mmdpatopa 4x2



[[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.

1r

x0— 1| X/Y| A F B
*x1— 2 B G
*xe— 4 . —

x5 B8 E

F E C
E_ . e
D

Puc .

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

wr

KOoda B CeMUCerMeHTHbIM KO/

OTtobpaxaeMble

ungpbol

CeMUCerMeHTHbIN Ko

g

O BOMYHDbIN KO

X3

Xo

X4

X5




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.

— -
A |
G

. -
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



Tabanua HCTHHHOCTH ACMYIBTHIIICKCOPA

A4 4] Y (Y [Y ] 7T, | CKHD
0] 0]0]0]0]|X]| 44XE CHHTE3HPYEMOT0 JeMyIbTHILIEKCOpa:
0| 1|00 X| 0| 44X Y,=A4,4, XE; Y, =AyA4XE;

L o] O |X] 0] 0 y —
- ‘4ﬂ‘4;-‘l,£. Tl — ‘{O*'{]AJE:I }T — .c’iﬂ.:‘ilj.}}_::.
L 1[xlolol o] 44xE :
¥
Bxomnoit  cumrHan X X\DC | Y S |y

IIOCTYIIAET Ha BXOL 4 _ |, T 0

KOMMyTaTopa u uepes mero . |, ) .

mepenacTcs Ha BBIXOABL Y. ! ; & | 7,

AnpecHble  CUTHaIBI A °

UMEIOT TO K€ 3HAYEHHUE, YTO -

1 y MyJbTHILIEKcopa. CurHai N T

crpobupoBanus E pasperraer L

repefady BXOJHOTO CHTHaia & v

yepe3 KOMMYTATop. E '—

»

JOTHUCCKHC BBIPAXKCHHA.

ONHCBIBAIOIIHE PadoTy

Cxema aeMyIbpTHIUIEKCOpa 1 =4



JIeMyJIbTUILUIEKCOPOM HAa3bIBAlOT (DYHKIIMOHAJIBHBIA Yy3€J, KOTOPBIN
oOecneunBaeT nepeaady uM@poBoil nHGOpPMaIMH, IIOCTYNAOIIEH 110 OJHOMN
JWHHAM, HA HECKOJBbKO BBIXOJHBIX JUHUKW. BbIOOp BBIXOAHOW JIMHHUHU
OCYILECTBJISICTCS MPHA IOMOINM CUTHAJIOB, MOCTYIAIOIIMX Ha aapECHBIC
BXOJibl. TakuM 0Opa3oM, JEeMYJIbTHUILUIEKCOP BBINOJIHIET MPEoOpa3oBaHUE,
oOpaTHOE JCMCTBUIO MYJIbTUILIEKCOPA.

M HTerpasbHbIle MUKPOCXEMBI AEMYJIbTUILICKCOPOB MOKHO Pa3/IeIUTh Ha
T'PYMIIBI 10 CICAYIONIMM IIPpU3HAKaAM:
- 110 YMCJTY BBIXOJIOB;
- 110 YUCJTY JEeMYJIbTHUILJIEKCOPOB B OJTHOM KOPITyCE;
- 10 HAJIMYUIO CTPOOHPYIOIIEro uMITyJibca E;
- 10 CIIOCOOHOCTH MepeiaBaTh CUTHAJBI B IBYX HAIlPaBICHMSIX.

Cpenu cxeM KOMMYTallMM MOKHO OCOOO BBIJICIIUTH CXEMbI, KOTOPHIE
CIIOCOOHBI IIPONYCKAaTh CHUTHaJbl B 000MX HampaBieHusx. K Takum
3JIEMEHTAM OTHOCSATCA KOMMYTAIIMOHHBIE MHUKPOCXEMBI, BBIIIOJHEHHBIE 10
texHosiornu KMOII. Kommyrtatoper KMOII cniocoOHBI TponmyckaTh Kak
AHAJIOTOBBIE, TaK W IU(PPOBBIE CUTHAIBI, B HUX MOKHO MEHSITH MECTaMH
BXOJI ¥ 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.

4 : At | A | Aot | Aot | Down | Downt | Dourz | Dowes
D i, 0o | o 0 0 [ Dm | 0 0 0
- 0 0 0 1 0 Diny 0 0
N, -l At (N =1} 0 0 1 0 0 0 Diniy 0

0 ] 1 | 0 0 0 Dinn
0 1 0 0 D 0 0 0
(M 1) 0 1 0 1 0 Din 0 0
0 1 1 0 0 0 Dt 0

P”f'- !.IFU{'.fL’fij!'ffn'Hl'{'.|'|':I.I'!I'Jrl'.' If'fl‘r_"'l!'jll'.l'!l"_".l'!”l'.".'II'_Ih'n':l.l'”f“l’..l'ﬁ’.l’flf'ﬂ‘_ll'.:'ﬂ i D ] ] 1 {] l] u DI"HI'
r’]'l:"'I.l:'l"."."1!.Fi'f.l'.l'i','fl,"ﬁ.'l'_'ﬂlflﬂ f] 18 H'I".l('.fi']'f]ﬂd,"l’.l’”jf .I'I.TP,'H'I..I'_'l'”i'(]'."”fi"l'?['-f 1 {] {] D D"'IE l] H ﬂ
| ] 0 | 0 Diwz 0 ]
1 0 1 0 0 0 Do 0

1 0 1 1 0 0 0 D2
1 1 0 0 D3 0 0 0
1 1 0 1 0 Din3 0 0
1 1 1 0 0 0 Dins 0

1 1 1 1 0 ] 0 Din3




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.

Hwu3kockopocrHele KaHaibl

Doy v Digo
D!’}.I'fi'l * D:’Hl

D!’.i'.l'ff

D i — 1 }-r D =1

Puc. IHocredosamensuoe coedunenue
Ap deMyIbMURIEKCOPd 1 MVIbMUNIEKCOPA

ana PAZVRIAOMHERUA 8bICOKOCKOPDOCMHO20 KAHAIA

BEICOKOCKOPOCTHOH KaHal



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.

o _ |coMP . om _|comp
N— X N —<= X x=y — £
F
X=Y —— X<y — F,
H Iy
Y —L Y Y ——L - Y X=Y —— F:;a
a 0

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).

Xy 1=1 |

Fﬂ

X, — =1

I o
O—

_k.r_} :J_

If_"

_Xr_:l- :J_

¥;

(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.

n SM
X+ A . -
P T F(XY)
S - . 4 O—

% ’_T 7 B

5 P & F, (X=Y)

= = | -

= 29 P,

g t.ﬁ'l:!':

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.



MAKOPUTAPHBIE JIEMEHTDI

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.

& |
Xg
X4 & 1 Yo
X3 ||

& | |

CXeMa MaKOPHTAPHOTO
3TIeMeHTa C TPeMs BXOJAMIT



[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.



[HIUPPOBBIE YCTPONCTBA
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Pric. CtpykTypa a - KOMOMHAIIIOHHOTO I O - OCIeJOBATEIIHbHOTO

I(PPOBBIX YCTPOIICTB



MNOCJEJOBATEJBbHOCTHBIE IU®POBBIE YCTPOUCTBA

ITociregoBaTe ILHOCTHAS CXeMa — 3TO TAKad JIOTHYECKAA CXEMA, BBIXOJHBIE CHTHAIIEI
EDTD]JDﬁ OIMPEACIIAKTCA HC TOIBKO TEKVIIMMH 3HAYCHHAMHK BXOIHBIX CHI'HATOB, HO
3aBHCAT TAKKE OT MOCIESIOBATENIEHOCTH 3HAUCHHH BXOOHBEIX CHTHANTOB B ITPOIILIIOM.
HM3MeHEHHE COCTOAHMA II0CIIEIOBATEIEHOCTHREIX CXEM IIPOHCXONHT, KA4K I[IPABHIIO, B

MOMCHTEI BDCMCHH, 3aldBaCMbIC TAKTOBBEIM CHIHANOM OT BHCIITHETO HCTOYHHRA.

OOBIYHO B COCTAB MOCJIEOOBATENRHOCTHEIX YCTPOHCTE BXOOAT KOMOMHAIIMOHHEBIE
YCTPOMCTBA M 3allOMHHAKOIINE AYESHKH. 3TO MO3BOMAECT YUMTHIBATH BPEMEHA 3aEPKKH
IPOXOKICHHUA [IU(QPOBBIX CUTHAIOB YEPE3 KOMOMHAITHOHHEIE IIU(POBEIE YCTpoiicTRa. [Tpu
3TOM OOBIYHO OIpEAcHdeTcd HAHOOJbIIEE BPEMA pAaCMpPOCTPAHEHHA H H3MEHEHHE
COCTOSHHSA LM(POBOTO YCTPOIICTBA MPOM3BOOUTCA C IMEPHONOM, OOJIBIIMM HIIH PaBHBIM

3TOMY BPEMEHH.

[TocnenoBareNbHOCTHBIME ~ ITH(POBBIMH ~ YCTPOICTBAMH ~ SABIAKOTCA  TPUITEPHI,

CHCTUHRH, PCTHCTPEI H 3alIOMHHAKMIIHC }’CT]JDﬁCT Ba.



MNOCJEJOBATEJBbHOCTHBIE IU®POBBIE YCTPOUCTBA

ITociregoBaTe ILHOCTHAS CXeMa — 3TO TAKad JIOTHYECKAA CXEMA, BBIXOJHBIE CHTHAIIEI
EDTD]JDﬁ OIMPEACIIAKTCA HC TOIBKO TEKVIIMMH 3HAYCHHAMHK BXOIHBIX CHI'HATOB, HO
3aBHCAT TAKKE OT MOCIESIOBATENIEHOCTH 3HAUCHHH BXOOHBEIX CHTHANTOB B ITPOIILIIOM.
HM3MeHEHHE COCTOAHMA II0CIIEIOBATEIEHOCTHREIX CXEM IIPOHCXONHT, KA4K I[IPABHIIO, B

MOMCHTEI BDCMCHH, 3aldBaCMbIC TAKTOBBEIM CHIHANOM OT BHCIITHETO HCTOYHHRA.

