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Mpenucnosue

Lludpopasi 21eKTPOHUKA SBJISIETCS MHTEpeCHEHLUE, CTPEMHUTENIBHO pa3BUBAIO-
ueiica B MmocjegHue roabl 0BJIACTHI0 COBPEMEHHOI 3MeKTpoHUKU. He ToNBKO
UHXEHEPbI-3JIEKTPOHIUMKH, HO M CIELMATUCTBI APYTUX JUCLMIUIUH CTPEMSITCS
pacluMpUTh MO3HAHUA B 3TOU HOBOK 0DOMACTU TeXHHUKU. B «DnekTpoHuKe 3»*
ObLTO M3/I0XKEHO KpaTKoe BBeIEHWE B Kypc HU(POBOH MeKTPOHMKH. laHHas
KHHra, «DJeKTpoHHKa 4» (B pycckoM nepeBoge «LludpoBas anekTpoHUKa» —
NPUM. pel.), II03BOJISET IMTPHOOpecTH OOILIUpPHBIC 3HAHUSI B 3TOil 06/MacTH.

[Ipennonaraercsi, YTO YUTATEIb 3HAKOM C OCHOBAMU 3JIEKTPOTEXHUKH U 3NEK-
TPOHHMKHW, KOTOpble HEOOXOAMMBI JUIA TIOHUMAaHHSI HEKOTOPLIX [JIaB 3TOi KHHUIH.
BOoNBLIMHCTBO pa3aesioB NOCTYITHO 0e3 CeliMa/IbHBIX MIPeIBaPHUTE/IbHbIX 3HAHHUH.
Yuraremo MpuaeTcsa NMPUBBIKHYTh K MPUHATOMY B JaHHON 00JacTH 3NMEKTPOHU-
KU «IIUPpPOBOMY MBILILIEHUIO».

Ocoboe BHUMaHUe YOeaseTCs SICHOMY H MCYEPIIBIBAIOIIEMY H3JIOXEHHUIO Ma-
Tepuana. [TocnenoBarebHO packpbiBaeTcss MUP LM(pPOBOit 3JIEKTPOHUKH, ee B3a-
HMOCBSI3b C IPYTUMH O0JACTAMM TeXHHUKH. TIpH 3TOM HMCIIOAB30BaH OMBIT UTH-
TEJIbHOW TMpenogaBaTeNIbCKOM AEATENBHOCTH aBTOpa yyeOHHMKa.

KHHra MoXeT HCHONb30BaThCsl KaK B Ka4ecTBE OCHOBHOIO y4yeOHHKA IS
KYPCOB I10 CITELMATBHOCTH, TaK U JUIS CAMOCTOATENBHOrO 00yyeHusi. KoHTponbHbIe
TECTHI C BOMPOCAaMH M 3a0aYyaMy B KOHLIE KaXXI0i ITaBbl [MO3BOJISAIOT MPOBEPUTH
MOHUMaHUe TIPOMIeHHOro Marepuaia. PellleHusi IpuBeIeHbl B KOHLIE Y4eOHUKa.

Knura npegHasHayeHa IS CTyIeHTOB 3JIeKTPOTEXHUYECKHX U MaLIMHOCTPO-
WUTENBHBIX CIIELIMAIBHOCTEH, HHXEHEPOB-MPAKTUKOB, TEXHHKOB, a TAKXE BCEX,
KTO MHTepecyeTcs COBpeMeHHOH LU(POBOi TEXHUKOM.

BceMm, KTo mpuHSUT yyacTue B paboTe Hag KHUIOi, BeIpaxkaio CBOKO cepaey-
Hy10 npu3HarenbHocTh. OTaenbHast OiarogapHocTb u3fatenscTBy Vogel Buchverlag.
Bcerna pag oT3piBaM 4YMTaTeNeil U NPeIUIOXKEHHMSM 110 YIYyYLIeHHIO TeKCTa.

Banbokupx/bpaiisray

Kaaye boiim

* Elektronik 3.Grundschaltungen von Beuth, Klaus/Schmusch, Wolfgang. Vogel Buchverlag,
2003. Ha pycckwuit A3bIK He nepesoawiack. — [Ipum. pen.



NMABA 1

OCHOBHbIE NOHATUA

1.1. AHanoroeoe n undppoBoe NpencrasieHne BenimH

TToHATHA «aHAJIOTOBBIN» M «I{H(POBOIT» MPHUIIUIA U3 BHMUCIHTEIBHON TEXHUKHU
M CTaJIH OOLICTIPUHATHIMH IS BCEHl SJIEKTPOTEXHHMKHM, BKIIOYAs pasmelibl H3Me-
PUTEIBbHOM TEXHUKHM (METPOJIOTHH).

1.1.1. AHanoroeoe npeacraBneHUe BENMYUH

s mpeacraBiieHls BeJIMYMHEI B aHAJIONOBOM (hopMe TpebyeTcs anatozuunas, To
€CTh «COOTBETCTBYIOIas» u3nyecKas BeJMYMHA. s aHANOrOBBIX BHIYMCIIMU-
TEJIbHBIX MAalllHH TaKOM aHaJIOTHYHOMI BEJIMYHMHOMN ABIIAETCS DIIEKTPHYECKOE Ha-
npspkenne. Tak, HapUMep, YHUCIIO MOXHO TPEACTABUTE CIEAYIOLIUM 00pasoM:

Yucny 1 coOTBETCTBYET 3HA4YEHWEe HanpsxeHua B 1 BonbT (B).

(£ o3HaYaeT «COOTBETCTBYET»).

Hanee 2 BoibTa COOTBETCTBYIOT YHMCHy 2 U 3,6 Bonbra — 4ucxy 3,6. s
npeacrapiaeHus yucna 4,365, TakuM o6pazoM, HeoOxopuMo HanpspkeHue 4,365 B.
Yro6bl pabotaTh ¢ GONMBIIMMH YHCIaMHA, HYKHO BHIOpaTh Apyroi Iopsanok, T. €.
npyroit Maciuta6, HanpuMmep 1 £ 1 MB. MHa4ye Mbr 6yneM MMeTh A€JIO CO CIIMIL-
KOM BBICOKMM HAIIPSTCKeHUEM.

AHanorogsie BeNUYUHbl — 3TO 3HAYEHUA COOTBETCTRYIOWWX (PUINYECKUX BENU-
YMH, KOTOPbLIE MOTYT NpuHuMaTe Moboe 3Ha4eHne B npegenax gonycTmmMoro gua-
nasgoHa.

ToyHoCTh MNpencTaBleHUs AaHAIOTOBBIX BEJIUYUH 3aBUCHT OT TOYHOCTH, C
KOTOpPOI MOIYT OBITh M3MEpEHBl COOTBETCTBYIOLIWE€ MM BEJIWYMHBI. 34€Ch MH
ObICTPO cTaJIKUBaeMcs ¢ (PU3HYeCKUMM orpaHudeHussMH. HanpspkeHue mMoxer
6BITh M3MepeHO 6e3 MpUMeHEeHHs CTIEIMATbHBIX pellleHui ¢ ToUHOCThIo 10 + 1 %,
¢ npuMeHeHHeM Gojiee noporux pemenuit — g0 * 0,1 %o. Ilpu nanpHefIeM
YBEMHYEHHH TOYHOCTH PE3KO BO3pacTaeT CTOMMOCTh H3MepeHHi. [Ipyroii ¢usn-
YeCcKOH rpaHulIed SBIgeTcs 3aBUCUMOCTE OT TEMIIEpaTypHI.

AHaANOroBLIe BENUUUHLL MOryT 00bI4HO ObiTe NMPeacTaBNeHbl C TOYHOCTbID A0
TPETLEro ABCATUYHOrO 3HaKa.

HpOCTOﬁ aHaJIoroBoif BEIYMCIUTENBHOM MAIUMHOM SBISIETCS NJaBHO U3BECT-
Has norapm;bMuqec:Kaa NMvHelKa. B xauecTBe COOTBETCTBYIOIIEH BEJIUYMHBI HUC-
IMOJIB3YETCA JJIMHA. HJ'IHHH COOTBETCTBYET YHCJICHHBIM 3HAYCHUAM B HO[‘apH(IJ-



1.1. Ananozo60e u yugpoeoe npedcmaeienue 6eAUHUH I\D

AHANOroBas BENWYMHA
qa

Puc. 1.1. AHanorosoe npeacrapjieHHe H3Meps-
eMOH BeJTHYHHEI. Puc. 1.2. AHanorossie Yachl.

MUYeckKoM Macitabe. TakuM oGpa3oM, 3aBUCHMOCTh MeXAYy aHAJIOTOBOM BeIH-
YAHOM M COOTBETCTBYIOIIMMH €ii BeIHUMHAMH TAKXKe HODKHA ObITh HEJIMHEH-
Hoit. TouHocTh MOrapUPMUYECKOM JIMHEMKH 3aBHCHUT OT BO3MOXHOCTH TOYHO
paccMoOTpeTh €€ MOKa3aHMs.

B M3MepuTE/IbHOM TEXHUKE aHAJIOr0BOE IpeCTABIIEHUE BEJIMYMH UMEET OCO-
OeHHO Bosbinoe 3HayeHue. CTpesioYHble U3MEpHTEIbHbIE NMPUOOPHI NMpeICTaARIIS-
0T U3MepsAeMble BEIMYMHBI B aHAJIOTOBOM Bue (puc. 1.1). AHanorosas BeJIH4M-
Ha — 3TO yToJI, KOTOPBI cTpesiKa o6pa3yer co CBOe HYJIEBOM TMHHUEN WJIIH COOT-
BETCTBYIOIIMIt y4yacTOK wKaibl. CTpenka nmpubopa MoXeT MokKasaThb JiiobGoe
3HAUYeHHe B Mpeaesiax IIKaJbl.

Crpeounsie Yackl Ha puc. 1.2 IOKa3pBalOT BpeMs B aHAJIOrOBOM ¢opme.
AHaNOrOBOH BEIWYMHON sBNISETCS yrod WK jayra. JlomycTHMBIM JHana30HOM B
JaHHOM ciydae 6yayT 360 rpamycos, T. €. IOJHBIA 060pPOT CTPENKH.

HuarpamMbl Ha puc. 1.3 TakxKe SIBISAIOTCS AHAJIOTOBBIMM IpecTaBIeHHUSAMH
BEJIMYMH. AHATOrOBOI BEIMYMHOH B JAHHOM CIIy4ae SIBISIETCS BBICOTA CTONOHKA.

OcuwutorpaMMma IepeMeHHOIO HallpsDKeHHMsi Ha puc. 1.4 Takke SABISETCA
aHAJIOTOBOM BeJIMYHHOM. HanpsoxkeHue MoXeT IPHHNMATS JTI00ble 3HAYEHUS BHYT-
PH JONYCTUMOTrO JAvana3oHa.

IIpu aHanOroBoM IpeACTaBICHNH BETMYMH MOXHO [I€JIaTh BBHIBOABI O TPEHAE

(TeHAEHLIMY pa3BHUTHS) Tpollecca.
L
,__A/\
v

Puc. 1.3. Asanoroeoe npeacrapneHue, HanpH- Puc. 1.4. AHanorosoe npeacTaBieHHe Hanps-
Mep, 3apaboTHas IL1aTa pa3/IN4HbIX podeccHii. KEHHA.
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1.1.2. UudpoBoe npeacraBneHve BeNUYuH

IIpu tmdpoBoM npencTaBIeHUH MPUMEHSIOT JIEMEHTHI, KOTOPbie MOXHO CO-
cuuTarh. [ToHATHE «I(POBOIT» MPOUCXOANT OT JIATMHCKOro ciiopa digitus (ma-
Jieir). Yucino MOXHO MpPeACTaBUTh, HAIIPUMED, KOJIMYECTBOM nanbles. [IpocThiM
1UGPOBEIM CYETINKOM SIBJISIOTCS] BCeM M3BeCcTHBIe cueTHl (puc. 1.5). Yncmo nmpen-
CTaBJISIETCS] KOJIMYECTBOM KOCTSILIEK.

LUndposbie BENUYUHB COCTOAT U3 3MEMEHTOB, KOTOPbLIE MOXHO COCYMTATh.

IIpenMyiiecTBO LM(POBOTO MpeACTABICHHS 04eBHAHO. TOYHOCTD IIPEACTaB-
JIEHHsI HE OrpaHUYMBAIOT pusndeckue 3pdekTsl. Ecnu yBeTUYHTDL YUCIIO KOCTS -
IleK Ha cYeTaX, YBEJMYUTCS M TOYHOCTb.

LUndpossie BeanynHbL MOXHO nNpeacTaensTe ¢ N060A TOHHOCTLIO.

B 3neKTpOHHBIX KaJIbKYJISATOpaXx BMECTO KOCTSIIEK IPUMEHSIOT JJIEKTpHYe-
CKHe UMITYIbCHL. YHCca0 3 MOXHO IPEeACTABHTh TPEMS HMITYJIbCaMH, & YMciio 37 —
cooTBeTcTBeHHO 37. OIHAKO Takoe MpeAcTaBleHre HEPAIIMOHATBHO H He TIpH-
MeHsieTca. Benp mma gmciaa 100 000 6npu1o 6B HEOOXOAMMO HMCIIOIBL30BATh
100 000 uMIyNIBCOB, a 9TO IOYTH HepeaibHO.

Ilna mpencTaBaeHus 4uces B IHGPOBOM BHAE NMPHMEHSIOT TaK Ha3bIBaeMbIe
konbl. Ha puc. 1.6 noka3zaHa auarpaMma uugpoBOro CMrHania.
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Puc. 1.5. CueTsl KaKk npuMep NpocToro ug- Puc. 1.6. BpemeHHaa auarpamma LH¢pPOBOro
POBOrO CYETYMKA. CUrHana.

Tak kak L[Hq}pOBHB BEIIHYHUHBI COCTOAT U3 3JIEMEHTOB, KOTOPBIEC MOXKHO CO-
CYHUTATB, TO JUIA HATNNMATHOCTHA NPHUMCHAKOT ITPEACTABIICHHUE BEJIMMHUH B BUIEC YHCEIL.

Oto6paxerue nHdopmaymy ¢ nNomMowsld unmdp HassieaeTcsa ungpPoBOR NHAKN-
Kauuemn,

Wsmepurensabie Tpubopel ¢ 1HGPOBOIl MHAVMKALMEH Ha3bIBAIOTCA HHEPPO-
BeiMu npubopamu (puc. 1.7). Yacsl ¢ undpoBoit HHAMKaMEH Ha3bIBalOTCS WAQ-
POBLIMH YacaMH.

Lindposeie MHOMKATOPEI OAHO3HAYHBI.

338Ae.

———————— Puc. 1.7. Ludpopas nHAHKaIMs H3MepHTeIBHOro npubopa.




1.2. Bunapuuvle u nozueckue cocmoanus @)

1.2. BuHapHbie n norM4yeckme CoCTOSHUSA

ITudposas BeMYHHA COCTOMT, KaK OBUIO YCTAHOBJIEHO B MpEILIIYIIEM pa3ele,
M3 3JIEMEHTOB, KOTOPbl€ MOXHO COCYHMTATh. DTH 3JIEMEHTBI MOIYyT MMETh JBa,
TpH WK 6onpiue coctoauuit. Ha puc. 1.8 u3o06paxeH curHai ¢ TpeMs BO3MOX-
HbeIMH cocTogHusMH: 10 B, 5 B u 0 B.

A

ol

Puc. 1.8. Hudposoii curHan ¢ TpeMs BOZMOXHBIMH COCTOSIHUAMH.

LindpoBbie curHanel MorytT uMeTb ABa, TpW v Gonblie 3HaYeHui, T. e. [Ba,
TpY Unn Bonbwe GUKCUPOBAHHBIX COCTOAHWIA.

OnHako B IH(pPOBOI 3JEKTPOHUKE 3JIEMEHTHI MIOYTH BCErIa MMEKT TOJBKO
JIBa COCTOAHMA. TpaH3uCTOp MOXET OBITh TUOO 3aKPbIT, IUOO HACHILEH. DJIEKT-
PHYECKUH MMITYIbC MM CYIIECTBYET, MIHM HET. ECThb TONBKO JBa BO3MOXHBIX
cocTosgHMsA UdpoBoro sneMenTa. HanpsokeHue MMeeT COIIacOBAHHOE BEpXHeEe
3HaYeHHEe WIM COITIaCOBaHHOE HIDKHee 3HaYeHUe (C OIpeNeIeHHbIM JOIIYCKOM).

OO6biyHbIE UMPPOBLIE 3NEMEHTHI ABNAIOTCA «ABY3HAYHBIMW», T. €. UMEIOT ABa
BO3MOXHBIX COCTOAHUS.

CBOICTBO IBY3HAYHOCTH 3JIEMEHTOB BHIPAXKAIOT TEPMUHOM «OMHApHOCTB» (OT
JIATUHCKOrO cioBa bin — aBaxasl). IIpuMeHsieMbie B ITU(DPOBOH 2JIEKTPOHUKE
SJIEMEHTHI SIBJIAIOTCS OMHAPHBIMH 3JIEMEHTAMHU.

Tak kak undpoBas INEKTPOHWKA UCMNOAL3YET TONLKO BUHApPHbLIE ANneMeHTHl, Bo-
nee To4HO ee cneporano 6wl HasbiBaTe «BuHapHas uMdPOBaR BNEKTPOHWKA».

CoOTBETCTBEHHO JUISI UUGMPOBBIX MHUKPOCXEM TaKXKe NOJDKHO ObUIO OBl HMC-
MoNMb30BaThCad 0003HaYeHHe «OHMHapHBIe HM(ppoBBIe MUKpocxeMbl». Ho Tak Kak
B HAacTOsAIIEe BPEMs HE UMEETCS — II0 KpaillHel Mepe B TEXHMYECKOIT obnacTu —
HHUKaKoO#i Ipyroii mudpoBoil TEXHUKH, TO JHOMOJHUTENBHOE CIIOBO «OMHapHas»
MOXHO He HMCIONb30BaTh. COBCEM HEOABHO Y3HAJIM, YTOQ CYILISCTBYET YEThIpEX-
3HayHas «ucpoBas TeXHUKa» B MUPe XKUBbIX cyliecTB. OHa MCIOMB3yeTCs MpexIe
BCEro Ui KOOWPOBAaHHUS, COXpaHEHUS, BHIOODKM U Mepenadyd HacleICTBeHHOM
uHopmaunu. PesynbTaThl HJalbHEHIINMX UCCIETOBAHUI MOKAXYT, MPEBOCXOMUT
1 uudgpoBasd TeXHHKa MPUPOALI IPUIYMAHHYIO JIIOAbMH.
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IIpuMepsl OMHAPHBIX COCTOSTHHIA:

bunapHble coCTOSIHUS B LM(PPOBOii TEXHUKE TAKXKe Ha3bIBAIOT UH(POBLIMH.

Ilepsoe Ounapuoe cocTosHue

Bropoe Gunapuoe cocrosmue

K104y pa3zoMKHYT
TpaH3UCTOP OTKPHIT
HanpsaxeHue BhICOKOE
Marepuan MarHUTHBIA
Hmnynsca HeT
Juon 3akpeIT

Tok manerit

Hmnynasc ecth
Juon oTKphIT
Tox Gonboii
Kniou 3aMKHyT
TpaH3uCTOP 3aKPHIT
Hanpsxenue HU3K0e

Marepuan HeMarHUTHBIN

Tak kak B mA(pPOBOI 3NEKTPOHUKE PaboTalOT ¢ MHKPOCXeMaMH, TO IIpeXae
BCEro OMHAPHBIMHM SBJIAIOTCA YPOBHHM HanpspkeHust. [IpoM3BoguTeNH yKa3pBaioT
A HPOBBIX MHKPOCXeM OMHAPHBIE COCTOSIHHS HAIIPSDKEHHMS B HHCTPYKIIHAX
IO 3KCIUTyaTanuy. THIHYHbIE OMHApHBIE COCTOSIHUS HAIPSDKEHMS:

+2 B 0 B (zazemneHue)
+5B 0 B (3azemneHue)
+5 B —5B
+12 B 0B
0B —12 B

[l OMHApHBIX COCTOSAHHIT HANPSDKEHUS MMEIOTCS OIpeaesieHHbIE JOMYCKH
(puc. 1.9). HanmpuMep, HanpsokeHUe MOXET HMETh OJJHO OMHapHOE COCTOSIHHE B
npenenax oT 4 no 5,5 B. HanpskeHue apyroro G6MHApHOIO COCTOSIHUSI MOXET
6eiTh Mexay 0 B u +0,8 B. HU3KHWMU yposeHb HanpskeHUs: 0603HAYaeTCsi CHM-
BonoM L (ot aurmmiickoro low — Huskuit), BBICOKUY ypoBeHb HanpspkeHUs
cumBoiioM H (ot anmmiickoro high — Beicokwmit).

| L = Low = HU3KMM ypoBeHb. ]

VpoBeHb, CTpeMIIIUHCSI K MUHYC OECKOHEYHOCTH (— ).

L = High = BbICOKWI yposeHs. I

VYpoBeHb, CTPEeMSAIIHIICA K IUIIOC OECKOHEYHOCTH (+ ).

buHapHble COCTOAHHS caMH 10 cebe HMYero He BhIpaxaioT. UM TOMKHBI
OBITH NTOCTABJIEHBL B COOTBETCTBUE TaK HAa3bIBaeMble JIOTUYECKHE COCTOSTHHS.

Jlornyeckoe coctosiHue 1 B areGpe JJOTMKHW Ha3BIBAIOT «BEPHO» MM «HC-
THHHO». Jlornueckoe coctosiHne ( 3HAYMUT «HEBEPHO» MIIM COOTBETCTBEHHO
«JIOKHO».



Konmponavuwiti mecm | E)

55
5r ] L (BBICOKWIA)
45

08-
I H (HU3KW)

Puc. 1.9. Jlonycku 6MHApHBIX YPOBHEH HANPAXKECHHUA.

MpucesaneaHme BUHAPHOro COCTOSIHNA NOrMHYECKOMY NPOM3BOAUTCH NPOV3BOALHO,

[IpuHaTOEe COOTBETCTBHE GMHAPHEIX M JIOTHYECKMX COCTOSTHMI JOJDKHO CO-
GirogaThest AJIsk BCero npoekTa. THIMYHBIA IpuMep:

0 £ L = 0 B (3asemnenune)

1&4H=458B

WIH €llle TAKOW BAPWAHT:
02H=+5B
1 £ L =0 B (3azemneHue).

B cucremax, B KOTOPbIX JIOTUYECKHE COCTOSIHUS SKBHBATICHTHBI KAKMM-JIHO0
CUTHaJaM WK (HU3MYEeCKHM BeJIMYMHAM, HAallpMMeEpP TOJIOXHTENbHBIM WIH OT-
PHUITaTEIbHBIM MMITYJIbCAM, HATMYHUIO WM OTCYTCTBUIO MMITYJIbCOB, ABYM pa3-
JIMYHBIM YacTOTaM M T. A. — JUISA NMPeICTaBJeHHS 3THX CUTHAJIOB M BEJIWYUH
MOXHO npuMeHsTh Tepmubl BBICOKHMH yposens (cumson H) u HU3KUN
ypoBeHb (cumBoin L). Tlpu aroMm Tpebyercsi cobmogare OIHO3HAYHOCThL MPHU-
CBOEHMHSI.

He cneayer nyrarb Mexny coboil oHsITHsI OMHAapHBIX COCTOSIHUIL (HarpuMep
BEICOKHMH u HU3KHMH ypoBHM) U JIOTHYECKMX COCTOSTHMIA. JIorMuecKue co-
CTOSIHMSA B ajireOpe JIOTMKH HA3BIBAIOT Takke BeamunHaMu. IlonpoOHee o pasHu-
1€ B 3THX MOHSATHSAX MOXHO npouutaTh B DIN 40900, yacts 12 (O6o3HaueHHs
yCIIOBHBIE TpadMYecKHe Ha 3JIEKTPHYECKHX CXeMax).

KOHTPONbHbIA TECT

1. Yem ommmyaercs nudpoBas BeTHYMHA OT aHATIOTOBOM?

2. HazoBuTe mpeuMyliecTBa M HEIOCTATKH aHAJOTOBOrO NMpeACTaBIeHHS
DAHHBIX.

3. Yro noHumMaloT noja OMHAapHOIl BeTMYMHOMU?
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4. Kakasi TOYHOCTh BO3MOXHa NPH UHU(GPPOBOM IPENCTaBIEHUH TaHHbIX?

5. B HHCTPYKUMAX TMPOU3BOAUTENM LUGMPOBLIX CXEM YaCcTO YKa3bBaloT 000-
3HadyeHusd L u H. Yto 03HA4al0T 3TH CUMBOJIBI?

6. Yto Takoe JTJOrH4eCcKMe COCTOSTHUS U KAKMMH CMMBOJIaMH OHH 0003Ha4a-
1oTca?

7. Kak npeacTaBisitoTCsi JaHHbIe

a) aHAJIOrOBBIM M3MEPUTEJIBHBIM ITPHOOPOM;

6) 1 poBBIM U3MEPUTENIBHBIM ITpHOOpOM?



rNNMABA 2

JIOTMYECKUE SJIEMEHTHI

2.1. OCHOBHbIE 3aKOHbI U 3N1EMEHTLI anrebpbl I0rMKK

2.1.1. Jloru4yeckuir anemeHT U
M onepauusa Norn4eckoro yMHoOXeHUs (KOHBIOHKLWN)

IIpennmoxenue «Ecnu 3aBTpa Oyaer xopollas moroga M Opar IpuUeneT, TO MBI
1oiizieM Ha puIOAIKY» CONEPXUT B ceGe Onepaluio JTIOrM4ecKoro ymuoxcenus .
YcnoBue A (xopolasd moroaa) M yciosHe B (Opar npueneT) DOJDKHBI OJHOBpE-
MEHHO BBINIONHHUTLCS, YTOOBI AeiicTBue X (peibanka) cBepiumiock. CkazaHHOe
WITocTpupyeT Tabnuua uctHHHOCTH (puc. 2.1). Coctosinue 1 3HAYMT «BEPHO»
WIH «ucTAHA». CocTossHUE () 3HAYMT «HEBEPHO» MIIH «JI0XKb». BO3MOXHBI YeThIpe
koMOuHaumu. IlocnenoBaTenbHOCT KOMOMHALMIA B MPUHLIMIIE HE HMEET 3HaYe-
HUS, OIHAKO, KaK OyAeT IMOoKa3aHO I03Xe, OHA JIOJDKHA COOTBETCTBOBATh OIIpe-
JIeJIeHHOH cXeMe.

DJIEKTPOHHYIO CXeMy, B KOTOPOi CHUTHal | Ha BBIXONE INOSBISETCS TOJIBKO
TOrIa, KOrjaa Ha Bxofie A M Bxoie B cOBMaaloT CUTHANBI |, HA3bIBAETCS JIOTMYe-
ckuM anemeHToM U (M-BeHTWIB).

ITpocreiimuit M-BeHTWIb HA IOCJIENOBATENIBHO BKIIOYEHHBIX KOHTAaKTOPax
MOXeT ObITh pealH30BaH o cXxeMe Ha puc. 2.2. Ho B HacToslllee BpeMs I10YTH
BCcerga NMPHUMEHSIOTCA MHTEerpUPOBAHHBIE TMOMYIMPOBONHUKOBEIE MHKPOCXEMBI
(cM. pasmen «CeMeiicTBa CXeM»).

Nobas cxema, yaoenetTsopswowan Tat}nmu.e MCTUHHOCTK NOrM4ecKoro ymHoxe-
HWUA, ABNAETCA NOrM4eCKMM 3NeMeHTOM .

Hnsg o6o3Hayenus: onepauuu U B anrebpe JTOrMKy MCINONB3YETCS CHMBOI A.

X=AAB

B mmreparype BcTpeyaroTcs IPYrHMe CUMBOJIBL UL 0603HAYEHHSE JIOTHYECKOTO
YMHOXeHUsI, Touka ( - ) mim &:

X=A-B; X=A4A&B.

Coorteercreue:
0 £ 0 B (semna)

el FE
==

Puc. 2.1. Tadbnuua MCTUHHOCTH JIOrMYECKOro
yMHOXeHus u U-3neMenTa. Puc. 2.2. U-anemeHT.

Scan Bookingolz
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cTaHaapt (CLUA)

Puc. 2.3. YcinoBHble 0003HaYeHHA M-31eMEHTOB ¢ ABYMSA BXOJaMH.

YcnosHoe 0603HaUeHHE JIOTHYECKOTO MeMeHTa M ¢ IByMst BXomaMH MoKa3a-
HO Ha puc. 2.3. O60o3HaYeHUsI BXOIOB M BEIXOJIOB MOTYT ObITh JI06eIMH. YacTo
BxoIbl 00o3HavyaoT A 1 B, a Beixon — X uwnu Q.

Ha BBixome mornyeckoro anemeHTa M curxan 1 mosiBMTCS TOJMBKO TOrAa, KOr-
Jia Ha BCeX BXOJIAX COBIAIYT CUTHAJBI 1.

2.1.2. Norn4eckunia anemeHt U
M onepauuns NorM4eckoro CnoXeHus (AN3bIOHKUMK)

TIpemnoxenne «Ecnu g mojiydy Hacne/ICTBO WIN BHIUTPAIO B JIOTEPEIO, TO MOEHY
B KPYTOCBETHOE ITYTELIECTBHE» CONEPXKMT B cebe omnepaluio JOri4ecKoro caomxce-
nus WIH. IlyrenmiecTBHe CTAaHOBHTCS BO3MOXHBIM IIPM MCTUHHOCTH YCJIOBHA A
(HacnencTBO) WIH YCIoBUs B (loTepesi), WM TIPHU BHIITOJTHEHUH O00OMX YCIIOBMIA
onHoBpeMeHHO. CKa3zaHHOe WUIIOCTPUpPYeT TabnWia MCTHHHOCTH Ha puc. 2.4
(cocTosiHue 1 3HAYUT «MCTHHA», COCTOSIHHE () 3HAYUT «WIOXKHO»).

5 +5B

CooTtaseTtcTene:

A 0 £ 0 B (aemns)
p@_ 12458

Puc. 2.4. Tabnuua MCTUHHOCTH NOFHUYECKOro
cnoxennna u UJ1H-anemenTa. Puc. 2.5. UIN-anemeHT.

DnekTpoHHas cxeMa, Ha Bbixoe X KOTOpOH INOosABJIsAETCA CHTHal 1, ecnu Ha
Bxone A v Bxofe B Wiu Ha 060HX BXOHax IMPUCYTCTBYeT CHTHAI 1, Ha3nIBaeTcs
norudeckuM anemenToM UJIHU. Bnement UJIH moxer ObITh peany30BaH 10 cxe-
Me Ha puc. 2.5.

Peneiinas cxeMa mpuBeneHa A HarnsanHoctd. Ceromus snemeHTtnl WK
TIOYTH BCETA MCIIONB3YIOTCS B BHAE WHTETPHPOBAHHBIX MOJYNPOBOAHUKOBBIX
MHKPOCXEM.

Niobas cxema, yaosneTeopsaiowan tabnuue MCTMHHOCTU ROMMYECKOro CRoXe-
HWUS, ABNAETCA NOTUYECKUM anemeHTom WA,

Jns o6o3navenus onepamu MJIA B anreGpe JIOrMKu MCITONIB3yeTCs CHMBOI V.

X=AvB

Taxke B JMTEepaType BCTpedaeTcsi 3HaK + Uig 0003HAYeHHS JIOTUYECKOTO
CIIOXKEHHS.

X=A+B
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A—z1 A —— A
X X X
B 8 — B

craHaapr (CLUA)
Puc. 2.6. Ycioshble 06o3nayenns MM -31eMEHTOB ¢ ABYMS BXOAaMH.

YcnoBHoe obo3HaveHHe noruueckoro snementa UM ¢ mpyma Bxomamu mo-
Ka3aHo Ha puc. 2.6. CuMmBoa = 1 o3Ha4aeT, 4YTO XOTSI OBl Ha OTHOM H3 BXOIOB
JIOJDKEH OBbITh CHTHAJ 1 JUISI TTOSIBIIEHUWSI €IMHUIBI Ha BBIXOJIE.

Ha Beixone norvdeckoro anementa WM curHan 1 nosBnTCA TONLKO TOraa, Kor-
Aa xoTa 6bl Ha O4HOM M3 ero BXOAO0B NPUCYTCTBYET curHan 1.

2.1.3. Nlornyeckuin anemeHT HE
M onepaumna MHBepcuU (OTpULAHUA)

IIpennoxenne «Ecnu npuener Opar, To si He NOMIY CErojiHsl Be4epoM B Tearp»
o3HavaeT ompuyanue. Ecnu BHicKasbiBanme A (mpue3s Opara) BepHO, TO Hei-
ctBUe X (moceleHUe TeaTpa) He mpou3oineT. Eciu HeBepHO BhICKA3bIBaHHE A,
TO BbicKa3biBaHKe X OyaeT BepHBIM, U s uay B TeaTrp. CoOoTBeTCTBYIOIIAS TabIH-
11a ICTUHHOCTH (pHc 2.7) HMEeT TOJLKO ABa BO3MOXHbBIX BapHaHTa.

DNEKTPOHHYIO CXEeMY, COCTORHUE Ha Bbixoae X KOTOPOW BCEerna npoTuBONONOXHO
COCTOSIHWIO HA BXOAE A, Ha3biBAKT NOrMYecKuM anemeHTom HE unu MHBEPTOPOM.

Ha puc. 2.8 mpuBeneHa cxema Jyiormyeckoro sneMeHta HE. Kak u panee
paccMOTpeHHEBIE JIOTHUeCKHe 3eMeHThl, BeHTHIH HE moyTH Bcerma mcrnonis3y-
10TCS B BH€ MHTErPAPOBAHHBIX IMOIYIIPOBOJHUKOBHIX MUKPOCXEM.

Niban cxema, yaoeneTsopsiowas 1abnvue NCTUHHOCTM AOTMYECKOr0 MHBEPTHU-
poBaHUA, ABASETCA Normdyeckmm anemeHTom HE.

+5B CooTeeTcTBHE:
Bap. |A| X A 0 £ 0 B (3emns)
I E . 12458
2 |1]0 X

Puc. 2.7. Tabnuiua HCTHHHOCTH JIOTMYECKOro
orpunanua u HE-snemenTa. Puc. 2.8. HE-3nemeHT.

s o603HayeHus onepaniud HE B anreGpe TOTHKH MCIONB3yeTcs 4epTa Hajl

CHMBOJIOM HJIH amocTpod:
[x=4]

YcnoBHoe o6o3HaueHHe Jorudyeckoro eMenta HE mokasano Ha puc. 2.9.

CocTosHUe BhIXOA4A NOru4eckoro anemexdTta HE Bcerga npoTueRONOAOXHO CO-
CTOSIHMIO BXOA4A.

cTaHnaprt
Puc. 2.9. YcaoeHsle 0603HauyeHns HE-3nementos (USA).
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2.1.4. OCHOBHbIE norn4eckne 3nemMeHThbl

Jlornueckue anementsl M1, UJIM n HE npennasHavyeHbl AJisi BBIIOJTHEHUS TPeX
OCHOBHBIX omepanuii HuGpPoBOi JIOTUKH Hall JHCKPETHBIMM cHMrHajamu. C mo-
MOLIBIO 3THX 3JIEMEHTOB MOKHO PeaJIN30BaTh JIOTHYECKHE OIlepalluH JII000MH CI0X-
HocTH. IToaToMy 3TH 3neMeHTH Ha3biBaloTCs ocHoBHBIME (pHc. 2.10). K ocHog-
HBIM JIOTHYECKHM 3JIeMeHTaM oTHocurcs Takxke Oydep (puc. 2.10a). Ecnu Ha
Bxoge 6ydepa 1, To u Ha BEIXoae 1, uHaye 0.

T - I+ Sus

nnn HE
Puc. 2.10. CrangapTH3oBaHHbBIE YC/10BHBIE rpadu- Puc. 2.10a. Yceuaurens ypoBHs 6e3 oTpHIa-

yeckre 0003HaYeHHA 3/IEMEHTOB. HHA (Dydep).

2.2. KoMOBUHUPOBaAHHbIE 3NEMEHTbI
2.2.1. Nornyeckuii anemeHt U-HE

Ecnu coemuHuTh mocnemoBarenbHo daeMeHTI U m HE cormacHo cxeMe Ha
puc. 2.11, To Beixon X ormueckoro sneMeHTa M MHBepTHpYyeTCS comlacHO Tab-
nune ucTuHHocTu (puc 2.12). B KonoHKke X IpuBe/ieH BBIXOJHOM CUTHAN 3Jie-
MenTa W. X paBeH 1 Tonbko eciii A =1 u B =1 (BapuaHT 4). B cBOIO O4epenn X
SIBJISIETCSI BXOAOM ISt MHBepTOopa. Eciiu Ha Bxone X anementa HE norugeckas 1,
to Beixon Z = 0. Eciu Ha Bxone X anementa HE nornueckmii 0, To Beixon Z = 1.

Ao X
o . o 7
Bo

Puc. 2.11. O6pasosanue coegnnenus U-HE. Puc. 2.12. Tabauua MCTUHHOCTH CXeMbI pyc. 2.11.

B koyioHKe Z mpuBeieH WHBEPTHPOBaHHBIN BbIXoH X anemenTa U.

B aHMIOA3BIYHOM TUTEepaType TaKo KOMOMHUPOBAHHEIN 3JIEMEHT 0003Haya-
ercst Kak NAND (cokp. or NOT + AND).

Benrunu U-HE ucnons3yiores ouyeHb YacTo. st HUX IpHAyMaIld COOCTBEH-
Hoe yciaoBHOe obo3HayeHue (puc. 2.13). OHO monyyaeTcs U3 CUMBOJIA BEHTUIIS
M ¢ KpyXKoM Ha BEIXOJE. DTOT KPYKOK O3Ha4YaeT MHBEPTHPOBAHHE BBIXOJA.

Inst normveckoro sneMeHTa U-HE neiicTBHTENBHO Clieyiollee YTBEPXKICHHE:

Ha Bwixoge nornyeckoro snemedta M-HE noruvueckas 1 Byoer TOABKO B TOM
cny4yae, ecnn He Ha BCex BXxo4ax HactynaeT COCToaHue 1.

A A A
. z z z
B B B

crangapt (CLA)

Puc. 2.13. YcnosHeie o603Hauenus M-HE-31eMeHTOB ¢ 1ByMA BXOAAMH.



2.2. KombuHnuposaHHble 31emMeHmbl @

Jlornueckas dynkuus snemeHta M-HE otBeuaer Bap.|B|A|Z
BBIPAXEHHUIO: oo
2 (o)t

— 3 [1]of1

z = A A B. 4 11140

Puc. 2.14. Tabauua uCcTHH-

HJnunnas yepra Hax A A B yka3sIBaeT, 9TO HHBEPTH- roorn A-HE-snesertra.

pyercs Bce BbhipaxeHue. Tabiuia MCTHHHOCTH 3JIEMEH-
ta U-HE npusenena Ha puc. 2.14.

2.2.2. Norvyeckuin anemeHt UWIN-HE

Tabnauiia MICTHHHOCTH COeIMHEHHBIX mocneaosaresibHo 3memeHToB MJIWM u HE
COTJIACHO cxeMe Ha puc. 2.15 nmpuBeneHa Ha puc 2.16. CHavaia BXOIHbIE CUTHA-
sl A v B nocrynawpt Ha BeHTWwIs UJIH:

X=Av B

X sBnsercs onHoBpeMeHHO BxonoM sneMeHTa HE. Bee cocrosinusa X wHBepTH-
poBaHbl B ctonbue Z (13 X = 0 6yner Z= 1, uz X = 1 6yner Z = 0).

Ao 1] X
= 5 . o 7
B o

Puc. 2.15. O6pasosanue anementa HJIU-HE. Puc. 2.16. Tabnuiia HCTHHHOCTH CXeMBI pUC. 2.15.

Brixon Z asnserca BoixogoM aneMeHTa UJIM-HE. B anrnogsseidHOI nuTe-
parype Takoii KOMOMHMPOBaHHbIH 3j1eMeHT o6o3Havaercss kKak NOR (cokp. ot
NOT + OR).

Jloruyeckue snementsl MJIM-HE ucnonb3yiorcst Tak xe 4acro, Kak U 3Jje-
meHTEl U-HE. [Ina HuUX Tak Xe CO3MaHO COOCTBEHHOE YCJIIOBHOE 0003HAYeHHUe
(puc. 2.17). OHo nmoay4daeTca U3 cuMmBojia BeHTHIA UJIM ¢ KpyXKoM Ha BHIXOJIE.
DTOT KPYXKOK 03Ha4YaeT WHBEPTHPOBAHMUE BBIXOJA.

st normyeckoro snementa UJIM-HE neiicrBuTenbHO ciefyiolliee yTBepXK-
IeHUe:

Ha Beixoge norudeckoro anemedta WIN-HE noruuseckas 1 Bynet TONBKO B TOM
cny4ae, ecsim HM Ha OQHOM U3 BXOA0B HET COCTORHUSA 1.

Jlornueckas ¢yuxkius snementa UJIM-HE orBeyaer BelpakeHHIO:
Z =Av B.

A 21 A — A
D zZ z z
B 8 — B

cTaHnapT (CLA)

Puc. 2.17. Yenosueie o6o3Hauenus MJIM-HE-3neMeHTOB ¢ ABYMA BXOAAMH.



CC/ Thasa 2. /locuneckue anemenmoi

2.2.3. Jlornyeckunin anemMeHT 3KBUBAJSIEHTHOCTU

YacTo BO3HMKaeT HEOOXOJMMOCTh B CXe€Max, B KOTOPBIX Ha BBIXOJE BCEr/Ia JIOTH-
yeckad 1, xorma Ha o0a BXoja mogaHbl OJMHAKOBBIC JIOTMYECKHE CHTHAIBI —
6o o6a 0, 1ndo o6a 1. Takas cxemMa Ha3bIBaeTCd JIOTHYSCKHM 3JIEMEHTOM 3K-
BHBAJIEHTHOCTH (3KBHBAJIEHTHOCTh — PaBHOLIEHHOCTB). OHa CTPOMTCA M3 OC-
HOBHBIX JIOTHYECKUX 3JIEMEHTOB COOTBETCTBEHHO (puc. 2.18).

PazbepeM noapobHO TabaMIy UCTHHHOCTH SKBHBAJIEHTHOTO 3jieMeHTa. CHa-
yajia Jjisg YeThbipeXx BO3MOXHBIX KOMOMHALIMI 3aITHCHIBAIOTCS JIOTHYECKHE COCTO-
ssHUsA BXonoB A U B (puc. 2.19, cronbusl @ U @). 3aTeM OHM MHBEPTHPYIOTCS

anementom HE, npespawasics B A u B. Eciu A = 0, To coorBercTBeHHO A = 1.
Ecmu, xak B cirygae 4, A = 1, TO COOTBETCTBEHHO A = 0. Takoe xe MMPaBWIO JEeii-

crByer ¥ uisi B u B. Tak noyydaior copepxumoe cronbioB @ u @ Ha puc. 2.19.
Cocrosinue Brixoga Q Mojiydaercs U3 orepaiu JJOrHIecKoro yMHoxXeHuss A u B.
B comydae 1 A = 0, B = 0, cnemoBarenbHo, Q mo/kKeH ObITh Takke paBeH 0
(cTonben ®). B cnyyasx 2 u 3 Q paBeH Takxe 0, Tak Kak 00a BX0oJa He ABIAIOTCA
norudeckoi 1. Tonvko B cinyyae 4, tne A = 1 u B =1, Q takxe paseH 1.

Q=ArB
Q@@ ® ® @
Bap.|B|A|B|A|0=AnB|s=ArB|Z=0QvS
T [ofofT[1 0 1 1
2 jof1]1]o0 0 0 0
3 [1]ofo0]1 0 0 0
4 [1]1]o]o 1 0 1
Pnc. 2.18. OGpa3zoBaHue 31eMEHTA SKBHUBAICHT- Puc. 2.19. O6pasopanue TabaHIBI HCTHHHOC-
HOCTH U3 OCHOBHBIX 3/1EMEHTOB. TH A/14 3/1€MEHTA IKBUBAJIEHTHOCTH.

CuMBoiioM S B KoJIOHKe 6 0003HadaeTcsi pe3yiabTaT JIOTHIECKOTO YMHOXe-
Hua A u B. A u B sisiorcst Bxogamu sioruyeckoro aneMmenta MJIU ¢ Beixonom S

(puc. 2.18). B mepoM cinydae A = 1 u B = 1. CnenoBareibHO, JIsI TIEPBOTO
caygag S = 1. B cayuasx 2 ¥ 3 tabmuusl ucTHHHOCTA S = 0, TaK KaK TOJBKO
OJIMH M3 BXOHOB MMeeT cocTosiHue 1. B ciyuae 4 06a Bxoma paBHbI 0 4 COOTBET-
ctBeHHO S = (.

S 1 Q ABNAIOTCA BHIXONAMM O0OHMX 3JIeMeHTOB M M OIHOBpEMEHHO BXOLAaMH
anemenTa VJIH. Jloruyeckmii anemeHT UJIHU npousBopuT onepaiinio Joruyec-
KOro cy1oxeHust coctossHuii Su Q. B ciayyae 1 Q=0 u 5= 1. CiiexoBarenbHo, Ha
BeIxofae Z (cronber; @) Takxke 1. B ciydasx 2 u 3 ob6a Bxoma 0, 1 TakuM oGpasom,
Ha BeiIxome Takke 0. B ciyyae 4 @ =1 u S = 0, 4T0 IIpH Omepaiiy CIIOXKCHUSA
Jaet pe3ynbrar 1.

st 351eMeHTOB SKBUBAJIEHTHOCTH TAaKKe CO3MaHO COOCTBEHHOE YCIOBHOE
obo3HayeHHe. YciioBHOe o003HaYeHHWe M TabyiMia MCTMHHOCTH TPUBEJEHBI Ha
puc. 2.20.

Ha BbixOfe 3nemMeHTa 3KBUBANEHTHOCTW cocToRHMEe 1 ByaeT ToNLKO Toraa, Kor-
Aa BXOAbl UMEIOT PaBHOE COCTOSHME.




2.2. KomBunupoeanmwie 3nemMeHmMbl ?;3__)

Jlorndeckas (pyHKIIMA 3/IEMEHTA 3KBUBA-  Bap.|B|A|Z A ,
JIEHTHOCTH OTBEYAET BHIPAXKEHHIO: 1oo B
2 |oj1)0 cTangapt
—_ —_ 3 1/10)0
Z=(ArB)v(AAB) a 1l1l

A #43_
= z
Tak xax B HaueM npuMepe J = A A Bu &

S = A A B, MoxHo Takxke 3armcars Z= Qv §. He. 2.20. Yenosioe

obo3Hayenue sne- A ﬂDo_z
DJIEMEHT 3KBHBAJIEHTHOCTH MOXHO NnmocTpo MeHTa SKBMBANeHT- B

MTb M M3 JIPYTUX OCHOBHBIX JIOTUYECKHX 3JI€- yocry u Tabauua (clua)
MEHTOB (CM. 3aJaHHs B KOHIE IJI. 2). MCTUHHOCTH.

2.2.4. Nornueckuinn anemeHt NCKJTIOYAKOLLLEEE UK (XOR)

Ecnn BbIXOJ 371€MeHTa 3KBHBAJIEHTHOCTH MHBEPTHUPYETCS IOCPEACTBOM IOCIIE-
JoBaTeNbHOro noaKIoyeHus sneMenTa HE, To Bo3HIKaeT 2JieMeHT, KOTOPBI Ha
BBIXOZI€ BCEra MMeeT 1, eClIH ero BXOABI pa3divuHbl (pHc. 2.21).

Taxkoi1 snemenT HasbiBaeTcd neMeHToM UCKITIOYAIOIIIEE UTH. Peus uner
npu 3toM 06 3nemente MJIM, B KOTOpOM MCKIIOYEH CIy4aif, KOrga Ha BBIXOIE
HaxonuTcs 1, ecnu o6a Bxona uMeror 1 (ciydaii 4). B aHIIOA3BIYHOM THTEpaType
Takoi 3nemMeHT obo3Hadaercst Kak XOR (cokp. or EXCLUSIVE + OR).

Jlormueckue anementsi UCKIIIOYAIOIIEE UJIH ucnonb3yioTcs JOCTaTOYHO
yacTo. YclIoBHOe 0003HaYeHHe W TabIHIla HCTHHHOCTH NPUBeIeHBI Ha pHc. 2.22.

Ha swixoge anementa MCKJTIOYAIOLLEE UJTW cocTosHune 1 Byger Toneko Toraa,
korpa 0b6a BxoAa UMeloT PasfndHoe COCTOSHUE.

Jlornueckass (yHKLHA 3/eMeHTa SKBUBAIEHTHOCTH MOXET OBITh MOJIydeHa
M3 CXeMBI Ha pHc. 2.21:

X =(AAB)v(AAB).

Torga noruveckyw ¢pynkiuuio snemMedtTa MCKITIOYAIOIIEE MU MoxHo
IIPeCTaBUTh KaK MHBEPCHUIO JIOTUYECKOH DYHKLMH JIEMEHTa SKBUBAJIEHTHOCTH:

z=(AAB)V(E/\§)

D10 BEIpaXKEHHE MOXHO TTpeobpa3oBaTh ¢ MOMONIBIO MIPABKII ANTeOphl JIOTHKY:

z=(AA§)V(ZAB)

IIpaBuna npeobpasoBanusi noapoGHO paccMarpuBaloTes B 1. 4.

Ao—d—1| X Bap.

B o]

craHaapr

—
z
B

Puc. 2.22. VcnosHoOe

B
0
0
1
1

- O = O|s

o6osHayenue XOR-ane- A
Puc. 2.21. O6pasosanue XOR-31eMeHTa U ero MeHTa ¥ ero Tabnuna ne- B
TabaMLA MCTHHHOCTH. THHHOCTH. (Cluay

4
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&

2.2.5. KombBuHauum saneMeHToB C ABYMS BXOo4amu

ITocne paccmorpenus anemenros U, UJIU, HE, UJIU-HE, U-HE, SKBUBA-
JJEHTHOCTH u HCKIIIOYAIOIIETI'O UM nmocMOTpHM BapHaHTHI AaIbHEH-
LIMX BO3MOXHBIX KOMOMHALMHA U COOTBETCTBYIOLIME UM 3/1eMeHThl. CylecTByeT
elle MHOTO BAPUAHTOB COETUHEHHMS, HO OHH He UMEIOT BOJIBLIOro IPaKTHYECKO-
ro 3Ha4eHM.

s 3neMeHTOB ¢ ABYMsl BXomaMHu (Hampumep 4 ¥ B) BO3MOXHEI 4 pa3ivi-
HBIX BapHaHTa (KOMOMHALMiT) BXOJOB, KaK MBI BUAEJIH B PACCMOTPEHHBIX 10 CHX
nmop TaGiauIax UCTHHHOCTH (cM. puc. 2.22). [lns 3THX 4 BApMAHTOB BO3MOXHBI
4 BO3MOXHBIX BApMaHTa Ha BHIXOJEe, HAMPUMeEp BhIxod Z Ha puc. 2.23. B kaxmoMm
M3 cepbiX KBaJpaTHKOB MOXET OBbITh BbIXOAHOE cocTosiHme O mim 1.

Puc. 2.23. Tabnuia MCTUHHOCTH 14 S/1EMEH-
TOB ¢ AByMs Bxogamu. Cepele KBanparthl As
BO3MOXHBIX COCTOAHMIH BEIXOMOB.

MoXHO cocTaBUTh 16 pasnMYHBIX KOMOMHALMI BRIXOXHBIX COCTOSTHUN. OHU
obo3HayeHbl Ha puc. 2.24 or Z no Z .. W3 pucyHKa cpa3y CTaHOBHUTCH SICHO, YTO
HEKOTOpPbIE€ M3 BO3MOXHBIX KOMOMHAIIMA HE MMEIOT 0c000ro 3HaYeHus1. JIs «KoH-
ctaHThl 0» B «KOHCTaHTHI 1» HE HYXXHO BBOIMTh HUKAaKHX 3JIeMcHTOB. «KoHcTaH-
ta 0» o3Havaer, 4YTO BBIXOX Bcerda paBeH 0, aOCOJIIOTHO HE3aBMCHMO OT TOTO,
Kak{e COCTOSIHMS Ha Bxomax. IIpu «koHcraHTe 1» Ha BBIXOAE Bcerma l, Takxke

HE3aBUCHUMO OT COCTOSSHHMSA Ha BXOHax.

Bap. |B|A|Z, |2, | Za | Zs | Zs | Ze | Z7 | s || Za | Z10 | Z01 [ 212 | Z1a | Zha | Zis | 216
T Jjojojo[1]ofi]o]ifoflt1]o[1ofj1|o|1|o]1
2 loftlofol1|1]|ofol1|1folo| 1|1 |o]lof|1]1
3 |1joloflololo|1f1]1|1folo|jofo|l 11|11
4 [1|1jolofofloflolofofof 1111 1]1 1]
a ﬁ-tmm
(=] om < | 2 21 e o | ¥ -
glw|efz|<|z]|8 (sl |z|¢2 @
T sls5|5]38 (8 |Y 'iggwgs'i
“sna&invI.sg.U.S.! =§
JHHHHBHENHEIHEHEE
I IE]7 (= | HEAEREAE g
Z o |F |8 |=

Puc. 2.24, O6was tabnuna pis 16 BO3MOXHEIX COCTOSHHH BEIXOAOB 3/IEMEHTOB C JBYMSA
BXOAAMH.

A A

l l «MHBepcusa A» u «<uHBepcus B» COOTBETCTBEHHO peain3y-
Puc. 2.25. Venos- YoTcst jjormyeckum seMeHToM HE. JUist «TroxnecTBeHHO A» M
Hoe oGosHayeHnme <TOXIECTBEHHO B» MOXHO MCIIONIb30BaTh HEMHBEPTHPYIOIHIA

HEMHBepTUpYIOWe-  YCHIUTENL (puc. 2.25).
ro yCHAUTENA.

Ha BbIxOOe HEVMHBEPTUPYIOLWEro yCUNUTens TONbBKO Toraa noruydeckas 1, koroa
Ha BXO4 nogaHa noru4eckas 1.

YcunmTenu Takoro poaa npeaHasHa4YeHbl 1)1 YCUJICHHA CJ1aGbIX CUTHAJIOB.



2.3. Jloeuneckue anemenmoi ¢ mpemsa u 6oaee exodamu

3anpeumieHue sBAAETCA 0coO0i pasHoBUIHOCTRIO 37eMeHTa M. CocrosHue
BXola MHBepTUpyeTcsa mepen aneMenroM WM. Ecinu unBeprupyercs Bxon A, To
3JIeMeHT Ha3bIBaeTCs cxema 3anpera A (puc. 2.26). Eciin wHBepTHpYeTCd BXOA B,
TO 2JIEMEHT Ha3bIBaeTcsl cxema 3anpera B (puc. 2.27).

A A A
A D 0

z B B e 68—
B

Ycnoexoe obosnavexne Ycnoeroe oGosxavenne
Puc. 2.26. Obpa3osaHue 31€MeHTa «3anpet 4» Puc. 2.27. ObpasosaHue aneMeHTa «3anpet B»
H ero yC10BHOE 0b003HaueHHe. M €ro ycJoBHOe 0603HaYeHue.

MMmukaims saBisercsa ocoboit pasHoBuaHOCTEIO aneMenTa M. Cocros-
HHMe BXolla MHBepTUpYyeTcs nepen neMenToM WMJIN. Ecnu uHBepTUpYeTCA BXOM A,
TO 3JIEMEHT Ha3biBaeTcs MMILVIMKATOP A (puc. 2.28). Eciu nHBepTHpYeTCA BXoA, B,
TO 3JIEMEHT HasblBaeTcAd HMIIAKaTOp B (puc. 2.29).

A d=1
Z
28

YenosHoe ofoanayenne Yenoeroe ofoanavenne
Puc. 2.28. OGpasopaHue 3/1€MEHTa «HMILIH- Puc. 2.29. O6pa3oBaHue 3/1€MEHTA «HMILIA-
Kauua A» 1 ero ycnopHoe obo3sHayeHHeE. Kaluusa B» M ero ycjioBHOE 0DO3HaYeHME.

Jlormyeckue 3jieMEHTBI 3anpeucHusa 1 UMINTMKAOIKMKH UMEIOT OrpaHHY€HHOE
NPaKTHYECKOC 3HAUYCHHME U IMOYTH HE IPOM3IBOLAATCA. B cJry4yac HeoOXOmUMOCTH
HX MOXHO coﬁpa’rb H3 OCHOBHBIX JIOTHYECKHX 3JICMCHTOB.

2.3. Nlornyeckme anemeHTbl ¢ Tpems n bonee Bxogamu

Ecnu HeoOXoOUMBI TpH BXOAa WJIM GOJIbIIIE, TO MOXHO BKJIIOYMTb IOCIIENOBa-
TEeJIbHO HECKOJIBKO ABYXBXOJOBBIX 2jieMeHTOB (puc. 2.30).

Kaxnpiii 3meMeHT ¢ ABYMSI BXOJaMH MMeEET, KaK M3BECTHO, 4 BO3MOXHBIX
KOMOMHAaIIUil BXONOB-BRIXOHOB. /I BXonoB A 1 B uMeeT cily oOBIKHOBEHHAs
Tabnuua ucTuHHocTH. Eciu nobasisiercs ellie OaMH BXod, Hanpumep C, To OH
MoXeT OBITh NH6o 0, 1160 1.

"]
o
b

o—-ol»

)

—_———- 0000 |0
Q=0

=) (Y =T=)1.]
—ccc!oooo N
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Puc. 2.30. Coepunenue asyx H-snemenTos c
ABYMsA BxogaMu B oauH H-3neMmeHT ¢ Tpems Pue. 2.31. Tabanua uctuHHOCTH H-CcXeMBI M
BXOJaMH. H-3nemeHTa ¢ TpEMA BXOLAMH.
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& Puc. 2.32. U-anemeHT Puc. 2.33. Tabnuuma Bap.|D|C|B|A|

A € YeTHIPEMS BXOAAMH. uctHHHOCTH H-3ne- 1 {olfofTolo
5— z MEHTa C 4YeThIPbMA 2 (ofjofo}|1
¢ BXOZAMH. 3(ojlof1]o
D — 4(o]oj1]1
S|0)1)0|0

6 |0|f1{0]1

ITpexuue 4 koMOMHAUMK OT A U B KOMOMHUPYIOTCS OUH ; g L} : ?
pa3 ¢ C= 0 u Bropoii paz ¢ C = 1 (puc. 2.31). Takum obpa- g lolol0
30M nony4aiorcsd 8 komOuHauuii. Eciu Teneps XK TpeM Bxo- 10 |10 [0 |1
JaM, HanpuMmep A, B, C 1oGaBisioT 4eTBEPTHI BXO, HAIIpH- :; } g : ?
Mep D (puc. 2.32), To npexnHue 8 komounammit ot A, Bu C 31 hlolo
KOMOHHUpYIOTCH ofMH paz ¢ D=0 m Bropoii pazc D=1 % [1]1]|0]1
(puc. 2.33). YneH ¢ 4 BxomaMu UMeeT, TAKMM 0OpasoM, 16 Bo3- lg ; : : ?

MOXHBIX KOMOMHaumii (puc. 2.33).

C pobasneHuem Kaxaoro HOBOMO BXo4a Y1ucno KomBuHauwid (BaprnaHToB BXOO—
BbIx0A4) TabNMubl UCTUHHOCTU YABAVBAETCH.

INpu aByx BXomax — 4 KOMOMHAIMM, NPH TPeX BXoZax — 8 KOMOMHAIIMIA,
MPH YeThipeX BXoaax — 16 KoMOMHALHIT ¥ TIPH [I9TH BXOAAX MOMyYaloTcs 32 KOM-
ouHanyu. I1pu opMupoBaHMH TaGIHMI] HCTUHHOCTH IOCJIEN0OBATEIBHOCTE KOM-
6uHaLuii BHIOMpaeTcs mpou3BoibHO. HyXXHO YUUTHIBATh BCE BAPMAHTHI M HE 10-
MycKaTh MOBTOPOB. YTOOHI Ipoiile GbII0 COCTABIATh TAOMMIILI HCTHHHOCTH, IIpe-
JlaraeM CJIEAYIOIIYIO CXEMY.

IlepBsiii Bxon (Hampumep A) MeHSIET COCTOSTHHE KaXIblid pa3. Bropoi Bxon
(Hanpumep B) MeHsieT cocrosiHue yepe3 pa3. Tperuii Bxox (HanpuMmep C) MeHs-
eT cocTostHue 4Yepe3 4 BapuaHTa. ECIM MpogoiiKaTh IO 3TOM CXeMe, YeTBepThIH
Bxon (Hanpumep I)) MeHsIET COCTOSSHME COOTBETCTBEHHO ITocjie 8 KoMOMHaIiuii,
M TaK janee. Dra cxeMma ompapaana cebA Ha MpakTHKe. YKa3zaHHBIE B HaHHOM
KHHre TaOIMIbI HCTHHHOCTH COCTABJIEHBI COIJIACHO 3TOM CXEME.

Brimyckaembie B Hactosuiee BpeMs BeHTHwIH M u UJIW nMeror B 0CHOBHOM
or 2 nmo 4 BxomoB. To xe camoe orHocurcsi K BentwiaM HM-HE u UJIKM-HE.
H3penxa BcTpedaroTcsa BeHTHIM ¢ 8 M GoJiee BXOHaMH.

KOHTpOnbHLIA TECT

1. U306pasure ycnosHoe obosnayenue mia seutwieit U, UJIU, HE, U-HE
u UIIU-HE. Bce snemenTH, BKmoyass HE, no/kHsl MMeTh IBa BXOIA.

2. IMocrpoiire Tadbmuiy nctuaHOCTH BeHTIIS MJIU ¢ TpeMs Bxomamu. Bxons
umeloT obo3HauyeHust A, B, C. Beixomg umeer 060o3HayeHue 7.

3. Tlpemnoxure BapuaHT mocTtpoeHus BeHTUNst M-HE M3 oCHOBHBIX JOru-
YeCKHX 3JIEMEHTOB.

4. N3o06pa3uTte Tabmmity ucruHHocTy asemenTa HE ¢ BxomoM A u BeixomoM Y.

5. Mna snementa UCKIJIIOYAIOIIIEE HMJIH BepHO ypaBHEHHE

Z:(AAB)V(ZAB].
Cunresupyiite ero u3 normdeckux anemenToB U, UJIU n HE u Hapucyiite cxemy.
6. Onmuuure cnoBaMu GYHKLUMH JorndecKux aneMeHros U u UJIN.

7. CKONBKO BO3MOXHBIX KOMOHMHALIMI MMeeT TabIMIla HCTUHHOCTH 3JIEMEeH-
ta UJIU ¢ mwecteio Bxomamu?



Koumpoavuwii mecm @

8. Yro moHumalor moa morvueckum 3jieMeHToM MCKITIOYA-  8ap.|8|4|Z
IOIIEE UJIU? HU3o6pasuTte misA 3TOro 3JieMeHTa TabaUIly UCTHH- ; g N (‘)
HOCTH. a l1lolo

9. Kak HaspiBaeTCsl JIOTHYECKMIA 3JIEMEHT, KOTOPOMY COOTBET- 4 |1]1]0
CTBYET TabNMHWlla UCTUHHOCTH, W300pakeHHasa Ha puc. 2.34? Puc. 2.34.

10. Kakyio ¢pyaximio semonssier anement SAITPEINIEHUE? Kak  Ta6nmua uc-
€ro MOXHO IMOCTPOUTh M3 OCHOBHBIX TOrM4YecKux 3neMeHToB? Ha-  mummocTu.
pUCYHTE BO3MOXHYIO CXEMY.

11. BpeMeHHBIe guarpaMmbl BXogoB A U B npencrasieHsl Ha puc. 2.35.
H300pasure BpeMeHHYI0 fUarpaMMy Beixona Z, ecid A U B Bxoanl

a) sentunsa U,

6) Bentina HUIHN.

A

L1

-
t
& A A—>,
I : ‘
B B
r P
t
T Z=7
Z - Puc. 2.35. Cpa3b ABYX BXOOHBIX

t curHanos A u B.

12. Kakyio ToruyecKyio ornepanuio Npou3BOAAT JIEMeHTHl Ha cxeme puc. 2.367

Puc. 2.36. KoMOMHauMa NOrMYECKUX A >1 | _
.
3/1EMEHTOB. B X z

13. U306pasure tabnuuy vcrunHocTH aneMeHra HE c nareio Bxonamu. Bxo-
nbl 0603HauuTh Kaxk E,, E,, E,, E, u E,. Boixon 0603Ha4MTh Kak X.

14. Ha puc. 2.37 npeactaBiieHbl BXOZHBIE CUTHANBL A M B U BBIXOQHOM CHT-
HaJl Z HEU3BECTHOrO 3JIeMeHTa. Kakyio JIorMyecKyio ornepanuio Npou3BOAMUT 3TOT
yneH?

A A

I
Puc. 2.37. BpeMeHHBIE AUarpam- ‘—‘ 1
MBI BXO/JI0B M BBIXOJA.




rNMABA 3

AHAJIU3 CXEM

Jloruyeckue 37eMEHTHI, TAKXKe Ha3blBaeMble BEHTHWISIMHU, PEIKO IIPUMEHSIOTCS
OT/ENBHO.

B nonasnsoieM GONBIIMHCTBE ClydaeB cXxeMa B LUHU(POBOM IEKTPOHMKE
COCTOMT M3 JOCTATOYHO GONBIIOro KOJMYECTBA MOCIEA0BATeIbHO COeTUHEHHBIX
JIOTMYECKHUX 3JIEMEHTOB, KOTOPBIE COBMECTHO PEAIM3YIOT XEJAEMYIO JIOTHYECKYIO
dynkumio. [Ins mpaktudyeckoit paGoThl OYeHb BaXHO yMeTh aHAIU3UPOBATb
CTPYKTYPHI COeIMHEHHH JJOTHYeCKUX 371eMeHTOB. MHBIMU CIOBAMM, HYXXHO YMETh
OTIpENeNsATh, KaKHe JIOTHYECKUE OIepPallii NMPOM3BOIUT KaXIBIi JTOrHYECKHIA
3JIEMEHT B OTHEJBHOCTH M KaKylo (PYHKIMIO BHIIIOIHAET CTPYKTYpa 3JIEMEHTOB
cxeMbl B uenioM. [Ipouecc onpenenenus 3Tux onepauuii 1 GyHKUMIL Ha3bIBaeTC
AHAJH3 CXEMBI.

TTousiTie «umdpoBas cxeMa» B JaHHOM [JIaBe clieAyeT IIOHUMAaTh KaK CTPyK-
TYpY, Habop U@POBHIX 3JIeMeHTOB 0Ge3 BpeMeHHOM 3aBucumocTH. Lludponbie
MHKPOCXEMBI C BPEMEHHOM 3aBHCHUMOCTBIO OYIYT pacCMOTPEHHI B CJIEMYIOLINX
pasnenax.

3.1. Tabnuua NCTUHHOCTK U uMpposBasa cxema

B paspgene 2.2 ¢ noMouipi0 TabnUL MCTHHHOCTHU OBUIM OTpeAeIeHbl JIOTHIeCKHe
¢byHKIMU cXxeM, COCTaBJIEHHBIX M3 HECKOJNbKHX OCHOBHBIX JIOTUYECKHX 3Jie-
MeHTOB. M Tak Xe, Kak [UIsd HECKONBKUX MOCJIEeJOBATEeIbHO BKJIIOYEHHBIX 2Jie-
MEHTOB MOXHO ONpPENENUTh TAOMUIY UCTUHHOCTH, €€ MOXHO ONPENEIUTD LI
nmoboit tudpoBoil cxeMbl, cocTosiuieil U3 GONBIIOrO YMCHA JTOrMYECKUX dJe-
MEHTOB.

Ana moboih undporoi cxembl CYWECTBYET Tabnvua NCTUHHOCTK.

3.1.1. Tabamua NCTUHHOCTU LUMPPOBOIA CXEMBI C ABYMA BXOOaAMMU

CocraBuM TabnMLy MCTUHHOCTH JUiA uudpoBoM cxembl Ha puc. 3.1. Tabmuna
VUCTHHHOCTY IO3BOJISIET ONPENeNnTh, KaKue JIOTHYeCKHe ONepallid BBIMOTHSIET
JIaHHAs cXeMa.

Tak xak cxema uMmeer nBa Bxoma (A, B), BO3MOXHBI TOJIbKO 4 BapHaHTa.
HoMepa BapMaHTOB M KOMOWHAIIMKM COCTOAHUIL BXOIOB 715t A U B 3amMMCHIBAIOTCSA
10 paHee OMMCaHHOM cxeMe (puc. 3.2).

A P=AsrB Z=P

Puc. 3.1. Iludposas cxema.



3.1. Tabauua ucmunnocmu u yugposas cxema 2\\))

Bap. |BlA|A|p_AnB|z P
1 [ofof1 0 1
2 |of1]o 0 1
3 oM O 0
4 [1[1]0 0 1
Puc. 3.2. Nepsoiif mar npy cocTaBneHHH Tab- Pue. 3.3. Cneayionme 1ary NpH COCTaBjIeHUH
JHULBI HCTHHHOCTH. TabNHILBl HCTHHHOCTH.

ITepssiii anemenT apiagercd anemenToM HE. Eciu cocrognue ero Bxoma 06o-
3HAYUTDH KaK A, TO Ha BbIXo/e GyleT HHBEpTUPOBaHHOE 3HaueHne A. YeTBepThiil
CTONGEI] TaGNHITEI HICTHHHOCTH CONEPXKUT HHBEPTUPOBAHHbIE 3HaYeHUS A (060-
3HAa4YeHO cephM Ha puc. 3.3). Eciu B BapuanTte 4 = 0, T0 4 = 1. DT0O BapHaHTHI
1 u 3. Ecom B Bapuante A = 1, To A = 0. D10 BapuaHThi 2 U 4.

Bxox anementa U (BToporo sieMeHTa) MMeeT oGo3HaYeHHe A, IPYrod BXON

oGo3HaueH Kak B. Jloruyeckoe yMHOXEHHE TIPOMCXOIUT MEXTY COCTOSHHAMM A
u B. CoorBercTBy1011ME CTOJIOLBI B Tab1M1e HCTHHHOCTH (pUC. 3.3) IOMYEPKHYTHI
cepbiM. Beixon snemenra M o6o3HayeH kak P, [Uisi KOTOPOTO BEPHO PaBEHCTBO:

P=AAB.

P paBHo 1 TonbKo Torma, Koraa kKak A = 1, Tak u B = 1. DTo BEepHO TONBKO /UIA
BapHaHTa 3. 3HauuT P = 1 TOJNBKO B TpeTheM CiydYae, a JUisi Bcex npyrnx P =0
(puc. 3.3).

Ha Bxogme tperbero aneMeHta (HE) Haxomurcsa cocrosinue P, Beixon obo-
3HayMM Kak Z. Tak KaK 3TOT JIOTMYecKHii 3JleMeHT MHBePTUPYET cocTosiHue P,
10 Z= P. W3 0 B P-cTron6ue 6yner 1 B Z-cronbue. Z-cTonbel ABAAETCSA CTOI6-
LOM pe3ynbTara. B HeM HaxomuTcd pe3yabTar Jlormyeckoi GyHKUMH LUdPOBOii
CXEMBI.

Jns Z MOXHO 3anmucaTh Cleayloniue YpaBHeHUSs:

Z =P;
Z=AAB (mxxaxP:ZAB).

DTH ypaBHEHUs] ONUCHIBAIOT IPUHIMII JEACTBUS CXeMbI WJIH, IPYTHMH CIIO-
BaMHM, JIOTHYECKYI0 DYHKIIMIO, KOTOPYIO OHA pealu3yerT.

3.1.2. Tabnuua NCTUHHOCTU LNGPOBOIA CXEMbI
C TpemMs Bxogamu

CocTtaBuM Teneppb TaOAUIy HCTHHHOCTH JUI IM(PPOBOI CXEMBI C TPEMS BXOAAMH
(o puc. 3.4).

Mudposast MuKpocxeMa ¢ TpeMsi BxogaMHu uMmeeT 8§ BapuanToB. Homepa Ba-
PMAHTOB U KOMOHMHAIIMM COCTOSIHMIA BXxomoB st A, B u C 3amMchiBaloTCs 10

paHee omHCaHHOM B pasm. 2.3 cxeMe (puc. 3.5). it 4 u B nmpemycMOTpeHs! 1Ba
cronbua.



@ Ihaea 3. Anaauz cxem

Puc. 3.4. lludposas cxema.

Y=BnaC Bap. |C|B|AJA|B|Xx=AvBvC|Y=BaC|Y|Z=XAY
% 1 |ofofof1] 1 0 1 1
2 [ofof1]ofn 1 0 1 1
c Y ¥ = BaC 3 |of1]oj1]o 1 0 1 1
v v 4 [of1|1jo]o 0 0 1 0
5 |1]0]0]1]1 1 0 1 1
6 [1]of1]of1 1 0 1 1
7 (111|010 1 1 v] 0
8 [1{1]1]o]o 1 1 0 0
_r_1_77777777' 7

Puc. 3.5. Tabnmua HCTHHHOCTH CXeMBI puc. 3.4.

B cronbue 4 HaXOmATCS COCTOSIHUS, MHBEPCHBbIE cOCTOSTHHUIO A (u3 0 Gymet
1, us 1 6yzer 0).

Bxozst anementa UJIU o6o3nauens A, B, C. ConepXHMoe 3THX TpexX CTON0-
IIOB JIOTMYECKHM cKiaabiBacTcsa. Ha Bbixome X mosiBnsieTcsl COCTOSTHHE JIOTHYe-
ckoi 1 B ToM ciy4ae, eCJIM IO MeHblIEH Mepe COCTOsSTHHE OIHOTO BXoAa paBHoO 1.

Tpu paccMaTpMBaeMBIX CTOJIOLA MOAYEPKHYTH Ha puc. 3.5 cephIMHU IOJIOCcCa-
mu. st coygast 1 X= 1, Tak kak A = 1 u B = 1. Taxke X = | B ciyuae 2, TaK
Kak 3nech B = 1. ITpoiins Bce BapMaHTHI, Mbl YCTAHABIMBAEM, YTO TOJNBLKO B
cay4ae 4 X umeer coctosiHue (). Bo Bcex apyrux cnyqasx X = 1.

Cnenytommuit cronGell B Tabnuile MICTHHHOCTH NpeaHa3HayeH Wi Y. Y saBiud-
€TCs pe3yJIETaTOM JIOTHYeCKOro yMHoXeHHsT Bu C. Ternepb paccMaTpHBaeM TOJIBKO
cron6usl Bu C. Ha puc 3.5 oHu nmoguepkHyTsl YepHbIM. Y 6yner paseH 1 Tonbko
B CIyYasx, B KOTOPHIX KaK B, Tak 1 C UMeloT cocTtossHUe 1. BTo BapuaHTHI 7 U 8.

Y B cBOIO ouepens SBJISETCS BXOAOM 3JIEeMEHTa V, M 3TOT 3JIEeMEHT SBJISIETCS
peHTwieM HE. CocrosHue Y JOJDKHO MHBEPTUPOBaThcA. Bbixona anemMeHTa V

o6o3naynm kak Y. Jns ¥ npenycMorpeH cBoit cronGerr B Tabiulle HCTHHHOCTH,
3aMOJHEHHBIH COOTBETCTBYIOIIMMH COCTOSHHUSIMH.

Dnement VI sipnsercsi BentwieM W ¢ Bxomamu X u Y. To ects cocrosgaus X

¥ Y noaBepraiTcs Onepalyy JOTHIeCKoro yMHOXeHus1. COOTBETCTBYOILME KO-
JIOHKHM Ha pHuc. 3.5 0603HaYeHbI 3alITPUXOBAHHBIMM MojiocamMu. Beixon Z = 1,

tonpko ecnii X = 1 u ¥ = 1. Dro npoucxoaut B cayyasx 1, 2, 3, 5 u 6.
Inst Z MOXHO 3amucarh ypaBHEHHE aireOphl JIOTHKH, KOTopoe obpa3yercs Us:

Z=XAY, X=AvBvC;
Y =BAC (tak xak Y = BAC);

Z=(AvBvC)ABAC. -

BT0 ypaBHEHHE OTPAXKAET JIOTHYECKYI0 (DYHKIIHIO CXEMBL.
PexoMeHyeTcsi MOTPEHUPOBATLCS B COCTABJIEHMM TaOMM1I UCTUHHOCTH IO
3alaHUsAMHU U3 pasn. 3.4.



3.2. loeuueckue gynkyuu u yugpoevie cxemol 3\|\)

3.2. Noruyeckne pyHKUMU U UUDPOBLIE CXEMbI
3.2.1. OnpegeneHue noru4eckon GyHKuMn uMdpPOBOIA CXEMbl

Jlormyeckast GyHKIMA HADPOBOI CXeMBI MOXKET OBITEL 3allMCaHa B BUIE TAOIUITLI
HCTHHHOCTH. OTIeNIbHBIE 1Aard NPH COCTABJICHUH TaOMUIIBI MCTHHHOCTU BEXYT K
HMTOrOBOMY YPaBHEHMIO JIJIsSI BBIXOa Beeil cXeMBbl, B KOTOPOM IPHCYTCTBYIOT TOJBKO
COCTOSIHMSI BXONOB MJIM MX MHBEPTHUPOBAaHHBIE COCTOSIHMA (CM. moapasz. 2.1.2).
Takoe ypapHeHHe BbipaxaeT (PyHKIHIO Bcell cxeMbl. I1o3ToMy OHO Ha3biBaeTcs
Joruyeckoii pynkumeii nudposoii cxemsl.

Ona kaoknoit undposoii cxembl CywecTeyeT normyeckan GyHkuma.

VpaBHeHHe (HYyHKIMH MOXeT OBITh HAiIEeHO M3 aHAIW3a M(POBOM CXEMBbI.
,HJIH €ro COCTaBJIEHHSA HE TpeGyercs[ BOCCTaHaB/IMBATh TaﬁJIHH,Y HUCTHHHOCTH.
Hudposas cxema (puc. 3.6) cocrout u3 snemenTos ¢ I no V. Eciu o6o3Ha-

YHTH BXOJ 371eMeHTa ] Kak A, To Ha BhIXone nonyunutcs A. Bxomwl anementa I7
obo3HauuM 4 1 C. Beixon o6o3HauuM Kak M:

M= A C.

Bxonamu snementa I1] sssiioress A, Bu C. Boixon 0603Ha4uM Kak K-

K=AArBAC.
M u K aensiorcs BXxonamu sneMeHTta [V, Hag KOTOPBIMH NMPOU3BOAUTCS JIO-
ruyeckoe cioxeHnve. Berxon anemenTta IV obo3zHaunMm X:

X=Kv M.
B 310 ypaBHEeHHE MOTYT OBITH ITOJICTARNIEHBI YK€ W3BeCTHBIE BhlpaXeHus st Ku M
X= K v M

X =(AABAC)v(AAC).

X saBnsiercs Takke BxomoM aneMeHTa V. Tak Kak smemeHT V MHBepTHpYyeT
cocrogHue X, To

Z=X
H

z=(ZAB/\C)V(AAC)

TaKKaKX=(ZABAC)V(AAC).

X = (AnBAC) v (4nC)  Z = (AnBAC) v (4nC)

Puc. 3.6. lludposasa cxema.
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[ Puc. 3.7. Lludposas cxema.

YpaBuenue 51 Z ABIAETCS UCKOMOM JIOTHYeCKOM (PyHKIMENH CXeMBl.

Ecnm npoitty ente pas 1o mernoyke paccyXkaAeHHH, TO MOXHO He yIoTpebIaTh
o6osnauenusi K, M u X B paccMOTpeHHOM npumMepe. Bxoabl MOXHO Takke 0060-
3HaYaTh, HanpuMep Kak (4 A C), To ecTh B BU/E JIOTHYECKOTO BBIPAXKEHHUS.

Haiinem ypaBHeHMe jorudeckoil GyHKUMHM 1St cxeMbl puc. 3.7.

Ha BBIXOZe 51eMeHTOB 3allMCBHIBAIOTCS JIOTUYECKHe BhIpAXEeHHUsI, TO ecTh Ha

BbIxoae aneMenTa / — A, Ha Beixoje aneMenTa I/ — AV B U T. 1. DTH BhIpaxe-
HHUA ABJIAIOTCA OJHOBPEMEHHO BXOIAMM CJIEAYIOIIMX 2JE€MEHTOB. DneMeHT [V

umeer pxoabl C 1 B. Ha BbIXoJie mociie onepaiuu J0ri4ecKoro CIoXeHHs OKa-
3pIBaeTcs coctossHue B A C. Tak xak anemeHt [V ssnserca sentwiem U-HE, To

BCE BhIpaXeHHe ellle pa3 MHBEPTUPYETCs, TAK YTO Ha BhIXoe noyyyaercsi B A C.
Ha Beixone anemeHTta V 6yner coctosinue A A (4 v B), Tak Kak ero BXOIaMH

spistiorest A u A v B.

BripaxeHus, oTHOCAMMECS APYT K APYTY, NOJDKHBI BCErIa CTABUThCA B CKOO-
ku. B rn. 4 («Anrebpa JIOrMKu») rOBOPHUTCS, UYTO COIJIACHO IpaBWIaM OIlepallusi
JIOrH4YecKoro yMHoXeHuss W uMeeT Goliee BHICOKHI IIPUOPHUTET, YeM OITepaITust
noruyeckoro cnoxenus UJIH, To ecTh BhinoaHsaercs neppoii. [lostoMy Ha Bcsi-
KM CITydaii Hy>KHO BCerfia CTaBHTh CKOOKM — MO KpaiHel Mepe NepBoe BpeMs.
JIMHUA MHBEPCHM PacCMaTpPHUBAETCH M MEHMCTBYET TakK Xe, Kak CKOOKM.

Bxon snementa VI o6o3HaveH BelpaxeHHeM A A (A4 vV B). D10 BeIpaXeHHe
JIOJDKHO OBITh 3aKJII04eHO B CKOOKH. Bropoii Bxox snementa VI 0603HavyeH BBI-

paxenueM B A C. 31ech cKobGKM He TpeGyioTcs, TaK KaK obluas yepTa OTpMIa-
HUS UX 3aMeHSIeT.
Hna Z nomyyaercs cienylollee ypaBHeHHUeE:

Z=|:3A(AVB):|VW.

BT0 ypaBHeHUe ABJIAETCS UCKOMOM JIoTHYecKOoM GyHKIMel nudpoBoil CXeMBI.

IIpeamonoxum, uro 3nemeHToM VI Ha puc. 3.7 oymer snement MJIU-HE.
Kak Oyner Torma BRIDIAAETh Jiorwyeckass dbyHkimus cxembl? Hailinennas misa Z
(YHKIMS BcA MoaBepraercsi HHBepcHu (OTPHMLIAHHIO). DTO yKa3bIBaeTCs 4epToit
OTPHMIIAHUSI HAll BCEM BBIPAXECHUEM:

Z=[An(AvB)|vBAC.

ITonyuupieeca YPaBHCHHE BBIITIAAHUT CJIIOXHEE, YEM SABJISICTCA B IEeMCTBUTEIb-
HOCTH.



3.3. Tpebyemasn pynxuyusa u peasvhas Qynuyus 3\3)

3.2.2. CnHTE3 cxeMbl NO 3a4aHHOW NOrM4eckon yHKunm

Ha npaxTike 4acTo 6bIBaeT, 4YTO JIOTHYecKass GYyHKIIMS ITOJTydaeTcs B pe3yyibra-
Te BBIYMCIEHWH M TpebyeTca CHHTE3MpOBaTh CXeMY, PEaIM3VIONIYIO JaHHVYIO
dbyHKIHIO.

Jlna ypaBHEHHST

Z:Avaév(Avé)
TpebyeTcsl CHHTe3HpOBaTh IHGPOBYIO CXeMYy.
CHavana HyXXHO OIpeJIeIiTh U3 ypaBHEHUs YMCJIO BXOMOB. BXomamMu sBIsIOT-

csi A, Bu C. Jlnst nonydenust B u C HeoGxomumel aBa snementa HE (puc. 3.8).

Beipaxenne Av B v C monygaror npu riomoinu 3mementa UJIU ¢ TpeMs Bxona-
MHu. K 3TOMy 3/1eMeHTY mocienoBaTeNlbHO Toakmodyaercs aneMeHT HE.

Jns (A v C) tpebyercs: anement UM ¢ npymst Bxonamu. BeIxossl ¢ cocro-

saussMH A v Bv C u (4 v C) nocrynaior Ha Bxon neMenta UJIH.

Bmecro anemenTa UJIU ¢ TpeMsi BXomaMu ¥ nocneayionumM BeHTuneM HE
MOXHO ucnonbs3oBarh neMeHT UIIM-HE ¢ Tpems Bxogamu (puc. 3.9).

Puc. 3.8. Cxema nng 3anaH-
HOTO ypaBHEHMS.

Z = AvBuWC v (AVE)

Puc. 3.9. Cxema Ans 3a1aHHOIO ypaBpHeHHs C [IDHMEHEHHEM
anementa UJIU-HE.

3.3. Tpebyemasa dyHKUMA 1 peanbHaa QyHKUNUS

ITon TpebGyemoii (pyHKmMeli TTOHMMAIOT JIOTMYECKYIO (DYHKIIMIO, KOTOPYIO JOIXHA
Peanu30BBIBATE CXeMa HAa OCHOBe CBOeil cTpyKTyphl. PeannHoii (pynkumeii sipnsi-
ercss GYHKIMs, KOTOPYIO Ha CaMOM JIeJie pealu3yeT cXeMa B pe3yjbTare CBOEH
paboTHI.

Mpu GesynpeyHo hYHKUMOHWMPYOLWENR cxeme Tpebyemasa dyHKUMA U peanbHas
$hyHKUMA OOMKHBI COBNaaaTh.

Ecnu tpeGyemass pyHKIMA M peanbHas (GyHKIIMS HEOTWHAKOBBI, TO CXeMa
COEPXHUT ONHY WIH HECKOJIbKO OLIMOOK, KOTOpHI€ AO/DKHBI OBITh HAMIEHH H
YCTPaHEHHBI.

22114
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3.3.1. Kak onpegenuTtb peanbHylo IOrMyeckyto GyHKUUIO

Tpebyemas noruyeckas GyHKIMS ONpeaeNsieTcss U3 3alaHHOM 1A cxeMbl Tabau-
1Bl KCTHHHOCTH. PeanbHas JiorHyeckass QYHKIHS ONpeaesisaeTcs IMyTeM TecTo-
BBIX U3MEPEHUH.

lNepen Ha4YanoOM M3MEPEHWI HYXXHO YCTAHOBWUTL COOTBETCTBME YPOBHE Hanps-
XXEHWUSA norv4eckum coctosHusm 0 um 1.

Hns onpeneneHus: JJOTUYECKOTO COCTOSIHMSA, MJIM YPOBHS HAIIPSDKEHHA, YTO
SIBNSAETCS OTHUM M TEM 3Ke, TpebyeTcs TaK Ha3bIBaeMBIi JIOTHYeCKHH Tectep. OH
MpeACTaBIAET CO00H MaJeHbKMif TPaH3MCTOPHBIM YCHIMTEb M OOUH WJIM ABa
JMoaa Ui MHIAMKALMH MOKa3aHUH.

IIpuGop ¢ OMTHUM MHAUKATOPHBIM THONOM TIOKA3BIBAET TOJIBKO JIOTHYECKHI
yposenb 1, wiu BBICOKHMH yposens (uist gannoro npumepa +5 B). Eciu nnon
He CBETUTCSI, 3HAYUT, JOTHYECKHM ypoBeHb paBeH 0. Takoii mpubop He Mo3BoIs-
eT 0OHapyXuTh 0OpBIB MpoBoaa c¢ JormdeckuM cocrosHueM 0. Cocrosiiue O B
OONIBLIMHCTBE CITy4aeB COOTBETCTBYET LM(POBOM 3eMiie, a HE HENMOIKIIOYEHHO-
MY IPOBOAHHUKY.

Jlyyire npuMeHsTh NPpHOOPHI ¢ AByMs cBeroauoaaMu. KpacHblil auox mo-
Ka3bIBacT, HaIIpUMep, JIOTUYECKOE COCTOsIHHME 1, a 3eJIeHBIil — JIOTHYeCKOoe COCTO-
siuue 0. Ecnv He TOpUT HU OOMH JUOJ, 3HAYMUT B TMHUUA oOpeIB. Takoi noruue-
CKMIi TecTep Ha MaJIeHbKOM TPaH3UCTOpPEe MOXHO cobparbh caMoMy. Bxoa nomxeHn
OBITL KaK MOXHO 0oJiee BBICOKOOMHEBIM.

Hapsimy ¢ MaJIbIMHU JIOTMYECKMMH TECTEpaMH B IIpoJaxe UMeIoTcs 6oJiee cnox-
Hble MPHOOPHEI, ITO3BOJISIOIHAE OJHOBPEMEHHO MCIBITHIBATH BCE BXOIbI M BBIXO/IbI.
BcneacteBre 2TOTO 3HAYUTEIBHO YMEHBIIAETCA BpeMs TeCTUPOBaHUA cxeMbl. IToc-
JIEMHUM 3B€HOM 3BOJIIOLIMH TECTEPOB CTa/IM KOMIBIOTEPU3MPOBAHHBIE TECTOBBIE
CTEHIbI, KOTOPHIE aBTOMATHYECKH TECTHPYIOT BCIO CXeMY M YKa3bIBAIOT Ae(eKThI.

IToxaxeM Ha mpUMepe, KaK ONpeelsieTcsl peajibHasi Jorudyeckass QyHKIus.

IIpeanonoxuM, YTo UMeeTCsl B HAIMYHH cxeMa, u3o0paxeHHas Ha puc. 3.10.
M y Hac ecThb IpPOCTOI JIOTHYECKHII TeCTep, OMpemeaIoui cocToaHus 1 u 0
uwm coorserctBeHHo BBICOKUM n HU3KUMU yposHu.

TIprcBOMM JOTHYECKHM COCTOSTHH-
SIM YPOBHHM HallPsDKEHHUS:

c
, ‘ Ld;] 0 £ 0 B (ungpoeaa 3emns)
I 1] n
E;l_ = 142 +58

B

|

U=AArBAC

[IpoTokon M3MepeHHi NpenacTaBHM
B BUIe Tabmuel (puc. 3.11).

v

M

N CHavaiia usMepsieTcs BapuanT 1. Bce Tpu

| ,  BXOlIa 3a3eMJIAIOTCA M ITOJIY4aloT COCTO-

1 - sHue 0.

| N BaC 3areM TECTUPYIOTCH BBIXO/IbI OT/IE)Ib-

l HBIX 27eMeHToB — C, B, A, U, V, W,
—{ [ X=A~BAC X, Z — u 3aHocsTCcs B Tabnuny (o6o-

Puc. 3.10. Liudposas cxeMma. 3Ha4yeHO cepbIM Ha puc. 3.11).



3.3. Tpebyemas hynkyus u peanvnas ynKyus

Puc. 3.11. Ta6auua uc-
THHHOCTH.

U=AABAC|V=AABAC|W=AABAC|X=A

= =|Cn
= =
S —imi
o
o
o
- Ol>
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- = = =0 0 Cc oD

2 v O O|= = 0 0lm
- O = O|= O = Ob

ITocne nepBoro BapuaHTa H3Mmepsiercss BapuanT 2. Ha Bxon 4 momaercsi 1, Bu C
ocratorcs 0.

CHoBa U3MepSIOTCS BBIXOABI OTAEIBHBIX JIEMEHTOB, U UX COCTOSTHUS 3aHO-
CATCHA B TAOIHILY.

BT0 M3MepeHue MPOU3BOIUTCS JIST BCEX 8 BO3MOXHBIX BapHUaHTOB.

MonyyerHan Tabnvua oTpaxaeT peanbHyl AOrUMYECKY0 GYHKUMIO, peanmaye-
MYIO CXEMOIA.

Eciu npennonaraeTcsi, YTo cXeMa UCTIpaBHA, TO MOXHO OTpaHUYMTHCS OIpe-
JeneHreM cocTosHHSA Beixona Z. Ecau coctosHue Z oTnHyaeTcst oT TpedbyeMoro,
TO MPOBOTUTCA TECT BCEX DJIEMEHTOB.

3.3.2. Nouck pedexra cxembl

Hwmest 3ananHy10 TAGNWILY HCTHHHOCTH M TaGIMILy TIPOTOKOJIA U3MEPEHUI, MOX-
HO IO MX PAacXO0XIEHHIO ONPEAEIUTh OLUUOKY B CXEME.

Onpenenexnve owmnbku NPOUCXOAMT NyTEeM CpaBHeHus Tpebyemoil Norm4yecKoi
DYHKLWM 11 peanbHO.

Ecnu Tpebyemasi mormdyeckasi (PyHKIIMA W peaibHasi COBMANAIOT, TO cXeMa He
conepxut omubok. CHayasa cpaBHMBAIOT COCTOSIHUS BBIXOAOB Bcel cxeMbl. Eciun
OHM COBIIAJIAIOT, TaNbHeIIee cpaBHeHNe He Tpebyetcs. CxeMma B opsnke. Ecim
COCTOSIHMSI BBIXO/IOB Pas3JIMYaloTCsi, TO IPOBOAMTCS MOLIArOBbI TECT BCEX 3Je-
MEHTOB, HAYMHAsA OT BXOAHBIX.

Ha puc. 3.12 uzo0paxeHa TabiMia HCTHHHOCTH cXeMbl 1o puc. 3.10 u Tab-
JIWLIA U3MEPEHHH.

Kakue moruyeckue aneMeHTbl paboTaOT HENPABWIBHO?

Ecsin mpoBepsTh cTONG1bI CIeBa HANPaBo, TO IPH B 0GHAapyXuBaeTcsl OIIHMOKa.

Dro anemenT HE, KxoTOpHBIit 1OJDKEH MHBEPTHPOBATh COCTOsIHUE BXona B (3ane-
MeHT I1), Bcerna MMmeeT norudeckoe coctosinue 1. Mtak, oH He paGortaer.

Omubka anemenTa I7 neficrByeT Ha Beixon F'u X, Tak Kak TONBKO 3TH 3JIEMEH-

THl HCIHOMNb3YIOT curHan B. Jins V u X Joruyeckue oNepalyy BHINOJHEHBI BEPHO

MpH YCJIOBMH, YTo B Beerma paseH 1. DieMeHTsl VU X, ciie10BaTeIbHO, HCTIPABHEL
Crnenyioinas olmuoka oGHapyXuBaeTcs Ha aneMenTe W. ClenoBaressHo, 3Je-
MeHT W HeucnipaBeH. OLKOKY IPH BBINTOJIHEHUM JIOTMYECKOM OlEepaluu HeJlb3s

CIIMCATh Ha cueT aseMeHTa I/, Tak Kak W= A A B A C He BKIIO4aeT B cebsa B.
B pesynbTrate NpoOBEepKM BBISICHUIOChH, YTO 3aMeHe IMOMIeXaT JIOTHYecKHe
aneMeHTHl 1T u W.



@ Inhasa 3. Anaauz cxem

Bap. |C|B|A|C|B|A|U=AABAC|V=AABAC|W=AABAC|X=ArBAC|Z
1 [ofojof1]1}|1 0 0 ] 0 0
2 |ojo|1)j1]1]0 0 0 0 1 1
3 |oj1|Ooj1]|0]|1 1 0 ] 0 1
4 |Oo|1]1)1]0}0 0 0 1] 0 0
5 [1|0fojof1]1 [} 4] 0 0 0
6 110]1)j0j1}0 0 1 0 0 1
7 1({1]0j0}0{1 0 0 o 0 0
8 1(1]1j0j0j0O 0 0 1 0 1
Tabnuua UCTUHHOCTH
Bap. |C|B|A| C|B|A|U=AABAC|V=AABAC|W=AABAC|X=ArBAC|Z
1 |0f0ojof 1)1 (1 0 0 ] 0 0
2 |ojOj1p1|1|0O ] ] 0 1 1
3 |of1]0of 1 EI 1 1 o 0 V] 1
4 |O|1|1f1 ]jj [} 0 /] |1| ﬁl ﬁ{
5 110|001 |1 ] V] 0 0 0
6 11011 0{1{0 ] 1 0 0 1
7 |1|1]0]0 E] 1 0 0 0 0 0
g [1]1[1] offl]o 0 fl 1 0 1

MpoToxon namepenwnin

Puc. 3.12. Tabnuua UCTHHHOCTH M NPOTOKOJ1 M3MepeHut LM(POBOIt CXEMBI.

KOHTPONbHLIA TECT

1. CocTaBbTe TabIMIy MCTHHHOCTH JIIsE CXeMBbl Ha puc. 3.13.

Puc. 3.13. lludposas cxema.

2. CocraBbTe TAONMMIy MCTHHHOCTH IUIS CXeMBI pHC. 3.14.

€ o Puc. 3.14. lludpopas cxema.

3. B cxeme Ha puc. 3.14 anemenT II necdexreH. Ha ero Beixoae neTeKTupyercs
Bceraa gorngeckoe coctossHue 1. Kakyio noramdeckyio yHKIIHIO BHIIIOJHIET CXeMa
BeaeacTBHe 3Toro jgedekra? M3o0pasure peanbHylo (GYHKLHIO CXeMBI B BHJE
TabJIMLBI HCTHHHOCTH.

4. OnpeaenuTe 1A cXeMbI Ha puc. 3.15 noruyeckyio ¢hyHKIMIO 1 H300pa3uTe
TaGauIly HICTUHHOCTH.

5. ITocTpoiiTe cxeMy, OTBEYAIOLUYIO CIEHYIOLIEH TOIrMYecKoi QYHKIMN:

Z=AABAAABAC.



Koumpoavnsiti mecm D

Puc. 3.15. lludposaa cxema.

c
1

6. TTocTpoiiTe cxeMy M TaGIUIy UCTHHHOCTH, OTBEYAIOIIYIO CIIEIyIOLIEH JIo-
TH9eCKOW PyHKIMH:

Z=AvBvCAAvBACADvVAAD.
7. CxeMa Ha puc. 3.16 paboraer ¢ omubkamu. Tabnuiia pesyybraToB Tec-
THpPOBaHUS (TIPOTOKOJI M3MepeHuii) u3obpaxena Ha puc. 3.17. Onpenenure ne-
(heKTHBIE IOTUIECKHE DJIEMEHTHI.

114 Bap. |[C|B|AJA|C|X|Y|K]|Q
Ii: 1 [ofojof1f1f1]1]1]1
2 |(ojoj1fo|1|1|{1]1}|O
3 |of1folr|1]1]1]1]1
4 |o|1f1jol1]1]|o|1]0
5 [1|{oJof1fof1f1[1]1
6 |1|o|1fojo|1|o|1]0
7 |1{1]of1|ofjof1]1(1
8 |1]/1]/1({0]j0j0]0]JOJO

Puc. 3.17. [IpoTtokon u3ame-
Puc. 3.16. LIndposas cxema, paboTalomas ¢ OIIHOKaMH. peHumii.



FN1ABA 4

AJITEBPA NNOIM'MKA

Ecnm ¢ nomo1ubio HU(pPOBBIX CXeM XOTAT JOOUTHCS BBITOIHEHUS OMPENeTeHHBIX
3aKOHOB yNpaBieHWs WIH BbIYUCIEHHH, TO HEOOXOMMMO HAMTH CXeMBI, KOTOphIE
«MOTYT» peaJli30BaTh 3agyMaHHoe. CXeMbl ISl IIPOCTBIX 3aMaHHI MOXHO HalTH
myTeM noadopa (cM. ri. 5). OgHako YyeM Bhille TPeOOBAHMS K CXeMe, TeM MeHb-
1Ie BEPOSITHOCTh €€ HaxOXICHUS METOAO0M Iogoopa.

Haxe ecnu mocje IIUTEIbHBIX CTapaHUM yIaeTcss HalWTH MOAXONSIILYIO CXe-
MY, OHa OOBIYHO OKa3bIBaeTCs U30BITOUHO PYHKIIMOHANIBHOI, U ee IIPHMeHeHHE
3KOHOMMYECKH HellenecooOpa3Ho. HaliTu npocTtyio, HO MaeabHO TOAXONSIIYIO
CXeMY METOAOM I1oA00pa HEBO3MOXHO.

dna aHanu3a ¥ cHHTe3a LM(DOBBIX CXEM CIIYXHUT pa3paboTaHHBIA aHITIHM-
ckuM maremaTtikoM Byiem (1815—1864) mareMaTH4ecKuii armapar, KOTOPbIM
HM3y4daeTcs B CpeaHeil mkosie B Kypce «Teopus MHoXecTB». CrieMaIbHBIM pa3-
IiesioM GyJieBOU anreOpsl sIBJIsieTCs anredpa JIOTHKH.

4.1. NMepeMeHHbIe U NOCTOAHHbLIE BENUYUHDI
(KOHCTaHTbI)

B anreGpe noruku, Kak M B OOBIYHOI airebpe, ecTh NOHATHS NepeMEHHbIX U
nocmoAHHbIX BeJIWYHUH (KoHCcTaHT). Ho B ajireGpe TOrMKU KOHCTAHTBI MOTYT UMETh
TOJILKO JBa 3Ha4YeHMs1, a uMeHHo 0 unm 1. JIro6as nepeMeHHas B anredpe TOrMKH
paBHa nmu6o 0, mubo 1.

B anretpe norvkn ectb TONbKO OB KOHCTaHTwl: 0 u 1.

DTH KOHCTAHTHl COOTBETCTBYIOT JIOTHUECKUM CcOCTOSAHUAM 0 u 1.

Kaxpjasi BeIM4MHA, KOTOpasi MOXET NPUHUMAaTh 3HayeHue 0 uim 3HayeHue 1,
TpencTapiser coboil mepeMeHHYI0 BeluYMHy. BXoaHble BeJIMMMHBI CXE€MBI, Ha-
npumep A, B, C, ABNsAIOTCA NMepeMeHHbIMU BeTMYMHAMM, TaK KaK OHH MOTYT
uMeTh Jiormdeckue coctossHusi 1 wnu 0. Takke BBIXOIHBIE BEJUYHHEI CXEMBI
ABJAIOTCA MEPEMEHHBIMH BelUYMHAaMU. Buipaxenus suna (4 A B), cocrosiiue
M3 OBYX IepeMEHHBIX BEJIMUMH, TAKKe SBJSTIOTCS BeJIMYMHAMHM IepeMEHHBIMH,
TaK KaK MOTYT ObITh TOXE paBHbI TOJIbKO ( wiu 1.

MepementbiMi anrebpbl OMMKKM ABASIOTCS BEAWYMHBI, KOTOPLIE MOTYT UMeTb
cocToanus O unn 1.

CrnenoBarejibHO, II€pEMEHHAsA anreOpel JIOTUKM SIBISIETCST OUHAPHOU BETHUH-
Hoii. Ee MOXHO HarsimHO M300pa3uTh B BHAe Bbikmodatessi (puc. 4.1). Vcno-
BHUMCH, YTO

PazoMKkHYTOMY KIO4Y COOTBETCTBYET NOrMyeckoe coctosHue 0.
3aMKHYTOMY KIOYYy COOTBETCTBYET NOMrMYECKoe cocTosiHue |,




4.2. 3akonsr anzcebpvl noeuKu \)

| |
-1 )

Puc. 4.1. [lpeacraBacHue BO3MOXHBIX COCTO-
AHHI EPEMEHHOM A. Puc. 4.2. [Ipeacrapaenne koHcTauT 0 u 1.

0 1

BT0 cXeMOTeXHHYEeCKOe MpeJCTARNIeHUe TIEpeMEHHBIX BEJIMYHMH O4YeHb Mpo-
CTO i1 MOHKMMaHus. MOXHO JIH TaK Xe IPOCTO M300pa3uTh rpaUYecKH NMocTo-
SIHHBIE BeIMYMHBI? MOXHO NMOHMMATh NMOCTOSIHHBIE BeJIMYHMHBI KaK «DHUKCHPO-
BaHHBIE MepeKmovarenu». EciM nepekimoyareib sABisercd (UKCHUPOBAaHHBIM B
Pa30MKHYTOM COCTOSIHUH, TO OH HUKOTJa He CMOXeT 3aMKHYTBLCSI M BCErjia HMe-
et 3HaueHHe 0. Ecrm mepexsmioyarens aBisgercs GUKCUPOBAHHBIM B 3aMKHYTOM
COCTOSIHMH, TO OH HUKOI/I2 HE CMOXET pPa30MKHYThCA M BCET/Ia MMeeT 3HaYeHue 1.

ITocTOAHHO Pa3OMKHYTHIH TMepeKiioYyaTreabh MOXHO pacCMaTpUBaTh Kak pas-
phiB B JIMHHUH. [IoCTOSHHO 3aMKHYTHIH MEpeKIioyaTesib MOXHO paccMaTpPUBAaTh
KakK OOBIYHBIN npoBoa (puc. 4.2).

O6pbiB NUHWK: 0
HepaspbiBHoe coepuHeHune: 1

4.2. 3akoHbl anrebpbl NOrnku

OCHOBHBIE 3aKOHBI EU'II‘eﬁpr JIOTHKH SBJISIOTCA IIpaBWJIaMHM, TAaKKE Ha3bIBaCMBbI-
MH €lle aKCUuOMaMHM, NEeHCTBYIOLUMH ISl JIOTUYECKUX ONepanyid Haj MOCTOSH-
HBIMH BCJIMMMHAMH.

l |
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Puc. 4.3. [1pasuno normueckoro ymHoxexus M. Puc. 4.4. INpasuno noruveckoro cnoxenns HIH.



@ Thasa 4. Anzebpa nozuxu

3axkoH JUIA onepanuu Joruyeckoro ymHoxenuss M noka-
1 i=0 3aH Ha puc. 4.3. CxematiyHo foruyeckoe yMHoxeHue U Mox-
i } HO M300pa3suTh B BUIE MOCIEN0BATEBHOIO COSMHHEHMS KITIO-
yeii. Jlornyeckasi eIMHHUIIA HA BBIXOAEe OYIET TOJIBKO B TOM
0 ciydae, ecqid 06a K1o4ya OTHOBPEMEHHO 3aMKHYTEHI (pHcC. 4.3).
HHaye pe3yibTaT yMHOXEHHUS PaBeH HYJIIO.
3akoH ig onepaiuu Jgorudeckoro ciaoxenus MJIH u3ob-
E:r'i{'q:c's('”?g::;'é‘f paxeH Ha puc. 4.4. Jis NOrM4YecKOro CIOXEHUs KIIOYH B
Hns (umsepcnn) HE.  CXe€Me puc. 4.4 BkimoveHsl mapawtensHo. Ha Brixoze Gyner
Jioruyeckas 1 Torga, Korna Xors Obl ONMH K104 HAXOAUTCS B
COCTOSHUHU 1.
B noruueckom anemeHTe HE enuHniia Ha BXojne npespaiuaercs B 0 Ha BbIXO-
e, a 1 Ha Bxoge — B 0 Ha BeIxome (puc. 4.5).

ol
Il
-

4.3. AKCUOMBI U TOoXaecTBa anredbpb! NOrnku
4.3.1. AKCUOMBI

TIpaBuna Ist TOTHYECKOM ONEepali NepeMeHHOM BeJIHIWHbBI ¢ KOHCTAHTOM HIJTH
NepeMEHHON BEIMYMHBI C caMoil cO00M MIIM €e MHBEPTMPOBAaHHBIM 3HAaYEeHHEM
Ha3bIBAIOTCSI AKCHOMAMM.

0O0603HaYMM HEKOTOPYIO NEpeMEHHYIO BeNMWYHHY KakK A. Bece, 4yro BepHo s A4,
BEPHO M s 11000it Apyroit nepemeHHoi BenmuduHbL. Ha puc. 4.6 u3o0paxkeHbt
YeThlpe BO3MOXHBIE aKCHOMBI JIOTHYECKOTO YMHOXeHuA. I mpeacTaBneHuUst

HHBEPCMU A TNpUMEHEeH HOPMAJIbHO-3aMKHYTBIi KOHTAaKT. OH 3aMKHYT, €CIiH
TJIABHBIHA BBIKJTIOYATEb Pa3OMKHYT. M pa3MBiKaeTcsi MpH 3aMBIKAaHWM TJIABHOTO

BHIKTIOYaTeNsi. TakuM o6pasoMm, nmpu A A A oIMH U3 MOCTEAOBATENBLHO BKIIO-
YEHHBIX KJII0YEl BCerga pa3oMKHYT M B JIMHUMM MMeeT MecTo pa3phii (0).
ITpencrapneHue akcHOM areOpbl JIOTHKY B BUAE MPOCTBIX CXEM OYEHb HAIJIAN-
Ho. Taxke akCHOMBI MOXHO H300pa3uTh B BUIe TabmuL MCTHHHOCTH (pHC. 4.7).
AKCHOMBI JUTs1 JIoTHYecKOM orepaimu cioxeHuss MW cnemyior u3 puc. 4.8.
Onepamaro MJIA MoxxHO M300pa3suTh B BHAE NMapajUieIbHONO BKIIOYEHHUST KOHTAKTOB.
Ecnu nepeMeHHasi MHBEPTUPYETCA M 3aTeM ellle pa3 MHBEPTUPYETCs, TO OHA
NMPUHUMAET MepBOHAYalbHOe 3HaYeHHe (puc. 4.9). JIBa WITpMXa MHBEPCHH Hal
MEPEMEHHOH HE MCHSIOT €€ COCTOSIHMSI.
HeBsTh akcuoM npoHyMepoBaHsl oT 1 no 9. Ilox >TUMH HOMepaMH OHH Ja-
Jiee mpUBoOAsATCS B cOOpHIKE PopMyI.

4.3.2. 3aKOHbI KOMMYTaTUBHOCTU U aCCOUMATUBHOCTU

3aK0OH KOMMYTAaTHBHOCTH ellleé HAa3bIBAIOT NMEePEMECTHTENbHbIM 3akoHoM. OH
MIPUMEHSETCS [UIS JIOTHYECKOTO CJIOXEHHMS M YMHOXEHHMSA M MHTYMTUBHO IOHS-
TeH U3 cxeM Ha puc. 4.10 u 4.11.

Peaynetat onepauvm norm4eckoro ymHoxxeHua W He 3aemcut ot nopsagka obpa-
60TKN NepemMeHHbIX.

Peaynbtat onepauun norumdeckoro cnoxedus UM He 3aBucut ot nopsaka oG-
paboTkn NepemMeHHbIX.




4.3. Axcuombl u modcdecmea anszebpsl A02UKU 4\9

A
© [Az0=4 (:>o
Q
|
A
@ [Exo=4 > /s
1
e |
@ [ArA=4A Aﬁ}/A
(i
® [Aai=g e
A

Puc. 4.6. AKCHOMEI JIOrHYecKoro ymHoxeHnms H.

® [AvO=4 lzr,jo D /a
® [Avi=1 z‘_ >
@ HA 2 /a
® [AvA=1 E?A 2>

Puc. 4.8. AKCHOMBI JIOrMYECKOro YMHOXEHMSA
HIIH.

'BGD.IA|0||Z=AAO=0 A 0
1 |0|o‘\ 0 0
2 |1]0 0

Bap. |A|A|Z=AnA=A A

1 |0|0I 0 P A
2 [1]1 1

Bap. |A|A|Z=AnA=0 A

1 u|1" 0 i 0
2 |1]o0 0

Puc. 4.7. TabaMusl HCTUHHOCTH 418 AKCHOM
normyeckoro ymHoxeHusa H.

Puc. 4.9. AKCHOMEI JIOTHYECKO-
ro orpuuanus HE.

@lZ:AABAC:CAAABl
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Puc. 4.10. [MepemecTu-
TeNbHBIH 3aKOH 014 one-

PaLiH JIOTMYECKOro YMHO-
xeHus M.

@[Z=AvBvC=CvAvE|

{A /e Jc & ic /a /s
Puc. 4.11. [lepeMecTHTENIbHEI 3aKOH AJ11 OMNe-
paumu norudeckoro caoxenuns WJIH.




@ Thaea 4. Ancebpa nozuxu

A i 5 A (,q,\g} @[Z=AA(BAC)=(AAB)AC|

B B
n (B AC) H z Puc. 4.12. CoueratensHulil 3aKOH Ans
onepauyH JOruIeckoro ymHoxenus M.

@[z=AavEvO=(AvB)vC|

Puc. 4.13. CoueraTennHulit 3aKOH ANA
onepanmH Joruyeckoro cnoxexnusa UJIH.

3aKOH aCCOLIMATUBHOCTH €Lle Ha3bIBAIOT COYeTATeNbHBIM 3aKoHOM. OH Ipu-
MeHsieTCsl JUISI JIOTHYeCKOTO YMHOXeHHs (puc. 4.12) u cmoxenus (puc. 4.13).

PesyneTar onepaumumn NOrmM4eckoro ymMHoxeHns W He saasucuT oT nopsaka obpa-
BOTKN NEPEMEHHbIX.

PeayneTtat onepauuu noruyeckoro cnoxenus WJIM He 3asucumT OT nopsaka
06paboTkK NepemMeHHbIX.

4.3.3. AucTpubyTUBHLIM 3aKOH

JucTpuOyTHBHEINA 3aKOH TakKe Ha3bIBalOT pachmpeleNnTe/bHbIM 3akoHoM. Pac-
NpeaeuTebHbIH 3aKOH JIOTUYECKOT0 YMHOXEHHUS IT0 OTHOLIEHUIO K CIIOXe-
HHUIO UTpaeT GONBINYIO PONb HAa MPAakKTUKE NMPH NMpeoObpa3zoBaHMH JIOTMYECKHUX
BBIpaXXe€HMIA.

Paznnuaior KOHBIOHKTHBHBIN paclpeneTeTbHbIN 3aKOH M IM3bIOHKTHBHBII

pacnpenennwnbﬂblﬁ 3aKOH. KOHBIOHKTHUBHBIHM paCIlpE,[[CJIHTGJIbHHﬁ 3dKOH 3a-
MHUCBIBACTCA KaK

@ Z=AA(BvC)=(AAB)v(AAC).

IlepemeHHass A B onepauMu Jiornyeckoro yMmHoxeHust U «pacnpenensiercsi»
nmo nmepemMeHHBIM B u C. Cxema Ha puc. 4.14 goka3siBaeT MpaBHUIBHOCTb 3TOTO
ToXHecTBa. Tak Kak 006a KOHTaKkTa A MOIryT KOMMYTHPOBATLCS TOJIBKO OTHOBpE-
MEHHO, Y316l 1 ¥ 2 MOXHO COeMHUTH 6e3 U3MeHeHMs AeliCTBUs CXEMEL.

Y1068 ele JIyylile IOACHUTE 3TOT 3aKOH, TOXIECTBO ITPOBEpSeTCs TabIuIen
uctTuHHOCTH (pHc. 4.15). CocTosiHus NepeMeHHbIX B KOJOHKaX X ¥ Y onuHaKo-
BBl. 3HAYMT, KOHBIOHKTHBHBIN pacTipeleTUuTeIbHBIA 3aKOH BepeH.

JIM3BIOHKTUBHBIN pacnpeeuTe/IbHbIil 3aKOH 3aluChiBAETCH KaK

® | Z=Av(BAC)=(AvB)a(AvC).

IMepemennas A B omepanuu goruyeckoro cnoxenuss UIH «pacnipenensier-
ca» no nepeMeHHbIM B u C. Cxema Ha puc. 4.16 moka3piBaeT NMpaBUIBHOCTH
aTOro ToXAecTBa. Tak Kak o6a KOHTakTa A MOTYT KOMMYTHPOBAThCH TOJIBKO



4.3. Axcuomsl u moxcdecmea ancefpor nr02uKU @)

Bap.|C|B|A|AAB|AAC|(AAB)v(AAC)|BvC|AA(BVC)
1 |ojofof o 0 0 0 0
A A 2 |lojof{1] o 1] 0 0 0
3 |o|1]|o0] o 0 0 1 0
@ @ = a4 |o|1f1] 1 0 1 1 1
5 |[1]0]0] O 0 0 1 0
8 ¢ g ¢ 6 |1]of1{ © 1 1 1 1
7 |1]1]o} o 0 0 1 0
8 1(1|1 1 1 1 1 1

{AaB)vAaC)=Ar(BAC)
(ArB)w(ArC)=An(BVC)

Puc. 4.14. KoHBIOHKTHBHEIN pacnpeae- Puc. 4.15. [1poBepka npaBHIBHOCTH KOHBIOHKTHB-
JIMTE/ILHBIN 3aKOH. HOrO pacnpeaeJHTeIbHOro 3aKOHa NpH NOMOILH Tab-
NUUBI ICTHHHOCTH.

OIHOBPEMEHHO, CXeMy MOXHO IIpeobpa3oBaTh, KakK

9T0 M300paxeHo Ha puc. 4.16, 6e3 M3MeHeHUA neii- ,—l—| ‘L\

CTBHMS CXEMBI. A B B
CoBeTyeM caMOCTOSTEIBHO MIPOBEPUTD IMOCTEHEe

TOXIECTBO TaOMUIleli MCTUHHOCTH AHAJIOTUYHO Tab- = A/
JMie Ha puc. 4.15.

IMokaxeM NpUMEHEHHE TUIBIOHKTUBHOIO pacripe- A ( r ¢ ¢

JEJIUTECIEHOIO 3aKOHa Ha IMpUMepe. yr[pOCTl‘IM BbIpa-
XEeHue
(AvB)A{AvC)=AvI(BAC)

Z =(KVE)A(KVM).
Puc. 4.16. Ju3BIOHKTHBHBIHN
CornacHo NU3BIOHKTUBHOMY paclpeneiTe/IbHO- pacnpefennTenbHEI 3aKOH.

MY 3aKOHY OHO TpeoGpasyeTcsi:
(Av ByA(Av C)y=Av (B A C)
A A
Z=(KvMA(KvM)=Kv(MAM).
Bripaxenue M A M sBisieTcss TOTMYECKMM CIIOKEHHEM TepeMEeHHOH M ee

MHBepPTUPOBaHHOrO 3HayeHus. [To akcuome 4 Ha puc. 4.6 310 BhIpaXeHHe JaeT
pesynbrar 0:

ArnA=0
i 1
MAM=0

Torma mna Z:
Z=Kv(MaM)
Z=Kv0

T 7T
AvO=A.

CornmacHo akcuome 5 (puc. 4.8) BeipaxkeHue (mepeMeHHasi v () paBHO IepeMeHHOM
Z=K.
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4.3.4. Teopembl pe MopraHa

AHrmuiickuit MareMaTuk ne Mopras (1806—1871) nomnojiHwi akCHOMBI aJire6phl
JIOTHKM TeOpeMaMH, Ha3BaHHBIMHM B €ro 4ecThb. Teopemsl xe MopraHa MMmeloT
60nbIIOEe MPAKTHYECKOE 3HAYEHHE NPH YIPOIIEHUM MHBEPTHPYEMBIX BbIpaxe-
HMI 1 Torudeckux onepaumii ¢ aneMeHramu U-HE u UJIU-HE. CymectByior
nBe TeopeMbl e MopraHa.

IlepBas TeopeMa me MopraHa:

® Z=AAB=AvVB.

Bra Teopema HOKa3bIBaeTCA C MOMOINIBI0 TaOMMIBI UCTHHHOCTH (pHc. 4.17).
Bropas teopema ge Moprana:

(@) Z=AvB=AAB.

CornacHo TeopeMaM B3aMMHO MEHsIETCsl THII JioridecKoii onepawyu (U u UJIHA).
Bropas TeopeMa J0Ka3bIBASTCS C IIOMOIIBIO TaOIHUIIBI HCTUHHOCTH (pHc. 4.18).

Bap.|B|A|AnB|AAB|A|B|AvE| Bap.|B|A|AvB|AvB| A|B|AAB|
1 [o]o] o N 1 [o]of o N
2 (01| © 1 jof1] 1 2 (o1} 1 oj1] o
3 |1(0] o 1 J1]o]| 1 3 [1|o] 1 10| o
4 [1]1] 1 o |olo| o a [1[1] 1 olof o
A~B=AvE AvB=AnrB
Puc. 4.17. Tabnuia HCTHHHOCTH [UlA J0KAa3a- Puc. 4.18. Tabinua HCTHHHOCTH V1S AOKA3a-
TEJBCTBA NepBoii Teopemel Mopraxa. TeNbCTBA BTOPO# Teopemel MopraHa.

ITokaxeM BaxXHOCTh TeopeM ne Moprana Ha nmpumepe. C MX MOMOLIBIO MOX-
HO 3HAYMTEIHHO YIPOCTHUTH BBIPAXEHHE:

P=RASVRAS.
IMepBast yacTh ypaBHEeHHs R A .S COITIaCHO TiepBOiMl Teopeme mpeoGpasyeTcsi B

R v S. Bropas yacte ypaBHeHUs R A S cormacHo Toit Xe TeopeMe mpeobpasyercst
B Rv S. R cornacHo akcuome 9 parHO R.

P:§7§v§:E

P=§v§vﬁv§

P=RvSvRvVS.

ITocnemoBaTeNbHOCTh NMepeMeHHbIX M3MeHeHa. [IpoBeneM npeoOpasoBaHUs
o akcuomMam 8, 7 u 6:

P= RvVvR v SvS

e C——

AvA=1| o| AvA=A
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P=1vS

¢ [a=T]
P=1

TCODGMBI ae MopraHa JEHCTBYIOT TAKKE M IS IOTUYSCKHUX onepauﬂﬂ ¢ 60onb-
MM KOJHUYECTBOM INECPEMEHHbIX!

vDv..

@i
9]}

Z=AABACADA..=AvBv

ACADA...

(ull

Z=AvBvCvDv..=AnA

3apanue

CocraBbTe Taﬁnuuy HCTHHHOCTH M IIPOBEPHTE HCTHUHHOCTL TEOPEMEL 1€ Mopra—
Ha U1 TPpEX INEPEMEHHBIX.

4.3.5. MpropuTeTbl TOrMYeCcKMx onepauuin

Jlornueckast onepauusa U u MJIN ¢ HecKonbKUMH NepeMeHHBIMH MOXeT IIpHUBecC-
TH K HEONHO3HAYHOCTH. YpaBHEHHE

Z=AvBAC
MOXeT OBbITh peleHo aByMs cmoco6amMu. MoXHO cHayaja CJI0XHTh NepeMeHHbIe
A n B, 3areM ymMHOXHUTBH pe3yiabraT Ha C. CooTBeTCTBYIOLIAsE cXxeMa M Tabiauiia
MCTUHHOCTH M300paxkeHsl Ha puc. 4.19.

C mpyroii CTOpOHBI, MOXHO CHa4ala I€PeMHOXWUTh nepeMeHHele B u C, a
pe3ynbTaT coXUTh ¢ A. COOTBETCTBYIOIIAA CXeMa U TabiMlla MCTHHHOCTH M3006-
paxeHsI Ha pHuc. 4.20. Z B 5THX ABYX BapHaHTaX SIBJISETCS pe3yJbTaToOM abCOMOT-
HO pa3HbIX JIOTHYECKHX onepaluii. HeomHo3HaYHOCTh MOXHO YCTPaHMTh C IMO-
MoIIbI0 cKoOoK. B mepBoM cirydae Hyxto nucath Z = (4 v B) A C. Bo BropoM
cayqae — Z=Av (B A O).

A AvE Bap.|C|B|A|AvE|Z

1 ]ojojo] 0 |o

2 lojol1l 1 Jo

3 |lo|1fo] 1 |o

8 AvB)ac a lofl1|1] t |o

5 [1]ojo] 0 |o

Puc. 4.19. Cxema u tabnm- 6 [1]lo]1] 1 |1
112 HCTHHHOCTH Ans byHK- 7 |1]1]of 1 |1
i Z=(Av B) ~ C. Comm | 8 f1]1]+f 1 |1
Bap.|C|B|AlBAC|Z

A 1 |ojojo] 0 |o

Z=Av(BAC) 2 ofof1] o [1

3 |o|1|lo} o |o

B 4 lo|1f1] o |1

5 [1|o]jo] 0 |0

Puc. 4.20. Cxema u Tabiu- G jrjofrp o 41
11a HCTMHHOCTH A1 hyHK- ¢ ; : : ? : 1

mn Z=AnA(Bv C).
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Ot ck0OOK MOXHO OTKA3aThCsl, €CJIM BBECTH IPUOPUTETHI JOTMYECKHMX OIle-
paLM.

Jlornyeckasi oneparus ¢ 6ojiee BHICOKMM MPHOPHUTETOM BBHIIIONHSAETCS IEPE]
JPYTHMH JIOTUHYECKUMH onepauusaMu. ITpuopureT cylecTByeT H B OGBIYHOM ai-
rebpe. YMHOXeHHe W JeJIeHHE HMMEIOT TaM Oojee BBICOKMI IPHOPHUTET IEpeN
CJIOXXeHHEM M BBIYMTAHHEM.

B anre6pe oruku 605ee BEICOKAI MPHOPHUTET UMEET ONepaLus JIOTHYEeCKOro
yMHOXeHua M.

Onepauwns NOrM4eckoro yMHOXeHus W BbINONHAETCA nepen NorM4eckum cno-
xedvuem WA,

Z=AvBAC=Av (BaO.

Teneps paccMOTpeHHOe BBIII€ YPaBHEHHME CTAHOBHTCS OMHO3HAYHBIM.

Ecnu B BEIpaXXeHHUH aireOphl JIOTHKH MPHCYTCTBYIOT OMNEPAIMH JIOTHIECKOI'O
YMHOXEHHS U CIIOKEeHHUS, TO NepeMeHHble, CBI3aHHbIe JIOTHYeCKHM YMHOXEHH-
€M, JOJDKHBI YUTAThCS TaK, KaK OYITO B3ATH B CKOOKH.

4.4, OyHkumm U-HE n UWTN-HE

AireGpa JIOTHKH IOCTPOEHAa Ha TpeX OCHOBHBIX JIOTHYECKHX onepammsax — H,
WA u HE. Ha anemeHTax, BHIIOMHAIONIMX 9TH OIIEpalliHi, MOXKHO peaJii30BaTh
nmooyio morudeckyio dyakmuio. [Tosromy snementsl M, UJIU u HE naseBalores
OCHOBHBIMH.

M3 neproii TeopeMsl e Moprasa ciiefyer, 4To 3JieMeHT JIOTHIECKOTO YMHO-
XKEeHUS Bceraa MOXeT ObITh 3aMeHeH aieMeHToM WUJIM 1 HecKONBbKUMH 3JIeMeH-
Tamu HE:

A A B = Av B — nepsas Teopema ae MopraHa

AAB=AvB;
A~nB=Av B.

D10 03Hayaer, 4yro 6e3 anemMeHToB M MoXxHO 060iiTHCh. OTCIONA ClIeAyeT ITPAaBHIIO:

Nio6as nornyveckan yHkuns MoxeT GbiTb Peanu3oBaHa TONMIbKO HA 3NEeMEHTax
NI n HE.

Benrwin UJIH n HE moxso peanusoBars Ha anemenTax UJIU-HE (puc. 4.21).
Ecmu coemynuth BXxoabl snmementa UJIW-HE BMecte, TO MOMYYHUTCS 3JIEMEHT
HE. 9nement MUJIH nonyyaercs nmyreMm uHBepTupoBaHus seixoga UJIU-HE. [Ina
3TOTO K BBIXOAY 2JIeMEHTa HJ'[H:HE IMoCJIENOBaTENBHO TTOAKITIOYAETCH €1le OMUH
anemeHT UJIN-HE, xoTtopslii neiictByer Kak aneMeHT HE (puc. 4.21).

Bentune M Moxer OBITH 06pa30BaH COIJIACHO YPaBHEHMIO, CIEAYIOLIEMY H3
nepBoi Teopemul e MopraHa:

AAB=Av B.
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Puc. 4.21. Bentuwan UJIH v HE, pea- i 1] A
JAM30BAHHBIE HA JIOTMYECKMX 3/1EMEH- HE A e=> A . O
Tax WJIU-HE.
A = 1] Ave A =1 >1|AvB=AvE
WM = . l )
B B
AnB

Puc. 4.22. Bentins U, peanuso-
BaHHBIN HA JJOrHYECKHX 31EMeH-
Tax WJIH-HE.

Ilnst monmyyenusi A 1 B npumensiior aBa 3anementa UWJIIN-HE. s sornue-
CKOIi oIrepaiiuu c10XeHus ucromb3yercs emne onuH aneMeHT UIIW-HE (puc. 4.22).

Hrak, ecnu ocHoBHHBIE Tornuyeckue sneMeHTsl MM, HE, U MoxHo peanu-
30BaTh TONbKO Ha anemeHTax UJIM-HE, To 310 3HAa4YMT, YTO JIIOOYIO BO3MOX-
HY10 JIOTHYECKYI0 QYHKIIHIO TAKXKE MOXHO Peaau30BaTh TOJNBKO Ha 3JIeMeHTaX
HUIIU-HE.

JlioBast nornyeckas GyHKUMs MOXET ObiTb peann3oBaHa TONbKO Ha 3neMeHTax
WIN-HE.

Onementel UJIM-HE MoOXHO HMCIIONB30BaTh KaK YHHUBepCcaJbHbie JIOTHYe-
CKHE 3JIEMEHTHI.
M3 BTopoii Teopemul 1e MopraHa cnenyer, 4To Jorudeckuit anement UJIHA

MOXET OBITh 3aMeHEeH JIOTHYeCKUM 3JIeMeHTOM M M HecKOoJMbKMMMU 3JIeMeHTa-
mu HE:

Av B = A A B — Bropas Teopema ne Moprana

AvB=AAB;

AvB=AAB.

BOTto o3Hauyaer, yTo Oe3 anemeHTOB MJIM MoxHO oboiitucek. Orciona ciaemyer
TPaBWIoO:

NioBasa norudeckas GyHKLUMS MOXET DbiTh PEANM30BaHa TONLKO HA 3MEMEHTax
U u HE.

Bentuns HE Moxxo peanmuzoBath Ha anemeHTax M-HE. Ecnu coemuHMTh
Bxoasl aneMenta U-HE Bmecrte, To moxyunrcs snemeHT HE. Diaement M moiny-
yaeTcsl MyTeM IocjeaoBarelbHoro BiaoueHus snemeHta MU-HE u eme omgHoro
aneMmenTa I-HE, xotophlit aeiictByeT Kak anmemeHT HE (puc. 4.23).

Bentmnm MJIH Taxke MoxHO peanusosarb Ha asieMeHTax U-HE. U3 Bropoii
TeopeMbl Ie MopraHa clemayer:

AvB=AAB.



Puc. 4.23. Beutnnu HE u H, pea-
JNIM30BaHHBIE HA JIOTWYECKHX /IEMEH -
tax H-HE.

@
A AnB A l AnB = AnB
nnu [———> 0 D
B B
A = 1| AvB
n =]
B

Puc. 4.24. Bentuns HUJIH, peanu-
30BaHHBIM HA JOrHYECKHX 3/IEMEH-
Tax U-HE.

Ina peamusanuu BeaTwiss MJIHA tpebylores asa snemenra U-HE, BrimoueH-
Hble KaK sneMeHTsl HE. Elle onuH nmocneaosaTenbHO BKIIIOYEHHBIH smeMenT M-
HE uncmonp3yeTcs mist IOTHYECKOT0 YMHOXKEHHS ¢ HHBepcHel (puc. 4.24).

Hrak, ecsim ocHoBHBIe Jorudeckue ateMeHTsl UJIW, HE, Y MoxHo peanu-
30BaTh TONBKO Ha 3neMeHTax U-HE, To mo6yio BO3MOXHYIO IOTHYECKYIO yHK-
IIMIO TAKXXE MOXHO peaJid30BaTh TOJBKO Ha aneMeHTax U-HE.

Jio6aa normyeckas GyHKUMs MOXET BbiTh PEasIM30BaHA TONBKO HA 3AEMEHTAax
M-HE.

Bnementsl U-HE, Tak xe Kak u 3neMeHTel LJIM-HE, MOoXHO HCIIONbL30BaTh
KaK YHHBEPCAJBHbBIE JIOTHYECKHE 3JIEMEHTHI.

st cuHTe3a 1MHPOoBBIX cxeM TonbkKo Ha snemeHTax U-HE wiu UJIIU-HE
yacTo Tpebyercss MHOTOLIAroBoe Ipeodpa3oBaHHe YPaBHEHHM aareOphl JIOTHKH.
Taxue npeoGpazoBaHKsA MOTYT ObITh IIPOM3BENEHB pa3HbIMH criocobamu. IIyTh,
0OBIYHO BeAyNIUH K LeNHU KpaTyaiileid JOporoii, HaYuHaeTcs ¢ onepaluH JBO-
HOro oTpuIlaHus. JIBoiiHOe OTpPUIIAHHUE HE MEHSET Pe3yJbTaT BhIpaKeHMsI.

Mpumep

TIpeoGpa3yiite ypaBHeHue Z = (2 ABA C) v (A ABA 5) TaK, YTOOBI COOTBETCTBY-
olas cxeMa coaepxana Toabko anemeHTsl M-HE.

Z=(ZA§AC)V(AA§A5);

Z:(ZAEAC)A(AAEAE).

CHHTe3MpOBaHHAsI HA OCHOBE NMPeo6pPa30BaHHOIO YPaBHEHMS CXeMa IMOKa3a-
Ha Ha puc. 4.25.

Mpumep

IIpeobpa3yiiTe ypaBHeHHEe £ = (2 ABA C) v (A ABA E) TaK, YTOOBI COOTBETCTBY-
Iolas cxeMa conepxana tonbko anemenTsl UJIM-HE.

Z=(ZA§AC)V(AA\EAE);
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&
A ;;E c

Puc. 4.25. Cxema Tonsko Ha sneMeHTtax M-HE.

ZZ(EAEAE)V(ZAEAé);

Z=(AABAC)v(AABAC).

CuHTe3WpOBaHHasI Ha OCHOBE IMPe0o0pa30BaHHOTO YPAaBHEHMS CXeMa IoKa3a-
Ha Ha puc. 4.26.

Ha mpakTHKe 4acTo BO3HHKAIOT TPYAHOCTH MPH Mpeobpa3oBaHUHK alredbpau-
yecKUX ypaBHeHMi# B soruyeckue onepauun U-HE u UJIU-HE. Ecth crioco®
H30eXaTh 3THX MpeobpazoBaHuii. B cxeMe, moCTpoeHHOI W3 OCHOBHBIX 3JIEMEH-
TOB, OT/E/IbHbIE OCHOBHBIE 3JIEMEHTHI MOXHO 3aMeHWTb aneMeHTamMu M-HE u
HUITHU-HE, kxak yka3zaHo Ha puc. 4.21, 4.22, 4.23 u 4.24.

IIpu 3TO0M mosty4alorcsi Gojiee CIIOXHBIE CXE€MBI, KOTOpPHIE, TEM HE MEHee,
JIETKO ynpolnaTh. Tak, HanpyMep, YaCTO BCTPEYAIOTCS IBA CISMYIOLIMX APYT 33 Apy-
roM BeHTIWIsI HE. DTH BEHTIIN MOXHO BBIYEPKHYTh, TaK KAK HX ICHCTBHA B3aUMHO
KOMITIEHCUPYIOTCS (ABOIHOEe HHBEPTUPOBAHHE NepeMEHHOI He MeHseT ee). Benen-
CTBHME 3TOTO CXeMa 3HAYMTENIBHO YIIPOINAeTCs.

ITpuMep Takoro yrnpolueHHs nmokasaH Ha puc. 4.27. B pepxHeii yacTi piucyHKa

TIPeJICTaBlIeHa CXeMa, COOTBETCTBYOIAst QYHKIUH Z = (f_i ABA C) v (A ABA 5)

M COCTOSIIIAask U3 OCHOBHEIX 3/ieMeHTOoB. IIpeobpasyem 3Ty cxeMy B CXeMy, COCTO-
samyo Toinbko H3 3neMeHTOB M-HE. JIns 3Toro KaXnblii OCHOBHOM 3JIEMEHT

A B8 Cc

-’ ?

[ ] 1
A

Puc. 4.26. Cxema Toabko Ha 3nemenTtax UJIA-HE.



Z = (AABAC) v (AABAC)

Puc. 4.27. CxeMa ¢ OCHOBHBIMHU 3/1€-
g i MEHTaAMH, 3aMEHEHHBIMH COOTBET-
creyoummu snementamu M-HE.

cXeMBI 3aMeHsIeTcs coOTBeTCcTBYIOIMM eMy aneMeHToM U-HE. IlocnegosarensHo
BKoueHHbIe 3jeMeHThl HE MoXHO BhiYepkHyTh. B pesynbrare monydaercs cxe-
Ma, QYHKIIHIO KOTOPOii MBI paHee ONpeIeTHIN PacieTHRIM IyTeM (CM. puc. 4.25).
BroT crocob Bcerga paboTaeT Ha MPAKTHKE, OOHAKO TpeOyeT HeMHOro Oosblie

BpPEMEHH.
4.5. Npumepsl
AKCHUOMbI 1 TeopeMbl anredpbl NOrMKKu
Axcuomot
©  AA0=0; ® Av0=4;
@ AAl=A4; ® Avl=1;
@ AAA=A4; @ Av A=A,
@ AAA=0; AvA=1;

€]
N
Il

h

Tlepemecmumeansnstil 3axon
AABAC=CAAAB;

@ A4vBvC=CvAvB.
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Covemamenvrsiil 3aK0H
@ AA(BAC)=(AAB)AC;
@ Av(BvC)=(AvB)vC.

Pacnpedeaumensubtii 3aK0H
AA(BvC)=(AAB)v(AAC); An(Av B)=4;
@ Av(BAC)=(AvB)Aa(AvC); Av(AAB)=A.

Teopemu: 0e Mopeana

~~]
QA

@ AAB=Av B; AABACADA..=Av vDv..;

@ AvB=AAB; AvBvCvDv..=An

v

ADA...

=~
al

A

Ypasuenus 14a u 15a asnsrorcs apyroi HOpMO 3amUCH paclpemenuTeb-
Horo 3akoHa. OHHM nony4aTcs CAeNyIIHuM obpa3oM:

AA(Av B)=(AvO)A(Av B)=Av(OAB)=Av0=4

T {
A=AvO0 0AB=0
Av(AAB)=(AAD)V(AAB)=AA(1vB)=Arl1=A4
T l
A=AA1 1vB=1

VYpaBHeHus 16a u 17a apnsaioTca paciiMpeHHeM TeopeM Ae MopraHa Ha Jio-

6oe YHCIIO MepeMeHHBbIX.

B npenpinymux ypaBHeHMsIX IepeMeHHble A, B, C u D nmoapasymeBamorT,
YTO Ha MX MecTe MoxXeT ObITh Jio0as mepeMeHHas. B kayecTBe repeMeHHBIX
MOTYT TAKXE 3aMHCHIBATLCA BhIpaXeHH B CKOOKax U (YHKIIMM MHOTHX Iepe-

MEHHBIX.

Mpumepsl
Z=RA0=0; (akc. 1)
Z=SAK=8SvK; (ypaBH. 16)
Z=(XAY)=XAY =1 (akc. 8)

B nocneaHem ypaBHeHuu peyb uaet o6 omepauuu UM Han nepeMeHHON U
ee HHBEPTHPOBaHHBIM 3HaueHHeM. IlepeMeHHOM sABNsgeTca BeipaxeHue (X' A Y).

CornacHo ypaBHeHUIO 8 (A vA= ]) Z paBHO 1.
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Mpumepsbl pacyeToB

YnpoweHne BLIpaxeHui

Mpumep 1

Z=AvBvBvC;

BvB-=1 (akc. 8)
Z=Av1ivC;
Z:(EVC)VI.

Jlornueckoe cnoxenue MJIW B pesynsrare maet 1 (akc. 1). BelpaxeHue B
ckobkax (Z vC) paccMarpUBaeTcd Kak OfHa IepeMeHHas:

Z=1
MNpumep 2

X =(MAN)v(MANAM);
X=(MAN)v(MaMAN);
M A M =0; (akc. 4)
X=(MAN)v(OAN); .
0AN=0; (akc. 1)

X=(MA1V)V0.

CornmacHo akCHOME 5 JIOTHYECKOE CIIOXKEHHE TIePEMEHHON C HyJIeM JaeT B
pe3yabTare caMy IepeMeHHYIO:

X=(MAN). (akc. 5)

Mpumep 3
Z—‘—BV(EABAC)VE.

TMopsiioK cliaraeMbIX TPH JIOTHYECKOM CJIOXEHHH HE MMeeT 3HaYeHUs. Bbi-
paxeHue B v B corracHo akcuoMe 8 paBHO 1:

Z=BVJ§V(ZABAC)=1V(ZAB/\C).

BripaxeHne B CKOOKax paccMaTpHBaeTcsi KaK OJHa nepeMeHHas. Jlormue-
CKO€ CJIOKE€HHE IIepeMEHHOM ¢ eIMHMIICH NaeT B pe3yyibTaTe eaMHHUILY (akc. 6):

Z =1
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Mpumep 4
Z=Xna (X vSs )
CormlacHo pacnpeAelnuTeIbHOMY 3aKOHY (YpaBH. 14), €r0 MOXHO «pacKphITh»:
AA(BvVC)=(AnB)v(ArC);
Z=XA(XvS)=(X AX)v(X AS).
Bripaxenue X A X pasno 0 (akc. 4):
Z=0v(XAS).
Bripaxenue B ckobkax (X AS) paccMaTrpuBaeTcst Kak OIHAa IMepeMeHHas.

Jlormyeckoe CIOXeHHE TEPEMEHHOM C HyJIEM JaeT B pe3yjibTaTe IEPeMEHHYIO
(axc. 5):

Z=XAS.

C noMolpio TabjuIbl HCTUHHOCTH MOXHO IIPOBEPUTH IIPABUIBHOCTh pacye-
ToB (puc. 4.28).

Bap.|C|B|B|BvC|Z=B4a(BvC)|BnC
i fofof1]| 1 0 0
2 |o|1{o| o 0
3 |1|of1] 1 0 0
Puc. 4.28. Tabauua UCTHHHOCTH s l1lilol 4 } ;
s NPOBEPKM Pe3yabTaTa.
A NpoOBEPKM pesy. j

Mpumep 5

Z=AvBArAvBvC.
Cravasa yoepeM JUTHHHYI0 WHBEPTUPYIOIILYIO YePTY COIJIAaCHO BTOPOMY 3aK0-
Hy ne Moprana:

).

=111
(2]

A

Z=AV(EAZA

3]
9]

Z=Av(BAAABA
ITomeHsieM TiepeMeHHBIE MECTAMMU:
: Z=AV(BABAZAH);
BAB=0; (akc. 4)
Z=Av(0;\f_l/\5).

Beipaxenne A AC paccMaTpuBaeTcsl Kak OfHA IepeMeHHasa. Jlormyeckoe
YMHOXEHHUE MEPEMEHHOI C HYJIEM JaeT B Pe3ylIbTaTe HOJb:
Z=Av0;

Z=A (akc. 5)
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Mpumep 6
CHavana ciemyeT pa3OMTh JUIMHHYK BEPXHIOI 4YEpPTY OTPHUIIAHUSA Ha OTPE3KH
conacHo ypaBHeHHIO 17. JIBOMHBIC YePTH OTPULIAHUS PaBHOM JUIMHBEI B3aHMHO
COKpAIllaloTCSI U MOTYT OHITh BHIMEPKHYTHI (akc. 9). YepThl oTpHLIaHMS HaX He-
CKOJIBKMMH NEPEMEHHBIMHU PABHOCHJIBHBI cKobkaMm:

Y=AAXVvAABAXvBAX.

Ecnu oHu ybGupalorcs, He06X0AUMO TIPOBEpUTh, HEe HANO0 JIM BMECTO HMX IOCTa-
BUTh CKOOKH. B aTOM mpumepe ckoOku HeoOXOTUMBI:

Y=AAXVvAABAXVvBAX;
Y=(AAXV.ZABAX)AEAX.

Teneps MOXHO pa3OHTh KOPOTKME YepThl OTPMIIAHUS M COPTHPOBAaTh Mepe-
MEHHBIE:

Y=(EVXVEVEVA_’)A§AX;

Y:(XVAVX_'VA_’VI_?)AEAX;

AvA=1 (akc. 8)
XvX=AJX, (akc. 7)
Y=(]val_i)A§AX,
lv(fvf_i')= 1; (akc. 6)
Y=1ABAX;
Y=BrX

MNpeo6pasosaHune ypasHeHWn

Mpumep 7

IIpeoGpa3yiite cnemymonyo ¢(GyHKIIMIO TakK, YTOOB peajlM3ylollas ee cxeMa co-
cTosuia Tonbko u3 anemeHtoB U-HE.

Z=[Cv(NAPAS)|A(Av B);

Z=[CV(NAPAS)]A(ZVE);

Z=§ANAPASAEAI=7;

Z=CANAPASAAAB;

Z=CANAPASAAAB.



Koumponvnwti mecrn @

Mpumep 8

ITpeoGpasyiite cnenyiouyio GYHKIMIO TaK, YTOOL peaid3ylollas ee cxeMa Co-
crosuta Tonbko u3 snementoB MJIM-HE.

=( ) (BvRvS)

X=AvCvBvRVS,

X=AvCvBvRvVS.

KOHTpObHbLIA TECT

1. HazoBuTE KOJMHYECTBO BO3MOXHBIX ITOCTOSIHHBIX BEJIMYHH B anredpe jo-
THKH.
2. Kak npencrasisiercsi repeMeHHas BeJIMYMHa B anredpe noruku? Kaxme
JIOTMYE€CKHE OIE€PaLlMd MOXHO IIPOU3BOAUTD C IIepeMeHHbIMU?
3. Yro Takoe nepeMecTHTEIbHBINA 3aKOH?
4. Kakoe 3HaueHHEe MMEET paclpene/IuTeIbHbIH 3aKOH?
5. IToueMy BCe BO3MOXHEBIE JIOTHYECKHE ONEepaLlii MOJXKHO peaTi30BaTh TOJIBKO
Ha aneMeHTax U-HE?
6. Kakasi u3 nByX JIOTM4eCKMX oIlepauMid uMeeT 0oJiee BBICOKHI TIPHOPUTET:
U v UIIN?
7. Chopmynupyiite TeopeMbl e MopraHa.
8. Ynementol U, MJIN nnmun HE MoxHO peann3oBaTh TOJNBKO Ha
a) eeuTwissx U-HE,
©0) BenTax MUJIIWA-HE.
HapucyiiTe COOTBETCTBYIOLIME CXEMBL.
9. MakcMMaJIbHO YIIPOCTUTE CIEIYIONIHE BhIPAKEeHHS:

a) Z=AABAAAAABAC;
6) Y=AABvAvCvAABAC,
B) X =(AABAC)v(AABAC);

r) Q=EVEVEV(EAB-Aé)V(AAB)V(ZAé);

H)S=AABV,§ACV(AAB).
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10. ITpeoGpa3syiite cinemyiouye PYHKIIHHA TakK, YTOOBI peajn3ylouias ux cxe-
Ma cocTosuIa
1) Toneko u3 anementoB U-HE;
2) Tonbko u3 anemenTop UJIIU-HE:

a)Z=(AASAR)V(QAC_AE);
6) Y=AvBACvD,
B) X =(AVvBvC)A(M v NvP)A(RVS);

r) Q=(AAB)vCvDASVR,

) Q=AABACADVPAOAS.



NNMABA 5

CUHTE3 CXEM

5.1. CnHTEes cxem Ha NOrnm4eckux anemeHTax
no 3aZaHHbiM YCNOBUSIM

IIncdpoBbie 3JIEKTPOHHBIE CXEMBbI HA JIOTHYECKMX 3JIEMEHTAaX IPHMEHSIOTCH B
KavecTBe CXeM YIIpaBJIeHUs JUIS CAMBIX Pa3s/IMYHBIX 3a71a4 KOHTPOJIS U PeryJIupo-
BaHHUS TEXHOJNOTMYECKUX 00beKTOB. I1o1 CMHTE30M CXeMBI TIOHUMAIOT €€ TPoeK-
THpoBaHHe (pa3paboTKy).

ITepen HayamoM CHMHTE3a CXeMBI IOJDKHA OBITh Y€TKO M OIHO3HAaYHO chopMy-
JMPOBaHa 3aJaya, KOTOPYIO JOJDKHA pewiark cxeMa. CioBecHBIe (DOPMYJIMPOBKH
4acTO MOXHO TPaKTOBaTh HeOMHO3Ha4YHO. IT03TOMY TeXHHYECKOMY 3alaHMIO Ha
pa3paboTKy cxeMnl Tpebyercst yIeaIuTh 0coboe BHHMaHUE.

B nepByo ouepenp HYXKHO HA3HAYUTH BXOJIHBIE MepeMeHHbie. B KauecTBe
CHMMBOJIOB NPUMEHSIOT 3arfiaBHele OYKBHI ajipaBuTa, HAYMHASA C MEPBOM, C MH-
JEKCOM M Oe3.

BxopgHbie nepemerHbie, Hanpumep: A, B, C, D, E, F, G, E,, E,, E,.

3areM HazHavyalOT BHIXOJHBIE [IepeMeHHBIe. B KauecTBe CHMBOJIOB /I BHI-
XOIHBIX CUTHAJOB IMIPUMEHSIOT 3arjiaBHble OYKBH andaBuTa, HAYMHAA C T10C-
JIeqHen:

BuixoAHble nepemMeHHele, Hanpumep: Z, Y, X, V,, V,, V..

3areM He0GXOIMMO OTOBOPHTD, TIPY KAKHMX YCJIOBHAX IepeMeHHbIe paBHbI 1 1 0.

ITocye 3TOro MOXHO NPHUCTYNATh K COCTABISHHIO TAOIHMIIBI HCTUHHHOCTH. Cpasy
CTaHEeT SICHO, SBJISUIOCH JIM CJIOBECHOE ONMCaHue OMHO3HaYHbIM. Eciy B ipoliec-
ce cocTaBlIeHHA TabMM1IBI BCTPeYaeTcsl HESICHOCTD, €€ Hado Cpa3y YCTPaHATD ITy-
TeM OOCYXJIEeHHMS C OCTAIBHBIMM pa3paboTYMKAMU M 3aKa3uMKaMM.

Tabnuua MCTUHHOCTU OAHO3HAYHO onpefenseT, kak Byaet paboTaTe NPOEKTU-
pyemas cxema.

ITocne mocTpoeHus TabMMIBI HCTUHHOCTH ITOAOHPAIOT JIOTHYECKUE JIEeMEH-
THI, Ha KOTOPHIX €€ MOXHO peann3oBarh. CxeMa 0JDKHA OBITh KaK MOXHO TIpO-
e U COCTOATHh U3 BJICMSHTOB, HMECHIIHUXCA B HAUUTUYHUH.

Crnenyer NOMBITATHCS MaKCUMAJIBHO YIIPOCTUTH HalileHHYIO cxeMy. Eciu B
HaJIMYMH MMEIOTCS, HAalIpuMep, ToibKo anemeHTol U-HE, cxemy Hamo mpeobpa-
30BaTh TaK, YTOOBI OHa COCTOsUIa TOJNBKO M3 3meMeHTOB U-HE.

HrTaK, A cHHTe3a CXeMbl MOXHO BBIACJIUTD IISTh 1IaroB:

1. Omucanue GpyHKUMH TpeOyeMoi cXeMBbI.

2. HHBHEI‘-IBHHC BXOJHBIX U BBIXOIHBIX HCpCMCHHhIX BECIIMYHUH H HpHCBOeHHe
3HayeHut 0 u 1.

3. CocraBieHne TaOMHIIBI HCTHHHOCTH.
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4. OnpenesieHHe HeOOXOTUMbIX JIOTHYECKHX OIepalMid.
5. ¥npoieHue M MpH HEOOXOTUMOCTH IIpeoOpa3oBaHHe CXEMEI.
PaccMOTPUM 3TOT ITOLIATOBBIA CHHTE3 Ha KOHKPETHOM MpPHMEpE.

Mpumep

Tpebyercsa CHHTE3MPOBATh CXEMY, IIpeIOTBPaLIalOLIYIO ITyCK JHdTa npy orpeae-
JIEHHBIX YCIIOBHSIX.

Ilae 1. Onucanue gynxyuu mpedyemoii cxemot

JIudT He MOXeT TpOraThCs IPHU OTKPHITOMH ABepu. OH TaKKe He MOXET TPO-
rarbcsl Npy neperpyske. s mycka HeoOX0oIMMO HAaXaTh KHOIIKY.

Illaz 2. Haznavenue 6X00HbIX U 8LIXOOHBIX NEPeMEHHbBIX

BxonHast nepeMeHHast A HasHa4yaeTcsl ISl IBEPHOrO KOHTaKTa. A = 1 3Ha4uT,
YTO ABEPHOM KOHTAKT 3aMKHYT, A = () 3HAUUT, YTO IBEPHOM KOHTAKT Pa30OMKHYVT.

Bxomnas nepemMeHHasi B HazHavaercs Uisi neperpy3ku (B = 1: meperpyska,
B = 0: "HeT meperpysku).

Bxonnas nepemeHHas C HasHa4aeTcd Ui KHONKHU (C = 1 KHOIKa Haxara,
C = 0: He Haxara).

BrixonHoii mepeMeHHOI BeJIM4uHOM Oyaer Z. Z = 1 3Ha4uT, YT0 JUPT MOXET
exatb. Z = 0 3HauMT, 4YTO NMU(T €XaThb HE MOXET.

IIlaz 3. Cocmasaenue mabauybt ucmunrocmu

Mpbl MMeeM TpH IepeMeHHBIX Belu4uHbl. ClegoBarelbHOo, TabGIiIla HCTHH-
HOCTH MMeeT 8 BO3MOXHBIX BapHaHTOB (puc. 5.1). JIudr mMoxer exarp Torna,
Korja asepb 3aKkpnita (4 = 1), Het meperpy3ku (B = 0) u xHomnka Haxarta (C = 1).

Bce aTM yenoBUSA BHITIONHSIOTCA OMHOBPEMEHHO TOJNBLKO B BapHaHTe 6 TaOimMIrbl
ucTHHHOCTH (puc. 5.1). Ins sroro BapuanTa Z = 1. Bo BceX ocTaimbHbIX cyyasx Z = 0.

Illaz 4. Onpedeaenue HeoOX00UMbBIX A02U4ECKUX Onepayuil

ITocne cocraBieHus TaGMMIBI MCTHHHOCTH MOXHO paccuMTarh cxemy. Ilpa-
BWia pacyera OynyT maHel mosxe. [ns Takoil MpoCTO# 3adadyd MOXHO TaKXKe
IIPUMEHSTb MeTo Ioadopa.

Z paBHO 1 ToneKko Torga, korma A =1, B=0wu C = 1. Ecnu noxars Bxon B
Ha uHBeptTop HE, TO Ha BhIXOMIE 3TOrO 3NMeMeHTa Oynet coctosinue 1. Ilpu A = 1,

B =1u C=1 umeem Tpu l-coctosinus. OHU nanee MOCTYMAIOT HA BXOJ

A o——dl
Norwyeckan

e cxema | z
Bap. |C|B|A| Z c
1 [o]ofofoO
2 ofof1]o
1
3 [of1|o]o0 A
4 |of1f1]o0 .
5 [1]|0|0]0 0 R 1
6 |Glo[1]1] B E }3 : Zz
7 [1]1|o}o
8 [1]1]1lo cd =
Z=ArBAC
Puc. 5.1. Tabnuia HCTHHHOCTH 1A CXeMEI be- Puc. 5.2. lludposas cxema 6e30MacHOCTH

30MAacHOCTH AudTa. nudra.
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TpexBxomgoBoro anmemeHTa M (pmc. 5.2). Ha Boixome anemenTta M TonbKo TOTma
neiictByer 1, korna A= 1, B= 0u C = 1. D1oT BoiXOX siBNAeTcA Z-BoixonoM. Ha
puc. 5.2 uzobpaxeHa tpebyemMas: cxemMa Oe3onacHocTd. Z = 1 O03HayaeT, HaNpu-
Mep, YTO K BBIXOHNY Z NMPUJIOXKEHO HamnpspkeHue +5 B. Bro HampsskeHHe MOXeT
KOMMYTHPOBATh peJie 3anmyckKa Jnudra.

Croco6 HaxOXNEeHUS CXeMbl METOIOM IoA0opa MOXHO OIMUCaATh KakK

Bo3amoxHOCTE NooodpaTe BAPWAHT CXEMbl, BRINOMHAIOWENA Tpebyembie noru-
Yeckune onepaunn YMHOXEHWA UK CAOoXeHWnA BXOOHBIX NepeMeHHbIX N UX MHBEPTK-
pPOBaHHbLIX 3HAYEHWIA,

Illaz 5. Ynpowenue u npu neobxodumocmu npeobpasoeanue cxemol

CxeMy Ha puc. 5.2 ynpocTuTh Henb3d. OIHAKO ee MOXHO NpeoOpa3oBath.
IIpeamonoxuM, 9TO Y HacC ecTh Mox pyKoil Toibko 3nemeHThl MJIM-HE. Torma

byukumio Z = A A B A C MoXHO npeo6pa3oBarh:

Z=AABAC=AABAC=AvBVC.
Cxewma, nmoctpoenHas Ha 3nemenTax MJIM-HE, u3obpaxkena Ha puc. 5.3.

Puc. 5.3. Cxema GesonacHoctd nudra
Ha anemenTax UJIU-HE.

5.2. HopManbHble GOpMbl 3anucu

CrangaprusoBaHHbie (GOPMBI 3alIHCH BHIPAXEHHH HA3bIBAIOTCS B MaTeMaTHKe
HopManbHbiME Gopmamu. Ins1 ornpeneieHHBIX Ileleii HeoOXOAUMO JIOrHYeCKHe
(hbyHKIIMM MPUBOIUTH B HOPMaJIbHY1I0 hopmy.

5.2.1. HopmanbHas ¢opma
onepauuuy noru4yeckoro cnoxenmna UJn

Hopmanbaas dopma 3amacu Jormdeckoro cnoxenns WIH, taxke HaspiBaeMasi HOp-
MAaJTBHOM TUIBLIOHKTHBHOI (OPMOII 3armicH (0T IU3BIOHKLUSA — CJIOXEHME), SBISET-
¢ (hopMoii 3aImMCH ypaBHEHMS areOphl IOTMKH, B KOTOPOM TaK Ha3bIBaeMble I10JI-
HbIE KOHBIOHKIIMM CBsI3aHbl APYT C JPYTOM OllepalMei JIOTMYECKOTO CIIOXKCHHS.

o4 NONHOR KOHBIOHKUMWE MOHMMAIOT Onepauunio NOrM4eCcKoro YMHOXEHWS, B
KOTOPOW Yy4acTBYIOT BCE MMEIOWMECH NepeMeHHble Win nx UHEEPTUPROBaHHbLIE 3Ha-
YEHWS (OT KOHBIOHKUWA — YMHOXEHUE).

Ecnu mMeloTcd mepeMeHHBIe 4 M B, TO MONYy4YaloTCA 4YeThipe BO3MOXHBIC
IMOJIHBbI€ KOHBIOHKIIHH:

AAB AAB AAB AAB
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HopmanbHasa dopma UM coCTOUT M3 HECKOABKWUX NOAHBLIX KOHBIOHKUWIA, KOTO~
pbie norudecku cknageisaioTea onepauvein UJTA. OHa MOXET COCTORThL Takke u3
OJHON-€ANHCTBEHHON NOMHOW KOHBIOHKLMA.

Bce Bo3aMOXHBIE JIOTHYECKHe (PYHKIIMM MOIYT OBITH 3allMCaHBbl B BHIE HOP-
manbHoOi opmbr UITH.

Kaxnaa nopmanbsHaa ¢opma UJIH uMeeT TecHYIO CBA3b ¢ TaOIHIIeH MCTHH-
HocTH. ITokaxeM 3TO Ha HECKONBKHX NMpHMepax.

Haitnem taGnuiy uctunsoctd Z, = (A A B)v (Z A E). Ona npeacrapjieHa Ha
puc. 5.4. BugHo, yro Z, umeer aBa 1-COCTOSHMSI, 24 UMEHHO B ciy4asx 1 u 4.

|5[A|4+8]%
1
0
1
0
Teneps paccMoTpUM TaGmIly MCTUHHOCTH I Z, = (A A B)v (3 A B) v (E A E)
Ha puc. 5.5. Z, uMeeT Tpu 1-COCTOSTHUMSI.

Bap. | AnB|AnB|Z =(ArB)v(AnB)

1

|
]

bW ON -

- - 0 O m
- O = O|>»
(= - ]
- o o o>
o o o = >

0
0
1

=(AAB)v(AnB) Puc. 5.4. Tabauna ucTuHHOCTH Uist Z,.

A

Bap. |B|A|B|A| Z,=ArB Bap.|8|A|B|A|ArB|AnB|ANE |2, =(AnB)v(ArB)v(AnE)
1 0j0f1]1 1 AnB 1 olol1]1 ) 0 1 1
2 |of1]1]0 0
3 l1lolols 0 2 {of|1{1]0]| o 0 0 ]
4 [1|1]o]0 1 3 {1|ojo|1]| o 1 ] 1
,—.«. B 4 |1(1fofo]| 1 0 0 1
|Ez=(AAB) ZAB) (AAE)I
Puc. 5.6. Tabnuna HCTHHHO-
cTH ans Z,. Puc. 5.5. Tabnuua uctHHHOCTH A4 Z,.

Ta6nuua uctuuHOCTH st Z, = (A A B) usoGpaxena Ha puc. 5.6. Z, nmeer
oaHO l-cocrosinue. M3 3TOro MOXHo caenars BbIBOJL:

KonnyecTeo 1-COCTOAHWUIA B BLIXOAHOM cTOonbue Tabnnubl MCTUHHOCTKU (B OaH-
HOM cnydae Z-ctonbeu) paBHO KOSIMYECTBY NOJHLIX KOHBIOHKUMI HOpManbHOn ¢op-
Mol AJTA.

Hrak, BeposaTHO, Kaxnoi 1 B Z-cronblie COOTBETCTBYET IIOJIHAS KOHBIOHK-
umsi. Puc. 5.8 moarBepxmaer aTo yrBepxiaeHue. Mbl uMeeM 4eThbipe BO3MOXHBIX
1-COCTOSIHUA U YeThbipe MOJHBIX KOHBIOHKIIUU. Kakas mojiHasg KOHBIOHKIHA OT-
HOCHUTCS K KakoMmy l-cocTrosHuio?

1-cocTostHMe 110NTHO KOHBIOHKIMH A A B nonyyaercst us Tabnuupl Ha puc. 5.6.
Tabnuua UCTUHHOCTH MOJTHOM KOHBIOHKUMK A A B moka3zana Ha puc. 5.7. Mox-
HO CIleNiaTh BBIBOJ:

Ecnwn B paccmoTpeHHOM BapuaHTe Tabnuupl MUCTUHHOCTW NepemMeHHas NpuHMmMa-
eT 3HadeHue 0, TO B COOTBETCTBYWOLWEN NONMHOM KOHBIOHKLUMA OHA WHBEPTUPYETCSH.
Ecnu B paccmoTtpeHHoM BapuaHTe Tabnuubl MCTUMHHOCTM NEPEMEHHas NpUHUMaeT
3Ha4eHue 1, TO B COOTBETCTBYIOLUEN MOJIHOWM KOHLIOHKLMW OHa HE WHBEPTUPYETCH.




5.2. Hopmanvhvie gpopmur 3anucu

B
0
0
1
1

Puc. 5.7. Tabnuua MICTHHHOCTH NMOJIHOH KOHB- Puc. 5.8. CooTBeTCTBHE NONHBIX KOHBIOHKIHH
1OHKIHA A A B. BO3MOXHEIM |-COCTOAHHAM.

- 0 = O b
- o o olN

=AnrB

CoOTBETCTBHE MOJNHBIX KOHBIOHKLMI BO3MOXHBIM 1-COCTOSIHUSIM TIOKA3aHO
Ha puc. 5.8.

Kaxaomy 1-coctosHuio 8 BeIxogHOM cTonbue (Z-ctonbue) Tabnmubl NCTUHHOC-
TW COOTBETCTBYET NOJIHAA KOHBIOHKUNA.

MpuU HECKONLKMX MOMHBIX KOHBIOHKUMAX HopManbHaa dopma UKW nonyyaetcs
nocpeacTeoM norn4eckoro cnoxenus UITM nonHelX KOHBLIOHKLIWIA.

ITpu 3TOM CTAHOBHTCH SICHOM B3aMMOCBS3b MEX/Iy TaOIMIleil MCTHHHOCTH U
HopmanbHOi dopmoit UM, v mist moboit Tabauiibl HCTHHHOCTH MBI MOXEM
3alIMcaTh COOTBETCTBYIOLIYIO HopManbHylo ¢dopmy HMIITH.

HopmansHan dopma UKW npeactaenseT nHoOpMaUMoHHOE cogepxaHue 1ab-
NWLbl MCTUHHOCTU B BUAE YPaBHEHWUS anrebpbl Nnorvku.

Mpumep
JlaHa Tabnuua MCTUHHOCTU Ha puc. 5.8a. OnpemenuTb Bap.|C|B|A|Z
COOTBETCTBYIOIYI0O HopMansHyIi0 dopmy HMIIHU. Kaxmoe ; g g ‘1’ ?:A .G
l-cocrosinue B Z-cTONOLIE COOTBETCTBYET MONHOM KOHB- 3 |o|10l0
IOHKUMH. 0-cocTOsiHUSL B Z-CTONIOLE MOXHO He paccMaT- 4 |0[1|1]0
pHBaTB 5 1{0]0[1=AArBnaC
) 6 [1|0|1]0
PaccMorpuM BapuaHT 2 Ha puc. 5.8a. IlepemenHas A 7 |{|1|ol0
pasHa 1. IToaToMy OHa He MHBEPTHPYETCS B NONHOM KOHb- 8 [1l1]1]1=4rBAC

1oHKuuK. Ilepemennbie BesmyuHbl B u C pasubl 0. OHu oo T e-
WHBEPTUPYIOTCA B TIOMHON KOHBIOHKIMH. TakuM o6pasoM, uunocms.
TIOJTHAsA KOHBIOHKIIUA JUISS BapHaHTa 2 paBHa.

AABAC.
CoOTBETCTBEHHO IUIsI BapMaHTa 5 moyiHast KOHBIOHKUMA A A BAC, a mia

BapuaHTa 8 1noJjiHasgs KOHBIOHKIMA A A B A C.
HopmanbHasa ¢dopma UJIH aBngerca cyMMoi BeeX MOMHBIX KOHBIOHKIIHIA:

Z=(AAEAC)V(ZAEAC)V(AABAC).

Ora HopMasibHaA dopma UM nipencrapisier copepkaHue TaOMUIBI HCTHHHO-
CcTH, u300paxeHHOI Ha puc. 5.8a. Kak u moboe npyroe ypaBHeHHe ajredphl JIOTH-
K{, HOpManbHyI0 (OpMy MOXHO TpeoOpa3oBaTh B TaOJHMIy MCTHHHOCTH. s
BBIBEJ€HHOM HOPMaJIbHOM (hopMEI mosyyaercs Tabnuiia MCTHHHOCTH (pHc. 5.8a).
D10 MOXHO IIpoBepHuTh. Pe3ynbrar rmokasaH Ha puc. 5.9.

C nomoinsio HopMatbHOM ¢GopMmbl MJIA Bo3MoxHO mist mo0o0il 3agaHHOIM
WIM COCTaBJIEHHOH 110 ONMMCAHHIO MpoOjieMbl TaOIHMLBI MCTHHHOCTH 3aIlMUCaTh
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o

Bap.|C|B|AlB|A|AnBAC|AnBac|AanBac|z Pue.5.9. ObpaTHOE NpeobpazoBaHne HOPMANBHOH
1 jofofof1]1 0 0 0 o dopmer UJIH B Tabnuuy HCTHHHOCTH.

2 |0ojo|1}j1|0 1 0 o 1

i 3 1 ': g ; g g ﬁ g COOTBETCTBYIONIEE ypaBHEHHE anreGpb
5 [1[0foj1]1] o i 517 JlorukH. Merton noabopa yxe He HYXKeH.
6 |1[of1}1j0] O 0 o |0 Temepp MOXHO 6€3 0cOOBIX TpyAHOCTEM
s i ¢ ol g g ° |°  OCYIIECTBIATH CHHTE3 JOCTATOYHO CIIOX-

HBIX JIOTHYECKHX CXEM.

5.2.2. HopmaneHasa dopma onepauuvmu
norn4yeckoro ymHoxexHusa W

Hopmanbhas ¢gopMma 3amucn Jjormveckoro yMHomenus W, taicke HaspiBaeMasi HOpMaJib-
HOH KOHBIOHKTHBHOM (hopMOii 3amicH (0T KOHBIOHKIIMSI — YMHOXEHUE), SIRIIsSeTCs
¢opMoii 3armucH ypaBHEHMsI AIT€OpHl JIOTHKH, B KOTOPOM TaK Ha3bIBaGMbIC ITOJIHBIC
JM3BIOHKIIAH CBSI3aHBI JPYT C IPYIOM ollepalyeii JOrH4ecKoro YMHOXEeHMS.

Moa nonHoilt AM3BLIOHKUWEN MOHMMAKNT Onepauvio NOrv4eckoro CroXenHus, B
KOTOPOW y4acTBYHOT BCE MMEWNECH NepemMeHHbIe Ui NX MHBEPTUPOBAHHLIE 3HA-
YeHus (0T AW3BIOHKLMSE — CAOXEeHWE).

Ecnu uMeloTcs 1Be nepeMeHHble, HapuMep A U B, TO NOMy4aloTCs YeThIpe
BO3MOXHBIE [MOJHbIE IH3BIOHKUHHU:

AAB AAB AAB AAB

HopmaneHaa ¢opma 4 cocTomT N3 HECKOALKUX MOAHBLIX AU3BIOHKUWA, KOTOpLIE
NOTUYECKM NEepemMHOXaTes onepauneln M. OHa MOXeT COCTONAThL TakxkKe U3 OOHOK-
eNHCTBEHHON NOAHOW AU3BIOHKUWMNA,

Ecnmu paGora ¢ HopmanbHo# dopmoit UJIU He BBI3BIBaeT 3aTpyAHEHMS, TO
HopManbHast opma M yxe He ocobeHHo HyxXHa. Hopmanbhyio dopmy U MmoxHO
JIerko npeo6pa3oBaTh B HopMalibHy dhopmy UITH.

Mpumep

IlepeBenuTe HopManbHyIo dopmy Y Z = (A A B)v (A A B) B HOPMaJIbHYIO (op-
my UJIN:




5.3. Ynpowenue u npeobpazoearue nopmanvroti ghopmor H/ITH ¢ nomougpio anzelGpot aoeuxu @
5.3. YnpouwieHve n npeobpa3zoBaHne HOpMasbHOWM
dopmbl TN ¢ noMoubio anrebpbl 10rMku
5.3.1. YnpoweHune HopmanbHon ¢opmbl NN

HopmanbHast popma UJIH BocipoM3BOOUT cofiepXKaHue TaGIHIIBI HCTUHHOCTH B
BHIIe JIOTUYECKOro ypaBHeHHs. Ilo 3ToMy ypaBHeHHIO MOXeET ObITb CHHTE3HPO-
BaHa HyXHasd cxeMma.

Mo HopmaneHoi dopme MJTM MOXHO CuHTE3MpPOBaTL CxeMy, YAOBNETBOPSIOLLYIO
cooTBeTcTByoWen Tabnuue NCTUHHOCTK.

Yacro 3Ta cXeMa He SBISIETCS CaMbIM MPOCTHIM BaApHAHTOM M3 BO3MOXHBIX.
Bo MHorux ciygasx HopMainbHBIe (hopmbl NI MoXHO yripocTuTh. DTO YIIpO-
IIIEHHE MOXET ObITh BBIMOJIHEHO C TTOMOILIBIO ANTreOphl JIOTHKH.

Mpumep 1

Yupocrure HopmaibHyio dopmy WIH Z =(A A B) v (A A E). Taxk xak obe moi-

HbI€ KOHBIOHKIIHH COOEpXKaT IMEPEMEHHYIO A, To OHa C NMOMOUIbIO pacrnpenein-
TEJIBHOTO 3aKOHA MOXET OBITh BBIHECEHA 33 CKOOKM:

Z=(AAB)V(AA§);
Z=An (B v E)
Bripaxkenue B v B Bcerna paBHo 1 (cM. ri. 4).

Z=AA1l

Jloruyeckoe clIOXeHUE MEPEMEHHOM ¢ 1 laeT B HTOrEe NepeMeHHY0. Pesyib-
TaT ynpoluieHusi HopManbHoi dopmbl UITNA:

Z=A

Mpumep 2
VYnpocture cnemyomyo HopManbkHyI0 popmy NIN:
A =(EABAC)V(.ZABAE)V(EAEAC)V(ZAEAE).
@ @ (©) @

CHayaJia ynpomIaloT MoJHbe KOHBIOHKIMHE @ U @. A A B paccMarpuBaercsi
KakK OJIHA IepeMeHHass ¥ BHIHOCHUTCS 3a CKOOKM:

(47 B)AC)v((AAB)AC)=(AAB)A(CvC)=(ArB)al=(4AB).

Taxoke MOXHO YIIPOCTHTH MOJTHbIE KOHBIOHKIMHA @ U @. A A B paccMaTpu-
BaeTCs KaK O/lHA IepeMEHHasi M BBIHOCHUTCS 32 CKOOKM:

(A7 B)AC)v((AnB)AC)=(AnB)a(CvC)=(ArB)al=(4AB)
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s Z rorna:
Z=(ZAB)V(EA§).

B atoMm ypaBHeHuH 1‘—] MOXeT OBITh BBIHECEeHA 3a CKOOKM KaK COBMECTHas Iepe-
MEHHas1:

Z = An(Bv B);
Z=Anl

Z=A

JocrarouHo crnoxHasa HopMansHag ¢opma UJIN cunbHO ympocTHIAChH B 3TOM
npuMepe. Takoe CHIbHOE YIpOLIeHHe BO MHOIHX CIIyYasx HeBO3MOXHO. Cyle-
cTByeT MHOro HopMaibHbIX opM UJIH, KoTophie He YIpolamTCs.

Mpumep 3
YnpoctuTe cieayonyio HopMainbHyo dopmy WIIH:

Z‘:(AABAE)V(XAEAE).

Taxk kak obe MoJHbIE KOHBIOHKIIMH COAEPXKAT IIepeMeHHYIO, TO OHA ¢ IIOMO-
IIBIO PACTIpeIE/IUTENBFHOIO 3aKOHA MOXET OBITh BEIHECEHA 3a CKOOKU:

Z:éA((AAB)V(ZAE)).

MOXHO TIOCIIOPHTb, SIBJISIETCS M BHIHECEHUE 3a CKOOKY C YNpOLIEHHEM MC-
XOIHOTrO BEIpaxXeHHsa. OTBeT OyleT 0uYeBMIEH TOJILKO IIPH cOOpKe CXeMBI Ha peajb-
HBIX 3j1eMeHTax. CylecTBeHHOTO NMPEHMYINECTBA B JIIOOOM CIIydae He MOJIyIHTCS.

5.3.2. MNpeobpasoBaHne HopmansHoW dopmbl U

Cxema, KoTopasi CTPOUTCS cortacHO HopMaiibHO# ¢opme WJIM, momxHa 6a3u-
pOBaThCS HAa OCHOBHEIX JIOTHUECKUX 3JIeMeHTaX. Bo MHOIMX CiIydasiX MOXHO HC-
MoJIb30BaTh pyrue 3neMenTsl, HanpuMep M-HE wim MJIM-HE. HopmanbHas
dopma UJIN B 3THX ciIyyasx IOJDKHaA OBITH NMpeobpa3oBaHa.

IlepeBectn HopManbHyo hopmy WM Ha sanementsr U-HE odens mpocto.
Hopwmanbhas dopma UJTU cHavana monBepraercsi ABOMHOMY OoTpULIaHuIo. JIBoii-
HO€ OTPHMIIAaHUE, KaK N3BECTHO, He MEHSeT ColepXaHne ypaBHeHUsI. 3aTeM HIDK-
HSS YepTa HHBEPCHH pa3JelisfieTcs COrMIacHO BTOpoii TeopeMe ne MopraHa.

Mpumep 1




Puc. 5.10. Cxema tonsko ¢ anementamu M-HE.

Tlonygalomasicsi U3 ypaBHCHUSI cXe-
Ma mpencTaBieHa Ha puc. 5.10.

Ecnu tpebyercs npeoOpa3oBaTh HOpP-
ManbHy1o opmy MU Tak, 4To6BI cXe-
Ma COCTOsUJIa TOJILKO M3 3JIEMEHTOB
MNIIN-HE, To pekoMeHayeTCs ABaXIbI
WHBEPTHUPOBATh KaXIylO IIOJIHYI0O KOHB-
IOHKIIHIO M KaXIyI0 HYDKHIOIO YepTy HH-

A

3B

5.4. Memood kapm Kapuo @

c

c

ArBAC

BEPCHH NpeoOpa3oBaTh B COOTBETCTBHH C TIepBOM TeopeMoii ne Moprana. 3ateMm
BCE BbIpAXEHHeE ellle pa3 MOoABepraeTcs JBOHHOMY OTPHUIIAHHIO.

Mpumep 2

Zz(EABAé)V(AAEAC);

Z=(/_1/\B/\E)V(AA§AC);

Z=AvBvCvAvBvC;

Z=AvBvCvAvBvC.

CxemMa K 3TOMY YpaBHEHHMIO H300paxeHa Ha puc. 3.11.

A

[ 3

*
=

1

Puc. 5.11. Cxema TONBKO C 3/1eMEHTAMH
HNJIU-HE.

5.4. Metopn kapTt KapHo

Merton kapt KapHo clyxuT iis HarjsiiHOTO MpeACcTaBlIeHUs U YIIPOIIEHHS HOP-
mansHo#M dopmel MUJIU. O 61 mpuayMaH MareMaTukoM KapHo, M ero eme

Ha3bIBAKOT METONOM JIHAarpaMm KapHO.

5.4.1. KapTta KapHo gns AByx nepeMeHHbIX

Kapret KapHo MOryT ObITh NIpe/icTaBleHbl B BUIIe TAOUIl UCTUHHOCTH IS TTOJ-

HBIX KOHBIOHKLIUA.
3—2114
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Kaptel KapHo BCceraa nMeioT KOJIMYECTBO NONIEN, PABHOE KONWHECTBY BO3MOX-
HbIX MONHBIX KOHBIOHKLUWA.

IIpu ABYX mepeMeHHBIX BO3MOXHEI 4 IMOJHBIE KOHBIOHKIIMK. TakuM obpa-
30M, Kapta KapHo jis IByX NepeMeHHBIX HoJIXKHA uMeTh 4 nons (cMm. puc. 5.12).
ITo kpadgM KapThl 3alTHCBHIBAIOTCSA MepeMeHHBIe. Kaxnas nepeMeHHass BeJTUYMHA
JIOJDKHA OBITH NIpeAcTaBlieHa B MHBEPTUPOBAHHOM U B HEHHBEPTUPOBaHHOI opMme
(puc. 5.12).

ITepemeHHBIe MO KpasiM SIBJISIOTCS. KOOPIWHATHOM ceTKoil. OHU ompenensi-
10T, KaKasi IIOJIHAsi KOHBIOHKIIMS KaKkoMy Toio npuHamiexurt. Ha puc. 5.13 o
CBOMM IIOJISIM PACTIMCAHBI 4 MOJIHBIX KOHBIOHKIIAH.

A__A A A
o Puc. 5.13. Kapra Kapuo inan 8 |A~B|AAB
- ABYX nepeMeHHEIX (A4, B), 3a-
B Puc. 5.12. Kapra Kapso ans NO/IHEHHAsA NOHBIMH KOHb- B |AAB|AAB
[BYX NnepeMeHHBIX (A4, B). IOHKUMAMU.

ITone monHoi#t KOHBIOHKUUM A A B o6o3HaueHO KoopnuHatamMu A u B
(puc. 5.13). COOTBETCTBEHHO ITOJIe MOJHONW KOHBIOHKIMH A A B HaxomuTcs o

KOOpAUHATAM A u B. Tak KaK NMOJIHbIE KOHBIOHKIIUA olnpenensioTes KOopAuHaTa-
MH, TO HET HEOOXOZMMMOCTH 3aIlMChIBaTh UX B MOJMHOH ¢opMe, Kak Ha puc. 5.13.
Hanuuue noimHoi KOHBIOHKIIMK MOXET 0003Ha4yaThesi 1 B COOTBETCTBYIOLIEM I10OJIE.

1 B none kapTol KapHO 03HayaeT Hanu4me rnonHOW KOHBIOHKUWK.

Ha xapre KapHo (puc. 5.14) orMedeHb N0JIHbIe KOHBIOHKIMH A A B 1 A A B.
Kapra KapHo orpaxaer cneayiolnyio HopMaabHyo ¢hopmy UIITH:

Z=(ArB)v(AnB).

CumBon Z B BepXHeM JIEBOM YIJIY KapThl Ha puc. 5.14 moka3sIBaeT, YTO MoJi-
Hble KOHBIOHKIIMHA OTHOCSATCH K Z.

OTCYTCTBYIOIIME TIOJHbIE KOHBIOHKIIUM 0003HAYEHBI HYJIEM B COOTBETCTBY-
IOIIIEM TIOJIE, VUIM TIOJIE He 3amOJIHAETCS.

MpuceanBaHMe NepemMeHHbIX KoopauHaTam KapTel KapHo npon3BoguTes npons-
BOJIbHBIM OBpasom.

Taxxe BO3MOXHO MeHATb MecTaMH A U B Ha Kaprte (puc. 5.15). Pasymeercs,
nepeMeHHbIe MOTYT UMETh COBEPIIEHHO JIpyrHe 0603HayeHusi, Hanpumep E, u
E,. TIpsimoe ¥ MHBEPCHOE 3HAYEHMsl NIEPEMEHHOM MOJKHBI 00d3aTebHO HAXO-
IUTBHCSA Ha ONHOM CTOPOHE KapThl.

I pyroe pacnpeneiieHue KOODAMHATHBIX NTEPEMEHHBIX BEJIeT, ECTECTBEHHO, K
IPYroMy paclpee/IeHHIO TOJMHBIX KOHBIOHKIIMH 110 IMOJISIM KapThl.

XKenarenbHO MPHAEPKHUBATHCS ONpPeENEIeHHOM CXeMbl pacIipeie/ieHus Tepe-
MEHHBIX M He MeHSTh ee O6e3 npuuuHLL. I obnerdeHust paboTsl peKoMeHayeTcd
MEePBYIO IEPEMEHHYIO, HaIpUMeEp A, U €€ HWHBEPCHIO BCEe BPEeMSI CTABUTh HA BEPX-
HIOIO 4acTh KapThl. Bropyio nepeMeHHy1o (HarpuMmep B) ¥ ee HHBEPCHUIO CTABUTh
Ha JIEBYIO YaCTb KapThl.



5.4. Memoo kapm Kapno 6\\7——)

IT A a Puc. 5.14. Kapra Kap- 8 B E, E,
HO A7 HOPMAalbHOH
Bl 0 0 dopmer LJITH A E,
Z=(AAB)v(AAB) _ -
Bl 1 1 A E,

Punc. 5.15. Kapra KapHo ¢ u3Me-
HEHHBIMH KOOPAHHATAMH.

ITokaxeM Ha npuMepe 3anonHeHre KapTel KapHo HopmansHoit dopmoit UJIU
1 BOCccTaHOBNeHHe HopManbHOM ¢opmbl UJIU mo kapre KapHo.

Mpumep 1
3anecure B Kapty Kapno nHopmansnyio ¢opmy UIIH:
VA =(XAB)V(AAB)V(ZA§).

CHavayia Hy)XKHO HapucoBaTh KapTy KapHo ¢ IaHHBIMM KOOpAWHATaMH. 3a-
T€M HAWUTH IIOJIS C MOJHBIMH KOHBIOHKIHMSAMH, MPUCYTCTBYIOIIUMH B HOPMaJb-
Ho#t popme U 06o3HaumMTh MX 1. PesynpraT mokasaH Ha puc. 5.16.

[z] » 4 [w] o &

gl 1 1 B 1
Puc. 5.16. Kapra Kap- Puc. 5.17. Kapra Kap-

8 1 HO Ansi HOPMaabHOM HO A5 HOPManbHOW B 1
dopmer HIIH. dopmer UJTH.

Mpumep 2

3anmumure HopManbHyI0 Gopmy HMJIIU, npencraBinenHyio Ha xapre KapHo
(puc. 5.17).

Hopmansnas dopma WJIH conepxut 2 noyiHbe KOHBIOHKIMY: OfHA A A B,
Bropast A A B. CnenoBaTtebHO, HOpMAIbHAS ¢opma:
W =(AAB)v(AAB).

TIpencraBnenHas Ha Kapre KapHo HopmanbsHas popma MJIM Moxer ObITh
YIPOIUEHA MPH HATWYUU OTIpele/IeHHbIX YCIOBUIi.

«CoceaHrWe» NONHLIE KOHBLIOHKUMKY MOXHO OGLeaNHATE B «rRYNMbi»,

CoceflHUMH CYMUTAIOTCS TIOJTHBIE KOHBIOHKIIMH, KJIETKH KOTOPBIX HMEIOT 00-
mue cropoHb! (puc. 5.18). Ecnu KieTKd ¢ MOMHBIMH KOHBIOHKIIMSMM MMEIOT
TOJILKO OOLUMIA YroJI, TO OHU HE SIBJISIOTCS COCEAHUMM.

A A A A A A A A
8| {1 1) B m 8 1 Bl 1
’ o[ -

CoceaHWe NONHbIE KOHBIOHKUWK HecocefHue NonHbe KOHBLIOHKLWW

o

-
m
-

Puc. 5.18. Coceanue ¥ HeCOCEAHME NOJIHBIE KOHBIOHKIIHH.



@ Ihasa 5. Cunmes cxem

B ogHoit rpynne moryT GbiTe 06beavHeHbl 2 unr 4 coceaHWe NoMHble KOHb-

IOHKLIMN.

Kaxnas rpynmna uMmeeT onpejejieHHbIe KOOpIMHATHI. I pyIina ciieBa HaBepXy Ha
kapre KapHo (puc. 5.18) uMeer mmo omHoit cTopoHe KOOpOWHATy B, Mo Apyrod —

KoopauHaty AU A.

CopepxaHue rpynnbl xapakTepusyeTcs ee koopavHatamu. MNepemenHsie, ybu
KOOPAMHATbI NPUCYTCTBYIOT B NPAMOA U MHBEPCHOW hOpME OAHOBPEMEHHO, UCKITO-

4YawTCcA.

IMpencrapiennas Ha puc. 5.19 rpynna umeer koopauHatsl A, B u B. Tlepe-
MeHHasl B MMeeT Kak MpsIMYIO, TaK U MHBEPCHYIO GopMbl. ClienoBaresbHO, OHA
uckmoyaercsi. 3HadeHue rpynnsl 6yner A. HopmanbHas dpopma MU

Y =(AAB)v(AnB)
YIIpOCTHNIACh Io Y = A.
Y=(AAB)V(AA§);
Y = An(Bv B);
Y=An]
Y=A

D10 yIpolieHrne MOXeT OBITh MPOBEPEHO C MOMOIIBIO ANTeOpHI JIOTHKH.
{T A A l? A A
B m B {1_ 1]
ar

B LEJ Puc. 5.19. O6paszosa- Puc. 5.20. Kapra Kap- B
HHE TpPYNnsl B Kapre HO C rpynnou us ue-
Y=A Kapno. THIPEX MOMEH. Q=1

Oco0brlif cydaii mpecTaBisgeT IPYIa U3 4 MOMHBIX KOHBIOHKIIHIA (puc. 5.20).
Ona umeer KoopauHarsl A, A, B, B. 3Hauut, nepeMeHHbe A U B MCKIIIOYAIOTCS.
3HageHue rpymnnsl paBHo 1. CripaBeJIMBOCTh TON0 MOXHO J0Ka3aTh C MTOMOIIBIO
TAGIMILI ICTHHHOCTH. AJrebpa JIOTUKY TakKe INMPHBENET K 3TOMY pe3yJIbTary:



5.4. Memoo xapm Kapro 6\)

[Z] o =x [z] o A
s (1) sl (] 1t
s/GJT ) Puc. 5.21. Kapra Kap- Puc.5.22. KapraKap- 5| (1 | 1)+ 5
‘ HO C HECKOJIBKHMH HO C ABYMS IpynnaMH
A B rpynnaMu. U3 IBYX MOJCH.

Ha omHoit xapre MoXHO 06pa3oBaTh HeCKOJbKO rpymm (puc. 5.21). OgHa
TIONTHAs. KOHBIOHKIIHS MOXET IPHCYTCTBOBAaTh B HECKOJIBKHMX IPYIHIaX.

F!pm HaJIM4MM HEeCKONIbKUX Tpynn ynpouweHHoe ypaBHeHne nony4yaeTCd B pe-
3yNbTATE NOMNYECKOro CAOXEeHUS 3HAYeHWIA OTABNbHLIX rpynmn.

JIst KapTel (puc. 5.21) 3HaYECHUS IPYIN IONYYAIOTCS PaBHbIMU A 1 B.
YpolieHHOe ypaBHEHHeE:

Z=AvB.
Ha kapre KapHo (puc. 5.20) MoxxHo 00pa3oBaTh TakKe ABe IPYIMIILI M3 ABYX

noneil. Torma moyy4durcsd YIpPOLIEHHOE YpaBHEHWE, HO HE B CaMOM IIPOCTOM
suze. TTokaxem ato. Ha puc. 5.22 nokasana kapra KapHo ¢ Takoii rpynnupos-

Koit. 3HaueHUsI TPyNN paBHbl B U B. YHpolueHHOE ypaBHEHHE, CJIEIOBATEIbHO:

Z=BvB.

CroxeHue nepeMEeHHOH BEJIMYUHBI C €€ HHBEPCHEN JaeT B UTOre IO IIpaBH-
Jsam anreOpol toruku 1. IToatoMy camoii nipocToit Gopmoii ypaBHEeHHs sIBIISIETCS
Z=1.

na MakcrumansHOro ynpoLuleHnsa ypasHeHnsa HeoBxoanmo o6pasossiBaTs rpyn-
Nkl KaKk MOXHO Gonbluero pasmepa.

Yro6bl 3aKpeNnuTh MOJyYCHHBbIE 3HAHUS, PEIIMM CIeIyIOLIHil mpuMep.

Mpumep 3

MakcHMaJIBHO YIIPOCTUTE NPH ITOMOIIHU KapTel KapHo HopMaibHyIo hopmy WIH.
3anMIuuTe YIPOIeHHOEe YPaBHEHHE:

X=(2A§)V(ZAB)V(AA§).

CHavaJa TOJTHbIe KOHBIOHKLIMH 3aHOCATCS B Kapty (puc. 5.23).

[x] 2 =
B1’ﬂ—-ﬁ

E{LAJ

=]

Puc. 5.23. Kapra KapHo K npuMepy 3.

3areM 0Gpa3yioOTCA ABE TPYIITHI MO JBa mojist. OHH UMEIOT 3HAaYEeHMs Awu B.
VYnpoiueHHOEe YpaBHEHHE:

X=AAB.
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5.4.2. Kapta KapHO gnsa Tpex nepemMeHHbIX

JI71s1 Tpex nepeMeHHBIX BO3MOXHBI § pa3IMYHbIX MOJHBIX KOHBIOHKUMIA (pHc. 5.24).
CrenoBarenbHo, kKapra KapHo [U1si Tpex MepeMeHHBIX JOJDKHA MMeTh 8 KIIeTOK.

Pacnpenenenue nepeMeHHBIX IO KOOPAMHATAM MOXET ITPOMCXOJIUTD, KaK H B
KapTe JUIsl ABYX TlepeMEeHHBIX JIIOOBIM 00pa3oM. OIHAKO 11e1eco06pasHo nepBbie
nepeMeHHbIe TTOMECTHUTh Ha BEPXHIOIO CTOPOHY MMArpaMMbl, a BTOPbIE BEJIUYH-
Hbl — Ha JIEBYIO CTOPOHY AMarpaMMbl. TpeThsl mepeMeHHasi BeJIMYHHA pa3Mellia-
ercd Ha HMXKHe# cropoHe auarpammsl. s nmepeMeHHBIX BeduudH A, B u C
Kapra KapHo u3o6paxkeHa Ha puc. 5.25.

by

Bap. |z )
1=2ArBaC A A
i 1=A.BaC

15ArBaC B
1=A4~8+C

1=ArBaC B
1=A~BAC

| 1 AnBAC —

L1 AAB,C c c c

-0 = o

s

- ol

N e k- -I-1[]
- -« 0 Q|+ « 0 o|lm

o~ D ;B W N -

- O -

Puc. 5.24. Bo3sMmoxHbBIE NONHBIE KOHBIOHKLIMH Puc. 5.25. Kapra KapHo nna Tpex nepeMeHHBIX.
ANsl TPEX NEPEMEHHBIX.

Tperps nepemenHas C gomkHa ObITh pasMellleHa, Kak yKasaHo Ha pHc. 5.25.

Ecnu 06038a4UTh 06€ JIeBble CTOPOHBI KJIeTKH KaK C, a 06e mpaBbie KaK C, TO IUIS
HEKOTOPBIX TTOJIHBIX KOHBIOHKLIMIA GyleT IBOMHOEe MeCTO, a IIsT HEKOTOPBIX — HH
onHoro. Ha puc. 5.26 noiHbie KOHBIOHKIIMKM PACMIHCAHB IO STYEHKAM.

Hna xapr KapHo ¢ TpeMs nmepeMeHHBIMU IEHCTBYIOT MpaBHiIa, YCTAHOBJIEH -
Hble 11 KapT KapHo ¢ IByMS nmepeMeHHBIMH, CO CIAEOYIOIUMMH AOMOTHEHUSIMM:

B ogHow rpynne MmoryT ObiTe 00beanHeHbl 2, 4 AN 8 COCEeOHUX NOMHbLIX KOHb-
HOHKUWA.

Ecnu GbiTe COBCEM TO4YHBIMU, KapTa KapHO Ans TPex NepemMeHHbix UMeeT Lu-
nuHapuyeckyto dopmy (puc. 5.27). MoatomMy KNneTky, HaxoasluWecs 8 NPoOTUBOMNO-
NOXHbIX KOHLAX OQHOW CTPOKK, SBAAIDTCA COCEAHUMM.

">
= X

B |AABAC|AABAC|AABAC|AABAC

04
O,

c

Puc. 5.26. Kapra Kapxo ansa Tpex nepeMeHHBIX Puc. 5.27. Kapra KapHo ansi Tpex nepemMeH-
C 3aHECEHHBIMH MO/NHBIMHA KOHBOHKIIUAMH. HBIX B BHAE LHHUAMHAPA.
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Puc. 5.28. ['pynnupoBxa no NpMHLMNY PaCLIMPEHHOro COCEACTEA.

Kapty KapHO cnoxXHO mpeacTaBisaTh B BUae uWiuHapa. IlosToMy npexnmo-
yutaloT ¢popMy Ha puc. 5.25, cobnonas NMPUHIUAIL PACIIHPEHHOTO COCENCTBA.
Ha puc. 5.28 npejicrapieHbl coceiHUE MOJIHbIE KOHBIOHKIIMH M UX TPYIIITHAPOBKH.

I'pynna u3 OBYyX KIETOK Ha BepXHeil uarpaMMme UMeeT B uTore 3HauyeHue Bu C.

['pymma U3 YeThIpeX KJIeTOK Ha HIDKHeM AuarpaMme mMmeerT 3HayeHue C. I'pym-
na I0oJXKHa OBITh MPSIMOYTOJIBHOM MM KBajapaTHoii. ['pynma, nzobpaxeHHas: Ha
puc. 5.28a, HegoIycTUMA.

A i

Ao —
' B

B b\\;g .

~ e \.l

B /

S——— Puc. 5.28a. Heponyctumasi rpynna
c ¢ Kaptel KapHo.

c

PaccMOTpHUM HECKOJIBKO MpHMepOB paboThl ¢ Kapramu KapHo misi Tpex mne-
peMeHHBIX.

Mpumep 1
3amoyHKTe KapTy KapHO NOMHBIMH KOHBIOHKIIHSAMU CJIENYIOLIEro YpaBHEHHS:

Y=(2AEA@)V(AAEAE)V(ZAEAE)V(A/\BAC).

CHavana Hajgo NPaBWIbHO Pa3MECTUTh IIOJIHbIE KOHBIOHKITHH MO sYeiKaM
(puc. 5.29). 3anucs syqine MpOU3BOIUTE B asireGpandeckoit hbopMe, TOrma Mox-
HO JIETKO KOHTPOJIMPOBATh IPABIIBHOCTE BHIOOpA SYEHKU.

Kaxnyio moiHyo KOHBIOHKINIO 0603HayuM 1 (puc. 5.30). IIpu orcyrcTBum
3aTPYNHEHMH MOXHO cpa3sy Xe pucoBaTh 00bI4HYI0 KapTy KapHo.

A A
A n)
A A
B AABAC AanBAaC 8 1 1
B 1 1
B |AABAC ArnBAaC ~—
c c c
. >
c c c
Puc. 5.29. Kapra KapHo c 3aHeCeHHBIMH 01~ Pnc. 5.30. Kapra Kapno k npumepy 1.

HbIMH KOHBIOHKUHMSMH K NpuMepy 1.
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Mpumep 2

3aHecuTe maHHyI0 HopManbHyl0 ¢hopmy MU B kapry KapHOo M MakCcMMalbHO
YIIPOCTHUTE:

Z=(ZABAC)V(ZABA@)V(ZAEAE)V(AAEA@).

HWmMmeronuecs moiHble KOHBIOHKIIMH obo3HavaloTes 1 (puc. 5.31). 3ateM nipo-
HM3BOIMTCS IpyNIMpoBKa. I'pyIiry U3 4eTbipex 3JIeMeHTOB 00pa30oBaTh HEBO3MOX-
HO. 3aro MOXHO oOpasoBarh 3 rpynmbl U3 AByX KieTok. OgHako BblIeIeHHAs
IYHKTUPOM TpyIINa sBjisieTcsi M30bITOYHOM, TaK KaK ABYMSI OCHOBHBIMH CEepPbIMU
rpynnamMu Bce 1 yxe oxBauyeHbl. Eciu Obl Mbl BBIOpaIM IMYHKTHPHYIO IPYNIy B
KayecTBe OCHOBHOM, HaliliecHHOE ypaBHEHHE He ObUI0 OBl MAKCUMAJIBHO MPOCTBIM.

|"Z_ A A ~
i SRy
D Gl

g c g Bnc Puc. 5.31. Kapra Kapho x npumepy 2.

BepxHsisi cepast rpynma (puc. 5.31) umeer 3HadeHne A A B. 3HaueHUE HMXK-

Heit cepoii rpynnst — B A C. (ITepeMeHHast A BBINafaeT, TaK KAK BCTPEYAETCS B
KOOpIMHATAX 3TO# IPYNNHI KaK B MPAMOIi, TaK M B HHBepcHOM (opmax.) 3Haye-
HHUSA TPYII JIOTHYECKM CKIIAJbIBaIOTCs. IIpH 3TOM moJtyyaeTcs yIpoleHHoe ypaB-
HEHHE:

Z =(ArB)v(BAC).

Mpumep 3
3anuiuuTe HopManbHy10 dopmy UJIHN, saknmouennyro B kapre KapHo (puc. 5.32).
l? A A
8 (1 1 1 [ [1H—=8
_ e
B _| 1) L
Puc. 5.32. Kapra KapHo k npumepy 3. c c ¢

MakcuMaJIbHO YTIpOCTHTEe HopMalibHylo dopmy HMIIU.

Hopmanshas ¢opma UJIN no kapre Kapho:
Z=(AABAC)v(AABAC)V(AABAC)v(AABAC)v(AABAC)vAABAC.

MoryT ObITE 00pa3oBaHBl 2 TPYIITH U3 YeThIpex kKJeTokK. OnHa uMeeT 3Hade-
uue B, npyrasa C. YOpollieHHOe ypaBHEHME:

Z=BvC.

Tak Kak BO3MOXHO o6pa3zoBaHMe JIByX OOJIBIIMX PYIIT M3 YeThbipeX KJIETOK,
TO TOJYYAETCs 3HAYUTEbHOE YIIpOLeHe HOPMaTbHOU QOPMEIL.
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5.4.3. Kapta KapHO gns 4yeTblpex nepemMeHHbIX

Kapra KapHo ansi yeTelpex mepeMeHHBIX JOJ/DKHA2 MMeTh 16 KieTok, Tak Kak
BO3MOXHBI 16 pasiMYHBIX MOJMHBIX KOHBIOHKLMIH (puc. 5.33). Kapra Kapro misa
YeThIpeX MepeMeHHBIX M300paxeHa Ha puc. 5.34.

g
°

- - a e s w000 000000

z
1=A~BACAD
1=A BACAD A A
1=2AABrCAD
1=AABACAD
1=A~BArCAD
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1=ArBArCAD 1
1=AABACAD }D
1
i

o

@ N s W =

1=2AABACAD
1=2AABACAD B
1= AABACAD
1=2AABACAD
1=2AABACAD _—
1=2ArBACAD
1=AABACAD
1=AABACAD

=]

10
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12
13
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15
16

le]

- ek ok |0 O O O = - - 00000
4 % O O|a - 0 0O|s w00O|= =+ 00Ol
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Puc. 5.33. Bo3aMOXHEIE NONHBIE KOHBIOHKLNH Puc. 5.34. Kapra KapHo ana yeTspex nepe-
L1 YETHIPEX MEePeMEeHHBIX. MEHHEIX.

ITepeMeHHBIe 0003HAYEHBI, KaK W paHblle, A, Bu C. Ilmoc nobasneHa nepe-
MeHHas BeJHunHa D. PasymeeTcs, nepeMeHHbIe MOTYT OBITE 0003HAYEHBI HHAYE,
Hanpumep E, E,, E,, E,. 16 NoJHbX KOHBIOHKIMIA NOKa3aHbl Ha pHC. 5.35.

HOna kapr KapHo ¢ 4eThIpbMS NepeMeHHBIMH JEHCTBYIOT MpaBWiIa, paHee
YCTAHOBJIEHHBIE JUIsl KapT KapHo, co clieayIoliuMH JONMOTHEHUAMU:

A A
A A

(w]

AAnBACAD|AABACAD|AABACAD|AABACAD

ArBACAD|AABACAD|AABACAD|AABACAD

AANBACAD|AABACAD|AABACAD|AABACAD

AABACAD|AARBACAD|AABACAD|AABACAD D

~~
c c

o]}

Puc. 5.35. Kapta KapHo Ans 4eThIpex NepeMeHHBIX C 3aHECEHHBIMH MOMHBIMA KOHBIOHKLIMAMH.
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B ogHoii rpynne moryT 6uiTe o6beauHersl 2, 4, 8 unu 16 cocemHux NOAHLIX
KOHBHOHKLMWIA,

KapTa KapHo ans yetsipex nepeMeHHbx umeeT dopmy wapa. MoaToMy Knetku,
HAXOASLIMECs B NPOTUBONOAOXHbBIX KOHUAX OAHOW CTPOKW unu cTonbua, sBnaTcs
cocenHUMM.

PaspicHMM nogpoOHee NMPUHLMII PACcCIIMPEHHOIo coceacTsa. PaccMoTpuM
puc. 5.36. Kapra (@) nokasbIBaeT, 4TO IpyIbl U3 ABYX KJIETOK MOXHO 00pa3oBaTh
HE TOJIbKO M3 TIOJIHBIX KOHBIOHKIIHI, KOTOPbIe HAXOMATCS Ha KOHIIaX OMHOM CTpo-
KM, HO M U3 ITOJIHBIX KOHBIOHKIIWiA, HAXOMSALIMXCA Ha KOHIIAX OJHOIO CTONMOLA.

o

1 b i 1 1
o et S e

a 6

N A A // Puc. 5.36. [pynnupoBka no NpHHUMIY

N (/ /41 G A DI paclI¥peHHOro COCeaAcTBa.
1 D

. JunarpamMa (6) moka3piBaeT 00pa3oBaHHe
b IPYNNbI U3 YeTHIPEX KJIETOK.
JuarpaMma (6) TakxKe ITOKa3bIBaeT 00pa-

; N 30BaHMe CYETBEPEHHOM IPyNIThl. EMUHULBI 1O
% N
~N

yIjiaM SIBJISIKOTCSH COCEOHWMM, TaK Kak TIpH
‘o c c dopMe mapa Mo NPWIETAIOT APYT K APYTY
8 CMEXHBIMH CTOPOHAMU.
Hpyroe neno xkapra Ha puc. 5.37. Tonsko
JIBE€ EAUHUILIBI [TO YrilaM He MOoryT o0pa3oBaTh CIBOSHHYIO IPYINY, TaK KaK OHU
He SBJIAIOTCS CMEXHBIMH — KaK MOKa3aHO Ha BHAe cHu3y. PaccMoTpum psa
MpUMEPOB ¢ Kapramu KapHo 1isi YeThipeXx TiepeMeHHbIX.

A A

—

Bug cuusy
; . Ana hopMsl Wwapa \l:-_|_ 1

. L
1— 0 =T

] T

]

— Pue. 5.37. Kapra KapHo ana HecoceHHUX NOAHBIX KOHB-
€ c c IOHKUHH.
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Mpumep 1
Cocrasere Kapty KapHo no caenymolueit HopmansHoit popme UIIH:

Y =(A/\BAEA.I_))V(AABA@AD)V(AABACAD)V
@ @ @
V(ZABACAD)V(ZABAEAD).
Jisi Gonbielt HATMSITHOCTH TOJNHbIE KOHBIOHKLIMH OTMEYEHbBI CEPhIMH HO-

Mepamu. OHM 0003HayaloT cooTBeTCcTBYIolUMe KieTkd. Ha puc. 5.38 mokasana
MCKOMasi [uarpaMmma.

|T A A

-
ol

=]}

2]]
2]
(8]

Puc. 5.38. Kapra Kapno x npumepy 1.