OOBIYHO B COCTAB MOCJIEOOBATENRHOCTHEIX YCTPOHCTE BXOOAT KOMOMHAIIMOHHEBIE
YCTPOMCTBA M 3allOMHHAKOIINE AYESHKH. 3TO MO3BOMAECT YUMTHIBATH BPEMEHA 3aEPKKH
IPOXOKICHHUA [IU(QPOBBIX CUTHAIOB YEPE3 KOMOMHAITHOHHEIE IIU(POBEIE YCTpoiicTRa. [Tpu
3TOM OOBIYHO OIpEAcHdeTcd HAHOOJbIIEE BPEMA pAaCMpPOCTPAHEHHA H H3MEHEHHE
COCTOSHHSA LM(POBOTO YCTPOIICTBA MPOM3BOOUTCA C IMEPHONOM, OOJIBIIMM HIIH PaBHBIM

3TOMY BPEMEHH.

[TocnenoBareNbHOCTHBIME ~ ITH(POBBIMH ~ YCTPOICTBAMH ~ SABIAKOTCA  TPUITEPHI,

CHCTUHRH, PCTHCTPEI H 3alIOMHHAKMIIHC }’CT]JDﬁCT Ba.



MNOCJEJOBATEJBHOCTHBIE IU®POBBIE YCTPOUCTBA

Tpurrepsl npencTaBIAl0T co00H MpocTelmue MOCIeNOBATEIbHBIE YCTPOHCTBA H IIHPOKO
HCIIONBL3YIOTCA B 3JIEKTPOHHBIX YCTPOHCTBAX Pa3IMYHOTO Ha3HA4eHHA Kak B BHIE CaMOCTOSTENbHEBIX
Y37I0B, TaK M B KadecTBe 3JIEMeHTOB i NOCTpOoeHHA Oollee CIOKHBIX HUQPOBBIX YCTPOHCTE
(CYEeTYMKOB, PETHCTPOB, 3aMOMHMHAKOIMMUX ycTpoiicte). K Tpurrepam oTHocaT Oonmpmioif Kiacce
YVCTPOHCTE, OTIHYHTENEHOH 0CO0eHHOCTRI0 KOTOPRIX ABILETCA CrOcoOHOCTL OCTABATHCA B OTHOM H3
IBYX YCTOHYHBBIX COCTOSHHH, KOTOPBIE MOT'YT H3MEHAThCA II0M NeHCTBHEM BHEMIHHX cHrHanoB. [Ipu
3TOM COCTOAHHA TPHUITEpa Pacllo3HAKTCA [0 YPOBHAM BBIXONHBIX HANPAKEeHHH, COOTBETCTBYIOIHX
ypoeHAM Jorudeckux "0" u "1". OCHOBHERIM CBOHMCTBOM TpHITEpa ABIAETCH HAIHW4YHe IaMATH, MOI
KOTOPOH mompazyMeBaeTcd ero cmocoOHOCTh coxpaHiSTh cBoe coctogHHe ("0" mwmm "1") u mocne
npeKkpameHus BO3OeHCTRUA BHEMIHUX CHTHAIOB. TakuM 00pa3oM, TPHUITEpP ABIASTCA NIeMeHTapHOH

A4eHKOH maMAaTH L1 XPaHCHHA OHOT'O JBOHYHOTO paspAla YHCIIA.

Tpurrep MOXKHO TpPeCTABHTL B 00MEeM CiIydae COCTOSNIMM H3 SYeHKH MMaMATH H YCTpOHCcTRa
yropaeaeHusa (IOpoi BechbMa CIOKHOTO), Mpeolpasyiomero BXOOHYI0 HHGOPMAIH B KOMOMHAIIHEO
CHUTHAJIOB, NMOX BO3[ACHCTBHEM KOTOpHIX AdeiKa MaMATH NPHHHMAaeT OOHO H3 OBYX YCTOHYHMBEIX

COCTOAHHI.



TPUI'TEPDI

OO0o0meHHaAs cXeMa TPHITEPHOI0 VCTpoiicTBa COCTOHT H3
VCTPOHCTEA YVIOpaBISHHA Y ¥ H TPHITepHOH AYeiikH T .
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CTpYKTYpHaA cxeMa TPHITepa

Ha cxeme cHrHanabel HMEIOT CIEIVIOIIHE HAHMEHOBAHHA:
Aj...A, - AEHpOpMAaITHOHHEIE CHTHAJIEBI;
C)....Cy, - TAKTOBBIE (CHHXPOHH3HPVIOIHE ) CHTHATIBL:
S'(set) u R'(reset) - BXOJHBIE CHTHAIBI TPHITEPHOH AUSHKH:

O u @ - BEIXOJHBIE CHTHAIBI TPHITEpA.



TPUI'TEPDI

CYIIeCTBYEeT MHOKECTBO Pa3HOBHIHOCTEH TPHITEPOB. OTIHYAKINHXCA
BBIMOTHASMBIMH (DVHKIHAMH. CIIoco0aMH VIIPaBIeHHA 3alHChI0 HHG(OpPMAIIHH.
CXEMOTEXHHYSCKHMH PEMIEHHAMH H T.1I.

[To BEIMOIHAEMBIM (DYHKIIHAM KIacCCH(HKAIIHIO TPHITEPOB MPOH3BOIAT IO
COCTOAHHI) €TI0 BBIXOJOB B MOMEHT €ro cpadareiBaHHA H mociae. [Ipa 3ToMm
PasTHYAOT CIEAVIOINHE OCHOBHBIE BHIBL: RS, JK. T u D - TpHITEpHL.

[To cnmoco0y ynpapiIeHHA 3aIHCEI0 HH(QOPMAIIHH Pa3IHIAKT:
® ACHHXPOHHEBIE TPHITEPHl ¢ 3AMHCBI) HEMOCPEACTBEHHO C MOCTYIIIEHHEM

HH(OPMALIHOHHOTO CHTHAIa Ha €r0 BXO:

® TAaKTHpPYeMBIe (CHHXPOHHBIE) TPHITEPEI ¢ 3alHChH HH(QOPMAIHH TOIBKO HPH
110Ja49e TAKTHPYIOIIEro HMITyIbca. IIpH 3ToM cpaldaThiBaHHE TPHITEPA MOKET
IPOHCXOJHTh OJHOBPEMEHHO ¢ MOCTVIIIEHHEM TAKTHPVIOMIETO HMIIYIbCa
(Tpurrep., paboTalImHI 0O VPOBHK), IOCIE OKOHUAHHA TAKTHPVIOIIETO
HMITyIbca (TPHITEP C BHYTPeHHEH 3aJep:KKOH). MPOX0KISHHA HECKOIbKHX
TAaKTHPVIOIIHX HMIIYIbCOB (MHOTOTAKTHBIE TPHITEPHI). HIH B MOMEHTEHI
H3MEHEHHA COCTOAHHA TAKTHPVIOMIEr0o HMIYIbCAa (CHHXPOHH3AIHA II0

(bpoHTY).



RS — Tpurrepsl

RS—tpurrep HMeeT aBa VIpaBIAKRIIHX Bxoda S (sef) m R (resef). ¢
[MOMOINBK KOTOPBIX BRIMOMHAKTCA VCTAaHOBKH TPHITEpa B TO HIH HHOE
COCTOSAHHE ():

QO =1npu S=1u R=0 ( ycTaHOBKa TPHITEpa):

Q=0mnpu 5=0n R=I (cOpoc Tpurrepa):

O"™'=0" npa S=R=0 (pexHM XpaHEeHH] IIPEIBLIYINEr0 COCTOAHHA):

S=R=1 — sanpemeHHad KOMOHHAIIHA VIIPaBIAKINHX CHIHAIOB. KOTOpad
MOZKET IIPHBECTH K HEOIMPEASIEHHOMY COCTOAHHIO TPHITEPA.
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RS-Tpurrepsr
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RS — Tpurrepsi

Tabmuoa cocToAHHA
RS-TpHurTepa

S 0
R 5 O n+l E— - T
0 0 O " .
0 1 1 R . ) ¢
1 0 0
1 1 %

BpemeHnHBIE THAarpaMMEl padoTel RS-TpHITEpa



RS - Tpurrepsl
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RS- TPUITEPDI

JInd RS- Tprrrepa komOnHammg S=R=1 gemndercs zampenieHHoil.

Ilocne TakoIn KDB-I@IIHHHIIII IIHil}DpIM-IHHIIDHHLIK CIITHAIIOB COCTOMAHIIC

TpuITepa OvaeT HeolpeAeleHHEIM: Ha eT0 BRIXoAe () MokKeT OBITh O 11 1.

CYIIE CTRYIOT Pa3HOBIIHOCTI RS- TPUITEPOR, HA3EIBaeMEIE

E-, R- 11 S- Tpurrepamir, I KOTOPHIX coueTaHne o =R=1

HC ABJIACTCA 34IIPCIICHHBIM.

E- Tpurre

ppn S =K=1 He IMeHIET CBOETO COCTOSHIL.

- TPIITE]

pmpin S=R=1 ycTanapmmsaetcs B coctognme ¢ =1.

a R- Tpurrep B 5TOM cydae ycTaHARIIBaeTCd B cocTodnme ¢ =0.

RS- TPIITCPEREI MOIYT OBITh dCITHXPOHHBIMIT ILIIT CITHXPOHHBIMII

(B 3TOM CIIy4ae y HIIX IMeeTcsd Bxog C).



JK-Tpurrepsl

JK-Tpurrep mmeer apa ynpaBrdrwmux Bxoga J (ump) m K (keep) =
(OVHKIHOHHPYET MOI00HO RS-TpHITEPY. HO MOPH 3TOM HE HMeEeT
JAMpPElleHHBIX KOMOHHAIIHA VIIPABIAKINHX CHIHAIOB. J - BXOJ mOmo0eH S —
BXoay. a K-Bxon momoOen R-pxonmy. IIpH BceX KOMOHHAIHAX CHIHAJIOB Ha
BXoae. KpoMme J=K=1. oH ngedcTtByeT mogo0HO RS-tpuHrrepy. Ilpn J=K=1 B
KaKJOM TakTe MOPOHCXOIHT «OMPOKHIBIBAHHE» TPHITEPAa H €ro COCTOAHHE
MEHAETCA Ha MPOTHBOMOIOKHOE. Ha pHC. MoKasaHO yCIoBHOE 0003HAUSHHE
JK-TpHrTEpa ¢ CHHXpOHH3AIHEH 10 IepeJHeMY (DPOHTY.