Mpumep 2
st 3amay ynipasieHusi TpeGyeTcsi cxeMa, yIOBIETBOPSIONIasi TabIMile UICTHHHO-
cTH (puc. 5.39). Bra cxema no/DKHA OBITH MAaKCHMAILHO TIPOCTOM.

Q

- - Q0 QO+ - Q0 Q= =< 00|= =00l
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1=2A~ABACAD
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1=ArBACAD
1=AABACAD

1]
[
°

W~ O OsWN =
o

©

10 =ArBACAD
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= ArBACAD

Puc. 5.39. Tabanua UCTUHHOCTH
K npuMepy 2.

e P - E=-E-1=-E=-E-E-1I~]
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W3 Tabnuie ICTHHHOCTY MOXKET OEBITH olfpesiesieHa HopMmanibHast dopma UITH

Z=(ZA.§AC_A5)V(AAEAEAE)V(ZABAEAI_))V
@ ©)

0
v(AABACAD)v(AABACAD)v(AABACAD).
® ® @

HoMepa noimHbIX KOHBIOHKIIMI COBMAAAIOT ¢ HOMEPAMH BapHaHTOB TabJIMIIEI
MCTUHHOCTH. ToNHBIe KOHBIOHKIIMH Jiajiee 3aHOCATCS B IMarpaMmy (puc. 5.40).
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Prc. 5.40. Kapra Kapuo k npumepy 2. Puc. 5.41. Cxema K npumepy 2.

ClienyonyMM nmaroM sipisieTcsl ynpoliueHue HopMmanbsHoi opmel MU ¢ mo-
MOIIBIO TPYIITMPOBKM COCEIHHMX IMOJHBIX KOHBIOHKLMI. Bo3MoxHo obpasosa-

HMe IBYX Ipyni u3 4 xnetok co 3HaueHHIMH C A D u A A C. YipouieHHOe ypaB-
HEHHE BBIIVISIIUT TaK:

Z“:(éx\ﬁ)v(}l/\é).
ITepemenHass C MoxXeT GBITh BEIHECEHA 332 CKOOKY:
VA =(5Aﬁ)v(AA6)=6A(AVI_)).

IMonyyuBmIasicss cxema mpeiacraBieHa Ha puc. 5.41.

5.4.4. Kapta KapHo ona natv nepemMeHHbix

Jia mATH epeMeHHBIX BO3MOXHBI 32 pa3iiMyHble MOJIHblE KOHBIOHKIIUHU. Cre-
JIOBaTeIbHO, KapTa KapHo Ui NATH IepeMeHHBIX ToDKHA uMeTh 32 momsi. Ho
Ha OJ{HOM YpOBHE B JUarpaMMy JUIs1 YeThIpeX TIepeMEeHHBIX HOBBIe MepeMeHHbIe
yXe T00aBUTh HE MOJYUYUTCH.

Ounarpamme Hago noGaBUTB BTOpO# ypoBeHb. Ha puc. 5.42 mokasaHo, 4TO
uMeercs B BHOy. IlepeMeHHbBIe BeJIMYUHBI OYIyT, KaK paHblle, 0603HaYeHbl A, B,
Cwu D. K HuM gobapnsiercsl nepeMeHHasi E.

K HHXHEMY YPOBHIO JHarpaMMBbl MPHCOeNUHsETCH KoopamHara E, K Bepx-

HeMy — koopauHata E. HapucoBaTh Takylo JBYXYPOBHEBYIO KapTy CJIOXHO,
[I03TOMY YPOBHH PHCYIOT PSIOM.

Jnarpamma [Uist [STH NEPEMEHHBIX COCTOUT

M3 IBYX TaG/IMII, paCTIONOXEHHBIX OXHA Hal IpY-

A~ roii (puc. 5.42a). Takas muarpamma umeer 32
8y 7 7 7 AYeHKH 1A 32 TOJIHBIX KOHBIOHKIIUIA.

B // L // // Ilns xapt KapHo ¢ maThio nepeMeHHBIMM Jeli-
CTBYIOT IIPaBHJIa, paHEE YCTAHOBJIEHHBIE U KApT

E KapHo, co cleayouMMH TOTIOTHEHHSIMHN:

b
E D
\_,_vf R b

c c ¢ Puc. 5.42. Kapra KapHo wis natu nepeMeHHbIX.
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Puc. 5.42a. Kapra KapHo o Ty NepeMeHHBIX, COCTOsALIAsA U3 ABYX TabmuiI.

B oaHo# rpynne moryT 6biTe 006beauHeHs 2, 4, 8, 16 nnn 32 cocegHux NOAHBLIX
KOHBIOHKLMWIA,

CrpynnupoBaHbl MOTYT BbITh TAKXKE TE NONHLIE KOHBLIOHKLWK, YbW NONA HAXOARAT-
csa apyr nog apyrom B tabnuuax (puc. 5.42).

PaccMoTpuUM 3TH NpaBWIa Ha IMpUMepax.

Mpumep 1

3aHecure AaHHy0 HopMansHyiO dopmy MU B xapty KapHo u MakcuManbHO
yIpOCTHUTE:

Z=(ZABACA.BAE)V(EABACADAE)V(ZABACABAE)V

@ @ ®
V(ZABACADAE)V(ZAEACADAE)V(ZAEACADAE).
@ ® ®

JIns 6onbuieil HATNSAHOCTH MOMHBIE KOHBIOHKIIMM OTMEYEHBI CEPBIMU HO-
MepaMu. OHM 0003HAYalOT COOTBETCTBYIOIIWE KJIETKM IMarpaMmbi. Bos-
MOXHO oOpa3oBaHue ABYX Ipynm u3 4 xnerok. Cepas rpymnna Ha npaBoii Tab-

AnBaC
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Puc. 5.43. Kapra Kapno k npumepy 1.
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mmue uMmeer 3HadeHHe AAC A E. TlepeMennsie B u D B 3T0# IpyIne HCKIIO-

YajoTcA.
BhigeneHHasi MyHKTHPOM TPyIIia U3 4 KJIETOK IPOXOAHT CKBO3b 00a YPOBHS.
It 3TOrO ClemyeT MBICJIEHHO NMOJOXHMTH JAPYT Ha Apyra ypoBHH (puc. 5.43).

3Ha4YeHHe 3TOM IPYIITHI A A B AC. Tak Kak TpyTIa IMPOXOIUT CKBO3h IBA YPOB-
Hd, iepemeHHas E Boinmanaet. [lepemernnas D takke Boinanaer. B urore nmonyda-
eTcs yIpolleHHOe ypaBHeHHe:

Zz(ZABAC)V(.ZACAE).

Mpumep 2
B mmarpamme Ha puc. 5.44 3amaHa HopManbHas dopma UJIHW. MakcumanbHO
YIIPOCTHTE €e€.

a st | 4 ~ =5 b A )

B == B {—=

NG il

{ ¢ D i D

\(1 1 1 1]

B ~~ — Ei — ~~

; 1) < \o /{' 1) € \D
/& ¢ eNeE < ¢ cN E

Puc. 5.44. Kapra KapHo k npumepy 2.

Emuauie! o yriiaM oGoux ypoBHeill o6pa3yioT BOCbMEpPHYIO IPYyIily (Trpymima

M3 BOCBMH SYeeK). DTa rpyira InpoxXoauT depe3 Asa ypoBHs. Ee 3HaueHue CAD.
Hanee MoxHo cpopmMupoBaTh rpynmsl U3 2 U 4 kierok. I'pynna u3 4 KiieTok

umeer 3HayeHue B A D A E. 3HavyeHue CIBOCHHOMN rpynnisl B A CA D A E
Iony4aercs yrnpouieHHOE YpaBHEHHE:

Y2(5/\ﬁ)V(EADAE)V(BACADAE).

YnpolnieHue 3HaYUTEIbHO. DTO BUIHO, €CJIH 3alIHCaTh COACPXKAIIYIOCS B M-
arpaMme Ha puc. 5.44 HopmansHyio dopmy HUIIN.

Mpumep 3
3anmuuIuTe CoepXaIlyloca B JuarpaMMe Ha puc. 5.44 HopmanbsHyio dopmy UITH.

JleBas Tabnuia JUarpaMMbl COJIEPXMT 6 TOMHBIX KOHBIOHKIIWM, IIpaBast Tab-
nuua — 8. TakuM obpasomM, nmonydaercsa HopManbHas ¢opma UJIH ¢ 14 nmonHbI-
MH KOHBIOHKLIMSIMH:

Y:(AABAEADAE)V(ZABAEADAE)V(AABACADAE)V

V(AABACADAE)YV(AABACADAEYV(ANBACADAE)V
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iﬂ

V(AABAEAI_)AE)V( ACADA ) ( ABAC A
v(AABACADAE)v (Z BACADA

D
E)v(AABACADA

s:u,'

V(AABA@AI—)AE)V( AB/\EAE/\E).

5.4.5. Kapta KapHo ansa 6onee 4em natv nepemeHHbIx

Ha npakrtuke HopManbHble dopmer UJIH ¢ B i
6oJice YeM MAThI0 NepeMeHHbIMH BCTPEYalOT- g e Ay
ca penxo. TTosToMy peaxo BOZHHKaeT Heo6Xo- - // // /7 // F
OTHUMOCTh M B muarpamMmax KapHo mis Gonee L L L
yeM IATH nepeMeHHbIX. ONHAaKo TaKMe JHar-
paMMBbI peasibHBI. JIMarpaMmsbl IS IIECTH M-
PeMeHHBIX ellle MOXHO HAIJISTHO MPeACTABUTD.
IIpu cemu U Gojiee NepeMeHHBIX HarJSgIHOE
TIpeJCTaBJIEHHE JHArpaMMBbl 3aTPYIHUTEBHO.
Jist 1iecTH TIepeMeHHbIX BOSMOXHBL 64 pa3- &
JIMYHHIE ITONHbIE KOHBIOHKIMH. ClienoBareiib-
HO, KapTa KapHo U1 11ecTH nepeMeHHBIX JOJI- < —
JKHa uMeTh 64 mond. Eciii B KauecTBe MCXO- ¢ c ¢
HOi1 OpaTh fuarpaMMBbl JUIS ISITH iepeMeHHbIX  Pue. 5.45. Kapra Kapno ans mecrtn
BEJIMYHH, TO K HeH Haao Jo0aBuUThH elne Tpe- MCPEMEHHBIX.
THI ¥ 4eTBEPTHI YPOBHH-3Taxu (puc. 5.45).
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Puc. 5.46. Kapra KapHo 414 mect nepeMeHHBIX, pa3BepHyTas Ha OLHOM [LIOCKOCTH.
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Yerpipe ypOBHSI MOXHO PAcCIIONOXHTh B OMHOM miockocTH (puc. 5.46). Ilpu
TPYIIITHPOBKE HYXHO MOCTOSTHHO NMMOMHHTbB, KaK PealbHO PacIlOJIOXEHEI YPOBHH
OTHOCHTEJILHO JIPYT ZIpyTa.

Ina snopmansHoit opmel MJIH ¢ mecthio u Gonee nmepeMeHHBIMH IETECO-
0o0pa3Ho 3aMeHATh ABE MU TPHM IIEPEMEHHBIX HOBOM MEPEMEHHOM. YIIPOIIeHHe
MOXET IPOUCXOAUTE B HECKONBKO 3TAIOB:

Z=(AA§ACADAEAF)V(AAEAEADAEAF)V

V(AABACAEAEAF)V(AABACADAEAF).

Mpumep
Bce yeThsIpe monHBIe KOHBIOHKLIHM COOEPXAT IIepeMeHHbIe A B £ B OTHHAKOBOM,

B JJAaHHOM CJIy4yae, HEMHBepTHpYeMOM Buze. byneMm paccmarpuBath A A E kKak
OIHY MepeMeHHYIO.

AnE=P

IIpu TakoM YCIOBHM MOJIy4aeTcss HopMmaibHas ¢opma MJIH Tonsko ¢ mAThIO
nepeMeHHbIMH:

Z=(PAEACADAF)V(PAEAC_ADAF)V
V(PABACAI—)AF)V(PABACADAF).

Ilocne ynponrenus cHoBa 3aMeHMM P Ha A A E.

5.5. PacyeT normyeckmx cxem
5.5.1. O6bwwme ykasaHus

Jnst cuHTE3a CXeM B pasm. 5.1 onmucaHbl CAEAYIOIIHE IIArH:

1. Onucanue GyHKIMH TpebyeMoil CXeMBI.

2. HasHayeHre BXONHBIX Y BBIXOIHBIX IIEPEMEHHBIX BEJIMYHH H IPHCBOSHHUE
sHaveHuit 0 u 1.

3. CocrarneHue TabIMIBI MCTHHHOCTH.

4. OnpeneneHue HEOOXOMUMBIX JIOTHYECKHUX OTIEpaliHid.

5. VnpoieHue ¥ npH HEOOXOMMMOCTH IIpeoOpa3oBaHUE CXEMBL.

Ecnu M3pecTHa TaObnMuUAa MCTUHHOCTH, TO Telephb Leaecoodpa3Ho 4-ii stan
HaYMHATh C cocTaBjieHUsA HopManbHOU (opmel UJTU. ORna Gyner MakCcCHMaIbHO
yIpoleHa ¢ rmoMmolneio nuarpaMMel KapHo. B KoHile mara 4 nonyvaercst yrpo-
IIleHHas Joru4eckass QPyHKIHS, ITO0 KOTOPOif MOXHO cOOMpaTh JIOTHYeCKYI0 1Hd-
POBYIO CXEMY.

B mare 5 npoBepsiercs, ABNAETCS M HalbHEIIEe YIIPOLICHHE HalileHHOI ¢
IIOMOIIBIO ANreOpHl JIOTMKM (PYHKLUHHM BO3MOXHEBEIM M pauroHaIbHHM. Ecnu na,
TO YNpoIeHUe HeEOOXOIUMO MPOBECTH.

Tenepr HanO y3HaTh, KaKMe JIOTUYECKHUE DJI€MEHThl MMEIOTCH B HATHYMH.

Jlormyeckyio (pyHKIIHIO HYXXKHO Npeobpa3oBaTh TakK, YTOOBI OHA copepxKaa
TOJIbKO MMEIOIIHECS JIOTHYECKHE 3JIEMEHThI. 3aTeM MOXHO cOOMpaTh cXeMy.
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5.5.2. Undposasa cxema BKIIOYEHUS U BbIKNIOYEHUS
M3 HECKONbKUX MecCT

C noMoIpIo JIOTHYECKHX 3JIEMEHTOB TpeOyeTcs CHHTE3UPOBATh CXEMY, KOTOpast
(hYHKIIHOHMpPYET KaK cXeMa BKIIOYEHHSI M BBIKJIIOYEHHS M3 HECKOJBKMX MECT.
BeixonHOe COCTOSAHME NOJDKHO MEHSITBhCS TOJBKO B CJIydae, €CJIM MEHSIETCSI CO-
CTOSTHHE OJHOro M3 BXx0oJ0B. Eciii 006a BXxoda MEHSIIOT CBO€ COCTOSAHME, TO BbI-
XOJTHOE COCTOSTHHE M3MEHHThCS He JoJbkKHOo. CxeMa JoJ/nKHa OBITH MTOCTPOEHa Ha
anemenrax UJIN-HE.

HMckomass cxemMa MMeEeT JiBa BXOJa M OJMH BBIXOA. BXomHBIe mepeMeHHBIE
HasbiBaloTcs A U B. BrixomHast nepemeHHass o6o3Havaercs Z (puc. 5.47).

TaGymila HCTHHHOCTH CXEMEBI ¢ IBYMS BXOJHBIMHM IepeMeHHBIMM HMeeT 4 Ba-
puaHra (puc. 5.48). McxonHoe cocrosiHue Z i MEPBOTO BapMaHTa MOXET
yCTaHaBJIMBaThcA MOOBIM 06paszoM. Beibpano Z = 0.

IIpu mepexome or BapuaHTa | K BapMaHTy 2 mepeMeHHasi A MEHsIeT CBOe
cocrosguame. [TepemeHHas B cocTosiHie He MeHsAeT. Ecii TOJIBKO ONMH M3 BXOIOB
MEHSAET COCTOSHHE, TO COINIACHO ITOCTaBJIEHHOMY 3aJaHMIO BBIXOH Z NOJDKEH
IIOMEHSATh CBO€ COCTOSIHME. Z NOJDKeH OBITh paBeH 1.

ITpu nepexone oT BapHaHTa 2 K BAPUAHTY 3 nmepeMeHHble A 1 B MEHSIOT CBOH
COCTOSIHUSL. Z He JODKHO H3MeHUThes. IIpu nmepexone ot BapuanTa 3 K BapyaHTy 4
nepeMeHHasi A MeHsieT cBoe coctossHue ¢ 0 Ha 1. B octaercsa paBHoi 1. Takum
00pa3oM, Z JOJDKHO IMOMEHATh cocTogHue ¢ 1 Ha 0. TaGauita HICTHHHOCTH TOTO-
Ba. OHa MorJia OBl BRITIALETH MHAYe, eclu ObI MBI B BapyaHTe 1 BHIOpan Z = 1.

JUnst TabuLbl MICTUHHOCTH (puc. 5.48) HYXHO 3ammucaTh HOpMaJIBHYI0 Gopmy
HIJIA. OHa BBIDJISIAT TaK:

Z=(ZAB)V(AAI_?).

Ecim 3anectn HopManbHylo dopmy HUJIIU B muarpammy KapHo, TO BHUAHO,
4TO JajbHeiiliee ynpolneHrue HeBO3MOXHO (puc. 5.49).

Tak xak cxeMa mokHa ObITh MocTpoeHa Ha anemeHTax UJIM-HE, Tpebyercsa
npeobpa3oBaTh YpaBHEHHUS:

A A
B|A
Ao——  Cxema 1 |0f0}|0 B 1
BKAIOYEHUA M| 5 > 2 lol1l1=4AB
B 0| BuIKMOYEHUS 3 1lol1=7.8 B 1
4 [1]1]0

Puc. 5.47. Bnok-cxema cxeMEl
BK/IIOYEHHUS M BHIK/IIOYEHHUS.

Puc. 5.48. Tabnuua HCTHHHO-
CTH CXE€MBI BKJIOYEHHS H
BBIK/IIOUEHHA.

Puc. 5.49. Kapra KapHo cxe-
Mbl BKJIOYEHHSA H BBIKIIO-
YEeHHA.
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Puc. 5.50. Illudposas cxema.

CxeMa, ITOCTPOEHHAasl COINIaCHO TNMpeoOpa30BaHHOMY YpPaBHEHHUIO, ITOKa3aHa
Ha puc. 5.50.

5.5.3. MNepeknioyaTens «aBa U3 Tpex»

AsapuiHBIA
AATYMK
1

s

ABapUAHBIA
[ATYMK

Cxema nepe-

IO W |h

Knio4aTens
«2 n3 3»

ABaPURHLI
narumuk

Puc. 5.51. Asapuiineie 1aTYNKH U CXe-

Ma NEPEeKNYaTe/isa «ABa U3 TPEeX».

CucTeMsl, CBA3aHHBIE C TOBBIIIEHHBIM PHCKOM,
HaIpIMep aTOMHas 3JIEKTPOCTAaHLIUS, JTOJDKHEI
ObLITh B Clyyae aBapHMM Ccpa3y OCTaHOBJIE€HHI.
OTKJIIO‘-IGHHC MNPOUCXOMHUT aBTOMATU4YECKH, C
noMol1ueio udpoBoii cxeMbl. B aBapHitHbLIX naT-
YHMKaX, OTBETCTBEHHBIX 33 OTKIIIOYEHHE, MOTYT
MPOUCXOAHTH JIOXHBIE cpabareiBaHus. [loaTo-
MY B KaXIOM KPHMTHYECKOM MECTE CTaBAT TPHU
ONMHAKOBBHIX aBapMHHBIX HaTuMka (puc. 5.51).

OTKIII0YEHHE JIOJEKHO POUCXOJUTH TOJBKO
TOTHa, Koraa cpaboraiu 1o MeHbllIei Mepe aBa
aBapMHHBIX JaTyMKa M3 Tpex. Takoil moaxon
MpeaoTBpaIaeT HEHYXHBIE OTKIIOYEHHUS CHC-
TeMBI, KOTOpBEIe IIPUHOCAT (PUHAHCOBLIE TTOTE-
pH. ABapHiiHble MATYWUKH NPH CpabaThIBAHWH
uMerT cocrossHue 1. OTKIII0OYEeHHE CHCTEMBI
IOJDKHO IPOMCXOOUTh, €CJIM HA BBIXOIE CXEMBI
NEHUCTBYET COCTOsIHME 1.

Hrak, TpebyeTcs cxema, BBIXOI KOTOpOIi MMeeT cocTossHHe 1 Torma, Korma,
Mo MeHbllIel Mepe 2 u3 3 BXOA0B MMeIOT cocTossHue 1. Takad cxema HasbIBaeTcs

TIepexJIouaTeNb «ABA H3 TpeX».

Bxomuble mepeMeHHbIe Mony4aioT uMeHa A, B u C. BuixogHasi nepemeH-
Hasg — Z. CocTaBMM TabJHLy UCTUHHOCTH ITO CJIOBECHO-

My ONTHCaHHUIO MPUHIIMIIA IelicTBUSA cXeMbl. Bcerma, Kkorna
B¢ BXOOHBIX NMepeMeHHBbIX paBHH 1, Z = 1. Ecam Bce
TPH BXOIHEIX NMEepeMeHHBIX paBHEI 1, Z TakxXe HOIXHAa
OobiTh paBHa |. Takasi Tabnuia MCTHHHOCTH ITOKa3aHa Ha

puc. 5.52.

Harnee 1o cocTaBleHHOM TaOJIMlle UCTHHHOCTH 3alM-
chiBaeTcs HopManbsHas ¢opma UITH:

Z=(AABAC)v(AABAC)v
V(ZABAC)V(AABAC).

Bap.|C|B|A| Z
1 [o]o]ofo
2 |ojof1]0
3 |o|1|ojo
4 [0|1|1]1=244B4C
5 [1]o]ofo
6 [1|0|1|1=AABAC
7 [1]1]|0)|1=A~BAC
8 1j1 (1] 1=AABAC

Puc. 5.52. Tabnuua uc-
THHHOCTH MEPeK/I0Ya-
Tes «ABa U3 TPEX».



c c ¢
c & |AAC AAC
L
Pue. 5.53. Kapra KapHo nepekniouaTtens «1sa
Puc. 5.54. Cxema nepexniodartens «1sa U3 Tpex». M3 TPex».

HopMmanshas ¢popma HUJIM ynpoiuaercs ¢ MoMollbl nuarpaMmbl KapHo
(puc. 5.53). MoxHO 00pa30oBBIBATh TP JABOMHBIX IPYIILL. YIIPOLIEHHOE YNaB-
HEHHE MMEET BHIL;

Z=(AAB)v(BAC)Vv(AAC).

ITo 3TOMY ypaBHEHMI0 MOXHO CTPOUTH
cxeMy (puc. 5.54).

YacTro moa pykoil MMeIOTCS TOJIBKO 3jIe- A° nee
menTel MJIM-HE. YT0oOBl MOCTPOUTH CXeMy —_|
Tonbko Ha aneMmeHTax UJIM-HE, npeobpa3sy-
€M YpaBHCHHE: B & | BAC z

Z=(AAB)v(BAC)V(AAC);

c & | AnC

Z=(AAB)v(BAC)v(AAC)

Puc. 5.55. Cxema nepexmioyarens «1sa
Z=AABABACAAAC. u3 Tpex» Ha sneMenTax UJIHU-HE.

CoorBeTcTByIOIaAg cXeMa IOKa3aHa Ha
puc. 5.55.

5.5.4. CxeMma KOHTPONSi HETHOCTUN

Hnsa obHapyxeHHus: omuOOK B Komax (cM. pa3m. 8.7 u 8.8), a Taxke mist 3ama4
KOHTPONS M HaGMIOAeHUsT 4acTo TpeOyeTcsi cxema, B KOTOPO# BBIXOX paBeH 1
TOI/a, KOTJIa YETHOE YHCJIO BXOLOB HMEIOT cocTOAHHE 1.

Takasi cxeMa Ha3bIBaeTCS CXEMOI KOHTPOJISI YETHOCTH.

TpebyeTcst CHHTE3HPOBATh CXEMY C YETBIPEMS BXoJaMu. BxomHble nepemeH-
Hele — A, B, C u D. BeixogHas nepemenHass — Y.

CHayajia Hy>KHO COCTaBUTb TabIMIly HCTHHHOCTH. Y Bcerma OymeT paBeH 1,
ecsm 0, 2 wim 4 BXomHbIe NepeMeHHbIE paBHBI 1 (puc. 5.56).

M3 tabnuusl MCTHHHOCTH ToJiydyaeTcss HopMansHas dopma WIIH:

Y=(ZAEAEA13)V(AABAC_AI_))V(AAEACAI_))V(ZABACAﬁ)v
® @ ® @

V(A/\EA@AD)V(EABAC_AD)V(ZAEACAD)V(AABACAD).
® @ ® @®



Puc. 5.56. Tabnuia HCTHHHOCTH [/1 CXEMBI KOHTPOJ/1A Y€THOCTH.
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Bap. D|C|B|A|Y
1 0|0[0|0[1=AABACAD
2 o|o|o|1]0
3 o|o|1|0]|0
4 0|0[1|1|1=2AABACAD
5 o|1|lo|o]o
6 0|1/0|1|1=ArBACAD
7 0[1[1|0|1=2ArBACAD
8 o0|1]1|1]0
9 1|/o0/ofo]foO
10 1|0|0({1|1=A~BACAD
11 1|0{1|{0|1=AABACAD
12 1(o0f1|1]0
13 1[1]0|0[1=2ArBACAD
14 11010
15 1|1/1]|0]0
16 1[111|1]|1=2AABaACAD

e2]]

A A
1 1 b
@ @
1 1
® @ o
1 1
0] @
1 1 D
® @
[+ [o] c

Puc. 5.57. Kapra KapHo cxeMbl KOHTPONS Y€ THOCTH.

OTaenbHBIE MMOJHBIE KOHBIOHKLUMH ITpoHyMepoBaHEL. [TonmpoGyeM ynipocTHTh
HopMaibHyI0 dopmy WM ¢ momouusio kaptel KapnHo (puc. 5.57). 3mece MBI
CTOJIKHYJIMCh C PEIKHM CIIy4aeM, Korjga o0pa3oBaHHe Ipyni HEeBO3SMOXHO. 3Ha-
yuT, JaHHas HopMmaisHas Gopma MJIH He ympomaercs, u ee cxeMa IIpuBeeHa

Ha puc. 5.58.
A B c D
b M

c D

“!L{:I Q.LIT..J

I

&
&

i

Puc. 5.58. Cxema KOHTpOJISA YETHOCTH.

5toms|mm.hmm-n§

oo o|looo ol oo olooooclooocolo oo olN

13

14

15

16 =AABACADAE
17

18

19

20

21

22

23

24 1=2AABACADAE
25 0

26 0

27 0

28 1=2AABACADAE
29 0

30 1=AABACADANE

‘|=;\A.BnCADAE
1=AABACADAE

-
n
o ok ot k| ek ok ke o e - - w0000 |OC O OO0 0000 OCOM

- O = O 0 - O 0 20|20 204 0 40|20 4 Q20 «~0|w0 =« Ol

P =] P - I -] . - ] R -] E Y = I = P = i = ] I = I - =~ =1 L]

- - w0000 = =000 0s = w2002 == 000

a4t aa|lawaaulooooloo0 |t = ww|lawaulooo0o|o0 00D

Puc. 5.59. Tabanua HCTHHHOCTH
NOPOroBoii JIOrMYECKON CXEMBI.
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IToporoBoii JIOrHYeCKOil CXeMOil Ha3bIBaeTCH CXE€Ma, B KOTOPOH OIpeaesieHHOe
MMHHMAaJIbHOE KOJIHYECTBO BXOAHBIX MepeMeHHBIX TOJDKHO HMETh cocTosHue 1,
yTOOBI Ha BBIXOJI€ MOSBWIACH JIOTHYECKass 1.

HanpuMmep, HyXHO paccUMTaTh CXeMY C NSTHIO BXOAHBIMH IepeMEHHBIMH.
Ha prixone moiokHa O6BITH 1 TONBKO TOrma, KOraa o MeHblnel Mepe Ha 4 Bxogax
MpUCYTCTBYeET 1.

BxonHbie nepeMeHHble uMeT uMeHa A, B, C, D u E. BeixonHasi mepeMeH-
Hasd — Z. CHavyaja HY:XXHO OIpeAe/iuTh Tabnuiyy uctuHHocTH. [Ipu msaru mepe-
MEHHBIX BeJIMYMHAX BO3MOXHBI 32 BapuaHTa (pHuc. 5.59):

5.5.5. NMoporoeas nornyeckasa cxema

Z=(.AABACAD/\E)V(AABACAEAE)V(AABAC_ADAE)V
V(AAEACADAE)V(.ZABACA,DAE)V(AABACADAE).

HopMmanpaasg ¢opma UJIW cocTOMT M3 MIECTH IMOJHBIX KOHBIOHKIIHA.

HopmansHas ¢gopma HUJIN ynpomaerca ¢ momoiipio auarpaMmmbl KapHo
(puc. 5.60). MoxHo oGpasoBaTh 5 nBoitHbeIX rpymi. ITony4yaercsa cremyiomas
YIIPOLUEHHAs JIOTHUYeCKash PYHKIIHS:

Z=(AABACAE)V(AABADAE)v(AABACAD)v
V(AACADAE)v(BACADAE).

[AnBrCcAE| [BaCADAE]

A/ A 74 A

~ - _
_ 1 / b )

(<l ) (3
, 5 L b
/]G /
B B
Puc. 5.60. Kapra / \ b / b
KapHo noporopoii z E
CXEMBI. /c c ¢ c c c
[A2BADAE] [ArcaDAE
A
B
c
D
E
e J e JLe J =]z}
ANBADAE|AACADAE|BACADAE|AABACAE|AABACAD

v

Puc. 5.61. [loporosas noruveckas cxema. z
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Cxema s yrpoleHHOM (DYHKIIMH NpeacTaBieHa Ha puc. 5.61. [laHHoe ypaB-
HeHHWe MOXHO ellle YIIPOCTUTh C MOMOIIbI0 anreGpel moruku. i mepBbIX Tpex
TIOJTHBIX KOHBIOHKIIMI MOXXHO BBIHECTH 34 CKOOKM (A4 A B), IS IBYX ITOCTEIHUX —
(C A D). TTonyyaetcs QyHKIHS:

Z=[(AAB)A((CAE)v(DAE)ACAD))|v[(CAD)A((AAE)v(BAE))].

Bce-Taku CYHIECTBCHHOI'0O YITPOUICHUA HOOMTBCSI HE YAaJ1oCh.

5.5.6. Cxema cpaBHeHus (komnapartop)

B 1udpopoii TexHHKe YacTO HYXKHO CPaBHUTh LIM(PPOBLIE NaHHbIE APYT C IPY-
roMm. Camasi mpocTasi CXeMa CpaBHEHMsl, TaK Ha3bIBaeMblil KOMNApaTop, CPaBHM-
BaeT COCTOSIHHME ABYX MEPEMEHHBIX IPYT C APYTOM.

[IycTs nepeMeHHbIe 0003HaYeHbl A 1 B. A u B MOryT OBITH paBHBL. A MOXET
6bITH GoJbie, yeM B um HaoGopot. KoMmaparop uMeeT s 3TUX TpeX BO3MOXK-
HBIX BapuaHTOB TpHM Bbixoma. OHm obosHavalrca X, Y U Z ¥ MX COCTOAHUA
TIPUCBAUBAIOTCS CIEAYIOIIMM 00pa3oM:

A=B= X=1,
A>B=Y=1,
A< B=Z7=1.

Hrak, He0OXOIHMO CHHTE3HPOBATh CXEMY C JBYMSI BXOAHBIMU MEPEMEHHBI-
MH A 1 B ¥ ¢ BHIXOAHBIMH NepeMeHHbIMU X, Y u Z.

IMpu ¢popMHUpOBAaHHUM TAOIHUIIBI HCTHHHOCTH CIeAyeT COOMonaTh IIpaBuiIa;
A oonpie, yeM B, eciin A = 1 1 B= 0. CoorBercTBeHHO B Gonbliie, 4eM A, eciiu
B=1u A= 0. Tabnuua UCTHHHOCTH ITOKa3aHa Ha puc. 5.62.

M3 Tabmuiibl HCTHHHOCTH ITOIY9Ial0TCS JIOTHYECKHE (DYHKIIHH:

X=(ZA_§)V(ZAB);
Y =An B; A B
Z=AnB.

DTH ypaBHEHHS HaJjiee HE YIPOINAIOTCS. %_ E!J
Wckomasa cxema mokaszaHa Ha puc. 5.63.

Ll L]l
(7]
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1
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1
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hml\)—tg
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1
1

o - 0 olN A

Puc. 5.62. TabaMua HCTHHHOCTH KOMMAapaTopa. Puc. 5.63. Cxema komnaparopa.
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5.5.7. Cxema COpPTUPOBKU TPAH3UCTOPOB

Ilepen oTnpaBKo# ¢ 3aBOa TPAaH3HCTOPLI IIPOBEPSIOTCA Ha COOTBETCTBHUE YEThI-
pex BaxHbIX napameTpoB A, B, C u D guana3oHy NOIIYCTUMBIX 3HadyeHH. [lnsa
M3MepeHHsT TPUMEHSIOT YeThipe MUGPOBbIX Naryuka. Jaruuk Beytaer 1, ecnm
A3MepseMasl BETMYHMHA HAXOOMTCS B TpeleNax Muarna3oHa JOIMyCTUMBIX 3Haye-
Hui. EciM u3Mepsiemasi BeIMUMHA HaXOAUTCSA BHe IMana3oHa JAOMYCTUMBIX 3Ha-
YeHuii, To AaTyuK Bbigaert 0.

CopTupoBKa TPaH3UCTOPOB MPOMCXOIUT C IOMOMIBIO 1T poBoii cxeMsl. Ecimn
BCE YEThIpe BeJIMYMHBI HAXONATCS B Mpeeyiax AUamna3oHa JIOIMYCTUMBIX 3Haye-
HMI, Ha BbIXOne mepemeHHasi M momydaer cocrosinve 1. Ecnm Tonmeko B Haxo-
IMTCS BHE AHana3oHa JOMYCTUMEIX 3HaYe€HHH, TO BbIXOAHAasA nepeMeHHass N mo-
my4aet coctosiHMe 1. Ecau Toneko Bu D HaxomsaTcd BHe THANa30Ha JOITyCTUMBIX
3Ha4YeHM M, To BBIXOHasd nepeMeHHas U nmomydaer cocrosHaue 1. Bo Bcex npyrux
cayJasix BeIXond Z = 1, 4TO 03HaYyaeT, YTO TPAH3HUCTOP SABJsIeTCA GPaKOBAHHBIM.

TpebyeTcs paccyuTaTh CXeMY W IOCTPOUTH €€ TONbKO Ha aneMeHTax M-HE
(Taxke ropopaT «B 6asuce U-HE»).

Ha Bxon nocrynaloT 4ethipe nepeMeHHbie A, B, C_ Bap.|D|C|B|A[M|N|U|Z|Z
u D. BHXOIHBIMH NIepeMeHHbIMH sByistiorest M, N, Un ) |2|010(9 !
Z. M cranoBurcs paBHOit l,ecrm A= 1, B=1,C=1 3 |o|o|1]o 1
1 D = 1. Bro BapuaHT 16 B TabNMLIe HCTHHHOCTU (PUC. 4 [0]0[1]1 1
5.64). Noyner I, ecnu A=1,B=0,C=1uD=1 ¢ [C[T[°[c["[] 17
(BapuanT 14). UGymer paBHa l,ectm A=1, B=0, 7 [o|1]1lo 1
C=1wu D=0 (BapuaHT 6). Bo Bcex ocTaIbHBIX ClTyya- 8 |[0]1]|1]1 1
= 9 1(0f(0|0 1
ax, kpoMe 6, 14 u 16, Z = 1. o lilalols 1
11 {1|({0(1|0 1
12 (1(0|1]1 1
13 (1|10} 0 1
Puc. 5.64. Tabauua MCTHHHOCTH ANIA CXEMBl CODTHPOBKH TPaH3HC- 14 (11|01 H - -
TOpoB. [lna 6onsbieil HArNAAHOCTH HY/IM 115 BEIXOAHOM NEpeMeH- 15 [1[(1]1|0 i
HOH He 3anMCaHBI. LT I A N

B Ppe3yibTaTe IMOJY4YarTCAa CIEAYIOLIHE JIOTHYECKHE (byHKU.HH:
M=AABACAD;
N =AABACAD;
U=AABACAD.

Oyuximg Z conepxXHT 13 IMOJHBIX KOHBIOHKIIHI. Z Bcerga Toraa 1, eciu HH
M, uu N, uu U He pasusiorca 1. Jlyuyine 3anucars HopMmanbsHylo ¢opmy UITA

w1 Z (cM. puc. 5.64):
Z:(AABACAD)V(AAEACAD)V(AABACAﬁ);

Z=MvNvU.

Torma ms NNpAMOro 3Ha4€HHA Z:

Z=MvNvU.
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A B c D Puc. 5.65. Cxema cOPTMPOBKM TPaH3IHUCTOPOB.

&IK" In_ o M
&N &
Hanhi :

——
L=
<

Haiigennnie pynkuuu wist M, N u U ynpocturth Henb3ss. OHH JOJDKHBI OBITh
TiepecYUTaHbl BMecTe ¢ ypaBHeHHMeM Ui Z Ha 6a3uc U-HE:

M=AABACAD,;
N=AABACAD;

U=AABACAD;
Z=MvNvU=MANAU;
Z=MANAU.
W3 >THX ypaBHEHUI MMOJIy4aeTcsl cXeMa, IpeacTaBleHHas: Ha puc. 5.65.

ITocpencrBoM BhixOmoB M, N, U u Z MOXeT yIpaBiIATbCI MeXaHHYECKOe
YCTPOICTBO, KOTOPOE pacIlipe/ielisieT TPAaH3UCTOPH! B 4 pasiMuHbie KOHTEHHEpa.

5.6. 3agaHus N0 CXeMOTEXHUYECKOMY NPOEKTUPOBAHUIO

5.6.1. Cxema ynpasneHumsa

Tpebyercsi COCTABUTH CXeMy YIpaBJIEHUs, YAOBIETBOPS-
IOLIYIO TabauIe MCTUHHHOCTH (pHc. 5.60). 3anmuiuuTe HOpP-
MansHyo Gopmy WU mis X, ¥ u Z 1 MakCUMaIbHO YII-
poctute ee ¢ nmoMoulbio auarpammbl Kapno. Haiinennsie
ypaBHeHHA iad X, ¥ u Z HyXHO mepecydrarh B Oasuce
HWIHW-HE. HapucyiiTe COOTBETCTBYIOUIYIO CXEMY.
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Puc. 5.66. Tabnuma MICTUHHOCTH CXEMBI YIPaBAEHHA.




5.6. 3adanus no cxeMomexHu4eckoMy npoeKmupoeanuio

5.6.2. Cxema KOHTPONS HEYETHOCTHU

CxemMoii KOHTPONA HEYETHOCTH Ha3bIBAETCS CXeMa, B KOTOPO# BBIXOH paseH 1
TOrga, KOrma He4eTHOe YMCJIO BXOAOB MMeIOT cocTosiHie 1. CxeMa JoJDKHA MMETh
3 Bxoma. TpeGyercss cHHTE3MPOBaTh MAKCMMATbHO MPOCTYIO cxeMy B 6asuce M-HE.

5.6.3. MaxoputapHasa cxema

Ha BrIXOae MaxxopuTapHOii cXxeMbl cocTosgHHe 1 Torna, koraa GobIUIMHCTBO BXO-
JIOB UMEIOT COCTOsIHME 1.

CocraBbTe TabNMIly MICTUHHOCTH [UIA MaXOPHTAPHOM CXEMBI C TIATHIO BXOAa-
MH. 3anuiuuTe HopManbHylo Gopmy HJIM cornacHo Tabmuile MCTHHHOCTU H
nonpoObyiiTe MakcUMallbHO ee ynpocTuTb. M306pa3ure kKak MoxHo 6onee mpo-
CTYIO CXeMY Ha OCHOBHBIX 3JIeMEHTaX.

Jlia peanu3alMy CXeMbl B HAIMYHMH MMeloTcs Toibko 3neMeHTol MJIM-HE.
Haiinennsie ypaBHEHHS HYXXHO MpeoOpa3oBaTh TaK, YTOOB CXEMY MOXHO OBLIO
noctpoutb ToabKO Ha aneMeHTax UJIU-HE (8 6asuce UJINU-HE).

5.6.4. Cxema 6N0OKUPOBKMU

ABTOMAT N0 BBIIABIMBAHWIO IJIACTMACCHI MOXET OBITH BKJIIOYEH B IPOU3BOJ-
CTBEHHBIH IIMKJI TOJIBKO NPH YCJIOBUM, YTQ PEXHUM BBIITABIMBAHWUS BKIIIOYEH,
JaTYMK YPOBHS MOKa3bIBaeT JOCTATOYHOE KOJIMYECTBO IIacTMacchl B 6ake, aBa-
pHMMHBIE JAaTYUKM HE TOKA3BIBAIOT COCTOSHUE aBapWy, HAaTYMKU TEeMIIEpaTyphl
MOKAa3bIBAIOT TEMIIEPATYPY IUIABJIEHUS TDIACTMACCHI M YTO TaK Ha3bIBAEMBIH IUKII
OYMCTKM HE 3amlyLUeH.

JIna 3amycka UMKIAa OYMCTKM HeOOXOOUMO, YTOOH pexuM LMKIA OYMCTKH
OB BKJIIOYCH, JaTYMK YPOBHS ITOKA3BIBAJI OTCYTCTBHME IDTAcTMaccHl B Oake, aBa-
pHiiHBEIE JaTYMKH MMOKA3LIBAIM OTCYTCTBUE COCTOAHHS aBapuM M PEeXHUM BbIIaB-
JNMBaHMA He BKIIoYeH. TemmepaTypa ¢bopMBl MOXeT OBITh JTi00ast.

IpoBepka Ha3BaHHBIX YCIOBHM JIOJKHA NMPOUCXOIUTH C IMOMOLIBIO JIOTHYE-
cKO¥ cxeMbl. OroBOpHM AU MepeMeHHBIX BeNMMYMH cocTossHus 0 u 1:

PexuM BbIlaBIMBAHHA BKIIOYEH

l],a'mm( YPOBHs NOKAa3bIBACT AOCTATOYHOEC KOJHMYECCTBO [L1aCTMACChI

ABapusi

JaTauku TeMneparTypsl NOKA3BIBAIOT HEOOXOAUMYIO TEMNEPATYPY

Il

PexxuM OYHMCTKH BKIIIOYEH

ABTOMAT MOXET paGOTaTb B P€XMMCE BbIJIaB/IMBaHWA

= N O w S
]
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ABTOMAT MOXET paboTaTh B PEXUME OYHMCTKU

Hckomas cxema uMeeT BXoaHbie mepeMeHHbie A, F, L, B, C 1 BBIXOAHBIE
nepeMeHHble Z 1 R (puc. 5.67).

Omna pabortaeT Kak Tak Ha3biBaeMasi cxeMa OJIOKMPOBKM, T. €. OIlpeieJICcHHbIE
pabouyre peXUMbl CTAHOBATCA JOIMYCTUMBIMU [P BBIMOTHEHHUH OMpeaeleHHbIX
YCJIOBMM.



Thaea 5. Cunmes cxem

Puc. 5.67. Bxonpl ¥ BeIXOOBI HCKOMOM LHpO-
BOI CXEMBI.

Cxema
6NOKNPOBKK
o R

Tpebyetcsi cMHTE3UPOBATh MAKCHMATTBHO MPOCTYIO CXEMY, YIOBIETBOPSIOLIYIO

ONHCAaHHOMY BEIIIIE TEXHHUYECKOMY 3aaHuIo. CxeMa MoJDKHA OBITh peaJlM30BaHa
B 6asuce U-HE.

5.6.5. AHanuasaTop nokasaHuii panapos

Yeroipe pagapa nepenaior B HudpoByio cxeMy Jorudyeckue curHanel A, B, Cu D,
KOTOpBIE MOTYT OBITH paBHBI 1 wiH 0.

CurHan A nepBoro pagapa MMeeT COCTOsIHHE 1, eclTi OH (PHKCHpYeT CaMOJIeT.
Bropoii pagap Beimaer B = 1, eclid caMoOJIeT JIETUT IO HalpaBJIeHUIO K pagapaMm
Ha BbicoTe He MeHee 2000 M. Tperuii pagap ¢uKcHUpyeT U3MeHeHHMe Kypca. OH
Beiaer C = 0, ecnu Kypc caMoJieTa MEHSIeTCSl B TeYEHME WHTepBaJia BpEMEHH Al.
Ecny 0OZTHOBpeMEHHO €lll¢ OOMH CaMOJIET BJIETaeT B BO3MYIIHOE IMPOCTPAHCTBO,
YeTBepTHIN pamap BbimaeT D = 1.

Cxema goixkHa pabortars ciemyommM obpazom. Ha Beixome Z mosiBisieTcs
curtan 1, ecnu 3apuKCUpOBaH caMoJieT, KOTOPBIH JIETAT K pajzapaM Ha BBICOTe
g0 2000 M ¢ HeM3MEHHBIM KYPCOM M B 30HE€ HeiiCTBHS palapoB He Habmonaercs
OIJHOBpEMEHHO eule oAuH camoier. Mnu panap dukcupyer camoler, JeTSIHA
Ha BbicoTe Gosnee 2000 M, ¢ HEU3MEHHBIM B TeUeHHE BPEeMEHH A! KypCcOM, HO B
30HE NEUCTBHUSA PafapoB 3a(pUKCHUPOBaH ellle OMUH CaMOJIET.

Tpebyercda CUHTE3UPOBaTh MAKCUMAIBHO MPOCTYIO CXEMY, YAOBIETBOPSAIOIIYIO
OTIHCAHHOMY BEIIIe TEXHUYECKOMY 3afaHMIo. CxeMa JOJDKHA OBbITh peayii3oBaHa
B 6asuce UJIU-HE.

KOHTpO/bHBIA TECT

1. Yro Takoe monHass KOHBIOHKIIHS?

2. Kak obpasylorcss HopmanbHbie ¢dopmbl MIIA? [IpuBenure npumep.

3. YeM otnmyaercs HopManbHas ¢dopma U ot HopmanbHoit dopmsr UTTH?

4. Tabnuia MCTHHHOCTH IUISI HEKOTOPOM cXeMbl M300paxeHa Ha pHc. 5.68.
3anuiuure HopManbsHy0 dhopmy UITH, cooTBeTCTBYIONIYIO 3TOM TAOIMIIE HCTHH-
HOCTH.
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Puc. 5.68. Tabauua
WCTHHHOCTH.

5. Uzo6pazute kapry Kapuo mnsa nepemenunsix K, M, S u R.
6. Kakue mpaBuia cocefcTpa IeHcTBYIOT st KapT KapHo ¢ Y4eThbipbMs Iepe-
MEHHBIMH?



Konmpoavhuiui mecm P\D

c c c

Puc. 5.69. Kapra KapHo ¢ 3aHeceHHOI HOp- Puc. 5.70. Kapra Kapso.
ManpHoi ¢opmont UJIH.

7. YopocTuTe ¢ MOMOLIBIO anreSphl IOTHKY ClIeAyIOLy0 HOpMaibHyO dop-
My MJIN u npoBepbTe MolydyeHHOE YIIPOLIEHHE C TIOMONILIO KapThl KapHo:

Z=(AABAC')V(AAEAC)V(ZAEAC)V(ZAEAE).

8. Ha xapre KapHo (puc. 5.69) npencrasineHa HopMmanbHasa ¢opma WUIIH.
MakCHMAaJIBHO YIIPOCTHTE €€ M 3allMIIKTe YIIPOIIEHHYIO JOTHIeCKYIO (PYHKIIHIO.
9. 3anecute B Kapty KapnHo ¢ynkuumwo (puc. 5.70):

Z=(ZABAC_’AI_))V(AA5)V(2A§).

BbipaxeHus (A A 5) " (2 A E) NpeNCTaBbTEe KaK IPYIIIHL.
10. Kak opranusoBaHa Kapta KapHo Ui i1ecTH mepeMeHHBIX?
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CEMEWCTBA CXEM

6.1. O6wme ceeneHus

Jlornyeckue 3/1€MEHTHI, HA3bIBAEMbIE TAKXKE BEHTHISIMH, CTPOATCH IIOYTH BCETIa
Ha TONYyNIpOBOAHUKOBOM Oase. IlpencraBiieHHe JIOTHYECKHMX 3JIEMEHTOB B BHIE
nepexoyaTeseii-peie, NpUMEHEHHOE B pasjese 2, CIyXUT TOJIBKO IS JIy4IIEro
MOHMMAHMA M HA NpPaKTUKe WMeeT HeboNblloe 3HaYeHne. B Halne BpeMs JIOTH-
YecKHe 3JIEMEHTHl B BHIIE peJie MCIOJIb3YIOTCS B OCHOBHOM JUISI CXEM YIIpaBiie-
HMSI KOHTAaKTOpaMH B CWIOBBIX LIeNsX ¢ GonpmiMMHM TokaMHu. Konrakrop — 310
MOIIHOE peJie I KOMMYTAIliKM B ceTsax ¢ HanpsokeHueM 220 B u Bbie.

Urtak, coBpeMEHHbIE JIOTHYECKHE JIEMEHTBl COCTOAT M3 ITOJIYIIPOBOIHUKOB.
H3BecTHO, 9TO TPAH3MCTOP MOXeT paboTaTh B KayecTBe OECKOHTAaKTHOIO Iiepe-
Kio4uaresisa. Takoi 6eCKOHTAKTHBIN TMepeKioyarellb MOXET ObITE ITOCTPOEH Kak
Ha OUMOJSIPHBIX, TaK U Ha moJieBoIX TpaH3ucTopax UJIU Ha momynpoBOAHUKO-
BBIX nuonax. TakuM o6pa3oM, CYLIECTBYET MHOTO BAPHAHTOB U3TOTOBJICHUS JIO-
TMYEeCKUX 3JIEMEHTOB U3 MOJIYNPOBOIHUKOB.

Jloruyeckne anemeHTbl, MOCTPOEHHbIE MO O4HOMY OMpeaeneHHOMY NPUHLMNY,
0bBpasyioT CEMEINCTBO CXEM.

Jlormyeckue 3JIeMEHTH! OJJHOIO CeMeHCTBa COBMECTUMBI IPYT € APYIOM U 6e3
npobneM cobupaitorcs B cxeMul. [lns c6opku MdpoBoii cxeMB! IPIMEHSIIOT HYX-
Hble 2JIEeMEHThl OJHOrO ceMeicTBa. ¥ TaKMX 3JIeMEHTOB YHU(PUUMPOBAHBI Ha-
MpsDKeHHS ITATAHUSA H OMMHAKOBble YPOBHHM CHMTHaN0B. BpeMeHa nepekIoyeHus
OTJIEJIBHBIX 3JIEMEHTOB PAaBHBI ¢ HEKOTOPBIM JOITYCKOM.

Jlornyeckue 3MeMEHTH M3 Pa3fIMYHBIX CeMEMCTB KOMOMHUPYIOTCS APYT C
JPYTOM TOJIBKO IIPM ONpeAeJICeHHBIX YCJIOBUAX. YacTo IS UX COBMECTHUMOCTHU
NPUXOIUTCS MPUMEHSTH CTIeHAIbHEIE TIPOMEXYTOYHBIE SJIEMEHTEL.

ITepBbie MONYNIPOBOIHUKOBEIE TOTHYECKHE 3JIEMEHTH CTPOMJIUCEH HA JUC-
KPeTHBIX MOJIYIIPOBOJHUKOBBIX 3/eMeHTaX. [IoA AMCKpeTHBIM 3J1eMEHTOM I10-
HUMAIOT eIMHUYHYIO JIETalb B KOPITyCE C BBIBOJaMH, TO €CTh OOBIKHOBEHHBIE
JHOABI, TPAH3UCTOPH M APYyrHe KOMIUIEKTYIOIUe H3nenusa. He muckperHble
3JIEMEHTHl — 3TO TIOJYTIPOBOJHUKY, COOpaHHbIE BMECTE B HHTETPAJIBHBIX MHUK-
pocxeMax, — KOMOMHAITUM U3 MHOTHX TPaH3MUCTOPOB WU JHONOB.

3HayeHHe ceMeHCcTBa CXeM, IOCTPOEHHBIX Ha JUCKPETHHIX 3JeMeHTax, B
MOCJIEHEEe BpPeMS CHJIBHO YMEHBIIMIOCH. Takue cxeMbl MMEIOT OTHOCHTEIBHO
OonbiHe raGapuThl, U MX IPOMU3BOACTBO O0XOIHMTCA JOPOXE, YeM NMPOU3BOJCTBO
WHTETPaIbHBIX MUKpocXeM. VX enMHCTBEeHHBIM MPEeUMYIECTBOM SBJISICTCS JIeT-
KOCTb CaMOCTOSITEJIbHOM COOpKH.

CxeMBI ceMeiicTBa peneitHo-TpaH3HcTOpHOM Joruku (PTJI) cocroar us co-
MPOTHBIEHHH M GUITOJISIPHBIX TpaH3UCTOPOB (puc. 6.1). Eine oguuM «Iuckper-
HBIM» ceMelicTBoM cxeM siBiseTcss cucremMa DCTL (Direct Coupled Transistor
Logic), cocrositiasi U3 IOC/Ie10BaTe/IbHO BKJIIOYEHHbBIX OMITONSAPHBIX TPAH3UCTO-



6.2. Bunapnvie ypoanu nanpaicenus Q
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Puc. 6.1. Cxema PTJ1. Puc. 6.2. Cxema DCTL (Direct Coupled Transistor
Logic).

poB (puc. 6.2). O6a 3TUX ceMelicTBa ycTaped W B HacTosillee BpeMs NpakTHie-
CKM HE TIPUMEHSIOTCA.

Bbonsbinee 3HayeHne ceromHs uMeet cucreMma I TJI. JITJI cokpameHHO 03Ha-
YacT JMOTHO-TPaH3HCTOPHAs JIOTHKA. DTOMY CEMEMCTBY MOCBSAIIECH pasn. 6.5.

Ovyenp Gonblioe 3HayeHue uMelorT cxembl cemeiictBa TTJI. TTJI cokpa-
IIEHHO 03HAaYaeT TPAaH3HMCTOPHO-TPAH3UCTOPHAS JIOTUKA. DJIEMEHTHI 3THX CXeM
MOCTPOEHBl HA MHTErpajbHBIX MHKpOCXeMaX M3 OMIIONSPHBIX TPAaH3UCTOPOB
(pasn. 6.6).

Crnenymolnee BaxHoe ceMmeiictBo HasbiBaeTca BCJI. DCJI cokpallleHHO 03Ha-
qaeT IMUTTEPHO-CBsI3aHHadA noruka (pasm. 6.7). TpaH3MCTOpEI MMEIOT oOlIee
SMHUTTEPHOE COMpoTHBIeHMe. CXeMBl 9TOT0 CeMelCTBa TakXkKe MOCTPOSHBI Ha
HHTETPAJBHBIX MUKPOCXeMaxX W3 OMITOJISPHBIX TPaH3HCTOPOB.

B cxemax cemeiictBa MOII tpan3suctopHo# jsoruku (MOII — meramn, ok-
CHMJI, TPOBOTHMK) (pa3a. 6.8) MPUMEHAIOTCS MHTETPAIbHbIE MUKPOCXEMBI M3 I10-
JIEBBIX TPaH3MUCTOPOB ¢ KaHanaMud N unu P tuna (cMm. boiit, DnekTpoHuKa, 4. 2).
Ecnu B omHOM aneMeHTe npucyrcTByioT MOII-Tpansucrops ¢ kaHanaMu N u P
THIIa, TO TOBOPAT 0 KomiuieMeHTapHoH MOII-texHonoruu. Takoe ceMeiicTBO
HasbiBaeTcss KMOII noruka (nogpaspa. 6.8.4).

6.2. BuHapHbIe YPOBHU HaMNpsXeHus

Jlornyeckue 371eMEHTH IIPOM3BOIATCA B BHUIE 3JIeKTPOHHBIX cxeM. Ho anekr-
POHHEIE CXEMBI «HE IMOHMMAIOT» HHUKAKOM LUdpoBoii Joruku. OHH pearupymor
Ha HalpsDKeHHe Ha BXOJe, Ha COOTBETCTBYIOLIME TOKM M KMEIOT Ha BBIXOIE OIpe-
JIeNleHHble HamnpsDKeHHs1. To ecTh OHH paboTaloT «3JIEKTPHYECKH». DTa MBICTb
JIEXWUT B OCHOBE HWIEU OODBSICHHUTh NPHHIMI AEHCTBHSA BCeX LIM(MPOBBIX cxeM
2JIEKTPUYECKH — HE3aBHCHUMO OT KaKHX-THOO JIOTHYeCKHX B3aUMOCBA3EH.

MoXHO cOCTaBUTH TaOJMUIly, aHAJIOTHMYHYIO Tabnuile MCTUHHOCTU, U B 3Ty
TabAMITY 3amMcaTh HanpsokeHus. PaccMorpuM cxeMy Ha puc. 6.3. Ecnu ko Bxomy
A npuwioxeHo Hanpsokenue +5 B, To aumoa D, HaYHET MPOBOAUTL B MPAMOM
Hanpasnenun. Ha auoxme napmaer Hampsokenue 0,7 B (Si-mwonm). Ha Beixome Z
nosipyisiercss HanpsokeHue 4,3 B. Hanpsokenue 4,3 B takoke Oymer Ha BBIXOfe,
ecau Ha B unu Ha oba BXoia mojaarh HampspkeHue +5 B (puc. 6.4).
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Puc. 6.3. Jlornyeckas uudposas cxema. Puc. 6.4. Pabouas Tabnnua ¢ HANPAKEHHAMH.

IIpencraBnenHas Ha puc. 6.4 Tadya HaseBaeTcs paboyeit cormacHo DIN 40700,
gacth 14. OHa He MOXeT Ha3bIBaThCsi TabMMIIE MCTUHHOCTHM, TaK KaK OHA He
JlaeT HUKaKoi MHGOOpMAIIMK O JIOTHYECKHUX OIepallsiX.

Cxema Ha puc. 6.3 MoXeT GBITh TAKXKe 3alUTaHa APYTMM HaNpsOKEeHHEM, Ha-
npumep 4 B unu 8 B. Torma cnemyer BOCIIONb30BaThbesl paboyrMu TaOMMLIAMM
(puc. 6.5). 3agaHue 3HaYCHHI HAIPSOKEHUs] B paboyux TabinMuax sBiIsgeTcs u3-
JIMIITHE TPOMO3IKKM. TakKe 4acTO He BCerga TOYHO OMpeneaeHo, KAaKUM Harpsi-
JKEHMEM MUTATh cxeMy. MoXHO BbIOpaTh Mi000€ HanpsDKeHUe B Mpeaesiax Jomy-
ctuMoro auamnaszoHa. [ToaroMy uenecoobpasHo B paboynmx TaGiMUax pasjimyaTh
Tosbko nuis BBICOKUM u HU3KUM yposau Hanpspkenns. BBICOKU ypo-
BeHb HanpsbkeHusi o6o3Havaerca cuMBosiioM H (ot anrn. «High» — BeICOKMIA),
HU3KHH ypoBeHs HanpsDkeHUs1 0603HavaeTcss cuMBosioM L (oT aHnL. «Lows —
HU3KMi). H u L aIBNA10TCS YPOBHIMHU HAIIPSDKEHHS.

L = LOW = HWU3KWIi YPOBEHbL HAMNPSXKEHNS.

0B;738 Puc. 6.5. Pabouas tabanua c Ha-
88738 NPSKEHUAMH.

YpoBeHb, CTpeMAIIUICA K MUHYC OECKOHEYHOCTH (— =o).

H = High = BbLICOKWNIA YyPOBEHb HaNpPSaXKeHWs.

YPpOBEHD, CTPEMSLIUICH K TUIIOC 6€CKOHEYHOCTH (+ o).
Hdna cxembl Ha puc. 6.3 mony4yaercs npen-
cTaBlIieHHas Ha puc. 6.6 pabouas Tabauna c yka-

Bap.|B|A|Z
1T C[L|L 3aHueM ypoBHeii. Lludpossie cxeMsl MOTyT pa-
: ; *L‘ : Puc. 6.6. PaG 60TaTh ¢ pa3HBIMU HAIPSCKEHUSAMH. Bo3aMOXHEIE
HC. 0. aboyasn
a |nluln  raBmvms c yposmswvm, YPOBHH HANpsoKeHWH ToKa3aHbl Ha pHc. 6.7.

H-ypoBeHb MOXeT KonebGaTbCsi B Ipenenax
OIpeNieIEHHOTO AMANa30oHa HaNPsSDKeHUsT Coriac-
HO JAaHHBIM MPOM3BOAUTENST cXxeMmbl. Takke W L-ypoBeHb MOXeET K0jedaTbcsl B
npeneirax HEKOTOPOTO OAMANa3oHa. DTH MMAaNa3oHBl HA3LIBAIOTCS MHAMa30HAMU
HanpsDKeHWsT BBICOKOTO H HU3KOTO YpoBHe#H (puc. 6.8).

L v H He sBNsI0TCA NOMMHECKMMWU COCTOAHUSAMM, 3TO GUHAPHbLIE YPOBHW HAaNps-
XeHus. OHW ABNAINTCA YacTbi0 TEXHUYECKWUX OAHHBIX CXEMbI.
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| Puc. 6.7. Bo3aMoxXHbIe nMana30HbBl HANPAXKEHWA A1 YPOB-
Heilt L u H.
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Puc. 6.8. /Inana3zoHsl HANPAXEHWI 119 YPOB-
Heit L v H.

OnpenenuTb, Kakylo JIOTHYECKYIO ONEePaLIHIO BEIIIOHAET CXeMa, MOXHO TOJIBKO
1ocJjie npuBeaeHus: ypoBHeil L u H B COOTBETCTBUE C JIOTHYECKHMH COCTOSHUS-
Mu 0 u 1.

6.3. MNMonoxurenbHas u oTpuuaTensHas noruka

BBICOKU u HU3KWUH yposuu L u H MOryT COOTBETCTBOBATh JIOTHYECKHUM
cocrossHusaM 0 u 1 1ByMs pasiMYHBIMH cITocoOaMM:

L20 L&+
HZ21 H£0
(ITOJIOXMTENbHAS JIOTHKA) (oTpunaTeNIbHAs JIOTHKA)

Ecnu coctosHue 1 onpeaenset BbICOKMWM yposeHs, a coctosHne 0 onpenens-
eT HU3KNA ypoeeHb, TO Takast NOrMka HasbiBAETCH NOAOXKMTENLHOM.

B coBpeMeHHO#M 1MDPOBOI TeXHHUKe paboTaOT MPEUMMYIIECTBEHHO C TOJNIO0-
XKHUTEJIbHOM JIOrHKoii. Eciii K cXeMe HeT COOTBETCTBYIOLIETO MpHUMeYaHHA, CIH-
TAETCS, YTO OHA MCIOJIb3YeT MOJOXUTENbHYIO JIOTHKY.

Ecnu coctosHue 1 onpepensier HU3KWUI yposeHs, a coctosaHue 0 onpegenset
BbICOKWW ypoBeHb, TO Takas NOrvKa HasbliBaeTCs OTPULIATENbHOIM.

OTpHHaTEJlLHaH JIOTHKa MMeJia OOoNbIIoe 3HaYeHHUE BO BpEMEHa Cyllie-
CTBOBAHHA TOJIBKO OOJHHX PNP—TPaHBHCTOpOB. HpH OTPHUUATCIIBHOM HAIIps-
XECHHH UCE Ha BBIXOJIEC TPAaH3MCTOPHOIO KackKala IMOJIy4YaJloCh OTPHULATCIIb-
HOE€ HAIIpAXCHHE.
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Mpumep

02 03B=H
12 6B=1L

OrpHuaTenbHAast JIOTHKA HCIIOJIB3YETCS CETOIHS TOJNIBKO B CIICI[HAIBHBIX CXe-
Max M3 cooOpaxXeHHH MOMEXOYCTOWYHMBOCTH.

Kaxue normueckue onepaiuu IpOM3BOIMT cXeMa Ha puc. 6.3 NpH MOJIOXH-
TeNIbHOH JIOTHKE, a KaKhe — TP OTPULIATENbHOM?

CxeMa M COOTBETCTBYIOIIAsI paGovast TabnHIIa IpeACTaBlIeHB Ha pHc. 6.9. U3
paGoueii Tabmuubl onpeaensercss tabmuia uctuHHOCTU. IIpu monmoxuTenbHOM
soruke BBICOKHH yposenn H onpenesnsier ornyeckoe cocrosiuue 1, a HU3-
KHWMH yposens L — norudeckoe cocrosiaue 0 (puc. 6.10). ITIpu monoXuTeNbHOM
JIOTHKE cXeMa IPOM3BOIMT JIoruueckoe cioxeHue MJIH.

TTpu orpunarenbHoit ornke BBICOKHI ypoeenn H onpefieNnsieT TOrH4eckoe
cocrosiaue 0, a HU3KHWMU yposenp L — normueckoe coctostnue 1 (puc. 6.11).
CxeMa MPOHU3BOAMT JIOTHYecKoe yMHOoXeHHe M. B Tabnuie MCTUHHOCTH MeHsI-
ercs JIMIIb OC/IeI0BaTe)IbHOCTh BAPHAHTOB.

Mpwn nepexode OT NOAOKUTENLHOR NOMMKK K OTPULATENLHOM U HACBOPOT MeHs-
eTCs TN NOrMYECKOoR onepauun.

8 B [
H=0
Puc. 6.10. Tabauia uc- Puc. 6.11. Tabnwia mc-
Puc. 6.9. Cxema ¢ THHHOCTH [PH I10J10XKH- THUHHOCTH NPH OTpHLA~
pabouyeit TabnuLei. TEJIbHOM JIOTHKE. TEJBHOH JIOTHKE.

Jloruyeckuit snemeHT HE Bcernma paboraer Kak MHBEPTOp — M IPHU ITOJIOXKHU-
TeJIbHOM, W TIPH OTpPHLIATE)IbHOI JorHkKe (puc. 6.12).

Mpumep

CxemMa pabGoraer npu MnoJioxXurenbHo#i noruke Kaxk sneMmedT M-HE. Kakywo
JIOTHYECKYIO OIepaiiio MPOU3BOAUT CXeMa MPH OTPHLIATEIbHOM JIoTUKe?

Ta6nauua uctuaHocTH 3seMenta M-HE npencrasinena Ha puc. 6.13. U3 Hee
MOXHO OIpeAesINTh pabouyro Tabnuiry ¢ ypoBHAMH H u L. TIpu nmojioxureabHOM
noruke BBICOKWMU ypoeens H onpenensier normyeckoe coctosuue 1, a HU3-
KW yposens L — normyeckoe cocrosinue 0 (puc. 6.14).

PaGora cxeMBl IIpH OTPULIATENILHOM JIOTMKe MoKa3aHa B TablMLe HCTHHHOC-
TH Ha puc. 6.15. OHa nonyumiack U3 paboyueit TaGIHIEI, B KOTOpoii Teneps BbI-
COKMUMU yposenp H onpenensier normyeckoe cocrosinne 0, a HU3KUH ypo-
BeHb I — Jiormyeckoe cocrosiHue 1.

ITomyuaercsi moruueckas onepauuss UJIU-HE.

Cxema, KOTOpasn npu NONOXWUTENBHOW Noruke BeinonHaeT onepauuvio W-HE, npu
oTPULATENLHOW NOTUKE BbiNONHseT onepauunio WW-HE.
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3 |1]|0]1 Pnc. 6.13. Tabnuua uCTHHHOCTH
Monoxu ensHas norvwka OTtpuuarensHan norvka 4 |1]1]0 noruyeckoro snementa M-HE.
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Puc. 6.12. Pabora 10ru4eckoro 3/1eMeHTa Puc. 6.15. Tabnuua ucTHH-
HE npy nonoxwrtenbHOH ¥ OTPHLIATEIBHOMN Puc. 6.14. Pa- HOCTH JIOTHYECKOro sne-
JIOTHKE. 6ouan Tabauia. menta UJIU-HE.

6.4. CBoicTBa cXem

CxeMBI KaXJI0ro ceMeiicTBa MMEIOT O0IIre TUITMYHEIE cBOMcTRAa. Ha ocHOBe 3THX
CBOMCTB [UUIsl peLICHMS OIIpede/IEHHBIX 3a1ay BEIOMPAIOTCS CXEMBI OIpPEIEIeHHO-
ro ceMeucTBa.

BaxHbIMU CBOMCTBAMH, HallpUMeEp, SIBISIFOTCS OBICTPOIEICTBHE M IOMEXO-
ycToYMBOCTE. 11 cxeMbl ynpapieHus JudToM HeBaXHO, cpabaThiBaeT cXeMa B
teyeHne 0,1 MKc wiH 0,5 Mkc. Baxuo, 4T00OH He IIPOMCXOMIIIO JIOXKHOrO cpaba-
thiBaHusl. [ToaToMy nenecooOpasHO BHIOpaTh B JAHHOM CJIydae MeJJIEHHYIO, HO
BoJiee ITOMEXOYCTOMIMBYIO cXeMy. s KOMITbIOTepa KeJlaTeJIbHbl CXEMBbI OTHO-
BpPEMEHHO M OBLICTPONEHCTBYIOLLME, U MOMeXOoycToiuMBhbie. [IBa 3TUX KauecTBa
SBIISIIOTCSA B3aMMOWCKITIOYAIOLIMMM, TTO3TOMY HIETCS KOMIIPOMUCC MEXIY CKO-
POCTBIO U NTOMEXOYCTOMYMUBOCTHIO.

6.4.1. MNoTtpebnaeman MOLHOCTb

Boneume mudpoBsie cXeMbl ITOTPEOIAIT MHOTO HEprud. Eciii oTOenbHbIIM JIO-
rUYEeCKHH 251eMeHT nmotpednset Bcero 10 MBt, To cxema n3 100 000 3nmeMeHTOB —
yxe 1 kBr. Komnsiorepam xe ¢ ux 10° ameMeHTaMH B TAKOM Cliydae Tpebyercs
10 kBT — 006 akKKyMyJISITOpHBIX OaTapesx NpHIeTcs 3a0bITh.

Ecnu orpaHMYIMTh MOIIHOCTH MMMUTAHUS OTHENBHBIX JIOTUYECKUX 3JIEMEHTOB,
TO 3TO CKaXETCs1 HA CKOPOCTH pabOTHI CXEMBI M ee TTIOMEXOYCTOHYMBOCTH. Bpems
nepexiodyeHus Oyner Gonblue, U BCIEACTBHE BBIHYX/JIEHHOIO HMCMOJb30OBAHUS
GoJiee HU3KMX YPOBHEH HANpPsDKEHUs CHU3UTCHA ITOMEXOYCTOMYHBOCTb.

DeMeHTH PasIMYHBIX CEMEHCTB CHJIBHO Pa3iiyaloTcsl 10 CBOEMY SHEPro-
notpebnennio. [Ipn obcyxneHun ceMeiicTB B pasgenax 6.5—6.8 MH ele Bep-
HEMCs K 9TOMY BOIIpPOCY.

6.4.2. lnana3oH ypoBHE WU nepenarovHas xapakrepucTuka

Jlisi Manoro 3HepronoTped/ieHusT TOJDKHO OBITh HU3K0E HaNpsDKeHWe TTHTaHus.
Hanpsixenue nuranus onpenenser BBICOKWH yposens H. HU3KHUH ypo-
BeHb L ompenesnsercs maaeHUEM HAIpPsDKEHHSA Ha OTKPBITHIX HHOAAX M TPaH3HC-
TOpax.
4—2114
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Puc. 6.16. Jlornyeckre YPOBHH /U1 Hanpsxe-
HMS NUTAHUA cxeMbl 3 B. Puc. 6.17. [lepesaTouHas XapakTepHCTHKA.

Ecnu BIGpaTh HanpsokeHHe muTaHusi cxemsl 3 B, to BBICOKHWUH yposens H
paBeH npuMepHo 3 B. Ilpu moaxiioueHNMM Harpy3ku Ha BRIXOJI CXEMBI M MPOTe-
KaHUM ToKa 1o aneMeHtaM BBICOKMMU yposens H mamaer. MOXHO MakCH-
MaJIBHO JOIYCTHUTH naneHue ao 1,5 B, npu manpHeieM mageHUH HapsoKeHUs
3azop Mexnmy BBICOKWM u HU3KHWM ypoBHSMH CTaHET HEIOIYCTHMO Mal
(puc. 6.16). Obnacte HU3KOI'O ypoBHa L onpeaensercs NageHHEM HaIpsDKe-
HMSI Ha OTKDBITHIX IMOJaX M TPAaH3UCTOpax W HaxomMTcs B mnipeaenax ot 0 B mo
+0,7 B.

st OCHOBHBIX CEMEHCTB TUITOBBIM SIBJISIETCS] HANpsDKeHWe MUTaHus 5 B u
BHILIE. JIJIsT cXeM yKa3bIBaeTCs Tak Ha3biBacMasl MepenaTodHas XapaKTepHUCTHKA,
u300paxeHHas Ha puc. 6.17. Ha BepTHKaIbHOMA OCH OTIIOXEHO BBIXOJHOE Ha-
npsokenne U, Ha ropH30HTaIbHOM OCH — BXOOHOE HampspkeHue U.

Mo nepenarto4HON XapakTepucTUKe MOXHO onpegenuts H- u L-ypoBH®,

HU3KHMH yposens L cornacHo xapakrepucTuke puc. 6.17 Mor 651 3aHHMATh
nuanason ot 0 B o 1,5 B (touka P), a BBICOKHWM yposens H- ot 1,5 B 1o 5 B,
ecnu Obl He HEOOXOMMMOCTh B 3a30pe MOMeX0ycToOMIuBOCTH. ISt Myyineit mome-
XOYCTOWYMBOCTH 3TOT 3a30p JOJDKEH OBITh KaKk MOXHO GonbmiMM. be3 3a3opa
TIOMEXHM B BHUJE MMIIYJILCOB HANPSDKEHMsI MOIJIM OBI BBI3BIBATH CAaMOIIPOM3BOJIb-
HBbIe MepeKmoYeHus ypoBHeii ¢ H Ha L 1 HaoGopot. KpoMe Toro, nepenatodyHas
XapakTepHCTHKA 3aBHCHT OT TeMIEpaTypsl M TOKa Harpy3kKH. Touka P MoxeTr
nepememarbes. OOBIYHO B KaYecTBe IIMPUHBI 3a30pa IMMOMEXOYCTOMYHBOCTH BbI-
bupaercs yIMHA yJacTKa naneHus: U, xapakTepucTu-
xu. Takum oGpasom, momycTuMsiit auanazodn HU3-
A KOTO ypoBHu#a L paseH ot 0 B 10 0,8 B, a BLICOKO-
- - 'O H — ot 2 B no 5 B (puc. 6.18). IIpousBoautenn

OOBIYHO HEMHOTO YMEHBIIAIOT JOIYCTHMBIE JHAIIA30-
H—wet nepesona  Hbl YPOBHEW HANpPSDKEHWH C 1I€JBIO TMOBBIIEHHS T10-
MEX0YCTOMYMBOCTH.

" o|c

2 I —

33 % L — Wet nepeeopa Puc. 6.18. [lnana3oHs! ypoBHEH JU1s NepeaaToYHONM XapaKTepUCTH-

KM pHc. 6.17.




6.4. Ceoiicmea cxem Q

CKODOCTB ]JaﬁoTbI CXEMBI OIIpEHCIACTCA BPEMECHEM IICPEKIIIOYCHHA €€ JIOTHYE-
CKMX 3JIeMEeHTOB. PasnuyaioT MoHATHs 5bfcmpodeﬁcmetm JJOTUMYECKOI'o 3JIEMEHTA,
T. €. BpeMs peakiiMy 3JieMeHTa Ha M3MEeHeHMe CHrHajia Ha BXojax f p W BpEMA
HapacTaHusa CHrHaja — f.r

6.4.3. Bpems nepeknoyeHus

BoicTpogencTene {,,,, xapakTepuayeT BPEMs 3a0epXK1 BoIXOAHOTO curHana no
OTHOWIEHMIO K BXOAHOMY MPU M3MEHEHUW COCTOAHMA Beixoaa ¢ L Ha H.

COOTBETCTBEHHO /,,, XapaKTepH3yeT BPEMs 3a/lePXKH BbIXOIHOIO CHUIHAja
1O OTHOIIIEHUIO K BXOJTHOMY IPH M3MEeHEeHHU COCTOSTHMA Bbixoaa ¢ H Ha L.
J1a u3sMepeHusT OBICTPOINEHCTBIS UCIIONB3YIOT OTHOCHTEIBHBIN ypoBeHsb 1,5 B.
Puc. 6.19 nokasbiBaer, 4ro GrICTPOAEHCTBHE 1, , XaPAKTEPHU3YET BPEMS, 32 KOTO-
poe Ha BBIXOJIE TOSABNACTCA HanpsokeHue Bxoaa 1,5 B. Xapakrepucruka i £,
npeicrasieHa Ha puc. 6.20. CpenHee GBICTPONEHCTBHE 7, ONPENENSAETCS CIEMy-

OIUM 00pa3oM:

1, = Torw + puy )
2
BMmecTo TepMuHa «BBICTPOJIEHCTBHE» TaKXKEe NPHUMEHSIETCS TEPMMH <«BpEMS
3aHepPXKKH CUTHAJIa».
IlepexonHoe BpeMsl CMIHala OTHOCHTCS TOJIBKO K BhIXOXy ayeMeHTa. OHO
XapakTepu3yeT KPYTH3HY (DPOHTOB BBIXOIHOTO HAIIPSDKEHUS.

Bpemsi HapacTanus curHana i, xapakrepuayeTt Bpems, HeobxoamMmoe ans BOs-
pacTtaHusa BeIXOAHOTro Hanpsikenuna ¢ 10 % no 90 % paszvHunusl mexay L n H.
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Puc. 6.19. brictponeiicTeue £, . Pnc. 6.20. BrictponeiicTene 1, .
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Puc. 6.21. [lepexoaHoe Bpems CHrHana f,, . Puc. 6.22. [lepexoaxoe Bpems curLana 7, ..

Bpems 7., mokasaHo Ha puc. 6.21. BpeMs HapacTaHusi CUTHANA [, XapaKTe-
pH3yeT BpeMs, HeOOX0IUMOe Il YMEHbIIEeHH BEIXOJHOro HanmpsokeHusa ¢ 90 mo

10 % pasuunsr mexnay L u H (puc. 6.22).

6.4.4. Harpy3o4Has cnocoBHOCTb

Jns ynpasieHHs JIOTHIYSCKAMM 3JIEeMEHTaMM TPeOYIOTCS OmpelaeleHHBIe Haps-
XeHMA ¥ ToKH. K BrIxoay 3/1eMeHTa MOXeT IPHUCOSANMHSITECS TOJILKO OIpene/ieH-
HO€ KOJIMYeCTBO BXOHOB. Eciu MogkimoYnTs Gobiue BXOJAOB, TO BHIXOJHOM ypo-
BEHb HENOMyCTHUMO CHHM3HMTCH. DjeMeHThl OyAyT NmeperpyxesHnl, a cxema pabo-
TaTh He Oymer.

Paznuualor ABa Harpy304HbIX K03 DHIMEHTa: BXOAHOM HArpy304HbIi KO3(-
duumeHT U K03 GULUMEHT pa3BeTBIEHUA 110 BhIXomy. s Kaxmoro ceMeiicTra
CXEeM ompeeeHa HOMUHAIbHAA BXOMHAs TOKOBas Harpyska aneMeHToB. [Ina TTJI-
3JIEMEHTOB:

Yposens L Ha Bxome 0,4 B — 1,6 MA
VYpoeenr H Ha Bxoge 2,4 B — 40 MKA.

BxoaHON Harpy304Hbin KO3DPUUNMEHT NOrMYECKOrQ 3NEMEHTA PAaBEH eauHuLe
(F, = 1), ecnn BxoA anemeHTa NOTPebnaeT HOMUHANBHYIO MOLLHOCTb.

CnemuanbHble BXOAB MOTYT MOTPeOIATh ABOMHYIO WM TPOKHYI0O HOMHHAIb-
HYI0 MOIIHOCTE. Torma X Harpy3ouHblii K03 @HuIMeHT paBeH IBYyM H COOTBET-
CTBEHHO TpeM. Takue Harpy3ouyHble KO3(MPHUIIMeHTH BCTPEYAIOTCS IIPEXIE BCETO
B MHTETrPaJIbHBIX CXeMaX C BBICOKOM IUIOTHOCTBIO 2JIEMEHTOB.

Mon koadpduumeHToM pa3BeTBAEHUA NOMrMYECKOro SNEMEHTA NO BbIXOQY FO no-
HUMAKT KOMUYECTBO HOPMANbLHBIX BXOAO0B APYIrMX SAEMEHTOB, KOTOPOE MOXET BbiTk
NOAKNIOYEHO K €ro BhIXOAY.

HopMaiibHBIM Il CTAHJAPTHBIX JIOTHYECKMX 3JIEMEHTOB CYMTAeTCsi KO3(-
¢uumeHT pa3BeTBIeHHs He MeHee 10. CHIOBBIE JTOTHYECKHE 3JIEMEHTHI HMEIOT
K03(hGUIMEHT pa3BeTBIIeHHA He MeHee 30.

Mpumep

Dnement U-HE Ha puc. 6.23 umeer koadpuuueHT pa3seTBiaeHus, papublii 10.
CKONBKO 3JIEMEHTOB MOIIOJTHUATETHFHO MOXHO TOTKITIOYHTh K €r0 BBIXOMY?
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6.4. Ceolicmea cxem I\)
Puc. 6.23. Onpeaeneune koabduumenta paiser-

B/EHHS JIOTMYECKOrO 3/IEMEHTA. —E S

1Y
-

Bepxuuii snementr UJINA-HE umeer :““ilb S I
IBa 00BbeNUHEeHHBIX BXoaa. Kaxmwlit Bxox
HMMeeT eIMHWIHbIHA HAarpy3049HbIid K03 dhu- —
HUEHT. 3HAYMUT, 3TOT 3JIEMEHT Harpyxaer — -
BBIXOIl CEPOro 3JIEMEHTa ABOMHON HOMM- —
HaJIBLHO# Harpy3koii. AHaJIOTHYHBIE pac-
CYXIEeHHS MOXHO NMPHMEHHUTHh K HIXKHE- & ——
My snemeHty M. CyMMapHO K BBIXOIY _—
anemenTa M-HE noaxmoveHo mecTs oau-
HapHBIX BXONOB U oauH Bxox ¢ F,= 3. To !
€CThb NIeBATh HOMHHANBHBIX BXOAHBIX Ha- p— Pl sl e
IPY30K. F——

MoOXHO NPHCOETMHMTD €11l OJMH BXOJT,

cF,=1

6.4.5. NMoMexoyCcTom4nMBOCTb

ITomexu B Bue MMIYJILCOB HANPSDKEHHMSI MOTYT BBI3BIBATh CaMOIPOU3BOJNBHEIE
JIOXKHBIE TIEPEKITIOYEHUS BBIXO/IOB JIOTMYECKHX 3jieMeHTOB ¢ H Ha L u Haoboport
¢ L Ha H. YTo6bl 9TO HEe MPOMCXOMMIIO, HEOOXOMHUM 3a30p MEXIY MOITYCTHMBIMH
muanazoHamMu BBICOKOI'O u HU3KOTI'O ypoeHeit. YeM Ooinblie 3a30p, TeM
BBIIII€ [TOMEXOYCTOMYMBOCTh CXEMBI.

Pa3znuyalor cTaTUYECKYIO0 M TUHAMHYECKYIO (UMITYyJIbCHYIO) IIOMEXOYCTONY M-
BOCTb.

Craruyeckasi TOMEX0YCTOMYHUBOCTh 3JIEMEHTA OTHOCUTCS K WMITYJIbCAM Ha-
NpsDKeHus], NeMCTBYIOUIMM OOJIble CpeaHeH IIMTENbHOCTH IMEPEXONHHIX IIPO-
ueccoB B cxeme 7, K craTuyeckum momexaM Takke OTHOCATCS MEUISHHO BO3pa-
CTAIOIHAE MMITYJIBCH HANPSKEHHS.

Cratnyeckan noMexoyCcTOMYMBOCTb XapakTepuayeT MakCHMManbHO AONYCTUMOE
M3MEHEHWME HANPAXEHUS HA BXOAAX 3NEMEHTA, NPU KOTOPOM HE NPoUCXoavT name-
HEHWE COCTOSIHWA BbIXOAA.

OHa yka3biBaeTcs IUISi HOMHHANBHOTO peXuMa paboThl U JUIS caMoil Hebna-
TONPHATHOM KOMOMHAIMM BIMSIONIMX HA ITOMEXOYCTOMYHMBOCThL (pakropos. Ha-
MpHMep, NMPH HeyJdavHOM COOTHOIIEHHMH HAIIPSDKEHUH YIIpaBIONMX H YIIPaBIIsi-
€MBIX JIOTHYECKHX 3JIEMEHTOB, HeOJIaronpusATHOM COYETAHHH BXOXHBIX CHTHAJIOB,
NP HEHOMHWHAIBLHOM TeMIepaType OKpYXalolleil Cpelsl M IPH 3aJeCTBOBaH-
HOM MaKCHMaIbHOM Ko3¢duimeHTe pa3peTBeHnsa. Takyio KOMOMHAIIMIO Ha3bI-
BalOT CAy4YaeM XyAlUeH ITOMEXOyCTOHWYHBOCTH.

JuHaMHyecKasi NOMEXOYCTOHYMBOCTh JIEMEHTA OTHOCHMTCH K MMIIYJIbCAM
HanpsDKeHMS, JUISIIAMCS MEeHbIIIe CpeIHel MIMTeNbHOCTH MEPEXOIHBIX MpoIec-
COB B CXEME I,

CooTBeTCTBYIOIAs MMITYJIbCAM 3HEPTHsA, XapaKTepu3yeMasl aMIUIMTYIOH H
IUTMTETbHOCTBIO MMITYJIbCa, HE JOJDKHA IPEBHIIIATEH ONpeacNeHHoe MpeneibHoe
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Puc. 6.24. Kpusble AHAMHYECKOH [1OMEXOYCTONYMBOCTH.
3HAYCHHE. ,[[HHaMPl‘{eCKaﬂ l'[OMeXOYCTOﬁ‘[HBOCTh 3aBHCHT B OCHOBHOM OT YYB-

CTBHTEJILHOCTH BXOJa JIOTMYECKOro sjeMeHTa. OHa OINMMCHIBaeTCAd TPaHWYHOI
KpuBOii (puc. 6.24).

JvHaMmuyeckas NomMexoyCcTONYMBOCTb XapakTepuayeT 4nnTebHOCTb NOMEXW No
HaNPSXeHNIo ONPefeNeHHoN BENMYMHB! HA BXOOAX 3NEeMEHTa, NPK KOTOPOoii He npo-
MCXOAWT M3MEHEHWE COCTOAHWA BbIXOAA.

Tounble JaHHBIE I JOIMMYCTHMOM aMILUTHTYIbI HANPSDKEHUS ITOMEXH M IOy -
CTUMOE BpeMs e€ NeMCTBUS MOIyYaloT U3 aHAIu3a XapakTepucTHK (puc. 6.24).

ITpu 2TOM CYIIECTBYIOT KpHMBLIe Wisi H-ypoBHA M L-ypoBHs. Ecny Ha Bxoxme
JIeiiCTByeT cocTostHue H, TO ciemyer Imonb3oBaThesi KpuBoit st H-yposHs. Co-
OTBETCTBEHHO €CJIM Ha BXOJE HEHCTBYET COCTOAHUE L, TO ClIeNyeT IMOJIb30BaTbCs
KpuBo# mnsi L-ypoBHs. H-ypoBHuM Gojiee MMOMEXOYCTOMYMBEI, IMMO3TOMY KpHBas
s H-ypoBHSI IPOXOJUT BHIIIIE.

6.4.6. MpoBOAHbLIE NOTMYECKNE Onepauun

Ecni BBIXOIBI IBYX 3JIEMEHTOB CBSI3aHbl TAJIbBAHMYECKH, T. €. [IPOCTO COEAHHE-
HBI TPOBOJHHUKOM, TO 0Opa3yeTcs JorHYecKas CBSI3b, KOTOpasi B 3aBUCHMOCTH OT
BHYTPEHHEI'0 CTPOEHMsI CXEMBI IpeAcTaBiseT u3 ceds onepauuu U wiu UITA.

Ecii BBIXOI OMHOTO 3JIeMEeHTa HMeeT cocTossHue H, a Apyroii BeIXOX — co-
crosue L (puc. 6.25), To cocrosuue Touku Q He omnpeneneHo. Kakoe cocros-
HHe TIPUMET 3Ta TOYKA — 3aBUCUT OT TEXHUYECKHUX JAAHHBIX CXEMBI.

HormyctiM, yto ypoBeHb L cooTBercrByeT 3asemieHMio, 0 B, a ypoBenr H-Ha-
NpsOKeHHI0 nMuTaHusa (HanpuMmep +5 B).

Ecnu BBIXOJ, HA KOTOPOM AEHCTBYEeT COCTOSIHWE
L, umeeT Majioe COMPOTHBIEHHE OTHOCUTENBHO 3€M-
M, T. e. 0 B, To H-cocTtosiHue npyroro BeIxona Oyner
3a3emJieHo ¥ Touka Q npumer cocrosinue L. ['opopsr,
MPH 3THX JEMEHTaX JOMMHHUPYET YPOBEHb L.

B sToM ciyuae Q MmoxeT MMeThb cocTosiHue H TONb-
Puc. 6.25. Fanssarmeckag KO TOTA@, KoIla o6a BBIXOJAa WMEIOT cocTosiHue H.
CBAI3b BLIXOZOB ABYX 2iemen- 1aKO€ COeJlMHeHHMe HasbiBaeTcs mposoanoe WU (mpu
Tos U-HE. MOJIOXUTEJILHOM JIOTHKE).
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Ecnu B cxeMe OOMUHWMPYET YpOBEeHb L, TO Npy NPOBOAHON CBA3W Ha BbIXOAE
BbINOJIHABTCA NOMMYECKOE YMHOXeHUe M — npu yCRosun nonoXuTensHOM NOrvkKi.

IIpoBogHoe M u3o0paxeHo Ha cxeMax (puc. 6.26). s ero 0603HAYEHHA
BO3MOXHBI IBa BApMAHTA Ha BHIOOD.

Ecnu BBIXOM, Ha KOTOPOM JEHCTBYET COCTossHMEe H, MMeeT Maioe CONpOTHB-
JIeHUEe OTHOCHUTEJIBHO MCTOYHHMKA ITUTaHUs, TO L-COCTOSTHHE APYToro BeIxoxa Oymer
nmoaHATO A0 H-ypoBHA u Touka Q (cM. puc. 6.25) npumet cocrosanue H. B atom
ciy4ae roBOPAT, YTO TMPH 3THX IJIEMEHTaX JOMHHMpYET ypoBeHb H.

Takoe coenqunenue HassiBaeTcs nposoanoe WIW (mmpu monoxureabHOM J10-
THKE).

Ecnn B cxeme goMmuHupyeT ypoBeHb H, TO Npu NpoOBOAHOW CBA3W Ha BbIXOAE
BbINOAHAETCH nornyeckoe cnoxenune UM — npm ycnosBum NoaoXnTenLHOM NOMMKN.

JBa BapuaHTa 0603HaueHus npopogHoro MJIM npencraBieHsr Ha puc. 6.27.
Touka Q MoOXeT NMPUHWMATh IIPU OIPEHENEHHOM CTPYKTYpPE CXEMBI YPOBEHb,
HaxoOsAIIMica MeXmy AuamasoHamMu H-ypoBHa M L-ypoBHa. B Takux cxemax
IIPOBOIHAS CBA3b BHIXOAOB MpUMeHATHC He MoxeT. IIpoBomnoe UJIU u mpo-
BomHoe M B TakMx cxemax 3arpeiieHsbl.

IIpu cHMXXKeHHMM BBIXOOHOrO ypoBHS ¢ H Ha L Ha BbIXoJe C IpeIbLIyIIHM
cocTostHHEM H MOXET Tedb HEeIONMYCTMMO BBICOKHiII TOK. Takxke mpH IOBBILIE-
HHMH BBIXOJHOTO YpoBHA ¢ I Ha H Ha BbIXO/Ie ¢ NpebIylIMM cocTosiHueM L
MOXET T€Yh HEJOIMyCTUMO BBICOKMI TOK. JIorMyeckme 371eMeHThI BCJIEACTBHE 3TOIO

OyayT neperpyxeHsl Mo TOKY.

MpoBogHbIE COBANHEHUS BLIXOA0B, 00pasylowne NposogHele M 1 NpoBOAHbIE
WA, MOryT npon3soanTbCs TONLKO NPW PaspeLlleHn NponssoauTens.

B kakux CIIy4Yasix pa3pelialoTcs IPOBOAHBIC JIOTHYECKHE COCOIMHEHUA, VKa-
3bIBAETCA B TEXHHYECCKHX OIIUCAaHUAX. Hpono,uﬁme JIOTHYECKHE OII€palluy BEOYT
K YIIPpOUNICHHWIO CXEMBI, K YMCHBILICHHIO BPEMECHH KOMMYTallUd H K COKPAIICHHIO
IMPOM3BOACTBCHHBIX PacXod0B.
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Puc. 6.26. YcnopHOe 0003HAYEHHE NMPOBOAHO- Puc. 6.27. YcnoeHoe 0003HaYEHME NPOBOAHOIO

ro U cornacio DIN 40900, gyacts 12. HUJIHU cornacuo DIN 40900, yacts 12.
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6.5. OTN-cxembl
6.5.1. BeegeHue

JTII-cxeMBbl pean3yloTcs Ha AMOAaxX W TpaH3ucTopax. KoHeuHo, OMOMHUATEb-
HO MpUMeHsI0TCS M cornpoTunieHus. TepmuH A TJI npousouren ot aHIIMCKOTO
«Diode Transistor Logic» u nepeBOONTCA KaK «AHOIHO-TPaH3HCTOPHAS JOTHKAay.
CxeMBI 3TOro ceMeicTBa CHayajla CTPOMIMCh Ha OTIENbHBIX 3JIEMEHTAX, a 3aTEM
B BH/IE TOHKOIUIEHOYHBIX M TOJICTOILIEHOYHBIX (MHTErpaJIbHbIX) MUKPOCXeM (CM.
boiiT, DnekTpoHUKa, yacTh 2). B Hacrosiee BpeMs OHM IIPOM3BOAATCS IOYTH
WCKITIOYUTENTBHO B BUIE MOHOJIUTHBIX MHKPOCXEM.

6.5.2. OcHOoBHble OATJ1-cxembl

Omna u3 Tpex ocHOBHBIX cxeM cemeiictBa I TJI mokasana Ha puc. 6.28. C aroi
CXeMOM MBI YKe IO3HAKOMMIKCEH B pa3l. 6.2. Eciu xora 6B Ha OMHOM H3 BXOJIOB
npucyrctByer BBICOKWUM ypoBeHp H (BBICOKWMIT TTOJIOKUTEIBHBINA TOTCHITMA,
oT aHria. High — BpIcOKUiT), TO OH Oyaer gelicTBoBaTh M Ha Bbixone. IIpu mono-
XUTEJIbHOU JIOTMKe cxeMa paboraeT Kak jorudyeckuit sanemeHT UJIN.

Ao Bap |B|A|Z
L rd 1 L|L|L
Bo—pob——1 2 [L|H|H
R=1x0Om 3 |H|L|H

4 |H|H|H Puc. 6.28. ATJl-cxema (UJ1H-3ne-

MEHT [1PH [OJIOXUTE/LHOI J1I0THKe).

B cxeme, m3obpaxenHoii Ha puc. 6.29, BBICOKHWW ypoBeHb Ha BBIXOZIE
BEHTHIS C(hopMHpYyeTCs TOJBKO B TOM CJIydae, €ClTd OH OyIeT NMPHCYTCTBOBAaTh
Ha o6oux Bxozax. Ecim Ha kakoM-1u6o ero sxozne 6yner HU3KUM yposenn L
(HanpuMep HyNIeBOI ITOTEHIIMAJ, 3a3¢MJIeHHe, OT aHIl. Low — HHU3KWi), TO OH
OyneT mefcTBOBaTh U HA BBIXOIE.

Puc. 6.29. OAT/-cxema (HM-anemenT
NPH NOJOXHMTENBHOMW NOTUKE).

Pa36epeM mompobHee cxemy Ha puc. 6.29. JlonycTuM, YTO HampsDKeHHUE MH-
tanusi U pasHo 6 B. Hanpsaxenue +6 B orHocurcs k s3one BRBICOKHUX ypos-
Heil. 3oHa HU3KUX yposHeit (L-30Ha) Haxogurcs okojo 0 B (3aszemieHue).
Ecnu Ha 000MX BXO#ax MPUCYTCTBYET BBICOKHW ypoBens H, To IMOIHI 3ariep-
ThI, CJIEJOBATENbHO, HA BbIXoHe Z Takxke Oyaer mpucyrcrsosars BBICOKUU
yposeHb (o1 +U yepes R).

Ecuu Teneps Ha Bxox B nogats HU3KMM ypogens (= 0 B), muon B BetBu B
orkpoerca. Tok or ucrounuka +Ug noreyer yepes pesucTop R M MO K HyJIEBO-
MY MOTeHLMANY (3a3eM/IeHHI0). BeluunHa MajieHus HanpsCKeHUs Ha OTHode Co-
craut +0,7 BonbTa (JUIsE KpeMHHEBOro auona). Takoe xXe HampsokeHHe Oyner
MIPUJIOKEHO K BBIXOXY Z. BTO 3Ha4eHWE HaNpsDKeHUsl OTHOCcHTCA K 30He HU3-
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Puc. 6.30. AT/1-cxema (HE-3nemenT). U,

Bap.
1
2

~ IIN

A
L
H R =5xOm

KUX curnanos. Takum o6pa3oMm, seixon Z mmeer HU3KWUM yposens Torxa,
Korma HI/IBKHﬁ YPOBEHb JEHCTBYeT Ha ONHOM M3 BXOHOB. TONBKO ecliM Ha
o6oux Bxonax npucyrcrsyer BEICOKUHU yposens, Ha Beixone Z 6yner BBICO-
KHWH yposenn. TakuM o6pa3oM, NMpH MOJOXKUTENBHOM JIOTHKE cxeMa paboTaer
KakK JIOrH4ecKuii a;emMeHT H.

Cxema Ha puc. 6.30 paGoraeT KaK UHBEPTOP, TO €CTh JIOTHIECKMH JIEMEHT
HE. Ecnu Ha Bxone A meiicreyer BBICOKMI ypoBeHB, TO TPAH3HCTOP OTKPHIT.
K Beixony Z npuxiaabiBaercsa Hanpsokenue 0,2—0,3 B, Koropoe cooTBETCTBYET
HU3KOMY yposuio. Eciu na Bxoae A aeiicreyer HU3KUU yposens, To TpaH-
3uctop 3anupaercs. CONpoTHBIIEHHE SMUTTEP-KOJUIEKTOPA BHICOKOOMHO (HanpH-
Mep, 10 MOM) ¥ TTOYTH BCce HampsDKeHUEe ITUTAHUS NMPUKIIANbiBaeTCsd K BBIXONY,
uMeronieMy TakuM o6pasom BBICOKHMH yposens. CooTBeTcTBYyIOLIas Tabauua
HMCTHHHOCTH TpeACTaBiieHa Ha puc. 6.30.

Kak Bezer cebs BXoz, K KoTopoMy He npmwioxeH Hu BBICOKHUH (= +6 B),
uu HU3KHMH (= 0 B, 3asemieHne) ypoBeHb?

Ha cxeMe (puc. 6.28) Takoii OTKpHITHI BXxox AeiictByer kak HU3KHH ypo-
BeHb. IIpu 3ToM Ha Bbixoze MoxeT 6biTb BBICOKUM ypoBeHb TONBKO TOr/a,
korma BBICOKHWM ypoBeHs [eiicTByeT Ha OTHOM M3 BXOIOB.

Ecnu BXom MHBepTOpa, M300pakeHHOro Ha cxeMe 6.30, OTKPHIT, TO 3TO 3KBU-
BaJleHTHO npuKnanbiBaHuio Ha Bxog HU3KOTO yposusa. Benb Tpansncmp He
MOXET MPOBOAMTD C HEMOAKIIOYeHHOM 6a30ii.

EcJIH OTKPHITBIM OCTaeTCsl BXOJ CXeMBI Ha pHuc. 6.29, TO 3T0 COOTBETCTBYET
npuwioxeHuo Ko Bxony BBICOKOT'O ypoBHs. IIpu oTKpEITOM BXOJIe BBIXOJ HE
moxer npunsitb HU3KUWUU yposerb. Eciu BXxox A OCTaeTcsi OTKPHITHIM, a Ha
Bxoze B neiictByer BBICOKUM ypoBeHs, To Ha BhiXole Takxe aeiictByer BbI-
COKWH yposens H. Jlormueckue anements MJIU (cM. puc. 6.28) u U (cM. puc.
6.29) gBIMIOTCA NMPH ITONOXUTENBHOM JIOTMKE IMACCUBHBIMH 2JIEMEHTaMM, T. €.
OHH HE COIepXaT B cebe akTHMBHOIO 3yieMeHTa (ycunurensa). Eciu nocinenosa-
TEJIbHO COEIUHUTH HECKOJIBKO MNACCHBHBIX JIOTMIECKHX 3JIEMEHTOB, TO CYIIe-
CTBYET OINIACHOCTb, YTO YPOBHM HANPSDKEHUS BBHIAIYT U3 JONYCTUMBIX OOJIacTei.
TIpexne Bcero, MoxeT HemomycTumo yrmacte BBICOKHH yposens. Yto6sl u3-
OexXaTh 3TOi OIIACHOCTH, IIPUMEHSIIOT TaK Ha3biBaeMble AaKTHBHBIE JIEMEHTHI, TO
€CTh 2JIEMEHTBI C YCUIIATEIISIMH.

Ha puc. 6.31 n3o6paxeH aKTHBHBIH JIOTHYECKUIL 3JIeMEHT, KOTOPHIii paboTa-
eT B KavyecTBe BeHTHIss M npH IONOXMUTENbHOM JioruKe. B Touke X HaxomuTcs
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Puc. 6.31. 1T/1-cxema (aktuBHBIH M-31€MeHT NpH NOJIOXMUTENbHOI JOTHKE).