Tabnuna cocroaHHM Tabmumna cocToAHHI
RS-Tpurrepa JK-TpHTTEpa T —
R 5 O n+l j K Q ntl ’
= C
D {:} Q - [} {] Q Pl y
o | 1] 1 0 | 1 ] O —K I
1 | o] o S U
1 1 X I 1 o JK-TpHrTED




JK-Tpurrepsi

Tadnuua cocTodHHHA

JK-Tpurrepa B |

J | K |o™ .
o | o | o 1
0 1 0 — kK o—
1 0 1
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JuarpamMMmel padoTel JK-TpHITEpAa



T-Tpurrepsi

T-Tpurrepsl HHaYe Ha3BIBAWTCA CYe@MHbIMI H NIPHMEHAKRTCA 14
IOCTPOCHHA CUSTYHKOB H ISIHTEICH YacTOThRI. TakoH TPHITED HMEET OIHH
TAKTOBBIH BXOJ H €r0 COCTOAHHE MEHAETCA KaKIBIH pa3 MpH HoJade CUYESTHOIO
HMIviaeca T=1 ® ocraercd HeH3MeHHBIM IpH T=0.

Tabmuua cocToAHHMI T-Tpurrep DeIHT 4acTOTY
. )
I-tpurrepa = BXO/IHBIX HMITYIBECOE B 2 pa3sa.
T
n+l] T,
T Q .1-. A e
D QFI -[. B T
0
% - ————————— >
: ; I I
| |
T-Tpurrep 0

h.-_]

il

| S
M

J14 moaydeHHA OOIBIIHX 3HaUeHHH KO3((HIHEHTa IeIeHHA JacTOTEHI
MPHMEHASTCA KacKaJgHOe COE€IHHEHHe T-TPHITEPOB.



D -Tpurrepsl

OTIHYHTENRHOH OCO0EHHOCTRH) D-TpHITEpa (TpHITEpa 3adepAKH)
ABIACTCA TO. YTO OH COXpaHAST HH()OpPMAIHI0, MOCTYNHBIOVK Ha D-BXoa B
IpeapIIyImeM TakTe padoTel 10 MPHXO0JA CHHXPOHMITYIbCA, T.€. €r0 COCTOAHHE
MOKET H3MEHATBECA C 3aJePAKOH Ha OOHH TakT. CHHXPOHH3ANHA PadOTHI
MPOH3BOIHTCA 110 MepeIHEMY HIIH 3aJHeMY (DpOHTY.

D-TpHITepsl ABIAKTCA OCHOBOH 714 IMOCTPOSHHA PETHCTPOB.
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D-tpurrep



CUHETYUKHA

CueTYAKAMH Ha3bIBAIOT YCTPOICTBA IUIA IMOACYETA YHCTA BXOMHBIX HUMITYIBCOB U
(puKcalliii 3TOTO UHCIA B KakoM-THO0 Kofe. B mpoiiecce paGoThl CUETUMK MMOCTIEIOBATETEHO
H3MEHAET CBOE cocToAHHe. KoMuecTBO BO3MOKHBIX COCTOAHHI HAa3BIBacTCHd Modyieu
cuema Key WIH evuxocmsio cdyemyuxa (TPEASTBHOE UHCIIO WMITYIIBCOB, KOTOPOE MOXKET

OBITE MOJICUHTAHO CT{ETIH{EDM).

OCHOBHBEIMH YIEMEHTAMH CUETUMKA ABIAIOTCA TPHITCPEL, KOIHYCCTBO KOTOPBIX
OMPCOCIACT HHCAIO pPaspAnoB CHCTYHHRA n H CT0 MOOYVIIE CHCTA Key. Yalme Bcero B

I_[H(bIJDEDﬁ TCXHHEC HCIIONB3VIOTCA JOBOHYHBIC CHCTHITRH. H}U’[EEDE COCTOAHIIC BCCX

TPUITEPOB OBOMYHOTO CUETYMKA NPHHUMACTCA 3a HYJICBOE COCTOAHHE cueTuMka. IIpu
[I0[Iaue CUYCTHBIX HMITYIIBCOB CUCTYHMK IIOCTICHOBATEIIFHO H3MEHAET CBOE COCTOAHHE OT
HYJIEBOTO IO MAKCHMAJIBHOIO, paBHOIO K. Hanpumep, pH »=3 y JBOMYHOIO CUCTUHKA

K ;=2"=8, T €. CUSTUMK HMEET 8§ YCTONUHBEIX COCTOAHUN H KAKIBI BOCEMOI UMIIYIIBC,
MOCTYTIAOIIHIT Ha €70 BX0J, OYIET BO3BpAalllarb CYETYHK B HUCXOMHOE COCTOsAHNE (0OHYIIEHHE
CUETUMKA). 3TO CBOIICTBO TMO3BOJIAET UCTIONB30BATh CUETUHMKH A JIEJIEHHUA 4acTOThl. Ecin

BXOJHEIC HMIIVIIBCEI CICOYHOT C JacTOTOH f.., TO YaCTOTa BBIXOOHBIX HMIIVIECOB

f.sar:rz fEIJII’KCT'!"



CUHETYHUKH

BBRICTpOJeHCTBHE CUETYHKA XapaKTePH3VETCA MaKCHMAIbHO JTOINYCTHMOMH
YACMOoMol NOCMYHIEHUA CHEMHBIY UMIVILCOE [y H 8DEMEHEM VCINAHOBTeHUA
CHEMYUKA lyey - HHTEPBATOM BPEMEHH MEKIY MOMEHTOM OKOHYAHHA CUETHOIO
HMITYIbCA H MOMEHTOM VCTaHOBIESHHA KOJa.

B 3aBHCHMOCTH OT choocoda KOOHpPOBAHHA BHYTPEHHHX COCTOAHHH
pPa3IH4daIoT:

- JBOHYHEIE CUSTUHKH;

- JBOHYHO-JSCATHYHBIC (JIeKaJIHBIE) CUCTUYHKH:

- KOJBIIEBHIE CUSTUHKH — COCTOAHHE CUSTUHKA ONPEAEIACTCA

MECTOIIOJI0KEHHEM 0JHOH eTHHCTBeHHOH 1 uiH 0
- CUETYHKH [[/KOHCOHA — COCTOAHHE CUETUHKA ONPEAEIASTCA
KoaudecTBoM 1 HiaH 0.

B 3aBHCHMOCTH OT cmoco0a MmOACYeTa pa3IHvYalT CISIVIOIIHE BHIEI
CUSTUHKOB!

- CYMMHPVIOIIHE;

-  BBIUHTAKIIHE:

- PeBEpPCHBHBIE;

- KOIBIIEBEIE.



CUETYHURH

[To cmoco0y TaKTHpOBaHHA PadOTEI Pa3THYANOT:

- CHHXPOHHBIE CYETYHKH. 114  padoTel  KOTOphIX  TpedyeTcA
CHHXPOCHTHAIL

- ACHHXPOHHBIE CUSTUHKH, padoTarmue 0e3 CHHXPOCHTHATIOB.

[Io CTPVKTYpHOH OpraHH3aIlHH. 3aBHCAMIEH OT CIIoco0a MoJauyH CUETHRIX
HMITYIBCOB Ha pa3spAalsl CUETYHKOB. PAa3IHYAOT.

- CYSTUYHKH C IIOCJIEI0BATENBHBIM (KAaCKaIHBIM) IIEPEHOCOM — CUYETHBIE
HMITYIBCEl MOCTYIIAKT TOIBKO HA BXOJ IEPBOTO pa3piada. a ¢ €ro BRIXoJa - Ha
BXOJ BTOPOr0 H T.[. (CUSTUHKH C MOCIEI0BATEIBHEIM MEPEHOCOM OTIHYAIOTCA
IPOCTOTOH. HO IIPH 3TOM HMEKT HH3KO0€ OBICTPOIEHCTBHE ).

- CYETYHKH ¢ MapalIeIbHBIM IIEPEHOCOM — CUETHBIE HMIIVIIBCH IIOCTYIIAKT
OJHOBPEMEHHO Ha BCe pa3padnl (TakHe CUETUYHKH HMEHT 0o0lIee CI0KHVIO
OpraHH3alHK. HO 00eCHeYHBAKT BEICOKOE OBICTPOICHCTBHE):

- IAPAIEIbHO-MIOCIEN0BATENBHEIE CUSTIHKH, MPEACTABIAIIHE COO0H
KOMOHHAIIHI0 MEPBBIX IBYX CMNOCO00B ITOJAYH CYETHBIX HMIIYIBCOB (TakKHe
CUSTYHKH HCIIOIB3VIOTCA I71A MOIVYSHHA DONBIIHX 3HAYSHHI MOIVIIA CUETa).



CHETHHURH
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(O0o0meHHaa cXeMa CUeTUIHKA

OCHOBHBIMH Vy3JIaMH ABIAOTCA COOCTBEHHO caM CUYETUHK. BXOJHAA JIOTHKA
H BBIXOJHaA JTOTHKA. BX0odHadA ToTHKa pelHa3HaUeHa /14 VIIpaBIeHHA padoToH
CUeTUHKa, a BBIXOJHadA — 1714 HHAHKAIIHH KOHIA cYeTa HIH (pOopMHpPOBAaHHA
CHT'HaJIa [epeHoca HiIH 3afiMa P(Z).

[lepeyeHp OCHOBHBIX BXOIHBIX CHTHAJIOB:

/D — CHrHaJl VIOpaBI¢HHA HapaBI€HHEM cUeTa (1A pPeBEepPCHBHEBIX

CUETUHKOB):

(' — CYETHBIE HMITY IBCHI:

R — curnan copoca:

V — curHanI paspelieHHA cdeTa (114 CHHXPOHHBIX CUSTUHKOB):

D, -D,, — mapaieIbHBIH KO Il MpeIBapHTEIbHOH YCTAaHOBKH CUETYHKA

(1714 CYSTYHKOB ¢ MPEIyCTaHOBKOH):

W — cHrHanI paspelmeHHd IpeIBapHTEIbHOH YCTaHOBKH.



ACI/IHXpOHHble ABONYHDBIC CHCTYUKHU

Cuetunk Ha T-TpHITEpax
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ACI/IHXpOHHI)Ie ABONYHDBIC CHCTYUKHU

ACHHXpPOHHBIA CYMMHDVIONIHI CYETYHK MOKHO IIOCTPOMTR HA CUETHBIX TPHITEpax
nrodoro THna. B OonbIIMHCTBE cny4yaeB IIA 3THX 1eneii Henonb3yioT JK- win D-Tpurrepsl B
CUCTHOM pexuMe. IIpocTeHlmmii TpexXpaspAOHBIH OBOMYHBIH CUYETYHK Ha D-Tpurrepax
COCTOHT M3 CO€IHHEHHBIX IOCJIENOBATEILHO TPEX CUETHBIX TPHITEPOB, TAKHM 00pasom, 4TO

HUHBEPCHBI BBIXOH (), KakKIOIO TPUITEpa COeNUHEH ¢ BXomoM (., mocieayrmero. [Tpu

MOCTYIUICHHH CUETHBIX HMIIVIBCOB Ha BXofg C; TPHITEPHl CUETUHKA OYOIYT M3MEHATH CBOH
COCTOAHHA, OIMCBIBAEMBIE IMOCIEIOBATEIBHO BO3pACTAKINMMH IBOMYHBIMH uYHcIaMmu. J{uda
IpHBEeNeHHA CUeTUYHKa B HadyalbHOe COCTOSIHHME HCIONb3yeTcA curHar cOpoca R,
MOCTYMAIONINI OMHOBPEMEHHO Ha BCE BXOMOBI R TPHITEPOB.

C nmpHXOOOM KakOOTO MOCHEAYIOMIEr0 HMIYIbCA HAa BXOA (; MEPEKIIYAKTCA cpasy
HECKONBbKO TpHITepoB. OOHAKO TMEePeKII0YeHHe 3ATHX TPHITEPOB IIPOHCXOOHT He
OOJHOBPEMEHHO, a ¢ HEKOTOpOH 3amep:KKOH OTHOCHTEIRHO OPYIr Apyra. 3TO MPHBOOHUT K
3alep:kKKe B YCTAHOBISHHH BBIXOIHOTO KOOa MOCHe MOCTYIUIEHHA CUYETHOIO HMITYIbECA Ha BXOM

Cl- HI]H OONBIIOM YHCIIE paspAdob CHCTUHKA 3aJCPAKAa BBIXOIJHOIO CHIHAIA MOAKCT OBITh

3HAYHTEIBHON H cp ABHHMOH C INCPHOIOOM ITOCTVILICHHA CUCTHBRIX HMIIVIBCOEB Ha EXOI [ 1-



ACI/IHXpOHHI)Ie ABONYHbBIC CHCTUYUKHU
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ACI/IHXPOHHI)IE ABONYHbBIC CHCTUYUKHU

HPH [MIOCTPOCHHH ACHHXPOHHOTO BBIMHTAKIICIO0 CHCTYHHRA HOCTATOYHO 3aMCHHTEH

MHBEPCHBIC BHIXOBI () TPHUITEPOB Ha INpsAMBIE BHIXOAEI (. B 3T0M ciyuae npu

MNOCTVILUICHHH HMITVIIECA cﬁpoca R Ha BCeX BBIXOIAX IBOHYHOIO CUETUHKA VCTAHOBATCAH
COIHHHYHBIC YVPOBHH, a4 IIPH IMOCTVIUICHHMH CYCTHBIX HMMIIVIIBCOB Ha BXOIL Ci TPHITCPEI

CUCTHHKA ﬁyﬂyT H3MCHATE CBOH  COCTOAHHA, OIIHCBIBACMEIC IIOCICOOBATCIIEHO

yﬁB[BHI-DH_[HMH JBOHYHBIMH YHCITaMH.

J71A TIOCTPOEHHA ACHHXPOHHOIO PeBepPCHBHOIO CUETUMKA, KOTOPBI MOKeT paboTark
KaKk B pPEKHME CYMMHPOBAaHHA, TaK U B PEKUME BBUHTAHHA, MOKHO C IIOMOIIBIO
JIOTHYECKOH CXEMBI OOECIIEYHTh MOady CHTHAJIOB C HHBEPCHOTO BBIXOHa () IIpH
CYMMHPOBaHHH HJIH C [IPSMOTO BBIXONA () — IPH BEIUUTAHUH OT IPEABIIYIIETO TPHITEPa
Ha CUETHBIIl BXOI IMOCIEAYIOMIETO, KAK MOKA3aHO HA PHC. DTA CXeMa BKIOYACTCA MEKIY
BRIXOZIOM OIHOTO paspsfa CYETUHKAa H BXOIOM JPYIOTO M, B 3aBHCHMOCTH OT
VIIPABIAIOIIMX CUTHAIIOB — CIOkeHHE (U/) WM BEUMTAHHE (D), HA BXOI MO CIEAYVIOIIETO

pa3psia IOCTYIIaeT CHTHAN MepeHoca P WK CHTHAT 3afiMa Z.



CI/IHXpOHHI)Ie ABONYHBIC CHCTUYUNKHU

Y CHHXPOHHBIX CYeTYHKOB BCE Pa3pAOHBIC TPHUITEPhl CHHXPOHH3HPYIOTCA MapaLIeIbHO
OMHHMH H TeMH K¢ CHHXPOHMITYIbLCAMH, TMOCTYHAKOIIHMH H3 HCTOYHHKA 3THX HMITYIBCOB.
ACHHXpOHHBIEe CYETYHKH HMEHT TIOCISNOBAaTeIFPHYK CHHXPOHH3AIMIO, T.€. KaKmbIi
MOCHSOYIOIINIT paspAOHBIH TPUITEP CHHXPOHH3HPYVETCA BBIXOMHBIMH HMIIYJILCAMH TPHITEpa
MPEeOpIAVINEro paspAna. ACHHXPOHHBIE CUETYMKH HHOIZA HA3BIBAKOT MOCIEOOBATEIbHBIMH, a
CHHXPOHHBIE CUSTUYHKH - ITapaUIe/IbHbIMH.

CHHXpOHHBIe CYeTYHKH (mapajUle/ibHBIE), B CBOI O4epedb, IOOPA3ICIAIOTCA Ha
CHHXPOHHBIE CUESTUYHKH € MOCIeJ0BaTe. IbHBIM MepeH0CcoM (TOCIeIORaTeIbHO-CHHXPOHHEIE) H
CHHXPOHHBIE CUETYHKH ¢ [apalleJbHBIM MNepeHocoM (MapalielbHO-CHHXPOHHEIE).
CHHXpOHHBIE CHETYHKH HME0T OoNee BBICOKYIO CKOPOCTh CUeTa, YeM acHHXpPOHHEIE.

IIo cmo CDG}’ nmoja49 CHHXPOHMIIVIIBCOE IIOCJNCHOBATCIBHO-CHHXPDOHHBIC CHCTUHHEH

mapaLieIbHbIe, T.€. CHHXPOHMITYJIBCH ITOCTYIIAKOT Ha BCE TPUITEPHI CUSTUHKA IMapalUIeIbHO, a
1o crocody ympaBineHHA (IToDa4yH YIPaBIAIIINX HMITYIBCOB) — MOCIIeNOBATEIbHEIE.

B napamwienbHO-CHHXPOHHBIX CUETUHKAX CDDPMHIJOEEHHE YIIPABIIAKOINIHX }'pDEHEII:'i H HX

Mmogada Ha COOTBCTCTEYHOIIHC BXOOBI TPHITCPOEB CUHCTHHERKA OCYVIINCCTBIIACTCA OJHOBPEMCHHO, T.C.

IIa PAJLIICIIBHO.



CI/IHXpOHHbIe ABONYHBIC CHCTUYN KU

,[[JIH [IOCTPOCHHA CHHXPOHHBIX CYeTHHRKOB HCIIOJIBSYHOT PA3/IHYHBIC THIIBI CHCTHBIX

CHHXPOHHBIX TPHITCPOB. Ha PHC. IPHBEOCHBI CXEMBI OOHOPASPAIHBIX CHHXPOHHBIX CHCTHBIX AHCCK

(a — cymmupyromas, 0 — BBRIYHTANOIIAf).
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CI/IHXpOHHI)Ie ABONYHBIC CHCTUYN KU
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C I*IHX]]'DHHBIFI CUCTHHK C IIapalllICJIBHBIM IICPCHOCOM

EBICTpDﬂEﬁCTBHE CUCTYHEKOE C IIapa/lICIbHBIM IICPCHOCOM HC 3aBHCHT OT
THCTA Pa3pAJOE H OIIpeOc/IAcTCAH 'SHIEPH{RDE PaclpoCTpadHCcHHA CHTHATOB TCpe3
TPHITCPBEI H 3JICMCHTEI I1. ITo CPAaBHCHHIO CO CUCTUHHKAMH C IMOCICI0BATCIBHEIM
[NEPCHOCOM MakKCHMAIbHAA TaCTOTa CUCTa MOMKCT OBITh YBCIIHYCHAa B (11 - 1) Pas.
H]JH MOBBINICHHH  pPaspAdHOCTH CUCTYHKOE  BOSHHEA4AIOT H[}GﬁHEMH C
]JEH.—IHSEIHHEITI MHOTOBXOJOBBEIX cxXeM I, MO3TOMY B TaKHX CIIVHaAX Hanboee
OIITHMATIBHBIMH IIO ﬁBICT]]GﬂEfICTEHID H allllapaTHBIM 3aTpaTaM ABTAKTCA
CUCTHUHKH C IIapa/llICIEHO-ITOCICTOBATCIBHBIM IICPCHOCOM.