H-cymmarop. 3areM MOIKIIOYEH MHBEPTOP C BBIXOJOM Y, 3a KOTOpPBIM ClIELyeT
ellle OMUH MHBEPTOP C BeIXonoM Z. Oba mocnenoBaTeIbHO BKIIOYEHHBIX HHBEP-
TOpa KOMIIEHCHPYIOT NENCTBME NPYT APYyTra, TaK YTO Ha BbIXO/E Z CHOBA OKa3bl-
BaeTcd curHaia cymmaropa M. TaGbmuua MCTMHHOCTH A/ HAHHOM CXEMBI IpH
IIOJIOXUTENILHOM JIOTHMKe IMpUBeAeHa Ha puc. 6.32.

Bap.|C|B|AlX|Y|Z

1 [fcfefefr|L

2 [L|L|HfL|H|L

3 [L|H|L|L|H|L

4 |L{H|HIL|H]|L

5 |[H|L|L]L]H]|L

6 |H|L|H|L|H|L

7 |H|H|L|L|H|L Puc. 6.32. Pabouas tabauma
8 [H|HIH|HI|LIH K cxeme puc. 6.31.

3anaveit nmuona D, sBNAeTCs HENOMYLIEHWE OTIUPaHUs TpaH3ucTopa T, npu
OTKPHITHIX nuopax BxomHoi uenw wid npy HU3KOM ypoBHe Ha MX BXogax,
KOr/ia K ToYyKe X NPUIOXKEHO MOPOroBoe rnajaeHue HanpsokeHus Ha BXOTHBIX M-
ogax (= 0,7 B). B orcyrcTBHe auoIa 3TO HampsDKEHHE MOIIO OBl MPHBECTH K
OTTIHpaHHIO TpaHsucTopa 7. DTOT 1HO/ HA3BIBAIOT CABHTAIONIMM YPOBEHb (C/IBH-
roBele quonbl). [Ipu ero BBemeHMH WIS OTKPBITHS TPAH3UCTOPA HEOOXOIMMO MMETh
B TouKe X MHHUMAJIIBHOE HanpsockeHWe nmpuMepHo 1,4 BonsTa (= 0,7 B noporopoe
najieHue HanpsokeHusi Ha quone D, m = 0,7 B moporosoe HanpsikeHue Gasa-
9MHTTEp TpaH3ucropa 7).

Ecnu B cxeme Ha puc. 6.31 yOparh OqMH W3 HHBEPTOPOB, TO MPH MMOJIOXH-
TETBLHOM JIOTHKE ITody4aeTcs jormdeckuii snemMeHT U-HE. MHTepecHas cxema
nornmyeckoro anementa M-HE JITJI uso6paxena na puc. 6.33. Tpansucrop 7,
paboTaeT KaK 3MUTTEP, TO €CTh YCHINTEh O€3 HHBEPTHPOBAHUA. 32 YCYIIMTENIEM
nopkinioyeH uHBeprop. Takas I TJI-cxema (puc. 6.33) npumeHsieTcss 0CODEHHO
qacTo.

Inst 0630pa uMeronuxcs B HacTosiee Bpemsi B mpogaxe I TJI-cxem cnemyer
obpatuThcs K Katamoram ¢upM-nipousBogureseit. I TJ[-cxeMbl Ipemiaraiorcs B
CTAaHIAPTHOM HMCIOJHEHHH C HANpPsDKeHWSIMM IMUTAaHUA oT 5 mo 6 B (Hampumep
ot Valvo).

Cxemnr cemeiictBa JTJI oTnMYaOTCsl OTHOCHTENBHO BBICOKMM OBICTpOIEii-
CTBHEM. BHICTpOIEHCTBHE XapaKTepU3yeT BpeMsl peaKIIMH JIOTHYECKOTO 3JIeMeH-
Ta Ha H3MEHEHHE CHTHAJIOB Ha BXomax ® cocrtaBisier i I TJI-aneMeHTOB IIpH-
MepHo 30 He (107° ¢). Omgnako snemenTsl TTJI-ceMmeiicTBa (cM. pa3sa. 6.6) pa6Go-
TAlOT B TPU pas3a ObicTpee. X OpicTponmeiicTBHe cocTaBideT okono 10 Hc. Dto
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Puc. 6.33. 1TJl1-cxema (M-HE-31eMeHT npy NoN0KHTEIbHOM N0THKeE).

3Ha4yuT, 4yTo A TJI-2/1eMeHTHI Yalue Bcero NPUMEHSIOT TaM, Iie He NPeXbsSIBISIIoT-
¢ ocobeHHO BhICcOKHE TpeboBaHMs K ObicTponeiicTeuio. IIpenmymectsom A TJI-
cxeM nepen TTJI-cxemaMu siBIsieTcss MX OoJiee BBICOKAsi IOMEXOYCTONYUBOCTE.

Hioke npuBeneHB THITHYHBIE XapakTepucTUKH st [ TII-cxeMbl, 3006paxeH-
HOI1 puc. 6.33:

HanpsxeHnue nutaHus 6B
[lotpebneHne MOLIHOCTH Ha KaXABIi 9 MBr
JIOTHYECKHH 71E€MEHT

BricTponeiicTBue 30 He
CraTHyeckas NOMeXOyCTOHYHBOCTD 1,2B
TemnepaTypHbIii 1Hana3oH or 0 no +75°C
KoapdpuumeHt Harpy3kd Ha BXOAe 1
KoaddpuiineHT Harpysku Ha BBIXOAE 8
Bxonnoe nanpsixxenue BBICOKOI'O ypoerus 36 B
(HMKHsIsSI TPAHULIA) ’
Bxonnoe nanpsxxenne HU3KOI'O ypoBHsa 1.4 B
(BepxHsAs rpaHH1A) ’
Bexoanoe Hanpsixenune BBICOKOI'O ypoBHs 40B
(HVKHssI TPaHKLIA) ’
Bexoanoe Hanpsxenue HU3KOI'O ypoBHsa 0.5 B

(BepxHss rpaHHLIA)

6.5.3. MIMJI-cxemsl

C nosenenueM O TJI-cxeM crana pa3BHBaTbCs TaK Ha3biBaeMasl «MeLJIEHHAsA, MO-
MEXOYCTOWYHBAs JIOTMKa», cokpanieHHo MITJI. Cusurosbie muonsl Ha puc. 6.31 u
6.33 3aMeHAIOTCA JAaBUHHBIMKM Z-nuomaMu (muon 3eHepa) (puc. 6.34). MuHu-



@8 Tiaea 6. Cemeiicmea cxem

e

A —i—

Puc. 6.34. 1T/1-cxema ¢ Z-guoaom (U-HE-31eMeHT npH MOJI0XMUTENHEHOM JIOTHKE).

MaJIbHO HeoGxomuMbiil BxomHoit BEICOKHWH ypoBeHb TakuM 00pa3oM MOBBI-
1IAEeTCH IO HanpsoKeHus cpabaTeiBaHust Z-nuona. Hanwume Z-nquona yBemyuBa-
€T BpeMs 3aJIepXXKH NMPOXOXIECHUS CHIHala depe3 Jlornyeckmii snemenr. A TJI-
cxeMBl ¢ IMogaMH 3eHepa Takke HaswiBalorcs A TJI3 cxemamu.

C moBbIIIEHHEM HAMPSDKEHWsI IMUTAHUA MOXHO CYIIECTBEHHO YBEJIHUYHTH
BEICOKHM ypoBeHb BXOTHOTO HANpPSDKEHWS, TAKUM 0OPa3oOM, YBEIHYUB «3a-
3op» Mexay BBICOKHMM u HU3KHM ypoBHsMH, ob6ecniedrBas GONbITYIO CTa-
THYECKYIO TIOMEX0YCTOMYHUBOCTb. TakKe BO3pacTaeT U IHHAMH4YecKas IIOMEX0y-
CTOMYMBOCTE OJiarozapsi yBeJIMYeHHOMY BPEMEHH 3alepXKKH.

MIDJI-3neMeHTH POM3BOAATCS UL HanpspkeHui nuranus 12 u 15 B. Ha
puc. 6.35 npencrasiesa cxema THnuaHoro MITJI-anemenTa. BxomHoit BBICO-.
KWW yposens cocrapisier ot 7,5 o 15 B, Beixonnoit HU3KHWU yposens — ot
0 mo 4,5 B (puc. 6.36).

Tunuunsiit BBICOKUH yposens cocrasnser 14,3 B, tummunsit HU3KUA
ypoBens — 1,0 B. Yro6n1 npespatuts HU3KUM yposens B BBICOKWH win
nonusuts BBICOKMH 1o yposuss HU3KOT O, TpebyloTcsi 3HaYUTENbHbIE T0-

+Us

. (s
P
2,2 KOMm

0B

Puc. 6.35. Cxema MI1J1-anemenTa (FZH 125, Siemens).
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= “ BxoaHo# BuixoaHoi
B YpOBEHL ypoeeHs
15 F ——1h Tunosoit yposeHb
2 H 143 B
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7 jE Tunoso# yposeHb
< 1B

Puc. 6.36. [luanazonsl yposHei cxemsi FZH 125.

Mexu. TakuMm oOpa3zoM, cxema MMeeT BBICOKYIO NMOMEXOYCTOWYHBOCTH. Bpems
3aepKKH TIPOXO0XKIEHUSI CHTHAJIA cocTaBiisieT mpuMepHo 200 Hc, YTO CYLIECTBEHHO
Gonbiue, yeM y o6braHbIX [ TJI-32neMeHTOB.

HnrerpansHas mukpocxemMa FZH 125 comepXuT IBa JIOTHYECKHUX 3JIEMEHTA
HU-HE (npy nonoXuTenbHOM JOruKe), KaxXAblid ¢ 5 BxogaMu. CxeMa IoAKIioye-
HUs 16-TIOIOCHOM CIBOSHHOM MHKPOCXeMEI H300paxeHa Ha puc. 6.37.

Cxema, TipejicTaBieHHas Ha puc. 6.35, nMeeT Tak Ha3bIBAEMEI HArpPy30YHBIN
Boixon. Eciu Tpansuctop T, 3anept, To Tpansuctop T, ornupaercs. I1pu 3anep-
TOM TpaH3ucrope I, Ha Bmxo,ue Q neiicTByeT BI)ICOKI/IP'I YPOBEHb, TIPUMEPHO
14,3 B. /Ins ynpaBneHus NMOCJEAYIOLIMMH 3JIEMEHTaMM OT UCTOYHMKa U yepes
conpotusierue 390 OM u 7T, Te4eT OTHOCHTENIbHO GONBIIOA TOK. TaKHM obpa-
30M, CXeMa MOXeT oﬁecne'{m‘b BBICOKMM ypoBeHb Ha GONBIIOM KOTMYECTBE
MOKIIIOYaeMbIX Jlajiee 3JIEMEHTOB.

Ecnu 3anepr Tpansuctop T,, To ornupaercst tpausucrop 7;. Ha Beixone Q
yepe3 MO M NePeXoi KOUIEKTOP-3MMTTEP TPaH3WCTOpa I, MOXET NPOTEKATh
OTHOCHUTEJIBHO OONbIoH TOK Oe3 MOBBIIEHUA HanpsokeHusi. Takum obpa3oM,
cXeMa MOXeT IIMTaTh HEeCKONbKO IMOMKIIIOYaeMbIX Aajiee JOTMYECKHX 3JIEMEHTOB
HanpsokeHueM HU3KOT'O yposHsi.

K ocHOBHBIM mapaMeTpaM ITOJAOGHBIX CXeM OTHOCSTCS KO2(DPHIMEeHTH Ha-
rpy3ku Ha Brixone no BbICOKOMY u HU3KOMY ypoeHio. Iloa xoadduiu-
€HTOM Harpy3ku Ha Bbixoge no BBICOKOMY ypoBHIO MOHHMAIOT BO3MOXHOE
KOJIMYECTBO BXOJ0B ITOAKIIOYEHHBIX JIOTHYECKHMX 3JIEMEHTOB ¢ ronadeil BbICO-
KOT'O ypoBua Ha Bxoa. Ilox xoadduiimeHToOM Harpy3kd Ha Beixome no HHU3-

Us

16 15 14 13 12 11 10 9
| I I I 1 s N Y s I A O
(& ]
i P
I ]- Bun ceepxy

Puc. 6.37. loxonepxa cxemul FZH 125.
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KOMY ypoBHIO NMOHMMalOT BO3MOXHO€ KOJHYECTBO BXOJOB, IMOAKTIOYEHHBIX
Jornyeckux anemeHToB ¢ nogayeii HU3KOI'O ypoBHs Ha Bxop.

Texunueckue nannbie L1 cxemsl FZH 125 npeacrasinens Ha puc. 6.38. Kpo-
Me HHGOPMALIMH O HAIIPSDKEHHUH W ITOMEXOYCTOMYHBOCTH, B TaGJIMIIE €CTh JaHHBIE
o BxogHoM Toke Ha BBICOKOM u HU3KOM ypopHsax. ITo 3TuM XapakTepHCTH-
KaM MOXHO OIIpeJIeJINTh paHee pacCMOTpeHHOoe B pasl. 6.4.4 moTpebneHHe ToOKa:

HU3KUHN ypOBeHb Ha Bxojie — [, = 1 MA
BBICOKMH yposens Ha Bxone [, = 1 MKA

Cratuveckue napameTpbl gns auanasona 15 B
B TemnepaTtypHbiX 30Hax 1 n 5

Hux- Bepx-

" " Epnm-
1:o10'Cao+70°C ” TecTtoBas HUA HWiA
5: o1 —25°C 1o 485°C Ycnosus MCNLITaHWiA cxema | npepen Twn npanen HULUA 13-
MepeHua
B A
HanpsxeHue
MTaHNS Ug 13,5 15,0 17,0 B
BxogHoe Hanpsixe- _
HWe H-ypoBHA Un U =Ug 1 7,5 B
BxopgHoe Hanpsaxe- _
HUe L-ypoBHS U, Ug = Uggn Ug, 2 4,5 B

BhixogHoe Hanpsaxe- U =uU,nU_U =458, 2

s 58 SATIL
Hue H-ypoBHs Yan I, = 0,1 MA 120 | 143 B
BuixoaHoe Hanpsxe- Ug=Ug U, =758
Hue L-ypoBHA U I, =18 MA 1 1,0 1,7 B

CraTnyeckas NomMexoycToi4YMBOCTb

H-curnan Uss 46 8.0
L-curHan Uy 28 5,0
H-BxoaHO# TOK _
Ha KaHan I Ug=Ug U =U,, 3 1,0 MKA
L —_— — —
Ha KaHan | Us=Ug U, =178 4 1,0 1,8 MA

TOK KOPOTKOro

3amblkaHWA Ha kaHan| -/, U =u,, U=08B 5 15,0 37,0 60,0 MA
BbIXOAAa
H-notpebnsemsbii _ _
TOK Ha 3NeMeHT sy Ug=U,, U=0B 6 1,2 21 MA
L-noTpebnsemblit _ _
TOK Ha 3/IEMEHT s, Us = Usp U, = Uy 7 23 4.0 MA
Motpebnexnue mMoLy- Us=U,,
HOCTU Ha 3NEeMeHT P CkBaxHoCcTb 1: 1 27 52 MBT
Bpems nepexniotenns npu U =158, F,=1,T,=25°C
Bpemsi npoxoxaeHns oy 195 HC
curHana C, =10 nd npn 4,5 B
(6bicTpopeiicTeme) | iy, 26 140 HC
MNepexoatoe spems | fnx _ 410 HC
curHana C =10n®
t 75 HC

Puc. 6.38. Tabauua aannsix cxemer FZH 125 (Siemens).



6.6. TT/I-cxemt Q

B tabnuue takke NpHBEIEH BBIXOAHOM TOK KOPOTKOIO 3aMbIKAHHS, OYEHb
OONBIION NMPH OTHOCHTEIBHO BBICOKMX HAaNpPsSKEHUSIX, T0O3TOMY MaKCHMAaJbHOE
BpeMsi KOPOTKOTO 3aMBbIKaHHs coctapiisieT 1 cexynny. [Ipu mpeBbllIeHMH 3TOrO
BpEMEHM MHKpOCcXeMa GyIeT BhIBeJ€HA M3 CTpPOS.

3aMeTuM, YTO IOTPeOIAEeMBbIil KaXIbIM OTAENIbHBIM JIOTHYECKUM 3JIEMEHTOM
ToK nipd BBICOKOM cocTrosgsHMH BHIXOAA MMeEET APYroe 3HauYeHHe, 4eM IIpH
HHU3KOM cocrogsHuu Bbixoga. THmHYHBIA moTpednsiembrit Tok npu BBICO-
KOM cocroauuu Beixoga — 1,2 MA, npu HU3KOM — 2,3 MA. CinenoBareibHo,
norpednsgeMast MOIIIHOCTh 3aBUCHUT OT COOTHOILIEHHS BpeMeH HaXOXIEeHHS BbIXO-
Jga B BBICOKOM u HHMU3KOM cocrosgausx. D10 COOTHONIEHHE HA3bIBAcTCH
uMnyiascHbIM. [ToTpebnseMas KaXIbIM JTIOTHYECKHM 3JIEMEHTOM MOIIHOCTH YKa-
3pIBA€TCA MPU MMITYJIbCHOM COOTHOIeHMH 1 : 1.

O TII-cxeMbl ceMeiicTBa MeJICHHOM ITOMEXOYCTOWYHUBOM JIOTMKH TIPHMEHSIOT-
cd MpexXJe BCero ISt yIIpaBieHUs IBUTATeNISIMM, TaK KaK B IOMEILEHHUH C IIPUBOA-
HBIMM JBHTATENISIMH ITOMEX0YCTOMYMBOCTD CXeM YIIpaBIeHHsI ocobeHHO BaXHa. B
MAIIMHHBIX 3aJ1aX YaCTO HABOJATCA CHIBHBIE TIOMEXH IO HAIIPSDKEHMIO.

6.6. TTJ1-cxemel
6.6.1. Ctpoenue n npuHuun aencrtevsa TTJ1-anemMeHToB

Coxkpamenue TTJI o603HaYaeT TpaH3MCTOPHO-TPAH3UCTOPHAA JioTHKa. Jloruye-
CKME 3JIEMEHTBI CXEM 3TOT0 CEMEMCTBa CTPOSITCS MCKITIOYHUTENbHO Ha OUIONsap-
HBIX TpaH3ucTOpax. TONBKO JJIsi CABMra YPOBHA M OTBOAA HAIPSDKEHUS IIpUMe-
HAIOTCS Auoabl. COIPOTHBIIEHUS CIIyXaT B KayeCTBe Ae/UTeNeil HanpsokeHUs U
OrpaHM4YMTEIIeH TOKA.

TTL-3nemMeHTbl NPoM3BOAATCA MCKIOYMTENLHO B BUAE WHTErpasibHbIX MUKPO-
cXeM.

HoBbIM 3/1eMEHTOM SBISIETCS TaK Ha3bi-
BaeMBbIil MYJNBTUSMHUTTEPHBINA TPaH3HUCTOP.
CTpyKTypa Takoro TpaH3WCTOpa IIOKa3aHa ‘
Ha pHuc. 6.39. C obueii 0a30ii rpaHHYaT TPH '

B
E, n
SMHTTEPHEIX 30HH. TakuM o6pasom, obpa-
3yloTcsi TpU pasgeneHHbix PN-nepexona E,-Ep n|
MeXxmay 6azoi u aMutTepamMu. It PN-me-
E E,E, c

PEXOBI MOXKHO pacCMaTpUBaTh KakK JUOMBI.
K 0asze npunoxeHO HaNpsDKEHUE YYTh

Boitie 0,7 B orHocuTenbHo semumi. IIpu 3a-  Pac. 6.39. MynstusmuTTe pHBIA TPAaH3UCTOD.

MBIKAHMM 5MHUTTEepa Ha 3eMJII0 HaYMHaeT

Teuyb 6a30BBIi TOK. BennunHa Ga30BOro Toka onpenensieTcss 3Ha4eHUEM 6a30BO-

ro conpotuBieHud R, u Hanpspxenus nutanua Ug (puc. 6.40).

Benwunna 6a3080ro Toka BelbupaeTca Takoi, 4To6LI MyAbTUBMUTTEPHLIR TPaH-
3UCTOP HAZEXHO YNPAaBANCH B PEXUME HACILLEHWS.

PexxuM HachlleHUS SBJSETCH BHICOKOBEPOSTHOCTHBIM PEXUMOM (CM. BITeK-
TpoHHKa 3, Cxembl Ha TpaHsucropax). Hanpsoxenue xoyuiekrop-amurrep U,
nagaeT Npy 3TOM A0 3HaYeHHs HachieHus U, . OHo paBHo npumepHo 0,2 B.
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U,=+58B
R, = 3,3 xOm
X
E
! UCilll = 0‘2 B
E!
E, R, =1xOMm

W

Puc. 6.40. CxeMa Ha MYJBTHU3MHTIEPHOM TPaH3HCTOPE.

Conporusnenue R, Ha puc. 6.40 n1o/xHO GbiTh paBHO IpuMepHO 3,3 KOM.
Tok I 6yner Torna HebonbuM. Tok amuTTepa [, paBeH NPHOTM3UTENLHO TOKY 1,
OGBIYHO TOKH SMHTTEPOB BEIOHpaTCcsa Mexay 1 MA u 1,6 MA.

Ecnu nBa wiu Bce TpU SMUTTEpa B cxeMe Ha puc. 6.40 3azeMyieHbl, TO Hanps-
XeHHE B TOYKE X MpaKTHIECKH He MeHseTcd. X ocTaeTcs Ha YPOBHE IIPHUMEPHO
0,2 B. Yro usmenurcsi, ecnu sMutTep E; 3a3eMIMTb, @ Ha sMuTTephl E u E,
nojars HanpsokeHue muranus +5 B? PN-niepexoast Mmexny asmutrepamu E , E, u
Oazoii OyayT 3akphIThl (Iunoc Ha n-30He). PN-nepexon E, k Gase ocraerca or-
KpHITBIM. TpaH3uCTOp MPOJOJDKAaeT OCTaBaThCS B COCTOSHMM HachimeHHs. Ha-
npskeHHUE B Touke X He MeHsIeTcsI.

Eciu ypoBHIO L nocTaBUTE B cOOTBeTCTBHE HanpskeHHe ot 0 B o 0,4 B, 1o
IIPM IPWIOXEHUH XOTS OBl K OMHOMY M3 3MHTTEPOB CXeMbl Ha puc. 6.40 ypoBHs
L Ha Buixosie X OyjmeT Takxke JnelcTBOBaTh HU3KHI ypoBeHb L.

CosepuieHHO MHaye paboraer cxeMa (puc. 6.41), ecim Ha BCce IMHTTEPHI
nogats Hanpsokenue nuraans (BBICOKHMU yposens H). K aMUTTepHBIM 30HaM
npwioxeH norenuman +35 B. B Touke X 6naronaps nenurenio HanpsokeHus R,/R,
Oyner HanpsokeHHe nmpuMepHo 0,45 B, To ecTh HanpsDkKeHHe, KOTOPOE COOTBET-
CTBYeT ypoBHIO L.

K komexkropy npunoxeHo HanpspkeHue npumepHo 0,45 B, k amurrepy — +5 B.
Tenepb MyNTBTUIMHUTTEPHBIN TPaH3UCTOP paGoTaeT B HHBEPCHOM peXHMeE, T. €.
SMUTTEP U KOJUIEKTOP OOMEHSUTUCH (PYHKUUIMUA. DMUTTEPH paboTaloT KaK KoJi-
JIEKTOPBI, KOJUIEKTOP padoTaeT KaK SMHUTTEP.

U,=+58B
AR, =4 xOm
lranm []H==3,3K0u
Iy Hl, =1 MA+ 0,12 MA
+5B — X
+5 B
+5 B R,=1xOm

Puc. 6.41. Cxema Ha MyIBTUIMUTTEPHOM TPAH3HCTOPE B MHBEPCHOM PEXHME.



6.6. TT/I-cxemb:

Ecnu ko BCEM aMUTTEpaM NPUNOXEH BbICOKWMI H-ypOBeHb, TO MyNbTU3MUTTED-
HblA TpaH3uMCTOP paBoTaeT B MHREPCHOM peXxume.

basoBbiii TOK Te4eT OT MCTOYHMKA MUTaHUA 4Yepe3 R, M R, Ha 3emimo (cM.
puc. 6.41). TunmmuaHoe 3HauYeHUe 6a30BOro TOKa paBHO 1 MA. OOHaKo TOKHU KOJI-
nekropa I, I, u I, or amutTepHbIX BX00B E, E, n E, OTHOCUTEIBHO MAJIbL.
Kaxnblii ToK KoJuieKTopa He npesbiluaer 40 MKA. bnaronaps crieliuaqbHOH Tex-
HOJIOTMM JTOOMUJIHCH, YTO TaK Ha3blBaeMOe HHBEPCHOE YCUJIEHHE TOKa MYJIbTH-
SMMTTEPHOIO TPaH3MCTOpa 0YeHb Mano. Cle/IoBaTebHO, YIIpaRIseMBble 3JIeMeH-
THI MOTPEOJSIIOT OTHOCHTENBbHO HEeGONBIOH TOK.

MHBEpcHOE ycuneHue no TOKy MyAbTUSMUTTEPHOIO TPaH3UCTOPa MHOMO MEHb-
we eauHnLbI.

Ha Brixonme X mpejcrarieHHo#M Ha puc. 6.41 cxeMbl HanpsEKeHHWe MOAHUMET-
ca ¢ 1 1o mpuMmepHo 2 B. DT0ro HanpspkeHUsT HEIOCTAaTOYHO JUISL JOCTHIXKEHMA
BBICOKOTO ypoBHS . OHO ciumKoM HU3Koe. OMHAKO 3THM HanpsDKeHHEM MOX-
HO YIIpaBJIATH MOCIEIYIONIMM TPaH3MCTOPOM, KaK IMmoKa3aHo Ha puc. 6.42. Co-
TIPOTHBJICHU JENUTENA HAanpsDkeHus R, W R, MOXHO TOrJa He HCIONb30BATh.
@yHK1MIO pe3ucTopa R, Geper Ha cebs yuacTok 6a3a-amurrep T,. BricokoomHoe
conporuBieHye R, 3aMeHsieTcss R, W ydacTKom Ga3a-KoJuieKTop Tpansucropa 7.
CxeMa mMeeT Bxonsl A, B, C 1 BbIxoj Z.

Ecnu Ha Bxonax 4, Bu C neiictByet ypoBeHs H, o T, paboTaetT B MHBEPCHOM
pexume. Tpansucrop 7, BoiieT B pexum HacwiueHus. Ha Boixone Z Gyner Ha-
npsokenne npuMepHo 0,2 B. Takoe HanpspkeHHe OTHOCHTCS K YPOBHIO L.

Ecau mo MeHblIeil Mepe Ha OOHOM M3 BXOJOB JICHCTBYET YPOBeHB L, TO
MYJIBTHIMHUTTEPHBIH TpaH3ucTop T, paboTaeT HOPMAIbHO B peXHMe HaChIlle-
Hus. HanpsokeHue Ha ero KojutekTope najgaer npuMmepHo Ha 0,2 B. 7, sanupaer-
cqa. Ha Beixone Z nevictByer ypoBeHb H. PaGoyas TabGnuia cxeMbl puc. 6.42
npencrasiieHa Ha puc. 6.43. TIpy mMONOXUTETbHOI JIOTHKE TOTYyYaeTCs JOorude-
ckuit anement U-HE.

Kak Gynmer paGortath cxema mpu oTKpeiTOM Bxoge? Iloj OTKPBHITBIM BXOHOM
TMOHMMAIOT BXOJI, KOTOPBIH He MOAKIIOYEeH HM K ypoBHIO L, HU K ypoBHIO H. To
€CTh KO BXOIy HMYEro He MOMKII0YEHO, H OH BHCHT B Bo3myxe. Takoii BXon He B
COCTOSIHMM TIOHM3UTh HaINpsDKeHHe B Touke X cxembl Ha puc. 6.42 mo 0,2 B. To
€CTh OH HE MOXET 3aCTaBUTh MYJIBTHIMHUTTEPHBIH TPaH3MCTOP IMPOBOIUTL TOK.

U=+58B

g

T T T T~r~r~r~0

A, = 4 kOM R, = 1,6 kOM

— o 7

P/ +0,2B 2L
T
\

= 1,12 MA
252 x

2

o~ D s W -

T Irr~r~IXITrr~D
T r-~rIr~Ir-IT s
~ I I IIT XTI ITIN

Puc. 6.42. INpocroit TT/-snement (M-HE npu nonoxurensHoi Puc. 6.43. PaGouas Tabnu-
JIOTHKE). 1A K CXeMe Ha pHc. 6.42.
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Ecnn Ha OByX BXomax cxeMmbl puc. 6.42 neiicTByeT ypoBeHb H, a TpeTHil BXox
OTKPHIT, TO MYJETH3MUTTEPHEI TpaH3UCTOp OyneT paboTaTh B HHBEPCHOM pe-
XUMe — TakK Xe, KaK ecJId Obl Ha BCe TPU BXoja neicrBoBayl H-ypoBEHb.

Jnst TTJ1-cxem OTKPLITHIA BXOA NPUPABHUBAETCA KO BXOAY C BbICOKMM H-ypOBHEM,

ITocMorpuM BHHMaTeNbHee Ha cxeMy (pHc. 6.42). 3aMeTHO, YTO MYJIbTH-
SMMTTEPHBIN TPAaH3MCTOP HUKOraa He 3anept. OH Bcerja NMpoBOAMT — JIMGO B
IpsSIMOM, TMOO B WHBEPCHOM pexuMe. Da3oBEIH TOK ecTh Bcerna. B mpsmom
pexuMe OH TedeT K BXOIaM, KOTOpBIE JieXaT Ha ypoBHe L. B uHBepcHOM OH
TeyeT K Gaze TpaHsucTopa T,. 3HAUMT, HOCHTENH 3apsiioB 0a30BOi 30HBI MPH
NIEPEKIIIOYEHUM PeXMMOB HE NOJDKHBI paccachlBarbesl, M IEPEKIIOYEHUE U3 OfI-
HOTO COCTOSIHHSI B APYTO€ MPOMCXONUT OY€Hb OBICTPO.

MynbETUAMUTTEPHBLIN TPaH3UCTOP OYeHb GbICTPO NEepPekNinyYaeTca M3 NPAMOoro
pexunMa B MHBEPCHbIM 1 HaoBopoT, Tak Kak HocuTensam 3apsanoe 8 6ase npu nepe-
K/IIOYEHMM HE HYXHO paccacbiBaTbCA.

Bpems nepekiiouyeHus Ui TpaH3UCTOpa T, monydaeTcd Takke MansiM. Ho-
cuTenu 3apsiaa 6a3sl T, KaKk pa3 ycIieBaloT paccocaTbesi 3a BpeMsl Ilepexoja
MYJIBTU3MHUTTEPHOIO TpaH3ucTOopa T, M3 COCTOSIHMS HAChIEHUS B 3aleproe
COCTOsSIHUE.

IlpencraBnenHasa Ha puc. 6.42 TTJI-cxemMa He OUYeHBb XOPOLIO ITOAXOMMT VIS
yrIpaBJieHHs MociefoBaTeIbHO noakimoueHHMHA T TJI-anemenramu. Beixon Z B
COCTOSTHMM L HOJKEeH NMPHHMMATh OT KaXIOro INPHUCOSAHHEHHOTO BXOIA TOK
npuMepHo 1,6 MA (puc. 6.44). TIpu necaTu mpucoeTHHEHHBIX BXxoaax (ko3dhdhu-
uueHT pasBeTBieHus 10) ato yxe 16 MA. DT 16 MA MOTYT TIONIACTE HA 3eMITIO
Yyepes NpoBONAIIMI TpaH3ucTop T,.

Bonee cloxHBIH cioy4ail, eciu BbIXon Z mMeeT H-cocTosiHME M IO0JDKEH
YIIPABJISATh AECATBIO IPMCOSIMHEHHBIMM 3JIeMeHTaMHu. BriTekaroiuii U3 Beixona 2
TOK BBI3HIBAeT MajeHHe HampsokeHud Ha R.. Ha 3HaYeHue 3TOro HampsoKeHHs
YMEHBIIAETCS BHIXOZHOM ypOBeHb Z. OT0O HeyZoOHO. YMeHblIeHHe BBIXOIHOTO
YPOBHS MOXHO IPeIOTBPATHTh, HCIIOJIb3YS CXeMYy Ha JOIOJIHUTEIBHOM TPaH3U-
CTOpe, TaK Ha3blBaeMbIil JIBYXTAaKTHBIM BBEIXOOHOM Kackan. Takoi Kackan mpem-
CTaBJIEH Ha puc. 6.45.

Puc. 6.44. Ynpasnenue TTJ/1-anemeHTaMy Npu
COCTOSIHMH BbIX0Aa L. Puc. 6.45. [1ByxTaKTHBII BEIXOAHOM Kackaj.



6.6. TT/I-cxemt Q

Opun u3 TpaHsucTopoB T, m T, nojkxeH OBITh 3aNepT, APYrod NMPOBOJAMTh.
Ecnu sanepr T, u nposogut 7,, To Ha BhiXxoae Z AeicTByeT yposeHs L. ITocty-
NalolMii Ha BEIXOA Z TOK TeueT yepe3 7, Ha 3eMJIio.

Ecnu 3anepr T, u nposoaut T, To Ha Bhixone Z aeiictyer ypoeHb H. Tok
ynpaBlieHHsI, HeOOXOMUMBII 71 CEYIOLIMX 37IEMEHTOB, TevyeT oT + U, yepes R,,
T,, maon D, — x Beixony Z. Eciu BBIXOX Z HarpyXxaercsi CHIbHee, T. €. 4epe3
BBIXOJI Z TEYET CHIIbHBIN TOK, TO BBIXOJHOM YPOBEHb MAfacT TONBKO Ha 3HAYEHHE
NaJicHUs1 HanpspkeHus1 Ha pesucrope R,. Ha T, u D, npu Bo3pacTaHUH TOKa He
BO3HHKAET HOMNOJHHUTEIBHOTO IaJeH!sT HaNpsoKeHHS.

JIByXTakTHaA cxema MOXeT BblAaBaTh U NPUHUMATb OTHOCUTENLHO B0oNbLUNE TOKN.

ITpu nepeKmOYeHHH BLIXOAHBIX COCTOSIHMI 06a Tpansucropa T, u T, MoryTt
KPaTKOBPEMEHHO NpoBOoAUTh. ConpoTHBIeHHe R, B 3TOM Cllydyae OrpaHUYMBa-
€T TOK.

Jduon D, cIyXuT Uil CO3aHUsA HYXHOTO YPOBHS HanpsokeHus. Kak oH mo-
HMXKaeT HalpsDKeHWe, HarISIHO I0Ka3aHO Ha cxeMe Ha puc. 6.46.

Ecnu tpansucrop T, IpOBOAMT, TO K TOYKE B, MPUIOXEHO HANPSDKEHUE MPH-
mepHo 0,7 B (Hanpsokenue 6asa-smurrep 7). Tpansucrop 7, GyaeT nmoaHOCThIO
oTKphIT. K Touke Z npunoxeHo HampspbkeHue npumepHo +0,2 B. K T, Toxe
NIPWIOXEHO HanpspkeHue Kojuiekrop-smurrep 0,2 B, Tak 4ro B Touke B, noren-
1IMaJl OTHOCHTEIbHO 3eMid miony4aerca 0,9 B. bes nuoma D, Ha TpaH3uctop 7,
nogaBanoch 6b HanpsokeHue 6asuc-amurrep U, = 0,7 B (amurrep +0,2 B, 6aza
+0,9 B). Tpausucrop 7, Takxe OTKPBUICS ObIL.

Tak xax Ha nuone D, maneHue HanpsDkeHHMs cocrapisier npumepHo 0,7 B, 1o
noTeHuMan aMurTepa I, nogHuMmaercs 1o ypoBHs npuMepHo 0,9 B. Ilpu stom U,
tpansucropa T, 6yner pasHo npuMepHo 0 B, u 7, HajieXHO 3aKpbIBaeTC.

Ilpn nepexmoueHHH OT TTJI-3/1eMEeHTOB Ha BBIXOAE MOJIYYAIOTCH HOBOJBLHO
KPYThie MMITYJIbChl HanpspkeHusi. [lepexomHoe Bpemsi curHaia (cM. pasi. 6.4.3)
JOCTATOYHO MaJi0 M COCTABISIET MPHMMEPHO 5 HC. BcellencTBHe 3TOro MOTYT BO3-
HUKHYTb TaK Ha3biBaeMble «KoJieOaHMsA HanpsoKeHUsA». [lepexonHslii mpouecc npu
nepexmoyeHnH Bxoxa TTJI-anemenTa ¢ H Ha L u3obpaxeH Ha puc. 6.47. Hanpsi-
XEHHME Ha BXOJ/Ie MOXET JIOXOIMTh KpaTKoBpeMeHHo 10 —2 B. [Tuonst D,, D, u D,
B cxeMe Ha pHuc. 6.46 DOJDKHEI MOIABIATEH KoJieGaHWs HANpPsSDKeHHUs] M IIPUHUMATh
Ha ce0sl oTpHIaTe/IbHOe HanpspkeHne. OHM Ha3bIBAIOTCS OTBOXHBIMH THOJAMH.

+Ug Ug “

ZSZS%

D, D, D,

Puc. 6.47. Konebanus BXOAHOrO
Puc. 6.46. Tunogoit TTJ1-3neMeHT ¢ ABYXTAKTHBIM BBIXOA- HanpsAXeHHA Npu nepexoae ¢
HBIM KACKaAOM. Ha L.
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4 xOm 1,6 KOm R,

o

1 xOm -

oB

Puc. 6.49. CopMecTHOE MOAKIIOYE-
Puc. 6.48. TT/1-anement H-HE ¢ oTkprIThIM KO- HHe TTJI-31eMeHTOB ¢ OTKPBITBIM
JIEKTOPOM. KOJLIEKTOPOM.

B TTJI-cxemMax MMeIOTCA 2JIEMEHTHI C TaK Ha3bIBAEMBIM «OTKPHITHIM KOJUIEK-
TOpoM». B 3THX 3JIeMEHTaX OTCYTCTBYET COIIPDOTHBIIEHHE KOJUIeKTopa. BeiBon
KOJUIeKTOpa MOOKIIYeH K BEIBOAY Ha Kopiyce aleMeHTa (puc. 6.48).

IIpu cuHTE3€e cXeM cleayeT NMPaBWIbHO NOAOMpaTh COIIPOTHBRIIEHHE KOJUIEK-
TOpa. DJIEMEHThl ¢ OTKPBITHIM KOJUIEKTOPOM IIpeJHa3Ha4YeHbl IS MPOBOIHBIX
orepanui.

MoOXHO COeOUHHUTH OTKPBITEIE KOJUIEKTOPHl HECKOJIBKHX 3JIEMEHTOB BMECTe
M 3aTeM OOIIYI0 TOYKY COeHHHTh C HCTOYHHMKOM mHUTaHus (puc. 6.49). Bemruu-
Ha COBMECTHOIO COIIPOTHUBIIEHHS] BbIOMpaeTcs COIIacCHO pPeKOMeHIALIUsIM Tpo-
usBonutens. [lpu atoM Gonpimoe 3HAYeHHE MMEET YMCIO0 COBMECTHO IOIKITIO-
YEHHBIX 3JIEMEHTOB.

IIpencraBneHHast Ha puc. 6.49 cxema gBjsieTcs cXeMoit mpopogHoro M mpu
IMOJIOXKHUTENbHOM JIoruKe. Eciiu BBIXON MMeeT ypoBeHb L, T. €. BRIXOJHOM TPaH3H-
CTOp OTKpPHIT, TO 00miast Touka Q OymeT Bcerna Ha ypoBHe L. TonbKo ecim Bce
BBIXOAHBIE TPAH3UCTOPHI 3all€PTHl, WIH BCE BBHIXOXH HMeOT H-ypoBeHBb, 00LIas
To4YKa UMeeT H-ypoBeHb.

TTJI-cemeiicTBO nenuTCs Ha psij Oonee MENKHX MoaceMeicTB. CxeMBl OT-
JIeIBHBIX TOACEMENCTB pa3IMyaloTcs MeXIy coboii mpexe Bcero norpedieHn-
€M MOIITHOCTH U OBICTPOAEHCTBHEM, a TAKXKE MOMEXOYCTOHYHBOCTBIO.

6.6.2. CtanpaptHbie TTJ1-cxemsbl

U IToncemeiictBo «crannapraeie TTJI» urpa-
€T OOJIBIIYIO POJIb B CXeMOTeXHHKe. Tunuy-

4xOm | |16 KOm | |130 Om Hasi cxeMa M3 cta”aaptHbix TTJI nokasaHa

Ha puc. 6.50. DreMeHT TPOM3BOIUT IPH
MOJIOXKUTENBHOMN JIOTHKE JIOTHYEeCKYIO0 OIle-
paunio U-HE.

A o—y

B Q

pi i
1 xOm

Puc. 6.50. Cranpaptusiii TT/I-anement cxemer FLH

°0B  101-7400 (M-HE npu nonoxHTe/bHOI JIOrHKE).



6.6. TT/I-cxemut IID

6.6.2.1. Cxembi
IMoutu Bce TTJI-37eMeHTBbI BBIITYCKAIOTCS B BHAE HHTErpajlbHbIX MHKPOCXEM.

Cxema FLH 101-7400 cogepxur, HanpuMep, deThipe 3neMenTa U-HE, uto cie-

JIyeT U3 CXeMbl Ha pHc. 6.51.
u, A B Q

14 13 12 11 10 9 8
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i lﬂ
i Bup ceepxy
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Puc. 6.51. Cxema noaxuio- i
2 3 4 5 6

YeHMA HHTErpaIbHONH MUK- 1
pocxemsl FLH 101-7400.

B ocHoBHOM TTJI-3nemMeHTH BhimycKaiotcss B DIP-kopmycax (puc. 6.52).
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Puc. 6.52. Kopnyc DIP
bealdale (C IByXCTOPOHHHM pac-
19,2-0,3 NOJIOXKEHHWEM BHIBOJIOB).

st nposomubix M MCHIONB3YIOTC 3JIEMEHTHI ¢ OTKPBITBIM KOJUTEKTOpoM. Cxe-
Ma sneMeHTa HE ¢ OTKpHITBIM KOJLUIEKTOPOM ITOKasaHa Ha puc. 6.53. Murerpannb-
Haa cxema FLH 271-7405 conepxuT miects Takux 3memeHToB HE (puc. 6.54).

U,

Puc. 6.53. Cxema snementa HE ¢ oTkpei-
THIM KoOJuleKTOpoM (Siemens). . 1,6 sus
A o— Q
ZS 1 kOm
US
14 13 12 11 10 9 8 .
[ 1 1 - — — 0
1
.
Bun ceepxy
S s e | Puc. 6.54. Cxerfa MOAKNIOYEHH
5 6 HMHTErpPaibHOH MHKPOCXEMBI
FLH 271-7405 (Siemens).

4

o[
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Bnementhl U-HE oT ABYX 10 BOCEMM BXOIOB HMEIOTCS B pa3jIMYHBIX HCIION-
HEHMSAX: C JBYXTAKTHOHM CXEMOH, ¢ OTKPBHITBIM KOJUIEKTOPOM WJIH C CHJIOBBIM
BboixomoM. Cxema -HE-3neMenTa ¢ nsiTblo BXOAaM MpeacTaBieHa Ha puc. 6.55.
Mukpocxema FLH 331-4931 comepXuT nBa TaKMX 3JIeMeHTA.

U,

5

0

Puc. 6.55. TTJ1-anement M-HE ¢ narsio BXonaMu 1 cxema coeauHeHmii cxemsl FLH 331-4931.

)
14s 13 12 11 10 9 8
e Y s S e O s Y s B s B

Puc. 6.56. TT/1-anement H ¢ or-
KPBITHIM KOJUIEKTODOM M CXeMa
coeauHeHunit cxemul FLH 391-7409,

o
l [ rl Bun ceepxy

IE
a
1B
=
15
]m
e

4 kOm 2 xOm 1,6 kKOm I l ! l I ]
. i &| i &h
A Q
B JJLJJLJJ°5J
1 2 3 4 5 6 7
i Y 800 Om 1 kOm 0
Bug ceepxy

+ o

Bnementsl M1 npumeHstorcs: pexe. X MOXHO JIerKo cHenarbk M3 3JIeMEHTOB
U-HE crpykrypuposanus. s mpocthix cxeM mcronesyercs cxema FLH 391-7400.
OHa cocTOMT M3 yeThipeX 2/1eMeHTOB M ¢ OTKPHITHIM KOJUIEKTOpPOM (puc. 6.56) u
MpeJAHa3HaYeHa sl POBOAHBIX M -coequHeHMiA.

6.6.2.2. NMpenenbHbie 3Ha4YEHVS 1 NapameTPbl CXeM

IIpenenbHbiME HA3HIBAIOTCSI BEIMYUHBI, KOTOPbIE HM B KOEM CJIydae He MOJIKHBI
ObITh NpeBbileHbl. ECM 3T0 NpoU30ii1eT, TO 3JIeMeHT OyneT BbIBeA€H M3 CTPOSI.
HOns cranpaprabix TTJI-cxeM neiicTBYIOT clieyiomye obiMe IpeaebHbie 3Ha-
YeHMS:



6.6. TT/I-cxemvi l\)
Hwxuuit npepen Bepxuwmit npenen

Hanpsikenne nutanua Ug -0,5B 7,0 B
Bxonnoe nanpsixenue U, -1,5B 55B
PasHocTe HanpsiXeHWs: MEXAY BXO4aMH Uﬂ 55B
BeixogHOe HanpskeHue UQ —0,8B 55B
Pa6ouas temnepatypa T,

3oHa 1 0°C 70°C

3oHa 5 -25°C 85°C
Temneparypa xpaHeHHs1 T —65°C 150°C

K OCHOBHBIM NapaMeTpaM OTHOCSITCS CTAaTHYECKHEe XapaKTepHCTHKH, ObICT-
poleicTBrE M JIOrHYecKHe naHHble. OMHUM M3 IIABHBIX IIAPAMETPOB SIBJISETCH
Hanpspkenue nutanusa. OHO MoXeT BapbUpoBaThess Mexay 4,75 B u 5,25 B. Tu-
IAYHBIM 3HaYeHHeM siBisgercsa 5 B.

Il BceX 2JIEMEHTOB YKa3bIBAeTCS
HIDKHSIA TPaHHLA BXOJHOTO HATpPsDKeHUS
H-ypoBHs. OHa cocTarigeTr o6puHO 2 B.
ITpu camMmoM MajioM HaIpsSCKEHUU YPOB-
nsa H U,, paBHoM 2 B, BhIXOAHOE Ha-
npsokeHue U, He MOXeT MpeBhIIaTh
0,4 B, naxe xorma BBIXOIHOM TOK AOCTH-
raeT MakCHMMaJIbHOro 3HaudeHusi 16 MA.
Jna npoBepku CoOOJIIOAEHHUS 3TOr0 ycC-
JIOBMSI CYHIECTBYET TeCcTOBasl cxeMa |1 Ha
pHc. 6.57. YcnoBHsS MCIIBITAHMM TIPHBE-
JleHBl B Tabnuie Ha puc. 6.58.

U,=+475B
o

®

lu,,;za

-

Puc. 6.57. Tecrosas cxema 1.

Hux- Bepx- | EAuHK-
TecTo- -
. HUWA HWA ua na-
Cratnyeckue napameTpbl | YCNOBMA UCNbITAHWA |  Bas Tvn
npeaen npegen| mepe-
cxema
B A HUA
BxonHoe
HanpsaxeHue U,=4758B 1 2,0 B
BbLICOKOro ypoBHa H
BuixoaHoe U, =4758B
HanpsxeHue u,=28B 1 0,22 0,4 B
HW3KOro yposhs L g = 16 MA
BxogHoe
HanpskeHve U, =475B 2 0,8 B
HW3KOro ypoBHa L
BbixonHoe U;=4758B
HanpsxeHue U, =088 2 2,4 3,3 B
BbICOKOrO YpoBHA H =l = 16 MKA

Puc. 6.58. Boigepxka U3 NPOTOKO/A UCIBITAHUIM.
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U= +4,75B IIpn camMoM BBICOKOM HamnpsXeHHH
© yposusi L Uy, paom 0,8 B, BexozHoe Ha-
npspkenne U, He MOXeT GbITh Hike 2,4 B.
B e 400 e 3Ha4yeHMs JUIs BepXHe# rpaHuibl U, 1 HUX-
8] He# rpaHuubl U, onpenensiorcs ¢ Imo-
MOIIBIO TECTOBOM CXeMBl 2 Ha puc. 6.59.
U, =088 ] Yot v Bce ocranbHBIE HETECTHPYEMBIE BXOJIbI
BKJIIOYaloTCca Ha H-ypoBeHBb, TaK KakK 3TO
COOTBETCTBYET CAMOMY HEGIarOnpUsATHOMY
L BapHaHTy paboThl CXeMBHI.
Puc. 6.59. TecToBas cxema 2. BxonHele TOKH pa3iu4yaloTcs B 3aBH-

CHMOCTH OT YPOBHSI Ha BXofie. H-BXOTHOM
TOK [, ABNSeTCA TOKOM BXOJa, KOTOPBIH
nporexkaeT npu H-yporHe 2,4 B. OH MoxeT OBITE paBeH MakKCUMaNbHO 40 MKA.
OH H3MepsieTC MPH YCIOBHAX TaOMMIBI Ha puc. 6.60 mo TecTtoBoil cxeme 3
(puc. 6.61). Ilpu MakCHMaNbHO IOIMYCTMMOM HanpspkeHuH Bxoga U, pasHom 5,5 B,
BXOJHOM TOK MOXeT ObITh paBeH MaKCHMaJIbHO 1 MA.

st onpeneneHusi L-BXOIHOIO TOKA NPUMEHSIOT TeCToBYIO cxemy 4. Ilpu U,

paBHoM 0,4 B BXomHOi1 TOK MOXeT GHITh paBeH MakcUMaibHO 1,6 MA (puc. 6.62).

Tecto- Hux- Bepx- | EAuHK-
CraTwyeckre napameTpbl | YCAOBUS ucneitaHuii |  Bas Hun Tun HAW | ua ws-
npeaen npegen| mepe-
cxema
B A HUA
BxoaHoit ToK - u,=248 3 40 MKA
BLICOKOFO YPOBHSA U-558
Ha kaxaom exone H 1 Py .3 1 MA
o ‘ U,=525B
BxopaHoi Tok _ U,=5258
HW3KOrO YPOBHS L I, U,=04B 4 1,6 MA

Tok KopoTKOro
3aMbIKaHNA Ha =l U,=5258B 5 18 55 MA

Kaxaom ebixone

Tox nuTanns H lg,, U 6 4 8 MA

Tok nuTaHnA L 1 SU 6 12 22 MA

®

© U, = +525 B U =+5258
al Q
-1, < 1,6 mA &
O OTKPLITHIR ""____M_ }ﬂ OTKPBLITHIR
U,
j 04B
oB 0B

Puc. 6.61. Tecrosas cxema 3. Puc. 6.62. Tectopas cxema 4.
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)

o U, =+4525B —-——
¢ (1) ——ou,=+5258
Q
=1, > 18 MA OTKPLITHIRA
< 55 mA
U{
‘ 0B

Puc. 6.63. Tectopas cxema 5. Puc. 6.64. Tectosas cxema 6.

oB

CnenyouiuM BaXHBIM MMapaMeTPOM SIBJISIETCS TOK KOPOTKOTO 3aMBIKaHHS.
OH omnpeneisieTcss ¢ TOMOIIbIO TeCTOBOM cxeMbl 5. Ero HuXHMIE npeaen pa-
BeH 18 MA, BepxHwUii paBeH 55 MA (puc. 6.63). Bce BXOABI TOJKHBI HMeTh -
ypoBeHb. IIo BO3MOXHOCTH cleayeT M30eraTb KOPOTKO3aMKHYTBIX BHIXOOB.
s HEKOTOPBIX JIEMEHTOB KOPOTKOE 3aMbIKaHHMe BHIXOIOB MPUBOIUT K MO-
JIOMKE.

IMoTrpeGnsaeMblii JIOTHYECKHMM 3JIEMEHTOM TOK OIIpEJIeisieTcs IPH IOMOLIH
cxeMbl 6 (puc. 6.64). On MMeeT pasiMYHOE 3HAYeHHE B 3aBUCHMOCTH OT YPOBHSA
Ha Bxone. MakcHMaJIbHO JOIyCTHMOE HalpsDKeHMe MMUTaHus 2jieMeHTa — 5,25 B.
B maHHBIX Ha MHKpPOCXeMBI BCErZla yKasbiBaeTcsi oOlllee HarpsDKeHHe IMUTaHWS
MHMKPOCXEMEI, & HE KaXXKIOI'O 3JIEMEHTA B OTAEJIbHOCTH.

Crenyioluei XxapakKTepUCTUKOM SIBIFIETCS CTaTHYECKasA IIOMEXOYCTOMYMBOCTD.
ITomexoycTOMYMBOCTh yXe OblUla moipoOHee paccMorpeHa B pasu. 6.4.5. s
crangapTHbiX TTJI-a/eMeHTOB cTaTHMyecKas MOMEXOYCTOMYMBOCTB COCTABJISIET
o6bryHOo 1 B, mpu HebnaronmpusaTHBIX yciloBusix — MUHHMYM 0,4 B.

BricTponeiicTBue yXe oOcyxiaamoch B pasa. 6.4.3. OHo yka3aHO B IOJIHOM
TabJauIle TaHHBIX Ha pUc. 6.65.

K normdeckum napameTpaM oTHOCSATCS K03t hHIIMEHT pa3BEeTBIEHHUS 110 BbI-
Xomy F U Ko3(duimeHT o6beuHeHUA 1o BXxoay F,. Ouu nonpoGHee pasoGpa-
HBI B pas,uene 6.4.4. Taxxe K JIOTMY4ECKMM IapaMeTpaM OTHOCHMTCS JIOrMYecKasi
dyukims. [Tox normyeckoit GpyHKIMEH MOHUMAIOT YpaBHEHHE JIOTHYECKOH ore-
paLMU, KOTOPYIO BBEIIOJHSET 2JIEMEHT IPH ITOJOXUTEILHOM JIOTHKE.

Ha puc. 6.66 npuBeneHa nojHas Tabiua JaHHBIX HHTETPAILHOH MHKpOCXe-
mbl FLH 201-7401. Bra cxema comepxur yetbipe ayieMeHTa M-HE ¢ oTKpBITBIM
KoJuiekTopoM. B Tabnuile nprBeneHbl ypaBHEHHUS 1151 BHIYMCIIEHUS CONPOTUBIIE-
HHs KOJUIEKTOpa M TabJIHIla CONPOTHBRIICHHIA.

6.6.2.3. XapakTtepucTuku

st TTL-351eMeHTOR CYIIECTBYIOT HECKOJIBKO XapaKTepPUCTUK, KOTOPHIE HaloT
npeacrapiieHue o pabore noruyeckoro ajemenTa. OcobGeHHO BaxHa mnepenarod-
Hasi XapaKTepUCTHUKA. TUNUYHbIE NEPEeNaTOYHbIE XapaKTEPUCTHUKU JUIS CTAHIAPT-
Hbelx TTJI-3neMeHTOB NpeacTaBieHbl Ha pUc. 6.67.

MepepnatoyHaa xapakTepucTuka OTpaxXaeT 3aBMCUMOCTb BbIXDAHOINO Hanpsxe-
HWA OT BXOOAHOTO.

Hs HCpCI[aTD‘IHOﬁ XapakKTepHUCTHKH MOIYT OBITH OIIpEaeICHBI 30HA BXOOHBIX
HaIPSDKEHUI BBICOKOTO YPOBHsS, 30HA BXOJHBIX HANpPSOKEHUH HU3KOTO YPOBHS,
30Ha BBIXOAHBIX HAMIPSDKEHMI BBICOKOTO YPOBHS Ml 30Ha BBIXOJAHBIX HANPSKEHMI
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YeToipe ABYyXBX0A0BbIX anemeHTta N-HE

Cratvyeckue napameTpbl
B 30He Temnepatyp 1m 5

Ycnosma ucnsITaHUin

Cxema
ana
WChNbl-
TaHusa

Hux-
HWiA
npegen

Tun

Bepx-
HWA
npegen

EAnHKn-

ua ua-

mepe-
HUA

HanpsaxeHue
NUTaHNUA s

4,75

5,0

5,25

BxogHoe Hanpaxe-
HWe H-ypoBHS "

U,=4,75B

2,0

BxogHoe Hanpsixe-
Hue L-ypoBHa r

U,=4758

0,8

BxopHoe Hanpsaxe-
HUE Ha KnemMmax !

U,=4,758B
-l =12 mMA

1,5

BeixogHoe
HanpsixeHne u
H -ypoBHn

U,=4758B
U,=08B8
I, = 400 MKA

2,4

3.4

BbixogHoe
HanpsxeHne u
L-ypoBHa

U,=4758B
U,=28
I, = 16 MA

0,2

0,4

Cratuyeckas
MOMEXOYCTONYMBOCTL 85

0,4

BxoaHo# ToK !

BBICOKOTO YPOBHS H
Ha KaXOOM BXofe l,

MKA

MA

BxogHol ToK
HWU3KOro ypoBHa L -1
Ha Kaxaom Bxoae

1,6

MA

TOK KOpOTKOrO
3aMblKaHUA Ha -
Kax[a0oM Bbixoae

18

55

MA

Tok nuTaHma H 1

Tok nuTanma L ]

12

22

MA

Bpemsa nepekniodenva npu
U,=5B,T,=25C

t

PHL

BuicTpoaeicTemne
t

PLH

22

15

HC

1

22

HC

JNoruyeckvwe napameTpbl

Koapprument
pa3BeTBneHua Fy
M0 BbIXOAY

10

Koappurument
obveanHeHus F,
no Bxony

JNornyeckasn
DYHKUMA

Q=AAB
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U, u A B Q@
14
4 0w | |1,6x0m | 130 Om P e e
A oy
B e Q
LI T J 1L LJ LJ LJ
ZS ZS 1 2 3 4 5 6 7
1 xOm 0,
Cxema BKNOYEHWA
-0 0, (onmn anemewT) Lokoneska, Bug ceepxy

Puc. 6.65. [lonHas Tabauua naHHBIX MHTEerpansHoit Mukpocxemsl FLH 101-7400 (no nan-
HBIM Siemens).

FLH 205-8401
FLH 205 S-8401 S1
FLH 205 T-8401 S3

FLH 201-7401
FLH 201 S-7401 S1
FLH 201 T-7401 S3

YeThipe ABYXBXOA0BbLIX aneMeHTa U-HE ¢ OTKPLITLBIM KONNEKTOpOM
OnemenTel FLH 201/205 npeaHa3HayeHbl Ana coeaguHeHwnii Tuna nposogHoro W

Cxema | Hux- Bepx- | EauHm-
Cratnyeckue napameTpsbi N ——— ansa HWA T HW ua us-
B 30He Temneparyp 1m 5 vcnel- | npepen npenen| mepe-
TaHWA B A HUS
Hanpsixenue U, 475 | 50 | 525 B
NUTaHUA
BxopHoe Hanpsaxe- _
e H-yposis u, U,=4758B 1 2,0 B
BxopHoe Hanpsxe- _
HWE L -ypOBHS u, U,=4758B 14 0,8 B
BxonHoe Hanpsaxe- | U s =475B 1.5 B
HUE Ha KneMmax ' -1, =12 MA ’
BuixogHoe U,=4758B
HanpsiXxeHue U, u,=28B 1 0,2 0,4 B
L -ypOBHSA Iy, = 16 MA
Cratnueckas Uss 0,4 1,0 B
MOMEexXoyCTORYNBOCTL
Ly 3 40 MKA
BxoaHoi Tok Uu,=248B
BbICOKOrO ypoBHa H I, U=558B 3 1 MA
Ha KaxaoMm Bxoae U;,=5258B
BxoaHOW TOK
HW3KOro yposHs L -1, Us ‘_5’245 : 4 1.6 MA
Ha KaXO0M BXxoae u,=0,
BbixOQHOE HanpaXe- U;=4758B
Hue H-ypoBHs T U,,=55B 14 250 MKA
Ha KaXaoM Bxoae U, =0,8 mA
U.=5258B
Tok nuTanua H 1 s 6 4 8 MA
SH u=08B
U.=5258B
Tok nuTanma L [ 8 s - 6 12 22 MA
st U=58B
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Cxema | Hux- Bepx- | EAvMHU-
Cratuyeckune napameTpbl ana HWA HUIA ua ma-
B 30He Temnepatyp 11 5 YGROBHA HCTILITBHUA ucnel- | Npeaen Tun npepen| mepe-
TaHua B A HUWA
Bpemsa nepexnioyeHua npu
U;=5B,T7,=25°C
to R, = 400 Om 8 15 HC
BeicTpoaeiicTeue R, =4 xOm 22
L C, =15 n® 35 45 HC
Jlornyeckme napamMeTpbi
Koagppuument
pa3BeTBNeHus Fo 10
no BbIXOAY
KoadppurumeHT
obveauHeHun F, 1
no Bxoay
JNornyeckasn
byHKUMA Q=AAB

FLH 201 S, FLH 205 S: kak FLH 201/205 Tonbko Beixoa 15 B/250 mMkA
FLH 201 T, FLH 205 T: kak FLH 201/205 Tonbko Bbixog, 5,5 B/50 MkA

PacueT conpoTveneHus konnekropa R,

PacuyeT npoBOAUTCSH NO cneaylwmm dpopmynam:
H-ypoBeHb

U,-2,4B

4 T 1250 MKA + N40 MKA

(MOwm); R, =

L-ypoBeHb

<

U; ~0,4B

16 MA -~ N1,6 mA

(kOm),

roe: U; — HanpsxeHnue nutaHua; n — konuyecteo FLH 201 B nornyeckom cno-
xeHun WM (YvcneHHble 3Havenus; oM. Tabnuuy); N — KonmyecTeBo npucoenu-

HEeHHbIX BXOAO0B.

Mpu Ug = 5 B v pasanuuHbix n 1 N Nony4alnTca HuXecneaylowme npeaens-
Hble 3HaYeHusa R,. HoOMWHaN NpUMEeHAEeMOoro B CXeme CONPOTUBAEHWUA AOSIXEH
HaAXOOQUTLCS MeXay 3TUMK NpPeaesbHbIMU 3HaYeHUAMU.

14 13 12 1 10 9 8
1 1 | oo I o N e T e |
L || ..
j B
1 2 3 4 5 6 7
Q A B 0

4 xOm

1,6 kOm

1 kOm

s

Liokoneska kopnyca, BU ceBepxy

Cxema BKMOYEHWA (OAMH 3NEMEHT)

0,

Puc. 6.66. [TonHas TabnuLa JaHHBIX HHTErpaibHO MuKpocxeMsl FLH 201-7401 (no naH-
HBIM Siemens).
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1 2 3 4 5 6 7 1007
BepxHee npegencHoe 3HaueHne R ,, Om
1 8965 4814 3291 2500 2015 1688 1452 319
2 7878 4482 3132 2407 1954 1645 1420 359
3 7027 4193 2988 2321 1897 1604 1390 410
4 6341 3939 2857 2241 1843 1566 1361 479
5 5777 3714 2736 2166 1793 1529 1333 575
6 5306 3513 2626 2096 1744 1494 1306 718
7 4905 3333 2524 2031 1699 1460 1280 958
8 4561 3170 2419 1969 1656 1437
] 4262 3023 2875
30Ha HEAONYCTUMbIX 3HAYEHWIA
10 4000 4000
4,5
§ .} |
TN
¥ AL
Egx
§_ ] a 3,0 \
- T AN\
20 \ \ L —85°C
1.5 0'c
25°C
W o T =0
125°C
PP \r‘k
Faal
EE § 0 0,4 0,8 12 1,6 2 2,4 28 B
] ol b -
Bonyctimas JDonyctumasn
30Ha BX0Aa ans 30Ha Bxoaa
L-curHana y.L ana H-curnana
B -

Puc. 6.67. INepenatounsie xapakrepuctuku (npu U= 5 B, F,= 10, Siemens).

HU3KOTO ypoBHS. 1 pasnu4HbIX paboyux TeMreparyp MoJy4aloTcs pa3iudHbie
NepeJaToOYHbIe XapaKTePHUCTHKH.

Cnenyionei BaXHOI XapaKTePHCTHKOMN SIBNISIETCSI BXOJHAsI XapaKTepUCTHKA
(puc. 6.68).

BxoaHaa xapakTepucTuka OTpaxaeT CBA3b MEXAy BXOAHbIM TOKOM U BXOAHbLIM
HanpsXeHuem.
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N Puc. 6.68. BxoaHas xapakTtepucTHKA
(npu Ug= 5 B, Siemens) npu 25°C.
2 L
1. Keagpant
1 s
T -
-2 - |\1 ? 3 4 576
i | B
3. KeagpaHt i } 4. Ksanpaut i
|
| |
I I
| |
L | H i
0 08 20 55

Ecnu nanpsikenue Bxoga U, npumepHo 1,5 B, T0o 0HO MOXeT 6bITh paccMOTpe-
HO KaK HampspkeHHe BhIcOKoro H-ypoBHsA. BxogHo# Tok paBeH npuMepHo 40 MKA.
OOIIEeNpHHSTO, YTO BXOJAHOE HAIIPSDKEHHWE MOXHO paccMaTpHMBaTh KakK Hamps-
JXeHMe BbicoKoro H-ypoBHA TonbKo HauyuHadA ¢ 2 B.

Ecnu Hanpsokenue menee 1,4 B, Tok BeTekaeT u3 Bxona. Ero 3HayeHue B
o6yacTi BXOIHBIX HampspkeHuit L-yposHs (0—0,8 B) mocturaer mpuMepHo 1 MA.
MakcuMaJbHO JIOIIyCTHMOE 3HadYeHHue ToKa 1,6 MA. BxogHoe HanpsokeHHE Tak-
XKe MoXeT OBITh HEMHOI'0 OTPHLIATEIBHBIM, 10 —1,5 B. 3navyenue —1,5 B aBnser-
cs HIDKHUM nipenenioM uisi U,. Bxonnas xapakrepucTuka Ha puc. 6.68 npuseneHa
JUISL TeMIepaTypsl okpyxamouieii cpenbl 25 °C. Tlpu apyrux TeMmepaTypax xapak-
TEPUCTUKA HEMHOTO CIBUTAETCH.

5

\ T,=125°C
’
= 25°C

NN
A\

32 \“\_\;\ H-rpanmua
AN
N

1 \N
ANY
: N\

0 5 10 15 20 25

fﬂ———
MA

Puc. 6.69. Boxoanas xapaxrepuctuka ana H-yposus npu U;= 5 B u U, = 0,4 B (Siemens).
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0,6

0,5

0,4 L-rpanuua

o =
4 /

V24

NN/
~Z

o1 A

0 10 20 30 40 50 mA
lar
MA

Puc. 6.70. Boixonnas xapakrepuctuka ans L-yposnsa npu U, =5 B, U, = 2,4 B.

3aBUCHMOCTh MEXIY BBIXOMHBIM TOKOM M BBIXOIHBEIM HAIpSOKEHHWEM Tpefi-
CTaBJISIETCHA NBYMSI BHIaMU XapakrepucTuK. OmMH BMI — A cocrosHus H Ha
BBIXOIE, APYTOii — JUISI COCTOAHUA L Ha BbIxome. Puc. 6.69 mokassiBaeT BEIXOIHBIE
XapaKTePUCTHKH Uisi H-ypOBHs1 Ipy pa3nu4HbIX Temueparypax. Hanpsokenue U,
He JIOJDKHO TPeBBIIIATh TPaHHIBI BEICOKOTro ypoBHA (2,4 B). IIpu Temneparype
okpyXampouiei cpemsl 25 °C ¢ BBIX0OJa MOXHO IOTPeOIATH MAKCUMAIBHO 8 MA.

Ha puc. 6.70 n306paxkeHbl BEIXOIHbBIE XapaKTEPHUCTUKH I HU3KOTO YpoBHS L.
Tox I, Teder BHYTPb Bxoja. IIpy Temmeparype OKpyXaloulei cpeibl 25°C Mmak-
CHMaJIbHO JONYCTMMBIH BTEKalOlMii TOK paBeH 34 MA. EciM TOK NpeBBICHUT 3TO
3HayeHue, To U, BBIAAET 3a npe/iesibl 06/1aCTi BHIXOAHOTO HaNpsDkeHusi L-ypoBHs
(BepxHaa rpanuna 0,4 B).

6.6.2.4. BHepronoTpebneHue

CrangaptHble uHTerpaibHble TTJI-MHKpocXeMBl OTIMYAIOTCS CPaBHHUTEIbHO
BBICOKMM 3HepromnorpednenueM. Hanpumep, cxema FLH 101-7400 notpebnser
NIpY HaNpsDKeHUH nuTaHusd 5,25 B Tok nmopsiika 8 MA, YTO COOTBETCTBYET IO-
TpednsaeMoit MomHocTH 42 MBr. Cxema comepxur yerbipe 3nemeHTa M-HE.
3HaumT, Kaxapli BeHTHWIE U-HE norpebdnser npumepro 10 MBt. B obiem, ato
He o4YeHb Gonbinas BenuuyrHa. OmHako Mukpocxema ¢ 10000 noruyeckuMu aJe-
MeHTaMHu OyaeT motpetnars yxe 100 Br. [Ina nutanus Takoil MUKPOCXEMBI yXe
He MOTYYUTCs UCIIOb30BaTh GarapeHku.

ITosToMy cTaHmapTHele MHTerpanbHEle TTJI-MHKpocxeMBl paboTaloT NperuMy-
IIECTBEHHO OT CTAIIMOHAPHBIX CTAOMIM3MPOBAHHBIX HCTOYHHKOB TTHTAHMS.
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6.6.3. TTJ1 ¢ NOHMXEHHBLIM 3HepronoTpebneHnem
(Low-Power-TTL, LTTL)

Low Power ¢ aHIJIMIICKOrO NepeBOMUTCA KaK IIOHIKEHHOE SHEProInoTpebiieHue.
TTJI-a1eMeHTsl ¢ MOHMHXKEHHBIM 3HepronoTpednenueM morpebnsawor 1/10 momnr-
HOCTH, TIOTpebnsieMoii ctTaHmapTHeIMK T TJI-3neMeHTaMU. YMeEHbIIIEHHUS SHEPro-
noTpe6GIcHUsT MOXHO TOOMTBCS, YBEIWIMUBAsi COMPOTHBICHHS BHYTPH MHUKPO-
cxeMmbl. TurmmuyHEeni 27eMeHT TTJI ¢ MOHMXEHHBIM 2HEPronmoTPeCIIEeHHEM H30-
O6paxeH Ha puc. 6.71. BugHo, uro cTpykryphl ctaHaapTHoit TTJI-cxemsr u TTJI ¢
MOHIKEHHBIM SHepronorpebieHueM MpakKTHIeCKH WASHTHYHB. OTHAKO pasiiu-
YH€ CTAHOBHUTCSI SICHBIM IIPM BHHMATEJbHOM PAaCCMOTPEHMH COIIPOTHUBJICHHIA.
Homunans! conmporurneHmii cranaapTHeix TTJI ykazaHbI cepbiM IIpHGTOM B CKOG-
xax. Homunaner conporusneHuit TTJI ¢ MOHMXEHHBIM 3HEPronoTpediieHHEM B
JecsiTb-IBeHanlaTh pa3 OoJble.

+U,

HomuHans
ana craHaapTHex TTN

40 xOm
(4 kOm)

20 kOm
(1,6 kOm)

500 Om
(130 Om)

A o—y

B

z's L

Puc. 6.71. Tunopoii TTJ1-aneMeHT ¢ NOHHXeHHBIM 3HepronorpetaeHnem (M-HE npu no-
JIOKMTENBHOM JIOMHKE).

12 xOm
(1,0 kOm)

0B

Onun normvyeckuii 3nemeHT MU-HE cxembr TTJI ¢ mOHMKEeHHBIM 3HEpPromno-
TpebneHHeM noTpebaser MolHOCTh nopsaaka 1 MBr. BeicTponelicTBue 3nemMeH-
TOB B OCHOBHOM OIIpeie/IsIeTCs BpeMeHaMH 3apaaa-pa3psaaa eMKOCTEN TpaH3HC-
TopoB. IIpH yBelMYeHNMH CONPOTHBIEHMWI BpeMsl 3apsiia-pa3psiia BO3pacTaeT U,
cnenoBarenbHo, GbicTpomeiicTBue TTJI ¢ MOHMXEHHBIM 3HEPromoTpebIeHUEM
HHXe, yeM y crannaptHeix TTJI.

TTJ1 ¢ NnoHWXeHHbIM 3HepronoTpebneHvem notpebnawT 1/10 MowHOCTK, NO-
Tpebnaemoit ctaHaapTHeiMK TTJ1. 3ato GeicTponeincTeue TTJ1 ¢ NOHUXEHHBIM 3HEP-
ronotpebneHrnem NpPUMEPHO B TPW pasa HUXe, YeM y cTaHaapTHeix TTJ1.

CpenHee Bpemsi 3alI€pPXKH f,, ONpEAENAIONIee BPeMs BBINOIHEHHMA OTHOMN
JIOTHYECKO# omepanuu, coctasisieT st TTJI ¢ moHKeHHBIM 3HEPronoTpeodne-
HUeM npuMepHo 33 Hc.

6.6.4. BeicokockopocTHele TTJ1 (High-Speed-TTL, HTTL)

BricokockopocTtHble TTJI xapakTepusylorcs npexmie BCero BHICOKHM GbiCTpoaeii-
crBUeM. BHYTpeHHSIsI CTPYKTYpa 3TOro 1ojiceMeicTBa JIOTHYECKHX 3JIEMEHTOB, KaK
u B cnyyae TTJI ¢ mOHMXKEHHBIM SHEPronoTpeSieHHeM, He OTIIMYAeTCs OT CTaH-
maptHeEX TTJI. CompormBrneHus 3TOTO mMoaceMeiicTBa yMeHbIneHb (puc. 6.72).
Bnaronapst aToMy npolecchl 3apsiia-pa3psiia eMKOCTei TPaH3MCTOPOB MpOTEKa-
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Puc. 6.72. Tunosoii BeicokockopoctHoit TT/I-anement (M-HE npu nonoxure/ibHOi 10rHKe).

0T ObICTpee, W OBICTPONECTBHE CYNIECTBEHHO Bo3pactaeT. CpemHee BpeMs 3a-
NEPXKH I, COCTABNAET MPUMEPHO 5 HC.

3a OpIcTponeiiCTBHEe MPHUXOOUTCH IUIATUTH MMOBHIIIEHHBIM 3Hepromnorpebie-
HueM. OHo GoJsiee YyeM B JIBa pa3a Bbillle, 4eM Ui ctaHmapTHeix TTJI. Onun
BenTnbs MU-HE, n3o0OpaxeHHblit Ha puc. 6.72, norpebusier mpumepHo 23 MBr.

BoicTpoaeicTene BbICOKOCKOPOCTHLIX TTJ1-21eMeHTOB B ABa pa3a Boillie, 4em Yy
cTaHaapTHeix TTJ1. OaHako oHm noTpebnsaoT aHeprim Gonee yem B ABa pasa Gonblue.

KomMmnelorep, nmocrpoeHHslii Ha BbicokockopocTHbIX TTJI, pabGoraer B nBa
pa3a GpicTpee, yeM KoMrmbloTep Ha craHmapTHEIX TTJI. OH BBIMOJHUT 3a TO XKe
BpeMsI IBOIHY10 paboTy. DTO 0UeHb XOpolIo. XyXe, YTO JUIA 3TOro eMy IoTpedy-
ercsi 00JIbllle SHEPTUH.

6.6.5. WoTtkn-TTJ1 (TTJILL)

Ilpu co3nmaHuM ONHOBPEMEHHO OBICTPBIX M SKOHOMMYHBIX MHKPOCXEM HCIIONb-
3yeTcsl CBOIMCTBO TPAH3MCTOPOB OBICTPO MEPEKIIOYaThCA B HEHACHIIIEHHOM CO-
crosinuM (cM. boiit/IlImyin, DnekTpoHuka, 4. 3). [Ipy noakiawoYeHUH A4Moaa 1o
puc. 6.73 mpenoTBpamaeTcsa HacblllleHWe TpaH3ucTopa. JHom JOoKeH HWMETh
BbicoKkoe ObicTpogmeiictBue. Iloaromy npumensior guonsl IlMorkm (cm. Boiir,
DnexTpoHuKa, 4. 2). Juonsl [IloTku oTnHMYaloTcsd BEICOKUM OBLICTPOAEHCTBHEM U
noporoBbiM HanpsxkeHueMm 0,35 B.

Tpansuctop Ha puc. 6.73 MOXeT MPOBOIUTH TOJIBKO JIO TeX Nop, noka U, He
ynaznet no 0,4 B. 3arem auon Ilorku npemoTBpaluaer ganbHeillee HaxOXIeHUE
TPaH3HCTOPA B OTKPBITOM COCTOSIHMM. OH caM IPOBOJUT B MPSIMOM HaIlpaBIeHHH.
Ot 6a3bl TOK TEYET Yepe3 AUO M Mepexoj] KOJUIEKTOP-3MUTTED K 3eMJIe. DTOT TOK
yKe He TeueT yepes 0asy TPaH3MCTOpPA M HE CIIYKHUT JUIS €ro VIIpaBIeHH.

Havano HachlllleHHMs TpaH3WCTOpa HaYWHaeTcs Torma, Korna U, mamaer no
snayenusa Uy, 1. e. ipu U, = 0,4 B TpaH3MCTOp yX€ HAXOAMTCS B HACHIILIEHUH,
HO He B I'TyOOKOM.

Huon IMoTku Ha puc. 6.73 Ha3bIBaeTCs «aHTHHACHIIAIOUIMI Auon». TpaH3u-
crop ¢ auonomM Illorku HaswiBaeTca TpaHsucropoM Illotkm. Ero ycnoBHoe 060-
3HAYeHME MOKa3aHo Ha puc. 6.74. [luon mpu 3TOM MoapasyMeBaeTcs 1o yMoJrJa-
HHUIO, H er0 MOXHO He 0003HaYyaTh Ha CXeMe.

IMpuHuunmuansHaa cxema tunudHoro synemeHTa TTJIII m3o6paxenHa Ha
puc. 6.75. 9ro s3nement M-HE B MonoXUTENBHOM JIOTHKE.

5—2114
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Puc. 6.73. TpaH3uCTOPHBINA KAacKaa HA AuMOAe Puc. 6.74. YcnopHoe o6o3HayeHue TPaH3HUC-
loTku. Topa IlloTku.

Cpennee BpeMs 3al€pXKM f, COCTaBJseT OT 2,5 10 3 HC, WIM IPUMEPHO
B/IBOE MeHblIIe, YeM i 3JIEeMEeHTOB MojceMeicTBa BBICOKOCKOpocTHRIX TTJI.

Taxk kak tpansucTopsl llloTku nposojsrt ciaGo, BHIXOAHOM YPOBeHb L Y HHUX
BhILIE, YeM y cTaHmapTHBIX TTJI-aneMmenToB. BeneacTBue 3TOrO paspelB MeXIy
ypoBHsAMHM L u H MeHblle, 4YTO O3HAadYaeT yXYAUIEHHE CTAaTUYECKON MOMEXO-
YCTOHYHMBOCTH.

Norvyeckne anemenTbl noacemencrea TTJILW xapakTepuayloTcs 04eHb BbICO-
KM BLICTPOASUCTBMEM, MNIOX0K NOMEXOYCTOWYMBOCTHIO U BBICOKUM aHepronoTpet-
NEHWEM,

DOnement U-HE (puc. 6.75) morpetnsier mournocts 20 MBT — BaBoe Gonb-
e, yeM snemeHT M-HE noacemeiictBa cranpaptHeix TTJI.

Puc. 6.75. Dnemenr TTJII 74 S 00 (Texas Instruments).

6.6.6. TTJILLU ¢ nOHMXEHHbIM 3HepronoTpebneHnem
(Low-Power TTJILU)

Snementsl noacemeiictea TTJILI moTpe6GnsaioT MeHblle 3HEPTUH NMPH YBEJTMYEHUH
CONPOTHUBJIEHUI B TOKOBBIX KOHTYpaX. MbI yXe orMedan 31oT 3(rpekT Nnpu pac-
cMoTpernu noacemeiictsa TTJI ¢ moHDKeHHBIM 3HepronoTpetieHueM (pasm. 6.6.3).
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Puc. 6.76. Dnement TTJIII 74 LS 00 (Texas Instruments).

ITpu yBenmuYeHHH COIPOTHBIIEHUI BpeMd 3apsiia-paspsana eMKOCTEH TPaH3UCTO-
pa BO3pacTaeT H, cieaosaTenbHo, 6picTponeiicteue TTJII ¢ mOHUXKEHHBIM 2HEP-
ronorpeGIeHUEM MOHMXKAETCH.

Crpyxktypa TTJIII ¢ moHMKeHHBIM 5HepronorpedieHueM COBIIANAET CO CTPYK-
typoit o6sryabX TTJIII. Toneko conporueieHns 6epyrcsa donpine. Ha puc. 6.76
uzobpaxeHa cxema tTunuyHoro TTJIII ¢ mMOHMXEHHBIM 3HEPromoTpebIEHHEM.
Cpennee BpeMs 3alepXKH f, cocTaBideT 9,5 He, sHepromorpebiaenue — 2 MBrT.

Beictpopeiicteue TTJILL ¢ noHWkeHHBIM aHepronoTpedneHuem v obbluHbix TTILL
NPakTUYeCKn OAUMHAKOBLL. Mpu 3ToM oHU noTpebnaoT Toneko 1/5 aHeprun obbiy-
HbiX TTJILL.

Hemoctrarkom o06oux moacemeiicts TTJIII, oOGbr9HOro M ¢ TMOHHXKCHHBIM
SHEPronoTpedAeHUEM, ABJISAETCS HHU3Kas MOMeXOYCTOMYMBOCTE MO CPaBHEHUIO
co craunaprHeiMua TTJL.

6.6.7. CpaBHUTENbHAS OLIEHKA JIOTMHECKUX 3/IEMEHTOB

HMneanbHblit TOrHYeCKUii 3JIEMEHT JOJ/LKEH 00JIaaTh OYeHb BBICOKHM OBICTpO-
JeHCTBHEM, IPYTHMH CJIOBAMU, CpeHee BpeMs 3aJIePXKKU JOJDKHO CTPEMUTBCH K
Hymo. Takxe OH mOJKeH MOTpeOIsATh MAJIO SHEPTrUH M 00J1a1aTh BHICOKOM IToMe-
XOYCTOMYHUBOCTBIO. DTH TPH CBOMCTBA ABIAIOTCA B3aUMOHCKIIoYaommMu. Ecau
CTPEMMTBCS K BEHICOKOMY DBICTpOeiCTBUIO, TO IIPOUTPBIBAEIIL B SHEPIONoTped-
JICHHH M TTOMEXOYCTOMYMBOCTHA. ECIM CTpEeMUThCS K MajioMy 3Hepronorpeodne-
HHIO, TO MPOUTPHIBaelllb B OBICTPOACHCTBUH.

ITpu BHIGOpEe Mexay ObICTpOMEHCTBHEM, dHEPronoTpedJeHHEM H IOMEXO0-
YCTOMYMBOCTBIO MPUXOIUTCS MCKATh KoMmIipomucc. CBO KOMIIPOMUCC [JIST KaX-
JOro KOHKpPETHOTIO CJIy4as.

Ana kaxpgoro nogcemeiictea TTJ1 Bwin HAWOEH KOMNPOMUCC Mexay BbiCTpo-
AEUCTBUEM, aHepronoTpebneHemM 1 NoOMexoyCTORYMBOCTLIO.

CxemorexHuka TTJI nocrossHHO coBepiieHCTBYeTcsi. [LOSIBISIIOTCS HOBbBIE
VIy4lIeHHBIE CXeMBI, B KOTOPBIX YIAaeTcsl ellie HEMHOro YMEeHBIIUTh IHEeprono-
TpeOJIEeHUE M YBEJIMUUThL OBICTPOAEIICTBHME NMPU COXpPaHEHHWHM BBICOKOI MOMEXO-



@2 Traea 6. Cemeiicmea cxem

a1

HMWEHEOdA

g5 a0 g9 450 g1 a1 ATXOR 9U00HERg
IIN 001 I 0£2 I 0 MW 0€1 LI 08 NI €1 I OF Mﬂﬂﬂﬂﬁ“ﬂu
OH § OH [T OH G‘6 OH ¢ OH ¢ OH €¢ SH ()T audroyarodislg
1N ] 1gn g 1gn g 1M 07 1GK €7 1gw | 1gH O i A
g¢ g6 as a¢ gas g¢ g BHHELUL SMHIXBAUEH
00STV bL 00SV ¥L 00ST ¥L 00S ¥L 00H ¥L 00T ¥iL 00 L undad dowoy
_godionaidsne meuor N
QMHHAMRAL £ 2 mULL dULL
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YCTOMYMBOCTU. BTO CTAHOBUTCS BO3MOXHBIM OJIarofapsi porpeccy B MpoOU3BOJI-
CTBE MHTErpajIbHBIX MHUKpocXeM. B mocniemHee BpeMsi MOSIBWIMCH HOBBIE ITOJICE-
mefictBa TTJI: ynmyumennsie TTJILI (Adwanced-Schottky-TTL) u yaydimeHHbIe
TTJIII ¢ moHmXeHHBIM 3HepromnorpetieHneM (Adwanced-Low-Power-Schottky-
TTL). HanbGonee BaXHBle MapaMeTphl MMOACEMEMCTB MHTETPATbHBIX MHKPOCXEM
MpHUBENeHL! B cleaylouieil Taduuie.

6.7. AMUTTEpPHO-CcBA3aHHasa noruka (3CN)

CxeMBI ceMeicTBa SMHTTEPHO-CBA3aHHOM JIOTMKM CO3/1aloTcs Ha 0ase Oumonsp-
HBIX TpaH3uCTOPOB. IIpH co3maHMM 3TOr0 ceMelicTBa MpecieqoBaIach Ueib 10-
CTHKEHMSI MaKCHMMaJIbHO BO3MOXHOro ObicTponeiicTBus. bonbimoe GricTpomeii-
CTBHE€ BO3MOXHO TOJBKO IMPH MEPEeKITIOYeHHH TPaH3HCTOpa A0 TOro, KaK OH BOMH-
et B pexuM HachimeHus: (cM. boiit/IlIMyin, DnekTpoHuka, 4. 3, pasn. 5.3).

Kaxercsi, HanGoJee MpoCThIM pelieHHeM ObUI0 6B MOCTPOUTDh CXeMBbI Ha Da3ze
IIPOCTHIX YCHIIMTENEH. B TaKMX yCHIMTENSIX TPAH3UCTOPHI HUKOTJA HE 3arepThl
MOJIHOCTBIO M HUKOT/ZIA He MPOBOAAT MoJIHOCTHIO. [IepexmoueHne MeXay cocTo-
SHUSIMH OTKPHIT—3aKPHIT IPOMCXOIUT Ype3BbluaifHO 6picTpo. OAHAaKO Y yCHIIH-
TeJielt Ha TPaH3UCTOpax MHOTO NPOOJIeM C IIOMEX0YCTONYMBOCTRIO. PasHH1Ia MeXTy
ypoBHsMu L ¥ H Majia, H COCTOSHHME BBIXOoAa HecTabmibHO. [laxe M3MeHEHHE
TeMIIEpaTypPbl MOXET IOBJIMATH Ha BHIXOAHOM YPOBEHb, T. €. BBI3BaTh CaMOIIPO-
H3BOJIbHBIE TIepexonsl ¢ L Ha H u HaoGopor.

B muddepentmansiHoM ycunutene (cM. boitt/IlImMyin, Dnexrponuka, 4. 3,
pa3n. 3.7.2) BO3BMOXHO 3amepeTh OAWH TPAH3UCTOP U YNpaBasTh ApyruM. s
YIIPaB/ISIEMOrO TPAH3HCTOpAa MMEET MECTO CHIbHas oOparHas CBA3b IO TOKY.
BceneacTteue 3Toro Majble M3MeHEHHS TOKa 0as3bl yIIPaBJIsIEMOIrO TPaH3UCTOpa
He BIHMSIOT Ha TOK KOJUIEKTOpa. BBIXOAHOM ypOBeHb OCTaeTcsi CTabWiIeH, XOTA
yHpaBiIsAeMbIii TPaH3HCTOP He HAXOAUTCH B HACHIIIIEHHOM COCTOSTHHUM.

PaccmorpuM cxemy Ha puc. 6.77. Ha Heil u3oOpaxeHa NpHMHIMIIHAIBHAS
cxeMa qubdepernmansHoro yewnurens. K 6ase tpansucropa 7, TOCTOSHHO NPU-
JIOXEHO HanpskeHue, Hanpumep +2,7 B. lonyctuM, K 6ase T, ToXe NPHIOXKEHO
HanpspkeHue +2,7 B. O6a TpaH3ucTOpa OTKPBITHL, ¥ 10 SMUTTEPHOMY CONPOTHB-
NeHHI0 R, TedeT oOIMil SMUTTEPHBIA TOK IPUMEPHO 2 MA.

U,=+58B

+35B L 5B H
+3,78 +2,78B

oB

T‘
(OTRPLIT) +3 B
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(3akpuit)

——
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Puc. 6.77. AuddepeHumanbHbIi YCHINATED.
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Ecnu nanpsokenue Ha 6ase 7| craHoBMTCS Bbilue yeM +2,7 B, To cocraps-
Iomasi Toka amMutTepa ot T, yBennuusaercsa. Ha R, yBenuunBaercs mnajeHue Ha-
NIPSDKEHMA, U TPAH3UCTOP T, MOJDKEH 3aKpPBITBCS.

Ecmu x Gase 7, mpwioxeHo HampskeHue 3,7 B, TO TOK 3MuTTepa paBeH
npumMepHo 3 MA. Conporusiienue R, HOJIXHO OBbITh TAKMM, YTOObI HaNpsDKEHUE
KoJulekTopa I, He YIajo CJAMIIKOM CAJIbHO. 7, MOXET NPOBOIUTH TOJNBKO JI0 TeX
nop, 1MoKa He NMPHOMU3UTCS K HachieHuIo. Tpansuctop T, 3anupaercs, U emy
HE HYXXE€H 3MUTTEPHbIH TOK.

K Brixony Z, sanmeproro tpansucropa T, mpuknaaeiBaercs +5 B. D1o Hanpsa-
XKeHHe BBICOKOTo YpoBHs. K BBIXOIy Z, 3a1epToro TpaH3uCTOpa MPUJIOKEHO Ha-
NpsDKEHKE, MOJyYeHHOE B pe3y/ibTaTe NajJeHUs HalpsokeHus Ha R, u Harnpsoke-
Hus U, npoBojisiero rpansucropa. OHO paBHO MpuMepHO 3,5 B ¥ OTHOCHTCA K
HIDKHEMY YPOBHIO.

Ecnn nanpsikenue 6a3pl 7, HEMHOIO NajJaeT WIM HEMHOTO pacTeT (Hanpu-
mep B AuanasoHe 0,1 B), To ypoBHH Z M Z, NnpakTHYeCKH He MeHAIOTCA. OHM
ocTajorcs cTabuwibHbiMH. Ecnu Hanpsokenue 6asel T, magaer Huxke 2,7 B, To
IPOMCXOIMT «ONPOKHU/IbIBaHKEe». TpaH3ucTop 7, HAUMHAET IIPOBOAUTE U BHIHYX-
naeT TpaH3ucTop 7, 3aKphiThCs. BBIXOA Z, CTAHOBUTCA BLICOKMM YPOBHEM, a
BbIXOA Z, — HHU3KUM. KOJUIEKTOpHOE CONpoTHBIeHHEe R, NOJKHO ObITH 100~
OpaHo Tak, 4robsl 7, HE BXOIWII B COCTOSIHME HACBILIEHUS.

IMapannensHo ¢ TpaHsucropoM 1| MOXHO BKIIIOYATh IPYIHE TPAH3UCTOPHI
(puc. 6.78). Takoe mapaienbHOe COeJUHEHHE SIBJISETCA SKBHBAJIEHTOM IPOBOJ -
Horo WIH. TIpu nonoxurenpHO JIOrMKe Ha BbIXOJAE Z, BbITOJIHAETCA Onepauus
WJIN-HE. Tak Kak BbIxoa Z, paboTaeT MHBEPCHO MO OTHOWIEHUIO K Z,, TO Ha
HeM BbIMojTHgeTcs onepauus UIIH.

Vposuu Hn L BbIXONO0B Z, ¥ Z, HE TOAATCA JUISl YIIPABICHUS MOCIEN0BaTE)b-
HO BKJIIOYEHHBIMH JIOTHYECKUMU 2JieMeHTaMH. [TosToMy K KaXKaoMy M3 BEIXOOB
MTONKIIOUAIOT SMUTTEPHBII MTOBTOPHTENb. 3a CUET 3TOTO IPOUCXOAUT CMELIEHUE
YPOBHSI ¥ CTAHOBHMTCH BO3MOXHbBIM yIpaBjieHHe OOJbIIMM KOJIUYECTBOM TOCTe-
J0BaTelIbHO BKJIIOYEHHBIX 2JIEMEHTOB.

TunoBoe 3HaueHHe KO3(D(HUIIMEHTa Pa3BETBJIEHUS IO BBIXOMY HAXOMUTCS B
auamnazone ot 20 mo 30. Ha puc. 6.79 mpeacrarneHa MpUHOWNNAIBHAS cXema
anemenTa DCJI ¢ SMUTTEPHBIMHA MOBTOPUTENSIMHM Ha BBIXOAAX.

@uUKCUpOBaHHOE NMOCTOSHHOE ONOPHOE HaNpsXeHue JnsA TpaHsuctopa T,
Ha cxeme (puc. 6.77) MoxeT OBITh NOJIYyYEHO C NOMOLIBIO JEJIUTENSI HaMpsxKe-
unsg. B cxeme FYH 124 (puc. 6.80) ucnonb3yercss AOMOTHUTEIBHBII TPaH3MC-
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6.7. DmummepHro-ceazannasn nozuxa (3CJA)

O (o [
v’
r:\ /
;;\
KNy /A -
 — Ja O [
0B

Puc. 6.79. OCJI-3neMeHT ¢ SMUTTEPHBIM KACKAJIOM.
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Mapkuposka
I;] [1] Puc. 6.80. DCJI-3nement FYH 124
A B C D °U;=-5B (Siemens).

TOp, KOTOPHIH oGecrieunBaer cTabWIBHOCTh ONOPHOro HamnpspkeHusi. OnopHoe
HanpsoKeHWe OMpeesisieT TaK Ha3biBaeMbIil TIOPOT MepeKTIoYeHH.

H3arorourenu DCJI-cxeM HMCIIONB3YIOT Uallle BCEro OTPHULIATENBEHOE HAaIpsi-
xenue mutanusa —5,0 B. TTomoxuTenpbHBIIN MOMIOC NICTOYHWUKA MTUTAHWS 3a3eMJIsI-
erca. s H- u L-ypoBHEH MONMy4aloTCs OTPHUATEIbHbIE 3HAYEHUS - HaNpsDKe-
Hus. Juanasonsl ypoBHeil cxeMbl FYH 124 mokasansl Ha puc. 6.81. Orpuua-
TeJIbHOE HANpsDKEHHUE NMUTAHUSI YIY4YLIAeT IOMEX0yCTONYMBOCTD. PasHuna mexny
HanpsokeHUsIMH L- 1 H-ypoBHeil cocTaBisier Bcero okono 0,4 B. ITomexoycroii-
YUBOCTH BCJIEICTBHE 3TOro Mayia. M3roToBUTEIH YKA3BIBAIOT B TAONUIIAX JAHHBIX
crarudeckyio rmoMexoycroiunsocts 0,3 B. Bompoc momexoycroitamBocTH pac-
CMOTpeH noapobHee B pasn. 6.4.5.

OcobbiM npenmymiectBoM cxeM DCJI sBisiercs xopollee OBICTpOnEiCTBHE.
Cpentiee BpeMsi 3aJICPXKH 7, COCTABJIACT 2 HC. YIIy4lIEeHHbIE TEXHONOIUH MO3BO-
JIAI0T YMEHBLINTD £, 10 1 HC. B HacTod1ee BpeMst pa3spabaThIBaeTCs TaKoe Cyrep-
GricTponeiicTByioniee DCJI-TmoaceMeiicTBO.

Noruyeckue anemeHTbl noacemeincTea 3CJ ABNAKOTCH cambiMit BeICTPOAENCTBY -
IOWMMK NTIOTUHECKUMW 3NEMEHTAMW B HACTOSILLEE BPEMSA.
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S ‘ Puc. 6.81. YpoBHH HanpaXeHHs

| DCJl-anementa FYH 124.

OYeHb BBHICOKHE CKOPOCTH TEPEKIIOUeHUsT BBI3EIBAIOT MPOBIEMBI ¢ IIPOBOI-
HukaMmH. IIpM cKopocTH 2 HC MBI 3aXOMHM B BEPXHIOI0 MeErarepueByio o0nacTb
(okono 250 MT'LI). ITpoBoga aKkTUBHO M3/IY4alOT B BHICOKOYAaCTOTHOM AHAIIa30-
He, YTO NMPUBOAUT K B3aMMHOMY BJIMSIHUIO PSIAOM IPOJIOKEHHBIX NIPOBOXHHUKOB,
TO €CTh 3JIEKTPOMArHUTHAsI SHEPTHs M3IIy4aeTcs OT OAHOTO NMPOBOIHHKA K Jpy-
roMy H HaoOGopoT. BpeMst mepekIIioue HUSI JIOTHYECKOTO 3JIEMEHTAa COMOCTABUMO C
BpeMeHeM MPOXOXAEHUSI CHIHANIa M0 MpOBOJHKKY. BosHuKaeT npobnema 3Jek-
TPOMArHMTHOH COBMECTHMMOCTH M B COSIMHEHUSX MEXIY OTAENbHBIMH JIOTHYE-
cKMMH 3jieMeHTaMH. IIpH pa3Boike cxeM clienyeT TakKe YYHTHIBaTh BOJIHOBbLIE
COMPOTHUBNIEHHUS IIPOBONHHUKOB (IOPOXKEK Ha IUIATE).

Cxembl ¢ SCJ1-aneMeHTaMmn A0MKHbBI PACCMAaTPUBATBCH KakK BbICOKOYACTOTHbIE
CXeMbi.

Heobxonumo mpuMeHaTh sKpaHupoBaHue. Eciim HeoOGXOOMMO TNMPUMEHATH
JUIMHHBIE TIPOBOJZA, TO OHW HOJKHBI OBITH KoakcuanbHbIMHM. LlenecoobpasHo
MPUMEHATH TIPH MOHTaXe CXeMbl BHICOKOMHTErpallbHbIE MUKPOCXEMBI C BBICO-
KO# IUIOTHOCTBIO 3JIEMEHTOB. JJOpOXKH Ha maTrax MeXIy MHKPOCXeMaMH JOJIX-
HBI OBITh KaK MOXHO KOpOYe.

B mo6oM pabouem pexume B DCJII-3memMeHTax Bceria OTKPbITHl MHOTO TPaH-
3UCTOPOB, MOTPEOSIOIUX COOTBETCTBYIOLHE TOKH.

OnemenTel ACI-noaceMencTsa OTAMYANTCS BLICOKUM 3HepronoTpebneHmem.

Kaxnpiit aneMeHT norpe6isier npuMepHo 60 mBt. D10 B miecth pas Gomblue,
geM y ctaHgapTHeix TTJI-amemenToB. B cinemyionieit Tabiuie npuBeaeHsl Bax-
Heiue napamerpbl DCJI-321eMeHTOB:

Cxembl noacemericrea DCJ1

Hanpsixenue nutaHus —-5B
DHepronorpebiaeHye (Ha BEHTIIb) 60 MBT
BrictpoaeiicTeue 0,5 HC
Maxc. 4yacToTa nepexiodyeHus 1Ty
Tunu4HLBIH 3a30p MEXLY YPOBHAMU 0,3B

BCJI-3neMeHTH IPUMEHSIOTCS B TAKMX CXeMax, I7ie Bbhicokas pabo4yasd cKOpOoCTh
uMeeT abCOMIOTHBIN nMpuopuTeT. Hapsoy ¢ HEMHOTMMH MPUKIATHBIMHU O0IacTAMU
MIPOMBIIJIEHHBIX CUCTEM YIIPARJIEHHS 3TO MPEX/IE BCEr0 BOEHHBIE TEXHOIOIHU.
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6.8. Jlornyeckue anemeHTbl Ha MOMM-TpaH3ucTopax

CeMeiicTBO Toru4eckux 3memMeHTOB Ha MOII-TpaH3ucTOpax cCOCTOMT U3 MoJe-
Bbix MOII-rpausucropos. ITonessie MOII-TpaH3MCTOPBI IOUTH HE HYXIAIOT-
csl B TOKe yrnpasjieHusas. OHH UMEIOT MaJibie TabapuThl U OTHOCUTENBHO IPOCTBI
B M3rOTOBJICHMH. BO3MOXHO NPOM3BOACTBO B BUI€ HHTETPATBHBIX MHKPOCXEM
¢ BbICOKO# rutorHocThio. K Hemocrarkam MOII-TpaH3ucTOopoB OTHOCHTCS 60MB-
Ioe BpeMsl TIepeKIIOYeHHsI H3-3a OONBIIMX BXOIHBIX €MKOCTeill TpaH3McTopa
(3aTBOP-HMCTOK).

6.8.1. ONacHOCTb CTaTUYECKOro 3/ieKTpu4ecTea

IToneBsie MOII-TpaH3uCcTOPBl BOCIIPUMMYMBEL K CTAaTHYECKHUM paspsaaaMm (CM.
boiit, DnexTpoHuka 4. 2, pa3a. 8.2). OnacHOCTh BBIXOAa M3 CTPOSA MO NPUYHMHE
paspsAa CTaTHYECKOro 3JIEKTPHYECTBA CYLIECTBYET BOOOLIE I BCEX MHTErpab-
HBIX MHKPOCXEM.

Mpu pa6ote ¢ MOM-MUKPOCXEMaMK HYXXHO NPUHMMATL 0COBEHHbIE Mephl npe-
OOCTOPOXHOCTM NPOTUE CTATUYECKMX Paspadoe.

K MepaM mnpeaoCTOPOXHOCTH OTHOCHTCS 3JIEKTPOIPOBOAMALIEe HAMOJIbHOE
MOKPHITHE B TTOMEILIEHMSX, rae paboraloT ¢ MukpocxeMaMu. Kaxmeiii paboyuii
CTOJI I0JKEH ObITh 000PYI0BaH 3a3eMJIEHHOM TuiacTMHOM. [lepcoHa He HomKeH
HOCHUTH OIeXAy M3 CHMHTETHKH, HarpuMmep HeiutoHa. IlenecoobpasHo HOCHTHL
NEKTPUYECKH IIPOBOISILYIO, 3a3¢MJIEHHYIO Yepe3 IMOKWiA IIPOBOI MaHXKeTy.