CueTUHKH ¢ MPOH3BOJBHBIM MOIVJICM CUETA

Bo BCEX pacCMOTPEHHBIX BBINIE CUETYHKAX COCTOAHHE MOCIEN0BATENBHO
MeHgeTcd oT 0 10 2" — 1 mmm ot 2" — 1 10 0. B pAge mpakTHUECKHX CIydacB
TpeOVIOTCA CYETYHKH C MPOH3BOIBHEIM MOIYJIEM cuera, Hampumep Ha 10
(IBOHUHO-AeCATHUHBIE CUSTYHKH) HIH Ha 9. 23. 59 (am4 peamm3amuu
3MeKTPOHHBIX YacoB). CyIECTBYKOT 1Ba OCHOBHBIX CIocoda peanH3alHH
CYETUYHKOB C IMPOH3BOIBHEIM MOIVIEM CUETA.

CUeTUHKH ¢ TPHHYIHTEIBHBIM  cOpocoM. B  Takux  CUETYHKAxX
IPOH3BOAHTCA NMPHHYIHTEIBHBEIH COpPOC M0 JOCTH/KEHHH 3aJaHHOTO MOIVIIA
CUeTa.
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CUeTUHK C [IPHAYIHTCIBHBIM Cf}pGCGM



Ilns mocTpoeHHS CYETYHKOB IO NMPOH3BOJBHOMY MoOAYai0 Key ¢ IPHHYIHUTEIBHBIM COpOCOM B

CXEMY COOTBETCTBYHOIIETO ABOHYHOTO CHETYHEREA BBOIHTCH D6I]E{THEH CBA3E /T HCEMHOYCHHA THITHHX

cOCTOAHHH. J[BOMYHBIM CYMMHpPYIOIIHH HIHM BBRIYHMTAKINHH CUETYHMK TeperirdaeTcs OO0 YCTAHOBKH

HEKOTOpOro 3HadeHHA Ky, DJTO COCTOSHHE BBIABIASTCH CIEHMAIBHOH CXEeMOH, Ha BBIXOIE KOTOpPOH

QJDPMHP}FETCH CHTHAl YCTAaHOBKH CHCTHHEA BE HYJICBOC COCTOAHHC. CxeMBI cYeTYHKA TIO MOIVYIHD Key

HaHOoOIee I[IPOCTRI IIPH HCIIONB30BEAHHH JOBOHYHBIX CHCTHHKOEB C IIOCIHCOOBATCIIBHBIM IICPCHOCOM.

HemudparopoM o0bMHO CIVKHMT JorHdeckuil smeMenT 1. Ha pue. mokaszaHo Kak y acHHXPOHHOTO

ABOHYHOTQ CHETYHEA Ha YCThIpCX TPHITCPAX MOXKHO YMCHBIIHTE MOOYIIb CHETA C 16 mo 10.
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VYenosroe rpaduueckoe
obo3HaAYEHHE JECATHYHOTO
ACHHXPOHHOTO CYMMHPYIOIIETO

CYCTYHKA C kcq =10

3meck peanHz0BaH cOpoC Ha HVIE
KaKOBIH pa3, KOTOa Ha CHeT4HHKe
cocTogHHe 1010,



CYeTUYHKH C MNPOH3BOJBHBIM MOIVJIEM CUCTA

CUETYHKH ¢ IPHHVIHTEIRHEIM HacueToM. TakHe VCTPOHCTBA PealH3vVIOTCA
Ha 0ase CYSTUYHKOB C MIPEIBapHTEIBHOH VCTAHOBKOH Koma. (Xema CUEeTYHKa
[IOKa3dHa Ha pPHC. B  cUeTuHK [10 BXOIJaM nﬂpﬂjﬂeﬂf,ﬂgﬁ 3arPy3KH
3arpy/Kaercad KoJ [JONOMHEHHA K 10 2" Konenm cuera B 3TOM CiIydae
00HApVAHBACTCA M0 E€CTECTBEHHOMY IEPEMOIHEHHK CUSTUYHKA, IPH KOTOPOM

GopMEpyeTCcA CHTHAI IepeHoca, KOTOPBIM IIPOH3BOJHTCA Iepe3arpyska
CUSTIHKA.
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W P ™| YCTaHOBKH

CYeTUHK C IIPHAEYIHTCIBHBIM HACUCTOM



CdeTuuKH C IIPOU3BOJbHBIM MOAYJIEM CUCTA

JOCTOHHCTBOM CUSTYHKA ¢ HACYETOM ABIACTCA HCIIONIB30BAaHHE INTATHBIX CHTHAIOB
IEpEHOCA H TApAJJIENbHON 3arpys3KH, a TAKKe MMPOCTOTA H3MEHSHHA MOIOVIA CUESTA.
HegocTaToOK 3aKIHYacTCAd B HEECTECTBEHHOCTH IOCIIEJOBATEIBHOCTH H3MEHEeHH Koma,
4YTO MOXKET MOoTpeOOBarTh B pAle CIy4acB MOOIOJHHTEIBHOTIO MepeKomHpoBaHMA. Yalme
BCETO 3TOT BapHAHT IIOCTPOEHHUA CUETUHKA IPHUMEHASTCA IIPH JIEIEHHH YacTOTHI
BXOMHBIX HMIMVILCOB, KOTOa IMOPAMOK H3MEeHEHHA KOOA BHYTPH CUETUHKA HE HMMEET
3HaYeHH .

[IpOMBIIIIIEHHOCTRIO BBINTY CKAKOTCA HC CUYESTYHKOB C pa3IMYHBIMH
(OYHKIIMOHAIBHBIMH BO3MOKHOCTAMHM, HaIpHMEpP, ¢ IapalIelIbHBIM IIEPEHOCOM H C
IIpenyCcTaHOBKOI.

CueTdHKH ¢ TIepeMeHHBIM Ko3(QQHIIMeHTOM cuUeTa HMEHT OYE€Hb IIIHPOKOE
IpEMeHeHHe B PAOHOTEXHHKE IIPH pealH3alH OelIHTEIeH YacTOTHl ¢ IIEPEMEHHBIM
K03 puIHeHTOM OeIeHHA U IPH pealH3allii pasIHYHBIX IIPOrpaMMHpPYEMBIX TaliMEpPOB.
B OCHOBHOM IIpH pealH3alHHd TaKHX VCTPONMCTB HCHONB3VKOTCA CHHXPOHHBIE

ImMapalICcIbHEIC CUCTUHKH C CHHXPOHHBIMH CXCMAMH ITPCOYCTAHOBKH I/ HITH Cﬁpﬂ cd.
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YHHBepPCATbHEBIH CII0CO0 MOCTPOEHHA CUSTUYHKA
C IMIPOH3BOIBHEIM MOIVIEM CUETA



IHNC c4eTYnKoB

[TpoMBIIIIIEHHOCThK BhITycKarTCA MC CcUETYHKOB ¢ pasIHYHBIMH (DYHKITHOHAJIbHBIMH
BO3MOKHOCTAMH. B kKauecTtBe mpuMepa mnpueeneMm NC OBOHYHO-OECATHYHOIO CUETYHKA
(Kcy = 10) ¢ mapaieIbHBIM IEPEHOCOM H IPEOyCTAHOBKOH (pHC. a).

Cuer umMnynbcoB (0e3 BBOma HH(OpPMAIHH 10 BXOOY IPedyCTaHOBKH), IIOJaBA€MbIX Ha

exon C, mpoucxomuTr mpH W=VI1=V2=R=1. [Ipu >TOM COCTOAHHA CYECTYHKA Ha BBIXOOAaX

Qq---Q; OYAYT H3MEHATHCA B ABOMYHO-MIE CATHYIHOM Kofie ot 0 1o 9.
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IHNUC cueTunkKkoB

T}’THI}HEJIHIDHIHE CHI'HaJIbI HMCHOT CICOYHOIICC HA5HAYCHHC.

* W =0 cay:xut 1717 BBOf@ Kofia 1o BXonaMm D ,...D., ipH IpeaycTaHOBKe;
* V1=0 cuny:KuT I MpephIBaHuA CUeTa ¢ COXpaHeHHEM KOMa;

* V2= pazpemacT BpIgady HMITYIbCa IEPEHOCA IO BRIXOOY P.

Ecnu JOTIONHHUTE CYSTUHK CXEMOMH MOKa3aHHOH MYHKTHPOM Ha PHC. a, TO MOTYUHTCA
IpOrpaMMHpPYEMBIH JENHTENb 4acTOTHI ¢ KoadduuuenToM nenennd K, =10—K, e K

— YHCJIO B JBOMYHO-AECATHYHOM KOME, 3alHCaHHOE 4Yepe3 BXOMOBI MpenycraHoBkH. [Ipu
3TOM YaCTOTA BRIXOIHBIX HMITYIBCOB
doa ali o
Ha puc. © mokasana I{1C pepepcupHoro cuetunka. Ilpu /D=1 cueruynk padoTacT B
pe:knMe craoxkeHnda, a mpu U/D=0 — B pexumMe BolunTaHuA. CurHan V=1 cIyXKHT O
OCTAHOBKH CYeTa H MOKeT OBITh HCIIOIb30BaH KaK BXOM IIepeHoca MpH TI0 CIe0BaTeIbHOM

BRIIIOYCHHH CUHCTHYHKOB.



HAPAILIUBAHUE PA3PATHOCTHU CHETUUKOB
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Hapamusanue pa3ps/HOCTH peBEPCHBHOTO

JABOHYHOI'O CHCTUYHEKA



PEI UCTPbI

Pecucmpaniu Ha3bIBaKOT VCTPOHCTBA 104 MpPHEMA. XpaHEHHA H BBIJAYH
TaHHBIX, IPEICTaBICHHBIX B MHPpPoBOM Koje. Kakapli pa3paa mH(GpPoOBOro Koaa
XpaHHTCA B OTASIBHOM TPHITepPe perucrpa. TakuMm o00pa3oM. PETHCTP
npeAcTaBIAeT co0oil pa3HOBHIHOCTh VCTpoiicTBa maMATH. B olmem caydae

PETHCTP XPaHHT /-pa3pAIHEBIH KOJ.