CneayomuM OIacHbIM 3BEHOM SIBIsIETCSA maiika. [TepexomHoe cOMpOTHBIE-
HHE IasUIbHUKA MEXIY XKaJIOM M HarpeBaTe/IbHBIM 3JIEMEHTOM COCTABJISIET IIPU-
MepHO 100 KOM. DTO CONMpPOTHUBIIEHUE KAXETCA NOCTATOYHO GONIBIIMM, OJHAKO
OHO OYEHb MAJIO 110 CPABHEHHIO C COIPOTHBIIEHHSIMH MEXIY YIIPaBIISIONIMM 3J1eK-
TpoIoM M Imomioxkoi monesoro MOII-TpaH3ucropa. B nasuibHUKe MOXeT Ha-
KaIUTMBaThCA 3apsiil, KOTOpbie cmocobeH nmospenutt MOIT-MukpocxeMy.

Ana moHTaxa u aemoHTaxa MOl-mrkpocxem crieayer KCnonb3oBaTb ocobeH-
Hble 6e30nacHble NasnbHWKM 1 NaAbHbIE BaHHbI,

MOII-MHUKpOCXeMbI, KOTOPBIE TTOABEPIUCH BO3AEHCTBUIO BHICOKHX HaIpsi-
XEHMI, HO MPOJOJDKAIOT Ha IEepPBbIi B3I HOPMaJIbHO pabotark, ¢ GoMbLION
BEPOSAITHOCTBIO MMEIOT BHYTPEHHHE MOBpeXIeHHs. Takoil BUI MOBpeXIeHH
HAa3BIBAIOT «CTPECC IOJYMPOBOAHUKA». BCIIENCTBHE TAKOIO CTPECCa CHIKAETCS
CPOK CIIyXOBbI TIOJYITIPOBOIHMKOBHIX 3JIEMEHTOB M INMOBBIIAETCH WHTEHCHBHOCTD
0TKa30B. YTO MPOM30MAET MpHM CTpecce MOJNYNMPOBOIHMKA BHYTPH KpHCTaIa
MHUKPOCXEMBI — TIpeCcKa3aTb HEBO3MOXKHO.

6.8.2. Jlornueckmne anemMeHTbl Ha p-KaHanbHbIX
MOTIM-TpaH3ucTopax (pMOIM)

Jlormyeckue anementsr pMOII-noacemeiicTBa cTposATcs Ha Dase caMo3amupa-
ommxcst p-kaHabHeIX MOII-Tpan3ucropos. Cxema npocroro pMOII-anemMeHTa
MokasaHa Ha puc. 6.82. Ha Beixoe Z npucyTCTBYET YpPOBEHb L, €CIIM MO KpaiiHei
Mepe OIMH M3 TPaH3UCTOPOB 3arepr. Ha Beixoae Z npucyTcrByer ypoBeHb H, eciiu
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Puc. 6.82. I1pocroit pMOIl-3ne- boyas Tabnu- —
ment (MUJIU-HE npw nonoxmu- 113 K CXeéMe Ha B *T_
3
TeJBHOM JIOrUKe). . puc. 6.82. -
L

Ha BXonax A u B neiicTByeT ypoBeHb L, T. €. 002 TpaH- Pue. 6.84. Tunosas cxema
3ucTopa OoTKpeITEL. CooTBeTcTBYIOUIasi pabodasa tab- pMOIl-anementa (UIM-HE
JIML@A TIPEACTABICHA Ha puc. 6.83. B MO3UTHBHOI j10- TP NOJIOKHTENLHOI JOTHKE).
TMKe JaHHas cxema npeacrasisaet snemeHT UJIA-HE.

H3roTopneHue COMpOTUBIEHUS R B KpUCTAJUIE TTOJIyIIPOBOIHHKA TpeOyeT IOIo-
HUTENBHBIX yerwmuid. [ToaToMy conmporuBiieHHe R 3aMeHSTIOT TTONIEBLIM TPAaH3HCTOPOM
¢ 0co6piMU cBOMcTBaMM. TummyHag cxema pMOII-31eMeHTa MoKa3aHa Ha puc. 6.84.

Paccmotpum TpaH3ucTop 7|, KOTOpBIN 3aMEHSET HArpy304YHOE CONMPOTHBIIE-
Hue R. Ero 3aTBop (YHpaBISIIOIIHWI 3JEKTPOI) IMPUCOECAIWHEH K MCTOYHHKY Ha-
npsokeHus nutanud. Eciu ob6a kimioya-tpansuctopa 7T, u T, OTKPBITHI, HampsKe-
HHe Ha CToKe T W, ciefoBare/ibHO, Ha Beixoae Z — npumepHo —1 B. Tpansuc-
top 7, Taxxke otkphIT (U,. = —11 B). BosHuKaeT 01acHOCTb NMPOTEKAHHUA CITULIKOM
GOIBIIIOrO TOKA, M BCAECACTBHE 3TOI0 Ype3MEPHO BHICOKOE HAIIpSDKEHUE BbIxona Z.
YToOBI 3TO HE MPONCXOAUIO, TPAH3UCTOP T, IPOM3BOIMTCS TAKUM 00pas3oM, YTo-
OBI CONMPOTHURIIEHHE KaHaJa B IMMPOBOASIIEM COCTOSHHMH He nagano Hike 100 kOm.
Tpansucropsl T, u T, MeIOT CONPOTHBJIEHU KaHala OT IpuMepHo 1 10 2 KOM
B OTKPHITOM COCTOSHHHM. B 3aKpBITOM COCTOSHMH COIpOTHMBJIeHMe KaHana T

1

MeHblle conporuBnenuit kananos 7, u 7,. B tpansucrope T, 0HO paBHO MpHU-

mepHo 1 MOwm, B 7, u 7, — npumepro 10 MOM. Ecmv tpansucroper 7, u T,
3arepThl, UM XOTS OBl OIMH W3 HUX 3alepT, Ha Beixoae Z AeiiCTByeT HaIpsikKe-
Hue nmpuMepHo —11 B, T. e. HanpsDkeHue L-ypoBHs.

PMOII-anemenT Ha puc. 6.85 TpOU3BOAUT MPH MOJIOKMUTETLHOM JIOTHKE OTIe-
paumio U-HE. Eciu Ha Bxonie A wiu B jieiictByeT ypoBeHsb L (Hanpumep —11 B),
TO BhIxoA Z Oynetr uMerh H-yposeHs (—1 B). To Xe caMoe IIpoMCXOOMT, eCclIA Ha
oboux Bxonax neiicTByet ypoBeHb L. TonbKo ecny Ha 060MX BXONAax MPUCYTCTBY-
er H-ypoBeHb, U, C/IeIOBATENIbHO, HU OJIMH U3 TpaH3ucTopos T, u T, He npoBo-
IuT, Z ocraercs Ha yposHe L (puc. 6.86).

Ha puc. 6.87 npencrabnena cxema pMOII-anementa HE. Tpansucrop T,
3aMeHsieT Harpy3o4yHoe comnporusienue. Tpansucrop 7, paGoraer B KayecTBe
KJIioYa. ¥YpoBeHb BBIXO/Ia BCETIa IIPOTHBOIIOJNIOXKEH YPOBHIO BXOJA.

Cxemsl Ha pMOII-3neMeHTax notpebnsior Maio 3Hepruu. Hanpsokenue nu-
TaHUSI MOXeT Kojebarbcs B OosblnoM nuamnasoHe (or —9 B mo —20 B). Yem
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Puc. 6.85. Tunosas cxema pMOIl-anemenTa Puc. 6.86. Paboyaa Tabnmua K cxeme Ha puc. 6.85.
(M-HE npu nosoxuTe1bHOM JIOTHKE).

Bblllie BbIOMpaeTcs HampsDkeHUe MUTaHU:A, TeM OoJibliie OyAeT craTudeckasl mo-
MEXOYCTOMYMUBOCTb, TAK KAK C PACTYIIUM HANPSDKEHUEM MUTAHUS WHTEPBAJI MEXIY
L- u H-ypoBHsiMM yBenuvuBaetcs. [[Mana3oHsl YPOBHA JJIS HANPSDKEHWS TIATa-
Hus —12 B usobpaxkeHsl Ha puc. 6.88.

I'paHMYHBIE 3HAYEHHUSI U OCHOBHBIE MApaMEeTPhl MPUBOAATCS B TAOJMLIAX NPO-
M3BoAUTeNei. TeXHONOrMM M3roTORJEHHS TOCTOSHHO coseplieHcTByloTcsa. Co-
OTBETCTBEHHO OOHOBJISIIOTCS M I1apaMeTpHl.

B cnepylomeii TaGnuile mpuBeAeHbl BaXHeilnue xapaktepucTuku pMOITI-
3JIEMEHTOB:

Cxemsr nojacemeiictea pMOIT

HanpsaxeHnue nuTaHus1 —12 B (or —9 no —20 B)

BuepronotpedaeHne (Ha BeHTHAB) 6 MBTt (npu BeIXOAHOM ypoBHEe H)
0 MBT (npu BEIXOAHOM ypOBHE L)

BricTponeiicTeue 40 He
MaxkcumanbpHas 4acTora 10 MI'no
nepex1o4YeHus
TunuuHerit 3a30p Mexny 5B
YPOBHSIMU
U ,=-128 | Bxoamoi BuixoaHOi
B YPOBEHbL YpOBEeHb
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T, L - ™n. -11 B
-128B -128
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Puc. 6.88. duanazounl Hanpsxeuuiit pMOII-
Puc. 6.87. Cxema pMOIl-3nementa HE. anemenToB (U = —12 B).
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PMOTM-anemeHTLl paboTaloT MEANEHHO, HO YCTONYMBO. OHM HYXOAKTCH B 40-
CTaTo4yHO BONLLIOM HANPAXEHW NMUTAHNA.

PMOII-351eMeHTBI NIPMMEHAIOTCH B TAKMX CXEMaXx, Ile BbICOKas1 paboyas cKo-
pocTh He HyXHa. MHTerpajibHble MHUKPOCXEMbI MOTYT BHINOJIHATBECA € GONBIION
IUIOTHOCTEIO. Biiarogaps mpocToii TeXHOJIOTHHM M3TOTOBIEHUS BOZMOXHO ITPOMBILII-
JIECHHO€ TIPOMU3BOICTBO HeOONbIIMX nap’mﬁ IIoJ KOHKPETHBIE 3a1a4H 110 3aKa3sy.

6.8.3. NNornyeckme anemMeHTbl Ha N-KaHanbHbIX
MOMM-TpaH3ucTopax (NMOIM)

Jlornyeckune anemMenThl pMOII-moacemeiictBa crpositcss Ha Oa3e caMosanupa-
oumuxca n-KaHalnbHbIX MOTI-TpansucTopoB. IIpuMeHSIOT APYyTyI0 TEXHOJIOTHIO
M3TOTOBJIEHHS, KOTOPasi 103BoJisieT No6UThCs ellle Oonbllei MIOTHOCTH YNaKOB-
kH, 4em y pMOII-3neMeHTOB. DTO CTAHOBHTCS BO3MOXHBIM OJlaromapsi 3HaYM-
TENLHO MEHBIIMM COMPOTUBJIEHUSIM KaHamoB. WX 3HauyeHMe COCTaBiseT MpH-
MEpPHO TpeThb OT 3HaueHui conmpoTunieHuil KaHanosB pMOII-anemenToB. MeHb-
1Iiee COMPOTHUBJIEHHE KAaHAJIOB U MEHBIIIHE BXOIHBIE EMKOCTH B MUKPOCTPYKType
TPaH3MCTOPOB MPHUBOIAT K MOBBILIEHHUIO OLICTPOAEHCTBUA.

NMOM-anemeHTbl paboTanT NPUMEPHO Tak Xe BGbICTPOo, Kak cTaHgapTHuie TTJ1-
anemMeHTbl. Ux BbicTpogencTene coctasnaeT nopaaka 10 He.

MeHslliee CONPOTHBIIEHHE KAHAJIOB MMO3BOMSAET CHH3HUTh HAIPSDKCHHME ITUTa-
Husa 10 5 B. Do penaer BO3MOXHBIM COBMeCTHOe Hcnosib3oBanue nMOIT-ane-
MeHTOB U TTJI-3nemenToB. Ha TeXHU4ECKOM SI3BIKE TOBOPSIT, YTO OHH COBMEC-
THMEBI.

NMOM-anemeHThl coBMecTUMbl ¢ TTJ1-3nemeHTamu,

Cxemsl nMOII-3/1eMEHTOB aHAIOTHYHBI 110 CTPYKType cxeMaMm pMOII-3ne-
MEHTOB, TOJIBKO NMpUMeHsII0TC n-KaHaibHeie MOII moneBbie TpaH3ucTopsl. Ha
pHc. 6.89 npuBeneHbl ABe TUNMMYHBIE cxeMBl. JIeBas cxeMa IPOM3BOAUT MPH I10-
noxurenbHoi noruke onepaunio U-HE, npasas — onepaimio UJIU-HE. Coor-
BETCTBYIOLIME THATTa30HbI YPOBHEH NoKa3aHsl Ha puc. 6.90.

B cnenylomeit Tabnune rpupeneHbsl BaxHeime nmapametpsl nMOII-amne-
MEHTOB:

Cxembl noacemerictea nMOTI

HanpsixeHHe nUTaHUA +5B

BHepronotpebaenue (Ha BeHTWIL) 2 MBT (npu BeIxOAHOM ypoBHe L )
0 MBT (npu BEIXOAHOM ypOoBHE H)

bricTponeiicTBue S HC
MakcuManbHas 9acToTa 80 MI'x
Nnepex1IoMeHUs

TUNUYIHEIN 3a30p MEXKAY =2 B

YPOBHAMH
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- -058 | nMOIl-anemenTos puc. 6.89.

OTnenbHbIE TOTHYECKHE NIEMEHTHI B BUIE MHTEIPAIbHBIX MUKPOCXEM CETO/I-
HSI IPaKTUYECKU He MpOU3BOsTCH B n-KaHabHO MOII-texHonoruu. B Buae
MHTETPAJIBHBIX MUKPOCXEM IPOU3BOMAAT LIEJIbI€ BHIYMCIUTENbHBIE CUCTEMBI, Ha-
TIpUMep YMHOXWTE/IH, KOOUPOBIIMKY, cYyeTuuMKH. [Ipom3BoacTBo Gosee Kpyli-
HBIX MHTETPATBHBIX MUKPOCXEM SIBIIsieTcsl 0COGEHHO BHITONHO C 9KOHOMHYECKOM
TOYKH 3pEHHUS.

6.8.4. Jlornyeckne anemeHTbl Ha KMOT-TpaHancTopax

Cokpauienne KMOII o3nayaer «komruiemeHTapHbiii MOTI-Tpan3sucrop». Tak-
JKe WHorga Hucmnoibdyercs cokpameHue COSMOS, kotopoe 0003HAYaeT «KOMII-
neMmeHTapHas cumMMmerpudaHas MOII-cTpykrypa». Jloruueckue 3J1€MEHTBI 3TOr0
TofceMeiicTBA CTPOATCA KakK Ha n-KaHanbHbIX MOTI-noneBsiX TpaH3UCTOpPaXx,
Tak 1 Ha p-KaHanbHbIX MOII-noneBeix TpaH3ucTopax. CxeMbl 3TOro noaceMeii-
CTBA XapaKTepU3yloTcsl IPKO BhIpaXXeHHOM cummeTpueil. IIpu paspaborke cxeM
MPUMEHSIOT TONbKO camo3armpawinuecss MOII-Tpan3uctopsl (cMm. boiit, Dnek-
TPOHHKa, 4. 2, pa3n. 8.2, MOII-noneBbie TPAH3UCTOPDI).

CHMMETPHYHOCTh CX€M BHAHA 0COOeHHO Xopolluo B cxeMme aneMeHTa HE
(puc. 6.91). Eciu Ha Bxone A neiictByer H-ypoBeHb, HanipuMmep +5 B, To TpaH-
suctop 7T, ornupaerca. Ha ero ucroke u moroxke 0 B. HanpspkeHue 3arBop-
uctok U, cocrapiger +5 B. K MCTOKY 1 MOU10XKe TpaH3UCTOPa 1| MPHIIOXKEHBI
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U, =+58 U =4+58
1 4 P-xananotbiit —e
Ii—-— MOM-TpaxancTop Ugs Fa—
| =08 I 3anept
T, =-58B T,
A o—s — 7 A Oy — 7
+5 B U 0B
— 0B o p— +5B
- N-KaHaneHsIR =+58 OTKpLIT
MOM-TpaKaucTop =08 |-=
—e . —
T, T,
Puc. 6.91. Cxema KMOI1 HE-3nemeHTa. Puc. 6.92. Ilpunumun aeiicteus KMOI1 HE-
3MEMEHTA.

+5 B. Ecim K ynpamisiiolieMy 2JeKTPOay Takxke NMpHKIaasBaiorcs +5 B, To
HanpspkeHue 3aTBop-ucToK U .= 0 B. Tpansucrop 7, sanepr. Eciu T, 3anepr, a
T, OTKpPHIT, TO BBIXO 3JIeMeHTa Z UMeeT yposeHb L (puc. 6.92).

Ecnu na Bxozie A neiictsyer L-yposeHsb 0 B, To TpaHsucTop 7, 3anupaercs u
HanpspkeHue 3aTBop-HeToK U . cocrapisier 0 B. HanpsokeHue 3aTBOP-MCTOK TPaH-
sucropa T, U, = —5 B, TaKk Kak HampsokeHMe McToka +5 B, a 3arsopa 0 B.
Tpansuctop T, ornupaerca. Eciu T, otkpeit, a T, 3anepr, BHIXOA 31eMeHTa Z
HMeeT ypoBeHb H.

B KMOIN-HE-3nemeHTe BCEraa 0AMH TPAH3UCTOP OTKPLIT, @ APYroi 3aneprT.

Ecnu Ha Boixoge anementa HE nelictByer yposeHb 0, TO 3jieMeHT TpaKTH-
4ecKM He IoTpebiseT TOK, Tak Kak 7, samepr. Ecim Ha Bbixome anementa HE
JECTBYET ypoBeHb H, TO 2JIeMEHT TakKe NMPaKTHYECKH He MOTpebnseT TOK, TaK
Kak Tenepb 7, 3anept. [Ins ynpasieHHMs MOCIEI0BATENBHO BKIIOYEHHBIMHU 1€~
MEHTaMHM TakKe He TpeOyeTcs TOK, TaK KaK IMOoJieBbie TPAaH3UCTOPHI IPAKTHYECKH
He MOTpeOISIOT MOIMHOCTh. TONBKO BO BpeMs IEPEeKIII0YeHHSA OT HCTOYHHKA
NMUTaHUA noTpebnsierca HeOONMBIIOH TOK, TaK Kak oba TpaH3MCTOpa OLHOBpE-
MEHHO, HO HeJIOJIr0 OTKPBITEl. OZUH M3 TPAH3UCTOPOB MEPEXOOUT U3 OTKPBITOTO
COCTOSIHMSA B 3aIl€PTOE M €llle He MOJTHOCThIO 3alepT, a IPYToil — U3 3aMepToro B
OTKPBITOE U €lli€ HE MOJHOCTbIO OTKPHIT. TakXKe MOJDKHBI Tepe3apsiauThCs TpaH-
3UCTOPHEBIE EMKOCTH.

Bce KMOTI-3/1eMeHTH YCTPOEHBI TaK, YTO B TOKOBOM BETBH OJMH TPaH3HC-
TOpP 3aKpbIT, a APYToil oTKPHIT. DHepronorpednenue KMOII-anemMeHTOB Kpalite
HHU3KO0. OHO 3aBUCUT B OCHOBHOM OT KOJIMYECTBA NEPeKTIOUYeHU B CEKYHIY MIIH
9ACTOTHI MEPEKITIOYECHMA.

KMOMM-3anemMeHTsl OTANYAITCA MaibiM 3HepronoTpebneHnem.

Ha puc. 6.93 usobpaxena cnexyomas tunuaHas KMOII-cxema. Ecim Ha
0boux Bxomax AedcTByeT ypoBeHb L, To TpaHsuctopsl I, u T, 6yayT OTKpBITHI,
tpaH3uctopel T, u T, saneptel. 7, u T, npu 0 B Ha A u B umeior U, ;= — 5B, a
T, u T, umetot U = 0 B. Ha Brixoae Z neiicTByeTr ypoBeHb H.

Ecnu Ha Bxone A neiicrByer ypoedb H (+5 B), a Ha Bxoune B-yposens L (0 B),
To 7, 3aKphiBaercd, a T, orkpbiBaercd. ITyTh OT MCTOYHMKA MUTAHUS K BbIXOAY Z
0JIOKMPOBaH 3aNepThIM TPaH3UCTOPOM. OIHOBPEMEHHO OTNMPAETCst TpaH3ucTop 7
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Puc. 6.93. Cxema KMOI1 HUJIHN- +U;
HE-3nemeHTa (NpM NOaoXKuTENB- -
HOI JIOTHKE). A o— —p
Il—--—-
—
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B —p
|—
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ey ey
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Puc. 6.94. Pa6bouas Tabarua cxeMsl puc. 6.93.

1 Ha Beixone Z neiicteyer npumepHo 0 B, 1o ects yposens L. T, 3anepr. Z Bee-
Ila UMeeT ypoBeHb L, eciu mo KpailHeidl Mepe Ha OJHOM BXOje AeHCTBYeT
ypoBeHb H. CootBercTBywoiasi cxeme (puc. 6.93) pabovas Tabmuma npen-
cTaBlieHa Ha pHc. 6.94. CxeMa NpOM3BOIUT ITPH IOJOXUTEIBHOM JIOTUKE OITe-
pauuio UJIHU-HE.

Kaky1o noruyeckyio onepaiuio IpoM3BOIUT cxeMa Ha puc. 6.95? TIpexme Bce-
TO JJIst CXeMBI IOJDKHA OBITh cocTaBicHa paboyas Tabmuira. Eciam Ha 060X Bxomax
neiictByior L-yposuu (0 B), To Tpansucropsl 7, u T, otkpoisaiores (U, = —5 B).
Tpausucrops T, u T, 3akpeiBalorcs (U, = 0 B). Ha Bhixone H-yposeHb.

Ecin na oboux Bxomax neiictyior H-yposuu (+5 B), To Tpansucropsl T, u
T, otkpwiBalorcsi, a TpaHsucropsl I, u T, 3akpbiBalorcsi. Ha Beixone Z 6ynmer
JIefiCTBOBaTh L-ypPOBEHBE.

Ecnu Ha onuH BXOH4 rnpunoxeH H-ypoBeHb, a Ha Apyroil — L-ypoBeHb, TO
OIMH U3 BEPXHHUX TPAH3UCTOPOB Ha puc. 6.95 (T, unu T) oTkpbiBaeTca. OnuH
u3 HKHUX (T, unu T,) 3anupaerca. Yepe3 OTKpbITHIE TPAH3UCTOPBI K BBIXO/Y
Gymer mpuknaneiBathess H-yposenb. Ha puc. 6.96 mpencraBieHa COOTBETCTBY-
1011as Tabjaria KCTHHHOCTH. CXeMa BBIITOJHAET MPH ITOJOXHUTENIbHOM JIOTHKE
dyukuio U-HE.

+U, Puc. 6.95. Cxema KMOI1 U-HE-
3neMeHTa (NpH MOAOXHUTENBHOMK

P _1 P JIOTHKE).

Bap.

B
L
L
H
H

Puc. 6.96. Pabouas TabaMua cxeMsl Ha pHc. 6.95.
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Puc. 6.97. [IpuHiminuaneHas cxema nepega- Puc. 6.98. Paboyas Tabauua nepesaTouHOro
TOYHOIMO JNOMrH4YECKOro 31EMEHTA. JOrH4eCKoro 3nemen;*a.

KMOT-anemMeHTs NpON3BOARTCH B OCHOBHOM B BUAe anemeHToB M-HE n UTU-HE.

Oco6eiM 21eMeHTOM MoaceMeiictBa KMOII aBnsercsa IepenaTroyHblid 3ie-
MeHT. OH COCTOMT U3 MapaJUleIbHOTO BKIIOYEHHBIX n-KaHanbHoro MOII-Tpan-
3ucTopa M p-KaHaibHoro MOII-Tpan3uctopa (puc. 6.97).

MepenatouHblil anemeHT paboTaeT kak nepeknyaTens.

Ecnu k G, 6yner npunoxeH yposeHb H (Hanpumep +5 B) u kK G, — ypoBeHb L
(0 B), To o6a TpaH3ucTtopa 3anuparotrcs. B p-kananpHoM MOII-Tpan3ucTope
MeXIy YIPaBIAIOLIMM 3JIEKTPOIOM M IIOUTOXKOM IpIWIoxeHo HanpsokeHue 0 B.
O6pasoBaHre NMPOBOIAIIET0 KaHalna MEXIY MCTOKOM H CTOKOM CTAHOBHTCS He-
BO3MOXHBIM. Takxke U B n-KaHaibHoM MOII-Tpan3ucTope MeXay yIpaBJIsIOIUM
2NIEKTPOAOM U NMOMIOXKKOM NpuioxeHo HanpsokeHue 0 B. 3aecs Takke He MOXeT
BO3HUKHYTH MPOBOMSAIIMIA KaHa. CONPOTHBIEHHE MeXAY ToukaMu A u Z MoCTH-
raeT HeCKOJNbKHUX coTeH MOm.

Ecnu Ha G, peiictyet yposeHb L (0 B), a na G, — yposens H (+5 B), o
HanpsoKeHue 3aTBopa p-KaHajibHOoro MOITI-TpaH3ucTOpa OTHOCHUTEIBHO TIOJ-
noxku 6ymer —5 B. Hanpsokenue 3arBopa n-kKananbHoro MOITI-TpaH3ucTopa
OTHOCHUTENbHO NMoIoXKHU +35 B. IIpu 3THX HanpsoKeHUAX oOpas3yloTcsl NMpoBo-
JS1IMe KaHalbl MEXIYy HCTOKOM U cTokoM. KaHan Mexny A U Z G6yaeT HU3KO-
oMHBIM (nmpuMepHO oT 200 OM mo 400 Om). PaGouas taGnuua npeacraBjieHa Ha
puc. 6.98.

YposHu Ha Bxoaax G, u G, Bcerja NpUKIIabBAlOTCA B IpoTHBOGase. Yrpas-
JIeHHe MOXeT Mpoucxoauth ¢ noMoiueio anementa HE (puc. 6.99). Ionydaercs
JIBYHAITPABJIEHHBIM KII0Y. Y NMOJIEBBIX TPAaH3UCTOPOB IEPEIATOYHOIO IJIEMEHTA
HMCTOK M CTOK MOTIYT B3aMMHO MeHATh cBOM (yHKuMHU. [ToaToMy BBIBOI 3aTBOpa
0603HaYaeTCsA B cepeauHe ero YCIOBHOM JTHHUH (puc. 6.99).

Hnrerpupoannsie KMOII-MuKpocxeMbl Bceraa cofepXar MHOXECTBO JIO-
TUYECKUX BJIEMEHTOB, KOTOPBIE MOTYT OBITh UCTIONB30BaHbL IO OTHENBHOCTH MM
KaK eIuHas ciioxHas jjormyeckas dyuxkuusa. Ha puc. 6.100 moxaszana cTpykTypa
cxemsl CD 4000 A. Dra cxeMa conepxuT aea sneMedTa UJIIV-HE ¢ Tpemst Bxo-
mamu kaxaelid u 3eMeHT HE. Cxema CD 4012 A (puc. 6.101) comepxut nBa
anementa M-HE ¢ 4eTeipbMa BXOMaMM KaXIbIH.

HuTerpanbHble cXeMBl apH(PMETHYECKUX JTOTHYECKHX YCTPOMCTB COmepkKaT
oueHb MHOro KMOII-anementoB. Ha puc. 6.102 npuBenena cxeMa 4-6HTHOIO
CABUTAIOLIETO perucTpa. BTa cXeMa pacCMOTpeHa MOoApoOHO B III. 8.
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Puc. 6.99. [lepenaTounsiii noruye- Puc. 6.100. KMOI1-mMuxpocxema
CKHif 3/1IEMEHT C YNPaBAAIOLINM 18- CD 4000 A (RCA).
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Puc. 6.101. KMOII-mMuxpocxema CD 4012 A (RCA).
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Puc. 6.102. Cxema KMOI1-4-6urHoro casuroporo peructpa CD 4015 A (RCA).

Mukpocxema CD 4008 A asnsierca 4-OMTHBIM MOJMHBIM cyMMaropoM. Ilosn-
HbIE CYMMATOpPEI paccMarpuBaiorca noapodHo B ri. 10. Cxema npuBeneHa 3ueck
kak npumMep KMOTI-cxemorexHuku (puc. 6.103).

WHTerpanbHeie Mrukpocxemesl B KMOT-necnonHesmnmn moryT npoMseoamnTeCs C O4EHb
DONbLWON MNJIOTHOCTEIO 3M1EMEHTOB.

MOXHO CXeMy LIEJIOr0 KanbKy/IsITOpa YMECTHUTh B OJHOM MUKpocxeMe. Jlaib-
Heiflllee COBEPLIEHCTBOBAHHUE TEXHOJIOTHII BelleT K IMOBBINIEHHIO BO3MOXHOM
IUIOTHOCTH KOMITOHOBKH.

Hanpsikenune nutadms KMOMM-anemeHToB MoxeT konebarscs B LUMPOKOM ana-
nasoHe.

Jnst cepun CD-4000-A (puc. 6.100—6.103) dupma-npoussogurens RCA
YyKa3plBaeT OUana3oH HanpsokeHUd nutanusa ot 3 B no 15 B. TunuyHbie nepe-
JIaTOYHBIE XapaKTEPHUCTHKH IPU Ppsfe HanpsKeHWH MUTaHus MOKa3aHH Ha
puc. 6.104.

YacTo ucnonb3yloTcsa HanpspDkeHud mutaHusa +5 B u +10 B. g stux Ha-
NIPSDKEeHUI MUTaHKUS Ha puc. 6.105 1 6.106 mokasansl [UarpaMMel ypoBHeit. s
OONBUIMX HATIPSDKEHWI TMUTAaHUS XapakKTepHa JIydiiasi ITIOMeX0yCTOMYMBOCTE.

PasHocTe mexay ypoBHsamM L 1 H, oTBeYaowas 2a rnoMexoyCcTonYnBOCTb, Aas
KMOMM-cxem coctasnaet npumepro ot 30 % no 40 % HanpaxkeHus nUuTaHus.

B cnenyiomieit Tabnuiie mpuBeneHbs BaxHellne mapameTpsl KMOIT-3nme-
MEHTOB:
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Cxemnl noacemeiictea #»MOII

Hanpsixenue nuraHus Hanpumep +5 B

DHepronorpebiaeHne (Ha BEHTH/Ib) ot 5 no 10 uBT (B 3aBUCHMOCTH
OT YacTOThI NEPEKIIOYEHHA )

BricTpoaeiicTBue 8 HC

MakcuManbHas YacTOTa NepeKI1I0ueHH 50 MI'u

THUNUYHBIA 3330p MEXAY YPOBHSIMM 2B

BxoaHoe conpoTtuBieHne 102 Om

BexonHOE conpoTHBRIEHHIE

INpu H-ypoBHe 500 Om

Ilpu L-yposHe 200 OMm

KoapdprumeHT paspeTsieHus > 50

BxoaHoii Tok 10 nA (MakcUManbLHO)

% b sl i} coma  ovomes

YPOBEHBL YpOBEHL

S5p——- “""--‘;1,-14; 4998

H
3B

W
T

2B

(8]
T

|
0118
|

Puc. 6.105. Inarpamma ypos-
Heit ana U; = 5 B.

Sy

m|<

BxoaHoi BuoixoaHoi

Puc. 6.104. [lepeparouynnie xapakrepuctuku KMOI1-
YpOBEHb ypoBeHb

3/IEMEHTA 1151 HECKO/bKHX HaNpsXeHW NUTAHHA.
10— - N P 9.99 B

Bxoabl copeMeHHbIXx KMOII-Mukpocxem
3alIMIIEHB] OT BO3IEHCTBHA CTATHIECKHUX paspsi-
IoB. B KadecTBe 3alIMThl MUCHOJIB3YIOT JTHOIHBIE ‘
cxeMHbl cornacHo puc. 6.107. Ecniu HampsokeHue — 5f |
BXO/Ia NIPEBHILIAET HANpPsLKEHUE IMUTAHUS Ha Be-
nuyuHy tipumepHo 0,7 B (HanpsokeHHe OTKpHI-
THs AMOAR), AMON D, OTKpoercd M JIMIUHMI TOK
yHIeT K MICTOYHUKY TUTaHus. B cxeme Ha puc. 6.107 L
9TO IMPOYMCXOAWT TPU BXOTHBIX HaNpPXEHHAX C ]
Beiire +5,7 B. Ilpu oTpHUATENBHBIX BXOXHBIX T
HANpSDKCHUSX, HauMHasi ¢ —0,7 B, OTKPBIBACTCS  pye. 6.106. [Iuarpamma yposeit
auon D,. ans Ug= 10 B.

0,018




KoHueHTpalis oCHOBHBIX HOCHTEJICH 3apsia
B IOJYNPOBOAHWKOBBIX 30HAX JUOIOB O4YeHb MaJa,
II03TOMY OHM O0JIaNaloT OOIBIIMM JUHAMHYECKHM
COIIPOTHUBIIEHHEM.

BcenenctBue 3T0ro 04eHb BHICOKOE BXOITHOE
conporuBiene KMOII-3n1eMeHTOB TONBKO He-
3HAYUTEJbHO YMEHBIIAETCS MPH JOOABICHUH JH-
onoB. Kpome Toro, Mmanoe fuHaMH4Y€CKOE COIPO-
TUBJICHHUE JTUOMIOB IPH ONIMGOYHOM TMOJSIPHOCTH
MUTaHUA TIPHBEJIO OBl K MX MTHOBEHHOMY BBIXOLY
CXeMBI M3 CTPOs, TaK Kak 4epe3 D, u D, norex 6u
TOK KOPOTKOT'O 3aMbIKaAHHS.

Ecnn Ha BXon 3/eMeHTa Iomaercs OGoNbIIOi
CTaTUYeCKUi 3apsl, TO COOTBETCTBYIOIIMIA IOJie-

Koumpoasnoui mecm | 4\3_)

U ,=+58B

0B

Puc. 6.107. 3amutHas cxema npo-
TMB CTATMYECKOIO pa3psaja.

BOM TPaH3MCTOP MOXET BHIMTH M3 CTPOS, HECMOTPS Ha JIMOAHYIO 3auuTty. HM3-3a
OOJIBIIMX NTMHAMHAYECKUX COIPOTHUBIIEHHMI 3apsii MOXET He yCIeTh JOCTATOYHO
OBICTPO paccocaThCsl, TAK YTO MOXET BOZHUKHYTh OMAaCHOE BBICOKOE HaIIpsDKe-
aue. I1Ipu pabore ¢ MOII-cxemaMu cieayeT IPUHUMATH OOBIYHBIE MEPBI NPENO-
CTOPOXXHOCTH NMPOTHB CTATHYECKOIO 3JIEKTPHUIECTBA.

KMOII-cxemMBl MMEIOT LIHPOKYI0 00MacTh npuMeHeHus. OHH JOCTATOYHO
OBICTPBI UIS1 pellleHHsI MHOTHX TEXHHYECKHX 3a/1ad ¥ OTIHYAIOTCS MalbIM 3HEp-
ronorpebieHueM. [Jaxe MHUKpOCXeMBl BBICOKOW CTEIleHM MHTerpalMyd OdYeHb
BBITOJHBI TIPH NMPOM3BOACTBE B DOJBIIMX KOJIHMYECTBAX.

KOHTPONbHLIA TECT

1. Yro moHUMAIOT MO CXEMaMM OXHOro ceMeicTna?
2. HasoBuTe OCHOBHBIE CeEMENCTBA JIOTHIECKHX CXEM.

3. Yto Takoe GMHApHbIE YPOBHHM HAMPSDKEHHA?

4. Y10 TOHUMAIOT MOM TIOJIOXKHUTEIBHOM JIOTHKOM, TIO OTpHIATEIBHOM?

5. Yem omnuyaercs pabodast tabauiia ot TabaMIIBI HCTHHHOCTH?

6. CoctaBbTe ISl cXeMbI Ha pHc. 6.108 paGouyio TaGiHiry.

7. Kaky1o JJoru4ecKyio ornepamnui IIpOM3BOIUT cXxeMa Ha puc. 6.108 mpu ro-

JIOXKUTEJILHOM M MPU OTpUIIATEILHOM JIoTHKe?

8. Ha puc. 6.109 moka3saubl nBa Auana3oHa ypoBHsa. Kakoit sBngerca H-

JIUana3oHOM M Kakoil [L-muanazoHoM?

T e

1

B ——id—

B
-8
A0f————

Puc. 6.108. Jlornuecknii 3nemMeHT. Puc. 6.109. Jnana3oHsl ypoBHEIi.
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9. Yro MoHMMAIOT MO/ MepenaToYHoM xapakrepuctukoi? Hapucyiire mpu-
MEPHYIO TI€PeJAaTOYHYIO XapaKTePUCTHKY.

10. PaszpAAcHMTE TTOHATHS «OBICTPOIECTBHE» U «BPEMS HapacTaHHsS CUTHAJIa».

11. Yro Takoe BXOZHOI Harpy3o4yHblii KoapduinesT?

12. B Tabmiiie MaHHBIX HA 3JIEMEHT yKa3aHo: K03(¢¢UIMeHT pa3BeTBIeHUS
F, = 10. Yro 310 3Ha4YUT?

13. Kak ycrpoensl I TJI-anemeHTHI?

14. Hapucyiite cxemy tunosoro TTJI-aneMeHTa ¢ TpeMsi BXOIaMH U IBYXTAKT-
HBIM BBIXOJOM.

15. Kakyro omneparuio IpoOU3BOIUT cXeMa Ha puc. 6.110 mpu moJoXuTenbHOI
Joruke?

° U,

4 xOm 2 kOm 1,6 kKOm 130 Om

A o—q
Q
B e

3D 800 Owm 1 xOm

0 Puc. 6.110.

s

16. YacTo MOXKHO YCJIBILIATE IIOHATHSA «HACHIIIEHHBIM 3JIEMEHT» U «HEHAChI-
IMeHHBIH 27eMeHT». YTO 3HAYaT 3TH TIOHITHA?

17. Kakue nmpedMyliiecTBa W HEAOCTATKU UMeeT noaceMeiicteo TTJI-cxeM ¢
TIOHIKEHHBIM 3HEPronoTpebieHueM M0 OTHOIIEHHUIO K cTaHaapTHeiM TTJI-ane-
MeHTam?

18. Kak ycrpoensl nMOII-a3nemeHTHI?

19. Viopsnourre u3BecTHbie BaM cemeiicTBa JIOTHYECKHX 3JIEMEHTOB

a) 1o sHepronorpebieHUIO,

6) nmo GBICTPONEIICTBHIO.

20. Hapucyiite cxemy KMOII-3neMeHTa ¢ AByMs BXOJlaMH, KOTOpPas MPOM3-
BOJMT MpH MojoxuTensHoi noruke onepauuio UJIINM-HE, u o0bsicHHTEe NpUH-
AT JeHCTBUS 3TOM CXEMBI.



FMABA 7

BEVHAPHbIE CXEMBbI
C BPEMEHHOW
3ABVCMMOCTbIO

7.1. BBepeHve

TpurrepaMi Ha3bIBAIOT OMCTAOWIBHBIE sSTueKU. OHH 00/1a1a10T CBOMCTBOM TTaMSITH.
YerpolicTBO OHCTA0OWIBHOM SIMEMKHM PaCCMOTPEHO B «DJIIEKTPOHHKE», 4. 3, L. 7.

Tpurrepbl NPOM3BOAATCH NPEMMYLLECTBEHHO B BUAE UHTErPasibHbIX MUKPQOCXEM.

YcnoBHoe rpaduueckoe o603HaYeHHE MPOCTOrO TPUITEpPA IPHBEIEHO Ha
puc. 7.1. CooTHOlIIEeHHE CTOPOH MPSIMOYTOJIbHMKA MOXET OBbITh BEIOPAaHO TI00BIM
(puc. 7.2).

Dro rpadpuyeckoe npencrapieHue rpurrepa coorsercteyer DIN 40900, 4. 12.
I1aBHBIM BBIXOIOM SIBJISIETCSI BBIXOJL A, KOTOPBIH, pasyMeeTcsi, MOXET Ha3bl-
BaThCA KakK yrogHo. Beixon Az, MHBEPCHBIN 110 OTHOLIEHMIO K A , o60o3HavYaercs
KpYroM MHBepcHH. TakkKe [0 CHX IOp AOMYCTHM TPAIMIIMOHHBIM CITOCOD mpem-
CTaBJICHMS] TPHITEPOB B BUIE TIPSIMOYTOJIBHMKA CO CpemHel JuHuei (puc. 7.2a),
coriiacHo DIN 40700, yactp 14.

HeiicTBy10T crenyiomue MpaBuia:

1. BeIBOABI IS MOAKTIOYEHUS HANPSDKEHUs MUTaHUS He 0003HAYaKoTCs.

2. Ha oboux BbeIXOAAX TpUrrepa OOBIYHO AEHCTBYIOT IMPOTHBOIOIOXHEIE CO-
CTOSIHUSL.

3. Ons onmyicaHusl MPUHIIUIIA JEHCTBUS TPUITEPaA MCMOJb3YIOTCS IOTMYECKHe
coctosiHuA 0 u 1. Taxke MOXKHO OIepHUpoBaTh MOHATHUAMHU ypoBHeil L u H. Ecnu
HET 0COOBIX YKa3aHUM, TO 10 YMOJYAHHUIO BCE JIOFMYECKHE OIepaluu IPOU3BO-
IATCS TPH MOJoXHTeNbHOoU otuke (H = 1, L = 0).

4. Ilpn nopaye Ha BXxon Tpurrepa E, jiormyeckoil 1, BbIXOX A, nepexonur B
coctosiHue A = 1. DTOT npolecc Ha3bIBAKOT PEXKHMOM YCTAHOBKH Tpurrepa. Eciu
TPUITEP yKe UMeeT cocrossHHe A, = 1, To nmomaya 1 Ha Bxome E, HHYero He
MeHseT. [lepexioyeHuss TpUITEpPa HE NMTPOUCXOIMT.

' E, = — A

E, — A

2 5o — A

J— —_—

— D—

Puc. 7.2a. YcaosHoe rpa-
Puc. 7.1. YcnhosHoe rpadm- Puc. 7.2. YcnosHoe rpaduyeckoe 06o-  duyeckoe oboszHayeHHe
yeckoe 0D03HAUYEHHE MPO-  3HAYEHUE TPUITEPA € Pa3sHBIMM COOT-  MPOCTOrO TPUIrepa co cpea-
CTOro Tpurrepa. HOILIEHUSAMH CTOPOH NMPAMOYroJbHUKA. HEeW NUHHUE.



@2 Ihaea 7. Bunaphsie cxembr ¢ 6peMeHHOU 3a8UCUMOCTIBIO

E |, Puc.7.3. Yenoshoe rpa- Puc. 7.4. YcnosHoe rpa- E, — L4,
! chuyeckoe 0b03HaYeHHE ¢uyeckoe 0003HaYEeHHE I=0
E,——( D— A. Tpurrepa c ynpapieHH- Tpurrepa ¢ GuKcHpoBaH- £ — D— 4,
eM 0-COCTOAHHAMH. HOi1 ycraHoBko# [ = 0.

5. Cocrosnue 1 Ha E, mepeBOmWT BbIXOA Tpurrepa B 4, = 1. 31oT mpoiiecc
Ha3bIBAIOT PeXHMOM cOpoca Tpurrepa. Eciiu Tpurrep yxe MMeeT COCTOsiHME A, = 1,
10 1 Ha Bxoze E, HUYEro He MEHSET.

6. Cocrosinus 0 Ha BXoJaX He BBEI3BIBAIOT HUKAKOTO BO3HEHCTBUS Ha BHIXOM.

7. CocrosdHME A, XapaKTepH3yeT COCTOsIHME nmamATH Tpurrepa. Eciu 4, = 1,
TO TPUITEP 3aNMcaI 3HaYeHue 1.

PasymeeTcsi, MOXHO CIENaTh TPUITEPHI, KOTOPbIC YIpaBisioTcs 0-cocTosiHH-
SMH. DTH TPUITEPHI UMEIOT OCOOEHHEBIE, 0003HAYECHHEIE KPYTOM OTPHIIAHUSA BXO-
OBl (puc. 7.3) ¥ NPUMEHSIIOTCA JOCTAaTOYHO PEIKO.

YacTo NpUMEHSIOT TPUITEPH! ¢ PUKCHPOBAHHOM yCTaHOBKOM. YCiIoBHOE 000~
3HaYeHHe TAKOro TPHUITepa IoKa3aHo Ha puc. 7.4. Ilocne momayu HanpsoKeHHS
MUTaHHKSA 3TOT TPUITEP BCEI/la yCTaHaBIuBaeTca B cocTosHue A = 0, 4, = 1. Bro
COCTOSTHHE Ha3bIBaeTCA COCTOAHHE NMOKOA WIH cocTtoanme cOpoca. Brixon, korto-
PHIii HMeeT B COCTOSIHMM ITOKOsI 3HaYeHue 1, paHbie 0603HAYaJICs TOJICTOH 10~
JIOCOH.

YecnosHoe obo3HaveHne GUKCUPOBAHHOM YCTAHOBKN MOXHO ONYCTUTL, ECNIK HE
BO3HMKAET HEOAHO3HAYHOCTH.

Cocrosinme 4, = 1, A, = 0 Ha3pIBaeTCs PabOYMM COCTOAHHEM WIM PEXUMOM
YCTAaHOBKH TpHTTepa. MOXHO TaK CKOHCTPYMPOBaTh TPUITEP, YTOOLI OH MOCIE
nojaYd HanpsokeHHs BXoawi B pabGodee coctosinue (4, = 1, A, = 0). Takoii
Tpurrep obo3Hauyaercss cumBosiom I = 1 (puc. 7.5).

B Hacrosiee BpeMsi MOSIBUJIUCH TPUITEPbI, KOTOPbIe MOcie MOoAaYy HarpsKe-
HHA [MMTaHMS MMEIOT COCTOSTHHE, KOTOPOE OHU MMEJTH NP BBIKITIOYEHUH HaIpsi-
xeHus. OHH He TePSIOT XPaHUMYI0 MHGpOPMaUKMIO IpH notepe nutanus. Ha tpur-
repax 3TOM pasHOBHIHOCTH cTOUT cuMBoJ NV (non volatile, nullspannungsgesichert).
Takoii Tpurrep mokasaH Ha puc. 7.6.

PaznuyaoT MeXOy CTATHYECKMMH M JIMHAMUYeCKMMH Bxomamu. PaccMor-
pPEHHEIE 0 CHX TIOP BXOIBI SIBJISIIOTCS CTATHYECKHUMMU.

Cratuyeckne BXOAbl PearvpyloT Ha COCTOSHUS BXOAOB.

JuHamuueckre BXoAbl pearnpyloT Ha M3MEHEHUSA COCTOSIHUE Ha BXoAax.

Cyl1ecTBYIOT iBe Pa3HOBUIHOCTH ANHaMH4YecKux BxonoB. Ileppas pearupyer
Ha M3MeHeHue BXxogHoro cocTosiHuA ¢ (0 Ha 1. Takoii Bxon Ha3sIBaeTcsl JUHAMM -
YeCKHMM BXOJIOM JIJIst TIpsiMoro ¢ppoHTa umnynsca (puc. 7.7). JluHaMuyecKuii BXo
BTOPO¥ pa3HOBHIHOCTH pearMpyeT Ha M3MeHEHHe BXOAHOro coctosgHus ¢ 1 Ha 0.

Puc. 7.5. YcnoeHoe rpa-

buueckoe 06o3HaueHNE Puc. 7.6. YcnosHoe rpa-
& = 1=t — " Tpurrepa, KOTOPHIT BXO- dudeckoe 0603HaYeHNE ' T NV —A
£, — — 4, AMT B pabouee cocTos- TPUITEPA C 3alOMMHA- g | O— A,
HHE nocjae nogadd Ha- HHEM COCTOAHHA nNepen

NpAXKEHHA. BBIK/TIOYEHHEM.



7.1. Bsedenue 15\3)

Ed
E E ——>
E 1
Ll 0 -
0 £ o t, t
t t t, — MOMeEHT
x NEPEKNIOYEHHA
t, — MOMEHT (Crapoe
Nepexkmno4eHns ofiosHavenue)
Puc. 7.7. U3o6paxenne 1IMHAMHYECKONO BXO- Puc. 7.8. M30bpaxenne AMHAMHYECKOrO BXO-
na ana npamoro ¢ponta (0 — 1). na ana obparroro ¢ponra (1 — 0).

Taxoii Bxon Ha3pIBaeTCd MUHAMWYECKHM BXOIOM IUIA oGpaTHOro ¢ppoHTa MM-
mynsca (puc. 7.8).

Tpurrepbl MOryT UMETb HECKONbKO B3aMMOCBA3aHHbIX BXOLOB.

Tpurrep Ha puc. 7.9 umeer Bxonsl E, U E;, KOTOpbie CBS3aHBI ONEpaLAeil
Joruyeckoro yMmHoxeHusi M. Ecnu Bxonbl CBA3aHbI ONepaliiei IOrH4ecKoro cio-
xenusa UM, To m3obpaxkaeTcd CUMBOI JIoTHYecKoro ciuoxeHus (puc. 7.10).

E, E, >1 —

E, ﬁ E, ™

E, O E, e

E. AnE, E VvE,
Puc. 7.9. Yenosuoe rpaduyeckoe obosHaye- Puc. 7.10. YcnoeHoe rpaduyeckoe obo3Have-
HME TpHIrepa, y Kotroporo sxonbl £ u E; ca- HHUE TPUITEpa, y Kotoporo exoasl £ u E, cea-
3aHBI JIOrMYeCKHM YMHOXeHHeM H. 3aHbI JormyeckuM caoxennem MJ1A.

(DYHKI_IHH BXOOOB TPUITEPOB H JIOTHYECKHME OIIEpAallHH YCIIOBHO 0003HayawT-
CA ¢ MOMOLIBIO CIEAYIOIIHUX 3HAKOB!

G = Jlormyeckoe U
V = Jlormueckoe UJIIA
C = YnpaBnsiouwuii BXox
S = Bxon ycraHOBKH
R = Bxon cbpoca

Cas3aHHBIe BXOOBl 0003HAYAIOTCS GyKBaMH C JOITOJTHUTENBbHBIMHA HH(prBH-
MH HHJIEKCaMH.

Ans ynpasnsiiowmx BXOACB MHAEKC CTaBMTCA nocne DykB.

[ns ynpasnsiembix BXOLOB WHAEKC CTaBnTCa nepes Oykeamu.

IMosicium Ha npuMepe. Tpurrep MMeeT BXoasl S U R, cBsI3aHHBIE C TPETHHUM
BXOJIOM OTiepaliueit Jloruyeckoro yMmHoxeHns M, xak usobpaxeHo Ha puc. 7.12,
H-351eMeHTH MOryT OBITh M300paXKeHs! Iepe TPUITEPOM MM 3aHECeHBI Hero-
CPeICTBEHHO B NMPAMOYTOJIBHUK TpUITepa. Takoe n300paxeHue JIOTHUECKHX B3a-
HMMOCBSI3€i MIPUHATO JI0 CHX I1OP.
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Puc. 7.11. [1punsitoe obo3HAYEHHE JOrHYECKOMH CBA3M MEXAY BXOJAMM.

s
G
R

15 , Puc. 7.12. O6o3HayeHNE JOIHYECKON
G1 N CBA3H MEXLY BXOAAMH C [OMOLIBIO
1R : YC/I0BHOIO 3HAKA.

—A

C IOMOIIBI0 YCIOBHBIX 3HAKOB M300paXeHUE 3HAYUTEJIBHO YIIPOLLAETCS.
Tpernit BXoJ Ha3biBaeTcs u3-3a yMHoxeHus1 U Bxonom G. OH sBnsiercs yrnpas-
JISIIOLIIUM BXOMIOM, TaK KakK CBsI3aH ¢ 060MMM OPYTMMH BXOAAMM.

OH nony4aet HHAEKC 1 1mmocie OykBo. Takoi Xe MHIEKC — B JaHHOM CJIy-
vae 1 — momyvaror Bxonel S U R (puc. 7.13). OH nuiuercsa nepen OykKBaMHM.

S aeisieTcsd BXogoM curHaia ycraHoBku. Cocrostaue 1 Ha S'M coctosanue 1 Ha G
YCTaHABJIMBAIOT TPUITEP B paboyee coctosiHue. R sipnsiercs: BxonoM copoca. Cocro-
sinre 1 Ha R u cocrosinve 1 Ha G ycTaHaBIMBAIOT TPHITEP B COCTOSIHME cOpoca.

Kak noseneT ce6a Tpurrep, eciau Ha Bcex Bxojax S, R U G olHOBpeMEeHHO
OyzmeT coctogHMe Jiormdeckoi 1? B OONbIIMHCTBE TPUITEPOB 3TO 3alpellleHHas
KOMOHWHAaLIMs, KOTOpasi IPUBOIUT K HEONIPENEIEHHOMY COCTOSHUIO BRIXOAOB. Tem
He MeHee eCTh TPUITEPHI, Y KOTOPHIX 6o S-BXoa 1u60 R-BXOM SBIAIOTCS JOMH-
HUPYIOIUMH.

Ha puc. 7.13a n3obpaxeH TpHUITEP ¢ JOMHHUPYIOIIAM S-BXOOOM. YTIpaBisi-
oumero M-pxona Her u G-Bxon orcyrctByeT. IIpn S = 1 1 R = 1 tpurrep oyaer
yctaHoBneH. MHOekc 1 oTpaxaeT Tak Ha3blBaeMylo S-3aBHCUMOCTh. BMecTo MH-
nekca 1 Morio 6bl cTosiTh 2 WM JIpyroe 4Mciio, ecid 1 6bU1 Obl yXe 3aHAT 1A
KakKoii-nmu6o aApyroil 3aBUCUMOCTH.

Ha puc. 7.136 mpencraBieH TPUITEP ¢ JOMHHUpYIOMIMM R-BxomoMm. ITpu S =1
u R = 1 tpurrep coGpacoiBaerca. MHaekc 1 mpu R M Ha BBIXOZAx OTpaxaeT Tak
Ha3bIBaeMyI0 R-3aBHCHUMOCTD.

S—81 1p—A Puc. 7.13a. Tpurrep Puc. 7.136. Tpurrep s s 1 A
R —— R 1hb— A, C AOMHUHHPYIOILIUM ¢ JOMMHHPYIOLHM R —— Al 1p— A,
S-BXoa0oM. R-BxonomMm.

C-3aBMCUMOCTDb SIBJISIETCS TaK HA3bIBAEMOM YNPaBJSIOLIEH 3aBHCHMMOCTBIO.
OHa npUMeHsIeTCH, B YaCTHOCTH, IPH TAKTOBOM yIpaBieHWH Tpurrepamu. Ios-
poGHee 3TOT BOIIPOC PacCMOTpeH B pasn. 7.5.2.

7.2. Knaccudukaumsa Tpurrepos

MoxHO caenarh OYeHb GONbIIOEe KONHUYECTBO PA3HOOOPAa3HbIX TPUITEPOB. XOTH
OHHU OyIyT oONamaThs OMHUM OOIIMM CBOMCTBOM: BC€ OHU MMEIOT ABa CTabWIIb-
HBIX COCTOSIHHSI. YCJIOBHsI, IIPM KOTOPHIX TPHUITEPHI ITEPEXOIAT M3 OJHOTO CTa-
OWILHOTO COCTOSHMSA B Ipyroe M obpaTHo, o4eHs pazHooOpasHel. K HacTosme-
MY BpeMEHH IOSBWIOCh TaK MHOIO pa3sHOBMIHOCTEH TPUITEPOB, YTO BO3HMKIIA
HeoOXOAMMOCTE B MX KJIacCU(PHMKAIIMH.



7.2. Knaccudurxauus mpuzeepoe

Ilpexae Bcero, TpUITEpH MOXHO pa3OUTh Ha JBe Donsluue rpynibl. [lepras
rpyIia OXBaTbIBA€T BCE€ TPUITEPBI, HE YINPABIseMbl€ TAKTOBBIMH HMITYJIbCaAMHU
CHHXpOHU3aUMH. Bce TakTHpyeMble MMITYJbCaMH TPUITEPH IPHHAIIEXAT KO
BTOpO# rpynme. YTo mMOHMMAIOT MO yIpaBJleHHWEM TAaKTOBBIMM MMITYJIbCAMU
cuHxponusanuu? PaccmorpuM puc. 7.14. Cocroanue 1 Ha E MeHSET COCTOsTHME
BBIXO/Ia TOJIBKO IIPM YCJIOBHH, UYTO ONHOBpEeMEHHO Ha BXojae 1 HmeicTByeT COCTO-
aaue 1. DTo mocTUraercss MOCPEACTBOM JIOTHYECKOTO YMHOXEHMS COCTOSTHMUIMA
BxonoB E, m T. AnanornyHo coctosnue 1 Ha E, BO3NEHCTBYeT Ha COCTOAHME
BBIXOZIa TOJIBKO TOTAA, KOTIa ONHOBPEMEHHO Ha BxoAe 1 neicTByeT cocTosiHue 1.
T siBisieTcsi TAKTOBBIM MMITY/JTbCOM (MMITYJIbCOM CHHXPOHM3allMH, CHHXPOUM-
ITYJILCOM).

Puc. 7.14. Tpurrep, E =1 _—E Q, E =1 ———5 a,
ynpasjasaeMblil ypoB- c -1 _{ c _E
HEM TaKTOBOIO HM- £ o a b o, c o i] o,
nyjabca. 2 2 =0T/

Tpurrep, cornacHo puc. 7.14, MoxeT OBITh YCTAHOBJIEH MJIM COpOLUEH B MO-
MEHT MOJaYi CUIHaja CHHXpOHM3alMK. Bxoasl £, u E, TaKKe Ha3bIBaIOT BXO/IA-
MM HayanbHO# ycTaHoBKM Tpurrepa. Cocroganue 1 Ha E, MOAroTaBIMBAaeT yCTa-
HOBKY. OIHAKO yCTAHOBKA MPOUCXOJUT TOJBLKO B MOMEHT TMOJaYM CUTHAJIa CHH-
xpoHuzauuu 7. MoXHO cOeTUHUTH OONIbLIOE YMCIIO TPUITEPOB M NIPUOIU3UATENBHO
OJHOBPEMEHHO BKJIIOYUTh MX COBMECTHBIM TaKTOBbIM CHTHAJIOM CHHXPOHMU3a-
UK. DTOT cocob ynpaBlieHHs Ha3biBalOT TAKTOBBIM yIpaBlieHHeM. Bxoabl Tak-
TOBBIX CUHXPOUMITYJLCOB SBISIOTCSH CTATHYECKUMM BXOHAMU.

Tpurrep Ha puc. 7.15 umeer aBa TMHAMHYECKHMX TAKTOBBIX BXOIAa, MOJKIIO-
YeHHBIX K Bxoay C. OTH IMHAMHYECKHEe BXOIbl PearupyloT Ha nepesHuil ppoHT
curHana cunxponmsauuu. Cocroanue 1 Ha E| BO3JIEHCTBYET HA COCTOSAHME Bbi-
xona Toabko ecnau curHal Ha C nepexogut n3 0 B 1. To ke oTHOCHTCS K COCTO-
aumio 1 Ha E,. TakToBble BXOABI, BIUAIOLIME HA HECKONIBKO IPYTHX BXONIOB, OOBIYHO
PUCYIOTCS MEXIY YTIpaRIgeMbIMKM UM BxoaaMmu (puc. 7.16). 3Hak joruyeckoro
YMHOXEHHUS TOra MOXKHO He M300paxarb. TakTupyeMbie 1o (PpPOHTY TPUITEPHI,
MOXHO IepeKIIIoYaTh OTHOBPEMEHHO ¢ DOJIBIIOI TOYHOCTBIO.

c’

Puc. 7.15. Tpurrep, Puc. 7.16. Tpurrep, —

ynpasaseMbIi nepea- ynpasnaemseiii ¢ppoH- —I e
1 HHM (GPOHTOM HM- TOM TaKTOBOLO HM- — o—
0 nynsca (0 — 1). nyasca (0 — 1).

f‘ — MOMEHT
Nepexmo4YeHna

TaktupyeMsle 1Mo GPOHTY TPUITEPHI MOTYT CTPOUTLCA MO ONHOCTYNIEHYATON U
JBYXCTyMeH4YaToi cxeMaMm. HeloCTaTKoOM OIHOCTYNIEHYAThIX TPUITEPOB SIBJISETCSH
BO3MOXHOCTD «IIPOCKAKMBaHHS» CUTHAJIOB, HATIPIMeEp JIOTHYECKUX eIMHHIL,

Paccmotpum puc. 7.17. Ha E| neiictByer noruveckas 1. Ecim nocrymnaer cur-
HaJl CHHXpPOHH3allMKi cortacHo puc. 7.18, To Tpurrep [/ BKIoYaercs B MOMEHT
BpeMeHH f,. CnycTs HECKOJNBKO HAaHOCEKYHJ Ha BbIXole A MOSABISETCA COCTOA-
HHe 1, HanpuMep B MOMEHT BpeMeHM 7,. Bo3pacTanue TaKTHpYIOILEro CUrHaia,
OJIHAKO, ellle He 3aKkoH4YeHo. Tpurrep /7 Takxe ycraHaBnuBaercd (B = 1). Bro He
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Puc. 7.17. [locnenoBatenbHO BKIIOYEHHBIE OQHOCTY-

NEeHYaThle TPUITEPHI.

’
|
|
|
|
I 1
t 1 1 .,
t, ot t
Puc. 7.18. CHHXpPOHM3UPYIOLIHI TaK-

TOBBIH CHIHA/1 ¢ OTHOCHTE/IBHO IU1aB-
HBIM NEpeAHUM (PPOHTOM.

X
E, < —Q,
— —>
E, Pp—Q,
Puc. 7.19. CxeMa aByXCTYNEeHYATOro
[+ TpHUrrepa.
HeraxTupyembie TakTupyemuie
TPUITeps TpUrrepsl
1 y
Tpurrepsl, Tpnrrep,
yNpasnAembie ypoBHeM ynpasnsembie GppoHTOM
GIIHXDOHMNYHI:G& QHHXDDMM"YHI:GE
v v + +
Tpwrrepsl, Tpurrepsi,
ynpasnaemoie ynpasnfaemuie
1o OAHOMY GPOHTY 10 ABYM poHTam
A 4 } L
I — [
l : JsyxcTyneHuatoie
ACHHXPOHHBIR l OpHocTyneHsaThe TPUITEPS
RS-Tpurrep rr © NPOMEXYTOYHOIH
E TRurTepH AWHAMUYECKOR
i NamMATLIO
N ] t 4
AByxcTyneHyaroie
Tpwrrep TpUrreps
3axsara (senomMbii—
BeAYWMA)

Puc. 7.20. O630p TMIIOB TPUITEPOB.




7.3. Hemaxmupyemote mpuzzepot I\SJ

JOJDKHO MPOHCXOAUTb. YTOOB! MPeNOTBPATHTh TaKOe IMPOCKaNb3bIBaHHE, HYXHO
HMCIIONIb30BaTh I ONHOCTYNIEHYATBIX TPUITEPOB CUTHAIBI CHHXPOHU3A1IUHK C OYeHb
KPYTHIMH (PpPOHTAMH HMITYJIBCA.

JIByXCTyIieHUYaThie TPUITEPBI COCTOAT B IPUHIMIE M3 JBYX SYE€€K MaMSITH.
CyliecTBYIOT ABYXCTYIIEHYATEIC TPUITEPHI, KOTOPHIE COCTOSIT M3 COOCTBEHHO TPUT-
repa ¥ JTHHAMHYECKOM IIPOMEXYTOYHOM sieiiKi maMaTH. OHH YIIPaBISIOTCA TOMNb-
KO OTHHM (D)POHTOM TAaKTOBOT'O CHHXPOMUMITYJIbCA M MPMHAIJIEXAT K KJIacCy TPUT-
TePOB, YIPABIIEMEIX [10 OMTHOMY (POHTY.

Jlpyrasg rpynmna IBYXCTYNEHYaThiX TPUITEPOB COCTOMT M3 JIBYX IIOCJIEIOBa-
TeJILHO BKJIIOYEHHBIX TpuITepoB (puc. 7.19). Tpurrep / uMeeT TaKTOBBIN BXOI,
KOTOpELIA peardpyer Ha NepedHUil (pOHT UMITYy/bCa CHUIHalla CHHXPOHHW3AallUH.
Bxom tpurrepa I pearupyer Ha 3agHHii (PpOHT UMITyJIbCAa CUTHAJIa CHHXPOHHU3a-
uuu. Tpurrepbl 5TOro THIa MPUHAUIEXKAT K KJIACCy TPUITEPOB, YIIPABISAEMBbIX 110
06ouM ¢ppoHTaM. OHM peanu3yloTcs IO CXeMe «BeXyLUMii-BeIOMBIii».

Yaie Bcero Ha NMPakTHKE NMPHMEHSIOT OTHOCTYNIEHYAThIE H JBYXCTYIeHYa-
Thle Tpurrepbl. Ha puc. 7.20 nmokasaH cxeMarudecKuil 0030p pa3jIMYHBIX THITIOB
TPHITEPOB.

7.3. HeTtakTupyemble Tpurrepbi
7.3.1. Tpurrep Ha anemeHTax WIN-HE

IIpocToit HETaKTHpYeMBIil TPUITEP MOXET OBITh IIOCTPOEH HAa ABYX JIOTMYECKUX
anementax UJIN-HE (puc. 7.21). Boxon anementa UJIM-HE Haxomutcs B Hy-
JIEBOM COCTOSIHMH, €CJIM IT0 MEHbIIIE# Mepe Ha OMHOM M3 BXOJOB MPUCYTCTBYeT 1
(puc. 7.22). Ecnu x E, npuxnaneiBaercs 1, To A, mepexoaur B 0. Ha Bxone E,
morekeH 66Tk 0. Torma Ha oboux Bxomax snemeHta UJIM-HE I npucyrcrsyer 0.
Boixon A, nepeitner B 1 cocrosiiue (Bap. 2 TabaUIBI MICTHHHOCTH Ha puc. 7.21).

B cnyqae 3 tabnuusl uctunHocTH (E, = 0, E, = 1) Ha A4, ycraHoBurca 0, a 4,
nepexoaur B 0.

Ecnu Ha 06omx BXomax neictByeT 0, TO COCTOSTHHE BBIXOIOB TPHITEpa OCTa-
€Tcsl HeM3MEeHHBIM. MOXHO IepeiiTd OT BapuaHTa 2 K BapUaHTy 1 WM OT Bapu-
aHTa 3 K BapuaHTy 1. COCTOSIHMSI CHIHANOB BapHaHTa 2 H300paXeHbl CepbIiM Ha
puc. 7.21. Ecnu E, ycranapnusaercs B 0, TO BHIXOABI He MEHSIOT CBOUX COCTOSI-
Hui. Takoil pexXxM Ha3bIBACTCS «PEXHUM XPaHEHUs».

Ecnu Ha oboux BXxomax meicTByeT 1, To 06a BBIXOAa JOJDKHH mepeita B 0.
Tenepp BBIXOOBI He MMEIOT IPOTHBOMOJIOXHBIX COCTOSAHMI. PexuM, cooTsert-

A 21
21p 5
B
Bap. A, Bap.|B|A|AvB|Z=AVE
1 X xpanenwe 1 ool o 1
: 1 2 [of1] 1 0
8 0 3 (10 1 0
4 0 sanpewenHas
xomBuHayms 4 [1]j1] 1 0
Puc. 7.21. Tpurrep Ha apyx anemenrtax MJIHU-HE c taban- Puc. 7.22. Tabnuna UCTHH-

el HCTUHHOCTH. HoctH 3nemenTta UJ1U-HE.
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Puc. 7.23. RS-tpur-
rep Ha ABYX 3EMEH-
tax H1HU-HE.

cTByoLMi curHanaMm E, = 1, E, = 1 aBjisercd TaKk HasbIBaeMbIM 3allpellieHHBIM
pexumMoM. OH HUKOI/IA HE MCIOIb3YETCS.

CornacHo mpaBwiaM uist TpUrrepoB 1 Ha E, 1oJDkHa ycTaHaBIMBarh B 1 mpo-
THBOMOJIOXHBIA BbIXoA. To ecth 1 Ha E, B JaHHOM cCly4ae JIOJDKHA YCTAHOBHMTh B
| HHXKHWIA BBIXOA. DTO MOCTHracTCsl MyTEM TEPECTAHOBKM BBIXOMOB COTIAcHO
puc. 7.23. Tak KaK A, OTHOCHUTCSI K BEPXHEMY, a A, — K HMXXHEMY BBIXOIaM, TO
BBIXOJIBI NIEPECTABIISIIOTCH MECTAMM:

4,=04=20,
Bxon E, siBnsAercs BXoaoM yctaHOBKH. OH o6o3HayaeTca cumbosioM S. Bxox R

sapisAeTcs copocoMm. OH obo3Havaercs cumBoiioM R. Tpurrep Ha puc. 7.23 Ha3bI-
Baetcss RS-Tpurrep.

7.3.2. Tpurrep Ha anemeHTax U-HE

Ecnu coenmnuth nBa sneMeHTa U-HE nocnenoBarenbHo, Kak 9TO H300paxeHO
Ha puc. 7.24, To Toxe noaydurcs tpurrep. ITocmorpuM, Kak oH pabGoraer. s
ynobcTBa Ha puc. 7.25 npencraBineHa tabnuna uctuHHocTH 3neMmenta M-HE.
Ecnu no MeHsblIeit Mepe Ha onHoM Bxone anemeHTa MI-HE Oyaer HyneBoit cur-
HaJl, TO Ha BBIXOJ€ BO3HHUKHET JIOTUYeCcKas 1.

Ilpu E, = 0 u E, = 1 na Bbixone tpurrepa ycraHoarcss A = 1 u 4, = 0. Bro
pexum ycranoBku. Ilpu E = 1 u E, = 0 Ha BbIxozie Tpurrepa ycraHosarca A, = 0
u A, = 1. Oro pexum copoca. Ecim Ha oba Bxopa nmonaHa 1, To cocrosHue
BBHIXOIOB OCTaHETCA TAaKUM Xe, KaK W MpeAbIaylliee, TO €CTh He H3MEHUTCSI. DTO
PeXUM XpaHeHHS. '

Pexuma, npu Koropom o6a sxona E u E, paBHbl Hymo, cieayer uzderats. B
3TOM peXuMe 00a BBIX0Ja NOJDKHEI YCTAHOBHUTBECA B 1. TpUrrep us aByx aneMeH-

hY

Bap |B|AJAnB|Z=2A"B
1 0|0 ‘ 1| 1 zanpewenHan KoMOUMHALMA 1 010 11 0 !
2 |o|1}lo]1c6poc 2 (oj1¢ 0 !
3 110] 1] 0 ycranoska 3 110 i 0 1
4 1] 11 X | X xpadHexne 4 1114 1 0
Puc. 7.24. Tpurrep Ha apyx anemenrtax M-HE Puc. 7.25. Tabauua MCTUHHOCTH 3J1€MEHTA

¢ Tabnauue UCTHHHOCTH. H-HE.
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E,—d L — A

£ — b— 4,

Puc. 7.26. YcnosHoe 0603HadyeHHe TpUrrepa Ha
npyx anementax U-HE.

Bap.|R[S| Qwm | Qo

0 [ @,(m-1)|Qu (m- 1) |xpanenme
1

V]

1

m—
1 0 YCTaHOBKa
0
1

1 c6poc Puc. 7.27. RS-Tpurrep.

AR
0
0
1
1 1 ZANPELEeHHER KoMBUHALWA

1
2
3
4

Puc. 7.28. Tabauua uctuHHOCTH RS-TpUrrepa
(puc. 7.27).

toB U-HE nepexmiogaercsa O-curHanamu. CkaszaHHOe INMPOASMOHCTPHPOBAHO
YCIOBHBIM 00GO3HaUeHNEM TpUITepa Ha puc. 7.26. Ecin mepen KaXIbIM BXOIOM
BrJiioyuTh 3neMeHT HE, nonyuurcss RS-tpurrep (puc. 7.27). CoorBercTBYyIONas
TabJIHIIa HCTUHHOCTH M300paxeHa Ha puc. 7.28. OHa paclIUpeHa Mo CPaBHEHHIO
C paHee NMpeNCTaBIEHHBIMH TaOJIMIIAMH MCTHHHOCTH. B mepBoM BapHaHTe —
pexuMe XpaHeHUsI — H00aBHINCH Ql(m N N P, HUunexkec m — 1 obo3navaer
MpealecTByIoliee COCTOSHUE BBIXOIOB. iic.lm 0,= Q-1 0,=0,_,
3HAYUT, COCTOSIHMSI BBIXOJIOB B TeKyIMii MOMeHT Bpemenu (Q, . O, ) PaBHbI
MpeaIecTBYIOIMM cocTosTHUAM ( Q ). Tak ogHO3HaYHO 0DO3HAYA-
eTCsi PeXUM XpaHeHMsI.

Tpurrepsl Ha puc. 7.21 u puc. 7.24 gBIsSOTCSA CaMbIMHM IIPOCTBIMHM TPHITEpa-
MH. OHM ITO3TOMY Ha3bIBAIOTCS elile 0A30BLIMH TPHITEPAMH.

I(m — 1)* QZ{M = 1)

7.4. TakTupyemble Tpurrepbl

CocTosiHHe HeTaKTHPYEMBIX TPHITEPOB MEHSAETCA Yepe3 HECKONABKO HAHOCEKYH
Imocae U3MEHEHHUA COCTOAHHMA UX BXOOOB. 9’1‘0 HEXEJIaTCJIBHO BO MHOIHMX CJIy4ya-
ax. YToObl M3MEHATH COCTOSHHMS BBIXOJOB IO 0CODOM KoMmaHme, pa3spaboranu
TAKTHPYEMBIE TPHITEPbI, YIIPABISIEMbIC TAKTOBBIM CHHXPOHU3HPYIOILIUM HMITYJIb-
COM. DTH TPHUITEPH Ha3BIBAIOTCH TAKXKe TPUITEpaMM 3axBaTa, Tak Kak OHM IIpe-
UMYILIECTBEHHO MCTIONB3YIOTCS U cOopa HHGOpMALIHH.

7.4.1. RS-Tpurrepsl

Ecnu x xaxaoMy Bxoay RS-Tpurrepa IMOAKIIOYHMTH 3jieMeHT M, To momy4yurcs
TPUITEP, YIIPABISEMBI TAKTOBBIM CHHXPOHU3HPYIOITUM HUMITYIbCcOM (pruc. 7.29).
Tpurrep pearupyer Ha curHan E, = 1 TOJbKO TOIrAa, KOTAa Ha yIpaBlsIoLIEM
Bxope T takxe aeiictByer curHan 1. Ilpu E| = 1 Tpurrep roros mepedTu B
pexuM ycTaHoBKH. OIHAKO YCTAHOBKA MPOMCXOMUT TONBKO IIPH IOHave TaKTo-
BOTo curHasna 7. AHaJIOTUYHBIM MOOX0 KMEET MECTO JUTS peXumMa cbpoca Tpur-
repa.

YcnoBHBIe 0003HaUYeHUA TAKTHPYEMBIX RS-TpUITepoB yKa3zaHbl Ha puc. 7.30.
BepxHee ycioBHOe 0003HaYeHHE MCITONb3yeTcd yame. M-3neMeHTH cXeMBl Ha
puc. 7.29 MHTErpupoOBaHbl B MPSIMOYTOJIBHMK TPUITEPA.
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E, Puc. 7.29. TakTupyemsrii s
H ° RS-Tpwurrep. EI —Q,
— Q, T
. —{
R [D>—v 0: R —— & Q,
Ez n ]
— 15 I O‘
T =———G1
Huxnee ycmosHoe obo3HaueHHE OOpa3’OBHIBAETCSA €, R b— .

IIOMOLLBIO 3aITMCH 3aBUCHUMOCTH (cM. pasnena 7.1.1). byk-
Ba G obo3sHauaeT norudeckoe ymMmHoxeHrne M. Mumekc 1  Pue. 7.30. Yenosnere o6o-
yKa3bIBaeT, KAKMEe BXOABLI CBSI3aHBI APYT C APYTOM OIlepa- SHAUCHHA TaKTUPYEMOro
IMell normyeckoro yMHoxenus:s M. RS-rpurrepa.

Taktupyemsiii RS-tpurrep (puc. 7.29) MmoxeT crpouthecsa Ha detbipex U-HE
aneMeHTax. RS-TpUrrep mocTpoeH corfacHo puc. 7.24 na npyx snemenrax U-HE
¢ MpeABapUTEIbHO NMoAKMoYeHHBIMH MHBepTropamMu HE (puc. 7.27). Oba ane-
meHTa HE u 06a 3nemMernTa M g BO3MOXHOCTH TAKTOBOI'O yIIpaBJIeHUsI 00beIu -
HeHbl B aneMentsl M-HE (puc. 7.31).

Puc. 7.31. Cxema RS-tpurrepa Ha yeteipex M-HE snemenTax.

Bo3sMmoxHasa tabiMmiia MCTMHHOCTH TakK-
THPYeMBEIX RS-TpuUrTepoB H300paxeHa Ha

Bap. |[T|R|SIQ; | Q

e puc. 7.32. B cayyasx or 1 1o 5 cocrosiHue
2 |ofo|1 TPUITEPA HE U3MEHAETCA. DTO PeXHUMBI Xpa-

COCTOAHWE TpUrrepa

: 8 : ‘1’ we wamensercs, xpanenve  HEHISL. B BapuaHTax ¢ 1 mo 4 cHrHan cMH-
=tiTolo xpoHusanuu 0. IToaTroMy cocTossHMe TpUTTE-
6 (1]0]1] 1|0 yeranosxa pa He meHsercs. B cnyyae 5 §=0u R= 0.
7|10 0| 1 ebpoc HecMoTpst Ha TO, YTO TAKTOBBII CUTHaJ pa-
8 |1]1]1] =] = sanpewexHas komGuHauma

BEH 1, TpUITep HEe MOXET HM YCTAaHOBHTHCS,

Puc. 7.32. Boamoxnas Tabinia MCTHH- HH COPOCHTHCA. .

HOCTH TaKTHpYeMOro RS-tpurrepa. BapuaHT 6 siBIsleTcs YCTaHOBKOM, Bapu-
aHT 7 — cOpocom. BapuanT 8 3anpelieH U He
JIOJDKEH BCTpEeYaThCs.

Tabnuua UCTHHHOCTH CTPOUTCS 4Yallle Bcero 6e3 cHrHajga CHHXPOHU3aLUH.
BMecTo Hero BBOJST 1Ba BPEMEHHBIX COCTOsIHMS. Bpemsi ¢ sABJsieTCsi BpEMEHEM
nocje n-ro CHHXPOHU3WPYIOLIETO HMIMynbca. Bpema 7, | | ABlsgerca BpeMeHeM
nocJie CNeyIoLEero CHHXpPOHU3MpYIolero uMiyasca. Eciiv paccMarpuBars onpe-
NENEHHBIA CHHXPOHU3HPYIOIIMIA UMIIYIBC, TO MOXHO CKa3aTh!

t, ABNSETCA MOMEHTOM BPEMEHW rneped OfnpefeseHHbIM CUHXPDOHN3MPYIOLMM
MMNYNLCOM, { | | ABAAETCH MOMEHTOM BPEMEeHM NOCNe ONPeaenNeHHOro CMHXPOoHMU-
3UPYIOLWEro MMNYNLCA.




7.4. Taxmupyemoie mpueeepot IO

TaGnuua HCTHHHOCTH pasjiensiercs Ha obnactu £, M £, | (puc. 7.33). CronGen
Wit O, MOXHO He 3allOIHATh, TakK Kak (), Bceraa MMeeT NMPOTUBOIIONIOXHOE CO-
CTOsiHME OTHOCHTENBbHO (). Takaa ¢dopMa TabIMILI UICTUHHOCTH ABJISETCS 00-
LIETTPUHATOM.

s BHIUMCNeHUN B anrebpe JMOrMKu HeobxoauMa Taliinilla MCTUHHOCTH,
nawoias npejacrasieHue o pakruyeckom cocroauuu Q, . M3 Tabnuubl ncTUH-
HOCTHM Ha pHuc. 7.33 MBI BUAMM TOJIBKO, YTO B IEPBOM BapHaHTE COCTOSHHE
BeIxoaa O, ocraeTcs HeM3MeHHbIM. Ho KakuM oHo 6bu10? OHO MOTIO GBITH 1
win 0. B noapoGHoi Tabnuiie MCTUHHOCTH (), YKa3bIBaeTCA B BUJIE TEPEMEH-
HOM BenuYHHBI (puc. 7.34). Muaekc n npu Q, MOXET He yKa3blBaTbCs, TaK KaK
f, IOKa3bIBaeT MPUHAUIEXHOCTb (), K n-My MOMEHTY BPEMEHH.

rn rm-i
Bap. |A| S| Ol Oy
tn thet 1 |]0j0] O 0 | cocrosuue Tpurrepa
Bap. | R | S 24 2 lojol| 1 1 HC U3MSHACTCS, XpaleHue
(BCREREES 3 (o)1 0] 1
2 lof1] 1 4 |o|1]| 1 | 1 [Yoranoeka
3 |1|0]| o0 5 1ol ofo] o
a (111 = 6 |1|o]| 1| o [©°P°
7 T 0= ]3anpe1uas KomBuHalma
8 |1f{1] 1§ =
Puc. 7.33. Tunosas Tabavia MCTHHHOCTH TaK- Puc. 7.34. INonnas 1a61M1a HCTHHHOCTH TaK-
THpyeMmoro RS-Tpurrepa. THpyemoro RS-tpurrepa.

B cnyyae 1 Q, uMmen nepea paccMaTpuBaeMbiM TakToM coctostHue 0. TTocne
TakTa COCTOAHME HE U3MEHMIOCh. B ciiyuae 2 Q, uMen nepen paccMarpuBacMbiM
takToM cocrosHue 1. ITocie TakTa COCTOAHME BBIXONA TAKKE HE U3MEHHIOCH.
Cny4aun 1 ¥ 2 ABNAIOTCS MPHMEpPaMy peXXHMa XpaHeHHA.

B cnyyae 3 Q, umen nepen paccmarpuBaeMbiM TakToM coctosHue 0. TTocne
TaKTa COCTOSIHME U3MEeHWIOCh Ha 1. B ciyyae 4 O, GbUT 10 TaKTa paBeH 1 u mocye
TaKTa ocTancs paBeH 1. Cnyyau 3 u 4 9BNSIOTCS MPUMEPaMHM peXHuMa YCTaHOBKH.
Kakoe 6bl cocTosiHHe HH MMeNl (), /10 TakTa, IOCJIE TaKTa CHHXPOHHM3AaLUK OH
paBeH Bcerza l.

Ciyyau 5 u 6 siBIsIIOTCS: IpUMepaMM pexuMa copoca. Ecin @, umen cocro-
anue 0, TO OH cOXpaHseT ero U rnocie Takra. Ecaiu Q) umen coctosnue 1, To oH
copaceiBaercst Ha 0. Kakoe 6nl cocTostHue HM MMen Q, IO TaKra, IOC/e TaKTa
CMHXPOHH3aLUMU OH paseH 0.

3anpeleHHbie KOMOMHAIMK 7 U 8 MBI He OyzeM paccmaTpuBaThb. OHH Helo-
MYCTUMBI B 3TOM pPa3HOBHOHOCTH TPUITEPOB, TAK KaK BO3HHKAET HEOINpeIeNeH-
HOCTh, B KAKOM COCTOSIHMHM OKaXYTCsl BBIXO/bI TPHUITEDA.

7.4.2. RS-Tpurrepbl ¢ JOMUHUPYIOWUM R-BXOLAOM

Hanwnune 3anpelieHHBIX KOMOMHALMN [UIST TAKTUPYEMBIX RS-TPHITEPOB BHI3BAJIO
W/IEI0 TIOCTPOEHMsI TPUITEPa, KOTOPBI NPUHYAMTENBHO ycTaHasnupaer Q, B 0
npu S=1u R =1, npu mogave CHHXpPOUMITYJIbCA. DTO CTAHOBUTCS BO3MOXHBIM
6naronapsi 0coGEHHOMY ITOAKIIIOYEHHIO BXONOB.

Ha puc. 7.35 moka3zaHo Takoe coequHeHue BxoaoB. [Ipy S=1mu R =1,
1-curHajg He MOXET BO3/EHCTBOBATh Ha TPUITEP, TAK KaK HA BbIXOLE 3JEMEHTa
HE peiticteyer 0. U-3neMeHT 3anupaerca. 1-curHan Ha R paspemaer c6poc. Pe-
6—2114
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Puc. 7.35. Taktupyemsiit RS-Tpurrep ¢ 10MH- Puc. 7.36. YcnoeHoe 0603HAYEHIE TAKTHPYEMOIO
HHUPYIOILHEM R-BXOLOM. RS-Tpurrepa ¢ IOMUHHPYIOIUMM R-BXOIOM.
tn rn+1
Bap.|R | 5 | @
10 |0 |G,
2 o1 ] 1 Puc. 7.37. Tabnuia HCTHHHOCTH
3 |1]0] o TakTHpyeMoro RS-tpurrepa c no-
4 1111 o MHHUPYIOIHUM R-BXO10M.

XHMM ycTaHOBKH npH S = 1 m R = 0 ocraeTcsd BO3MOXEH, TaK KakK Telleph Ha
Beixone anemeHTa HE peiictByer 1 m M-smeMeHT uMeeT Ha Beixoge 1. Takoid
TPUITEP HasbiBaeTcs RS-TpUITEpPOM ¢ NOMMHMpYIOmuM R-BxomoMm, wiu R-tpurre-
poMm. IIpaBuiio ero paGoTsl CleayeT U3 YCIOBHOTO 0003HaYeHHs Ha puc. 7.36 (cM.
taKke pasg. 7.1). OHo mmacut: ecau oba Bxoma tpurrepa S, R u Bxon T uMelor
YPOBeHb 1, TO IIpHU CUrHane CMHXpoHu3auu 1 Q, ycranapnuBaercsi Ha 0, a Q, —
Ha 1.

Tabnmuua UICTHHHOCTH TaKTHpyeMoro RS-Tpurrepa ¢ JIOMMHUPYIOIIUM R-BXO-
JIOM TpeacTapjieHa Ha puc. 7.37. PazyMeercs, CyIecTBYeT TaKKe TAKTHPYEMBIH
RS-Tpurrep ¢ IOMMHHMPYIOLIUM S-BXOJOM (CM. KOHTPOJIBHBIN TeCT).

7.4.3. E-Tpurrep

Pexe ucronb3yeMoil pasHOBHAHOCTHIO TPUITEPOB SIBJISIETCS TaK Ha3bIBaeMbIii
TakTHpyemblit E-tpurrep. TaGnuiia MICTUHHOCTH JUIA 3TOTO TPUITEPA IIPUMBEICHA
Ha puc. 7.38. Ilpu E = 1 u E, = 1 E-Tpurrep nepexofuT B PeXUM XpaHeHus. E-
TPUMITEP MOXeT ObITh 06pa3oBaH U3 RS-TpUrrepa rmyTeM BBeIeHUS TONOJIHUTEb-
HbIX 3JIEMEHTOB Ha BXxoae. B pesynbrate npu E, = 1 u E, = 1 Ha Bxogsl S u R
JIOJDKHEI mocTynaTh curHansl 0. OgHako pexxXuMbl yCTAaHOBKHM (BapuaHT 2) ¥ cOpoca
(BapuaHT 3) He JOJDKHBI OBITH U3MEHEeHBI.

RS-Tpurrep ¢ HeOOXOAMMBIMM [IOMOJHMUTEIBHBIMH 3JIEMEHTAMM IPEICTAB-
JieH Ha puc. 7.39. Ilpu E, = 1 n E, = 1 o6a M-aneMeHTa 3anupaiorcs, Tak KaK Ha
Beixonax HE-anemenTos peiicteyer 0. Ilpu E, = 1 u E, = 0 Ha S-BXoj nocTynaer
curHai 1. YcnoBus Uil mepexoia TpUITEpa B PEXHMM YCTAaHOBKH COOJIIONEHBI.
IIpu E =0wu E, =1 na R-Bxox mocrymaer curuan 1. Yciosusa wis nepexona
TPHITEPA B PEXHUM cOpoca Takxke CoOTIOIeHH.

El
llr: r ‘nM
Bap. |Ep | E1] & —Q,
1 ] W] Qy, XpaneHue
2 0 1 1 ycraHoBka
3 1 0 0 cBpoc 2,
4 |1 1 || Qy, xpanenne E,
Puc. 7.38. Tabnuua MCTHHHOCTH TaK- Puc. 7.39. O6pasopanue TakTupyemoro E-Tpurrepa

THPYEMOTIO E—T]JHITEP&. BBEACHHEM NOIOJHHUTEABHBIX 3JIEMEHTOB Ha BXOJE.
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7.4.4. D-Ttpurrep

D-tpurrep npuMeHsieTcs yaine, yeM E-tpurrep. TaktupyeMmsrit D-Tpurrep tax-
e MoxeT OBITh MocTpoeH Ha 0a3e RS-tpurrepa. Ilogapaemeblit Ha S-BXxon cHr-
Han noasoauTcs yepes aneMeHT HE Kk R-Bxony (puc. 7.40). R-Bxox Gosblie He
YOPaBJISAETCA BHEIIHUMH CHUTHATAMH.

D a]s Q,
Puc. 7.40. O6pasoBaHue TAKTUpPYe- T_E
MOro D-TPHrTepa BBEeAEHHeM AO0T0- r pb—a

HHUTEJIBHBIX 3JIEMCHTOB Ha BXO.E.

tn [ thet D 1D S 0:
Bap.|D| @ T G1
i |ol 0 D—Q,
2 {1h 1
Puc. 7.41. Tabauua MCTMHHOCTH TAKTUPYEMO- Puc. 7.42. YcaoeHoe rpaduyeckoe o603Haye-
ro D-tpurrepa. HHE TaKTHpyemoro [D-tpurrepa.

D-tpurrep Ha3blBaeT TAKXKe TPUITEPOM 3A1€PKKH, TAK KaK B HEM 3a/l€PXUBa-
eTcsl NMPOXOXICHUE BXOAHOrO CUTrHajla Ha BBIXOJ O MOSIBJEHUS TAKTHPYIOUIETO
CHHXpOUMITy/Ibca. 1-curHan Ha D-Bxoze ycraHapnusaeT O, B 1. O-curnan Ha D-
Bxoje ycranapmupaer Q, B 0. Tabnuua ucruHHOCTH D-TpHrrepa npuBeicHa Ha
puc. 7.41. Tak KaK B HATMYMH UMEETCS TOJNBKO OIWH BXOM, TabIH1ia NICTUHHOCTH
COIEPXKHUT TOJNILKO JIBE KOMOMHALMMU.

VYcnorHoe ob0o3HaueHUe TakTupyeMoro D-tpurrepa mokasaHo Ha puc. 7.42.
bykBa G ykaspiBaeT Ha Jiorudeckoe ymHoxeHue M. Lludpoii 1 orMedeHsl CBs-
3aHHBIE JIOTHYECKUM YMHOXEHUEM BXOIHI.

7.4.5. Tabnuubl AaHHbIX

[TpousBoauTenu TPUITEPOB U3NAKT MOAPOOHBIC TaGIULIBI JAHHBIX, B KOTOPBIX
TPHUBEJEHBI Bce HEOOXOAMMBIE ITapaMeTphl MHKpocXeMbl. B paMkax 3Toil KHUTH
B KayecTBe MPHUMEPOB NpPeACTaBIeHbE HECKOJIBKO TaO/IML JaHHBIX.

Cpenu TaKTHPYEMBIX TPUTTEPOB B HACTOSIIIIEE BPEMSI B OCHOBHOM TIPUMEHSTIOTCS
D-tpurrepsl. Mukpocxema FLJ 151-7475 asngerca TTJI-cxemoit (cM. pasm. 6.6).
Ona comepxwuT 4eTeipe D-tpurrepa (puc. 7.43). IlokoneBka, cTpykTypa A TabnM-
1la ICTUHHOCTH NPUBENEHBI Ha puc. 7.44.

Tabnuua gaHHbIX (pvc. 7.43) cooepXUT THIOBBIE CTATMYECKHE INapaMeTphbl
TTJI-cxem, paccMoTpeHHBIe B Togpa3n. 6.6.2.2. ITo BpeMeHH NepeKI4YeHNs
MOXHO onpeneyinTh ObicTposeicTBHe cxeMbl (pa3n. 6.4.3). Hanpsixenue nura-
Hug 5 B.

ITon ¢, noHMMalOT TaK Ha3pIBaeMOe BpeMsI IIOArOTOBKH K pabore Ha Bxoae D.
BT0 BpeMs, B TEUCHHE KOTOPOTO CHTHAI MO/KEH HAXOMWUTHCS Ha BXOAE TeEpen
MpUOBITHEM TakTa CUHXpOHM3aluH. OHo cocTaisaeT 20 He. Ecnu curHan npu-
cyTcTByeT Ha Bxone D MeHee 20 Hc, TO 3aNMCh B NAMSITh HE F'ApaHTUPOBAHA.

CUHXPOHU3MPYIOIIWIA UMIYIbC JIOJDKeH TaKXe JUTUThCS 10 MeHbLIeil Mepe
20 HC. DTO BpeMsi obo3Havaercsl 7, BpemeHa nepeknio4eHUs OTHOCHUTENBHO
KOpoTKM. Tpurrepsl pa6oraior GbICTpO.
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4 D-tpurrepa FLJ 151-7475 FLG 155-8475

Tpurrepsl FLJ 151 unu FLJ 155 umeloT asa cTabunbHbiX COCTOAHUA, YNPaBASEMbIX CUHXPO-
umnynLCcom. Moka AedcTByeT CUHXPOHU3NPYIOWWA MMNYNLC, nidopmauns ¢ D-8xona NeEpeHocUT-
cq Ha Q-Bbixog. OHa CoXpaHAEeTCA Ha BbLIXOAE W NOCne NpekpaweHus nogadm CUHXpPoOHU3upylowe-
ro umnyneca. MHpopmauma CTMpaeTca, eCnu CUHXPOHUIWUPYIOLWMWIA UMNYNLC NOBTOPAETCH.

Tecro- Hux- Bepx- | Egm-
Cratuyeckne napameTpbl B HWA HWA HUUa
TEMNEPATYPHLIX 30HAX 1 U 5 YcnoBus wcnbitasuia c::: npeaen Tun npenen| uame-
a B A peHusa
HanpsixeHue
nuTaHns Us 475 | 50 | 525 B
BxoaHoe Hanpsaxe-
Hue H-yposHa Un 36 2,0 B
U;,=4758B
BxonHoe Hanpsxe-
HUe L-ypoBHs Yu 37 08 B
BxoaHoe Hanpaxe- .y Uy “—'_ 4,75 B, 1,5 B
HVEe Ha Knemmax ! =1, =12 mA
BrixogHoe Hanpsa- o a
XeHUe H-ypOBHA Ugy 1o, = 400 MKA N 36,37 | 24 3,4 B
<«
BrixonHoe Hanps- _ ]
XEHWE L-ypOBHS U, Iy = 16 MA = 36,37 0,2 0.4 B
Cratu4eckan nome-
XOYCTOWYMBOCTL Uss 0.4 1,0 B
BxoaHo TOK Ha _
wauan I, Uu=558B 38 1 MA
H-BXxoaHOA TOK m
Ha D L, U,=248B & 38 80 | mkA
wa T I U =558 " 38 160 | MKA
A
L -BXOAHOR TOK >
Ha D =, u,=048B 38 3,2 MA
Ha T -1, u, =048 38 6,4 MA
Tok kKopoTKOro
3aMblkaHuA Ha KaHan| -/, U;=5258B 39 18 57 MA
BbIX0AAa
Tox NuTaHWs I Us;=5,258B 40 32 53 MA
Bpems
nepexnio4eHus, Npu
U,=5B,T,=25C
Noruyeckue napaMmeTpsl
DnutensHOCTL
CUHXPOUMMNynLCa tf“ 20 HG
Bpema noaroToBku
Wa D t, 20 HC




7.4. Taxmupyemvie mpueeepol |\6\=>

Cra Tecro- | FUX- Bep;- Ean-
TUHECKWE NapameTpbl B HUA HW HAUA
TOMNOPATYDHLIX SOHEX 1 M & YCNoBWA UCNLITAHWA C:::Ia npesen Tun npenen| name-
B A peHna
Bpems npoxoxane- b 14 25 HC
HWUA curHana C, = 15n0,
(BeicTpOAENCTBMNE) R, = 400 Om
oTDKQ tou 16 30 HC
L 7 15 HC
orDk Q
Loy 24 40 HC
t 7 15 HC
otlixkQ il
Lo 16 30 HC
b 7 15 HC
oTTk Q
[ 16 30 HC
Koadppuumenr
pasBeTBNeHus Nno Fa 10
BbIXOAY Ha KaHan
BxoaHoit Harpy3oM-
Hblld KoaduumenT | F, 2
Ha D
BxopHoiA Harpy3aou-
Hblid KOadpuuneHT F, 4
Ha T

Puc. 7.43. Tabnuua nanubix muxpocxemer FLY 151-7475 (Siemens).

Q@ o @ r, b Q@ o a
16 15 14 13 12 11 10 9
a4 I_l_r"J A
Liokonesxa kopnyca
Bug ceepxy
] D — exon
Q. Q@ — BuixoAu
G11D0){1D G1 G110j|10 61 T — 8X0A TAKTMPYIOWENO CHHXPOMMNYNLCA
L L J L J L J L JLJ°LJd
1 2 3 4 5 6 7 8
@ o o T, U D D Q r b
1 Crpyxtypa
o D-tpurrepa
i rnn_
D|Q Q & &
H|H L
LlL H Q o—t =1 21 N |

t, — MOMEHT BpEMEHU A0 CHHXPOMMAYNbCa
t ., — MOMEHT BpEMEHM NOCNEe CHHXPOUMMYNLCA

n

Puc. 7.44. IIpunoxenune K Tabnuie AaHHBIX 418 UHTErpansHoit Mukpocxemsl FLJ 151-7475
(Siemens).
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Copnepxut 4 D-Tpurrepa
Moayne FZJ 131/135 conepxuT 4eTbipe TakTupyemMeix D-Tpurrepa. Mudopmauwna noctynaeTt c
BxoAa D Ha Bbixoa Q npu T = H. D-Bxoa 3anepT npu T = L.
TunoBoe NpUMeHeHWe: 4-GUTOBLI NPOMEXYTOUHLIIN Bydep namaTtu.

Hux- Bepx- Eon-
Cratnuyeckue napameTtpbl npu 12 B . ” HWA HWA HUUa
B TEMNEPATYPHLIX 30Hax 11 5 YCnoB 15 MCNbTaHMi npeaen Tun npeaen | wame-
B A peHuna
HanpsixxeHve nutaHus U, 11,4 12 13,5 B
BxogHoe HanpsxeHuve _
H-ypoBHs u, Ug=Ug, 7.5 B
BxogHoe HanpsxeHne _
L-yposHs U, Ug=Ugn U, 4,5 B
BeixogHOe HanpaXxeHve Us = Ugg, —1gy = 0,1 MA
H -ypoBHa Uan u,=758B 10,0 11,3 B
BuixogHoe HanpsxeHne Ug = Ug, I, = 15 MA
L -yposHs Yo |u,'=458U,=758 0.9 | 17 B
Cratnyeckasn Uson 2,5 5 B
NOMEexoyCcTON4YUBOCTb
oy U, 2,8 5 B
BxogHo# TOK Ha kaHan _ _
H-BxoaHow Tok Ha D hy U= Uy Us = U, 1 MKA
L-BXOAHOW TOK Ha D =1, U=U,, U, =178 3 MA
L-BxoaHoW TOK Ha T =1, U, =U,,U,=178B 6 MA
TOK KOPOTKOro 3aMblKa- _ _ _ _
HUS Ha KaHan Bbixoaa lo Us=Usp U =U,=0B ° 15 2 MA
Tok nuTaHua Ig U =Ug,, U=0B 22 32 MA
Jnepronorpebnexve P U =U,, U=08B 264 432 mBT
Bpems nepeknioyeHnsa,
npu U; =58, T,=25°C
MakcumansHan .
TAKTOBAS YBCTOT f, CkeaxHOCTs 1:1 0,5 ML
O NNTensHOCTL
CUHXPOMMIyNbLCA tor 0.5 MKC
Bpemsa nogrotoBkm Ha D
H -curwan [ 300 HC
L -curvan t Yepes zemnio 4,5 B 500 HC
Bpemsa NpoMeXyTo4HOro
XpaHeHwsa Ha D
H-curuan t, 150 HC
L-curnan t, 50 HC




7.5. Tpuzeeput, ynpasnsemuie no ¢ppouny cunxpoumnynsca O

Hux- Bepx- Eaun-
Cratnyeckume napameTtpsl npu 12 B HUA HUA HULA
B TemnepaTypHbiX 30Hax 1 n 5 YCnoBus MCMbTaKui npeaen Tun npegen | wuamMe-
B A penusa
Bpems npoxoxaeHus curHana
(6bicTpOpECTBME)
to 90 175 310 HC
oTDk Q@
ton 30 70 150 HC
t 30 70 150 HC
oTDk Q i
C =10 nd 70 130 290 HC
L
o, npu 4,5 B yepes 3emnio 90 160 310 HC
orTkKQ
to 70 120 210 HC
_ Lo 90 150 310 HC
orTk Q
to 70 120 210 HC
Bpemsa HapacTaHusa tnn C =10 n® 50 90 170 HC
curnana t, ‘ 15 | 3 | 80 | wHe

Puc. 7.45. Tabnuua naHHbix Mukpocxemsl FZJ 131 (Siemens).

Muxkpocxema FZJ 131 comepXHUT TakKxXe YeThipe TaKTHPYeMbIX D-Tpurrepa.
Dta mukpocxema asnsetrcs JTJI-cxeMoii moaceMelicTBa «MeJJIeHHOI NOMeX0-
YCTOMYMBOM NoruKku». M3 TabGnuLbl TaHHBIX HA pUcC. 7.45 MOXHO YBUIETb, 4TO
BpeMsl MepeKTIoYeHHs 3HAYUTENIbHO HoJblue, yeM B cxemMe FLJ 151-7475. Cra-
THYECKasi MOMeXOYCTOMYUBOCTh OueHb Gonbinas. HeobxonuMoe HanpspkeHue
nutanus 12 B. Crpykrypa D-tpurrepoB (puc. 7.46) siBnsAeTcss TUIIMYHOM JUIS
AT -cxemMm.

7.5. Tpurrepsl, ynpasnsiemoie no GpOoHTY CUMHXPOMMNYNbCA

bnaropapsa ynpaeneHuio no $ppoHty (ppoHTaIbHOMY YIIPaBICHUIO) HJOCTUIAIOT
OYeHBb TOYHOTO OJHOBPEMEHHOTO TIEPEKITIOYEHUsT HECKONBKIX TPHTTepoB. Jlaxe
npu GONBLIMX HOMyCcKax MPUA U3rOTOBJIIEHUH MOYTH HEe MPOMCXOOUT OTKJIOHEHMS
OT 3alaHHBIX MOMEHTOB TNepPeKIIoYeHus.