Knaccudukamma permcTpoB MokeT OBITE INpPOH3BEIE€HA 10 PAdY
npH3HakoB. OCHOBHBIM IIPH3HAKOM ABIAeTCA CImoco0d MpHeMa H BBIJAYH
naHHHIX. [IpH 3TOM pa3IHYAT:

- IIapa/lICcIbHBIC PCTHCIPEI <€ IIPHCMOM H BBIIaUeH JAaHHBIX B

[Tapa/llICIBHOM KOJC.
-  MOCICOJOBATC/IBHBIC PCTHCTPRI C IIPHCMOM HIIH BELIaUell JAaHHBIX B

NOCIACOOBATC/IIBHOM KOJIC.
- IIapa/IlICIbHO-IIOCTICTIOBATCIBHEBIC.

Cocmosanue ﬂ—pﬂRﬂHf}Hf}'Et‘? pezucmpa onpeaenacTcea COCTOAHUAMKA n TPHITCPOB H

0TOOpaKaeTCs n-pa3paaHbIM JTBOHYHEIM CIIOBOM } = VoV



PEI HCTPbI

Kpome ocHOBHBIX (VHKIHI NOpHeMa. XpaHEeHHA H BBJAUH JaHHBIX
PErHCTPBl MOIYT BBINOIHATE (VHKIHH Mpeo0pa30oBaHHA JAaHHBIX HIIH
ToTrHYeCcKHe onepanui. ITo 3ToMy IpH3HAKY pa3IHYaoT:

- CIBHTOBBIE PETHCTPEI:

- PEerucTphl ¢ npeodpa3oBaHHEM MapalIeIbHOrO KOJa B

IIOCIeJ0BATEIbHEIH HIIH Ha000pOT:

- PEerHCTPHI C MOopa3pAIHBIM JTOTHUYSCKHM VMHOKEHHEM HIH CI0KEHHEM:

-  PEerHCTPBl  IOCISIOBATEIBHOTO MNPHOMIKEHHA [I14 IOCTPOSHHA

aHa1oro-mH(poBEIX Npeodpa3zoBaTelei.

[To KOMHYECTBY KaHAIOB. IO KOTOPBIM IMOCTYIIAT JaHHEBIE, Pa3IHIAKOT:

- oaHo(a3HBIE PETHCTPHI C OJHHAM KaHATIOM:

- mapada3Hble PErHCTPHl ¢ BBOJIOM JaHHBIX IO MPAMOMY H HHBEPCHOMY

KaHaJIaM.

[To KOMHYECTBY TAKTOB VIIPaBIeHHA /1A 3allHCH JaHHBIX Pa3IHYAKOT:

-  OJHOTAKTHBIE PETHCTPHI:

- IBVXTaAKTHBIE PETHCTPEIL:

- MHOTOTAKTHBIE PETHCTPEL

[To yIIpaBIe€HHK 3allHCHIO JaHHBIX Pa3IHYAIOT:

-  ACHHXpPOHHEIE PETHCTPBHI:

- CHHXPOHHBIE PETHCTPEL



PEI'UCTPbI

1o naznauenuio PETUCTPHI MOAPA3ACIAIOTCA HA pecucmpbl nAdMAMU |

peaucmpul cosuea.

X . Pezucmpul namsamu npeaHasHadeHsbl
n D [ —
J o U1 XpaHeHus UppoBoi HHOpMalK
C
HeDOIBIIOr0 00BEMA.
R (I)—
PerucTprl maMaTH npeacTaBasoT codoi HabOpPEI
X / “ v CHHXPOHHBIX TPUITEPOB C HE3ABUCUMBIMH
n-1 T Jn-1
HHGOPMALHOHHBIMH U 00bEIMHEHHBIMH
. C i
I B OOIIYIO IIMHY CHHXPOHH3AllMH TaAKTOBBIMH
| ”
| | R (|)_ BXoaMH. Kam/blii U3 TpUITEpOB 0becneyuBact
I
: | . XpaHEHHUE OJHOrO Pa3psaaa JBOMYHOIO YHCIA,
| || ¢ B kauecTBe 3J1eMEHTOB NIAMATH PETHCTPA B
|
X L3 p| 7 " OCHOBHOM HCIIOJIb3YIOTCH CHHXPOHHBIC
CHHAPOHH3ALLHA | L ( ' D—TpHrl“epbl.
: :
YCTAHOBKA HYJIA E
. R

(I)}'I-II{I_[HDHH,HBHHH CXEMa n-paspAajaHoro perucTpa rnaM»aTH.



PEI'UCTPbI

oi| rRe| & Peructp namsati COUCPIKHUT YEThIPEXPa3psIHYIO BXOJIHYIO LIHHY DI,
— 0 NO YETBIPEXPa3pAAHYIO BRIXOAHYHO mHHY DO, nuHaMHUECKHH BXO]
— 1 CHHXPOHH3ALMH N0 (PPOHTY TAKTOBBIX UMIYILCOB (, HHBEPCHBIE
| g Bxoael &IE (Bxoaw! “pa3zpeumienune 3anucu’ ), 00beIHHEHHBIE
0 — norukoii M, naeepcunie Bxoasl &OE (Bxoaw “pa3pelenne
— C CUMTHIBAHHA ), 00BeAMHEHHBIE NOoTHKOH M, a Takke npaAMoi BXoa
&IE " copoca R. Ilpu copnagennn Ha Bxonax &IE ypoBHeii norndyeckoro
:g 2 — HYIIS (pa3peieH|e 3anucu) no GpoHTY HMIYJIbCa CHHXPOHH3AIHH
5 B PETHCTP 3alUCBIBAETCA YETBIPEXPA3PSIHOE CIOBO CO BXOIHOM
8O muHbel DI, KoTopoe cunTheIBaeTCA ¢ BRIXOAHOM MHEL DO npu
:8 COBMAICHUH YPOBHEH JIOTHYECKOro HYJIA Ha BXogax &OE
(paspelueHue cuUThIBaHU). EC/iM X014 OBl HA OJTHOM H3 BXOJ0B
— R &OL npucyTCTBYET YPOBEHD JIOTHYECKOH €HHHULIBI, MHKPOCXEMa
HAXO/IHUTCA B COCTOAHHH pﬂﬂﬂMKH}’l’D["ﬂ BbLIXO/4. HpH [Moja4a4c Hd
VYenosHoe 0003HAUEHHE BX0J R ypoBHs JIOrHYECKOH €JHHHIIbI IPOUCXOAUT cOpOC peructpa
CHHXPOHHOTO (BCe TPUITEPE] PErHCTpa YCTAHABIMBAKTCS B HYJIEBOE COCTOSHHE)
YeTHIPEXPa3PATHOTO HE3aBHCHUMO OT CHTHAJIOB HAa OCTAJIbHBIX BXO/aX.
PETHCTPA ITAMATH T'purrepsl peructpa MOryT 3alHCBIBATE 10 YPOBHIO, NIEPEIHEMY

U 3agHeMY (pOHTY.
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PETHC'[[J C ACHHXPOHHBIM VIIPABJICHHCM 3aIlIHCBIO




PET'UCTPbI

P e2UCmpbl cosu2a MOMHMO XPaHCHHA o0ecCIeYrBalOT BBIMOJIHEHHE OIICpallvuH CIIBHIa

IIBOMYHON HH(OPMaLIHH.

Cywynocms coguea COCTOUT B TOM, UTO € IPHUXOOM KayKA0r0 TAKTOBOTO MMITYJIbCA
IPOMCXOUT MEPEe3anuch COJEPIKUMOr0O TPUITEPA KasKI0T0 paspsijia B COCEIHUI pa3psi
0e3 H3MEHEHHA TOPsIKa CIeI0BaHH JIBOMYHBIX IIH(D.

o HARPAGIeNUIo cosued pasiuddilom Odfﬁﬂf!ﬂﬂpﬂﬁ’ﬁé‘”ﬂb.’ﬁpE'EHCmph!, KOTOPLIC
OCYULIECTBIIAIOT CBUT HH(pOPMAIMH BIPABO (PErHCTPhI MPSAMOIO CIBUIa, PErUCTPbI CO
C/IBUTOM BIIPABO) UJTH BIEBO (PErHCTPBI 0OPaTHOrO CABHIa, PETHCTPBI CO CABHIOM
BJIEBO), U pegepcusHbie pecucmpsl (AONYCKAKOT CABUT B 000UX HATIPABICHUSIX ).

Paboty perucrpa cagura Mokno HaOMOIAaTE, HAMPHMEDP, B MHKPOKAIBKYIATOPAX, I71¢ MTPH HADOpe Kawk 101
HH(PE HA KIABHATYPE YHCIA HA MHAHKATOpE cABHraloTca Biaeso. Hanpumep, ana nadopa uncna 41 nyxHo
caenars caenvionee. CHagana HaKHMMAeTed ¥ oTnyckaercs knasuiua ¢ uudpoi 4. Hudpa 4 nosengerca B
KpaiHeH Mparoii MO3HIIHK Ha HHIWKATOpPE. 3aTeM HAXKHMACTCH W OTIyCKaeTesa Knasuia ¢ undpoii 1. B
pesynsTare nH(pa 4 Ha HHIHKATOPE C/IBMTAaeTCA HAa OJHY MO3HIIHIO BICBO, 4 HA €€ MECTE B KpaHHEM MPAaBOoM
MOJIOKEHUH NosiBgeTc uudpa | — Ha HHANUKATOPE BRICBCUMBACSTCS UnuCiio 41,

I 2 3
A TR Yoy
41 2] L&) —— tWiupparop — EI:::;:J —| I Iponececop [ E:;::: —3 [lenmigpatop 8




PET'UCTPbI

CIBHTarMIHE PErHCTPHI IPHMEHAKTCA I714 BRIIOTHEHHA OIepPaIlHi:

-  OOpa3pATHOTO CIBHTAa IIPH peaTH3allHH BBIUYHCIHTSILHBIX AaITOPHTMOB
Had MH(QPOBBEIMH KOJaMH:

- nOpeoOpa30BaHHA MOCIEIOBAaTeIBHOIO KoJa B IapalleldbHBEIH H
Hao0OopOoT:

- 3aIOMHHAHHA JAaHHBIX C IIOCIIEI0BATEIbHBIM JOCTYIIOM:

- BpPEeMEHHOI 3aJepiKKH.

ITapanaensHEIH BEIXO

~— — ~
D Qo in Qn1
—¥ 1T L 1T - I T -I—>Q |
I[Mocneno- E: Q
7 C C C BaTelk-
HEIH
— . . K o K o—1-—1 K BRIROA Q
l | L 0]
C L ]7 — ¢
0 1 2 n-1
Qn-l

COBHrarOIIHHA perucTp Ha JK-TpHrrepax
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BapHaHTHI MOCTPOEHHA CIBHTAOIIHX PETHCTPOB



PEIT'UCTPbI

DD4

<|)_

DO1 DO2
DD1 DD2 DD3
DI—— D| T T T
il g 's 's
C
. . *
"Cbpoc "

DyHKIMOHAIBHAS CXEMa YETBIPEXPA3PAIHOTO MOCIEN0BATEIBHOTO
PETHUCTpa CABMUIra BIPABO (TEPMHH «HOCTE006AMETbHBLI) OTPAKAET TOT (aKT,

4TO B OTOT PETUCTP OAHHbBIE 8600AMCA NOPAIPAOHO).

Peructp npencrasnger cod0i Mocieq0BaTeIbHYIO ENb D-TPUTTEPOB € THHAMHYECKHM
yIIpaBJICHHEM 110 (PPOHTY TAKTOBBIX HMITYILCOB. TaKTOBBIE HMITYILCEI (MMITYIILCHI CIBHTA)
MOCTYIAIOT Ha BCE TPUITEPhl ogHOBpeMeHHO. MHopMalHOHHBIM BX010M D/ perucrpa saBisercs
BxoJ1 Tpurrepa DD1. [Ipu nojgade TaKTOBLIX HMITYJILCOB MPOUCXOIUT MOCIE0BaTeIbHAS 3aIUCh
HH(pOpMaLHK co BXoda )] W ee CABUT B CTOPOHY BO3pacTaHHA HOMEPOB TPUITEPOB (CABHT
BripaBo). s 3anucu B perucTp vemsipexpaspsiono2o ¢l1oBa HeEOOXOAUMO yenbipe TAKTOBbIX

HUMITYIIBCA.



PEI'UCTPbI

JlonycTHM, 4TO B PErHCTP MOCIEA0BATEILHO BBOIUTCA, HAYMHAS ¢ MJIAIIIETO pa3paia,
neouuHblii koa 1101, IpenpapuTenbHelil cOpoc perucTpa NpPoU3BOAUTCS MMOJAYeH CHIrHala
JIOTHYECKOH euHuLbl Ha BXoA “COpoc™ (Bce TpUITEPL! YCTAHABIMBAIOTCS B HYJICBOE
COCTOSIHHE).

DO1 D02 DO3 Dod
DD1 DD2 DD3 DD4 J
Di—— D| T . DI T . D| T * Dl T
—’ C —t" C —t” C
. |— RL ¢ - |— Rl | F Rl ¢ |’ Rl
: : :

"Cbpoc "

C nepBbIM TAKTOBBIM UMITYILCOM B Tpurrep DD 3anuceiBaeTes eIHHULIA MIIAJILICIO pa3psaia
BXO/HOIO ¢0Ba. Co ¢clelyroLUHM TaAKTOBBIM HMITYJILCOM 3Ta ¢IHHHLA OYeT CABHHYTA B
tpurrep DD2, a B Tpurrep DD1 0HOBpEeMEHHO NOCTYIUT UH(POPMALM CIISAYIOEro pa3psia
BXOIHOTO CJI0BA. AHAJOTUYHO MPOUCXOAUT JAAJbHEHIIMH CABHT HH(POPMALIMH B TPUITEPHI
DD3 n DDA4.

[locne yeThipex TAaKTOBBIX UMIYIBCOB KO Ha Bbhixoaax DO1-D0O4 cooTBeTcTBYET
BXOJIHOMY KOJ1y H MOKET OBITh NAPAIITICIIBHO CYMTAH BHEIIHUM YCTPOHCTBOM.

[TocnenoBarenbHOE CUNTBIBAHME HH(OPMAIIMU M3 PETUCTPA OCYLIECTBIAETCA C BHIXO/a
DO4, naunHas ¢ nATOro TAKTOBOTO MMITYIIBCA.
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B peructp nocinenoBareasHO BBOAUTCA JIBOHYHLIH ko 1101,

Ha4yHHad ¢ MIaAIICro paspsid.

Mmnynsc Nel: B tpurrep DDI
3aIIMCLIBAETCA €IUHHIIA
MJIQALICIO pﬂEpHﬂﬂ BXOOHOI'O
CJI0Ba.

Mmnynsc Ne2: Exqunanna
MJIAJIILIETO pa3psia BXOAHOIO
CJIOBA C/IBUTACTCH B TPUITEP
DD?2.

Onuospemenno B Tpurrep DD1
MocTynaet HHpopMaLus
CIIEIYHOILETO paspsjia (HOIb)
BXOJTHOTO CIIOBA.

WUmnynabesr Ne3 u Ned:
[IpoucxoanT nansHEeHIHH
C/IBHT HH(OpPMALIHH B
Tpurrepsl DD3 u DD4,

[Tocne TaKTOBLIX UMITYIILCOB
Nel — Ned kopn Ha BeIXojax
DO1-DO4 tpurrepa
COOTBETCTBYET BXOJAHOMY KOJY.



PET'UCTPbI

Viueepcanbnvie pecucmpul B 3aBUCUMOCTH OT 110,1a4H YIIPABJISAIOIIMX CUTHAJIOB
MOTYT BBITOJTHATE PYHKIIMH PETHCTPOB MaMATH, OHOHAMPABICHHBIX H PEBEPCUBHBIX

PETUCTPOB CABHI'A.

— DR
— DO
— D1
— D2
— D3
— DL

— SR

g

RG
>

Venosuoe 0003HaUeHHE
MHKPOCXEMBI YHHBEPCATBHOTO

YeThIpEXpa3paIHOTO PErucTpa

Muxkpocxema yHUBEPCAIBHOTO YETHIPEXPA3PAIHOTO
pPETUCTPA CONEPIKHUT:

Bx0/1b1 D0O-D3 ns nmogaur uHGoOpMaILHHU 1pU
napauielIbHOM 3aIucH;

BX0J1 DR ju1s nojaud HH(OpMaL|K 1TpH
MOCJIEA0BATENBHOM 3aITUCH M CABUIE BIIPABO;

BXon DL nns nogadu HHGOpMAIUH TIPH
[10CJIC/I0BATEJIbHOM 3aIUCH W CIABUIE BJICBO;

BXO/Ibl SR, SL /11 yripaBieHuUs: peKUMOM paboThl;

TakToBbIN BXOJ C;

ACHMHXPOHHBIH MHBEPCHBIH BX0]1 cOpoca R.



PET'UCTPbI

HpH MoJaa4< CHI'HdJla JIOTHHCCRKOT'O HYJIA Hd BXOJ] R
[MPOHCXOJAHT YVCTAHOBKA BCCX TPHUITCPOB PCIHCTPA B
HYJIEBOC COCTOAHHEC HC3aBHCHMO OT CHI'HAJIOB Ha

— DR E{;J OCTAJIbHBIX BXOJaX PErUCTpa.
— DO 0 — [Ipn Hanm4uu Ha BXOoj€e R CUrHasia JJOrH4ECKOM
] g; 1 = €IMHHLbI PEKUM padOThI perucTpa onpeaesaeTcs
— D3 KOMOHMHALMEH CUTHANIOB Ha YIIPaBIAKIINX BXoaax SR, SL:
— OL 2 — 1) KomOuHaimu ynpasistomux curaanos SR=0, SL=0
— sr 3 |- COOTBETCTBYET PEKUMY XPAHEHUA.
—{ sL 2) Ilpu SR=1, SL=0 no GpoHTY TaKTOBBIX UMITYJILCOB
% C IPOUCXOIUT MOCAEN0BATEIbHAS 3alIUCh HH(POPMALIMK CO

i Bxona DR u coeue ec enpago.

3) I[Ipu SR=0, SL=1 1o ¢poHTY TAKTOBBLIX UMITYJILCOB
MPOMCXOJIUT MOCJIE0BATE/IbHAS 3aITUCh HH(OpMALIUH CO
Bxoaa DL u coeuz ee é1ego.

4) I1pu komOunanuu SR=1, SL=I no GppoHTY TAaKTOBBIX
HUMITYJIbCOB OCYILECTBIACTCS NapajuielibHas 3anucy
unghopmayuu co sxonos D0-D3.

Venoeroe 0003HaueHHE

MHUKPOCXEMBbI YHHBEPCAJIBHOIO

YETBIPEXPA3PAIHOTO PETHCTPA.



DR
L1
ol 2
Ol 3
Dl 4

Dl 5
DI &
DI 7
DI &

PET'UCTPbI

K5551P11A

2 RG

=]

bt

il E

= R 3 <
sL

K355FP11A

RG
DR|

Do 0

D1

D2 1

03
DL 2

Sk 3

SL

c
1%;9

14

13
12

K CNeyow UM paspanam

Do

DoO2
DO3

D04

DO5
DOE

Dy

———— DO8

Hapawueanue pazpsaonocmu
VHUBEPCATbHO20 pecucmpad.




ApudpmMeTnyecKue onepanuu,
BBINOJIHSIEMbIE C IOMOIIBIO OINIEPATOPOB CABHUIA

C nomoIpbo perucTpoB MOYKHO BBIMOJIHATL ONEPALMA YMHOKEHHS HA JBA U JICJIECHUS
Ha JiBa.

YMHOKEHHS XpaHAILErocs Yucia Ha 2 OCYIIECTBIISIETCS ITyTEM CABUTA BJIEBO M 3alUCH
«0» B Mnaguii pasps.