Mpw $poHTANEHOM YNPABNEHNWN TPUITEPEI NEPEKIMOHATCS CUHXPOHHO.,

Ewe ogHUM NpeuMyLuecTBOM (PPOHTaJIbHOIO YIPaBJIeHUs SBJISIETCS ITOHH-
XKEHHaA NMOABEPXKEHHOCTh MOMEXAM. ITomexa Ha BXOOax MOXET MOCIYXHWUTh ITpH-
YHHOM c0OsI TONBKO B TOM Cily4ya€, €ClIH OHa ,[leﬁCTByeT B TEYHCHHE OYEHDb KOPOT-
KOro repuoja BpeMeHHM NepeKnioueHHusa Tpurrepa. o M mocie 3TOro mepuona
Mapa3sMTHbIE CUTHAJIB HE OKAa3bIBalOT BO3NENCTBMA Ha paboTy TpUITEpa.

Mpw dpoHTansHOM ynpasnesuu Tpurrepel 00nagainT Gonbler NOMexoyCcTon-
YNBOCTBIO.
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Puc. 7.46. [1Ipunoxenue x 1ab-

u & @ D, T, DL Q &
16 15 14 13 12 11 10 9 JMLE JAHHBIX 018 MHTErpajib-
MM rararara HO# MuKpocxemuml FZJ 131

BUA CBEPXY

G110 10 G1 D — Bxog
Q, @ — ebixopnl

T — BXO[l TAKTUPYIOLEr0 CUHXPOMMNYNLCA
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7.5.1. UMnynbCHBIE 3NEMEHTHI

IOna dbpoHTanbHOTO ynpaBjieHUs HEOOXOAMMBI MMITYAbCHBIE 2JIeMeHTH. OHM
HMEIOT CTaTHYeCKHid M HMHaAMHYeCcKHi BXoabsl M paboraior Kag ameMeHTH M.
VIMmynbCcHEBIN 271eMeHT Ha puc. 7.47 BbIaeT HA BBIXOJE OTPUUATEIbHBIH HMM-
IyJIC TOJIbKO Torma, xorma A = 1, a T-curHan nagaetr ¢ 1 B 0 (o6parHbrit
GpoHT).

BoaMoxHas cTpyKTypa MMITYJIBCHOrO 2/eMeHTa (puc. 7.47) npeacraBiieHa Ha
puc. 7 48. Ha Bxone A norxeH neiicrBoBarh curHan 1. B Touke X Torna neifcrBy-
et curHan 0, yro coorBercTByeT nmoreHnany 0 B. Ha 7T-Bxome Taxke moJnkeH
6biTh curHan 1 (£ +5 B). Kounencarop C sapsixaercs 10 5 B. Ecnu curnan T
CTAaHOBHTCS CHOBa paBHEIM 0 B, To oTpunarenbHBIi IMONIOC KOHAEHCATOpa B
ImepBbIii MOMEHT BpeMeHH Oyner mmeTh nmoreHuuan —5 B. luon oTkpoercs.
K Beixomy Z mocie yMeHBIIEHHSA Ha BEIWYMHY IMPAMOTO HANMPsDKEHUS IHOAA
NpUIOXeHo HanpspkeHue —4,3 B. DTo HanpsokeHHe nagaeT mocie pa3psaga KOH-
neHcatopa jo 0.
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A Puc. 7.47. YcnopHoe 0603HAYEHHE M BPEMEH -
r z HasA AMarpaMma MMITYJ1bCHOIO 3/1€MEHTA U1

BapHaHTa C OTPHLATE/1BHBIM BbBIXOJHBIM HM-

NyABCOM.

N
— -

—F -
y

A ——l &
Zz
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Puc. 7.49. YcaopHoe 0003HaYeHHe U BpeMeH-
Has guarpamma MMINyJAsCHOrO 3JiEMEHTa 18
BapHAaHTA C NOJOXKHUTENBHBIM BBIXOAHBIM HM-
My/LCOM.

Puc. 7.48. Crpykrypa MMy, 1bCHOrO
2/IEMEHTA.

MUMnynscHBIE 37IeMEHTBI BTOPOro BHa BBIIAIOT MOJIOXKUTEIbHBIE BBIXOIHbIE
UMITYJIbCHI. MIMITyNIBCHBIH 27IeMEeHT HA pHC. 7.49 BbITAET TIOJOXHUTEIBHBIH HM-
MYJIBC TOJIBKO TOT/A, KOrNa Ha Bxojae A meicTByeT cMrHaI 1 M cuHXpouMIynse T

nepexogut ¢ 0 Ha 1.

7.5.2. RS-Tpurrepsl, ynpaensemsie no ogHOMy GpPOHTY

HerakTtupyemsiii RS-tpurrep (cMm. puc. 7.27)
IIpeBpamnlaeTcsa ¢ MOMOIIbIO ABYX M-3/1eMeHTOB,
MOAKIIOYEHHBIX IO TPUITEPA B COOTBETCTBHHU C
puc. 7.29, B Taktupyemsiii RS-tpurrep. Ecnu 06a
3THX JIEMEHTA 3aMEHMUTh UMITYJIbCHBIMH JIEMEeH-
TaMH, TO MOJYYAIOT TAKTHUPYEeMBIi (PPOHTANBHO
yrpasisiemblit RS-tpurrep (puc. 7.50). Tpurrep ne-
peKJIioyaeTcs MU Mepexo/ic CHrHajla CHHXPOHH3a-
uuu ¢ 0 Ha 1, T. e. ¢ nepeAHUM QPOHTOM MMITYJIb-
ca. YcioBHOe 0003HaYeHHE 3TOr0 TPUITEpa TpH-
BeeHo Ha puc. 7.51. JIns obo3HayeHHMss BXona
CHHXPOHHM3AlMM (TAKTHPYIOILIEro BXOAa) MCMOJIb-
3yercs OykBa C (ot aHri. clock — gacer). C-Bxon
BO3EHCTBYET Ha 00a BXOjga TPHMITEPA M IOITOMY
H300paxaeTcsa B cepequHe.

Puc. 7.50. O6pazoBaHHe TakTHpyeMoro no ¢dpoHTty RS-tpurrepa.

5=—5s

R =R

-l--o‘

b— 0.

HetakTupyemsiit (2aCUHXPOHHLINA)

RS-Tpurrep
8 &
L‘ s —
e
Mgl b— 0,
R &
TakTupyemsiid N0 ypoBHIO
RS-Tpurrep
3 &

1
| [

R &

TakTupyemblit Nno ¢poHTy
RS-tpurrep
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s s — 0,
C—> — q, §—15S —Q,
A—R b— 0, ¢ —a>
b— Q. R | A b— o,
Puc. 7.51. YcnosHoe 0b0o3Ha-
YEeHHUE YNpaB/iseMoro no ¢poxH-
Ty RS-TpHrrepa, nepeknoyaio- Puc. 7.52. Cxema W ycnoBHOEe 0BO3HAYEHME TAKTHPYEMOro
IIErocs nepeaHUM (PPOHTOM ynpasnsemoro no ¢dbpouty RS-Tpurrepa, nepexai4aloilero-
CHHXPOMMMNY/CA. ¢ 3anHuM GPOHTOM CHHXPOMMITYNBCA.

Ecnu Mcnons3yioT MMMYJIBCHBIE 3JIeMEHTHI APYroro BHAA, TO TOMYYaiOT
RS-Tpurrep, KoTophiil NepeKnoyaeTcs 3agHuM (GpoHTOM HMITYNIbca (puc. 7.52).
TpebyloTcst 1Ba gononHUTENbHBIX 3NeMeHTa HE wam elnme MOXHO NMPHUMEHWTH
tpurrep Ha sneMenTax U-HE, nmokasaHnHbIi Ha pHc. 7.26.

CxeMbl, MpUMeHsIEMble B 00/1aCTM MHTETPAJIbHBIX MHKPOCXEM, SIBJISIIOTCS B
OCHOBHOM 0Oonee CIOXHBIMUA. Pa3zpa®oTyvMKH CTpeMATCS MONYyYHUTh OONbIIYIO
NOMeXOYCTOHYMBOCTh MPH BO3MOXHO Goyiee BBICOKO# pabGoueit ckopoctu. [o-
MOJIHUTENBHEIE YCIIOXKHEHUS B CXeMeE JIMIIb HEMHOTO MOBHIILAIOT U3NEPXKKH MPH
Npou3BoAcTBe MUKpocxeM. [Iist norpeGuresst BHYTPEHHSISI CTPYKTYpPa CXeMbl He
HMeeT 3HauYeHMsA. BaxHbI IMIIb XOpOIlie MapaMeTphl H Ka4eCTBO MpeiaraeMbIxX
TPHITEPOB.

PaccMoTpeHHBI TaKTHpyeMBbIil 1Mo ¢poHTy RS-TpUrrep HasbIBaeTcs TakXKe
ynpasjiseMbiM N0 oaHoMy (pouty RS-TpurrepoM. Takoe Ha3BaHME IIOMOIaeT OT-
JIMYaTh UX OT paccMaTpuBaEeMbIX Aajlee YIpaBiseMbiX 1O AByM (ppoHTam RS-
TPUITEPOB.

Tabnuua UCTUHHOCTH VISl YIIPABISAEMBIX 10 OXHOMY (MPOHTY RS-TPUITEPOB
TaKasl XKe, KakK sl TAKTUPYEMBIX [0 YPOBHIO CHrHana RS-TpUITEpOB, TaK KakK B
TabIulle MCTHHHOCTH He TMIPUBOAUTCS CIOco0 TAaKTOBOIO yrpasieHus. Tabmuia
HcTUHHOCTH (pMc. 7.53) meiicTBUTENbHA KaK A RS-TPUITEPOB, YIpaBaseMBbIX
nepeHUM HPPOHTOM MMIYJIBCA, TAK U Uil RS-TpUTTEpOR, YNpaBIsSeMBIX 3aIHUM
(poHTOM MMIyJIbca. MOXHO MCIIONB30BaTh YCJIOBHbIE 0003HAYEHUA C YKa3aHH-
€M 3aBUCHMOCTH WM Oe3 ykazanusa (puc. 7.53).

s—s — Q, s—1s o,
c— ¢ —> Ct
R—R D—0, A—1R p— 0, t f toe

Bap.|A [ S | Q Puc. 7.53. YenosHoe 060-

1 (0]0; QG 3HA4YEHHE TAKTUPYEMOIO

s—4s L q, s —11g o, 2 {of1]1 YNPaBAAeMOro no OAHOMY
c = c—g= c1 3 |10} o ¢bpoHTy RS-TpHrrepa u
L LiJ P 0 R=—1A Q, 4 1l = €ro TabaMa HCTHHHOCTH.

Yame Bcero He TpeGyeTca 0603HaYaTh OCHOBHOE TIONIOXKeHHe RS-TpUTTepOB.
VYnpagisemsie 110 0oqHOMY GpoHTY RS-TpUITepsl MPOM3BOASTCS MPEHMYLIECTBEHHO
¢ (PMKCHPOBAHHBIM OCHOBHBIM TojioxeHHueM. 31o Q, = 0, O, = 1. Ecin nyxHo
0003HAaYMTh OCHOBHOE IOJIOKEHUE, TO CIOCOD ero YCJIOBHOIO 0003HaYeHUs1 00-
cyxnpaics B pasuene 7.1 (puc. 7.54).

Jna MHOTHX 1eneit HyxXHBl RS-TpUTTepBI, KOTOPBbIE MOTYT OBITh IOTIONHH-
TEJBHO YCTAHOBNIEHBI U COPOIIEHB! HE3aBUCHMO OT TAKTHPYIOWIMX CUrHaIoB. s
3TOro TPeOYIOTCA JOMONHUTENbHbIE BXOObl. Tpurrep Ha puc. 7.55 nuMeeT He3aBm-
CUMBIM OT CUHXPOCHIHAJIa BXOJ CUTHaJIa YCTAHOBKM B eIMHMLY S* U He3aBUCH-
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Puc. 7.54. Ycnosroe obo3HayeHue ynpagns- Puc. 7.55. YcenosHoe obo3HaYeHHEe ynpasisie-
eMOoro no ogHoMy ¢pouty RS-tpurrepa ¢ 0bo- MOro no opHomy poury RS-TpHrrepa ¢ He-
3HAYCHHEM OCHOBHOI'O NOJJOXEHHA Ql = 0, 3aBMCUMBIMHM OT TAKTHPYIOLLErO CHrHana Bxo-
0,=1 JamMu yCTaHOBKM S* u cOpoca R*.

MBIl OT CMHXpOCHTHaNa Bxoj cOpoca R *. Konblia oTpuiiaHus miepel BXoJaMu
YKa3bIBaIOT, YTO YIIpaBI€HHE MPOUCXOOHUT 0-CHrHajlaMH, 1-CHTHaJIbI HeIeHCTBH -
tenbHbl. CurHan 0 B R * Bo3Bpaliaer TpUITep B OCHOBHOE MojoxeHHue. Takro-
BBl curHan He Tpedbyercsa. CooTrBercTBeHHO (-cUTHaN B S* ycTaHaBIMBaeT TPUI-
rep B pabouee nonoxenune (Q, = 1, Q, = 0).

Hnsa oGo3HayeHHsT yNpaBisieMbIX BXOMOB TpeOyeTcsl 3alMch 3aBUCHUMOCTH.
DpoHTATBEHO yHpaBisieMble BXOAB 0003HAYeHB MOMUMO S U R ele UHIEKCOM,
OJMHAKOBBIM ¢ yripaBismiominuM BxogoM C. Ha puc. 7.55 unpekc paseH l. HesaBu-
CHMBIE OT TAKTHPYIOLIETO CUTHAJIA BXOAB 0D03HAaYEHHl TONBKO Kak S U R.

Bce RS-Tpurrepbl MMeIOT CyllecTBEHHBINM Hemocrarok. Cremyer u3berarhb
KoMOUHauKM BxogHoro curHajga S = 1 u R = 1. OHa NpUBOAUT B OTHEIBHBIX
CXeMax K HeoMNpeleIeHHOCTH COCTOSIHUII Ha BBIXOJAX U MO3TOMY 3alpelleHa.

§ =15 2}—0Q
Puc. 7.56. YcnosHoe o603HaYeHHE yNpaBasieMoOro no ofHoMy (GpPOHTY g ?é‘ sh—a
RS-Tpurrepa ¢ JOMUHHPYIOIIHMM R-BXOL0M.

1

2

Bapuant cxemb RS-TpuITep ¢ JOMUHHUPYIOILUM R-BXOOOM yxXe obcyxnancs
Cpely TAKTHPYeMbIX TPUTTepoB. Takoit RS-TpHrrep MoXeT ObITh IIOCTPOEH TaK-
XKe C yIpaBleHHeM o ogHoMy ¢poHTy. COOTBeTCTBYIOIIEE YCIIOBHOE 0DO3HaYe-
HUe INpeacTaBlieHo Ha puc. 7.56. Insa o6o3HaveHHsT R-3aBUCMMOCTH MCIIOJIB30-
BaJICSI MHJEKC 2.

7.5.3. T-Tpurrepsl, ynpasnsembie rno 0gHOMy GpOoHTY

YacTto HyXKeH TpHUITep, KOTOPHIii MeHseT CBOEe COCTOSIHME NMpPH KaXIOM TaKTe
CHHXpOMMITYJIbca. B KagecTBe ynpasnsiolero ¢ppoHra 6epercs nepeaHuil GpoHT
TakToBOro ummnyieca (0 — 1). Ecau tpurrep ycraHosneH, nanpumep, 8 Q, = 1,
TO MpH HapacTamleM (GpoHTE CHHXPOHMMITYIbCA OH JOJIKEH IEPEKIIIOYUTHCSA B
Q, = 0, npu cnenyiomem nepeanem ¢ponre B Q, = 1 u 1. A. Takoii Tpurrep
HasbiBaeTca T-TpurrepoM. OH MoXeT GHITh ITOCTPOEH Ha 6ase yIpaBiIsseMOoro Mo
ogHoMy (poOHTY RS-TpMrTepa.

Paccmorpum RS-tpurrep Ha puc. 7.57. OH ycraHopneH B Q, =0, 0, = 1 u
JIOJIXKEH TIePeKIIIOUMTBCA MPH CIIEAYIOLIEM nepeaHeM (HpoHTEe CHHXPOUMITYIILCA.
DTO BO3MOXHO TOJIBKO B CJIyJyae, eCJId Ha Bxojie S neiicTByeT 1-curHan. 1-curHan

0
SES 10
E——

A 1% Puc. 7.57. Ynpasnsemsrit no ogHomy dpoHTy RS-Tprrrep ¢ nonosn-
-——0 HHMTEJILHBIMH COEHHEHHAMH.
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MOXeT ObITh B3AAT cO Bxofa O, (yepHas yimHus). [Ipu pactymem pponTe MMIyb-
€a CHTHaJla CHHXPOHM3AIlMH TPHITEP TEllepPh MEHSET CBOE COCTOSIHHE.

Teneps RS-tpurrep ycranosneH B Q, = 1, Q, = 0 (cepsim Ha puc. 7.57).
Tpurrep ycTaHOBJIEH W HaxXOAUTCS B paboueM monoxeHuu. Ilpu ciemyrouiem
niepeiHeM (hDpOHTE CHHXPOMMITYJIbCA TPUITEP BEPHETCS B HMCXOJHOE COCTOSTHHE
Q, =0, Q,= 1. Jlna sroro HeoGxoauM 1-curnan Ha R. DTOT CUrHal MOXET GBITh
B34T co Bxona Q, (cepas uHusA). Tenepb TPUITEP MOXET BEPHYTbCS B MCXOIHOE
cocrositye. IIpu atom Q, = 1 u Ha S-Bxone nekcreyer 1-curHan. Tlpu cienyio-
meM TnepenHeM GpoHTe CHHXPOMMITYIbLCA TPUITEP CHOBA IEPEXOAUT B pabouee
cocrosiHie. Tak, Mbl MMeeM KenaeMblii 7T-Tpurrep.

YcnoBHoe 0603HayeHWe 7T-TpUrTepa, YIPaBISEMOIO IEepeIHHM (QPOHTOM
CHMHXPOMMIIYJIbCca, H300paXkeHo Ha puc. 7.58. Bropas pa3sHOBUAHOCTb T-TpMITE-
POB yIIpaBiseTcs 3aMHHM (POHTOM CHHXpOHMMITYJIbca. X ycioBHOe o003Haye-
HHE MOKa3aHO Ha puc. 7.59. Tabnuua MCTUHHOCTH JUIst T-TPpUITEPOB MpocTas,
TaK KaK y HUX MMeeTcs TOJBKO OJAMH Bxon (puc. 7.60).

HHorna HyXXHbBI TPUITEPHI, KOTOPbIE MOTYT OBITh 3aII€PTHI WIH OTKPHITEI CHT-
HAJIOM C JIONOJHHUTENBHOro Bxoxa. Tako# Tpurrep Moxer ObITh 0OpasoBaH U3
VIIpaBIsieMoro 1o ogHoMy ¢poHTy RS-Tpurrepa. RS-TpHUITep HOJDKEH MMETh Torna
JBa S-BXofia M ABa R-BXOIa, KOTOpbIE CBS3aHblI JIOTHYECKHMM yMHOXeHuem W
(puc. 7.61).

— o0 — 0,
Tt T r—a>T
p— Q. o— Q,
Pue. 7.58. YcnosHoe obo3HaueHue ynpaenise- Puc. 7.59. YcnosHoe 0603HaYeHNE ynpaBase-
MOro 1o ogHoMy GpoHTy T-TpHrrepa, ynpaens- MOro no ogHoMy ¢bpoHTty 7-TpHrrepa, ynpas-
eMOoro nepeaHuM hpoOHTOM CHHXPOMMIIY/IbCA. 19€MOro 3aAHUM (PPOHTOM CHHXPOMMNYABCA.
i + s. e —
. fn | fs1 8 E]w a.
ap. | Q| @ 2
— c > C1
1 of 1 B -
2 |1 ﬁ 0 5 —8&]1R Q,
Puc. 7.60. Tabauua vcTHHHOCTH T-TpUITEPOB Puc. 7.61. Ycnoenoe 0603HaYeHHE ynpaBise-
Ha puc. 7.59 u 7.60. Moro no ogHomy ¢pourty T-Tpurrepa ¢ no-

MapHO CBA3AHHBLIMH JIOrMYECKHM YMHOXEHH-
eMm S- 1 R-Bxopamu.

S- 1 R-xozapl GyayT cBsi3aHbl ¢ BhIxonamMu O, M Q,, kak Ha puc. 7.57. Cso-
GoIHBIH S-BX0I ¥ CBOOOMHBINA R-BXOJ CBS3BIBAIOTCA APYT ¢ ApyroM. OHM obpa-
3y10T HOBbII T-Bxox (puc. 7.62). Takrupyromuii BXon rmoiaydaetr o6o3HayeHue C.
D1H 0603HaYEeHUA ABIAIOTCA TUIOBBIMM I T-Tpurrepa. T-Tpurrep nepexiuo-
yaercs Tenepb o C-curHany (1o nmepeaHemy ¢bpoHTy C-CMHXPOMMITYIIbCA), €CJIH
Ha T peicrByer curdan 1. Ilpu T = 0 tpurrep 3abnokupoBaH. COCTOSHUSI BBIXO-
OB TPUITEpA TOr[a He U3MEHSIOTCA He3aBHUcHMO oT C-cHrHaia.

Ha puc. 7.63 mokasaHo yclioBHOe 000O3HaYeHHME TaKoro 7-Tpurrepa M ero
tabiuia uctuHHOCTU. [Tpu T'= 0 cocTosnue BBIXOAa @, MOC/E TEKYLIEro TakTa
PaBHO COCTOAHMIO Q| Tepe/l TEKYIIUMM TakKToM, T. €. O, . Ilpu T'= 1 cocroaHue
BbIXOZA @, TMOC/IE TEKYLIETO TaKTa IIPOTHBOIIONIOXHO COCTOSHUIO Q) Tepe) TeKy-

MM TaKTOM, T. €. paBHO Q,,.
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Puc. 7.62. O6pasopanue T-tpurrepa ¢ T- u Puc. 7.63. YcnosHoe obo3Havyenune T-Tpurrepa
C-Bxonamu u3 RS-Tpurrepa. ¢ T- u C-BxogaMu M ero TabnMua MCTHHHOCTH.

7.5.4. JK-Tpurrepsol, ynpaengembie no ogHoMy dpOoHTY

B noumckax MakcCMMaJibHO YHHBEPCAJIBHOTO TPHITEPA 33 OCHOBY OBUI B3(T YIIpaB-
JisieMBlii 1o onHOMY GpoHTY RS-TpHUrrep. YHUBEpCAIBHBIA TPUTTEP IOJDKEH MMETh
pPeXHUMBI XpaHEeHMsI, YCTAHOBKHU M cOpoca RS-Tpurrepa (cM. TaGIMIy HCTHHHOC-
TH Ha puc. 7.53). B crnyvae 3anpemeHHoi KomMOMHauum 4 ¢ S =1u R =1
TPUITED AOJDKEH IMEePEeKIIodaTbes Kak T-Tpurrep.

Taxoii yHuBepcaJbHBIH TPUATTEP MBI VXK€ HAllUTH, OH
n3obpaxeH Ha cxeMe (puc. 7.63). Hamo Toinsko cHoBa
BOCCTAHOBUTH CBA3b S-BXoma M R-Bxoma ¢ 7-BXomoM y —Elus Q
(puc. 7.64). HoBbie Bxomsl Ha3zbiBaloTcs J u K. ¢ — 1

ITpu xomOouHaumu J = 0 u K = 0 Tpurrep paGoraer K ____El 1R Q.
B pexuMme xpaHenud. Ilpu J = 1 oH ycTaHaBIMBaeTCH,
eciu Q, = 0 m Q, = 1. Copoc mpoucxoaut npu K = 1,
korma O, = 1 u Q, = 0, Bce mepexojbl, pasyMeeTcsl, Puc. 7.64. Obpasosanue JK-
dponTanbHo-ynpaensgemble. [Ipy J=1u K= 1 Tpurrep Ttpurrepa us RS-tpurrepa.
BedeT cebs Kak T-Tpurrep.

O6Go3HaueHus J U K B3ATBHI NMPOM3BOJBHO M3 ahaBUTA M He SBISIIOTCS Ka-
KUM-TH00 cOoKpallleHHeM. YCJIIOBHOe 0003HadyeHHe yIpaBiaseMoro mo ¢poHTy
JK-Tpurrepa BMecTe ¢ TabJiMlieil HCTHHHOCTH NPHBENEHBI Ha pHC. 7.65.

.
J—J — Q, J — 1J — @, n Tnet
c— c—b c1 Q
K — b—aq, K=—1K b— Q, O,
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e

h(dm_n_p
- = 0 o X
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Puc. 7.65. Yenopnoe 0603HaueHHe M TabIHIIa HCTHHHOCTH YIPABJIsSE€MOro
no opHomy ¢pouty JK-tpurrepa (ynpasneHue no nepeaHemy bpoHTY).

KoHeuHo, cyiecTByIOT Takke JK-TpUITephl, ynpaBlisieMbie 3a0HUM (hpoH-
TOM MMIyIbca. BONbIMMHCTBO JK-TPHITEPOB MMEIOT HECKOJIBKO BXOHIOB M He-
CKOJIBKO BBIXOJIOB, KOTOPBIE CBA3aHBI JIOTHYECKUM YMHOXeHeM U.

Taxoke yacTo Ha TPUITEPAX MUCIIONB3YIOTCA HETAKTHPYEMBbIE BXOJBI YCTAHOBKH
U copoca. Ha puc. 7.66 nmokasaHo ycioBHoe 0603HaYeHue Takoro JK-Tpurrepa.
HerakTupyembie BXxonbl ycTaHOBKH M cGpoca mepekimodaroTcs (0-cUrHalaMu,

MMO3TOMY OHU 0003HaAYaIoTCA § 41 R

J, §—(gS
o, E] 1J — Q,
S s —dgSet
Puc. 7.66. YcinosHoe 0603HAYEHME YNPABAAEMOro MO OLHOMY K,
dponty JK-tpurrepa ¢ 3 J- u 3 K-BXOAaMHM, HETAKTUPYEMBIM K. 3"( P @
BXOJIOM YCTAHOBKH M HETAKTHPYEMBIM BXOMOM cBpoca. K, A=—4
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OnemeHT FLJ 101/105 aBnaeTca ynpasnaemMbiM nNo GpPoHTY

Huax- Bepx- Enmn-

Cratuyeckue napameTpel B HWIA HWUIA HUua

B TeMnepaTypHbIX 30Hax 1 u 5 Ycnosua neriTannii npeaen Tun npeaen name-
B A pEeHUs

HanpsaxeHue nuTaHmMa U 4,75 5,0 5,25 B

BxogHoe HanpsaxeHue _

H-ypoBHs U, U;,=475B 2,0 B

BxopHoe HanpsaxeHne _

L-ypoBHs u, U,=475B 0,8 B

BxogHoe HanpsxeHue "y Us =-4,75 B, 1,5 B
Ha KnemMmax / =l, =12 mA

BbixoaHoe HanpsxeHwe U,=4,75B, —I,, =400 MxA
H -yposHs Yoss | =088, 0,=208| 24 | 34 B
BeixogHoe HanpsxeHwne Us=4,758B, I, = 16 mA
L-yposHs Ya |0,=088,U,=208 02 | 04 8
Cratuyeckas
NOMEXOYCTOWYMBOCTb Uss 0.4 1.0 B
BxopaHol TOK Ha kaHan l, U;=525B,U,=558B 1 MA
H-BxogHoit Tok Ha B ummS| |1, 80 MKA
. =525B,U,=248B
HaT,J vam K 1, 40 MKA
L-exonHoi Tok Ha R uimuS| i, 3,2 MA
U,=5,25B,U,=04B
Ha T, J vunn K -, 16 MA
TOK KOPOTKOro 3ameblka- _ _

HWA Ha KaHan Bbixoaa lo Ug=5258B 18 57 MA
Tok nuTaHua =g U;,=525B 13 26 MA
Bpemsa nepeknioyeHns,

npuUg; =58, T,=25C
Bpems npomexy-
TOYHOrO XpaHeHMsa b S HC
TakToBas 4actora f. 15 20 My
Bpema npoxoxaeHus
curHana [ 50 HC
o o] C, =15nd
6biC eiicteune) oT R L
(GricTRORecTEUE) OT R, = 400 Om
wmm S kQ tor 50 HC
Bpem#a npoxoxaeHua
curuana to 10 18 50 HC
(6biICTRPOLEWCTBUE)
orTk Q tow 10 27 50 HC
Norvuyeckvne napameTpsl
KospduuneHt
pa3BeTB/eHUa Nno F, 10
BbIXOAY HAa KaHan

Puc. 7.67. Tabauua naHusix Mmukpocxemsl FLJ 101-7470 (no nanueiM ¢upmer Siemens).
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Ha puc. 7.67 npuBeneHa tabnuua qaHHeix Mukpocxembl FLJ 101-7470. Bra
MuKpocxema coaepXut JK-rpurrep ¢ 3 J- u 3 K-Bxomamu, HeTaKTHPYEMBIM BXO-
JIOM YCTAaHOBKHM M HeTaKTHpyeMbIM BxoaoMm cOpoca. [To 1okoneske Ha puc. 7.68
BHIHO, 4TO BXoAbI K, v J, ynpasisiorca 0-curHajiamu.
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— exoA cBpoca

— BXO[ TAaKTUPYIOWEero CHHXpoOUMNYNLCa

— NONOXWUTENBHbIA NOMNIOC HANPAXEHWA NUTaHNa

— OTPULATENLHBLIA NONINC HANPDAXEHUA NUTAHWA, 3eMna
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Puc. 7.68. Lloxonepxa muxkpocxemsl FLJ 101-7470.

Muxkpocxema FLJ 101-7470 npunamnexur K TTJI-cemeiictBy. D10 ceMeii-
CTBO MMKPOCXEM pPacCMOTPeHO B noapasa. 6.6.2.2. B maHHOM pasiesie TONOIHK-
T€JbHO BBOAUTCSH TAK HAa3bIBa€MOE BpPeMs MPOMEKYTOYHOro xpaHenuda. [locne no-
JIaYd BBICOKOT'O YPOBHSI CHHXPOHMMIIYJibca (TMNMYHOe 3HaYyeHue 1,5 B mna TTJI-
CXeM) BXOOHBIE CHTHAJBI JOJIXHBI COXPAaHATh CBOE COCTOSHHE B TE€YCHHE
OIlpee/IeHHOIO BpeMeHH. DTO BpeMsi Ha3hIBAeTCA BPEMEHEM IPOMEXYTOYHOIO
xpaHeHMs. [1o ucTeyeHUU BpeMeHHU NPOMEXYTOYHOro XxpaHeHHUs (0OBIYHO 5 HC)
W3MEeHEHHs BXOJHOTO CHUTHajla He UMeloT 3HayeHHus. ITapasuTHbIe CUTHAIBI MO-
I'YT MOBJIUATH HA TPUITEP TOJILKO B Te€YEHUE BPEMEHH IIPOMEXYTOYHOIO XpaHe-
HusA. CrenoBaTesibHO, YeM MeHbIIIe BpeMsl NMPOMEeXYTOYHOTO XpaHeHH s, TeM 6o-
Jiee TTIOMEXOYCTOWYMBOM ABISACTCS CXeMa.

Kak momomHeHMe K TabimMile JaHHBIX IPUBOASATCH OJIOK-cxeMa W Tabiimiia
ypoBHei#t (puc. 7.69). B tabnuue yposHio L coorBercTByeT 0-CUTHAN M ypoBHIO H
I-curHan. Heraktupyemble BXOOB YCTAaHOBKHM M cOpoca obosHavalorcs S U R.
DT0 3HAYMT, YTO 3TH BXOIBI yIpaBisiIoTcsl 0-cUTrHAIAaMH.

Vnpasnsiemble no ogHoMy (GpoHTY JK-TpUITepbl 4acTO MMEIOT TAK Ha3bIBa-
eMYI0 IMHAMHYECKYI0 naMsATh. OHa yBeJIMYHBAET BPeMs pPaclpOCTpPaHEHHS CHTI-
HaJla M TIpeJ0oTBpalaeT YCTAHOBKY BBIXOJOB B XeJlaeMOe COCTOSIHHE €llie BO Bpe-
M IepegHero (ppoHTa UMIYJIbCca CUTHAIA CHHXPOHU3AIIMH UK B TEYeHHE Bpe-
MEHM NPOMENXYTOUYHOrO XpaHeHHUs. DTO MOrjo Obl NMPUBECTH K JIOXHOMY
cpabarsiBanuio. PaccMoTpuM ynpapiageMblii 1o ogHoMy dpoHTy JK-TpHITEp,
KOTOPBIi yIpaBisieTcs NpsiMbIM ¢poHTOM cHHXpoummyibea. [Ipu J= 1u K= 1
3TOT TPHITEP OYJET NMEPEeKII0YaThCs, €CITA CHHXPOMMITYJIBC MOCTUTHET, HAIIPH-
MEp, MOPOTOBOTO 3HaYeHHs Hanpsokenust (+1,5 B). Ecinu XenaeMble BBIXOIHBIE
cocroanuda (Q, = 1 u Q, = 0) oueHb GLICTPO YCTAHOBATCS Ha BBIXOJE, TO MOXET
NMPOU30HTH NoBTOPHOE cpabarriBanue (Q, = 0 u Q, = 1). luHamudecKas namsrhb
COCTOMT M3 OJHOM WM HECKOJIbKMX HeOONBIUIMX eMKOCTeH, KOTOopbIe nepesapsi-
XawTcs. B KayecTBe 3THX €eMKOCTel MOTYT CIIYXKHTbh €MKOCTH 3allepThiX ph-Tie-
pexonoB. TakuMe TPUTITepHl NMPAaBUAbHO ClielyeT Ha3blBaTh TPHITEPAMH € JABOIHOM
NAMSTBIO.
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L-noTeHuman Ha A yctanasnueaer Ha Q L-yposeHb

L-noteHuman Ha S yo r Ha Q H-yposeHb

R w1 S we sasucaT o1 T

Puc. 7.69. [Ipunoxenne K Tabnuue naHHeIX MEKpocxeMbl FLJ 101-7470 (Siemens).

7.5.5. D-Tpurrepsl, ynpasnsembie no ogHoMy ppoHTY

YnpasnseMsiit mo ¢ppoHry D-Tpurrep 1o CTpyKType O4e€Hb IMOXO0X HAa TAKTUPY-
€MBIii 110 YPOBHI0 D-Tpurrep. DTH pa3sHOBHIHOCTH TPHITEPa OTIIHYAIOTCS TOJIBKO
yIpapjieHHeM. YIIpaBisieMbie 110 oqHOMY (GpOHTY D-TpUrTrephl JEJISITCA Ha TPUT-
rephbl, VIIpaBisgeMble IPIMBIM (PPOHTOM M 0OpaTHBHIM (PPOHTOM MMITYJIbCA CUTHA-
Ja cuHXpoHu3aumu (puc. 7.70). Tabauua BCTUHHOCTH H300paxeHa Ha puc. 7.71.

b —1P —Q, o —1D —Q, tn | tnat
c > C1 C—=a>C1 Bap. D | @
P o P— 0 Puc. 7.71. Tabmima 1 |0 ©
HCTHHHOCTH YyIpas- 2 Joj1
Puc. 7.70. YcnopHoe obo3HayeHHe ynpagisieMoro o JIIEMOr0 MO OJHOMY
oaHoMy ¢poHTy D-TpHrrepa. ¢poHTy D-TpMrrEpa.

ITocne mogaum ynpapistioinero (P)poHTa CHHXPOMMIIYJIbCa CUTHalI Ha D-Bxone
NIEPEXO/IMT Ha BBIXOJ TPUITEPA U AECHCTBYET Ha BbiXoe (), B MPAMOM M Ha BBIXO-
ne Q, B MHHBepCHOM (opMe.

VipasnsgeMmbie 1o OMHOMY (PpoHTY D-TpUITEPH HCIIONB3YIOTCA MPEXIE BCETO
IUISL CABUIOBBIX peructpoB (cM. pasa. 12). Ha puc. 7.72 npeacrasieHa Tabauia
naHHbXx MUKpocxeMbl FLJ 141-7474. Dta MUKpocxeMa CONEPXMT 1Ba yIIpaBJisi-
€MBIX TIPSIMBIM (poHTOM D-TpHrTEpAa.
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ChnBoeHHeiii D-Tpurrep

Tpurrepsl FLJ 141 n FLJ 145 umeloT HeTakTMpyeMblie BXoasl ycTaHoBkU U cbpoca. Mepepava
uHpopmauun co Bxona D Ha Beixoa Q NPoOUCXOAUT BO BpemMs NPAMOro ¢bpoHTa CHUHXPOUM-
nynbca, cpasy nocne OTKPLITUS BXOAHOro TpaHauctopa. Mocne atoro D-exof cHoOBa 3anupa-
eTca.

Teco- Hux- Bepx- | Eam-
Cratmueckue napameTpsl HUWIA HWiA HAUa
B TEMMEPaTypHbIX 30Hax 11 5 Yonomus onbrasmi Ba% | npenen Tan npegen| uame-
cxema
B A pexna
HanpsxeHue
nUTaHUA Us 4,75 50 | 525 B
BxoaHoe Hanpaxe-
HUe H-ypoBHA u, 31 20 B
U,=4,75B
BxoaHoe Hanpsaxe- U 0.8
HUe L-ypoBHA i )
BxogHoe Hanpsaxe- U U, = 4,75 B, 15
HWe Ha Knemmax ! -1, =12 mA !
BbIXOQHOE Hanpsixe- o m
Hie H-ypoBHs: u,, 1o = 400 MKA E_ 31 2,4 3.4 B
<t
BeixogHoe Hanpsaxe- _ I
Hue L-ypoBHA U, Io, =16 MA - 31 0,2 0,4
Cratnueckas
NOMEX0YCTONYMBOCTb Uss 0.4 1.0
BxoaHoi TOK Ha _
KaHan I, U=558B o 32 1 MA
wn
H-BxofiHoOi Tok Ha D| 1, u,=248 &5 32 40 | mkA
HaS wm T /, U=248 ", | 32 80 | mxA
=]
Ha R Iy U,=248B 32 120 | mxA
L -BXOAHOW TOK
Ha D umS -, | U,=04B,U;,=525B | 33 16 | mA
Ha R wm T -, | U,=04B,U;=525B | 33 32 | mA
TOK KOPOTKOro
3aMblkaHUA Ha kaHan | -/, U,=5258B 34 18 57 MA
BbIXOAa
Tok nuTaHus Ig U=58B 32 17 30 MA
Bpemsa nepexnioueHns,
npu U, =58, T,=25C
AnutensHocTs
CUHXPOUMMNYNbLCA tor 30 He
LnvTensHoCTL
WMMYyNbCa YCTAHOBKW fos S0 He
LAnnTensHOCTE
uMnyneca cbpoca Lr 30 HC
MakcumansbHas C,=15n®
TaKTOBas 4acroTa % R, = 400 Om 30a 15 25 My
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TecTo- Hux- Bepx- | Eau-
Cratmyeckve napameTpsl HWA HUA HWUa
B TEemMnepaTypHeIx 30Hax 11 5 YCROBMA HCTTaHMiA c::n: a npeaen Tun npenen| name-
B A peHuna
MuUHKMManbHbIe
Bpems noarotoBku
eonrnana t, 30a 15 20 HG
C, =15n®
MuHuManeHoe Bpe- R, = 400 Om
MA NPOMEXYTOYHOIro tH
XpaHeHua
Bpema npoxoxpeHus
curHana
(6icTpOnEACTBUE)
o [ 30 10 20 40 HC
oT Tk
t 30a 10 14 25 HC
AL C, = 15 n®
3 tora R, = 400 Om 30 40 HC
oTr R viu Tk Q
t 30a 25 HC
Nornyeckme napaMmeTpbl
KoadpuumeHt
Pa3BeTBNEHUA NO F, 10
BbIXOAY Ha KaHan
BxonHOW Harpy304HbIA
KO3 DULINEHT
Ha D F, 1
Ha S um T F, 2
Ha R F, 3

Puc. 7.72. Tabnuua nauueix MukpocxeMmsl FLI 141-7474 (no nanHeiM ¢dupmel Siemens).
IlokoneBKa ¥ MPUHIMITHATBHAS CX€Ma OJHOTO W3 IBYX D-TPHITEPOB II0Ka3a-
Ha Ha puc. 7.73.
u R b T

) 5 o a
14 13 12 11 10 9 10
| o T o O T N s Y e O |

Llokoneska kopnyca
BU[ CBEPXY

D — vHbOopMaUMOHHEIR BXx0A
0, O — Buxons!

R — sxop cBpoca a
S  — BXOA YCTAHOBKW D | MpuHuMNUansHan cxema
T — BXOA TAKTMPYHUWEro CUHXPOUMNYNLCA (oavH TpUrrep)

Puc. 7.73. Uokoneeka u npuHunnunanbHaa cxema FLY 141-7474 (Siemens).
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7.5.6. RS-Tpurrepsbl, ynpasnsemMoie no o6oumm dpoHTam

CurHaJl Ha BXOJ€ IOCTYNAaeT B yIpPAaBIsAEMBbIH 110 JBYM (DPOHTAM TPUITEP BO
BpeMsi npssMoro ppoHTa CHHXpouMnyJibca. OH He TIPOXOOUT Cpa3y Ha BLIXO, a
BPEMEHHO cOXpaHsieTcs. ToNbKO IpH 00paTHOM (PpOHTE CHHXPOHMITYJIBCA BbI-
XOIbl TPUTTEPa YCTAHABIIMBAIOTCS.

dnsa sToro npoiiecca HeOOXOAMMEI ABe SYCHKH ITaMATH, TO €CTh ABa IMOCJe-
JIOBaTeJIbHO BKJIIOYEHHBIX TpUTITEpa. 1purrep, Koropblili npuHuMaer uHdopma-
IO CHAPYXH, HA3bIBAETCS BEAYIIHM TPHITEPOM WJIM MacTepom (master, aHIJ. —
rocnoauH). Bropoit Tpurrep, KoTophlii mpMHUMAaeT HHGOPMALMIO OT MacTepa,
Ha3bIBacT BeAoMbIM WK slave (slave, anri. — pab) (puc. 7.74). Benyiumit Tpurrep
TIEPEKITIOYAETCS TIPH TIPAMOM (bpOHTEe CHHXPOHMMITYNbca. BemoMblii — mpu 06-
parHoM. Tpurrepsl TOro BHIa Ha3bIBalOTCS TPHITEPAMH «BeAyIIMii-BeAOMbIIi» HIH
MS-Tpurrepamu.

MS-Tpurrepsl paboraloT oueHb cTabunbHO. Tpurrep ycraHaBaIuBaeTCs TONb-
KO TocJie BO3BpalleHUsI CHHXPOCUTHANAa B McXonHoe cocTosinue. Ha puc. 7.75
H300paxeHo ycJioBHOE rpadpuyeckoe o6o3HayeHre RS-MASTER-SLAVE-Tpur-
repa. [Tonnmucanubiii C-Bxoa saBnsiercs C-BXOIOM BeAYIIETo TpHrTepa (ympaB-
JieHHe NMpSIMBIM PPOHTOM CHHXpOMMIYJibca). C-BXOA BeAOMOro TPHUITEpa He
noanucbiBaercsd. YToGbl 0003HAYHTD, YTO JaAHHBIE ITOCTYIIAIOT Ha BHIXOAB! TOJIb-
KO TIOCJIe 3aJHero (poHTa CHHXpPOMMIIYJIbCa, Neped BHIXOJAMM CTaBATCH IBa
yrojka.

Master Slave

s 15 15 — o, s L
c s 1 —> C1 —>C1
A 1R o 1R Q, —f1ia !
Puc. 7.74. Crpykrypa RS-Tpurrepa Tuna «Be- Puc. 7.75. YcnoeHoe rpaduueckoe 0bosHaue-
AYLUHii-BeaoMelit» (MS-Tpurrepa), ynpapasae- HHe RS-Tpurrepa THNa «BeAyLIHii-BEAOMBIii».

MOIO 1o JABYM (PpOHTaM.

Ha npssMom bpoHTe CHHXpOUMITYJIbCA, KaK M Ha o6paTHOM (bpoHTE, ecTh ABe
TOYKM BKJIOUYeHUA (puc. 7.76). B 3TUX ToYKaX NMPOMCXOAUT Cleaylollee:

7,: BEJIOMBIN TPUITEP OTAEJIAETCS OT BEAYLIETO TPUITEpa.

t,: MHdOpMalMs CO BXO/Ia COXPAHSIETCH B BEAYLIEM TPUITEDE.

1,: BXOMIbI S u R 3anupalorcs.

1, uHdoOpMaUMsI U3 BEAYLIEro TPUITEPA IEPEXONUT B BEAOMBIA TPUITED U
Aanee — Ha BeIXoanl Q u Q,

°A

Puc. 7.76. MoMeHTHI NepekiloYeHus ynpas-
nasieMoro no aAsyM dporram RS-Tpurrepa Tnna
«BeLyIMii-BenoMblii». [IpH Hanuuuu GaOKM-
POBOYHOM CXeMbl BXO[bl MOIYT 3alnHpaThcs B
MOMEHT BPEMEHH /.. t,

..‘-
"
~
Fad
-~
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Mexmy TouKaMu f, ¥ f, BEXyIIUi TPUITEP MOIBEPXEH BIMSHHUIO IIAPA3UTHBIX
CHTHAJIOB M MOXET MX 3allOMHHTB. Toraa OHM mepeaaayTcsi B BeAOMBI TPUITED.
ITepuon Mexny #, U #, moJDKeH OBITh KaK MOXHO KOpodYe, YTOOBl YMEHBIUWTH
BIIMSIHME MApa3MTHHIX CUTHAJIOB.

C 1IOMOIIBIO CIIENMANIBHOM CXEMBI MOXHO A00HMTHCH, YTOOBI 3alTpaHue BXO-
I0B S M R MPOMCXOAWIO B MOMEHT BpeMeHHM #, (CM. puc. 7.76). DTOT MOMEHT
BpPEMEHH HAXOAMTCsI IPUMEPHO Ha 5 HC no3aHee f,. MS-Tpurrepsi, BXOAbI KOTO-
PHIX IOCPOYHO 3aIIMPalOTC B MOMEHT BPEMEHH 1, HasbIBaloTCa MS-TpurrepamMu
¢ GIOKMpOBaHMEM BXOIa.

Ilna ynpapisieMBIX 1Mo nByM (poHTaM RS-TpHITEpOB MMeeT CHIIy TaKas Xe
TabJIMLIa HCTUHHOCTH, KaK W JUIA yIpaBlisgeMbIX 1o ogHoMy GpoHTY RS-Tpurre-
poB (cM. puc. 7.54).

7.5.7. JK-Tpurrepsbl, ynpasnaembie no o6oumMm ppoHTam

Vupasnsiembie 1o aByM (poHTam JK-TpUrrepbl, KaKk M yrpasisieMbie MO JBYM
¢dponrTam RS-TpHMITEpHl, SBISIOTCA TPUITEPAMU THUIIA «BeAyLIHii-BeIOMEIii». Be-
IOYUIMi TpUTTEp KOIDKEH OBITh JK-TpUITEpOM, TaK KaK OH NOJDKEH MepeKIodarb-
ca npu koMbuHaumu J = 1 1 K = 1. B kayecTBe BeIOMOTO TPHUITEPA JOCTATOYHO
B3aTh RS-Tpurrep (puc. 7.77), mockonbKy 06a Beixona JK-Tpurrepa omxHOBpe-
MEHHO He MOTYT ObiTh paBHHl 1. VcnoBHoe oGosHauenue storo JK-MASTER-
SLAVE-tpurrepa uzobpaxeHo Ha puc. 7.78. OHO oTnu4aercs oT ycJIOBHOTro 0060-
3HaYeHWS YIIPABAAEMOTo 10 ONHOMY PPOHTY JK-TpUITEpa TONBKO YIOJIKaMU Mepes
BbIXoJaMM. TaGnuia MCTUHHOCTH ABJISIETCS TAaKOHM Xe, KaK JUIs YIIPaBiasieMOro
o ogHoMy ¢poHTty JK-Tpurrepa (cMm. puc. 7.65). CyluecTBYIOT TaKKe yIpaBis-
eMele 110 OBYM GpOHTAM TPUITEPHI, KOTOPHIE YIPABISIOT BELYIIMM TPUITEPOM
1o o6paTHOMY (DPOHTY CHHXPOMMIIYJIbca. TOraa BelOMBIH TPUITEp IepeKoya-
eTcA Mo NpsAMoMy (ppOHTY CHHXpOHMITYIbca (puc. 7.79).

B ycnosHom 0603HaueHUn ynpasnsemoro no asym dpoHTam Tpurrepa (tuna
«BeAyLWMAi-BEAOMBIN») BCErAa YKa3biBaeTCa GPOHT CUHXPOUMNYNLCA, MO KOTOPOMY
npuHumMmaeTcs nHdopmauma. NMepeaada uHdopMaunm Ha BLIXOL NPOUCXOOUT NO ApY-
romy ppoHTy cuHxpoumnynsca (DIN 40900, vacts 12).

Ha puc. 7.80 npejcrasnena Tabnuia DJaHHBIX MHKpocxeMnl FLJ 131-7476.
Bra mukpocxema comepxur asa JK-MASTER-SLAVE-Tpurrepa ¢ HeTaKTUpy-

Master Slave
J 1 18 Q, —_— Jp— —_—1J N
c t> C1 —d> C1 b > C1
K 1K - 1R p—0, —k Tp— —d1k 7
Puc. 7.77. Crpykrypa JK-Tpurrepa TMna Be- Puc. 7.78. YcaosHoe rpadHueckoe obo3Have-
AYILMI -BeJOMBII. HHUe JK-Tpurrepa TMNa <«BeAylUnii-BeAOMBIii».
Master Slave Puc. 7.79. Ctpykrypa 1 ycioB-
g—1w 15 I A A= Hoe rpaduyeckoe 0bo3HaYeHHE
c > C1 —>c1 —>cC1 JK-Tpurrepa tuna «BeayiLMii-
K 1K D 1R Pp—a. —k  p— BEAOMEI», Nepeaaoero HH-
YenosHoe ¢opmanno no obpatHoMy

o6oaHaeHne bPOHTY CHHXPOHMMYALCA.
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CaBoenHbin JK-TpUrrep ¢ Bxoaamun yctaHoBkn m cbpoca

Tecto- | HHx- Bepx- | Eaw-
Cratuueckne napameTpbl B HWA HUHA HUUa
B TEMMepaTypHbIX 3oHax 1u 5 Ycnoaus uchemanmi c::; a npeaen Tun npenen| name-
B A peHus
HanpsaxeHwne
- B
MTAHS U, U,=4,75B 4,75 5,0 5,25
Bxﬁ:o:_ Hanpaxe- U 24 2.0 B
YPOBHA (]
U,=4758B
Bx:ﬁ:oi Hanpsxe- U 0,8 B
YPOBHA [
BxoaHoe Hanpaxe- .y Us =475 B, 15 B
HME Ha Knemmax ! = =12 mA !
BbIXOAHOE HanpsXe- o m
HWe H-ypoBHSA Uon low = 400 mMKA ﬂ_ 24 24 $'4 B
<
BeixogHoe Hanpsxe- _ 1l
HUe L-ypoBHa Ua Iy = 16 MA < 24 0,2 0,4 B
Cmmuefzxaq U 0.4 1,0 B
NOMexoyCTOH4YUBOCTb ss
BxoaHo TOK 1y, Uu,=248B 25 40 MKA
Ha J vm K /, U=558 25 1 MA
H-BxoaHom ToOK I, U, =248 25 80 | mkA
HaR SwmT l U=558 o 25 1 MA
[Ts]
L -BXoAHOW TOK B _ N
Ha J, K le U =048 l.lilj 26 1,6 MA
—_— — w
HaR,S wanT -1, u,=048B = 26 32 | mA
ToK KOpOTKOro
3amblkaHuAa Ha kawan| -/, Us;=5,25B 27 18 57 MA
BbXOAA
Tok nuTaHus I Uu=508 25 20 40 MA
Bpemsa nepexnioveHns,
npnUs=5B,T,=25C
AnutensHoCTb t 20 e
CUHXpOUMNYNbCa pT
AnnuTensHoCTb t o5 e
UMINYyNbCa YCTAHOBKM ps
OnnTenbHOCTbL
uMnyneca cbpoca Lo 3 HC
Bpems noarotoBku t, 29 L
Bpems
MPOMEXYTOMHOTrO t, 0
XpaHeHus
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Tecro- Hux- Bepx- | Epm-
Cratuyeckue napametpol B VCNOBS UCTbITAHWIA Bas HWA Tun HWA HUUa
B TeMnepaTypHbix 3oHax 1un 5 cxema npe;,en npsfan name-
peHus
MakcumansHan f 29 15 20 MMy
TakToBas 4acToTa z
Bpems npoxoxaeHus
curHana to 29 10 25 40 HC
(6biCTPOAENCTBUE) _
C, =15n®
orTk Q to R, = 400 Om 29 10 16 25 HC
Bpems npoxoxaeHus
curHana b 30 25 40 HC
(6bicTpOAEACTBUE)
ortRumSkQ ton 30 16 25 HC
Noruyeckue napameTpsl
KoagpduumeHt
pasBeTBNeHns rno Fy 10
BbIXOAY HA KaHan
Bx0oaHOW Harpy304HbIiA
K03 PUUNEHT
Ha J nm J F, 1
HaR, Svm T F, 2

Puc. 7.80. Tabauua sanueix muxkpocxembl FLY 131-7476 (Siemens).

eMBIMH BXOJaMH YCTAHOBKM M cOpoca. Ona nmpuHamiexur K TTJI-cemeiicTBy.
ITokoneBKa U NMPUHUMIIHATbHAS CXeMa TPUITEpa Mmoka3aHa Ha puc. 7.81.

Muxkpocxema FLJ 341-74110 conepxut JK-MASTER-SLAVE-tpurrep c 610-
KupoBaHueM Bxoaa (puc. 7.82). ®yHKuug GIOKUpOBaHUSA BXOAA IS YIIPaBs-
eMBIX 110 ABYM (dpoHTaM RS-Tpurrepos OblIa paccMoTpeHa Bhile. OHaA oGecne-
YUBAeT 3aMMpaHue BXOIOB Yepe3 onpeeIeHHOe BpeMsl Mocye 3aBeplleHus mpsi-
MOTO (PpOHTA CHHXPOMMITYIbCa. DTO TaK Ha3bIBaEMOE BpPEMS MPOMEXYTOTHOTO
xpaHeHus cocTtapinseT i cxeMbl FLI 341-74110 Tonbko 5 He. CUTHaNBI NOMEXH
MOTYT IPUBECTH K JIOXKHOMY cpabaThIBAHUIO TOJIBKO B T€YEHUE ITOTO KOPOTKOTO
BpeMeHU. [To3TOMY TpUTITEP OYE€Hb MOMEXOYCTONYHB.

Tpu cBA3aHHbIE TOTMYECKUM YMHOXeHHEeM J-BXOa U TPH TAaKXKe CBsI3aHHbIE
JIOTHYECKUM YMHOXeHUeM K-BXOIa MO3BOJISIIOT SKOHOMUYECKH BHITOJHO MPOM3-
BOMTh CHHXPOHHBIE CUETYHKH (CM. 1. 11).

7.5.8. JononHuUTenebHbIe TPUITEPHLIE CXEMbI

Yuciio BOSMOXHBIX TPUITEPHBIX CXEM YPe3BbIYAHO OoJibLIoe. YKe 00cyXneH-
Hble D-Tpurrepbl U T-TpUTTEpHI TAKXKe MPOU3BONATCH KaK MS-Tpurrepsl, WiIH
KakK yrpasjisieMble 110 AByM dpoHTaM Tpurrepbl. X MoXHO TakXKe NOCTPOUTDH Ha
6aze JK-MASTER-SLAVE-Tpurrepos.

K Bxonmam JK-MASTER-SLAVE-tpurrepa Ha puc. 7.83 npuxianbiBaeTcs
|-ypoBeHb, T. €. HANIPSKeHUE TATaHUus. TpurTep OYAET MepeKoYaThcsa Ha KaxX-
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Llokoneska kopnyca CHHXpOMMNYNLG
BuA ceepxy
K @ Q@ o kK @ Q@ v ©) ®
16 15 14 13 12 11 10 9
r r r r
'] s 1Jc '1;( R s 1J?\]1K R (D Benomuiit TpUrrep oTAENSETCA OT BEAyUEro Tpurrepa
? % o] YL l ¥ @ wHgopmauma co Bxoaos J u K coxpaHaerca B Beay-
’_I I_.| wem Tpurrepe
J J w K aanupaiwoTtcsa
f— @ Bxons J w P
1 @ wndopmauma u3 senylwero TPUITEPa NEPexXoanT 8
T

BENOMBIA TPUITED W [anee Ha BuixOAb!

—

X
<
<]

/ N
V4

n=
t5

[0
.y

MPUHUMNMANEHAA cxema
{oavmH Tpurrep)

a — BbIX0O/bl
— sxoq cBpoca
— BXOf] YCTAHOBKM
— BXOJ] TAKTHUPYIOWEND CUHXPOMMNYNbLCA

TR )

Puc. 7.81. llokoneska, BpeMeHHas AWarpaMma W NpUHUMNWanbHaa cxema FLJ 131-7476
(Siemens).

moM takte. Takaa cxema HaswpiBaeTcad T-MASTER-SLAVE-tpurrep u spnsierca
WUJIeaIbHOM IS TIOCTPOEHUSA aCMHXPOHHBIX CYeTYHKOB (L. 11).

D-MASTER-SLAVE-Tpurrep o4eHb JIeTKO IOCTPOUTH Ha 6aze JK-MASTER-
SLAVE-tpurrepa (puc. 7.84).

CrenyolumnuM HHTEpeCHBIM TpurrepoM siBisiercss DV-tpurrep. Tabnuna uc-
THHHOCTH Wist DV-tpurrepa npuseneHa Ha puc. 7.85. Tpurrep paboraer Kak
D-tpurrep, ecnu Ha TIOArOTOBMTENbHOM BXome V neiictByer l-curHan. OH 3a-
MepT, T. €. COCTOAHUS BLIXOIOB He MEHSIOTCA, €CJIM Ha MOArOTOBHTEILHOM BXO-
ne V peiictByer 0-cuUrHan.

VcnoHoe o6osHayeHue DV-tpurrepa moxasaHo Ha puc. 7.86. DV-tpurrep
MOXHO TTpUOOPECTH B BUAE YNPABJISIEMOrO N0 OgHOMY (DPOHTY TpMITEpa WIU B
BUJIE yIpaBisieMoro 1mo nByM ¢dpoHtam MS-tpurrepa. OH MoOXeT ObITh JIETKO
npeobpazosaH B T-tpurrep (puc. 7.87).
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Beaywwin JK-tpurrep ¢ bnokmposaHvem Bxona
Moayns FLJ 341/345 nmeeT BpemMsi NPOMEXYTOYHOIO XPaHEeHWS BCEro 5 HC OTHOCUTENLHO Nepea-
Hero ¢poHTa CUHXpPOUMMyAbCca. TO 3HAYUT, 4TO JK-CUrHanb MOryT MEHATLCH YXKe BO BPEMSA CUH-
XPOHU3UPYIOLLEero nMnynsca 6e3 Bbi3biBaHUA NOXHOro cpabarteiBanua. FLJ 341/345 Baaumozame-

Haem c FLJ 111/115.

Hux- Bepx- Eon-
Cratyeckue napametps B YCNoRMA HenWTAHMA HWIA Tun HUHA HULa
B TemMnepatypHbix 3oHax 1wm 5 npegen npeanen name-
B A peHus
HanpsaxeHue nuTaHua Uy 4,75 5,0 5,25 B
BxopHoe HanpsxeHue
H-yposHa u, U,=4758B 2,0 B
BxonHoe HanpsxeHue
L-ypoBHa U, 0.8 8
BxogHoe HanpsixexHne -u, U, =4758B, 15 B
Ha KneMmax =1, =12 mA
BuxonHoe HanNpsixXxeHue U;,=4758, U, = 2,08,
H-yposHs You ~I,,, = 800 MKA 24 | 34 B
BbixogHOE HanpsaXeHwue U;,=4758B,U, =08B,
L-ypoHs: Yar I, = 16 MA 02 | 04 B
BxonHol TOK Ha kaHan I U;=525B,U,=558B 1 MA
H-BXOBHOW TOK
I 40 MKA
Ha J, Kuan T " _|u,=5258BU,=248B
HaB unn § L, 160 MKA
L -BXoQHOW TOK
1,6 MA
Ha J,_K VIJWI-T =1, U,=5258B, U, =048
HaR v S -, 3,2 MA
Tok KOpPOTKOro 3ambika- - U.=525B 18 57 MA
HUS1 HA KaHan Bbixoga o 8
Toxk nuTaHua ls Us =5258B 20 34 MA
Bpemsa nepeknioyeHunn,
npulU;=58B,T,=25C
JAnuTensHocTb
CUHXpOMUMIYNbCa or 25 He
ANnTensHocTs ¢ 25 He
MMMyNbLCa YCTAHOBKWU pS
JnutensHocTs t 25 He
uMmnyneca c6poca oR
Bpemsi NOAroTOBKM t, 20 HC
Bpemsa npomexy- t, 5 He
TOYHOMO XpaHeHus
MakcumanesHaa f, 20 o5 ML
TaKToBas 4acTora
Bpemsi NpoxoXaeHus C, =15 n®
curHana toy R, =400 Om 12 20 HC
(BbicTpOAEUCTBUE)
ot Rvnm Sk Q b 18 25 HC
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Hux- Bepx- Eon-
Cratnyeckue napameTpbl . HWUA HWA HUAUA
B TeMNepaTypHbIX 30Hax 11 5 Yenoaus ucruiranui npeaen Thn npeaen | uaMme-
peHna
Bpemsa npoxoxaenus
curHana Loy 10 20 30 HC
(6uicTpOpEitcTBUE)
oT Tk Q [ 6 13 20 HC
Noruuyeckne napameTpol
KoadduumeHT passeTeneHuns
no H-ebIX0Qy Ha KaHan Fou 20
no L-BbiXxoay Ha KkaHan Fa 10
BxoaHoA Harpy3o4HbIA
kKoapduumeHT
Ha J unm K F,
waRuns F,
Ha T F,
u, 8§ T K, K, K Q@
14 13 12 11 10 9 8 "*’°'“:',‘;’22;:;"”“
M ITI ]
i ] J, K — wHbOpMaUMOHHBIE BXOAK
= B"(-' Q, @ — suixopsl
] =-c1-4 R — exon cBpoca
= &|s1 7] S — exon ycTaHoBKw
3 T — BXO/l TAKTUPYIOWETrD CUHXPOUMNYNLCA

Puc. 7.82. Tabnuua AaHHBIX MHXPOCXEMBI

Jood Y s FLJ 341-74110 (Siemens).
1
D 1J — a. D —{1D Ap—0Q,
L1] —=c1 C—>Ci
W b—ao, a—o Q )
T 4—>et Tt T ' K__TpPe P
1K "p—ao, ap—a, c
Puc. 7.83. Obpaszosanue T-Master-Slave- Puc. 7.84. Obpaszosanmne D-Master-Slave-Tpur-
Tpurrepa u3 JK-Master-Slave-rpurrepa. repa u3 JK-Master-Slave-Tpurrepa.
—1D T
—g>c1
i 1D
tn | thes i P— T—>c1 '
Bap.[D [V | o wv Q.
1 (0] 0 Q xpaxenus r
2 [0 1 0 ycranwoeka —10 — 1
—>ct
3 |1 ] 0 Q nxpavenne —Nv —
4 1 11 1 cbBpoc
— 0,
—T | T—>T
-——F cl P— Q.
—v "

Puc. 7.85. Tabnuua uctuHuoc-  Pue. 7.86. Yenosubie obo3ua-  Pue. 7.87. [IpeobGpasoBanue
T DV-Tpurrepa. uenus DV-tpurrepa. DV-tpurrepa B T-Tpurrep.
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7.6. BpeMeHHble anarpammel

BpeMeHHbIe AMArpaMMbl, TaKCKe Ha3biBaeMEIE HMIY/JILCHLIMH AHATPAMMAMM, SIBJIS-
JOTCSI BCITOMOTaTeJIbHBIM CPEJICTBOM JUIS JIy4lIero IIoOHUMaHus paboThl TpUITEpa
M BCEU CXeMBI B LIEJIOM.

BxogHble CUrHaNL BPEMEHHbIX guarpaMm 3afaHbl 3apaHee Unu MoryT BoiOu-
paTtkca Nobbimu, BuixOOHbLIE CUrHANLI 3ABUCAT OT BXOAHBLIX CUIHANOB.

IMosicHUM cKa3aHHOe Ha ImpocTtoM npumMepe. Ha puc. 7.88 n3obpaxeH HeTak-
THpyeMbIii RS-Tpurrep, TaKk HasbiBaeMblid RS-TpHITEp XpaHeHMs ¢ TAOMHIICH
MCTUHHOCTH Y BpeMEeHHBIMU HarpaMMaMu. Tabnua MCTUHHOCTH IeHCTBUTEIbHA
JUIi MOMEHTa BPEMEHH 7, .

s
A s—s — 0o,
P -
0 i i |—| l » R —R o— 0,
t, : . t
R ' |
‘ 1 ! ! i
il -
0 g : | | > Bap.|A [ | & Q,
o L4 i t 110 | 0 | Qyny| Qzm—y
v ! 1
'A i : | L 2 {o |1 1
’ Lo [ 3|10 0 1
57 a |1 |1 1 1
i % /:;,j !
0 - '
i '1 i rﬂ . ‘3 r‘l :! i IG { r? r’ E[. t
Q v ] i H
A o oo |
—I_,-—"_'I—I I " 77 o P“E' 7.88. RS-tpurrep xpaHeHus ¢ Tabau-
i 7 Lieif HCTHHHOCTH [11 MOMEHTA BPEMEHH
t

M BpEMEHHOH AMarpaMMoi.

B MoMeHT BpeMeHH #, TPUITEp YCTaHABIMBAETCs, TaK KaK Ha . neicTByer
I-curHan. B MoMeHT BpeMeHH £, Tpurrep copaceiBaercs. Ha Boixone R curHan 1.
B MOMEHT BpeMeHM f, TPHITEP CHOBAa YCTaHABIMBAETCS.

OcobenHo nHTEpeCEH MOMEHT #,. C 3TOTO MOMEHTa BPEMEHU Ha 0GOMX BXO-
Jlax gercTByeT curHaiu 1. Dra KomOMHaus 3anpeuieHa. O06a BhIXOAa NepeKioya-
iorest B 1. Eciin B MOMeHT BpeMeHHU £, Ha R-Bxox nogarts 0, To @, TakKXe ycTaHO-
Butcs B 0.

B Touke # S-curHan paseH 0. Tpurrep ocraercst ycraHOBJI€HHBIM. COpoc BO3-
MOX€H ToNbKO Ipu R = 1. B Touke #, Tpurrep Mor 6bl ObITH CHOBA YCTaHOBJICH.
Onuako oH elle He ycTaHOB/IeH. [109TOMy BEIXOAHbBIE COCTOSIHMA HE U3MEHSIOTCS.

B Touke A R-curnan craHoBuTCS paBHBIM 1. OgHako Ha § octaercqa 1. CHoBa
BO3HHKaeT HeKoppekTHasd koMOuHauua Q, = 1 u Q, = 1. OcobeHHO KpuTHYE-
CKMM SIBJIIETCSI MOMEHT /,, B KOTOPOM S ¥ R CUTHAJIBI OMTHOBPEMEHHO CHUKAIOT-
cqa 10 0. CraHOBUTCS HEsICHO, B KaKO€ COCTOSTHME YCTaHOBUTCS Tpurrep. Komou-
Hauwst S = R = 1 gBnsieTcs 3anmpelleHHON U ee cleayeT M30erarsb.

Paccmorpum puc. 7.89. [laHbl BXOAHBIE CUTHAMIBL S U R 1 CUTHAJI CUHXPOHM-
sauuu 7. B momeHT Bpemenu f, § = 1, ogHako K T eme noaseneH 0-cursan.
Tpurrep He MOXET yCTaHOBUTBLCA. TOJNILKO K MOMEHTY BPEMEHH £, TPUITEP yCTa-
HOBUTCS. B TouKe 7, OH cOpocuTes.

B Touke 7, S craHOBHMTCA paBHBIM |, a B Touke 7, R = L.
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c. 7.89. Taktupyembiii RS-Tpurrep c
NOMHMHUPYIOIMM R-BX0OA0M, TabnuLel T “l J’ u_
MCTUHHOCTH H BPEMEHHOI ANArPaMMOit.

Tax Kak TaKTUPYIOLIWH CUTHA HE BKJIIOYEH, TO 3T CUTHAJIbI HEe OKa3BIBAIOT
BIMSIHUS Ha Tpurrep. Toibko B TOYKe /, OHM AEWCTBYIOT Ha Tpurrep. Teneps
TpUrrep HomxeH ObUT 661 cOpocuThess. OmHAKO OH yXKe cOpollleH H, clleIoBaTelNb-
HO, COCTOSIHME BHIXOMOB HE U3MEHSIETCS.

B Touxe #, Tpurrep ycranasnuBaercsa. B Touke 7, nmpoucxoaut c6poc, Tak Kak
HEeCMOTpPST Ha €OHHMYHBIE COCTOAHMA S M R BXOHOB, R-BXOX HMEET IPHOPHTET.
Cocrosinue Bbixoaa O, HAXOAMTCS BCeraa B MPoTHBOda3e K COCTOSHMIO BbIXoaa Q.

Kakas BpeMmeHHast inarpamMma, cootsetcTyer O, u Q,, ecim 661 RS-Tpurrep ¢
JOMMHMPYIOIIMM R-BXOIOM YIIPaBJsUICA M0 nepenaHeMy GpoHTY CHHXPOUMITYJIb-
ca? CooTBeTCTBYIOIIAs BpeMeHHas IMarpaMMa npejcrasieHa Ha puc. 7.90. Tpurrep
MOXHO NEPEKIIOYATh TOJIBKO B MOMEHTbI BPEMEHHU [, 1,, I,.. B Touke 7, Tpurrep
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t -
| N t tn tﬂ+1
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| 100 |G | Gn
[T l 2 (o [ 1] 1 0
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t a {11110 1
G‘
|
1 '—l 1 I———
0 ; , f-" Puc. 7.90. Ynpasnsemslii 1o ogHO-
a, . i My dpoHTy RS-Tpurrep (no nepea-
‘ ' HeMy (DPOHTY CHHXpOMMNYAbCA, C
y—1 l—-ﬁ OOMHHHPYIOILMM R-BXOaoM) ¢ Tab-
- AMLedt UCTHHHOCTH M BPEMEHHOMN

t AHArpaMMoi.
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o\ Prc. 7.91. Ynpasnsemslii no OgHOMY
dpoury JK-1purrep (no obpatHomy
N e o s R s e
t, t, zr‘, t, t, t, HCTUHHOCTH U BpeMEHHOH AuarpaMMoil.
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Oyner ycTaHOBJEH, Tak Kak S = 1. B Touke #, Tpurrep copacsiBaercs, Tak Kak §
= R = 1. B Touke #, Tpurrep cHoBa ycraHapiaupaercs (S = 1). lna Q, u Q,
MMoJIy4aeTcsl COBepIIeHHO JIpyras aMarpaMMa, 4eM Ha puc. 7.89.

s ynpasiseMoro 1o ogHoMy dpoHTy JK-TpHrTepa Ha puc. 7.91 nmomyuaer-
cA clieAylolnasi BpeMeHHas auarpamMma. TpHrrep MOXeT IMepeKioYaThesi TOJBKO
B MOMEHTHI BPEMEHH 1, 1,, 1, 1,, {; U f. TONBKO B 3TH MOMEHTHI BpEMEHH IOJa-
1otcst 3agHue PpoHTH C-cHrHaNa.

B Touke 7 Tpurrep ycraHoBurcs, TaK Kak J = 1. B Touke ¢, Tpurrep c6pocur-
¢, TaK Kak K = 1. B MOMeHT BpeMeHM #, TPUITEP IO/DKeH GbUT OBl COPOCHTBCH,
OHAKO TAaK KaK OH yXe cOpolleH, ToO COCTOsSiHMS BhIX0A0B Q, 1 O, He H3MEHs-
JOTCS.

B Touke 7, J= 1 u K= 1. Tpurrep nepexioyaercs. Tak Kak rnepeJ MOMEHTOM
BpeMenH #, O, 6put paBeH 0, To mocjie 7, Q, = 1. B TouKax £ M f, TpUITEp nepe-
KJII0YaeTcs B NIPOTUBONONIOXHOE cocTogHue. CocrosiHue BhIXofa (), Bceraa Ha-
XONUTCA B MPOTHBOdA3e K COCTOSHHIO Bbixona Q,.

B kayecTBe ciemylouniero mpuMepa pacCMOTPHM BpeMeHHBIE THATPaMMBI
ynpasisemoro 1o asym ¢ponram JK-tpurrepa (puc. 7.92). B Touke f, BXOgHOM
curHan J = 1 noctynaer B Beayumii tpurrep. M TobK0O B MOMEHT BPEMEHH 1,
(c oOpaTHBIM (PPOHTOM CHHXPOHMMITYJIbCA) Ha BBHIXOJAX MOABIAIOTCA CHUTHAJBI,
COOTBETCTBYIOIIME PeXuMy ycraHoBkM O, = 1u Q, = 0.

B MomeHnT Bpemenu £, J = 0 u K = 0. Dro pexum xpaHenus. Ilostomy B
TOYKE /, COCTOSTHMSI BBIXOJOB HE MEHSIOTCH.

B rouke £, BxomHoi# curnan K = 1 nmoctymaer B Bexyuuii Tpurrep. Ho nmmib
B MOMEHT BPEMEHH #, Ha BBIXO/IaX IOSIBJSIIOTCSI CUTHAJIBI, COOTBETCTBYIOLIME pe-
XuMmy copoca Q =0u Q,= 1.

B moment Bpemenu £, J = 1 u K = 1. IIpu Takoit KOMOMHAIUH BXOAHBIX
CUTHAJIOB TPHUITEP MEePEKIIOYMT BEIXOABI B COCTOSIHMSI, IIPOTHBOMONOXKHBIE TEKY-
LIHM, HO TOJIBKO B MOMEHT BPEMEHHU f,.

B rouke 7, K craHoBUTCA paBHBIM 1. COPOC BBHIXOAHBIX CHTHAIOB IPOMCXOIUT
B TOYKE 7.
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Puc. 7.92. VnpasnseMmsiii no aAsyM hpoH-
tam JK-Tpurrep (MS-tpurrep) ¢ tabnnueii
HMCTHHHOCTH M BPEMEHHOM AMarpaMMoii.

C —>Ct
K—1K Tb—o,

rn rm- 1
Q

Bap.
1
2
3
4

- 4 o olXx

- O = o)L
Po-plo

@z
1]
1

Qzn

7.7. Xapakrepuctuyeckme ypaBHeHus

ITpuHIMN DefiCTBUS TPUITEPOB yXe ObUI ONMHMCAaH CIOBECHO, TaOMUIIaMH MCTHH-
HOCTM M BpEeMEHHBIMM JMarpaMmamu. CxeMsbl, BKIIOYAOIHE B ceOsl TPHTTEPHI,
JIOJDKHBI OBITh yIOOHEI B pacyetax. JKenarensHo, YTOOR TPHITEPAMHM MOXHO OBUIO
OIepUPOBATh C MOMOIIBIO ANTreOpsl MTOrHKH. Tak Kak TaGNHLBI HCTHHHOCTH TPUT-
repoOB M3BECTHHI, TO U3 HMX MOXHO BBIBECTH YpaBHEHHs anreOpbl JOTUKHA. DTH
YPaBHEHMS HA3bIBAIOTCS XAPAKTEPHCTHYECKUMH YPABHEHMSIMU.

XapakrtepucTuieckoe ypaBHeHue onuckieaeT paboTy Tpurrepa B BUAE ypaBHe-
HUs anrebpbl NOrviKK.

Hnst KkaXxIoro BHIa TPUITEPOB MOXHO BBHIBECTH COOTBETCTBYIOLEE XapakKTe-
puctuyeckoe ypaBHeHHe. OHO CONEPXMT Hapsily C BXOAHBIMU M BBIXOJHBIMU
[epeMeHHBIMH BeJIMYMHAMM yKa3aHWe Ha JBa MOMEHTa BpEMEHH — f M [ _ .

{ — MOMEHT BPeMEHHM Tiepell PacCMaTPHBaeMbIM TaKTOM.

{ ,, — MOMEHT BPEMEHM IIOCJIE PaCCMaTPUBAEMOIO TaKTa.

Jnst Hayana BeIBEEM XapaKTepHUCTHYECKOe YpaBHEHUE YIIPABIsSIeMOro I10 Ofi-
HOoMy (ppoHTY JK-TpHurrepa. Ero Tabimia HCTHHHOCTH M300paxeHa Ha puc. 7.93.

BTy TabMMIy HCTHHHOCTH HYXXHO NnpeoOpa3oBaTh B IIOJHYIO TabIHIy HCTHH-
HocTd. [TonHbie TAGMAITBI MCTHHHOCTH paccMaTPUBAIUCh MOApoOHee B pa3n. 7.4.
Onu comepxar BeiMuMHy Q, B MOMeHT BpemeHH f,. ITonyyaiorcsi BoceMb BO3-
MOXHEIX ciiy4aeB (puc. 7.94), koTopbele MBI pacCCMOTPHM.

B cinyqae 1 (J =0, K= 0) Q, nepen rakroM paseH 0. ITocse Takra Q, cHoBa
paseH 0. B cnyyae 2 (/= 0, K = 0) Q, mepen TakTOM paBeH | M Mocie TakTa
takke paBeH |. B cinyyasx 1 v 2 Tpurrep paGoraer B peXume XpaHeHHA. Boxon-
HBIE COCTOSAHUSI HE M3MEHSIOTCSI.

fh fns1
Bap. [K | J | &
-
T 00| o i o
Puc. 7.93. VcnopHoe 06o3HayeHue U Ta6- 2 o1 1 c—cCt
JIMLA HCTHHHOCTH YNPABAAEMOro 10 OAHO- 3 |1j0} 0 K—]1K p—aq,
My dponTy JK-TpHITEpa. 4 |1 111Gy
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WMHseponn =>G|AJAK

[ T Puc. 7.94. [lonnasa Tabnuua HCTHHHOCTH YIIpaB/se-
Bap (K [J | Q) O MOro no ogHomy ¢pouty JK-TpHrrepa.

1 0 o 0 XpaHerwe

2 j0foj1 = Q,AdaK

a3 jo[1]o0

; ﬂl :J ; :> 01 ad A K
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B cnyyae 3 (J =1, K= 0) no takra Q, = 0. Ypap/isioluM CHHXPOUMITYJIb-
com oH Oyzet ycraHosneH B 1. TTocne takra Q, = 1. Benywae 4 (J= 1, K=0) Q,
nepen takroM 1. Mrak, TpMrrep yXe mnpeaycTaHOBJIeH. YTIPaBISIOIMIA CHHXPO-
HMITYJIEC HE BBI3BIBAET HMKAKUX U3MeHeHui. O, ocraerca Ha l. B ciyyaax 3 u 4
Tpurrep paboraer B pexume ycraHoBku. Kakoe Obl cocrosinue Hu umen Q, me-
pel TakToM, rnocie TakTa Bcerna Q, = 1. Tpurrep ycraHapinuBaercs.

B cayyae 5 (/= 0, K= 1) no takra Q, = 0. Tpurrep no/xeH cOpOCUTBCSA.
OnHako TaK Kak OH yxXe cOpollieH, TO COCTOsIHME BbIXofa (), ¢ MPUXOIOM TaKTa
CHHXpOMMIIyJIbca He u3MeHuTca. B cayyae 6 (J = 0, K= 1) mo rakra Q, = 0.
Tpurrep ycTaHOBEH Mepel TAKTOM. YTIPaBIAIONMM CHHXPOUMMYJIbCOM OH Oy-
ner copomen B O, = 0. B cnyyaax 5 u 6 tpurrep paGoraer B pexume cOpoca.
Kaxoe 6Bl coctossHue HU uMen Q, TepeJl TAKTOM, Tocjle TakTa Bcerna Q, =
Tpurrep cOpacbiBaeTcs.

B cnyyae 7 (J = 1, K= 1) no takta Q, = 0. C npuXoIoM yIpaBisIoIEro
CHHXPOMMITYJIBECA BBIXOJ JOJIKEH TMEePEKTIOYNTHCS B ITPOTHBONONOXHOE COCTOS-
uue. CnenosarenbHo, nocie takra Q, = 1. B ciyyae 8 (/= 1, K= 1) no rakra
0, = 1. C npuxonoM ymnpapisIiomero CHHXpPOMMITYJIbCa BbIXOI MepeKI0YaeTcs B
IIPOTUBOMNOJIOXHOE cocTosiHue. CnenoBarenbHo, nociae 1akra O, = 0. B ciyyasax
7 u 8 Tpurrep paGoTaeT B peXUMe UWHBEPCHH.

M3 monHoil Tabmuibl UCTHHHOCTH IoJiyyaeTcsi HopManbHas ¢opma MJIIHU
(cMm. pasn. 5.2.1). B cmyyasix 2, 3, 4 u 7 K MOMeHTy BpemeHu ¢ ., Q, = 1.
ITomyyaroTcsd yeThipe MOJHbIE KOHBIOHKUMH (cM. puc. 7.94). Hopmanbnas dop-
ma UJIN:

Ql(h” =[(QIA.7AI?)V(Q AJAE)V(QIAJAI?)V(GI AJAK)].

IMepemennsie K, Ju Q, nepe paccMaTpMBaeMBIM TAKTOM TOIY4YAlOT MHAEKC 7.
IMepemennas Q, mocjie paccMaTPUBAeMOro TakTa rojydaeT unaekc n + 1. Ona
sanuceiBaercsa O, , .

Haiinennas nHopmanbHast popma UM MoxeT ObITh yIIpolleHa ¢ MOMOLIBIO
anreOpbl oruku Wwin auarpamMvel Kapao (cMm. pasm. 5.4). CooTBeTCTBYIOLUIAs
nuarpamMma KapHo nokazana Ha puc. 7.95. M3 guarpaMMbl MOXHO OIpeleNUThb
YIpOILEHHOE YPaBHEHUE:!

011:1—1] = [(J N O,) v (R A Q])],, (JK-Tpurrep)

D70 ypaBHEHHE SABIAETCS XapaKTepPHCTUYECKUM YpaBHEHHEM YIIPaBJIsSIeMOTro
no ¢dpoHry JK-tpurrepa. Ing ypaBHeHHsI He MMeeT 3HAueHUs, NMEpeIHHI WK
3aHUH (PPOHT CHHXPOMMMY/IbCA NEPEKII0YaeT TPUITep. XapaKTepUCTHYECKOoe
ypaBHeHUE MMeeT cuily njsi oOoMX BHAOB YIpaBisieMBIX MO oxHOMY GpoHTY
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Puc. 7.95. JduarpamMa KapHo HOpManbHOM Puc. 7.96. YcnosHoe obo3HayeHHe u Tabnauna
dopmer /1A ynpaensemoro no ¢poutry JK- MCTHHHOCTH ynpasasemoro no ¢poHty RS-
TPUrrepa. TpUrrepa.

JK-tpurrepos. OHO MMeeT CHJIy TakKe A YIpapisieMblX 10 ABYM dpoHTam
TPUITEPOB, TaK KaK BpeMs 7, U f ,  SIBJISIETCSI MOMEHTOM BPEMEHHM JIO M Tocye
TakKTa, a He ¢GpoHTA.

Tenepb BEIBeIEM XapaKTEePUCTHYECKOE YPABHEHHE YIIPABISIeMOro no ¢ppoH-
Ty RS-Tpurrepa. Tabnuiia HCTHHHOCTA B 0OBIKHOBEHHOM (hopMe MoKa3aHa Ha
puc. 7.96. Tabnuiia MICTHHHOCTH IipeoOpasyercs B MOJIHYIO TaOJIMIly MCTHH-
HocTtH (puc. 7.97).

M3 nonHoit TaGnMibl HCTHHHOCTH TIOJIydaeTcsi HopManbHas ¢opma WMIITH:

Oy = I:(Q1 AS A E)V(Q ASA E)V(Q] ASAE)]

Hopmanbnasi popma MJIM ynpouiaercsa ¢ momoluso guarpaMmbl KapHo
(puc. 7.98). IMonydyaercs cieayloliee XapaKTepUCTUYECKOE YpaBHEHHE:

Oy =[(SAR)v(Q A R)]

n

.
’
n

Qunery = [ﬁ ~(8AQ, )]" (RS-Tpwurrep)

MBI TIPOTIYCTHIH 3allpellieHHble ciiyyad 7 u 8 Ha puc. 7.97 nmpu BeIBOjE
XapaKTepUCTUYECKOTO YpaBHEHHMA. DTH CJIy4ad MOXHO Y4YecThb B JHarpamMme
Kapso.

B chyyasix 71 8 Q,, , |, MOXET NIpHHMMATh 3Ha4YeHMs Kak 0, Tak u 1.

B xneTkax koMGHHAIMA 7 ¥ 8 BMECTO COOTBETCTBYIOLIMX MOJHEIX KOHBIOHK-
LM BCTaBJIeHB KpecTHKH (puc. 7.99). B ciydae 7 monHasi KOHBIOHKIIMA ObUIa

661 O, A S A R. BMecTo Hee ctouT KpecT. [lonHass KoHBIOHKIMA B ciydyae 8 651a
on1 O, A S A R. U Ha ee MecTe CTOMT KpecT.
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Puc. 7.98. Jdunarpamma KapHo HOpMaib-
Puc. 7.97. [loanasa Tabnuua MCTHHHOCTH YIIPaBAs- Hoit dopmel MJ1H ynpasnsemoro no ¢ppoH-
emMoro no ¢poHty RS-Tpurrepa. Ty RS-Tpurrepa.
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Q, [} s Puc. 7.99. Anarpamma KapHo HopMmanbHo# dopmer HIIH yn-
s pasiseMoro no ¢poHTy RS-Tpurrepa ¢ 0603HaYeHHEM M0/€id,
s @ Xal X7 15 KOTOpBIE MOTYT NPHHUMATB N0 XeJaHHIO 3HaveHHe 0 uam 1.
/R 5 A
/

RAQ,

Knetkn B gnarpamme KapHo, kKOoTOpbie 0003HA4YeHbl KPECTOM, MOryT BuiTe No
XENaHuio paccMmoTpensl kak 0 unn 1.

U3 siueex ¢ kpecTaMu MOXHO 06pa3oBbIBaTh rpynmel. biaaroxaps stoMy ypas-
HeHHs ynpomawTrcs. s nuarpamMel KapHo Ha puc. 7.79 mony4yaeTrcst Xxapakre-
pPHCTHYECKOE YpaBHEHHE:

Q... = [S A (ﬁ v Ol)] (RS-Tpurrep)

n

Kak BBIIJISAMT XapaKTepMCTHYECKOE YPaBHEHHME YIIPaBIsIEMOTo Mo (poHTY
T-rpurrepa ¢ Tu C sxogmamu? Ha puc. 7.100 ykazaHsl TaGauMiia MCTHHHOCTH M
ycJioBHOe 0003HavYeHue. 1o Tabinuile HCTHHHOCTH MOXHO NOCTPOHUThH MOJHYIO
tabmuiy ucruHHocTu (puc. 7.101). Hopmanshas ¢opma UIIHA:

Ql(nu) = [(Q] A f)v (Ql A T)]

n

FLOTS ty

ty | thet
T 1T L H e
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Puc. 7.100. YecnosHoe obo3HaueHue 1 1abnH-
L1a MCTUHHOCTH ynpasaseMoro no ¢poury T- Puc. 7.101. INonnas tabauua MCTHHHOCTH
Tpurrepa ¢ 7-BxonoM u C-BXOJOM. ynpasaseMoro no ¢ppoury T-Tpurrepa.

Kapra Kapno Ha puc. 7.102 nokassiBaer, 4To gajnbHelllee ynpolleHue Hop-
ManeHOM dopMbl UJIM HeBo3MOXHO. XapakTepHCTHYECKOe YpaBHEHHEe YIIpaB-
nsieMoro no ¢ppoHTy T-TpUrrepa:

Oun,” = [(Qi AN f) v (61 A T):|n (T-Tpurrep)

Jlisi TpUTTEpoOB, YNpaBisieMbiX 10 YPOBHIO CHTHAIA TakXkKe MOXHO orpene-
JIUTH XapaKTepUCTUYECKHE YpaBHEHUs. XapaKTepUCTHYECKOe YPaBHEHHE YIIPaB-
JsieMoro 1o GppoHTy RS-TpUrrepa coBmajgaeT ¢ XapakKTepMCTHYECKUM YpaBHEHM-

0|(n +n o\ 61

T 1
Puc. 7.102. duarpamma Kapuo

Tl HopMansHoH dopmu M1 ynpas-

nsiemoro no dponry T-tpurrepa.




7.8. MonocmabuavHuie auetixu I\)

€M YIIpaBJSIEMOro MO YPOBHIO TAKTOBOTO curHana RS-tpurrepa. Tak momyyaer-
Csl, IOTOMY YTO MOMEHTBI BpeMEHH / W /, . | SBJIAIOTCS MOMEHTaMHM 0 M TOCIie
paccMaTpUBaeMOro TakTa CMHXpoHH3aluKu. CoOCTBEHHO caM MOMEHT TepeKIIio-
YEeHMsI, KOTOPEI BHIEH Ha BPpEMEHHOH muarpaMMe, XapakKTepHCTU4YecKoe ypaB-

HE€HHE HE pacCMaTpHUBaAcCT.

[MNony4eHHBIE XapakTepPUCTUYECKNE YPABHEHWA YNPaBNAeMoro no 0gHOMY GppoHTY
TpUrrepa OEnCTBUTENbHB NS TPUITepa, TakTUPYEMOro no YPOBHK CUrHana Toro
Xe Bnaa.

IIpyHUMI OeACTBUA HETAKTHPYEMBIX TPHITEPOB MOXHO OITMCATh XapaKTepy-
CTUYECKMM ypaBHeHHeM. TONbKO BpeMEeHHbIe TOYKH HYXXHO ONpeAeTUTh HHAYE.
MoMeHT BpeMeHH , ABJIAETCA pacCMaTpHBacMbiM MOMEHTOM BPEMEHH, B KOTO-
Pblii Ha BXOAAaX U BHIXOJAX NEHWCTBYIOT 3almMCcaHHbIe B Tabulle HICTHHHOCTH CHT-
Haabl. MOMEHT BpeMEHHM [ _ , ABJISETCH NPEAbIAYIIAM MOMEHTOM BPEMEHM C
APYTMMH BXOAHBIMU CUTHAJIAMH.

YcnoBHoe 0603HaYeHHe U TabNMUIla HCTUHHOCTH U1 TPUITEpa U3 ABYX dJie-
meHToB U-HE npusenenst Ha puc. 7.103. ITonHast Tabnviia MCTHHHOCTH W JiMar-
pamMa KapHo nokasansl Ha puc. 7.104. I[Tonyuaercs cieayioniee XapakTepHuCTH -
YecKoe ypaBHEHHUeE:

A, =[E v(AAE)] .

t |
Bap. |E | E1 | Am E. —( — A,
ilolo 1
2 o1 ] E, —d E,
Puc. 7.103. YcnoeHoe obo3HaueHHe M Tabauua 3 1110 1
MCTHHHOCTH HeTakTHpyemoro HU-HE-Tpurrepa. 4 |11 Apmey
Bap. |E; Ey A| Ay ‘ B
1 olojfo |1 {H A A,
rHeonpeneneHHoCTL Py
2 lofo|1 1 J b S —
! E
A M
] -
5 oo L!!mamo Ka ETO \J) ! D““
r B
6 [1]0]1 |1 | = = —
I E
7 [T [1loo : & | E 2
r XpaneHue
8 1 1 1 1 | A nE,

Puc. 7.104. [lonHas tabauua uctuHHOCTH M anarpamma KapHo Hetaktupyemoro U-HE-
TpHUITEpa.

C NOMOIIBIO XapaKTepUCTHYECKHX YPAaBHEHH MOXHO PaCcCYHTHIBATh CXEMBI,
cofepiKallliie TPUITePH M JIoTH4YecKue 3JIeMeHTH (cM. rin. 11).

7.8. MoHOCTabunbHbIE A4YEKn

MoHocTabUNBEHBIE STYEHKH HMEIOT nBa cocroauusa. OnHO M3 HUX Ha3bIBAETCS
CTAOMJIBHBIM COCTOSIHHEM. )

B cTabunbHOM COCTOSHWUKM Ha OCHOBHOM Bhixoae @ aeicteyeT O-curHan.

72114
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CraGunbHOe COCTOSTHUE YCTaHABIMBAETCS MOCTIE MMOAaYH HaNPsDKEHHUs MUTa-
Husg. OHO COXpaHsIeTCs IO TeX Top, MOKa AYeiKa He TiepeiieT MPU MOCTYIUIEHHH
VIIPaBIIAIONIET0 CHTHANA Ha BXOJI B HECTaOWIIBHOE COCTOSTHHE.

B HecTabuibHOM COCTOAHMM HA OCHOBHOM Bbixoge () aencteyeTr 1-curHan.

JNUTeNsHOCTh HAXOXIEHHUA B HECTAOIWIBHOM COCTOSIHMHM OIPENesisieTCs BHEII-
HUMM 37ieMeHTaMH. B ocHOoBHOM 310 KOHzeHcaropsl (C,) u conporusieHust (R,).
Bpems HaxoxaeHUs] B HeCTaOWILHOM COCTOSIHUU ONpeAeNisieTcs ypaBHEHHUEM:

t, =0,69-R, -C,

1, — BPEMsI HAXOX/IEHHsI B HECTAOHILHOM COCTOSIHHH.

CrpyKTypa OHCTaOHIILHEIX STY€EK PACCMOTPEHAa B KHUTe «DJIEKTPOHHKA», 4. 3
(Boiir/IIImym), pa3n. 7.2. BUcTabMiIbHBIE SYEMKHA NMPOM3BOAATCS B OOJIBILIOM
KOJIHYECTBE B BHIE MHTErpaibHBIX MHKpocxeM, B ocHoBHOM TTJI-ceMeiicTBa.
Ha puc. 7.105 nmokazaHo ycnorHoe 0003HaYeHHE M BpeMEeHHasi JuarpaMMa Mo-
HOCTaOMIbHOM sTueiiKnu. B MOMEHT BpeMeHH [, Ha BXOJ€ MOABNSAETCH 1-CHTHAI.
Sueiika mepexmoyaercs B Q = 1. [lo ucredeHun BpeMeH! f, OHa CaMOCTOSITEIb-
HO BO3BpaliaeTcs o0paTHO B CTaGWILHOE COCTOSIHHE.

UsMeHeHHe BXOJHOTO CHTHAJIAa B TeYeHHE BpeMeHH HaXOXIeHHsS B HecTa-
GHJIBHOM COCTOSIHUHM 7, He OKa3biBaeT BJIMSIHMS Ha COCTOSIHME MOHOCTAaGHIbHOMN
AYCHKH.

Ecny B TeueHHE BPEMEHM 7, BXOLHOWM CHTHAI M3MCHSICT CBOE COCTOsiHME ¢ 0
Ha 1, To BpeMsi HAXOXIeHUsI B HECTAOMIIBHOM COCTOSTHMM He YBEJUYHBAETCS.

MoHocTaOWIbHBIE TYEHKH YIIPABISIOTCA (PPOHTAIIBHO-TAKTOBBIM CIIOCODOM.
OHM MEHSIOT COCTOSSHMEe MO0 TIO IepeaHeMy, JTHOO 1Mo 3agHeMy (GpPOHTY HM-
IyJIbCa BXOZHOTO CHTHAJA.

Ha puc. 7.106 npencrasneHbl yCJIOBHOE 0003HaYeHUE M BpeMEHHasl Juar-
paMMa MOHOCTAOMJIBHOM SYCHKM, KOTOpas MEePeKITIOMaeTCs MEPEAHUM (HpoOHTOM
MMITYJIbCa BXOJHOTO CUTrHana. Slueiika nepeKiovaeTcsi B MOMEHT BPEMEHM 1.
B Teyenue BpeMeHH 7, OHAa HAXOAUTCS B HECTAOWIIBHOM COCTOSIHUH. HN3menenus
BXOIHOIO CHTHaJIa B 3TO BpeMsi He BJIHAIOT Ha COCTOsSIHHEe Bbixoga. Bosspar B

11 11l
E = — Q E—1> — Q
E E
A
1 ]—= ['} 1
0 | Lot L T 0 \
1 t i ! t

Cl‘ t, é [ L

1

L I -

b ru - t L.— ta—n- L— to—-n— t
t, =0,69-A -C,
Puc. 7.106. YcnosHoe 0603HaY€HHE M BPEMEH-

Pue. 7.105. YcnosHoe o6o3HayeHHe U Tab- Haa AMarpaMmMa ynpasnseMoit no ¢gpoHrty mMo-
NMIA MCTUHHHOCTH MOHOCTAaOMIBHON AYeKH HOCTAa0WIBHOM Aueiiky (ynpasnieHue no nepen-
(ynpaBieHne COCTOAHHEM). HeMy DpoHTY).
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Puc. 7.107. YenoBHoe 0603HaYEHHE M BPEMEH -
Has JHarpaMma ynpasisemMoii no GgpoHTy mMo-
HOCTa6HIbHOM AYeiiky (YnpaBieHue no obpar- Puc. 7.108. YcnopHbie 0603HaYeHHs pasiny-
HOMY (POHTY). HBIX THIIOB MOHOCTA0WILHBIX AYCEK.

cTabMWIBHOE COCTOSIHME IPOMCXOJMT M TOI[la, KOrjga Ha BXOJe IIPUCYTCTBYET
1-curnan. MoHocTabwibHas AYeiKa MepeKiioyaeTcsl ONsATh B TOUKE 7.

Ha puc. 7.107 nmoka3aHsl ycjioBHOe 0003HaUYeHHE W BpeMeHHas AuarpaMma
ynpasisieMoi 10 ()pOHTY MOHOCTAOWIBHON SYEHKH, NEepeKiIiodyaeMoil 3aTHUM
dpoHTOM HMITyNIBCA.

MoHocTabwibHbIe sTeiKH MOTYT HMETh HECKOJIbKO BBIX0H0B. OHH 0603Ha-
4aroTcs, Kak nmoka3aHo Ha puc. 7.108. Hapsiny ¢ ocHOBHBIM BEIXOJIoM () MMeeTcs

BbIXOA (0, COCTOSIHME KOTOPOTO BCET/ia MPOTHBOMOJIOXHO COCTOSTHHUIO Bhixoma Q.
Takxe BO3MOXHBI HECKOJIBKO BXOMOB. DTU BXOABI CBS3aHBI APYT C APYTOM JIOTH-
yeckuM cnoxenuem MJIM, ecnim Her ykasaHusi Ha Kakyio-nubo Apyryio CBS3b.
IIpu norugeckoM ymHOXeHHH K -BXombl OOBEOUHSIOTCS 3HAKOM JIOTHYECKOTO
YMHOXEHHUsI, KaK IoKa3aHo Ha puc. 7.108.

BpeMs HaxoXAeHHS B HECTAOMIBHOM COCTOSIHMM f, MOXET YKa3bIBaTbCsl Ha
YCJIOBHOM 0003HaueHUM MOHOcTabmwibHOM syeiiku. CornmacHo DIN 40700, 4. 14,
MOTYT MCIIONB30BaThCS 3aryIaBHbIe OYKBHI IS eWHWIL BpeMEHH, TO ecTh S id
cekyHA, MS mna mwutucekyHa u NS wis HaHocekyHa (puc. 7.109).

Bpewms 7, onpesiensieTcsi B OCHOBHOM BHELIHUMH 3JIeMEHTaMH. BXoxsr MUK-
POCXEMBI, K KOTOPbBIM MOAKMIOYAIOTCHA 3TH BHCIIHUE 3JICMCHTHI, obo3HayalTcs
kpectamud. Puc. 7.110 moka3sbiBaeT ycjaoBHOe 0003HaYeHHE MOHOCTAOWIIbLHOM
sYeliku ¢ ynpasmsiioliuMm BxogoMm E, Bxomom cbpoca R u Bxogmamu A u B, x
KOTOPBIM MOAKITIOYAIOTCS BHEITHUE 3JleMeHThl. 0-cUrHan Ha R BO3BpallaeT sueiKy
B Q = 0 (Bo3BpaT B CTaOWILHOE COCTOSIHME). YTIpaBleHHue IMPOMCXOOUT TIepeN-
HUM (POHTOM CHHXpOMMITYJIbca. MoHOCTaOWIBHBIE STYEHKH MOTYT OBITH TIOCTPO-
€HBl TaK, 4ToObl cpabarbiBaTh C 3amepXkKoil. [Imsd TakMx s4eeK HMCIOJb3yeTcs
ycinoBHOe obGo3HadeHHe (puc. 7.111). Bpemsa 3agepXxu MOXeT YKa3BIBaTbCH B

ey Y E =t Ul b—0o
—1 25 }— —Q@>200MS |— R —dR
A =3¢ —
B —ate b—
Puc. 7.109. YcnopHoe 0603HaYeHHE MOHOCTA~ Puc. 7.110. YcnosHoe 0603HaYeHHE MOHOCTA-
6MABHOM AYEeHKHM C yKa3aHHWEeM BPEeMEHM Ha- 6unpHOM Auelikn ¢ Bxogamu A u B U BXOAOM

XOX/IEeHUSA B HECTAOM/IBLHOM COCTOSHUM 1, cbpoca R.
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Puc. 7.111. YcnopHoe 0603HaYeHHE W BpeMEH-

Has QuarpaMMa MOHOCTaGHIBHON sAveiiku ¢ Puc. 7.112. YcnopHoe 0603Ha4eHHE H BPEMEH-
BPEMEHEM 3aaepXKH f, = 0,2 CeKyHbl U Bpe- Had AuarpaMma MOHOCTaOM/IBHOM fAYeilKH ¢
MEHEM HaxXOXAEHHA B HECTAOH/IBHOM COCTOs - TAaKTHPYEMBIM [, (YpaBieHyue NO nepesHeMy
HUM f, = 1,2c. dpoHTY).

ycioBHOM o6osHayeHun. Ha puc. 7.111 oHo cocrasnsier ¢, = 0,2 c. Hapsany c
paccMOTPEeHHOH MOHOCTaOMJIBHOM sS4eiKOiH CyllecTByeT KakK 4YacTHBIM cCliydaii
MOHOCTaOMIbHAS sTYeiKa C TAKTHPYEMBIM BpEMEHEM HAXO0XIEHHSI B HECTaOMWIb-
HOM COCTOSTHHUM.

B MoHocTabunbHLIX AYeiikax ¢ TakTUPYEeMbIM BPEMEHEM HaxOXaeHusa B HecTa-
BULHOM COCTOAHWM T, PEryIMpyeTcs 1 MOXeT ObiTb YBENMYEHO NoCPEenCTEOM Yil-
PaBASIOLLMX UMMNYBCOB.

ITocne nepexIoYeHus TaKO# TYEHKH B HECTAOWIBHOE COCTOSTHHE HAYWHAEeT-
cs OTCHeT /. Ec/ii B Te4eHHE STOro BPEMEHH MOCTYINAeT HOBBIH YIIPaBIIsIOMMI
HMITYJIBC, TO OTCYeT BPeMeHM [, HauWHaeTcs cHavaia. Cleaylollnii ynpasis-
IOLIMEIT UMITYJIBC CHOBA Ha‘IHHaeT OTCYET #, CHaYaJla M TaK jajee. Ha puc. 7.112
[Ipe/icTaB/IeHA BpeMeHHas1 iuarpaMma MOHOCTaGHI[LHOH STYeKH C TAaKTHPYEMBIM
BpeMeHeM HaXOXIEHHMSA B HECTAOMIbHOM COCTOSIHHMM.

YcnoBHOe 0603HaYeHHE IISI MOHOCTAOMIIBHOM STYEHMKHM C TAKTHUPYEMBIM Bpe-
MeHeM HaXOXJIeHHMs B HecTaOMabHOM cocTosiHuM BBeneHO B DIN 40900, 4. 12.
OHo coBIafaeT ¢ yCIOBHBIM OOO3HaueHHMeM I OOBIYHOM MOHOCTAaOHMIBHOM
AYEHKH, TONBKO | mepej 3HaKoOM UMITyIbca youpaercs (puc. 7.112). PaHee yror-
pebnsieMas OGyksa N Goblile He MHIIETCS.

ITpoM3BONUTENN MHTETPAIBHBIX MUKPOCXEM
MpeAJIaraloT pasyiInyHble MOHOCTaOMJIBHBIE STYeii-

K. B xayecTBe IIprMepa IIpHBEEM TOJIBKO OXHY

cxemy. MuTerpanpHas mukpocxemMa FLK 101-74

— 121 moctpoeHa coriacHo puc. 7.113. Ona co-

= &L IWT nepxut smemeHT WIM ¢ uHBepCHBIMH BXoma-

i| = MH. Yepe3 snemMeHT W ympaBiasieTcss MOHOCTA-

°'| OWwiIbHasA sYeiiKa, KOTopasi MEPEeKII0YaeTcs e-

| 1 |

J J J I - - T
1 2 3 4 5 6 7
Q A A, Q@ @ 0,

Puc. 7.113. [lokoneska mukpocxemsl FLK 101-74121.
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penHuM GhpoHTOM CHHXpoMMITY/ibca. Bxox B sisnsiercs Bxogom tpurrepa IlImura.
Yepes 3TOT BXOJ MOXHO paboTaTh ¢ MeIJICHHO BO3PacTalONIMMKA CUTHAIaMH (TIpH-
MepHo o 1 B/c).

Ecnu Ha omHOM M3 A-BXOHOB cHrHaJ MeHsieTcsa ¢ 1 Ha 0, TO BEIXOXHOM CHI-
Han 3nemeHTa MJIH nepexomur ¢ 0 Ha 1. Ecin Ko Bxony B npwiIoXeH cUrHan 1,
TO BBIXOAHOM curHai ajieMeHTa U mepeximioyaercsi ¢ 0 Ha 1. MoHocTabwibHas
s4yeiKa repexogur B HecrabwibHoe cocrosiHue. Ecii B = 1, To MOHOCTaOMIIb-
Had siYeiika ynpasiserca 3a0HUM GpOHTOM MMITYJIbca Ha Bxoaax A. Ecim B =0,
TO U3MEHEHMS CHUTHajla Ha A-BXOIaX HE OKa3bIBAaIOT BO3NECHCTBUS.

Ecnu ynpaBneHHe OCyIIECTBISIETCS ¢ B-BXoma, TO Ha OJHOM M3 BXOHOB A
IOJDKEH ObITh HyneBoi curHai. Ha Beixome anementa UJIM torma neiictyer 1.
Haynnaem MeajieHHO yBeJIMYMBATHL CUTHaT Ha Bxome B. Korma ero BenmyuHa
OyneTr OoJsipllie MOPOroBoro 3HayeHusa tpurrepa IIMuUTTa, BHIXOZHOW CHUTHAM
Tpurrepa uameHnutcs ¢ 0 Ha 1. Torna BeIXOAHOM curHai sneMeHTa U usmMeHuT-
cac 0 Ha 1, u MOHOCTaOMJIbHasA siYelKa NMepeKNIYUTCA B HECTaOMIBHOE CO-
CTOSTHHE.

DieMEHTaMH, OIPEAC/IAIOIIMMY BpeMs HAXOXICHUS B HECTaOMIIBHOM COCTO-
SIHUM 1, ABIISIOTCS conpoTuBieHue R, u xoHpeHcarop C.. KonmeHcarop mox-
wnoveH K BoiBoxaM 10 u 11 (monoxwutenbHblii nomoc Ha 11). ConpoTuBneHue
MOJKIIOYEHO K BoiBojaM 11 u 14 (puc. 7.113). BoamoxHa paboTa 1 6€3 BHEIIIHUX
3JieMeHTOB. ECIIH MOAKIIIOYHTh BHYTPEHHEE COMPOTHBIIEHHE MUKPOCXeMBI 2 KOM
(Beixox 9) x BeIXOAy 14 M ocTaBHTHh HENMOAKMIOYeHHBIMH BEIBOABI 10 u 11, TO
TIOJyYUTCS BPEMs HAaXOXIeHUS B HECTAGHIILHOM cOCTOsiHMH 7, = 30 HC.

Muxkpocxema FLK 101-74121 npunamnexut K cxeMam TTJI-cemeiictBa. OHa
TpeaHA3HAYeHa JUIS HANpsoKeHUs MUuTaHusA 5 B ¥ uMeeT mapaMeTpbl, TUITMYHbIE
JUIS CXEM 3TOrO CEMENCTBa, KOTOphIEe MPUBOAATCS B KaTajlorax (pupM-TpoU3BO-
OUTeNe.

7.9. OnemMeHTbl 3a0epPXKu

Jlormyeckre 3JIEMEHTHI 3aIepXKH, KaK CIEAyeT U3 Ha3Ba-
HUS, 3aepXUBAIOT NIPOXOXIAeHUe CUrHala. Ecnu Ha Bxome ¢ — I—
9JIEMEHTA 33JIePXKKH MPOUCXOAMT nepexon curHana c O Ha 1,
TO Yyepe3 ONpeAeSIEHHOE BPEMSI BbIXO/L 3JIEMEHTA MEHSIET CO-
croauue ¢ 0 Ha 1. Uamenenue curHana ¢ 1 Ha 0 Ha BXone 1
BBI3BIBAET Yepe3 BpeMs #, M3MEHEeHHe curHana ¢ 1 Ha 0 Ha £
BbIXo/Ie. YCIOBHOE 0003HaYeHHE 3JIeMEeHTa 3alEPXKU MPH-

BeZicHO Ha puc. 7.114. Bepxnee ycnoBHOE 0003HAYECHUE IIPH-  pye. 7.114. Venosmoe
MeHseTCsl JUISL BCceX 2JIEMEHTOB 3a/lepXKy BooOuie. HixHee obosnasenwe anemen-
YCJIOBHOE 0603HaYEHME COMEPXKUT BpeMeHa £ U £,. BMecro ¢,  Ta 3aaepxxu.

U [, MOTYT CTOAThH (QaKkTHYECKHE BPEMEHA 3ANEPXKKH.

Bpems 3anepxku t, NOKasbIBAET, HA KaKOe BPEms 33a4epXUBAIOTCS BXOAHbIE
curHansl 0 = 1.

Bpemsa 3anepxku t, NOKassIBaeT, Ha Kakoe BPEMA 3a[epXMBAIOTCA BXOAHbIE
curHansl 1 = 0.
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Puc. 7.115. BpemenHasn
gl LuarpaMma 3j1eMeHTa Puc. 7.116. DneMeHT 3a0epXKH
=l t f— -, 3a1EPKKH. ¢ 3apepxkoii t, = t, = 100 He.

DneMeHT 3aJIepXKKU Ha puc. 7.115 uMeeT BpeMsi 3a0ePXKKH #, = 2 MC U BpeMs
3aiepXKH f, = 4 Mc. COOTBETCTBYIOLIME BPEMEHHbIE TUAarpaMMbl IOKa3bIBAIOT
3anasfbiBaHue curHaioB. Eciv BpeMeHa #, ¥ £, OIMHAKOBBI, TO B YCJIIOBHOM 060-
3HaYeHHH MOXHO ITOCTABUTH TOJILKO OOHO BpeMs (puc. 7.116).

YacTo HEOOXOAUMBI TAK Ha3blBAEMBIE IJIEMEHTHI 3aJ€EPXKHM Ha BKIIIOYEHHE.
DTH 2JIeMEHTHI 3a/IepXKUBAIOT Ha OIpelie/ieHHOoe BpeMd [, nepeHuit GpoHT cur-
Hana. O6parHbii GpoHT MpoxoauT Oe3 3amasasiBaHud £, = 0 (puc. 7.117).

KpoMe 3neMeHTOB 3afiepXXKH Ha BKJIIOYEHHE UMEIOTCS TakXKe DJIEeMEHTHI 3a-
JIEPKKU Ha BhIKII0OYeHHe. OHHM 3aIepXHUBaIOT Ha ONpene/icHHOe BpeMs £, oGpar-
Hblii ppont curHana. Ilepennuit PpponT mpoxomur 6es3 sanasawiBanms f, = 0
(puc. 7.118).

2mc 0 0 3 mc
F ot "— o e—|" " o
t,=2mc t,=0
E =0 E f t,=3mc
T P T ™ T
! 1 t I | t
Q ' | o} ! b
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i | 1
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Puc. 7.117. Jloruyeckuit 3/eMeHT 3a0epPKKH Puc. 7.118. Jlorudyeckmii 3/ieMEHT 3aJ€PXKKH
Ha BK/IIOYEHUE M €r0 BpeMEHHas AMarpaMma. Ha BBIK/1IOYEHHE M €ro BpeMeHHas AHarpaMma.

Taxxe TIPOM3BOAATCS SJIE€MEHTHl 3aMePXKU C HEeCKONbKUMM Pa3INYHBIMU
BpeMeHaMHU 3alepXku. Takue 37eMeHTHl Ha3blBalOTCS OTBOAHBIMH 3JIeMEHTAMH
3apepkku. Ha puc. 7.119 moka3zaHa cTpyKTypa ¥ YCIOBHOEe 0603HaYE€HUE TAKOTO
aJieMeHTa 3aiepXKu. OTBOIHOM 5JEMEHT 3aNePXKU MOCTPOEH Ha HECKOJIbKUX
IIPOCTHIX 3JIEeMEHTAaX 3aIePXKKH.

Q,
Q, ?—1
0 50Hc 0 50mc 0 50mc| Q E— SO0nc @,
— ¥ ) I N 100 He aQ,
£ — 150 He Q
3

Puc. 7.119. OTBOAHOI 3/1€MEHT 3aJ€PXKKH HA BBIK/IIOYEHHE.
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Puc. 7.120. CtpykTypa S1€MEHTa 3aIEPXKKH Ha
BK/IIOYEHHE.
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Puc. 7.122. CtpykTypa 2/1EMEHTA 3a€PXKH Ha
BBEIKJIIOYCHHE.

7.9. Dnemenmol 3a0epicku |9\3—>
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Puc. 7.121. CtpyKTypa 31eMeHTa 3a1ePXKKH Ha
BKJLIOYEHHE.
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Puc. 7.23. DneMeHT 3a0ePXKKU HA BK/IIOYEHHE—
BBIK/IIOYEHHE.
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DeMeHTHI 3a1ePXKKU MPOMU3BOAATCA B BUIE MHTErPAIbHBIX MUKpocxeM. OHU
TaKKe MOIYT CTPOMTBHCS HAa MOHOCTAOMJIBHBIX SYEiKaX M CBA3YIOIIMX JIOTUYe-
ckux aneMeHtax. Ha puc. 7.120 nokasaHa cTpyKTypa 3JIeMEHTa 3aJepXKH Ha
BKJIIOYEHHE U ero BpeMeHHas auarpaMMa. [Ipoxonur onpeneiaeHHoe, o4eHb KO-
potkoe BpeMsa (nmpuMepHo 10 HC), Ipexzae 4YeM BKIIOYHMTCH MOHOCTAOMJILHAs

siyeiika. CurHant X enre paBeH 1, Koria moctynaer nepeaHuil PpoHT MMITyJibca
BXoHoro curHana. M3-3a aToro Bo3HMKaeT HeXeNlaTeIbHBIH UMITYIBC Ha BBIXO/IE
Q. BToro UMMyJNIbca MOXHO M30eXKaTh, eCiM BKJIIOYUTH MOCHeAOBATENHHO JBa
aneMeHTa HE cornacHo puc. 7.121. Kaxnaeiit anement HE umeer Bpems mpo-
X0XIeHMs1 curHana npuMepHo 10 He, Tak 4TO nepeaHuii GpoOHT MMITYJIbCa BXOM-
HOTO CHTHaJIa [TIOSBUTCSI Ha BXone sneMeHTa M Ha 20 HC mo3gHee.

DJIeMeHT 3allepXKH Ha BHIKIIOYEHHE TMOCTPOeH corjiiacHo puc. 7.122. 3nech
TakKe HeoOxonmuMel fBa anmeMedTa HE mna 3amepXku BpeMeHM pacrnpocTpaHe-
HMSI CUTHana.

Ecnu HeoGxonuma 3ajiepXKa Ha BKJIIOYEHUE W BBIKIIIOYEHUE, TO MOXHO CO-
€AHHHUTD I10C/IEN0BATE/IbHO JIEMEHTHI 3aJIePXKKHA Ha BKJIIOYEHHME H BHIKIIOYEHHE
(puc. 7.123). XKenaeMbix BpeMeH 33aJIepKKH MOXHO JIOCTUTHYTb NpUMEHEeHHeM
MOHOCTaOMJIBHBIX TYeeK C BHEUTHMMM NAacCUBHBIMM 3jIeMeHTaMM (cM. pasj. 7.8).

KOHTPONbHbIA TECT

1. Yto o3Havaer ycinoBHoe rpadmyeckoe o6o3HayeHHe Ha puc. 7.124?

E,—81 1
Puc. 7.124. YcnoBHoe rpadu4eckoe

E,—R 1p—
‘ obosHaueHHe.

2. YeM oTuyaeTcs TPUITEP, YIPABISIEMBbIiH 110 YPOBHIO CUTHANA OT yIpaBiis-
€MOTro 1o GpoHTY TpHITEpa?

3. Hapucyiite cxemy mpeobpaszopaHusi RS-Tpurrepa, ynpaBjisieMoro mno o6-
parHomy ¢poHTy, B JK-TpHITEp, yIpaBisieMblil 1o niepeaHeMy ¢ppoHTy. MoxHO
TIPUMEHATH JII0ObIE HOMOJHUTEIBHBIE JJIOTHYECKHE 2JIEMEHTHI.

4. Kak paGortaer TaKTHpyeMblii RS-TpUrrep ¢ IOMHHHPYIOUIHM S-BXomoM?
M306pa3ure Tabnuily HCTHHHOCTH M yCJIOBHOE rpadudeckoe oGo3HaYECHHUE.

5. O6bsicHUTE NPUHLMII OeHCTBHA MOHOCTaOMNBHON sAYeliKu.

6. Hapucyiite BpeMeHHYIO THArpaMMy MOHOCTaGHIBHON SYeiKH, KOTOpas
TIepeEKITIoUaeTCcss OOpaTHBIM (PPOHTOM YIPaBIAIONIET0 CHTHAJIA M MMEET BpeMs
HaXO0XIEeHHs B HeCTAOMJIBHOM COCTOSAHUM 4 MC.

7. Yto o3HayaeT clieylollee YpaBHEHHE:

Oy = [(J A él) v (E A Ql)]n ?

8. Ha puc. 7.125 u3zobpaxeHa tabnuua WCTHHHOCTU Tpurrepa. CocTtaBbTe
TIOJTHYIO TaGJIMITy MICTHHHOCTH ¥ XapaKTepHCTUYECKOE YPaBHEHHE ISt 3TOTO TPUI-
repa. Kak HaswiBaeTcst Takoil Tpurrep?

9. Kak paGoTtaer Tpurrep THIA «BeAylIMii-BeIoMbIi» (MS-Tpurrep)?

10. O0psACHHTE Ha3HAYeHHE BXOJOB M TPUHLIMII JeHCTBUA H300paXeHHOro
Ha puc. 7.126 Tpurrepa.
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th | tonr Puc. 7.125. Tabauua Puc. 7.126. YcaosHoe —J5
B‘?’- E; 'zl 31 HCTHMHHOCTH TPHITEPA. rpapuyeckoe 0603Ha- el q—
n YeHHE TPHUrrepa. —
2 o 1]aq, TPUITep: —5 Ct
3 |1 0 0 —&| 1K Op—
4 |1 1 1 —q 2

11. U306pasute TabnuIy MCTHHHOCTH YIIPABISEMOTO IO OTHOMY GPOHTY
D-tpurrepa.

12. Hapucyitte cxemy T- MASTER-SLAVE-tpurrepa Ha Gase nsyx JK-tpur-
TepoB, MEePEeKITIOYAONINXCA epefHUM GPOHTOM MMITYJIbCA.

13. Hapucyiite BBHIXOAHBIE CHTHaIBI Q) Ui BPEMEHHBIX IHArpaMM Ha pHUC.
7.127, ecrmm:

a) TpUITep NepeKiiioyaeTcs nepeAHUuM GpPOHTOM CHHXPOMMIIYJIbCA,

0) TpUITEp NMepeKodaeTcs: 3agHHM QPOHTOM CHHXPOMMIIYJIbCA.

‘oonono.

J t
tl | 1 [ Sl
T - J —_]J —Q, ] 35

K t c —p ]
s B s G g -
t —-

Q, t
1 Puc. 7.127. Bpemen- Puec. 7.128. YcnoeHoe rpa-
L ‘T’ Has aMarpaMma. ¢uyeckoe obosHayeHHE.

14. Kakas cxeMa TMpeAcTaBlieHa YCIOBHBIM Oo0o3HayeHHeM Ha puc. 7.128?
Kax pabGoraer 3ta cxema? Hapucyiite BpeMeHHBIe AMAarpaMMBbl JJIsL 3TOM CXEMBI.

15. PaspaGoraiiTe cxeMy YIIPaBJIsieMOro 1o ypoBHIO curHana RS-tpurrepa Ha
6aze sanemenros U-HE.

16. Yro moHMMAIOT IOJ 3alMChI0 3aBUCUMOCTH JJIS CXeM Ha TpMITepax?
IIpuBenuTe mpuMep.

17. Kaxue curHansl Q, MoJy4aloTCsi IPH BXOAHBIX CHUTHAJIaX COIJIACHO PHMC.
7.129 s tpurrepos I u 11?7 M3006pa3ure BpeMeHHEBIE THArpaMMBI.

18. DaemeHT 3amepxxu Ha puc. 7.130 momkeH GBHITh MOCTPOEH Ha Oa3e JIoboit
KOMOMHAIIMM MOHOCTAaOWJIbHBIX SY€eK, MepPeKIIYacMbIX IepeIHUM (pPOHTOM.

HBOGP&BH‘]‘G BO3MOXHYHK CXEMY. Kakoe BpEMA HaAXOXICHHUA B HeCcTaOWIbHOM
COCTOSIHUM JOJDKHEI UMETh STYeKu?

c | I
J—u  }—a, J—1v  }—aq,
¢ —f>1c

c—g>1c

J, t K—1k pb—a, k—1k p—aq,

Puc. 7.129. BpeMmeHHas auarpaMma.

t |
Q t 02¢c
! — Puc. 7.130. YenosHoe rpacdu-
-~ 06¢c geckoe 0bO3HAYeHHME 3n€-
' ¢ MEHTA 3a4EPXKKH.




FNMABA 8

ABOWYHbIE KO4bI
N CUCTEMbI CHUNCJIEHUA

8.1. BeepeHue

C nomolnbio mudpoBhIX CXeM MIPOM3BOAATCS pasnudHbie BhraucieHus. IloaroMy
HEe0OXOAMMO TIPEACTABIATE BCe JeCATHYHBIE IHGPHI ¥ Bce HEOOXOMUMBIE YHCIIa
B BuIe KoMOuHaruu 0 u 1. TlpencrasneHne 4ucia TONBKO ABYMS 3HAKaMH Ha3bl-
BaeTcs OMHAPHBIM MpeACTABICHHEM.

Kogp!, KOTOpbie MCNONL3YIOT TONLKO ABAa 3HAKA, HA3LIBAIOT GUMHAPHLIMK (ABOWUY-
HbIMK) KOAaMu.

CyiecTByeT MHOXeCTBO OMHApHEBIX KoJoB. Ho Ha mpakTike TpUMeHSIOTCS
TOJILKO HEKOTOPBI€ U3 HUX. buHapHBIe KOIB MMEIOT PETIaMEHTHPOBAHHYIO pa3-
psnHocTh. Kaxnas necatuyHass uudpa B ONpeNeIeHHOM KOIE NPeICTaBIISIETCS
onpe/ieIeHHBIM KOJIMYECTBOM TaK Ha3biBaeMbIX OMHAPHBIX pa3psiioB. bUHapHbIi
pa3psin MoXeT NMpUHUMAaTh 3HayeHue O wnu 1. buHapHbiil paspsan, win 6a3oBas
eQWHHMLA JaHHBIX Ha3biBaeTcsl OUT (OT aHIL: binary digit — nBow4Has 1udpa).

buTt o3HavaeT oguH BuHapHeIn pa3pag. OH moxet ObiTh pased 0 wan 1.

B nBoM4HOM Kole MPEACTABIAIOTCA INPEXIE BCEIO ACCATHYHBIC YHCIIA. On-
HAKO 0Ka3ajloCh llenecooﬁpaaHblM HMCIIOJIB30BaTh TAKOKE NPYTHE€ CHCTEMBI CUHC-
neHus. OcobeHHOe 3HAaYEHUE HMMeEET HIECTHaAUATEPUYHasA CUCTEMA CHYHUCIICEHMUA.
Hapsmy C 9THUM YacCTO HCITOJIB3YETCA BOCbBMEPpHYHAsA CHCTEMA CUMCICHHS. Oco-
OeHHoe 3HaYeHUe UMEET NBOMYHASA CUCTEMA CUMCIICHHMS. ,[[BOH‘IH&SI CHCTCMAa CUHC-
JICHHUA OJHOBPEMEHHO SABIIACTCA GHHaprIM KOIOM, TaK KaK COCTOUT TOJIBKO H3
madp 0 u 1.

8.2. [BonyHas cucrtema cHucneHms
8.2.1. CrpykTypa ABOMYHOA CUCTEMBI CHUCNEHUR

Bce ncmonk3yeMble CUCTEMBI CIMCIIEHHUS SBJIIOTCA TAK Ha3BIBAEMBIMM TIO3HMIIH-
OHHBIMM CHCTeMaMM CUYHCJIEHHA. B MO3UIIMOHHOI CHCTEME CUMCIEHHA MO3ULIMA
1udpHl ONHO3HAYHO CBSI3aHA CO 3HAYEHHEM YHCIIa TMocpeicTBoM ocoboro dax-
TOpa YBeJIMYEHUS B BUIE CTEIIEHHOIO YHCIa.

B mecATHYHON cUCTeEME CUMCIIEHHs KaXIblil paspsl YHCJia YMHOXaeTcs Ha
10 B cootBercTBYIOwei crereHH (puc. 8.1). YtoObl mocuuTars OT HyAs a0 9,
HYXE€H HOJIb U JIEBATh HHGP B KOJOHKe equHHL. YUCII0 AecaTh 3amuieTcs Kak 1
B KOJIOHKE JecATKOB ¥ ( B KOJIOHKE €IUHMII.

Ecnu B pacnopsokeHWH MMeIOTCA TOIbKO udpsl 0 1 1, To KaXawiii paspsan
YHCJIa YMHOXAeTCs Ha CTeneHb yucia asa (puc. 8.2). B nepBomM cronbue cripaa
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Puc. 8.1. Crpyxrypa necatuuHoil cuc- TecRum Comn Decsamiu EavuLs
TEMBI CYHC/IEHHA.
<104 -107 -10! -10°
2 3 7 1
d 4 l l
2104+ 3.10° 7-100 + 1-10°
2000 + 308 70 + 1
+
-16 -8 -4 -2 1 DeonuHoe wicno
Aecamuinoe (T a2 |1
24 .o .92 .2 .90 4yucno
0 4]
1 1 1 !
2 110
3 111
¢ J" J’ ‘L 4 1|0|0
116 + 0-8 + 1-4 + 1-2 + 02 5 ot
16 + 0 + 4 + 2 + 0 6 e
7 11141
Puc. 8.2. CTpyKTypa JBOMYHON CHCTEMBI CUMCIEHHS. g : g g ‘1’
10 1j0(1)0
Puc. 8.3. lecaTHuHbie YKCIa U COOT- 11 ijof1]1
BETCTBYIOIIME UM JBOMYHEIE YHC/A. 12 ij110]0
13 11|01
14 111]11]0
15 111111
MOTYT OBITH 3alTMcaHBl TOJNBLKO YKcna ot 0 mo 1. Jina 3a- 16 1]ofofofo
TIMCH YHCJIa HeoOXOIMMO MCITONIB30BaTh 2 cTon01Ia cripa- 1: 1 3 g ? ;
Ba. Yucno 2 nonyyaercs myrem 3anucu 0 B mepBoM CTOJI- 19 1]oflo]1]1
6ue cnpaBa 1 1 Bo BropoM cTonbliie crpaBa (puc. 8.3). 20 tlojp1jojo
21 1|oj1|{0}1
HOnsa npencrasiienust yucna 7 tpebyercst 3anmcarb 111. 29 N I e
IlepBas 1 cipaBa npencrasisieT 3HaueHUe 1, BTopas 1 — 23 1{o]1]1]1
3HayeHue 2, ¥ TpeThsi 1| — 3HadeHue 4. B urore momyya- e ritiololo]

[

etca4+2+1=17.

8.2.2. Nepesoa ABOUYHLIX YK1cen
B LECATUYHYIO CUCTEMY CHMCIIEHWNS

ITepeBecTH 1BOMYHOE YHUCIIO B IECATUYHOE OY€Hb MPOCTO. [IJIA 3TOr0 MCHONb3Y-
10T TaGMHUIy coriacHo puc. 8.4. Ora Tabauia MoxXeT ObITh IO XEaHHUIO MPOIOJ-
JKeHa BIIEBO.

dBouvHOe YUCIO 3aHOCUTCS B Tabmuity (puc. 8.4). Cronbupl, B KOTOPBIX
JONXKHBL OBITE 0, HE NPEACTABIAIOT HHTEpPeca. BaXXHBIMU SIBISIOTCS CTOJIOIILL,
B KOTOphIX cTOMT 1. [TepBoe mBOMYHOE YHCTO Ha puc. 8.4 uMeeT 1 B cToNnbIE 2°.
Orta 1 npencrasnsaeT 3HadeHue 32. Cnenywiuas 1 crour B cronbue 22. Dra 1
npeacrasisgeT 3HaYeHHe 4. O6mee 3HaYeHHEe ABOMYHOIO YHCJA COCTABIISET
32 + 4 = 36.

Bropoe nBouuyHoe yucio uMeer 1 B cronbue 27. Dra 1 npeacrasisier 3Haye-
Hue 128. Cnenyiomas 1 crout B crondie 2°. Ora 1 mpencrasnser sHayeHue 32.
O06e cnenyolue eNHMHULBI TPEACTABIAIOT 3HA4eHusA 4 U 2. OGiuee 3HaYeHHe
JBOMYHOTO yucia B urore 128 + 32 + 4 + 2 = 166.
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Deca- AsouuHoe uicno
e |20 P 20 > > 2 2 » 2 2 20
1024 512 256 128 64 a2 16 8 4 2 1
36 ¢ 1 0 0 1 0 0
1 1
32 4
166 ¢ 1 0 1 1 1 0
? 4=1 1 0 1 1 0
? 1 1] 1] 1] 1 0 0

Puc. 8.4. Tabnnua nna nepepoja ABOMYHEIX YHCE/ B ACCATHYHEIE YHCA.

OnpenenuM 3HaYeHHWS TPETHErO M YETBEPTOIO JIBOMYHBIX YMCeN Ha puc. §.4.
Jisg TpeThero JBOMYHOIO YMCIIa JOJDKHO IOMyYMThes 3HaueHue 1633. Yerseproe
JIBOMYHOE YMCJIO MMEET 3HaueHue 752,

8.2.3. MNepeBop, AECATUYHLIX YUcen
B ABOWYHYIO CUCTEMY CHMCNEHUS

[Tpeobpa3zoBaHMe AeCATUYHEIX YMCEN B IBOMYHBIE MOXKET TaKKe OBITH MpoBeae-
HO IIp¥ oMoy Tabmubl. Tabnuila 10KHA MMETb 10CTaTOYHO OONBIIIOE KOJIM-
yecTBO cT0oN610B. IIpu nmpeoGpa3zoBaHUM ONPENENSIOT MPeXIe BCero eIUHUILY
HauOoNBIIMM 3HaYeHHWeM, 3aTeM eIHHMLEI ¢ MEHbLIMMH 3HaYeHHsAMH. OOuiee
3HaYeHHE JECATUYHOIO YHMCIa pasfeisieTcsa Ha cronbubl. PaccMoTpuMm mpumep.

IlepeBenem necsaruyHoe yuciao 900 B xBouyHoe yucao. 1 co 3HayenueMm 1024
He MOOXOAMT, TAK KaK JeCATHYHOE YMCI0 MMeeT 3HadeHHe Tonbko 900. Hau-
Oonbluasg equHUNA JUiA 3Toro npuMepa 2°. OHa uMeeT 3HayeHue 512. Mrtak, Mbl

ABouyHoe Yucno

LecatuyHoe
4ncno 2° Fad 2° 2 20 - 2t

1024 512 256 128 64 32 16

51 1 1 0 0 0 0 1 0 0
1300 ——== 1 0 i 0 0 0 1 0 1 0 0

@
sy
n
I‘\;

1877 1 1 1 0 1 0 1 0 1 0 1
900 1300 1877 85
-512  -1024  -1024 -64
“388 276 853 21
- 256  -276  -512 -16
12 20 a4l e
- 128 -18 - 256 -4
—a4 T a2 "8 ]
-4 -4 -1

I c‘
o Q‘

"o Puc. 8.5. Tabnuua ;1 nepepoaa AecATHYHBIX YHCE
= B ABOMYHBIE.
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saneicrBoBasik 512 u3 900. Ocraercs eme 388. Cnenyromast 1 B cron6ue 28 nme-
eT 3HayeHHe 256. Temeps OcTAaTOK cocTaBiaseT TOJAbKO 388 — 256 = 132. 1B
cron6ue 27 umeer 3HayeHue 128, Tak uro ocraercsa 4. Ocrarok 4 maer 1 B cron-
ome 22. B mpyrue cronGusl s3amuceiBaerca 0. B urore mecarmunoe wumcno 900
npeobpaszosaHo B ABonyHoe ydciio 1110000100. Termeps nmompobyem npeobpaso-
BaTh JBOMYHOE YHUCJIO B AECATHYHOE.

IIpeoGpasyitte necaruunbie yrcaa 1300 u 1877 B nponunwie. [Tonyyaror cie-
JAYIOIHE Pe3YJIbTATHI:

1300 = 10100010100,
1877 = 11101010101.

8.2.4. BewlecTBeHHbIe ABOUYHbLIE YMnCna
(npaBunbHbIE APOOK)

JBoMYHBIE YHCIa OBIBAIOT, KaK U AeCATHYHLIE, ¢ udpaMu niocne 3ansaToii. Ilep-
BOMY pa3psily CTipaBa OT 3arsATOi CTaBUTCS B cooTBeTcTBUE 2~!. Bropomy pa3sps-
Iy cripaa ot 3angroi — 272, Ha puc. 8.6 mokasaHo pacipeneieHHe CTeNeHeil
yHcsia 2 1o paspsaaM cIipaBa OT 3arsTo.

JABounyHoe 4icno
Aecatmyroe
YMCno

@R
an
N
"
"

2 27 2™
2 1 | 0.5 0,25 0,125 | 0,0625

o o1l o] 1
1] 0] 0] 1

4,25 1
11,5625 1 0

Puc. 8.6. Paznoxenye BewecTBeHHOro ABOMYHOIO YKCAA 10 PaspsiaMm.

JBoudHbIe YyKcTa ¢ 3anaTol (IpoGHbIE) MepecYUTHIBAIOTCS B IECATHYHBIE YUCIA
TaKMM Xe crocoboM, Kak M TBOMYHBIEe YHcia 6e3 3anmaToii. COOTBETCTBEHHO MOX-
HO ¥ JIpOOHBIC AECATUYHBIC YHMCIIa IIEPEBECTH B JBOMYHYIO CHCTEMY.

MNpumep
JecaTHuHoe 25 24 23 22 2! 20 2-1 22 2-3 2-4
4YHCN0 32 16 8 4 2 1 0.5 0,25 | 0,125 | 0,0625
22,6875 1 0 1 1 0 1 0 1 1
22,6875 0,6875
MoOXeT Tak CIYYHMThCS, YTO JEeCATUYHOE YHUC- p 0.5
JIO C 3aIsTOi He MOXeT ObITh IpeoOpa3oBaHO B 1 _
JIBOUYHOe YHucio 6e3 octarka. Torma HYXHO pe- 6,6875 0,1875
IIHATh, HA CKOJIBKO PaspsijioB IOCJe 3alaTOH clie- _ 4 - 0,125
JIyeT NPOM3BOIAUTH Npeobpa3zoBaHue U MO JOCTH- 36875 T0.0625
JKEHMH 3TOH pa3psagHOCTH 3aKOHYUTH Tepecyer. ’ 0’0 625
s obnerueHus repecyera MOXKHO MCIIOJB30BaTh 2 0

Tabnuny Ha puc. 8.7. 0,6875 0,0
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20 = 1

of = 2 2! =05

22 = 4 22 - 025

8 = 8 2% - 0125

ot = 16 24  _ 0,0625

2% = 32 25 = 0,03125

6 = 64 2% _ 0,015625

27 = 128 27 - 0,0078125

o8 = 256 2% - 0,00390625

28 = 512 29 = 0,001953125
210 = 1024 2-10 _ 0,0009765625
ol = 2048 2~ - 0,00048828125
212 = 4096 2712 - 0,000244140625
213 = 8192 2-1% . 0,0001220703125
old4 = 16384 2% _ 0,00006103515625
215 = 32768 2~ _ 0,000030517578125
o6 = 65536

o7 = 131072

o8 = 262144

o1 = 524288

220 = 1048576

221 = 2097162

222 = 4194304

223 = 8388608

02 = 16777216

225 = 33554432

Puc. 8.7. Tabnuua creneHeil yucaa 2.

8.2.5. CnoxeHne OBOWYHLIX Yncen

JIBOMYHBIE YMCIIA CKIIALIBAIOTCS TAK Xe€, KaK M JAecaTudHbie yucna. [Tpu cinoxe-
HHUH JeHCTBYIOT CIEAYIOIINe IpaBUia:

0+ 0 =0
0 + 1 =1
1 + 0 = 1
1 + 1 =10
1 +1 + 1 =11

3a ogHO AeHCTBHE CKJIANBIBAIOTCSA BCETa TOJBKO ABa 4uMcia. Eciau HyxXHO
CIIOXHTh CYMMY HECKOJBKHX YHCEJI, TO CHavyalla CKJIaJ[LIBAlOT IIEpBOe W BTOpOE
yuCco. 3areM K pesysbTaTy NpubaBiseTcsa TpeThe yKcio. lajlee K HalileHHOMY
pe3yabTaTy NpubasisgeTcd YeTBepTOe YNCIIO M TaK Jajiee, IIOKa He GYIyT ciioxe-
Hbl Bce yucina. CinoxeHHe B CTOJIOMK cpa3y HECKOJbKHX YHCEN, KaK JUIs Jiecsi-
THYHBIX YHCEJI, B AJBOMYHOM CYMCIIEHHH He NPHHATO. [IpUMHIHMIHAIBEHO 9TO BO3-
MOXHO, OTHAKO B MPOLECCE BHIYMCICHHUSA BO3HHKAIOT CIOXHOCTH C II€PEHOCOM
CTapIIMX pa3psioB.

O06a cxnagplBaeMBbIX YHMCJIa MUIIYTCA MOpa3pAIHO OPYT Hal APYroM. 3aTeMm
CKJIAIBIBAIOTCS IBe ITUMPHI cTONOIA ¢ HAHMEeHBIIUM pa3psanoM. B ciryyae mepe-
HOCA eIMHHIA 3alIMCHIBAETCH B CIEAYIOLIMHA CTONOEU M YYMTHIBAETCS MPH €ro
crnoxeHUH. To ecTh B ciIyyae mepeHoca HYXKHO CKJIAaIbIBaTh TPH JBOWYHBIX YHC-
ja. ITo TakoMy alirOpuTMY CKJIaABIBAIOTCSI CTOJIOEI] 32 CTOJMIOLOM CIIpaBa HaJIeBo,
1oka He OyayT cJIOXeHBI Bce LMppbI.
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Mpumep
24 2 22 20 2
16 8 4 2 1
1 1 TTepetnioc
1 0 1 |1 1. Yucno
0 0 1 2. Yucno
1 1 1 0

Ecnu npeobpa3oBarh IBOWYHBIE YHCIIA B JECATHYHBIE, MOXHO JIETKO IIPOBE-
PHTE NPAaBUJILHOCTh NPOBEIEHHOIO CJIOXEHMS.
1 01 1, = 11,
1 001 1,) = 19(,0)
11110, 30[10)
Manenpkoe 2 B cKOOKax BHM3Y 0003HayaeT apoudHoe uucio. Yucmo ¢ 10 B

cKobOKax BHU3Y SBIAETCS JTECATUYHBIM YHCIIOM. DTa UAEHT ﬂquamm NpUMEHA-
€TCA TOJNBKO B CJIydae BO3MOXHBIX HEAOPa3yMEHHUIA.

8.2.6. BbluuTaHMe ABOUYHLIX YMUCen

8.2.6.1. HenocpencrseHHOE BbIHUTAHNE

JABOHMYHOE YHCIIO MOXET, KaK U B JECATUYHOMN CHCTEME, BEIYUTATHCS M3 IPYTOro
JBOMYHOTO 4yucia. Takoe BEIYMUTAHHUE HA3BIBAETCS HOPMAJIbHBIM. LI Hero neii-
CTBYIOT CIEAYIOIIHE MpaBuia.

IIpaBuna:
0-0=0
1-0=1
1-1=0

Breruuranue 0 — 1 IpHBOOUT K OTPULIATEILHOMY PE3YJILTATY. 34eCh BOSHHKA-
€T HECKOJIBKO TPYJHOCTEIA.

HpI‘I HeHOCpE,[[CTBCHHOM BBIYUTAHUHU BBIMMUTACMOC YHUCIIO IHIIETCA HPAMO
moa YucjioM, OT KOTOPOIro OHO OTHHMMAaeTCs (YMQHLI.I'.[aeMbIM).

Mpumep
1101 YMeHblIaeMoe
-1 0 0 0 BriunraeMoe

1 01 0 PasHocrs

BeryMTanme HAaYUHAIOT CO CTONOLA C HAMMEHBIIIEH CTENEeHbIO, C CaMOro Ipa-
Boro. [ludpa BeluHTaEMOro BhIYMTaETCA M3 H(MPH yMeHbIIaeMoro (1 — 1 =08
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npuMepe). 3aTeM MPOMCXOAUT BHIYMTaHUE BO BTOpoM cToibue cipasa (1 — 0 =1),
3aTeM B 3 cTonOIle cripaBa M T. . DTOT NMPUMEP HE MPeICTaBisieT HUKAKOM

TPYIHOCTH, TaK KaK He Bo3HHKaeT cuTyauuu 0 — 1. B cnemyrooimeM mpumepe
HHaye.

Mpumep

10

(’.

1 D 11 27
- 11 -7
10100 20

Y1068 MPOBECTH BHIYUTAHHME B TPETheM CTOJDOILIE CIpaBa, «OAOIXHM» 1 U3
4-ro cron6na. Ilomyyaerca: 10 — 1 = 1. Enunnua B cepoM Kpyre, TakuMm obpa-
30M, cTaHOBHTCA 0.

8.2.6.2. BeiyutaHne B fONOAHNTENBHOM KOLAE

B KoMmnbloTepHOI TeXHHKE BBIMUTAHHE MPOU3BOMIUTCS INPEUMYLIECTBEHHO HO-
OapjieHHEM JOIOTHEHUS K BRIYUTAEMOMY YHCIIY.

BopuuTaHue ¢ JOMOMHEHHEM TaKOKe BO3MOXHO B JecATHYHOM cucTeMe. Ilpen-
TOJIONIM, UTO ISITUPAa3PsITHBIN CIMAOMETP MalluHbI mokassiBaeT 95000 (puc. 8.8).
Ecmu mamuHa npoeziet eme 15 000 kM, To cnuaoMeTp mokaxeT 10000, Takoe xe
yucno nomaydurcs, ecad ot 95 000 orHares 85 000. Yumcmo 15 000 naswiBaeTcs
nonoyHeHneM K yuciy 85 000. KoHeuHo, 3TOT ¢crmocod GyHKIITHOHUPYET TOJBKO
MPH BBHIMIOJIHEHUH YCJIOBUs, YTO MPH NMPUOABIEHUM MOMOJHEHMSI pe3yjibTaT He
oTrobpaxaercd B mecToM paspsue. To ecTe cmuaoMeTp Ha puc. 8.8 He MOXeT
OBITh IHECTUPA3PANHBIM. B KOMIBIOTEPHONH TEXHHKE MOXHO IPOCTO OCYIIECT-
BJISITH 3aIIPeT TIEPEHOCOB.

Ilpu naTupaspsaHOM NPeACTaBICHUM B ACCATUYHONU CUCTEME NOIIOTHEHUE U
BhIYMTaeMoe B cymMe fnaioT yuciao 100000, 1. e. 10°. Ilpu 1ecTupa3psigHOM TIpen-
CTaBJIEHUU B JIECATUYHON CHCTEME JOMOJIHEHHE H BBIYMTAEMOE B CYMME JAlOT
106, OGLUMI MPUHIIMIT IJIACUT:

B necatwuyHoOi cucTeme AOMNONHEHWE W BbIYMTAEMOE HUCNO AOMNONHSIOT APYr
napyra npw n-paspsgHomM npeacrasneHun o 107

HaiinenHoe nononHeHHe HA3BIBACTCHA B-HOMOJHEHUEM.
B nBow4HON cHCTeMe BBIYUTAHHE B JOIMOJHHUTENILHOM KOIe IIPOHU3BOAUTCA
aHaAJIO'MYHBIM OﬁpaSOM.

CnugomeTp
[9/5]0]0]0]
DononHeHue - 95 000
e .+ 15000 —?gggg
[1/olojofo]

Puc. 8.8. Boiunradue B JONOAHHUTEIBHOM KOAE.



8.2, Mleouunasn cucmema cuucaenus 20\3—)

Mpumep
I1 1 1 1 Tlepenoc
1 111 15 1111 1111
- 111 -7 o+ 20 4t oo
1 000 8 1 000 11000|

B npuBeneHHOM mpuMepe HYXHO BbIuecTb H3 yucia 15 yucao 7. Pesynbrar Oy-
ger 8. Kakoe 4HciIo MODKHO OBITh MPHOABIEHO K 15{10) = 1111,,,, yroGsI B pe-
3ynbrate nomyywiocs 8, = 1000, mpu ycioBuu, YTO mepeHoc B 5 paspsie
3ampeiieH? Meroxom nox6opa Haxomum uucio 1001, =9 . Dro yKcIo SBIIA-
€TCH JOIONIHEHUEM K 111(2} — 7“0,.

IIpy 9eTHIpex3HAYHOM MNMPENCTABIEeHUH TOIOJHSIOT BEIYHMTAEMOE YHCIIO IO
16 = 24 TlpM nATU3HAYHOM MpejacTaBlieHud — go 2° = 32. B caepylomem
NpUMeEpe MOKa3aHo, Kak JoroiHeHue (25) u BerautaeMoe (7) ZOMOMHAIOT OPYT

apyra no 32.

(10)°

Mpumep

11

—
—

10111 =23 10111
. 111 =7+11001 =25
1 0000 =16 10000

HTak, MOXHO chOpMyTHPOBATh CIEAYIOIIEe TTPaBUIIO.

B ABOWYHOI CUCTEME AOMOMHEHUE W BLIYMTAEMOE HYMCA0 AONOAHSIOT APYr ApY-
ra npu N-paspsaHoM npeactasneHun oo 2"

Ecnu tpebGyercsi HAUTH JOMOJHEHUE BHIYMTAEMOTO YHCIIA, TO IPEXIE BCEro
HYXHO 3HaTh, C KAKHM KOJIMYECTBOM Pa3psaoB MpPeacTOMT paborarh. B KoMIibio-
TEPHOM TeXHHWKe pa3ps/IHOCTh M3BeCTHa 3apaHee. I HAINMX TPUMEPOB MBI
NMpUHUMAaeM paspsaHocTh 6. EciM BeIMUTaEMOe YUCIIO UMEeT MEHbLIE 3HAYAIIUX
uucdp, 4eM 6, TO OHO pacIIMpseTCs BEAYIIMMH HYJISIMH 10 NOCTHXKEHUS 3a/laH-
Horo 6-paspsizHoro dopmara.

Mpumep

000 111

————

Pacumpexue

TIpu 6 paspsimax cymMma JOMOJHEHHS M BBIYHTAEMOTroO MOJDKHA OBITh paBHA
2% = 64. Eciu BEIMUTAEMOE YUCJIO 7, TO TOMOJHEHHE TOJDKHO OBITh 57.

Ecnu Tenepb NpOMHBEPTUPOBATh PAaCIIMPEHHOE YHUCIO, T. €. BMecTO Beex 0
sanucaTth 1 ¥ BMecTo Beex 1 3amucarh 0, TO MOIYYUTCH YHCIIO, KOTOPOE TOJBKO
Ha 1 MeHbIe McKkoMoro gomonHeHus. [lomyyaercs gucino 56.
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Mpumep
32 16 8 4 2 1
0O 0 0111 =17
N A R
1 1 1 00 0 = 56

DTO He CIYy4YallHOCTh, a 3aKOHOMEPHOCTh, KOTOPYI0 MOXHO IPOBEPUTH Ha
CHIEYIOLINX IIPUMEpaX.

MNMocne nHBEPTUPOBAHUA BLIYUTAEMOr0 YNCNA, PACWMPEHHOIo 40 NONHOro pop-
mara, nosay4yaeTcs Yucno Ha 1 MeHbLue AOMOMHEHUS K BEIYHUTAEMOMY.

Ecmu MMOJYYEHHOMY KOOy N00aBHTH 1, TO ITOMYy4a€TCA HCKOMO€E€ DOIMTOJIHECHHE.

,ﬂ.ﬂﬂ nony4yeHma AONONHEHWA B ,D,BOH‘-IHOﬁ cucrteme cnegyet BOCNONbL30BATLCH
crieaylownm anropuTMom:

1. PacwupuTe BbIMUTAEMOE YUCNO A0 NONHOPAa3psaHoro dopmara gobasneHu-
em BeayLmnx Hynein

2. MHBepTupOBaTh BLIMUTAEMOE.

3. K nueepcun uobasuts umcno 1.

C“paBelIJ]HBOCT]: 3TOro METOoNia NOKa3aHa Ha CJCOYIOLIHX ITpUMepax.

Mpumep (6-pa3psaHoe npencrasneHue)

101111 = 47
- 11011 = 27
?

011011 VMeHbIlIaeMoe YHUCIIO
R A A AN
100100 W HBEPTHPOBaHHOE YMEHBIIAEMOE YHCIIO

+ 1
1 00101 JononHeHne
[Mepenoc A 11 11

1 0111 1|= 47

Honmomnenme + |1 0 0 1 0 1
Peaynrbrar: 01 0100O0|= 20

Mpumep (8-pa3psgHoe npeacTaBneHue)

101111 =47

- 11011 =27
?




8.2. lsounnasn cucmema cuucienus ZID

00011011 VYMeHbIIaeMoe 91cio

N N U A )

11100100 W HBEPTUPOBAHHOE YMEHBIIAEMOE YHUCIIO
+ 1

1 1100101 JlomonHexHue

Ilepenoc X 1 11 11
00101111

Homomwenme + (1 1 1 0 0 1 O 1

Pesynbrar: 0001 O01O0O0|= 20

8.2.7. OTpuuaTensHbIE ABOUYHbIE YMCha

Yro O€narh, €CJIH BBIYHTAEMOE YHUCIIO 60.]'[]:1].[6, YeM YMCHBHJH.BMD'E? B pe3yiabTare
NOoJIy4JacTCsd OTPULATCIIBHOE YHUCIIO.

Mpumep
27 11011
- 47 -1 01111
-20
O6pasoBanue gonoyHenws:: 1 0 1 1 1 1
R A
6 paspsanoB 01 000O0O0
+ 1
01 00 0 1 [Jdomomnenune k 47
1 11
01101 1 Yucno, U3 KOTOPOTrO BHIYUTAETCS
+ 01 0 0 0 1 domonHeHue
[] 1 01 1 0 0 Pesynprar
I

HET TmepeHoca B 7-1 paspsan

Pe3y.TIbTaT SIBJISIETCA OTPHMUATCIIBHBIM YHCJIOM. Bro CJIenyeT U3 OTCYTCTBHA
nepeHoca B 7-ii pa3psi.

Ecnn npu nobasneHnn SOMoNHeHN B n-paspsaHoMm npeacrasneHnun OTCYTCTBY-
€T nepeHoc B N + 1 paspag, TO pe3ynsTaT fABASETCH OTPUUATEIbHbIM YUCAOM.
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Y106 Y3HAaTh BCIHMYHWHY OTPHUATCJIBHOI0 YMCjid, HYXHO ITOIYYHUTh €ro 10-
MOTHEHHUE B IBOHYHOM KOJAE:

Mpumep
1 01 1 0 0 Pesynprar
R A
010011
+ 1
01 01 0 0 OonmomHeHue pesyrbrata

Hononnenue pesynsrara pasHo 20.
MoXHO OTHATH ornpejeseHHOe Yucio ot yucna 0. B pesynsrare momydaercsi
OTPMIIATeIbHOE BBIYUTAEMOE YHCIIO.

Mpumep
0 00000
-9 -01 0 01
~9 9
O6paszoBanue nononHedus: 0 1 0 0 1
!l 1L 1 1
1 01 1 0
+ 1
1 01 1 1 /TononHeHue x 9

(5-paspanHbiii dhopmar)

Yucno 10111 pasHo —9. Ecnm oGpa3oBbIBaTh HOMOJHEHHE OT 3TOro 4MCIa,
TO I10JIyYaeTcst yucio 9:

1 0111
N AN
01000
+ 1
01001 =9

JonoaHeHue ABOMYHOrO YUCNa PABHO €ro OTPULATENBHOMY 3HAYEHMIO.

C noMolibio 06pa3oBaHUs IOMOJTHEHHS MOXHO NpPeoOpa3oBhIBATh MOJIOXKHM-
TeJbHbIE IBOMYHBIE YHCIIA B OTpULIATENbHbIe. OTpUIlaTEIbHbBIC YHCTa Cpa3y pac-
nosHatb TpyaHo. HaiineHnoe yucino —9 = 10111 MoxXeT TaxKe BOCIIPHHHMMATHCS
KaK T0JOXUTEeIbHOE Yucio 23. HyXHO NpOM3BOAUTh paclo3HaBaHHE YHCIA.

BoaMoxHblii criocob pacrmo3sHaBaHMs YMca TToKasaH Ha puc. 8.9. Bpocaercs
B IVIa3a, 4TO CTOJOEI] C pa3psnoM 2* IIPH MOJIOXMUTEbHEBIX YUCIAX BCeTa cogep-
xuT 0, a MpH OTPUIIATEILHBIX YMCIIAX BCEra comepxuT 1.



8.3. Meouurno-decamuunoiii kod (BCD-uucna) 2 |\3)

Aecatvanan | (2*)| 2% |22 | 2' | 2 Necstuunan | 2° |22 | 2' | 20
uwippa  [(16)| 8 |4 |21 uippa |8 | 4122
+9 of1fofof1]z 0 0jojojo
+8 ol1|o|ojo| & 1 ojojoq1
+7 oflo|1{1|1] & 2 ojojifo
+6 ofof1]|1|0f < 3 LA R I
+5 o |of1|0|1] 2 4 ojtjejo; ¢
3 18
+4 olo|l1|lofo| 5§ 5 oj1io 3
+3 o |olo|1]1 § 6 oj1(1}0
+2 oloflo|l1|o]| g 7 oprie
+ olofojo|1]| & 8 1]0j0/0
[ 0 |0|0l0]|0O 9 1 2 [: ;
-1 1 1 1 1 1 é %
-2 t]1]1]1]|o]| & tjof1j) g
& 1/1/0|lo0f &
-3 1 {1l1fo|1]| € 2
-4 1 {1]1]o]o] & Tprtoelt) g
-5 t{1|o|1]|1] 2 ti1j1jo ke
-6 1 l1]lof1]|o] § 1lafrls
-7 1|1]ofo|1| &
-8 1|1/0|0f0 §
-9 1 0 1 1 1 Q
Puc. 8.9. PacnoszHaBaHHE NONOXHTENLHEIX H Puc. 8.10. [1Bon4HO-1eCATHYHBIN KOL.

OTPHLATE/IBHBIX ABOMYHBIX YHUCE.

Y oTpuuaTenbHblx 4yucen Haubonbwnid paspaa scerna pased 1.

Haubompmmit pa3psn MOXHO Ha3BaTh 3HAKOBHIM Pa3psiioM.

KpaitHuii neeslit pa3pag cnesa y nonoXuTenbHbIX ABOUYHbLIX Yncen pageH 0, y
OTpULIATENbHbIX ABOWYHBIX YWCEN OH paBeH 1.

KoMmneioTepsl paGoTaloT BCerfia ¢ yCTAHOBJIEHHOHR pa3psHOCTHIO, HANIPUMeEp
c 6, 8,16 wim 32 paspsagamu. Tak yTo HaUOONBINWI pa3pdan BCErna M3BECTEH U
MOXET paccMaTpUBaTbcsl 0€301IMO0YHO KaK 3HAKOBBIN pasps.

8.3. lBoun4HO-aecaTmnyHblii kog, (BCD-4ucna)

JABOMYHO-IECATHIHBINH KO TECHO CBSI3aH C IBOMYHOM cucTeMoii cuncienus. Co-
kpameHnue BCD mpoMcXomuT OT aHIIMiickoro obo3HayeHusa «Binary Coded
Decimals».

8.3.1. MNpepacrasneHue yncen B 4BOUHHO-4ECATUHHOM KOOe

B JBOMYHO-IECATUYHOM KOJIE KAXJIOE IeCATHIHOE YUCIIO TIPEICTABIEHO YeThIPbMS
OuHapHBIMH paspsgaMu, Wik 4 6uramu. COBOKYITHOCTE YeThIpeX OMTOB Ha3bIBa-
eTCs TeTPaao (IMO-IPeYecKH «TPYMIa U3 YeThIpex»).

JBOMYHO-AECATUYHBINA KOA mpeacTaBieH Ha puc. 8.10. Kaxnas necatudHas
nHdpa npeacTasjieHa TBOMYHBIM YHCIOM. M3 16 BO3MOXHBIX TETPaj MCMOIb3Y-
1ot1cs Tonbko 10. IllecTs TeTpam MoryT ObITh He 3aMeiCTBOBAaHBI B NBOMYHO-
JecaruuHoM Koge. OHM Ha3bIBAIOTCS NcepnoTeTpansl. s Kaxmoit mudpsl gecs-
THYHOTO YHCJIA UCIONIb3YeTCS OfHA TeTpaja.

N-paspsaHoe AeCATUYHOE YWCNO NPEeACTaBNaeTCs B ABOUYHO-AECATUHHOM KOAe
n-TeTpagamu.
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MNpumep 5 3 3
| l |
[0 o1 0of[0o01 1|1 00 1]
1. 2. 3.
Terpan Tetpan Terpan
Mpumep

4 3 9 6 2 9
0 1 00/0O0T1T1|1 0O0T1|/0110]/0O0T1O0|1 00 I

8.3.2. Cnoxenune B BCD-dpopmarte

CnoxeHue [MPOHCXOAMUT IO TOMY XK€ INPHHIMITY, KaK M JUIA IBOHYHBIX YHUCECIIL.
OHo He NnpeacTapisI€T IIPOGJICM 0 TEX IIOp, IIOKa PE3yJbTAT HE MNMomnamactr B
obnacTe ICEBAOTETPAL.

Mpumep
11
0011 3
+ 0110 +_6
1 0 01 9

Ecnu npu cnoxXeHHM BO3HHMKAET ICEBNOTETPalia, 3HAYMT, cyMMa Goblile,
yeM 9 W JODKHA TIPEACTABIATHCA ABYMS TeTpagaMe. B 3ToM ciyuae ciemyer
NPMMEHUTHh KOppekThpyioee cioxenue. K ncepaorerpane ciaenyer npubaBUTh

YUCJTIO 6““) = 0110,,,. Torna moy4aioT ABe TETPAIbI.

Mpumep




8.3. Meouuno-oecamuunuiii ko0 (BCD-uucaa) 21 D

Mpumep T 11
0111 7
1 0 01 +9
10000 16
1/10 0 0 O
+ 0110 =6
OOOIOIIQ

B obuiem, aeilicTByeT mpaBUIO:

Ecnu npu choxeHun aeyx BCD-yncen nony4aeTca peaynbTar, paeHbiii uam 00b-
wuin 10, TO AN KOPPEKUMK K pe3ynbTaTy HyXHO npubasute yucno 0110,

Crnoxenne BCD-uucen, KOTOpble COCTOAT H3 HECKONBKUX TeTpal, MPOMCX0-
IWT ITOTETPaIHO CIIpaBa HaleBo. ECIM NMpH CHOXEHUM NBYX TETPAaX BO3HUKAET
Tepexol B 5-O0M pa3psie, TO OH NepeaaeTcd K HaMMeHbIeMY pas3psiay cleayio-
mei Terpansl. IlpubaBnenne Koppexkiuu 0110 HyXXHO mpeXnmpMHHMAThL BCErna,
€CIIM pe3y/IbTaT CJIOXEHHUs IBYX TeTpal paBeH Wiu oonbiue 10.

MNpumep 110 < m
0111 1 000 78
+ 0110 + 1 0 01 + 69
1 110 0001 147
111
1110 0001
01 0j+0 1 1 O
‘00010100 0111
1 4 7

Ecnu npu no6apnennn xoppekuuu 0110 K nceBgoTeTpane MpOMCXOAUT Nepe-
X0/ B 5-0M paspsjie, TO OH Takxe Ao0aBisgeTcss K HAWMEHBIIEMY pa3psAay Clemy-
[oleil TeTpaibl.

Mpumep
111
0101? 0111
001 1 1Looo
100 1 1111
1
11
0111 57
o110 + 38
1001 0101 95
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8.3.3. Boiuutanue 8 BCD-dpopmaTte

Brruuranue B JBOMYHO-AECATHYHOM KOIE IIPOHU3BOOHUTCA I'lpﬂﬁaBIleHHeM IOITOoJ-
HEHHA.

PasznuyaloT I0N0JHEeHHe A0 AeBATH M JOIOJHEHMHE N0 ACCATH.

JononHeHue 4o nesaTu K(g} BCD-teTpanb fBNSeTCA AONONHEHWEM TeTpagbl A0
1001, =9
(2)

(o)’

Mpumep
Haiinem nonmonHenue go nepsaru ot 0010.
1 0 01 9
-0 010 -2
0111 7

JomonHenneM 1o neBatu K, Kk 2. Oymer 7

© X “ao = 0111,

(10)

HononHeHne A0 OECATU K{m BCD-1eTpanbl ABNAETCA O0ONOJIHEHWEM TeTpanbi
0o 1010@] =10

(10)"

JononHeHue 10 aecaTd Ha 1 Gonblue, YeM AOMOJMHEHHEe A0 AEBATH.

Mpwumep
Haiinem nomomsenue no aecatu ot 0010.
1 010 10
-0 010 - 2
1 000 8

HononxexnueMm o necsru K, x 2, oyzer 8, = 1000,
Ecmu ot BCD-terpanst A Hafo otHATh, BCD-terpany B, To cnemyer o6pa3oBarhb

nonoyiHeHue no aecatd BCD-tetpanbl B u npubasuth ero Kk BCD-terpane A.

BeluMTaHe B ABOWYHO-OECATUYHOM KOOE CBOAWMTCSH K CIIOXEeHWI0 AOMNONHEeHUs
00 AecaATy Bbl4yMTaemoro ¢ ymeHbluaemMbiM YKUCnom.

Ecnu monydyaeTcs TceBHOTETPana, TO MPOM3BOAUTCS KOPPEKIUsl MpubaBie-
HueMm 0110. IlepeHoc B 5-oM pa3psiie yKa3bIBaeT Ha TO, YTO Pe3y/bTaT SIBJISIETCS
IOJIOXKUTETBHBIM YHCIOM. [lepeHOC TIpH ompeaeNeHHH 3Ha4eHHsT pe3yjibTara He
YVIHUTHIBAETCA.

MNpumep
A 1001 9
B -0 111 -2
7
?
K, or 7, = 0111, paseu 3, = 0011,.



8.4. Mpyeue mempaonwvie cucmemol cHUCAEHUSA ZID

11

1 0 01

+0 0 1 1

1 1 0 0 (IlceBmorerpana)
1 1

Koppexuus 1 1 0 0
o1 1 0

Pesynprar: 1 |0 0 1 O

Ortpuuarensasie BCD-9ucia NOMKHBI OBITh paclio3HaBaeMBI KaK OTpUIIATENb-
Hble. Eciin 1py BBIMUTAHUH MOJTYYAETCsI OTPULIATEIbHOE YUCIIO, 3TO IOJDKHO OBITh
cpasy moHsTHO. HykeH ocoOeHHbIH NMpU3HaK.

Ecnu npu GROXEHWW TOYHOIo AOMNOAHEHUs Ao aecati ¢ BCD-Ttetpanoii He obpa-
3yeTca nepeHoca B 5- pa3psg, TO pe3ynsTar SBNaeTcs OTPULATENbHbIM YNCAOM.

Mpumep

A 0111
B -1001

?

N=TEEN |

|
(o]

Hononuennem no necaru K, x 9,

0111 B
+0 0 01 K,
1 0 0 0 OtpuuartenbHoOe YUCITO

6ymer 1, = 0001,

(10)

Her nepeHoca B 5-it pa3psn.

Peaynerar 1000 aBasieTca oTpuLaTeIbHBIM YUCIOM. YTOOB HaiiTH 3HaYEeHHE
3TOT0 OTPHMLATENBHOTO YHCHa, TpebyeTca oOpaTHOe NOMONHEHWe. 3HaYeHUe OT-
PHUIIATEIBHOTO YHMCJia ABJISIETCS €ro JOTOJIHEHUEM A0 AECSATH. 3HAYUT, HAl0 MC-
KaThb JonoyiHeHue no pecaru x 1000.

Hononuenuem no aecsru K, x 1000, = 8, 6yner 0010(2) = 2“0).

IMonygyaercsi yuciio 2. CnenoBareibHO, pe3yNbTaTOM BHIYMTAHUA SBISET-
ca —2.

8.4. lpyrvne TeTpagHbie CUCTEMbI CHUCNEHUS

W3 MHOXecTBa TeTPaaHBIX CHCTEM CYMCJICHHMS, CYIIECTBYIONIHMX HAapsay ¢ JBOUY-
HO-JECSATHYHBIM KOJOM, PAaCCMOTPUM TOJIBKO TPHM CaMBIX BaXHEIX. Ipyrue Tet-
panHBIe CHCTEMBI MIPAIOT BTOPOCTEMEHHYIO POJIb M NPUMEHSIIOTCS TOJBKO IUIS
crieUaJbHbIX 3aJaHHi.



le Thasa 8. fleouursie kodbi u cucmemsi cuucrenHus

8.4.1. Kog ¢ n36biTKOM TpuU

Decsmanas B xone ¢ U3OGHITKOM 3 He HCIOJB3YIOTCH Iep-

uudpa BBI€ M IOC/egHue TpH U3 16 BO3MOXHBIX TeT-
pan. BTH ecTh TeTpaja SABIAIOTCH IICEBJOTET-
pagamu (puc. 8.11).

Ecnu paccMaTrpuBaTh TeTpansl KOaa ¢ U36HIT-
KOM 3 B BHJIe IBOMYHBIX YHCEJI, TO BUAHO, YTO HX
3HAa4YeHUs BCe BpeMs Ha TpH OoJbliie, YeM 3Have-
Commerpns  HHME COOTBETCTBYIOILEH AeCATHYHOM LUbphL. de-

cATUYHOE Yuciao 4 npencranisercs Kak 0111, to
€CTh JIBOMYHBIM YUCIIOM ceMb. Ilonyuaercs cum-
METPUYHBIH Kof (cM. puc. 8.11).
Kak ¥ B IBOHYHO-IECATHYHOM KOJE KaXk-
}ﬂcemmerpa.qa nas mecsiTUYHasg uudpa npeacTaBIsieTCss TeT-
panoii.

MecesnoteTpana

————

WEEX

O ®~NO s WON = O

Pt

- - me - - wa00 00000 o0

4 = 4|2 00 QO QO|= =+ o - 0|looolh

- = OO0 = = O O|a w00 a0 oln

- O a|O w0 OO a0 alo a2 Ol

Puc. 8.11. Kon ¢ u3bniTkoM 3.

Mpumep

i i ]
1011/ {0101/ [001°71

IIpenmMyliecTBoM Koja ¢ H30BITKOM 3 siBisieTcs oTcyrcTBHe Terpamsl 0000.
Tak Kak 4acTo NpHHMMAIOTCS cooTHOWEHUs 0 2 0 Bu 1 2 U, 1o Terpana 0000
IIOJIyYaeTcsi NMPXM MCUYe3HOBEHHH HalpsokeHHs. Enle oqHUM IMperMyIecTBOM SB-
JISIeTCA NIPpOCcToe 00pa3oBaHHe HOMOJIHEHHUS 10 9.

JononHenwe ao 9 B koge ¢ n3beiTkoM 3 NOAy4aeTCs NPOCTEIM NHBEPTUPOBAHNEM.

Mpumep

Haittn nononHenue no 9 x 0111 = 4(10).
0111
Ll L Unsepcus
1 000 =5

(10)

Ecnu npuGaBuTh K JIOMONHEHHUIO M0 9 eMHHHILY, TO MOYYAETCS NOMOJIHEHHE
o mecatu. s cnoXxeHHUs B KOE ¢ U3OBITKOM 3 IeiiCTBYIOT ClIeAyIOLIUe IMpaBy-
J1a KOPPEKIIHH.

Ecnn npu cnoxeHun OByx TETPaL HEe BO3HUKAET nepeHoca B 5-i paspsag, 10 o7
pesynbTata cnegyeT oTHATL yucno 0011.

Ecnun npu cnoxeHun AByX TETPan BO3HUKAET NepeHoc B 5-1 paspsan, TO K Kax-
Ao TeTpane pe3ynstata cneayet npubasuTts uncno 0011.




8.4. Mpyeue mempaodnvie cucmemo: cuucaenus 2!3)

Mpumep
1
0100 1
0110 +3
1 010 4
1010
-0 011
111 =4
NMpumep
1
1 001 6
1100 +9
1 0101 15
111
110101
0011|0011
01007 1000
1 5

Koppekiins ocyuiecTBIsieTesl MOCPEACTBOM NepeHoca B 5-ii pa3psn. Dta one-
palMs JIETKO OCYIIECTBMMA B COBpPEMEHHOM LM(MPOBOH TEXHUKE.

8.4.2. Kog AiikeHa

B xone AiikeHa MCIIOJB3YIOTCS NEpBBIE M TOCHEIHME NATh U3 16 BO3ZMOXHBIX
terpan. IlceBmorerpanbl HaxomsaATcs B cepemuHe (puc. 8.12). ITomyuaercsa cum-
METPHYHBII KOJI, B KOTOPOM JIETKO TOJXYYUTb JIOTIOJIHEHHE 10 9.

HAononHenne no 9 K

o NONy4aeTCA B KoAe Alike-

Ha NPOCTLIM UHBEPTUPOBAHWEM. 'U'BI:::;:“ % %) ?
0 o|jojo|o0
st oToenbHBIX MO3UMLUK B Mpeaenax TeTpaabl \ olololt
IEHCTBYIOT ClIeAyIOIIHE COOTHOIEHMS: 2 olo]1]|o
3 0(0]1]1]=
DIC| Bl A 4 o|1|0|0|=
of1]0|1 =
2421 [ ol+|t]o] |l &
McespoteTpana 1111 §=
Kaxmas necarnunas mudpa BeIpaXaeTcs TETPaIoii. 1f{olofo 2
11of1]0
5 1101 |1 |
anMep -] ij1(0(0 :—J
7 1111011
l 9 0 1 8 1{1]1(0
9 11111

| 1 1 |
000 1[1111]{t110]|[0001]f Pue. 8.12. Koz Alixena.




@0 Thasa 8. Jleounnsie kodbi u cucmembl CHUCAEHUA

Ilpu cnoxeHUH KOppeKLHA TpeOyeTcs: TONMbKO TOra, KOraa o0pa3yeTcs ncep-
norerpana. JIedcTBYIOT ClielylolHe MpaBHiIa.

Ecnn npu choxeHun aByx TeTpad B Koge AkeHa BO3HMKAeT ncesaoTeTpaga ¢
nepeHocom B 5-ih paspsg, TO OT peaynsTara cnegyet oTHATL Yucno 0110.

Ecnv npyu cnoxeHuu Asyx TeTpan B Koae AKeHa BO3HMKAET NCceeBaoTeTpana
6e3 nepeHoca B 5-i pa3paa, To K pe3ynetaty cneayet npubasutk ymcno 0110.

MNpumep

1
0
1
0

|

el ™ ]

|
+
O

+
|

g
(9]

0001
1 3

Pesynbrar
Tak Kak He obpa3syercsi NICeBAOTETPana, TO KOPPEKLIMA He HyXHa.

Mpumep
0100 4
+0 011 + 3
0111 7
IlcepmoreTpana: (6e3 mepeHoca B 5-0M paspsne)
0111
Koppexkuusa + 0110
1 1 0 1 =7 (Pesynprar)
Mpumep
111
I 1ro11 5
+1 1 0 1 +7
1 0 00 12

IlceBmoTerpana: (¢ mepeHOCOM B 5-0M pa3psize)

i 3 (Pe3ynerar)



8.4. [pyeue mempadnsie cucmemvl cHucieHus 2@

8.4.3. Kop Npes

Kon I'pes He pa3pabGarbiBajICsl C TOYKM 3peHHMA yR0OCTBa Wi KogupoBaHHAa. Ero
0coOEHHOCTBIO SIBJISIETCS TO, YTO NMPH IMepexone OT TeTpambl K TeTpale BCerma
TONBKO OAMH paspsan MeHsiercsd ¢ 0 Ha 1 win or 1 Ha 0. To ecTth U3MeHsieTcs
BCeraa TONbKO onuH GUT TeTpansl (puc. 8.13).

Koppl, B KOTOPLIX NPy Nepexoae OT OAHON TeTpaabl K Cneaylowein BCeraa MeHs-
eTCs TONLKO 0AMH BUT, Ha3LIBAKTCA oAHoLWwarosbiMu. Koa Mpes sensetca ogHowa-
rOBbIM KOZAOM.

OpmHolaroBbie KOABI TAKXKE Ha3bIBAIOT MPOrpeccCMBHBIME Kogamu. BCD-kon,
KOJ € U30BITKOM 3 M KoI AliKeHa sIBJISIIOTCSI, HalIpOTHB, MHOTOILIIArOBBIMH KOHa-
MH. B MHoOrouaroboM Kome NpH Iepexofe OT OXHON TeTpaibl K Cleaylouei
MOXET TIOSBUTBCS OLIHOKA, eCITH Bce GUTHI, KOTOPhIE JODKHBI USMEHHUTHCS, HU3-
MEHSIOTCS He OoXHOBpeMeHHo. EcnM, HanpuMep, U3MeHWICA OAUH OMT, a ABa
Jpyrux OHTa eile HeT, TO BIUIOTh 0 U3MEHEHHUS JPYruX GMTOB B HAIMYUM HMe-
€Tcs olIMbOoYHas TeTpana.

Kon I'pest vcnonb3yercst nmpexae Bcero Ui 3a1ay yNpapieHHs U 0COOEHHO
YaCTO — IMPH CYMTHIBAHUY KOTHPYIOIIHX TUCKOB. IIpH TAKOM CYMTHBIBAHWH HEJIB3S
00eceYnTh, YTOOhI H3MEHEHHE CHTHAJIA TIPOMCXOIIIO OMHOBPEMEHHO IO BCEM
6uramM. MHoOromaroBesle KOAbl IUIs1 pelleHHs ITOMOOHEBIX 3aJa4y Mpo0IeMaTHIHBEI.

IIpencraBnennsiit Ha puc. 8.13 xon I'pest UMeeT HEXOCTATOK: IPH IEPEXOJIE
0T 9, = 1101 x 0, = 0000 FO/KHBI H3MCHSATBCS TPH OMHAPHBIX paspsia. ['oso-
par, Kon I'pest He ABNsSIETCA LMKIHIECKHM.

Koa I'pest MoxeT pacmiMpsATbca Ha Bce 16 Bo3MOXHBIX TeTpan (puc. 8.14).
IIpu paciiupeHHOM Kone I'pest oTHeNbHbIe TETpanbl CAEAYIOT B TAKOH MTOCIENo-
BaTeJILHOCTH, YTO TpH mepexone oT 15 Ha 0 Takke H3MEHSETCS TONBKO ONUH OUT.
PacumpenHsiit kox I'pes aBisgeTcs MUKIAYECKHM.

ﬂBCﬂTH'lH&RI
wbpa |G|R|A|Y
0 ojojo|o
1 olo|o|1
2 olof1]1
3 olo|1]o
Decatwynan 4 0110
wibpa [G|R|A|Y 5 o111
0 ojojo|o 6 o|1fo|1
1 olofof1 7 ol1{ofo
2 olo|1{1 8 1{1{o]o
3 olof{llo ) 1(1)0(1
4 o|l1{1]o 10 1111
5 ol1]1{1 11 111{1le
6 o|l1|o|1 12 1(o|1}0
7 o|1|olo 13 1l0f1]1
8 11|00 14 1jo|o|1
9 1l1{o}1 15 1lololo

Puc. 8.14. Pacuumpennsiii kog [pes (umxim-
Puc. 8.13. Koa 'pes (He uuxnuyeckuii). YEeCKMUii).
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O = o - Puc. 8.15. [loBopoTHEI# KOAMPYIOLLIMIA AMCK CO CYM-
| I / / /v o THIBAHHEM paclUMpPeHHBIM KoaoM [pea.
o w© e ©

T red S )

. & o? " IlpuxnagHoii 061aCTHI0 HPUMEHEHMS
— @ . o kona I'pes sBisieTca KOOMpPOBaHHE yria.
= ® O Kaxmoit Benmm4iHe yrina cTaBATCA B COOT-
| "’20" ~ A BETCTBME OIpeAeieHHas TeTpaaa Kkona ['pest.
9] - o’ ‘/"2 Yamie Bcero MCIOJB3YETCSI pacIIMPEHHEIH

§ 72 , Ko I'pes.
78° " Ha puc. 8.15 uzobpaxeH IMOBOPOTHHIN
= L 84°— 14 gomupyroumii auck. IllecTHaguare TeTpan
== 90°—15 paclIMpeHHoro Kkoxa I'pest noaeneHsr Ha 90°.
CerMeHTHl BoIIAOT 1-curaai.

Kogupyionuii JUCK CYMTHIBAETCS JIEKTPHYECKH YEThIPbMS 1IEeTKaMH. JIucK
TIPUKPETUIEH K BaJly M BpalaeTcs 1o GUKCHPOBAHHBIMHA IIeTKaMu. IIpuMepHo
KaxJble 6° Ha yeThIpex IeTKaxX OKa3bIBaeTcs cieaylolnas rerpana. bonee ToHkoe
pa3spellieHHe IONYy4YaloT, ecii 16 TeTpagam cTaBUTCHS B COOTBETCTBHE 16 3HaKO-
BBIX rpagycoB. ODHO3HAaYHOe KOAHMPOBAaHHE BO3MOXHO B 9TOM ClIy4ae TOJIBKO B
yIImoBoM auanasoHe ot 0 mo 15°.

8.5. WecTHaauaTepuyHana cuctema CHMCcneHus
(Hexadecimal)

8.5.1. CrpykTypa wecTHaguaTtepuiHom CUMCTEMbI CHUCNEHUS

IlecTHanuarepuyHasi CHCTEMa SABJISETCS NO3MLUMOHHON CHCTEMOM CYHCIIEHHUS.
B kauecTBe OCHOBaHMs MCIOJIBL3YIOTCSI CTENEHU Yucaa 16.

Kaxpomy paspagy WecTHaguaTepwuyHoro 4Yucna nocTaBneHa B COOTBETCTBME
cTteneHb umucna 16.

CTpyKkTypa 1IeCTHaAaTEPHYHON CUCTEMBI CYUCIIEHMSI TTOKa3aHa Ha puc. 8.16.
B pa3psne, KoTopoMy TTOCTaBJIeHa B COOTBETCTBHE 16° = 1, MOXHO CUHTATH 10 15.
Tonbko HauMHas ¢ 16 MOXHO 3ajeiicTBoBarh Bropoii paspsin. MUtak, BMecTe ¢
HyJIEM B KaXAOM paspsie 3ageicTBoBanbl 16 mmdp.

B wecTHanuaTtepuyHon cucTeme CHMCNeHnsa 3a0eincTeoBans 16 uudp.

TIpexne Bcero npuMeHsOTCS u3BecTHbie 10 mudp AecATHYHOMH CHCTEMBI OT
0 mo 9.

LlecTHaAUATEPUYHOE YHCNO
JlecarepuyHan
undpa 16¢ 16° 162 16' 16°
65536 4096 256 16 1
1 L L
2.256 + 0-16 + 8.1 Pnuc. 8.16. CtpyxTy-
| | pa lIecTHaauaTe-
PUYHON CHCTEMBI.



8.5. lllecmnadyamepuyunan cucmema cuucaenun (Hexadecimal) 2@)

Puc. 8.17. Ll[ecrHa.uuarequHas lmd)pa. JOecarnunan | LecTHaguaTepuyHan
umdpa umdpa

o

Jna uugp ot 10 go 15 MoxHO 66U10 6B IPUAYMATh
Kakue-HHOyab HoBble Nudpsl. Ho ux He ObUto OBI Ha
MHINYIIMX MalIWHKax u B THnorpadusx. [loatoMmy BMme-
CTO IIeCTHAQIATEPHYHBIX (P HCIIONB3YIOT OYKBHI A,
B, C, D, Eu F (puc. 8.17). ABoiiHass GpyHKIIHUsSI OYKBBI H
uudpsl He MPUBOUT K MyTaHMIe. M3 KOHTeKCTa MOX-
HO TNOHSATH, 0OBIYHAA JIH 3TO OyKBa WM OyKBa, BHITION-
Hsromas GyHkuuo uubpsl. YToOB NpeaoTBPaTHTD ITy-
TaHHUILY, MOXHO IMTUCaTh OYKBHI BBEPX HOraMH, €CJIH OHH
BBIMOJIHAIOT (PYHKIIMIO 1IIU(PHI.

@ N Oe W =

-]

¥)
(8
()]
(a)}
(3
()

e
BN = O

MMODOLLBO®~N®OEQN = O

s
(]

8.5.2. MNepeBoa wecTHaAUATEPUYHBIX YMUCen
B AECATUYHYIO CUCTEMY CHUCNEHUA

IIpeoGpa3oBaHue 1IeCTHAMUATEPUYHBIX YMCENl B AECATHYHYIO CUCTEMY CYMCIIE-
HUSA TIPOMCXOMMT MO U3BECTHOMY anroput™y. LlenecooGpa3Ho cocTaBUTh Tabiu-
1y cornacHo puc. 8.17a. KonugecTBo cToi6110B 3T0# TabIMIIBI ONPEAEseT Hau-
Gonpiee BO3MOXKHOE LHIECTHAAIATEPUYHOE YUCIIO.

WecTHaauaTepMuHoe YMCno
Jecatepuusoe
4Mucno 16° 164 16° 162 16" 16°
1048576 | 65536 4096 256 16 1
41551¢ A 2 4 F
Puc. 8.17a. Tabnnua 10-4096 + 2.256 + 4.16 + 15-1
nepecyeTa WIEeCTHAA -
narepuyHoro wncna | 68 651 ¢ 1 0 C 2 B
B JECATHUYHOE.

Ilepecuer mecTHamIaTepudHOro uuciaa A24F B AecATHYHOE IIPOM3BOIMTCS
cleqyloummM oGpa3oM:

A = 10 - 4096 = 40960
2 = 2 . 25 = 512
4 = 4 . 16 = 64
F = 15 - 1 = 15

41551

Jns 10C2B, ) monyyaercst:

1 = 1 - 65536 = 65536
0 = 0 - 409 = 0
C = 12 - 256 = 3072
2 = 2 - 16 = 32
B = 11 . 1 = 11

68651

KapMaHHBI1 KaJIBKYJISATOP O4eHb 00JIeryaeT rnepecyer.
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8.5.3. MNepeBop, AECATUYHBIX YNCEN
B LUECTHAOLATEPUYHYIO CUCTEMY CHUCNEHMS

Ilpu npeobpa3oBaHUM IeCATHYHBIX YMCE) B IIECTHAILIATEPHYHbIE BOZHMKAIOT He-
6onpmme cmoxHocTd. [Ipemnaraerca ucronab3oBarh Tabmuiry Ha puc. 8.17a. Co-
IEePXMMOe CTOJOIIOB HM3BECTHO, H COAEPXUMOE KAXKIOr0 CTOJNOIA MOXET OBITh
paBHo oT 0 go 15. HyxHo 3amucars B Tabmuuy mudpel ot 0 no F. CocraBuM
CIIPABOYHYIO TabJIMILY, B KOTOPOMH CONEpXHUMOe BCeX AYeeK YMHOXEHO Ha COOTBET-
CTBYIOLIYIO cTeneHb yncna 16. Takaa Tadnuua no 16* nmpencrapneHa Ha puc. 8.18.

BosseneHve B cTeneHs

Jecsmnunan | LiectHaguarepuuxas 164 16° 162 | 16
undpa 65536 | 4096 | 256 | 16
65536 | 4096 | 256 | 16
131072 | 8192 | 512 | 32
196608 | 12288 | 768 | 48
262144 | 16384 | 1024 | 64
327680 | 20480 | 1280 | BO
393216 | 24576 | 1536 | 96
458752 | 28672 | 1792 | 112
524288 | 32768 | 2048 | 128
589824 | 36864 | 2304 | 144
655360 | 40960 | 2560 | 160
720896 | 45056 | 2816 | 176
786432 | 49152 | 3072 | 192
851968 | 53248 | 3328 | 208
917504 | 57344 | 3584 | 224
983040 | 61440 | 3840 | 240

=
2

0~ d O d W N -

mm-qmm-hwm—né

8238

- -
& oW

Puc. 8.18. Tabauua ona nepecuera geca-
THYHBIX YHCEN B NIECTHAALATEPHYHBIE.

TmOOmE oo olswn =

I

Ecnu HyXHO mpenctaBuTh AecaTHdHoe yuciao 1982 kak mecTHamuaTepuyHoe,
TO ClIeyeT COCTaBMTh Tabnmiy cormacHo puc. 8.19. CronGenr 16° He TpebGyercs.
Teneps B Tabnuie Ha puc. 8.18 Hiercs camoe DOJNBIIOE YUCIIO, pABHOE WIM MEHb-
re 1982. D1o yucno 1792 = 7-256 = 7-16%. B cronGen 16?3amucuiBaercs udpa 7.
Yucno 1792 yxe 3ageiictBoBaHo. OcTtaercs ele ocTatok 190:

1982
- 1792
190
Teneps uiercs HaubobIee YHCIIO U3 TabAUIBI Ha puc. 8.18, koTopoe pas-

HO MK MeHbie 190, Do yncmo 176 = 11-16'. B ctonGenr 16! 3anocurcs undpa B.
Ocraercs ocraTok 14:

Ocratok oT 14 — 310 14 = 14 - 16°. B cronbeu 16° sanuchiBaercs uudpa E.
M ocTarok M3pacxoioBaH:

HMckomoe 1mecTHaauaTepuyHoe 4ucio: 7BE.



8.5. Hlecmuadyamepuvnasn cucmema cuucaenus (Hexadecimal) 22\3—)

Jlecatnunoe LlecTHaguarepu4Hoe Yucno
wicno 16° 162 16° 169
50860 == C 6 A o

Puc. 8.19. [Npeobpazosanne AeCATUYHBIX YMCE B I1IECTHAALIATEPHYHBIE.

B xadecTBe cieayiollero mpuMepa npeobpasyem aecsatuyHoe yuciao 50 860 B
wecTHaauarepuyHoe. Camoe Gomnbiloe YUCIO B Tabnuie Ha puc. 8.18, KoTopoe
paBHO WM MeHbIue, yeM 50 860 — sro 49 152 = 12-4096 = 12- 16°. Urak, B
cTonGen 16° 3aHOCUTCA IIecTHamUarepuyHas uudpa aBeHaauarh, To ecth C.

B cronben 16 3aHoCHTCA LIeCTHAALATepu4Has Ludpa 6, Tak Kak 6 - 16 = 6. 256,
wii 1536 (tabi. Ha puc. 8.18). Ocraercs ocratok ot 1708 — 1536 = 172. B cron-
Gen 16! zanuckBaercs: wectHaaumarepuunas uudpa A, tak kak 10- 16 = 160.
Ocraercst octarok 12. B cronGeu 16° 3aHOCHUTCSI HIeCTHaAUATepHYHasa Ludpa
12 = C. Jecaruaroe ynciao 50860 nmpeobGpa3oBaHO B IIeCTHAAIATCPHYHOE YHC-
mo C6AC.

IIpaBunbHOCTH IpeoOpa3oBaHUs IPOBepsieTCA 0OpaTHBIM IpeoOpa3oBaHHEM
1IeCTHAOLAaTEPUYHOTO YHCJIa B JECATHYHOE.

ITpoeepka:
C = 12 - 4096 = 49152
2 = 6 - 256 = 1536
A = 10 . 16 = 160
cC = 12 - 1 = 12
50860

8.5.4. MNepeBoa ABOUYHLIX YUCEN
B LWECTHAAUATEPUYHYIO CUCTEMY CHUCNEHUS

Ecnu HyXHO npeobpa3oBarh IBOMYHOE YHCIIO B IIECTHAILUATEPUYHOE, TO CHAYa-
Jia OHO TIEPEBOINTCS B IECATHIHYIO CHCTEMY CUUCIIEHHS. 3aTeM AeCATUIHOE YHMCIIO
npeobpa3oBbIBaeTCs B IIECTHAALATEPUUHOE TaK, KaK OIIMCaHO B pa3n. 8.5.3. Dror
METOJ HaJeXeH, OMHAKO TpynoeMokK. MiMeeTcst 3HaYMTeIbHO DOJiee MPOCTOoii CITo-
cob mpeoOpa3oBaHMsI.

Mexay ABOMYHONI M IECTHATLIATEPUYHOM CHCTEMAMHU CUYHCIECHMSA MMeeTcs
TecHas CBA3b. Bce 4ucia ¢ ocHOBaHMeM 16 MOTYT Takxke OBITH 3alMcaHbl Kak
yucna ¢ ocHoBaHueM 2 (16° = 2°, 16! = 24, 16 = 2% u 1. n.). Ecinu cocTaBuTh yXe
HU3BECTHYIO Tabiuily mepecuyera Jisl JBOMYHBIX YUCEN, TO OKaXeTCs, YTO COpep-
XHMO€ KaXJIOro 4eTBepToro crojidlia B JBOMYHOH CHUCTEME COOTBETCTBYET IO
BeJIMYHMHE CONEepPXKMMOMY CTOJIOLIA IlecTHagHaTepuyHoi cucteMnl (puc. 8.20).

NMoboe yeTsipexpazpaaHoe ABOVYHOE umcno MoxeT BbiTe NnpeacTaeneHo 1 we-
CTHaAUATEPUYHBLIM YNCIIOM.

8—2114
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Puc. 8.20. Ta6inua nepecuyeTa.

~

[]
N
N,

Puc. 8.21. HlecTHaguaTepuyHbie WADPHI, BHIPAXEHHBIE YETBIPEX-
pa3panHBEIMHA ABOHIHEIMH YHCIIAMH.

WecTtHanuarepuyHan
undpa

C oIHHMM YeThIpeXpa3psaaIHbIM JBOUYHBIM YHCIIOM
MOXHO BecTH c4yeT oT 0 mo 15, 3Ha4uT, BCEro cyiie-
ctBytoT 16 Terpan. Kaxnas rerpaia cOOTBETCTBYET e~
cTHaguaTepuyHoil nudpe (puc. 8.21).

JIBOMYHBIE YHCNIA C PA3PANHOCTBIO OONIbIIE YEThI-
pex MpencTaBSIIOTCS HECKOJIBKMMH IIECTHAILIATe P~
HBIMH Lu(paMH, KaxXaas U3 KOTOPHX NPeICTaB/IsIeT
YyeThipe IBOMYHBIX pa3psaa. Eciu nmocaeaHss rpymmna
cJieBa CONepXHUT MeHbIIe, 9eM YeThIpe pa3psaa, To ee
HYXHO JOTIOJIHUTH HYJIIMH IO YETHIPEX pa3psiioB.

N - - I - - - - 1R S

S e N - == 1 - -N=-E=1L-]

e Y e - == I I - E-E-E=1FS
B B = | O Y =1 Y _ W= X

TMOUOD» ©@@~Nd0 bR =0

pynna M3 4YeTbipex ABOMYHbLIX LWKMdp NpeacTasnaeT 04HO WecTHaauaTepuyHoe

4yncno.
Mpumep
JIBOMYHOE YMCITO = |0 01 1/0 1110 1 0 1]
IllecTHamuaTepUYHOE YUCIIO = 3 7 5

1101110101, = 3754

TTocpencTeoM Tabmuil mepecyera (puc. 8.22) MOXHO IPOBEPHUTH PE3YJIbTaT.
Pesynbrar BepeH.

B BelecTBeHHBIX NTBOMYHEIX YHCNIAX C 3aISTONH HYXHO 0O6pa30BBIBaThH TETPa-
ABI CTIPABA M CJIEBA OT 3aIISITOM.

Mpumep

o110 |1111 1010|1000 |

! L l 4
6 F A 8

1011111,10101, =6F, A 8,



8.5. Illecmnadyamepuunas cucmema cyucaenus (Hexadecimal) O

JABonyHoe wMcno
HecamuuHoe
YUCNo 210 29 28 27 28 25 24 23 22 L 20
1024 812 256 128 64 32 16 g 4 2 1

885 0 1 110 1 1 110 110 1

— _— — —
- ———

slw 7:!&: 5(-r>
512
LIJacTHaau:;:pmms + 256
JNecaTuyHoe + 64
“mcno 162 161 160 + 32
256 16 1 3 - 256 = 768 + 16
7 - 16 = 112 + 4
885 3 7 5 5 - 1= _5 +—1
B85, 88540
Puc. 8.22. INpoBepka pe3yabraTa.
JAsonyHoe Yicno
HecatmyHoe
4ncno 28 23 24 23 2 2 20 | 20 [ 22 [ 2o [ 2« | 2o | 2+
64 32 16 8 4 2 1 | 05 0.25 | 0,125 0,0625/0,031250.015629
T
111,65625) 1 1 0 1 1 1 1, | 1 0 1 0 1
64
LLlecTHAAUATEPUYHOE YUCND + 32
BecatnyHoe + 8
4ucno 16¢ 16° 16° | 16" 162 + 4
256 16 1 | 0,0625 [0.00390624 + 2
| + 1
111,65625 6 F, A 8 + 05
| + 0,125
+ 0,03125
6 - 16 = % 116562510,
15 - 1 = 15
10 - 0,0625 = 0625
8 . 0,00390625 = 0,03125
111,65625;

Puc. 8.23. poeepka pesyabTaTa.

IIpoBepka ¢ moMoinplo TabjauIl Iepecyera Ha puc. 8.23 mokasbIBaeT, YTO
HaWJIeHHBI pe3ylbTaT BEpeH.

LL[ECTHEIJJ,U,&TQDM‘«]HHFI cucTtemMa cHMCcneHra 4acto UCNonbL3yeTcH, ytobe! GOonee
HarnsgHo npeactaBnTb 4JIMHHOE OBOMYHOE 4YMCNOo.

Hanpumep, 32-paspsinHoe IBOMYHOE YMCIIO MOXHO 3alIMCaTh BOCEMBIO 1IECT-
HaAUATEPUYHBIMH U paMH.

Mpumep

1001 | 0110 [ 1110 | 1111|0001 | 1111 | 0100 | 0111 |,, = 96 EF1F47,,,

U U 4 U U U U U
9 6 E F 1 F 4 7
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8.5.5. MNepeBoa wWecTHaALUaTEPUYHbIX YUCen
B ABOUYHYIO CUCTEMY CHUCNEeHUA

Taxk KaK HaM yXe 3HaKOMO IMpeobpa3oBaHHe NBOMYHBIX YMCEN B IIIECTHAIIATE -
pHYHBIE, TO OGpaTHOE NMpeoOpa3oBaHHe He MPEeNCTABISET TPYIHOCTH.

Kaxnas wectHaguarepmuHan uudpa npeacraenaercs 4 ABOMYHBIMW paspsgamu.

ITpu momoinu Tadnmuiel Ha puc. 8.21 npeoOpazoBaHKe IECTHAALATEPHIHBIX
YuceJ B ABOMYHBIE MPOU3BOAUTCSA O4eHBb ObIcTpo. IS KaXmoil mecrHamumare-
PMYHOIM HUGhPHI MUIIYT COOTBETCTBYIOIIME i YeThipe ABOMYHBIX pa3psana.

Mpumep

E 6 0 5
l I | I
11110]/0110/0000/0101|

8.6. BocbmepuyHas cucrtema cumcnenus (Octal)
8.6.1. CTpykTypa BOCbMEPUYHOW CUCTEMbI CHUCNEHUSN

BocemepuyHasi cMcTeMa CUMCIIEHHS, KaK M LIeCTHAAIlaTepU4Hasi, SIBISETCS I10-
3HIIMOHHON CHCTEMOM CYMCIICHHS.

Kaxgbiih paspsas BOCbMEPUHHOTD YMCHa SBNRETCA MHOXUTENEM CTeneHun 8.

CTpyKTypa BOCbMEPHYHOH CHUCTEMBI CUMCIIEHHMs ITOKa3aHa Ha puc. 8.24.
B paspsige, KoTOpblii yMHOXaercs Ha 8° = 1, MoxHOo cuurtarh go 7. Toibko
HayuHasg ¢ 8 MOXHO MCIMONIB30BaTh BTOPOM paspsa. 3HAYUT, BMECTEe C HYJIeM
HyxHBI 8 mudp. B BOCEMEepHYHOI CHCTEME CUUCICHUSA MCIONB3YIOTCA DUGPHI,
M3BECTHBIE M3 IECATHYHON CHCTEMBI.

B BOCLMEPUHYHOWN CUCTEME CHUCAEHWA UCNOALIYIOT 8 undp.

Ha puc. 8.25 moxa3zaHO COOTBETCTBHE BOCBMEPHYHBIX ITHQPP AECATHIHBIM
gucnam ot 0 go 7. YroOsl n36exaTh MyTaHULBL MEXIY JeCATUYHBIMU U BOChMeE-
PHYHBIMH YMCJIaMH, 3allMCHIBAIOT MHIEKC B ckobOkax. MHaexc 8 obGo3Hadaer
BOCBMEPHYHYIO CHCTEMY CUMCNIEHHsI, HHAEKC 10 — mecATUYHYIO CUCTEMY.

BocsMepudHan undpa

JecatvuHoe
4ncno 8% 8+ 82 82 a8 8°
32768 4096 512 64 8 1
2583 < 5 0 2 7

5-512 + 0-64 + 2.8 + 7:1

Puc. 8.24. CTtpyxrypa BOCBMEPHYHOM CHCTEMBI CYUC/ICHHA.




8.6. Bocomepuunas cucmema cuucnenus (Octal) 22:))

Puc. 8.25. BochmepuyHbie UHGAPBL.  Bocsmepuunas | Jecatuunoe

uudpa YUCHO
1 1
2 2
3 3
4 4
Mpumep 5 5
6 6

2583 ,, = 5027 (;) “70)

8.6.2. Npeobpa3oBaHMe BOCLMEPUYHbIX YNCEN

I‘lpeoﬁpasosanne BOCBMEPHYHBIX YHCEJ B JECATHYHBIC IMPOUCXOAHUT 110 TOMY XK€
TMPUHLIMITY, KaK ¥ NMpeoGpa3oBaHUe LISCTHAALATEPUYHBIX YMCENl B HECATUYHBIE
(pasn. 8.5.2).

AJropuTM mpeoOpa3oBaHMs JEeCATHYHOIO Yucia B BOCbMEPUYHOE aHaJlOTH-
YyeH paccMoTpeHHoMY B pa3n. 8.5.3. TonbKo oCHOBaHHE CTEIEHU IPYToe.

Mpumep
Hecaruanoe uncno 1983 HyxHO npeobpa3oBbIBaTh B BocbMepu4Hoe uyucio. [Ipen-
JIaTaeTcsl UCIONL30BaTh TabIMIYy cortacHo puc. 8.26. B cronbire 8° Moxer cro-
AT BocbMepu4Haa uudpa 3, Tak kak 3- 512 pasHo 1536. BocbMepuuHas mudpa 3
B cronbe 8° mmeer 3HayeHHe 1536. Ocraercsi eme ocraTok 447.

BoceMepuyHoe Yucno
Decatusnoe
“ucno 8 8 a 8 3 512 = 1536
512 64 8 1 6 64 = 384
7 8 = 56
1983 3 6 7 7 7 1= _ 7
1983

Puc. 8.26. [Ipeobpa3zoBaHue AeCATHYHBIX YUCEJl B BOCBMEPHYHEIE,

B cronGie 8 MoxeT cToAaTh BocbMepu4yHas nudpa 6, Tak Kak 6 - 64 pasHo 384.
Takoe 3HayeHne UMeeT BocbkMepu4Hast iugpa 6 B 3roM cronbie. Ocraercs eie 63:

1983
-1536= 3 . 512
447
—~384= 6 . 64
63

Ins cron6na 8! monyyaercs BocbkMepruyHasi udpa 7. OHa npencTapiseT 3Ha-
yeHue 7 -8 = 56. Briuurast 3 63 yucno 56, nomyyaem ocrarok 7. B cronGen 8°
3anMchIBaeTCsA BOCbMepHYHasa uudpa 7, Tak Kak 7 - 1 paBHo 7:

|

o= <R
It I
~l ~J
L] oo
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Pesynbrar npeobpa3oBaHus:
1983, = 3677,

(10)

Kak un JJIA ].I.IECTHB,[[LIaTepH‘IHOfI CHUCTCMBbI, MCXY ,[lBOH‘IHOﬁ H BOCBMEpHY-
HOM cHCTeMaMM CYMCIIEHHMS HMeeTCs TecHad CBd3b. Bce ymcia ¢ ocHOBaHHMEM 8
TAKXKe MOTYT OBITh 3aITHMCaHbl KAK YHCIIA ¢ OCHOBaHHEM 2 (8° = 20, 8! = 23, §2 = 26
M T. A.). Eciu cocTaBuTh yXe M3BECTHYIO TaOIUIly mepecdeTra NJis JBOMYHBIX
YHCcell, TO OKaXEeTCsl, YTO COACPXKUMOe KaXIOro TPEThero CToidla B IBOMYHOM
CHCTEMEe COOTBETCTBYET IO BeJIHYMHE CONEPXHMMOMY CToJOla BOCEMEPHYHOMI
cucreMbl (puc. 8.27).

JioBoe TpexpaspsaHoe OBOWYHOE YMCNO MOXeT ObiTe NPeacTaBNeHO OAHUM
BOCBMEPUWYHBIM YHUCIIOM.

80

23 24
32 16
1 0

[—

Puc. 8.27. Tabauua nepecyera.

C ogHMM TpexpaspsyIHbIM YKCJIOM MOXHO BecTH cuyer ot 0 mo 7, 3HA4MT,
BCET0 CYILECTBYIOT 8 TpHal (Tpoek OMHapHBIX pa3psnoB). Kaxnas Tpuana coor-
BETCTBYET BOCbMepHyHO# LM@pe (puc. 8.28).

BocemepuyHoe ABowyHoe yucno
4yacno 22 21 20
4 2 1
0 0 0 0
1 | o 4] 1
2 o 1 0
3 | o 1 1
4 (. 0 0
5 1 0 1 Puc. 8.28. [IlectHanuatepuyHble HUMPHI,
6 | 1 1 0 BBIPAXEHHEBIE C MOMOIIBIO 3-pa3paaHBIX
7 - 1 1 JBOMYHBIX YHCE.

JIBoMUHBIE YMCIIA ¢ Pa3pSOHOCTBIO OOJNBbIIE YeM TPH IPEACTABISAIOTCS He-
CKOJIIbKHMM BOCBMEPHUYHBIMM LM(paMu, Kaxas U3 KOTOPHIX MPEACTABIsIET TPH
OBOMYHBIX paspsana. Ecau nocnennss rpyiima cieBa COIEpKUAT MeHbINE, YeM TPU
paspsia, TO ee HyXXHO JIOMOJHUTD HYJISIMH JIO TPeX pa3psaoB.

Mpynna u3 Tpex ABOWYHLIX Undp NpeacTasnaeT 04gHO BOCLMEPWUYHOE YMCO.

Mpumep

JIBOMYHOE YHMCIIO = | 001 | 101 ] 110 | 101 |

BoceMepuyHOe YuCTO = 1 5 6 5
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HT&K, HpeOﬁpMOBHB&Tb ABOMYHEBIC YHCJIa B BOCBMEPHYHBIE OYE€HB JIE[KO.

Eciu HyXHO npeoGpa3oBaTh JBOMYHOE YUCIO B BOCBMEPHYHOE, TO JUIS KaX-
IO BOCBMEPHYHOIM IMGPH 3aMHCHBAIOT COOTBETCTBYIOLIHE TPH IBOMYHBIX pa3-
psia.

Kaxaan BocbMepuyHana uudpa npeacTaBnaeTca TPemMs ABOUYHLIMW paspajamu.