[lenouncrieHHOE JACICHUE XPaAHAIIETOCAs YHMCIa HA 2 OCYHICCTBISACTCS MYTEM CJBHra
BIIpaBo U 3anucH «(0» B cTapiui pa3ps.

Ilpumep
00011 =3,, — caBuraem BJI€EBO
00110=6,,  — caBuraem BIEBO

01100=12,, - takum 00pa3oM, yMHOKWIJIM CHAa4ala Ha 2, OTOM ele pa3 Ha 2.

01011 =11,, - casuraem BIpaBso

00101 =5,, - caBuraem BIpaBo

00010=2,,  — casuraem eue pa3 BIpPaBo

00001 =1,,  — rtakum obpasom, yucio 11 pasaenuan Ha 2, MOIYYUIIOCH 3,

3aTeM S MOACIMIN HA 2, NOAYUYUIOCh 2, U 2 MOACIHIN Ha 2, TOTYUYHIoCh 1.



PEFHCT]JBI CABHIa IIPHUMCHAKT HC TOJIBRKO B KaICCTBC 3allOMHHAROIITHX }’CT]JDﬁCTB,

peo0pa3zoBareicii MoCIeNOBareIbHOTO Kola B MapaUIebHBIN, YCTPOICTB 3aliep:KKH, HO H
CUCTYMKOB HMITYJIbCOR. [IpHMEHEHHE PETHCTPOB B KAUECTBE CUCTYMKOB 0U€HB HE3KOHOMHUHO,

TaK Kak MOAYJb cueta K _=n, B TO BpeMs, Kak A JBOMYHBIX CUCTUNKOB K _=2".

KOJBIEBBIE CYHETYHKH

PacnpoCTpaHEHHOH Pa3HOBHAHOCTBIO TMApPAICTbHBIX CUSTUMKOB ABJIAIOTCA KOMBICBBIC
CUCTYMKH, IIOCTPOCHHBEIE HAa 0a3e PEruCTpoB capura. IlpocTefiimad cxeMa KOJBIEBOIO
CUCTUMKA TIOMYYaeTCad MPH 3aMBIKAHWH TIPAMOTO BHIXOMA PETHMCTpa CABWTa C €r0 BXOMOM. B
TaKOM CIIyuac €IMHMIIA, 3alllicaHHad B PETHCTP Ha IIEPBOM TAKTeE, C BEIXoMa (), CUETUMKA
CHOBa TI0MA/IAET Ha €T0 BXOJI U JaJie€ BECh MK MOBTOPACTCA. MOIYIb CUETa TAKOTO CUETUHMKA
MMEET TO K€ 3HAYCHHE, UTO U PETUCTP CAIBHTa, T. €. K _ =Hn.

DD6 ol Q2 03
DDI DD?2 DD3
pps | 0! = 02 e DD4
X1l & Y ' 510 S| 0 ST 04
0 f{ o1 18] | 9 |63 q° o4
" DDy o Rio R O A
CD—F——I I .

Puc. Hetslpexpaspaansiil KoNbueBol cueryHk Ha RS-Tpurrepax



JI71sl yBe.THUeHHs1 MOAYV.ISl c9eTa MOKHO WIM YBEITHMUHBATh KOJIMYECTBO TPHITEPOR B
KOIbIIC, WIM BRIKYAaTh CUYSTUHKH TMOCIECOOBATeNbHO. Tak, HalpHMep, CUeTUYHK Ha 10
UMIYyIIECOB ( K _ =10 ) MOXKHO peani30BaTh MOCISHOBATENEHBIM COSOUHEHHUEM OIHOTO

CHCTHOTO TPHUITCPA H KOJIBICBEOTO CHETYHRA M3 ITATH TPHITCPOBE.

OCHOBHBEIM  HEJOCTATKOM  KOJBIEBBIX  CUSTUHKOB  ABIACTCA HUX  HH3Kad
[IOMEXO3alHIIEHHOCTh. HarpuMep, ecinu 1o AeiCTBHEM IMOMEXH HCUE3HET 3allliCaHHAA B
CUSTUHK €IHHHIIA, TO BCE TPUITEPH! OKAKYTICA B HYICBOM COCTOAHHH M CUSTUHK paldoTarh
He cMOXeT. [l VeTpaHeHHS MOTO00HBIX C0OeB HCIIONB3YKOTCA PA3UYHBIE CIIOCOOEI
KODPEKLIMH COCTOSAHHA cueTurdka. Ha pHc. IOoKasaHa cxeMa KONBLEBOTO CUETUHMKA C
ABTOMArHUYECKOH KOpPPEKLMEl COCTOAHMA. B 3TOil CXeMe He3aBHCHMO OT TOTO, B KaKOM
COCTOSIHHH TIOCJIE BKIKOUEHHSA OKaKYTCA TPUITEPHI, MOCIIE YETHIPEX TAKTOBBIX HUMITYIIHCORB
Ha Bxofe C' ycTaHOBHTCA Tpedyemoe BxomgHoe cocTosHue (1 0 0 0).
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o— S TQ S TQ S TQ 5170 O
1 C C L C _ ¢ B 04
DD6
o> - = — &
O

Puc. CxeMa KOJIBIEBOro CYETYHKA ¢ ABTOMATHYECKOH KOoppeKiHeil Ha4anbHOro COCTOAHHA.



Konvyesvie cuemuuru
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CxeMa KOJIbIEBOro CYeTYHKA ¢ aBTOMATHYECKOH KOppeKIHEeH HAYallbHOTO COCTONHHA.



KOJIBIEBBIE CHETUUKUAU

Pa3sHOBHIHOCTEK KONBIIEBEIX CUETUHMKOR ABIAKTCA CUETYHKH ﬂﬂ(ﬂHEﬂHﬂ. B smux

CUCTHHKAX BXOI PCTHCTPA COCOMHCH HT C BRIXOIOM Qw d C HHBCPCHBIM BBIXOTOM Q

e

B PE3SVIIETATC, KOITIA HA BXOO CHCTUHEA ITOCTVIIAKT TAKTOBBIC HMIIVIIECEL, TO BHAYAIIC BCC
PaspAObl CHETYHKA 3AITOTHAKTCA CAHHHIIAMI, 4 34TEM — HVIIAMH. Hitxe [IPHUBCICHA CXEMA

QETRIPCAPAZPATHOTO CUCTUHEA ,I[}]{DHCDHEI 1 TAaOIHIA ¢ COCTOAHHAMH €TI0 BEIXOOB.

DD1

S
C
R

7

Qt’

S
C

DD?2

1

Or

-

R| 0

[

2

F

DD3

D

i

0
C

i

DD4

R

0

s
C

R| Op——o

Co

= —&
CocTosiHHE BHIX0J0B UeThIpEXpazpsaaHoro cyeriuka JKoHcoHa
i 2, Q, &, & n Q, o, o, &,
0 ! 0 0 0 4 0 1 1 l
1 1 l 0 0 5 0 0 1 1
2 1 l 1 0 6 0 0 0 I
3 ! l 1 I 7 0 0 0 0




Monyab cdyera cueTunka /[KoHcoHA K _=2n, T.€ B 2 pa3a OOIbIIE MOTYIA CUETa

IPOCTOTO KONMBIIEBOTO cuUeTuMKa. B cueTumke J[KOHCOHA, KaK W B JPYITHX KONBIEBEIX
CYeTUHKaX, MOIyT OBITE COOM, BBI3BAHHBIE MOMEXaMH. /JII4 KOPPEKIMHM HapyIICHHII,
BBI3BAHHBIX COOAMH, TAKKE HCMONB3YIOT CHOCOOBI, C MOMOIIBK KOTOPBIX MPOHU3BOMNUTCH
epexo 13 00 3anpeieHHOH KOMOHHAIN B OTHY U3 Pa3pelIcHHEBIX.

CueTunki J)KOHCOHA IIHPOKO HCHOJB3VIOTCH B IEIHTENAX YACTOTHl HMITYIILCOB,
reHeparopax CIYUaiiHBIX YHCENl, B YCTPOHCTBAX nmaMaTH U ap. Ha 0ase cuerunka /[KOHCOHA
MOYKHO JIETKO PEa30Bark CUCTUMKH C JTOOBIM YETHRIM MOIYIEM cueTa. [Ipi HeoOXomMOCTH
HMETE HEUETHOE 3HAUCHHE MOIY/IM CUeTa MOKHO Ha BXOJ IIEPBOTO pa3pAla IOJaBaTh BMECTO
cirHana @, curHan O, (0, ,, Kak IOKa3aHO Ha PHUCYHKe Hipke. IIpn 3ToM 13 Habopa

BEIXOMHBIX COCTOAHMI CUETUHMKA ,[[H{DHCDHE[ HCKJIOUaeTCA OJHA KOMOoBad KOMOHHAIMA,
COCTABJICHHAA H3 H}’J’[Eﬁ.
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JABONUYHO-AECATUYHDBIE CHETYUKU

,JBDH'IHD—,]EEHTH'IHLIE HIH T€KaJHBIC CYETYHKH MOIVT OBITE PCAli50BAHBEI Ha
0a3c JBOMUHBIX CUSTUHKOB IIPH  TIOMOIITH B3aHMHOH CBA3H MCHIY OTIOCIIBHBEIMI
TPHITCPpAMH, BXOAINHMH B CHCTUHK. Hirxe 1mokaszaHa cXeMa JEKagHOTO CUETYHKA,
[IOCTPOCHHAA HaA 0aze HETRIPEXPA3PAAHOIO ABOHYHOIO CHCTYHKA. B sTOoM cueTumKe
B3aliMHBEI COCIHMHCHHA TPHITCPOB BBRIIMOIMHCHEL TaK, YTO IICPBBIC OCBATH CUCTHEIX
HITYIIBCOB TIOBTOPAOT BBIXOOHEBIC CHIHAIEBEI TPHITCPOB IA AOBOHYHOIO CHCTHHKA, 4
MTOCIETHHI CUETHEII HMIIVIIEC BO3SBPAMIACT CHCTUHK B HCXOJHOC COCTOAHIIC,
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Puc. Cxema [eKaHOTO CUETUHKA HA CUETHRIX TpHMITEpax
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