Mpumep

3 6 7 7
I I I I
[111/110]111]111]

3677, =11110111111, =1983

@ (10}

Cornacno puc. 8.26 ssnsercs 3677, = 1983,

Eciu nyxHo npeobpa3oBark BOCBMEPHYHOE YHUCIIO B IIIECTHAALIATEPUYHOE, TO
3TO O4YeHb YIOOHO CHeNaTh Yyepe3 JBOMYHYIO CUCTEMY CUMCiIeHns. BockMepuyHoe
YHCJIO PACIMCHIBACTCA KAK JBOMYHOE, IPYIIIMPYETCS [0 TETpaLaM, M 3aTeM Kax-
Jlask TeTpajga 3aMeHseTCsl COOTBETCTBYIOIIEH LIeCTHAALATEPHIHOM 1IMPpOoii.

Mpumep
3677“]:01111 1011 | 1111
7 B F

3677, = 7BF,

16)

8.7. Koabl, pacno3Haowime owmnbkmn

8.7.1. MoHaTue n3bbITOYHOCTU

Pacno3HaBaHHe OIIUOGOK BO3MOXHO TOJILKO MIPH HAJIMYHUU OMIOTHUTEIBHON U3-
6niTouyHOM MHpOpMaLMK, TO ecTh NepenaBaeMas WHdbOpMaIlia NPeBbILLIAET He-
o6xomuMblii MUHUMYM. Eciii opaTop o4eHb KpaTKO O 4YEM-TO paccKa3bIBaeT, TO
YacTo IO €ro pedyd HeJb3sl OLEHWTh TMPaBWILHOCTH BHICKaspiBaHus. Ecmu xe
OpaTop BO BpeMsl BHICTYIUIEHHWS JAeT AOMOJHUTENIbHbIE CBEIEHHUA, TO BOZMOXHA
MpoBepKa NPaBWILHOCTH CKa3aHHOro. Takass TOmoJHUTeNbHas: HHGOpMaIus Ha-
3piBaeTcd uM30bITOUHOM (redundans, naT. — B M300MWIHH).

Ham s3bIK ¥ MHCBMEHHOCTE COAEPXAT JIOBOJBHO OOJBILIYI0 U3GBITOYHOCTD.
Tonbko Grarogapsi U30BITOYHOCTH MOXHO MASHTHOULMPOBaTh opdorpaduyec-
KHe OLIMOKH M OIeYyarKy. DTO CTAHOBUTCS SICHO, €CJIM MBI pACCMOTPHM IIPUMEpP
uHbopmaluu 6e3 u3bbiTouHocTH. [udpa 7 npencraBnsieTcss B ABOMYHO-JECS-
THYHOM Koze Kak 0111. Ecinu B mporiecce nepenayd gaHHBIX 1 omubGo4HO nepe-
mactes kKak 0, to momyuurca 0101. Dro yxe mudpa 5. be3 momonHUTENBHOM
vH$opMalMKU MBI HE Y3HAeM, YTO MOJydyeHHasd 5 ommnGoyHa.



@2 Thasa 8. [eouunvte Kodsl u cucmems! cHucreHus

Ecin mmdpa 7 Oyner mepenapaThesi B CJIOBECHON (dopMe KaK «CeMb» U B
npouecce nepejayyd OyneT u3MeHeHa oiHa Oyksa, To omubOKa Gyner cpasy ode-
BUAHa (HampuMep, «ceMB» BMeCTO «ceMb»). CiioBecHast ¢opMa COHEPXHT JO-
MOJIHUTEIBHYI0O HHPOPMALINIO, H3GHITOYHOCTS.

M36bITOYHOCTE CYLLECTRYET BCEraa B TOM Cry4ae, ecsii Kpome COBCTBEHHO WUH-
dopmauuu NepesaloTca A0NONHUTENbHBIE CBEAEHUS, KOTOPLIE NOMOraloT Npu yaHa-
BaHUW WKW UCMPABNEHUM OWNGKMN,

Yto6pl ONpenennuTh HATNYHE OLIMOKH, BO MHOTHX C/Iy4asiX XBaTaeT He3HAYM-
TeabHOH HM306bTOYHOCTH. Eciu ommbKa Ao/DKHa OBITh He TOJNBKO HASCHTH(HULIM-
poBaHa, HO W WCIpaBJieHa, TpeOyercs GoJibllie JOTOMHUTENBHBIX CBEJEHHA —
6onplas U30BITOYHOCT.

Irna vcnpasnenvs ownbok HeoBxoauma Bonblas M3BbITOYHOCTL, YeM TONLKO
ans nx naeHTndukaumn,

IlorpeGHOCTL B WAeHTHPHUKAIHWH OIKMOOK M MX MCIpPaBJIEHUH IIpUBEJa K
MOSIBJIEHHIO CTIELIMATH3HPOBAHHBIX KOIOB.

8.7.2. JononHuTenbHbIN ABOWYHLIA KO,

JIyymmM npuMepoM H30BITOYHOTO KOJXMPOBAHHUS IS MEPBOTO 3HAKOMCTBA SB-
JigeTcsl paclIMpeHHBIH IBoMYHbIA Kox. Ha puc. 8.29 mokasaH yXe paccMOTpeH-
HBI MBOMYHO-HECATHYHBIH Kom. OH COmEepXHT JOIMOJHUTENbHBIA pa3psii, mo-
TMOMHMUTEIBHBIH 5-i 6uT. Crondel 5-ro OMTa 0603HayeH Ha puc. 8.29 kak F.

5-pIM OMTOM IBOMYHO-NECSTUYHBIH KO IOMOMHSETCA HA «YeTHOCTb». DTO
3HAYMT, 4TO OH HOIOJIHSAETCA TAKMM 00pa3oM, YTOOBI KOTHYECTBO OUTOB, UMEIO-
IIMX 3HaYeHHue 1, ObUIO YeTHBIM.

s necaruynoi uudpst 0 gormonmHeHue He Tpedyercs. decaruanag mudpa 1
sanuceiBaercsa Kak 0001. KonuyectBo 6MTOB, KOTOpbIE UMEIOT 3HaYeHue 1, paB-
HO |, T. €. HeueTHo. TakumMm oOpa3om, 5-it OuT nosy4yaer 3HaueHue 1. B necaTny-
Hoit uugpe 2 (0010) Taxxke Tonbko oxguH OuT paBeH 1. CnegosarenbHo, E nomy-
yaer 3HayeHue 1. B pmecaruynoii uudpe 3 (0011) gBa Gura uMeroT 3HavYeHue 1.
KonuyectBo 6UTOB, paBHBIX 1, sABigercs 4eTHBIM. E mony4aet 3HayeHune 0  T. 11

Decamaman |27 | 22 | 21| 2° 2 2 2 P E
wpa (8|a|2|1 |E [j°|°|°|1 28,
o Jojofojo |O
1 Jolofolo {1
2 lolol1]o |1
3 lofo|1|1 |0
a : ol1]lolo |1 KoHTponep 4eTHocTu
5 Jof1foj1 (O
6 : ol1|1|0 |0 zE .
7 jorf 1
8 ‘ 1 0|0 1 Z = 0 — ownbru HeT
9 ‘ 1 ol 1 O Z =1 — ownbka
Puc. 8.29. O6pasoBanue ABONYHOIO JOMNOJHH- Puc. 8.30. PacnosHapaHue omubku npu no-

TeJbHOro Koaa u3 BCD-kona. MOILH KOHTPO/A YETHOCTH.
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Kaxnas mecarnuHasg uudpa npeacrapisieTcs 5-0UTOBO KoxoBoif KoMOuHa-
1ei. 5-it OMT ABIAETCA MOIOJHUTENbHON WHGpOpMAIHei, T. €. H30BITOYHBIM.
OH Ha3pIBaeTCcs KOHTPOJNBHLIM Pa3psiioM Wik OUTOM.

Kaxnas 5-6uroBasi KojioBasi KOMOHUHAIUS MIPOBEPSIETCSA OCOOEHHOM CXEMOH,
TaK Ha3bIBa€MBIM KOHTPOJIEPOM YETHOCTH, Ha YeTHOCTD emuHHIL (puc. 8.30). Ecim
KoMOHHaLus yeTHass, T0 Z = 0. Eciu HeverHast, To Z = 1. Ilpu Z= 1 nossisiercsa
coobuieHre 06 omrnbKe.

Eciu npu nepepave naHHbIX omrbouHo BMecto 0 mepemad 1 wim BMecto 1
nepenad 0, To BEIBogUTCS coobiieHHe o6 oummbke. Omnpeaensaercss TONBKO TO,
YTO MepegaHHas necsiTMIHasa uudpa omuboyna. HenspecTHO, Kakas OHa JOMIXK-
Ha OBITh HAa CaMOM Jiejie. 3Ha4YHUT, OHA He MOXET ObITh MCIIpaBlIeHa.

Ecnu B 5-0MTOBO# KOOOBOI KOMOMHALMU ABa 6MTa OIIMOOYHEI, TO coobLe-
HHe 00 omubKe He BBIIAETCS, TaK KaK YHCJIO eJHHUYHBIX OMTOB CHOBA YETHOE.
Takue olIMOKHM He Pacno3HalOTCA B paclIMpeHHOM JTBOMYHOM KOJIE.

BepoATHOCT BOBHHKHOBEHHUS TaKOM OLIMOKHM oyeHb Mana. Eciu oHa Bce xe
BO3HHKHET, TO CKOpee BCEro B TaHHOM CeaHCe CBA3M HMMEIOT MECTO MHOTrO pac-
T03HABAaEMbIX OHIMOOK C OMHHUM HEBEPHBIM OMTOM, M OyIeT BeIBEIEHO coobLIe-
Hue o0 ommubKe B nepeaade JaHHBIX.

8.7.3. Kop, «2 n3 5»

KpoMme pacliMpeHHOro JABOMYHOI'O KO/la CYLIECTBYET MHOXECTBO 5-OUTOBBIX KO-
JIOB, U3 KOTOPHIX TaK Ha3bIBaeMbIE€ KOOI «2 U3 5» MMeIOT 0COOeHHOe 3HaYeHHE.
B aTOM KOJlIe pacno3HaBaHUe OIIMOKH ITPOHCXOIUT TaK XKe, KaK U IIPU IBOUIHOM
paciiMpeHHOM KOJie, ITIPU MOMOIIH NMPOBEPKH YETHOCTH.
Ha puc. 8.31 noka3zaHbsl KOTMPOBOYHBIE TAOIHIIB 1A JIEKCHKOrpadhHyecKoro

Kona, kona Bonkunra, xona 7-4-2-1-0 u koma 8-4-2-1-0.
ﬂencnmrs:ﬁmuecmﬁ Kon, BonkuHra 7-4-3“-;.0. 3.4:3..:?.1 -
Homep GuTa s[aJasf2] [ sJafaJa]t1]|s[aJa[e]1|s[a]a]2]1

Bec Her He 7 a 2 1 0 8

AecatnyHan undpa
0

S
(=

W o NN o e wN

(=R = = = R = e e =
0O C m mw |00 QO - O
- - 0 0 alo O a 00
[ = JEPER . T = 1 K= S - I = R
B - RPN - 2N = I I - R = S
- a0 4 a0 0O C o o
L= = T e == [ == ==
00 0 0 4les O o = 0
-0 0 0 00 - = O o
O - = OO0 O Q o -
- e - O 00 OO0 0O o
C 00 4 4|l OO0 0 o
_— 00 a0 a a0 0
0 2 OO0 a4l o0 o O
O 0 o 00| O o a0
PO = I = ] = B = I = I = ey
(=T = R T - A - =
O 0O 0 4 00 4 2 0O o
4 0 00 4|0 40 . O
O O 0 O|la O o o C

Puc. 8.31. Koguposounbie TabaMibl BaXHERIMX KOAOB 2 U3 5.

Jlekcukorpaduyeckuit Koa M Koa BoJKuHTa He pas3iMJaloT «BeC» JBOMYHBIX
pa3psnoB. B 7-4-2-1-0-kxone nBOMYHBEIM pa3psigaM NpUcBoeHB Beca 7, 4, 2, 1 u 0.
Bec He mmeer 3HaYeHMS JUIS AecaTMIHOM 1mdps 0, T. €. Ui NIEPBOH CTPOKH
TabIUIBLI KOAA.

B 8-4-2-1-0-xoxe IBOMYHEIM pa3psnaM IMPHCBOEHHI Beca 8, 4, 2, 1 u 0. Dro
pasnuyre AeHMCTBYeT OrpaHWYeHHO, T. €. HEACHCTBHUTEIIBHO IS JECATUIHBIX
uudp 0 u 7.
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Nexkcukorpapu4eckuii 7-4-2-1-0- 8-4-2-0-1-
KO Kon Bonkuura xon xog
Homep Guta 5[4[312[1 5|4[3 2|‘! 5 4 3 2 1 5| 4 3 2 1
Bec Het Hat 4 4 2 1] 8 4 2 0

Lecatmunan
uudppa

Puc. 8.32. Tabnuus! nepesoa BaXHEHIIMX KOAOB 2 M3 5.

KpoMe konoBbix Tabuui kona ¢ 0 u 1 Takke pacnpocTpaHeHBI TaK Ha3bIBae-
MBle TabuuIel MepeBoaa. B Tabnuuax nepeBona xaxnas 1 obo3HauyeHa 3alITPH-
XOBaHHBIM TI0JIeM, a Kak/blii 0 — mycTbiM (puc. 8.32). Dto npencraBiieHHe O4€Hb
HarsIHo.

8.7.4. Koa «3 13 5»

U3 5-6UTOBBIX KOMOMHALMI TaKXKe MOXHO mocTpouTk Kon 3 mu3 5. Kaxmas 5-
OMTOBas KOMOMHALIUA COJAEPXUT TPH cocTossHUA 1 M aBa 0. YacTo ucnons3yercs
kox Jlopenua u mudpopagbHbi Kox HoMep 3. Tabnuubl nepeBona npencrasie-
HbI Ha puc. 8.33.

JLis1 pacniosHaBaHUsT OIMHOKY IMPOBOAMTCSA MPOBEpPKA HAa HEYETHOCTD. 5-6UTOBasK
KOMOUHaIms 6e301IHO0YHA TONBKO IIPH YCJIOBHH, YTO TPH €€ OMTa MMEIOT coCTOos-

Kon Jlopenua Lncpposansheii kop Ne 3 Puc. 8.33. Tabaunsl nepesoaa Bax-
Homepowa | 6|4 |3|2]| 1|5 | 4 | 3 | 2 I i HeMLIKX KOAOB 3 13 5.
Reo < 3 ? 1 B Her

1 5 4 3 2 1 Homep Guta
| l | l l 5-6utoean
2 KomBuHaLy
3
Aecatuunas
undpa 5 Koutponep
4YETHOCTH
6
7

-3
z

Pue. 8.34. Pacno3nasanme ommoOxm
[IPH NOMOLLK KOHTPO/1 HEYETHOCTH.
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Hue 1 u aBa 6ura coctogHue (. Eciv 310 He TakK, TO KOHTPOJIEP HEYETHOCTH Ha
BBIXOJIE TIOKa3bIBaeT COCTOsAHME | M BbIIaeT coobineHue o6 ommbke (puc. 8.34).

Komsl «3 13 5» MCIIonb3yloTes mpexae BCero I rapaHTUPOBAaHHOIM nepena-
9{ yHces Ha CONbIINE PacCTOSAHUA.

8.7.5. Kop «2 u3 7»

Koupl «2 u3 7» cocrosit U3 7-OHTOBBIX KOMOMHaIMA. 7-6GUTOBBIE KOMOUHAILIUH
TAaKX€ Ha3HIBaIOTCS 7-OGHTOBBIM CJIOBOM. Kaxnas mecsarudHasa uMdpa npeacras-
nstercst 7 6uramu. ITomyyaemasi mpu 3TOM M30BITOYHOCTH OOJbIIE, YEM MPH TIPel-
CTaBJICHUM M(DPHI TONBKO 5 OUTaMU.

W3 7 6uroB 2 6uTa BCerma MMeEIOT coctosiHue 1 H 5 6utoB coctosame (. [IBa
4acToO NMPUMEHsIEMbIe Ko/a «2 U3 7» noka3aHsl Ha puc. 8.35. Dro fBOMYHO-IIATE-
PHUYHBINA KOJ M OTPaXEHHBIN JBOMYHO-NSATEPUYHEIN Kox. BuTel 6 U 7 obpasyior
kon «1 u3 2». burel HoMep 35, 4, 3, 2 u 0 ob6pasyior Koz 1 u3 5. Takas cTpykrypa
KOJa IMO3BOJIAET OTHOCHMTEJIBHO IPOCTYI0 00paboTKy 7-0utoBoro cnosa. Otpa-
XEHHBI NBOMYHO-TIATEPUYHBIH KOJ MOJMy4aeTcsi MPOCThIM o6Gpa3oBaHHEM JHO-
nonHeHus. JlonmonHeHue obpasyercs myreM 3ameHHl 1 Ha 0 B 6uTax Homep 6 1 7.

JABOMYHO-NATERPWUYHBIA OTpameHHbiii
koA ABOWYHO-NATEPUYHBIA KON

32|‘\

Homep 6uTa 7 6 5 4 3 2 1 7 l 6 5 4

oo 5 0 4 3 7 * 0 He

Puc. 8.35. Tabauua 6
NEepeBoAa ABOMYHO-
NATEPUYHOIO KOJAA U
OTPaXE€HHOro ABO- 8
MYHO-NATEPUYHOIO
KOZa.

8.8. Koapl, ncnpasnsiowme owmnodkn
8.8.1. MpuHuun pgencTeus

[Ipexne yeM omuGKa MOXKeT ObITh MCIIPABJIEHA, OHA IOJDKHA ObITH OOHapyXeHa.

Koga, ucnpasnsaiowmin oMbk, TaKkXe ABNFEeTCA KOA0M, PACMO3HAILMM OLLIMBKN.

ITo cpaBHEHHMIO C KOJOM, PacIO3HAIOUIMM OIIMOKH, KOO C HCIpaBIeHHEM
omubok obnanaer Gosblleil M36LITOYHOCTHIO. ISl Mepenayd OJHOTO 3HAKA Tpe-
OyeTcs Ha HECKOJIbKO OMT Gonbine. JlecaTuyHas imdpa npeacTaBisiercs, Harnpu-
Mep, 7 OuTaMu, a He Kak B KOJe, PACIO3HAIOIINM OLIUOKU, 5 GUTaMu.
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bosbias U36EITOYHOCTD MMO3BOIAET BHISIBUTL OITMO0YHEIH 6uT. Eciii u3Bec-
TeH OMMOOYHBIN OMT, TO CaAMOCTOSITe/IbHAS KOPPEKLMs OTHOCUTEJILHO IPOCTA.
Ecnu ommGouyHsbIi 6uT comepXuT 1, To npaBwikHoe 3HaueHKe 0. Ecnu ommbou-

HH#A OuT comepxutr 0, To npaBuasHOe 3HayeHHe 1. To ecTs olMOOYHBI OUT
JOJDKeH ObITh HHBEPTHPOBAH.

Ko ¢ ncnpasneHnem owmnbok Npon3soanT CAMOCTOATENLHYIO KOPPEKLID OLLIn-
6o4Horo 6uTa.

Coobmenue 06 ommbke MOXET BBIIABAaThCA HE3aBHCHMMO OT CaMOKOppeEK-
uur. Bo MHOrMX cilydasix XejaTeJlbHA percTpalusa BBISBIEHHOW OLIMOKM.

B ocHOBHOM KOJIBI C MCIIpaBIeHHEM OIIMO0K MOTYT MCIIPABIATE TOJIBKO OXHY
olIHOKy B cioBe. Eciu B c1oBe OIUMOOYHEI IBa 61Ta, TO B GONBIUMHCTBE CIIyya-
€B BbIIaeTcA cooblieHMe TOMBKO 00 omHOil omubke. To ecTh CaMOCTOSITENIbHOE
HUCIIpaBlieHne OMMOKM He Tpousoiiner. BeposiTHOCTE TOro, 4TOo B clioBe OYIyT
OITHOBpeMEeHHO OITHOOYHH NBa OMTA, Ype3BbIyaitHo mana. Eciu, TeM He MeHee,
Takasi OlIMOKa BCTPETHJIACh, TO Tocyie coobleHus o0 omubKe HyXKHO OCTaHO-
BUTH Iepefady JaHHBIX U YCTPAHHUTD €€ NMPHYHAHY.

B Hacrosiiee BpeMs1 pazpabGoTaHbl KOOEI, KOTOPBIE MOTYT MCIIPABJISITh IBA M
Gombie 6UTOB B cyioBe. Ho MM HyXHO enie 60nbliie 6GUTOB ISl Tepeayyd OJJHOTO

CJIOBA, M OHM TAK CJIOXHO YCTPOEHBI, YTO HX MPUMEHEHHEe SKOHOMHUYECKH Helle-
JiecooOpasHo.

8.8.2. Koo XemMuHra

Cpenu KojioB, pacro3HAWIUX OIMOKM, Yallle BCEro MCIMONIb3yeTcsl KoA XeM-
MMHTa, TaKXe Ha3bIBaeMblii XeMMMHI-IONOJHEHHBIM IBOMYHO-IECATUYHBIM
KozmoM. I nmepenady OOHOM AecaTHYHOM mudpsl B Kome XeMMIHra HeoOxonm-
MbI 7 6uT (puc. 8.36).

ITo cxeme KomupoBaHMsA XeMMHUHTIa IOCIE KAKABIX YEThIpeX OMT JaHHBIX
JMOGAaBSIOTCS TP KOHTPOJIbHBIX OuTa.

w

Koa XemmuHra Homep Guta
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Prc. 8.36. Koa XemMmuHra.
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Kaxnan KOHTPONbHaA rpynna koaa XeMMuUHra cocTouT u3 Tpex MHGOopMaLoH-
HbIX 1 OHOTO KOHTPONbHOro BuTa.

C moMoupi0 KOHTPOJIBHOrO OMTa TPM HH(MOPMAIHOHHEBIX OMTa KOHTPOJIBHOM
TPYIIIBI JOIIOMHAIOTCS 10 YETHOIO yucaa 1-cocTossHUIA.

CTpykTypa KOHTPOJIbHOM rpymmnbl K, mokasana Ha puc. 8.37. Mudopmanu-
OHHbIe OUTHI — HOMep 5, HoMep 6 1 HoMep 7. KoHTposbHbiit 6UT — HOMEp 4.
ITpu uzobpaxkeHnuu aecarnyHoil uudpel 0 nHOOpMaUMOHHBIE OHTH HE UMEIOT
1-coctossHuii. [ToaTOMY KOHTPOJIBHBIA OUT TakKe He MoJydaeT 1-COoCTOsHHUS.

IIpu nepemaye mecsTuuHOi UMMpel 1 MHDOpMaIMOHHBIE GUTHI ComepXaT
onHO 1-cocTosiHue. KOHTPONBHBINA OUT IMMPHHUMAET B 3TOM cliydyae 1-cocTosiHue.
Torpa KonudecTBO 1-cOCTOSIHHMI KOHTPOJBHOM TPYIMIBI CTAHET YeTHHIM. Takas
Xe CUTyalusl KMeeT MECTO JIJIsI TpeAcTaBlieHHs aecATHYHOM Iudpb 2. [Tpu n300-
PaxeHHH AecATHYHOM LMPpH 3 MHbOpMaLMOHHBIE OMTHEI conepxar aBa l1-co-
crosHug. Yucno 1-cocrossHuii 4eTHO. KOHTpONbHBIM OHT NMPHHHMAaeT B 3TOM
ciayyae 0-cocroguue. 1A necatuaHsIX HADP OT 4 10 9 KOHTPOIBHEIM OHT Beeraa
paBeH 1, ecnu TpH HHPOPMALIMOHHBIX OHTa COAEPXKAT HEYETHOE YHUCNIO 1-coCcTOo-
saHuil. KoHTposbHBIM O6MT Beerma paBeH 0, ecii TpH MH(MOPMAIMOHHBIX OHTA
coliepxar 4eTHOe Y1CJIO 1-cocTosTHMIA.

CrpykTypa KOHTPOJIbHOM Ipymnnbl K, cOCTOMT U3 MHPOPMALUHMOHHBIX GUTOB
HoMmep 3, HoMep 6 1 Homep 7 U KOHTpoJbHOTO OMTa 2 (pHc. 8.38). C moMolibio
KOHTponbHOro 6ura K, Tpy MHGOPMAIMOHHBIX GMTa KOHTPOJIbHOM IPYIIIEL 10-
IOJIHAIOTCS OO YETHOTO YHUcaa 1-COCTOAHMM. AJTOPUTM — KaK y KOHTPOJbLHOMH
rpynnst K,

Homep Buta 1 2 3 4 5 6 7 Homep Burta 1 3 4 5 6 7
Bec “ | 22| 2| 2° Bec “ 21 27| 2°
0 ° 0 0 0 0 0 0 0
1 0 Q 1 1 0 0 1
2 i 0 1 0 2 i 0 1 ]
3 G 0 1 1 3 0 0 1 1
Decatvinan 4 i 1 0 0 Decstianan 4 2 0 0 0
umndppa 5 3 110 1 undpa 5 0 0 1
6 S 1 1 0 6 0 1 0
7 vl 7 oo 1]
8 clofo]o 8 o 010
9 1lo]o]n 9 0] o1
o — e e o
KonTponsHas —_—
rpynna K. KonrponsHas
rpynna K,
Puc. 8.37. CrpykTypa koHTpOABHOI rpynns! K, Puc. 8.38. Crpykrypa KoHTpO/IBHO rpynis: K,.

Tperbs KoHTponbHas rpynna — K. OHa cocTouT U3 HH(OPMaIMOHHBIX GUTOB
HoMep 3, HoMmep 5 ¥ HoMep 7. KonTponbHeii 6uT K, umeer Homep 1 (puc. 8.39).

C mOMOINBIO KOHTPOJIBHOTO OMTa TPH WHGMOPMAITHOHHBIX OHTAa KOHTPOJIBHOM
TPYIIIbBI AOTIOHSIOTCA A0 YeTHOrO Yucia 1-coctossHuit. K| Bceraa paseH 1, ecnu
TPY HHPOPMALIMOHHEBIX OMTAa COepXaT HeYeTHOe YHCJIO 1-COCTOSHMIA.

YcraHoBleHHE OMMOKH IPOUCXOMUT IIOCPEICTBOM IPOBEPKH Y€THOCTH KOH-
TPOJILHBIX TPYIIL.

B koge XemmuHra Kaxgan KOHTPOAbHaA rpynna npoBepseTCa Ha YeTHOCTb.
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Homep Gura 1) 2|3]a|ls]|se]|7 Puc. 8.39. Crpykrypa KOHTPOBHOH rpynnsi K.
Bec K 2° 22 20
0 0 0 0 a
1 1 0 0 1
2 [} 0 o 4]
3 1 0 ] 1
Decstuunas 4 1 0 1 0
undpa 5 (0 0 1 1
b : 0 1 0 1 2 3 4 5 6 7 Homep Gura
7|0 0 ! 1 | | | ] I ’ l | 7-6urosan
8 1 1 0 1} komBuiHauna
9 |0 1 0 1 ) R

—

KontponeHas rpynna K, .

\
|
1

P

-y
1 }
H H
KonTponep Kontponep Kontponep
YEeTHOCTHU YEeTHOCTHU 4YeTHOCTH
Kz Ku Kn
zZ Z, 9 Z

Puc. 8.40. [loaxknioyeHUe KOHTPOJ1EpOB
YETHOCTH.

Jlnst npoBepkyu 7-6MTOBOI KOMOMHAIMK TpeOyIOTCSA TPH KOHTPOJIEpa Y€THO-
cti. OHH monakioyaTes cornacHo pHc. 8.40. IIpu HeYeTHOCTH KOHTPOJBHOM
IPYNNbl Ha BHIXONE COOTBETCTBYIOLLEro KOHTpoJiepa IosBisgercs l-cocTosiHue.
JT10 1-cocTOsIHHE O3HAYaeT OLIMOKY.

7-6utoBas KOMBUHaALMA KOAA XeMMWHIa CYMTAeTCA coaepXaLlein owmndky, ecnmn
no KpanHen Mepe 0AWMH KOHTponep YeTHocTn coobuwaeT 06 owwnbke.

Hrak, pacrmo3HaBaHue omrubKy nmpoucxogut 6e3 nmpodiieM. Kak nmpoucxomur
ee ucrnpasnenue? Ecim ommbka BcTpevyaercss B 6ure Homep |, To KOHTpoiep
4eTHOCTH rpynnbl K| coobimaer o6 omnbke. Boixon Z, npuHUMaeT coctosHue 1.
Owubka B OuTe HOMep 2 BBI3BIBaeT cooOIeHHe 00 OIMOKe KOHTpoIepa YeTHO-
cru rpymnsl K, (Z, = 1). B ciyyae omubku B 6ure HoMep 3 OmMOKY BBUIAIOT
KoHTpoJiepsl YeTHoctH K U K. Ha puc. 8.41 mokasaHo, Kakue KOHTPOJIEPHI
YETHOCTH BBIAIOT COOOIIEHHE 00 OMOKE, U COCTOSIHMS BHIXONOB Z,, Z, U Z_ B
ciiyyae omMOOK B OTAEHBHBIX OMTaXx.

Ownbka B Coobluenme 06 ownbke - Buxo.uumj( COCTORHMA .
HOMepe 6UTa | OT KOHTPONEpa HEeTHOCTH 2 ) 4
Ze Z, z
1 K, 0 0 1
2 K, 0 1 0

: e ; ! ! Punc. 8.41. Coort-

; Y 1 0 ° BETCTBHE COOBILE-

‘ e X ° ! HU 006 ommbxax

; o ) 1 0 BBIXOHBIM COCTOS -

- e hts : : ! HHAM KOHTPO/IEPOB

z 2 2 YETHOCTH.
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IIpn paccMorpenun puc. 8.41 siCHO, YTO BBIXOJHBIE cocTOsiHMA Z,, Z, U Z_
00pa3yioT IBOMYHOE 4YMCJIO, KOTOPOE COOTBETCTBYET HOMEpY OIIMOOYHOro OMTa.
Beixon Z, coorBeTcTBYET 2°, BBIXON Z, COOTBETCTBYET 2', BHIXOA Z, COOTBETCTBYeT 2°.

BbixOaHbIE COCTOSIHWS KOHTPONEPOB YETHOCTUM B KOAE XEeMMMWHra yKasbliBalT
HoMep owmnbouyHoro GuTa.

Takum 06pazoM, OMHO3HAYHO HAEeHTHGUIMpPYeTCsT omOouHbIi 6uT. Tenepn
€ro MOXHO MCIpaBiaTh. KOppeKIlds MPOUCXOOUT CaMOCTOSTENbHO C MOMOIIBIO
1ndpoBoii MUKPOCXE€MBI, KOTOpasi MHBEPTHUPYEeT OMT, MOMEYECHHBIH KaK OINH-
6oyHbIi. Bosblie fe1aTe HUYero He Halo, TaK KaK ecld OIMOOYHEIH OMT paBeH 1,
TO €ero ucTHHHOe 3HavyeHue 0. Ecim omnbo4HbIi OUT paBeH (), TO ero HCTHHHOE
3HadeHHe 1.

B cxemax, KoToprie paboTaloT ¢ KogoM XeMMUHTIa, Kaxaas 7-0MToBasi KOM-
OMHaIMA TIPOBEPAETCS B ONPeEJICIEHHBIX TOUKAX CXEMBI M B CJIy4ae HEOOXOIUMO-
CTH HcIpapasgercs. Takas MpoBepKa M KOppeKIIHs neaecoobpasHa npexmue BCero
nocJe nepexpayd HHGopMaLKMy Yepe3 INTHHHBIE JOPOXKH Ha IUIaTe, TaK KaK JUIMH-
Hble JOPOXKH GoJiblle ITONBEPXKeHbl BO3ICHCTBUIO ITOMEX.

KOHTPO/bHBIA TECT

1. YeM oTIM4yalOTCs NOHATHS OMHAPHBIA U IBOMYHBIN?
2. IlpeoGpa3yiite ABOMYHBIE YUCHa TAOMUIH 8.42 B JeCATHYHBIE.

212 2“ 2‘0 29 2! 2? 25 2! 2‘ 21 22 2\ 20
Jecatnunan

uncpa 4096 | 2048 | 1024 512 256 128 64 32 16 8 4 2 1
1 1 0 0 1 0
1 1 0 1 0 1 1 1
1 0 1 0 1 1 0 1]
1 0 1 0 1 1 0 0 Y] 0
1 1 1 0 0 0 1 1 4] 1
1 1 1 4] 0 0 1 1 1 0 0
1 1 4] 4] 1 1 0 0 1 1 0 0

|
1 0 0 1 0 1 1 1 0 1 1 1
1 0 1 1 1 1 0 1 0 0 1 0 0
1 1 0 0 0 1 1 1 0 1 1 0 1
i 0 1 0 1 1 0 0 0 0 1 1 1
1 1 1 1 [4] 0 0 1 1 0 1 0 [+]

Puc. 8.42. [Ipeobpasosanne ABOMYHBIX YHUCEN B AECATHYHBIE.

3. TIpeoGpa3zyiiTe cieqyolMe AeCATUYHBIE YUCIA B IBOMYHBIE:

512
1298
1983
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20000
17750
2730
9990
11000
32000.
4. I1Ipeobpa3yiiTe cieayIolye BellleCTBEHHBIE JIBOMYHBIE YUCIIA B JIECATUYHBIE:
a) 110110,101;
6) 100101,1101;
B) 1010,11101;

r) 0,10101;
o) 0,011101.
5. CoxeHMe B IBOMYHOM cHCTeMe CUHCIIeHHUA. PelmTe cieayiolne mpuMepHL:
a) 1101 6) 111101 B) 11011 1) 110001
+ 100; + 1001; + 100 100; + 11101;
? ? ? ?

a) 111100 e) 110011 x) 1000,11 3) 1100,11
+1100111; + 1010 100; + 111,11, + 111,01.
? ? ? ?

IIpoBepbTe pe3ynbTaT NMepeBOAOM B AECATHYHYIO CHCTEMY CUHCIICHHS.

6. BoluuraHue B JBOMYHOM CHCTeMe CYMCIIEHMS. Pemure CIIEAYIOIIUE TIPpH-
MEDPHI B HOIIOJITHUTEIIBHOM KOIE:

a) 1101 6) 111101 B) 11011 r) 1001100

- 100; - 1001, - 1111; - 101 010;
? ? ? ?

n) 100111 e) 110011 x) 111000 3) 1101
-10111; - 11010; -10011; - 10100.
? ? ? ?

7. Tlpeobpa3yiiTe clieayiolIye JeCATHYHbIE YHACIA B IBOHIHO-IECATHIHBIA KOJI:
a) 10941;

6) 3890;
B) 7 863;
r) 98 001;
) 7989.

8. CnoxeHue B IBOMYHO-ICCATHIHOM KOJIE:

a) 0100 6) 1000 =) OIl11 1) 0011

+ 0011; + O0110; + 1001; + 110;
? ? ? ?

m) 1001 e) 1001 x) 0110 3) 1001
+1000;  + 0001; +0110;  + 0110.
? ? ? ?
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9. CiioxeHue B JABOHYHO-IECATHYHOM KOJE!:

a) 1000 06) 1001 B) 0111 1) 1001
= 0111; - 1000; - 0110; = 0111;
? ? ? ?

n) 0111 e) O111 x) 1000 3) 0011

- 0011; —1001; - 0011; —=1000.
? ? ? ?

10. ITepeBeauTe LIeCTHAALIATEPUUHBIE YMCHIA B IECATUIHBIE U JBOMYHbIE

a) ABl;

6) 87F2;

B) F605;

r) BCD4;

n) 12B31;

e) BAlA,

x) 31 459;

3) 141B.

11. TlepeBenuTe mecATMYHBIE YHCIA B LIECTHAALIATEPUYHbIE U JIBOMYHbBIE

a) 100;

6) 259;

B) 1020;

r) 1983;

) 10000;

e) 126;

x) 18 020;

3) 999.

12. TTepexomupyiite yucna B Tabauie Ha puc. 8.43. B kaxmom cBoSomgHOM
MoJie HYXHO 3amucarh pe3ynbrar. Jdecsatuanoe yncno 2560, HanpuMep, XODKHO
npeobpa3oBaThCs B ABOMYHOE YMCIIO, B LIECTHAALIATEPUYHOE YHCIIO, B BOCbMeE-
puyHOoe yucio u B BCD-uucio.

Jecatnunoe AeonyHoe WectHanuarepuyHoe | Bocbmepwixoe BCD-wmcno
4Mcno uucno umcno 4ucno
2560
10011110110
AF36
1772
1 I 1001 I 0111 | 0001 I 1000
1A2BC

Puc. 8.43. 3apaya Ha KOAMPOBAaHME.

13. OObsicHMTE CTPYKTYPY KOja C M30BITKOM 3.

14. YTro MOHMMAIOT MO M30BITOYHOCTHIO?

15. Kak nocTpoeH omgHOLIAroBbIA Koz ?

16. HazoBuTe Tpu Ko/a ¢ paclio3HaBaHHEM OIMUGKHA ¥ OOBSICHUTE Ha MpUMe-
pe, Kak MPOU3BOAUTCS pacrio3HaBaHUE OILUMOKHU.
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17. Yro Takoe NpoBepKa YETHOCTH?

18. OOGBsicHHTE, KaK MPeNCTABISIOTCA OTPHLATENbHbIE YHCNAa B JBOMYHOM
CHCTEME CUMCIIEHHA.

19. YeM pasnu4aloTcs KOl ¢ pacro3HaBaHHEM OLIHOKM H KOJI ¢ MCIIpaBJIeHH-
eM OlIHOKH?

20. Kak ycrpoeH Koa XeMMMHIa M Kak IPOUCXOIHUT MCNpaBlieHHe olIuOoK?



rNABA 9

NMPEOBPA30OBATEJIN
KOOOB U YPOBHEN

9.1. MNpeobpasosarenn Koaos

TIpeobpa3oBaTenu KOIOB CIyXar JUIsi Tpeobpa3oBaHus HWH(POPMAIIUM U3 OIHOTO
KoJa B JIpYTOH.

9.1.1. PacyeTt npeoBGpa3oBaTteneii kona

KonmuyectBo BXomoB MpeoGpazoBaTessi KOa BCErIa COOTBETCTBYET KOJIUYECTBY
ouTOB IpeobpasyemMoro Kona. s 4-6MToBOro Kona (TeTpagHoro Koaa) Heooxo-
IuMbl 4 Bxoma. KonmmyecTBO BHIXOIOB COOTBETCTBYET KOJIMYECTBY OMTOB KO, B
KOTOPBI HYXHO Ipeobpa3oparh. EciiH nMpou3BoauTca mpeoOpa3oBaHUe U3 KOAa
AlikeHa B kol XeMMHHIa, TO HeoOxomumsl 4 Bxoma u 7 BbixomoB (puc. 9.1).

Mpeobpasosarenn KO4OB PACCYMTHIBAIOTCS NO NpasuiiaM CUHTE3a CXeM.

Bxogul Buixonw
p—=0
MNpeoGpasoeartens kopa o
Wuopmaumn 00— HMudopmauns
X H L
'::{? ——o m:)
B koae AiikeHa o— B xoae Xemmunra
© Kon Kon o
Ankena XemmuHra | o

Puc. 9.1. INpeo6pa3oBatens U3 koaa AilkeHa B ko4 XeMMHHTA.

Kenaemsrit mpeoGpasoBaTesb KoJa HYXXHO IPEICTABUTh B BUIE TaOIMIIBI HC-
TUHHOCTH. [1o TabGnuile HCTUHHHOCTH CeAyeT 3alucarh IS KaXA0ro BHIX0/a HOp-
ManbHyo dopmy WUJIH. 3arem ee cieayer MakKCHMAaIbHO yrmpocTuTb. ITo ympo-
LIIEHHBIM YPaBHEHWSIM CHHTE3MPYIOT CXEMY.

Mpumep
ITocTpoiite npeoGpazoBaTenb U3 Koaa AifkeHa B JIBOMYHO-AECATUYHBINA KOJI.
HyxHa cxema ¢ 4 BXogaMM M 4 BBIXOOaMM coDIacHO puc. 9.2. Omnepaiuu,
KOTOpBIE JOJDKHA ITPOM3BOAUTD 3Ta CXEMa, MPECTaBIeHbl B TabJIMIle HCTHHHOC-
TH Ha puc. 9.3.
ﬁﬂﬂ BoIXONI0B O, Q,, @, 1 O, mojy4aloTcs ceayolme HopMaibHbie GOpMbI

[0 =(AAEAEAﬁ)V(AABA@AE)V(AAB/\EAD)V
v(AABACAD)v(AABACAD);
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Koa Adkeia A o ﬂpeoﬁl:::-;aatenh
o—o .
C o
Kon —) BCD-
D o—— anxena koA

BCD-xon

[

Puc. 9.2. [1peobpasosarens u3 koga AlikeHa B BCD-kog
(1BOMYHO-ACCATHYHBII).

Qz=(.2/\BAEAﬁ)v(AABAEAI_))V(ZAEACAD)V(AAEACAD

)
0, =(ZABACAI_))V(AABAC—A_D)V(ZAEACAD)V(AAEACAD);

Puc. 9.3. Tabnuua HCTHHHOCTH npe-
obpa3opaTena u3 kKona AiixeHa B
BCD-xopn (1BOMYHO-AECATHYHEIN).

Bxoawi Buixogu

Kon AiikeHa BCD-xon
D|C|B|A|Q|C |G| &
ojofojoj0joj0oj0]| O
1jojojo|1jojojo| 1
2jo0jo0f1fojojoj1| 0
3lo|of1|(1f{Oo |01 1
4jof1|jo0j0f0|1|O0}| O
s{1{of1r]|1jo 1[0 1
éi1j1jofofof1}1| 0
7it1p1jof1fo0 | 1|1 1
g{1|t|1{oj1j0|0| O
git1j1f1f1f1jojojf 1

Q,=(AABACAD)v(AABACAD).

Hopmansabie dopmel MJIIHA ynpoinalorcss ¢ moMolneio guarpaMMm KaphHo

(puc. 9.4).
Ql=(AABAC-)V(AACAD)V(AAC_AI_));
Q,=(BACAD)v(BACAD);
Q,=(AABAC)v(BACAD)v(AABACAD);
Q,=BACAD.
o Bl
Jal e B e
AnBAC @4@ BaCaD
D D
. \19 - -~ AACAD 5 _(l@ I@
9 5 BACAD" 5
Ancap cl ¢ Te¢ cl ¢ le¢
Q@ =(ArBAC)v(AACAD)v(AACAD) Q; =(BACAD)v(BACAD)
|Q_:: A i F A A
D D
B 8
) G® ]@) BACAD
D D
| |de]ig) ]
B -~ AnBsC B
Fnend cl ¢ l¢ cl ¢ I¢
Q;=(AABAC)v(BACAD)v(AABACAD) Q@ =BACAD

Puc. 9.4. YnpouweHnue HopMansHO# dopmer HJTH.




9.1. [peobpazosamenu Kodos 2@)

ITo yrpoieHHEIM ypaBHCHHSIM MOXHO CTPOUTH cXeMy. EciM B HalWMYUH
uMeloTcsl Tonbko sneMeHThl M-HE, To ypaBHEeHHs HYXHO COOTBETCTBYIOIMM
obpa3som mepecuurats. Ha puc. 9.5 nokazana cxema B 6a3suce M-HE.

Q =AABACAAACADAAANC AD;

Q3=BAEAﬁAEACAD;

Q3=ZAEACA§ACADAAABAEAD;
Q,=BACAD.

ITo 3TOMy anropuTMy MOIYT PacCYHMTHIBAThCS NpeoGpa3oBaTelld KOMOB s
Jmo6oro Tuna npeodpaszoBanus. g npeobpa3oBaHuii MeXIy YacTO IPHMEHsie-
MBIMHU KO/IaMH B PAacIOpsDKEHUM MMEIOTCS TOTOBBIE MHKPOCXEMBI.

9.1.2. NpeobpasosaTenn AecATUYHOroO Koaa B BCD-kop,

Bo MHOrux umdpoBbix cxeMax — IpexJie BCero B BbIYUCIUTENSX — BBOIATCSA
necsaTuaHbie 1udpsl. Tpebyercs nmpeobpa3oBaHue U3 AECATHYHOTO KONAa B JIBO-
WYHBIH UM B JTBOUYHO-JECATUYHBIN KO,

A B c D
7 9

] I
[ [EsgISsp[is

p-3
>
m
>
O

°Q,

»
>
o
>
=]

iﬂ°||ﬁ-||9'|
b
>
o
>
s]
-]

| Ledle
o
by m m
> > >
o]l ] O
> > >
ol =] =]
p‘
; @)
I
0o o

AAnBACAD
]

BACAD
O & o Q,

Puc. 9.5. INpeobpazoearens U3 xoaa Alikena B BCD-xon (1BOMYHO-A€CATHYHBIN).
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Mpeobpasoearenn U3 AeCATUMHOrO Koaa B BCD-kop, BuINOnHsAOT npeobpasosa-
HUE OECATUYHLIX UMdp B ABOMYHBIE YACNA.

Hecaruunslii Koa siensercsa KogoM 1 u3 10. TIpeobpa3zoparenu Koo, npeob-
pasyionrue aecaTudHble uudpsl B BCD-Kon, ToKHB MMeTh 10 BXomoB U 4 BHI-
xoma. Tak kak mecatnuHasa uudpa 0 B BCD-kone Beipaxaercsi kak 0000, to
Bxoa mis gecatuuHoi mudps 0 He HyxXeH. UTak, HEOOXOMMMBI TOJBKO 9 BXO-
noB (puc. 9.6).

Hecatnunsin kon E, o—7

> E,o——

E, o BCD- xon

Puc. 9.6. [1peoGpazosartenb U3 AecATHYHOrO Koaa B BCD-koa (1BOMYHO-A€CATHYHBII).

Cxema MoxeT OBITH paccUMTaHa 110 anropuTMy pasg. 9.1.1. OgHako ee MoOX-
HO CHHTE3MPOBATh MCXOJS M3 NPOCTHIX paccyxaeHuii. Tabnuiia MCTHHHOCTH
npeobpasoBaTtensd KomoB, npeobpasyiomero gecatuyHbie uudpsl B BCD-xom,
npeacTaBieHa Ha puc. 9.7. Kaxnaplii 1-curHaja Ha OOHOM M3 BXOHOB JOJIKEH
BBI3BIBaTh 1-CHTHAJI Ha OINpeNeIeHHBIX BBIXOHAX.

BxonHoil curHan IOJKeH paclipelelsiTbcsi Ha COOTBETCTBYIOIME BHIXOIBI.
st aT0o¥ 3amadd MOXKHO NPUMEHHTh MATPHYHBINA mepekmiodyarens (puc. 9.8).
Kaxnprit Beixon cHabxaercst 1-curHanom 4depes anement MJITH.

IIpeoGpa3oBarenu KogoB, mpeobpasyioliue aecaTuuHbie uHdpel B BCD-kox,
npousBoagarcs B Bune MukpocxeM. B TTJI-ucnonHeHHMH 3T0, HAIpUMEP, MMKPO-
cxeMbl 74147 u 84147.

| Bxogs Buixoas
Aecatnunan | NECATUMHLIA Kof BCD-xon
umbpa (xon 1 ma 10) 53 | 52 | of | o0
E |6 |Es|Ey|Es|Es| Er | Ea | Eo [Qn | Qc |Gg | @4
1 1lojo|ofolofolofjolo]lo]o|1
2 ol|1]o|lofo|oflolololo|lo|1]|o
3 ofo|1|ofofofoflofofoflo|1]|1
4 olo|lo|1|loflo]lo]o|lofo|1|o|o
5 ofojo|o|1|ofo|lofjojo|T]|o]|1
6 ofoJo|lolo|1|oloflofo]|1]|1]o0
7 olojo|lo|o|o|T|loflo|o|1]|1]|1
8 ololololololol1lol1lole!l o Puc. 9.7. Tabnuua MCTHHHOCTH Npeob-
| pasoBaTesii M3 AECATHYHOrO Koaa B
9 folololololololol1l1loflol 1

BCD-xoa (ABOMYHO-ACCATHYHBIN).
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Pnc. 9.8. Cxema npeobpa3sosarens E, E, E, E, E, E, E, E E
[+]
M3 JecsTHYHOro koma B BCD-xon ) T 1@ T s Te T 1@ T

(ABOMYHO-ACCATHYHBIN).

0 Q,
(2°

=1
Q
@ °

9.1.3. MNpeobpazoeatenu BCD-kopa
B NECATU4HbIN KOoA

Jna npeobpasopaHusi BCD-yucen B AecATUYHBIE HYXHBI IpeoOpa3oBaTed U3
BCD-xona B pecsatuyHblid. Takoil npeobpasoBateib KoAa J0JDKEH UMETh 4 BXo/ia
Jnsa npueMa BCD-uudp. na kaxmoi gecatuaHoi uudpbl Tpedyercsi CBOM BbI-
xon. EXMHHYHBIA CHTHAT Ha BBIXOAE AeCATHIHOM mudpsl 3 03HAYAET, YTO MOJIK-
Ha bbITh oTOOpaxeHa mudpa 3. Takoil Bua n3obpaxeHuss uudpoBoit mHpopMa-
MM TIpUMeHsieTcsl B MG pPOBLIX yKa3aTelbHBIX TPyOKax (cM. boiit, BnexTpoHu-
Ka, 4. 2). OgHaKO 3KOHOMHWYECKH IIejiecooOpa3HbIM SIB/ISIETCS BU3yaIH3aIlus
uHbOpMaIIMKM Ha 7-CerMeHTHbIX MHMKaTopax (cM. pasa. 9.1.9).

MNpeobpasosatenu 3 BCD-koaa B ZecaTudHbiil npeobpasyioT BCD-4ucna B
OecCAaTUyHbIe,

Pacuyer mpeoGpa3zoBarenst n3 BCD-kona B OeCATHYHBINH KO OYeHb IIPOCT.
Kak cienyer u3 Tabnmiubl MICTHHHOCTH Ha puc. 9.9, JUig KaXxAaoro BeIXoJa I0OJy-
YaeTcd TOJNBKO OJHA ITOJIHAd KOHBIOHKIIHA.

Bxoae Boixoas!
BCD-xoa AECHIMYHBIA KOf
Jecatnunan | 2° | 22| 2' |20 (xon 1 a3 10)
wopa (0| c|Blalz|z |2z |ze|zs| 26 | 20 | 26 | 26
0 oj{oflofo]1|lo|o]o|lo|[o|ofjo|o]o
1 ololof1io|1|o|o|o|lo|lo|lo|o]| o
2 olol1|lofjolo|1|o|o|o|loflo]|o] o
3 olo{1[1lol1f{o]|1fo]olo]o]|o]o
4 ol1lo|ofjoflolo|lo|1|o]|o|loflo] o
5 o|1]o|1jofo|o]|oflo|1|o]o]|o]| o0
6 of1|1|ofo]|oloflo|lolo|1|o]o]| o
7 o|1|{1|1]ofo|ofo]a|o|lo|1]{o| o0
Puc. 9.9. Tabauua MCTHHHOCTH Npe- s 1lolololololololololoalal1lo
obpasoparensa m3 BCD-xona B aeca-
9 1lolol1lololofolololoflolol 1

THYHBIA.
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FLH281-7442A

9.1. Ilpeobpazoeamenu xodoe Q
FLH285-8442A

Moaynb FLH281/285 npeobpazyet BCD-koa. Bxoasl MOXHO HanpsiMyio NOAKNOYATL K BbIXOAAM
BCEX AECATUYHBLIX CYETYNKOB, NpK 3TOM A coefimisieTcac Q,, B ¢ QB. CcQ.uwDcaQ,

Hux- Bepx- Enwn-
Cratvyeckue napamerps S —— HUA Tun HUA HUAUa
B TEMNepaTypHbIX 30Hax 11 5 npeaen npeaen wame-
B A pexns
Hanps>xeHne nutaHnsa Uy 4,75 5,0 5,25 B
BxonHoe HanpsxeHue _
H-ypoBHsi u,, U,=4,75B 2,0 B
BxonHoe HanpsxexHne
L-ypoBHs Uu 0.8 B
BxoaHoe Hanpaxexwe _ _ o
HE KIEMMEX U | U, =4758B, -/, =12 MA 1,5 B
BeixooHOE HanpaxeHue U;,=4,75B, U, =28,
H-ypoBHs Yo |u =088, I, =800mxa| 2% | 34 B
BeixooHOe HanpsaxeHue U,=475B,U,=2B8B,
L -ypoeHs Ya | U =088, 1, =16mA 02 | 04 B
BxopHoW TOK Ha KaHan Il U;=525B,U,=558B 1 MA
H-Bx0f\HOW TOK Ha KaHan Ly U,=525B,U,=248B 18 55 MA
L-BXOQHOW TOK Ha KaHan -1, | U, =04B,U;=5258 40 MKA
TOK KOPOTKOro 3ambika- _ _
HUS Ha KaHan Bbixoaa lo Us=5258B 1.6 MA
Tok NUTaHns I U;,=5258B 28 56 MA
Bpemsa nepexnioueHus,
npmU; =58, T,=25°C
Bpemsa npoxoxaeHus curHana
(6bicTpOAECTBUE)
K Bbixogy 0 o 14 25 B
K Bbixogam ot 1 5o 9 to R = 400 Om 17 30 MKA
L
K Bbixoay 0 - C =15 n® 10 25 MA
K BbixoAam ot 1 40 9 to 17 30 MA
Noruyeckme napameTpbl MA
KoagoduumneHT passersneHns VA
Nno BbIXOAY Ha KaHan
H-curuan Fou 20
L-curuan Fao 10
BxopaHOM Harpy304HbLIA £ 1
KO3 PUUMEHT Ha KaHan !




@0 Trasa 9. Hpeobpaszosanue kodoe u ypoereli

Bxonnsle niepemennsie A, B, C u D 10/pKHBI OBITH JOCTYITHBI B IIPSIMOM M HH-
BepcHOi ¢opmax. JUis peanu3alidi NMOMHBIX KOHBIOHKIIWM Heobxomumel 10 3me-
menToB M, KaxbIit ¢ 4eTeipbMs Bxomamu (puc. 9.10):

Z,=AABACAD; Z,=ArBACAD;
Z, =AABACAD; Z,=AABACAD;
Z,=AABACAD; Z,=AABACAD;

N
Il
a
>
™
>
a
>
=

Z,=AABAC AD;

3
Z,=AABACAD; Z,=AABACAD.

CxeMa Ha puc. 9.10 MoxeT OBITH IOJTy4eHA IYTEM JIOTHYECKOTO PacCyXme-
nusa. Kaxmoii 4-6uroBoit komOuHamuu BCD-kona NOJXeH OJHO3HAYHO COOT-
BETCTBOBATh OOMH BBIXOX. TaKoe COOTBETCTBHE MOXHO IOJNYYMTh, IIPOM3BOJIS
Han 6utamu onepauund M win HE.

IIpeoGpa3oBatenu KoaoB, Mpeobpasyioimue BCD-Kox B fecATUYHBIE HUPPHI,
nmpou3poaarcs B Buae MmukpocxeMm. B TTJI-ucriosHeHUM 3T0, HallpuMep, MUKpPO-
cxema FLH281-7442A.

Ha puc. 9.11 uzo0paxeHa 110K0IEBKa MEKPOCXEMbI BMECTE C €€ IIapaMeTpaMH
¥ Tabnuieit yposHei. [1pn HamMaIuu gecATHYHOM Pl HA BHIXOAE HA HEM Ieii-
cTByeT L-ypoBeHb. DTO HeNecoo0pasHo, eclid IMH(POBbie HHIHKATOPHI YIIPABIIS-
I0TCSI Yepe3 JipaiBephl.

Ecnu Ha Bxomwel A, B, C u D cxemsr FLH281-7442A nonparorcs 4-GUTOBbIE
KOMOMHAIMM, KOTOpbie He NMPHHANIEXAT K JBOMYHO-JECATHUYHOMY KOOy (Tak
Ha3blBaeMbI€ IICEBIOTETPANIBI), TO TAKUe KOMOMHAIMH HE IPUBOAAT K BHIBOIY
mudpel. Tabnuua ypoBHeit Ha puc. 9.11 mokxassiBaeT, YTO ICEBOOTETPANbl He
BBHIBOJATCS.

9.1.4. Npeobpa3oBaTenu 4eCcATUYHOrO Koaa
B KOA C U30bITKOM 3

Mpeobpa3oBatenn AeCATUYHOrO Koaa B Kog ¢ MabbiTkom 3 Koga npeobpasyioT
aecatudHbie undpsl B 4-6utoBble KOMBMHaUKMKM Koaa ¢ n3beiTkom 3.

TIpeo6pasoBarenb KoJa MOXET OBITh paccYMTaH 10 Meromuke pasn. 9.1.1.
OmHaKo IIpolle pacCcYMUTaTh €ro IO MPUHIMNY MAaTPUYHOIO MEpeKIIIoYaTeis.
1-COCTOSIHUSL Ha JIECATHYHBIX BXOJAX «PaCIpPEe/sIIOTCS» Ha BBIXOABI C M30BIT-
koM 3 mocpeacteoM anemeHToB UJIH (puc. 9.12).

9.1.5. MNpeobpazoBaTtenu koga ¢ U36LITKOM 3
B AECATUYHDLIN KOZ,

Npeobpasoeatenu xoaa ¢ n3bbITkKOM 3 B @CATUYHbIA Koa npeobpasyoT 4-6uTo-
Bble kKOMOMHauUuuM Koaa ¢ u3bbiTkom 3 B AeCATUYHbIE UndpbI.
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A, o——f Decarnunan
A, oo umdpa Qp |Qc | Qg | Qy
'Qecs::c;;mun A, ol 0 olo|1]1
A, o—rrl ———0Q
——p A, o—] Mpeobpaso- —----—--ao: 1 0 : 0 ?l
Ao Barens koAa 00, 2 0 0
A, o— —0, 3 o110
A, o——— ey 4 o| 1|11
Ay Kon 5 1
ojlo|o
Ay o—— ¢ nabeitkom 3 5 1lolol1
7 1Tlof1]o
AAAL A ALK A A A A 8 j1jo]1}1
o 9 ) ° s 1]1folo
21 Q,
2 1| Q,
z1 ° Q,
>
21 °Q Puc. 9.12. [1peobpasopatenu ae-
— CATHYHOIO K0Aa B KOA ¢ U30hIT-
KoM 3.

PacueT npeoGpasosaress Koaa He TpebGyercsi. OH MoXeT OBITh ITOCTPOEH KakK
npeobpaszoBarens BCD-kona B HeCATHYHBIM — C COOTBETCTBYIONIEH Mg Koaa ¢
u30bITKOM 3 pa3Bonkoif. HeoOXxoquMbl BXOIHBIE MEePeMEHHbIE B IIPAMOM M MH-
BepCcHBIX popMax. 4-OuToBble KOMOMHAIIUM KoJla ¢ U3DBITKOM 3 MPUBOIATCS B
COOTBETCTBUE AECATHUYHOMY KONy NocpenctBoM ayemeHTOB U (puc. 9.13).

9.1.6. MNpeobpasoBatenu OECATUYHOro Koaa
B 7-CEerMeHTHbIN

HecarnuHble LMMPBI MTPEACTABIAIOTCS B OCHOBHOM ITOCPEACTBOM 7-CErMeHTHBIX
HHINKATOPOB. It HHIHUKATOPEI ITOCTPOCHDBI HA CBETOONHMOAHBIX WIH XHIKOKPH-
CTaJUTHYeCKHUX cerMeHTax (cM. boiit, DneKTpoHHKa, 4. 2).

ns ynpaBieHHsI 7-CeTMEHTHBIMH MHIMKATOpaMH HyXeH OCOOeHHBIH KO,
KOTOPBIi Ha3bIBaeTCH 7-CerMeHTHbI KoA. DTOT KOJ YKa3bIBaeT, KAKUE CErMEeHTDI
JIOJDKHBI UCITOJIb30BATHCA 71 U300paKeHUsT OTIENbHBIX HecATHIHBIX udp. Ha-
NIpUMeED, IJisl H300paXXeHusl NeCATHYHON MGPH 3 TOJKHBI KCTIONB30BATHCSA CET-
MEHTH a, b, ¢, d u g (puc. 9.14). na oroOpaxeHus necATHYHON LHdpbl 8 HEOO-
XoguMMBI Bce cerMeHTHl. Ha puc. 9.15 npencrapiieH 7-CerMeHTHBIH KOI.

Npeo6pa3oraTeny AeCATMYHOrO KOAa B CEMUCErMeHTHbIM NpeabpasylT neca-
THUYHbIA KOO B CEMWCErMEHTHBIINA.
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E, E. E; E, Puc. 9.13. [Ipeobpa3sosaTens Koaa ¢ M36BITKOM 3 B ae-
Q

_ CATHYHEBIA KOM.

& [0 4, (0)
p
|
& o4, (1)
&&—-OA, (2) e
8 ———o A, (3)
| —
) Puc. 9.14. 7-cerMeHTHBI WH-
& =24, ) JAMKATOP.
& ———o4, (5
L Aecatuvan | 7-cermeHTHHR kxon
undpa alblc|d|e|f |g
“I © A, (6) 0 111111 o
— 1 o|[1|1]ololo |0
& oA, (D) 2 1 1o|1]|1]0 |1
— 3 1|1[1{1fo o |1
& A, (8) 4 o[1|{1{olo|1]|1
— 5 1lo[1|1]o|1 |1
6 olo|1}{1[{1{1 (1
¢ % @ 7 1|1[1]ojofo |0
8 1111
9 11 ]1jolo|1|1
Puc. 9.15. 7-cermMeHTHBIH KOJ.

IIpeoGpasoBareiy AECATUYHOIO KoJla HeT HeOOXOTUMOCTH pacCYUThIBaTh. OHU
MOIYT GBITH MOCTPOEHHI IO MPHHIIMIYY MATPUYHOIO NepeKioyarelis. 1-cocros-
HHSA Ha JECATHYHBIX BXOJAX «pacIpenefisiloTcs» Ha 7-CerMeHTHBIE BBIXOIBI IO-
cpeacteoM asieMeHnToB UJIH (puc. 9.16).

9.1.7. NMpeo6pasoBatenn BCD-koga B CEMUCErMeHTHbIN

BCD-xon (IBOMYHO-IECATHYHBINA KOI) MPHMEHAETCS OYEHb YacTO. Tak Xe 9acTo
3aKOIMPOBAHHAA B NBOMYHO-HECATHYHOM KoJe mH@OpManusa AOJDKHA 0To0Opa-
XaThcA Ha 7-cerMeHTHOM auciviee. [103TOMy KONbI, OCYIIECTBISIIONINE MPeos-
Pa30BaHME JBOMYHO-ICCATHYHOIO KOJia B 7-CErMEHTHBIM KOJI, HMCIOT GOJBLIOE
3HAYeHHE.

MpeoBpa3osarteny ABONYHO-AECATUYHOIO KOAA B 7-CErMEeHTHbI npeobpasyoT
NBOWYHO-AECATUYHBINA KOO B 7-CErMeHTHbIN,

Takoit npeoGpa3zoBare/ib KOJa MOXHO peald3oBaTh ABYMs BHAAMM M3 pac-
CMOTPEHHEIX IO CHX IOp npeobpasorateneil koga. Eciu coemuuntes BCD-pecs-
THYHBI-IIpe0oOpa30BaTellb KOAA H IeCATHIHO-7-CeTMEHTHHIM Ipeobpa3oBaTein
KOIla BMECTE, TO MOJIYYUTCs IpeobpasoBareib KOIa, KOTOPbI npeobpasyer JIBo-
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Puc. 9.16. [IpeoSpasosarenu A, — a
[EeCATHYHOrO KOAa B CEMMCEr- LecsTninblii — I Koa
KoA D f— € c n3buitkom 7
MEHTHBIH. A —— MNpeobpazosarens d
v xona
—— p—
— L
A, AL AL A A A AL A A A — i
| | | S
21
% - p— a
21 ob
21
- c
>
=——mM od
=1
S b——0e
—_
=1
é-_ o f
—
=1
ERl
D c B A A 9_2';_ ——o a
[+] ——o0 b
(29 (2%) W (2" (29 8 o2 DlecatniHo-
© I'lpeoxsna ECDwnh 7-cermentHain [ O ;
E;l C o2 |8 necaTnunwint kon NWOGF‘IZ:C;HGTEHI: L e
= py — - 23 t—— o0 f
D c B A D o—nrdl | oo
3
3
E].[
[
B
&
&
&
R Puc. 9.17. Ilpeob-
paszoparens BCD-
Koja B 7-CerMeHT-
& HBIH, OCTPOSHHBIH
Ha BCD-pecatuy-
zilz1|{z1{{z1llz1||z1]] 21 HOM npeobpasosare-

JIe KOAa M JAECATHY-
HO-7-CErMEHTHOM
npeobpaszosarene

g f e d c b a Koaa.
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Aecamvunan |  BCD-xon | 7-cermenTibin kop Puc. 9.18. Tabauua ucruHHocTH BCD-7-cerMeHTHOro
wopa | D|C|BlAJalblc|d|e|f|g npeo6paszosares.
0 ofofofof T|T[1{1[1|{1]0
1 olofo|1|o|1]|1]|o|ofo]|o0
2 ofof1|of1{1{o|1|1|o]|1
3 ofof1|1|1{1|{1]|1|ofo| 1
4 o|1|ofofo[T1[1]ofo|T]|1 ANC
5 of1|o]1|1]o|T{1]o|1]|1 ~
6 o|1|1]|ofolo|T1[1]1]1|1 [T A_Jl 4
7 of1[1]1]1]1|1|o]0]o]| 0 A"B_'B'l 1 1 5
8 t{ofo|of1[1[1|1]1][1]1 B
9 1lofof1l1]1]{1]lofo]1]1 XXy X D
. 1AX| X[ W0
W Ws
— - ~AnE
é c ¢
[a=0v(3rc)v(anc)v(ans)]
C
E A A |T A /E
mn [1]s ¢ M
B
Mi@( XJ) X X R a1 XX XY X .
S X 1) 4 3 3
U NS \DSYR)
c c c c c c
Ib:lfv(AAB)v(}_lAE)| m
AnB
{T A \Z IT A A
DaOE M ’i%ww
B B
BAG XJ| X Q(_ X XXX
N o |~ AAE
5 XY X |1 AnC 5 XX
AAéACf—F;’Q) Q)| b d)
c c c c c c
[d=(AnB)v(ArC)v(eAC)v(AnBAC)] [e=(ArB)v(ArC)]
AnC AnB
(]« | /a o] & |\
, M) |s M e
( D -
xrx X[ XY x,(x QC?A%D
Ed X X 1_ BAG BU XIXY 1 j——=0p
B a —T | 1 ‘ ‘“IE_’—-.... _ \I ‘ljk---.____ﬂ_ﬁ o
e cl c |¢ AnB Il c ¢ BaC
[1=0v(A~B)v(arc)v(EnC)] [ 9=(AnB)v(B~C)v(8AT)vD |

Puc. 9.19. ¥npomenune HopmanbsHo# Gopmel WU Beixonos a, b, ¢, d, e, fu g 7-cerMeHTHO-
ro npeotpasosaTend.



9.1. [peobpazosamenu Kodoe z@

WYHO-IeCATHYHBIM KOI B 7-cerMeHTHBbIN koa. CxeMa nmogo6GHoro npeobpa3oBa-
TeJNsI KoAa MoKa3aHa Ha puc. 9.17.

Pacuer BCD-7-cerMeHTHOro nmpeobpa3oBareiisi Koga MPUBOAUT, TEM He Me-
Hee, K Goiee pocToit cxeme. TaGnuIla MICTHHHOCTH MUCKOMOTro npeobGpa3oBareiis
KoZia Imoka3aHa Ha puc. 9.18. JUIs Kaxmoro u3s BbIXOAOB a, b, ¢, d, e, f 1 g MOXHO
coctaBuTh HopManbHy10 popmy UJIA. Hopmanbusie popmer UK yripouiaiorces
¢ romonisio Kapt Kapuo (puc. 9.19).

BCD-niceBmoTeTpansl y4acTBOBATh B pacuere He HOJKHbL. IToaToMy siueiiku
¢ IICEBIOTETPAJaMH MTIOMEYAIOTCS KpeCTUKaMHK Ha auarpaMmax (kaprax) KapHo.
D1H T9eHKH MOTYT paccMaTpPUBaThCA Kak coaepxamue 0, Tak ¥ 1, Mo XeJlaHUIo
pa3paborynka. OOpa3oBaHHe I'PYINI MO 3TON NMPUYMHE CTAHOBHUTCH Oosee Jier-
KHMM.

B coOTBETCTBUM C HaeHHBIMH Ul BXONOB &, b, ¢, d, e, f U g ypaBHEHUAMH
(puc. 9.19) Moxer crpoutbest cxema. OHa npejcrasieHa Ha puc. 9.20.

BCD-7-cermeHTHBIE MpeoOpa3oBaTed KOJA BEITYCKAIOTCS B BUIE UHTEIpajb-
HBIX MHKpocxeM. PacnipocrpanenHass MukpocxeMa TTL-ceMelicTBa HasbIBaeTCH
FLH551-7448. Tabnuua nmapaMeTpoB, 1I0KOJIeBKa U Tabnu1ia ypoBHed 3TOH cxe-
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Puc. 9.20. Cxema npeobpasosartens BCD-xona B 7-cerMeHTHBINH.
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BCD-7-cermeHTHObI npeobpasosatens FLH551-7448, FLH555-8448

Moayns FLH 551/555 npuHumaeT 4-6uTosble koMOUHaUnKW, AekoaupyeT Ux B 3aBUCMMOCTKU OT
cocTosHuA Bxoaoe (B/, RBI, LT) v BbiBOGWT Ha BhiXoAw! &, b, ¢, d, e, f, g 7-cermMeHTHblA KoL,
(TTN-ypoBeHb, OAHOTAKTOBLIE BbIXOAbl C KOMIEKTOPHLIM COMNPOTUBNEHUEM).

Bxop nopaenexnus Hynei RB! akTUBHBIM HU3KWUM YPOBHEM racuT BbiCBEYEHHbIe Hynu. Jina mHo-
rO3HAYHbIX YMCEN NYyTEM COedMHEHWA C BbIXOAOM NOAABNEeHWA Hyneil RBQ (BHyTpeHHe coeau-
HEeHHbIM C BXOA0M B/) BO3MOXHO aBTOMaTM4ECKOE ralleHue Hyna B HECKONbKUX Aekaaax. Yepea
BX0A rawenun Bl npoucxoauTt obuiee ralweHne CerMeHToB, Yepes BXof KOHTponsa ceeveHus LT
NPOU3BOANTCA KOHTPO/b CBETOBLIX CEMrMEHTOB (CBEYEHWE BCEeX CerMeHTOB uHAWKaTopa).

Hux- Bepx- Enwn-
Cratuyeckue napameTpbl B HWIA Tun HWUA Huua
B TEMNepaTypHbix 3oHax 1K1 5 npenen npeaen | Wame-
B A peHUA
HanpsxeHwe nutanmus U 4,75 5,0 5,25 B
B""“;"_?;::f:"‘e”“e u,, U, = 4,75 B 2,0 B
on,uHLo-(; :g::l):xeune u, 0.8 B
BXOMNOE HATPAXCHNE | -y, | U, = 4.75 B, -/, = 12 wA 15 | B
BeixooHoe HanpsaxeHne B
H-ypoBHA
oTapnog Uy | Us= 5,256 8B, —/,,=400 MxA 2.4 4,2 B
Ha BI/RBQ U, |U;=5,25B, -1, =200 mMxA 2,4 3,7 B
BbixoHOE HanpsixeHWe
L-ypoehsa
otajnog o | Us=475B, 1, = 6,4 MA 0,27 0,4 B
Ha BI/RBQ o | U;=475B, 1, =8mMA 027 | 04 B
H-BXOQHOW TOK Ha KaHan l, U;=5258B,U =558 1 MA
MNpouune kaHans!
kpome Bl/RBQ I U;,=525B,U,=248B 40 MKA
L-BxonHoW TOK Ha KaHan
na BI/RBQ l, | U;=525B,U, =048 4 MKA
Mpo4ne kaHanbi I 1,6 MKA
Tok KOPOTKOro 3aMbiKaHns
Ha BI/RBQ =, U,=525B 4 MA
Tok nuTauus I U,=5258B 53 90 MA
Bua ceepxy 53 90 MA
Bpems nepexknioHeHus,
npuU, =58, T,=25C
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Hux- Bepx- Eow-
CratMyeckue napamerpel YCNOBMS UGHbTAHMI HUARA Tun HUA HUAUA
B TeMnepaTypHbiX 30Hax 1 n 5 npegen npeaen | uaMme-
B A peHua
Bpems npoxoxaeHus curHana B
(6bicTponeiicTene)
K Bbixoay 0 Lo 100 HC
K Bbixogam ot 1 no 9 L, C, = 15 n® 100 HC
K Bbixogy 0 t.,, R, =1xOm 100 HC
K Bblxoaam ot 1 no 9 Lo 100 HC
JNornyeckue napameTpol
KoadduumeHT paseeTeneHms
no BbIXoAYy
Ha BI/RBQ F, 5
H-curhan ot a ao g Fou 10
L -curHan Fo, 4
BxogHoWh Harpy3o4Hblii
KoapduumueHT
Ha BI/RBQ F, 2,6
npoYne KaHanbl F, 1
Norvyeckue cooTHOWEHWUS Liokoneska
Bun ceepxy
Oynkumn | LT |ABI|D|C|B|A|BI/RBQ|a|b|c|d|e|f]|g
] U f g a b ¢ d e
0 HlH|L|L|LIL H |HI|H|HIHIHIH|L 16 15 14 13 12 11 10 9
1 H|x |L|L|L|H| H |L|H|H|LIL|L|L MAracrarararacars
2 H| X |L|L|H|L H |H|H|L|H|H|L|H l| ! IJr-—]
3 H| X |L|L|H|H| H |H|H|H|H|L|L|H
4 H| X |[L|H|L|L| H |L|H|H|L|L|H|H ]
5 H|x |L|H|L|{H| H |H|L|H|H|L|H|H
6 H{x |L|H|H|L| H |L|L|H|H|H|H|H Ir]—[]ill
A L R e e e A Y S b s b
8 H| x |H|L|L|L H |H|H|H|H|H|H|H B C LT RBI D A 0,
9 H| X |H|L|L|H| H |H|H|H|L|L|H|H BI/RBQ
10 H| x |H|L|H|L H L|L|L|H|H|L|H OBoaHaueHns
1 H| X |H|L|H|H| H L|L|H|H|L|L|H cermeHToB
12 |H| x |H|H|L|L] A |CfH|L]L|L|H|H a BN [ [
13 H| x |H[HIL|H| H |H|L|L|H L|H|H |Jl: _] |
f b =
14 H| X |H|H|H|L| H |L|L|{L|H|H|H|H o 0 1 2 3 45 6 7
15 H| X |H|H|H|H| H |L{L|L|L|L|L|L
BR x| x |x|x|x|{x| et el 4 1°¢ BT:II“ L_H_|l
AP | H el tojoefefe|efe|t - ...l:
bt el x Ix|{xlx|x| H |HIHIHIHIHIHIH 8 9 1011 1213 1415

3ameuaHnsa:
X £ H moxeT GubiTe U H- 1 L-curHanom

' Mpwn nHgukaumm Hyns Ha exone ABI ponxeH GuiTh BLICOKWIA YPOBEHL.
2 Ecnm KO BXO4Y B/ NPUNOXEH HU3KMA YPOBEHb, TO HA CErMEHTHHIE BLIXOAL MOCTYNAET TAKKE CUFHAN HWIKOMO YPOBHS,

Hi 10 OT COC

BXOA08.

MNpeactaenenne otoGpaxaemoit
byHKLMN

? Ecan ko exony RBI npunoxeH HWM3KWA ypoBEHb, TO HA CErMEHTHbIE BbIXOAW W Bbixod ABQ NOCTYNaloT TAKXE CUrHanbi
HM3KOro YPOBHS MPW YCNOBMMW, YTO KO Bxogam A, B, C, D npunoxeH HA3KWIA YPOBEHL.

* Ecnv k0 Bxoay LT npunoxeH HW3KWA L-ypoBeHb, TO HA CErMEHTHLIE BLIXOAb NOCTYNAET CMrHAN BuICOKOro H-ypoBHs
(Apkoe ceeveHne) Npu yCnoBuw, 4To Ha BI/RBQ peicteyeT H-curHan, He3aBMCMMO OT cocTosHWuA Bxonos A, B, C, D, RBI.

Pue. 9.21. Tabnuua napameTpoB, 1IOKON€BKa W Tabnuua ypopHell cxembl FLHS551-7448

(Siemens).
9—2114
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MoraweHHbie HyNKW

MBI BOCTIpOM3BEIeHBI Ha prc. 9.21. Cxema npemocTaBiIsfeT BO3SMOXHOCTb I04aB-
JIEHWS HyJIeii 1 KOHTPOJIb cBeYeHHs. IS MHOTOMO3ULIMOHHBIX HHAMKATOPOB BCE
HyJIM cjieBa OT 3Havammx 1ucdp MoryT ObITh BeKIIIO4eHH (puc. 9.22). Hexena-
TeJlbHble HMQPBI MOTYT OBITh 3aTEMHEHHBI.

9.2. NpeobpasoBarenn ypoBHEWN

9.2.1. BeegeHue

BJIEKTPOHHBIE MUKPOCXEMBI Pa3IMYHBIX CEMEMCTB MOTYT paboTaTh ¢ pa3jInYHbI-
MM YPOBHAMH HanpsoxkeHHs. Ecim HyXHO COeIMHUTE CXEMEI Pa3/IMIHbIX CeMEHCTB
JPYT C IPYTOM, TO IpPeXIe BCEro ClelyeT IPOBEPUTh MX COBMECTHMOCTh. Ilof
COBMECTHMOCTBI0 TIOHMMAETCA BO3MOXHOCTh COEIMHEHHS BBIXOIOB MUKPOCXEMBI
OIHOTrO CEeMEMCTBAa CO BXOIOM MHUKPOCXEMBbI IPYIroro ceMeicTna.

KMOMM-eeixoaHuIe
YPOBHWA

Puc. 9.23. lnarpamma ypoBHEH.

TTN-exogHbie
ypoBHA

Mexny MHOTMMH CEMEHCTBAMM JIEHCTBYET
orpaHM4YeHHas COBMECTHMOCTH. BBIXOIB
KMOII-3neMeHTOB MOTYT, HalipuMep, ObITh
TTJI-coBMecTHMBI, a BXOOB — HET. 3HAYMT,
KMOII-MHKpocXxeMa ¢ HalpsDKeHHeM IMHTa-
Hug +5 B moxer ynpapngars TTJI-anemeH-
ToM. JlormyecKre YPOBHH TIOIXOIST IAPYT APY-
Iy, T. e. nomyctuMsle H-yposuu KMOII-Muk-
pOCXeMBI MOMAAaT B 06JacTh MOMYCTHMBIX
H-yposneit TTJI-cxeMsl. Takke gonmycTrMbie
L-yposHu KMOII-MuKpocXeMBI MTONAgaoT B
obmacte momyctumbix L-ypoBHeit TTJI-cxe-
Mel (puc. 9.23). KMOII-BeIXOABI DOMXKHEI
BBIIABaTh U [IPUHUMATh TOKU, HOMUHAJIBHBIE
st TTJ-cxembl. IIpy BBIMOMHEHHH 3THX
yciiopuii Beixoasl KMOII-cxeMBl cOBMeCTH-
MBI ¢ TTII-cxeMoii.

Ecmi cxembl pa3nmdyHBIX ceMelCcTB HECO-
BMECTHMBI WJIM OTPAHUYEHHO COBMECTHMBI,
TO OHM MOTIYT CBA3BIBAaTHCHA NIPYT C JAPYTOM
TOJILKO Yepe3 npeoGpa3oBareiid YPOBHS.

ApYyroro cemeincTaa.

MNpeoGpa3oBaTtenu ypoBHA NpegHasHa4YeHsl ans npeobpa3osaHus ypoBHEW Ha-
NPSXEHWA 1 TOKA CXeM OOHOr0 CemMencTBa B YPOBHW HanNpPs>KeHUA W TOKa Cxem

IIpeoBpaszoBareiy YpPOBHS IO APYTOMY Ha3bIBAIOTCH WHTEPMEHCHBIMM CXE-
MaMu (uHTepdeiic, aHII. — CBA3b).
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9.2.2. CrpykTypa npeobpaszoBaTesieinl ypoBHSA

IIpeoOpa3oBare/id ypOoBHS MOTYT OBITH ITOCTPOCHBI Ha JJIeMEHTaX pasIMYHBIX
cemeiictB. Ocobenno nonxoxsar anemenTsl HE u U-HE. IIpousBoaurenu Mux-
pocxeM AaloT oIpeneleHHbIe peKOMEHIAMH. PacCMOTPHAM CTPYKTYpY Tipeobpa-

soBarens yposusa TTL va CMOS.

Ha TTJI-cropone ucnonsdyerca M-HE-3neMeHT. DTOT 3/1eMEHT NOJDKEH YII-
papisite KMOTI-anemenrom HE (puc. 9.24). ¥V TTJI-cxembl 1 KMOII-cxeMnl
clieiyloliye napaMeTpsl:

TTJ1-anemeHT MOIl-anemeHT
U,=5B*0,5B (Hanpsixenue U;=5B (Hanpsxenue
UQLma.x =0,4B MUTAHHSA) U, s = 1,3B MUTAHNA)
(MakcHUMaabHBII (M akcuManLHEBIH
BBIXOJHOM BXOAHOM
L -ypoBeHB) L-ypoBeHnb)

Uptrmin = 2,4 B (MakcuManbHBIH Uyin=35B (MakcuManbHBIH
BBIXOIHOH BXOAHOM
H-ypoBeHEb) H-ypoBeHb)

Ty e = 16 MA (MakcuManbHBIN I, =10 nA (BxonHoii Tox
BBIXOJHOM TOK L-ypoBHs)
L -ypoBHs)

Ipy e = 100 MA  (MuHMMaNBHBIA I, =10 mA (BxonHOI TOK
BBIXOAHOM H-ypoBHs)
OCTaTOYHBINA TOK)

IIpu L-cocrosinum Bbixona M-HE-aneMeHTa camoe 60bliioe BBIXOIHOE Hanpsi-
xeHue 0,4 B. Dro Hike MakcuMaibHOro BxomHoro L-ypopHsa KMOII-aneMeHTa
1,5 B. IIpeoGpa3oBarens ypoBHs B JaHHOM ciiydae He TpeGyercst (puc. 9.25).

TTJI-anemeHT HyXnaercqa B L-BxogHoM Toke. KMOII-31eMeHT Takoit TOK
He BbIaer. ITo3ToMy K MCTOUYHMKY HaNpsKeHWs TOAKIIOYAloT pe3uctop R,

(cM. puc. 9.24).

Ecnn U-HE-3nemenT umeer H-BHIXOIHOM YypOBEHb, TO TpaH3ucTop 7, 3a-
nept (cM. puc. 9.24). Yepes R, Ha BbIXOA TMojaeTcs mpubausurenbHo +5 B.

Puc. 9.24. Ilpeo6pasosartenb ypoB-
HA, nocTpoeHHsl Ha TTJ1-a1emeH-

Te H-HE u KMOIl-3nemente HE.

+5B
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o +5B
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KMOM-anement HE
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A Puc. 9.25. duarpamma yposuei TTJI-KMOII.
| |
———————— 50B ——— 50B
ol H H BBHIXOIHOM YpOBEHDb HE MOXET, KaK OObIY-
ssp HO AOMYyCTHMO B TTJI-cxemax, ymnacTth H0
N L 2,4 B. Yposens 2,4 B HegonycTumM miss H-
I ! pxomHoro ypoeuss KMOII-cxeMsl, Tak Kak
_______ 24B | ee MUHMMAaJbHBIH H-BXOAHO# YPOBEHB pa-
2 | | | BeH 3,5 B.
________ SR 158 IIpyu BBHIYMCIEHUH HOMMHAJIA R, HYyXHO
N ! YYUTHIBATh BHIIIOJIHEHHNE YCIIOBHI IIOMEXOY-
L L CTOWYMBOCTH. R, He HOJXEH OBITH OYeHb
F==- —- 048 GOJIBIIMM WIH O4YeHb MaNBIM. M3BeCTHBIMH
T -sxommme von-sxomme  TIPOM3BOUTEH KMOII-cxem RCA npuso-
YPOBHH ypoBHU JUT CIeAYIOLIHE YPpaBHCHHA:
R _ USmax - UQLmnx .
X min — I H
QL max
R _ Us — U!Hmjn
X max I
CEX max

Jlis paccMOTpeHHOTO MpUMepa Npeobpa3oBaTesisi YPOBHA MOJTYyYaIOTCS Clie-
Iylolye 3HAYeHHUS:

55B-0,4B

=22- — 2 " -3 OwMm:

R, .. = 19 Owm;
5B-35B _

R.l’max —W—IS KOM.

Camoe majoe 3HaueHHe OT R, obecrnieunBaeT camyio 60JbIIyIO IIOMEXOYCTOM-
YUBOCTb, HO CJIMIIKOM CHJIBHO HarpyXxaeT MCTOYHMK HanpsokeHus. PanuoHaib-
HO BBIOpaTh 3Ha4YeHHe B HecKobko KOM. [l paccMoTpeHHoOTro npeobpa3oBaTe-
JisT YpOBHSA BBIOpaHo:

R, = 4,7 xOm.

9.2.3. UHTerpansHbie npeobpasoBarenu ypoBHA

Yacro npuMeHsieMBble Ipeodpa3oBaTe/M YPOBHS BBUTYCKAITCHA B BUAE MUKPOCXEM.
B uudpoBoii TexHUKe ynpapieHHsA B GOIbIIOM oObeMe NMpPUMEHseTCs CeMeHCTBO
MII-MmemnenHo moMexo3alnuiueHHo# Joruku. T 1JI-351eMeHTH 4acTO HOJDKHBI
coequuATbesa ¢ MIDI-anementamu. Dnementsl MITJI-ceMeiicTBa HCTIONB3YIOT Ha-
npsokeHne mutadug 12 B u 15 B ¢ coorBercTBYIommMu ypoBHsMu L u H.
IIpeoGpasoBarens ypoBHss FZH181 nepesonutr TTJI-yposens Ha MILJI-ypo-
BeHb. [IpMHIIMIIHANTbHAS CXeMa, TaONHIla mapaMeTpoOB M I[OKOJEeBKa MHUKpPOCXe-
Mel FZH181 npencrarnena ua puc. 9.26. Cxema sipnsercsa B npuniune U-HE-
3JIEMEHTOM € OTKPHBITHIM KOJUleKTOopoM. PaGouee compoTHBIEHHE KOJUIEKTOpa
MpHCOENHHACTCS K HUCTOYHHKY HanpsckeHus nmuraHusa MILI-snementa (12 B
uinu 15 B). BoixogHo# TpaH3UCTOP pacCYMTaH Ha IIPUKJIAIbIBAEMYIO Harpys3Ky.
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Mpeo6pasosaTtens yposua TTJ1-MMN

FZH 181

FZH 185
Mukpocxemut FZH 181 u FZH 185 cogepxat 4 TT/1-MIMNJ npeoc6pa3oBatens ypoBHA, KOTOpPLIE
moryT pabortark, kak npoeogHoe W. [ina Boliuncnenus o6uero pa6ovyero KONNEKTOPHOro conpo-

TUBNEHUA NPUMEHSIOTCA NpUBeAeHHbIe HUxe hopMynbl. [JonycTUMOe HanpsbkeHue Ha Boixoge Q
cocTaBnser makcumansHo 18 B, Tok — makcumansHo 50 mMA.

Tecto- | HWX Bepx- | Eau-
Cratuyeckue napameTpbl " HUA HWIA HMLA
B TeMneparypHbix 3oHax 11 5 Yonoums WormITaHw c::':a npeanen Thn npepen| uame-
B A peHus
HanpsxeHue nutaHua U 4,75 5,0 5,25 B
BxonHoe HanpsxeHue _
H-yposHs u, U,=475B 1 2,0 B
BxopnHoe HanpaxeHue =
L-ypoBHs U, U,=4,758B 8 0,8 B
BbixopHOE HanpaxeHue U;,=4758B,U, =088,
H-ypoBHa Yau Uy,=18B 8 250 | mKA
u,, U, = 4,75_3, U, =208, 1 0.4 B
BbixOAHOE HANPsXeHue lo = 16 MA
L-yposHa U,=4,758B, U,=20B,
Ya | ° ) =50mA ! 0] 8
Cratuyeckan
NOMEXOYCTONYMBOCTL Uss 04 1.0 B
BxoaHoii TOK Ha KaHan 1, U;,=5,25B,U,=558B 3 1,0 | MA
H-BxopHoW Tok Ha kawan | [, | U;=5258B,U,=248B 3 80 MKA
L-exonHoii Tok Ha kaHan | -1, | U, =5,25B, U, =0,4B 4 1,6 MA
MoTtpebnsaemblii TOk _ _
VPOBHS H Ha Kanan Igy U, =5B,U=08B 6 1,0 2,0 MA
MoTpebnaemelii TOK _ _
YPOBHA L Ha KaHan Is, U,=5B,U,=58B 7 12 MA
MNorpeGnaeman p Us = U,, o4 37 | wmBr
MOLLHOCTB Ha KaHan CkBaxHocTtb 1: 1
Bpems nepeknioyeHus,
npu U, =58, T,=25'C
Bpema npoxoxaeHus tows R, =760 Om, 29 130 | 300 HC
curHana C,=15n9,
(6bicTpOQEiicTBME) b u,=12B 29 20 60 HC
Noruyeckune napameTpbl
Ha KaHan
Koadpduumenr
passeTsneHus no seixoay| Fg, 10
YPOBHA
BxopHOI HAarpy304HbIi F 1
ko3 prUMEeHT Ha kaHan !
Noruyeckan GyHKUUA Q=AAB
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Lioxoneska MpyvHuvnuanbHan cxema
Bua ceepxy (oomH anemenT)
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Pacuet paGo4ero KONNeKTopHOro conpotmenexns R,

ConpoTtusneHue R, pacCYUTLIBAETCS MO HEOGXOAUMOMY CMELLEHUIO Hanpsi-
XEHUS W NO BXOAHbLIM W1 BLIXOAHLIM TOKaM CleaylolwmnmMm obpasom:

_ USK _UOH [B] B = USK _UOL [B]
" nly, + NI, [MKA] g + NI, [MKA]'

roe U, = HanpsxeHue nutaHusi pabo4ero ConpoTUBIEHUS; N = YACNO coeaun-
HeHu WN; N = 4ynMcno noaxknioyYeHHbIX BXOOO0B.

MpumMmeHsemoe B cxeme ConpoTUBNeHue JOMKHO ObiTh B AnanasoHe mexay
BEPXHUM A 1 HUXHUM B rpaHnyHbIMU 3HAYEHUAMU.

B cnyyae npumeHeHuns B kadecTee npeobpasoBarens ypOBHA AN CXeM

FZX 181/185 TTJ1I-MNN 12 B:

. 12-101[B] p - _12-10[B]
= 1250 + N1 [MKA] “® " 50+ N1,5 [MKA]’
FZX 181/185 TT/1-MMA 15 B:
__15-12[B] p __15-10[B]
= 1250 + N1 [MKA] k& =50 + N1,8 [MKA]’

roe n, =4 ana N, = 25.

Puc. 9.26. [lpyanmnuansHas cxema, Tabnuia napaMeTpos H Lokonepka Mukpocxemsl FZH 181
(Siemens).

KOHTpPONbLHLIA TECT

1. Hapucyiite cxemy npeoOpa3oBareiisi JecATHYHOro koga B BCD-xon (aBo-
HYHO-/I€CTHYHBIHN).

2. Kak paccuuTaTh npeobpaszoBareiib Koja st JIObIX KonoBs?

3. Hapucyiite cxemy npeobpa3oBarteis JeCITHYHOTO KoIa B Kox AKeHa.

4. Paccuutaiite npeobpasosarens kona I'pes (puc. 8.13) B BCD-kox (aBon4-
HO-JIECATHYHBIH).

5. JlIna gero HyXeH npeobpa3oBareb YPOBHEH?

6. KMOII-cxema nmuTaeTcsi OT MCTOYHHKA Hanpsokenusa 3 B. JIna BeiBoma
JaHHBIX €€ HYXXHO 3aMeHHTHh Ha MUKpocxeMmy ctaHaapTHoil TTJI, uTrobs! ympas-
JISTh 7-CETMEHTHIM MHIMKATOPOM CO CBETOBEIMM cerMeHTaMM. Kakue nmpobiemsl
BO3HHKAIOT NIpH Npeobpa3oBaHUM?



rMABA 10

CHETHUKA
N AEJIMTEJIN HACTOTDI

10.1. CyeT 1 pasHOBUAHOCTM CHETYMKOB

CueroM — WIM TOYHee CKa3aTh CYETOM HA YBeJHYEeHHe — SIBJISIeTCS] HellpephIBHOE
npubasnenue | K npeasiayeMy yucny. K HayanbHOMY 3Ha4€HHIO, KOTOPOE Ya-
CTO paBHO HYJ/IO, CHOBA M CHOBa IpubOapisercsi 1 o 3aBeplieHMs Tpoliecca
cyerTa.

Cyerom Ha YMeHbILIEHHE ABJISIETCA HEIPEPBIBHOC BIYUTAHHE 1. Cuer Ha YMECHb~
LHIEHUE HAYMHACTCHA C HAYAJIBHOI'O 3HAaYEHHWsI WM NPOOOJDKACTCA JO KOHCYHOIO.
BDTO KOHeYHOe 3HaYeHHe MOXeT OBITh HyJieM, HO He 00s13aTeJIbHO.

Cyer JaBHO HU3BECTEH B ,[[eCHTH‘{HOﬁ CHCTEME CUYMCJIICHHA H ABIACTCA IIPHU-
BbiYHOM onepanueii. Ho u mobas apyras cucreMa CUMCIIEHHS TAKXKe NPUToIHa
s cyeta. HampuMep, CUMTaTh MOXKHO B ABOMYHBIX YHCJIAX WIH B IIECTHAALIATE-
pPl‘-IHOﬁ CHUCTEME CUHCIIEHUS. Takke MOXHO CYUMTATh BO BCEBO3MOXHBIX KOoIoax.

Jlnst moObIX 3a1a4, CBA3aHHBIX CO CYETOM, MOIYT OBITH CHHTE3HPOBAHLI DJIEK-
TPOHHBIE CYeTIYUMKH. OcobeHHOe 3HaYeHHe MMEIOT OMHApHBIE CUETIYMKH, TakKKe
Ha3bIBAEMBIC NBOHYHBIMH CYETYMKAMM.

ABOon4HbIE CHETYMKM 0BpabaTthiBaldT TONLKO curHans 0 u 1.

Iloutn Bce NpUMeHsieMble B HAcTOsIIee BpPeMsl JIEKTPOHHbBIE CUETYMKH SIB-
Ts0Tes ABOMYHBIMH. CyeTyrKH, paboralonide ¢ TpeMs, YeThIpbMsA MM GoNib-
IIMM KOMMYECTBOM Pa3IMYHBIX BXOOHBIX CUTHAJIOB, HE MMEIOT MPAKTHYECKOIO
3HayeHUs. [loaToMy NBOMYHBII CUETIMK MOXHO Ha3bIBaTh MPOCTO «CYETYUK».

CueTyuky MOryT paboTaTh ¢ Pa3IUYHBIMU KOJAMH WM CUCTEMAaMU CYUCIIE-
HusA. CHcTeMbl CYMCIIEHUA PacCMaTPUBAIOTCs KaK 0coOeHHbIN Koa. B 3aBucHMO-
CTH OT ITOCTABII€HHOM 3alayi HYX€H JIH00 CyMMHPYIOIIMIA CUeTYMK, TUO0 BBIYU-
TalOIIHA, THO0 peBepCUBHBIN.

CueTunkn pasnuualotcs no obpabarbiBaemomy KOAY 1 NO Harnpas/ieHUIo cHeTa.

CyeTyMKM CTPOATCHA Ha OMHAPHBIX 3NeMeHTax. CTaHAapTHEIMHU 3JIEMEHTAMH
SIBJISIIOTCS] OMCTAOMIIBHBIE STYEMKH, TAK Ha3biBaeMble TPHUITEPHl. TpHUrrepsl nepe-
KJIIOYAIOTCS B OTNpeJieIeHHbie MOMEHTHI BpeMeHHU. Eciii Bce TpUrrepsl nepexio-
YaloTCA OJHOBPEMEHHO, TO 3TO CHHXPOHHBIM pexXuM paboThl. B acHHXpOHHOM
pexXuMe TPUITEPHl MEPEeKITIoYaloTcs B pa3Hble MOMEHTH BpeMeHHM. CyeTyukwu,
KOTOpble paboTaloT B CHHXPOHHOM peXHMe, Ha3bIBalOTCH CHHXPOHHBIMH CYeTYH-
Kamu. CyeTYnKH, KOTOpEIe paboTaloT B aCHHXPOHHOM peXMe, Ha3bIBaloTCs ACHH-
XPOHHBIMHM CYETYHKAMH.

CUHETYNKN pas3nensioTCsl Ha CUHXPOHHBIE M ACUHXPOHHBIE,
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CueTunim
(nBOMYHBIE CYETHMKN)
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Puc. 10.1. O630p BHAOB CYETYHKOB.

CyluecTByeT MHOXECTBO BO3MOXHBIX BHHOB cueTukoB. Ha puc. 10.1 mpu-
BelleH 0030p pasHOBMAHOCTEN CUETYUKOB.

10.2. ACUHXPOHHbIE CHETHUKU

B aCMHXPOHHbBIX CHETYMKAX TPUITEPb NEPeKNioYanTca 06WMM TakTOBBIM CUIHA-
JIOM HE OAHOBREMEHHO.

10.2.1. ACMHXPOHHbIE OBOMYHbIE CYETYMKU

ACHHXpOHHBIE TBOMYHBIE CYETYHKH paboTalOT B IBOMYHOM CHCTEME CUYMCIICHHS.
OHH MOTYT CTPOMTBLCS Ha paslMYHBIX Pa3HOBUIHOCTIX Tpurrepos. Camas npo-
cTas CTPYKTypa mojy4yaercss Ha T-tpurrepax. JK- u RS-Tpurrepsl MOIyT coelu-
HATBbCA TaKMM 00pa3zoM, 94To oHM padoralor Kak T-tpurreps (puc. 10.2).

10.2.1.1. [lBou4HbIe CYMMUDYIOLNE CYETYHKU

Ha cxeme (puc. 10.3) moxkazaH TBOMYHBI CYMMUPYIOLIHIA CYETYUK, ITOCTPOEH-
HbIlt Ha Tpex T-Tpurrepax. Takoil cyeTYHK HasbiBaeTcs 3-OMTOBBIM, WIH 3-pa3-
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Pnc. 10.2. JK-tpurrep m RS-Tpmrrep, 1
BKJIIOYEHHBIE Kak T-Tpurrep.
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h o o o Puc. 10.3. [1soMyHblil CYMMHPYIOLLMIA
o] Oy G CYETYHK.

PSUTHBIM TBOMYHBIM CYMMUPYIONIHM cueTUMKOM. Kax il Tpurrep umeer o6neM
naMaTH B OXMH OMT M OTBedyaeT 3a OAMH OmHapHBI paspsan. Ilosygaemsiii Ha
BBIXOIlE pe3yJIbTal — [IBOMYHOE YHUCIO — MMEET CTOJBKO PaspsAloB, CKOJIBKO
TPUITEPOB UMeEETCS] B CYETIMKE.

T-tpurrepsi cxeMmsl Ha puc. 10.3 nepexsmoyaloTcs Npy niepexoie curHana c 1
Ha 0, To ecTh 06paTHBIM poHTOM curHana. IlepexogHbie MpoLecchl ¥ BpeMeH-
Hble¢ JUarpaMMBbl IpeacTaBiIeHb Ha puc. 10.4.
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Puc. 10.4. BpeMeHHEIe guarpaMMbl ABOMYHOIO cyeTYyMka Ha puc. 10.3.
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Puc. 10.5. Bpemenssnie quarpam-
MBI C Y4€TOM BPEMEHH NMPOXOXK-
AEHMA CHrHaa (nepuoa BXOAHO-
ro currana 200 Hc, Bpems npo-
xoxaeHus curiana 30 uHc).
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BpeMeHHble inarpaMmbl uaeaiusuposanbl. Ecnu curnan or Q, nepexomur ¢
1 Ha 0, To mpoiizer HeKoTOpoe BpeMs, Moka curHan Ha O nepeizer ¢ 0 Ha 1.
BTO BpeMs Ha3bIBaeTCs BPeMEHeM INPOXOXKIEHHsA CHTHANA, WIH ObIiCTponeiicTBHEM.
Owno cocrtasnser mig TpurrepoB TTJI-cemeiicTra ot 30 no 50 He. 111 HU3K0YACTOT-
HBIX BXOJHBIX CHTHAJIOB BPEMEHEM PacIIpoCTPaHEHHsI CHTHANIA MOXHO IpeHeOpeyb.
Ecnu nmepuon BxonHoro curiana Ha puc. 10.4 cocrapnser 0,2 mxc = 200 nc
(5 MT'L), To BpeMs NPOXOXAEeHUs CUrHaNa ciienyer ydursiBate. st Q,, O, u O
MOJYYaloTCs CABUHYTHIE OTHOCHUTEJILHO JIPYT APYTa UMITYIbCHI coryiacHo puc. 10.5.
CMellieHe UMITYJILCOB SIBJISIETCSI HEMOCTATKOM aCMHXpOHHOro Metoaa. OHO mpu-
BOJHUT K YMECHBIIEHHIO MAKCHMAJIbHO BO3MOXHOM 4acTOTHI pabOTHI.

Ecny cyMMUpYIOIIMI CYETYHK MOCTPOEeH Ha 7-TpHITepax, MepeKiIodacMbIX
NPpsAMBIM (PPOHTOM HMILYJIBCA, TO JJIS1 NIEPEKIIIOYEHHS CIIEAYIOLIErO TPUITEPA IPH-

MeHsieTcss HHBepCHBIM Bhixon Q (puc. 10.6). 4-GUTHBIN ABOMYHBIN CYETIMK MO-
XKeT cuuTaTh a0 15.

JBONYHBIE CYMMUPYIOLIME CYETUYMKN CYUTAIOT OT HYNA A0 MakCUManbHOrO 3Ha-
YeHus, 3aTeM NepeknoyalTca 06PaTHO Ha HYNb W HAYUMHAIOT CYeT cHayana.

JK-MASTER-SLAVE-Tpurrep ucnoje3yercsi Kak YHUBEpCAIbHBIH TPHUITEP.
MukpocxeMbl U3 HECKOJIBKUX TAKMX TPUITEPOB cTosAT Henoporo. Cxema FLJ131-
7476 (cm. puc. 7.80) comepxut nBa JK-MASTER-SLAVE-tpurrepa. Ha nByx
TaKMX MHKpOCXeMaX MOXHO IOCTPOMTh 4-OMTHBIH ABOMYHBIH CYMMHUPYIOUIMI
cueTyrK. Kak BBIDJISIAWMT cXeMa 3TOro cyerdyrka?

JK-Tpurreps! 1oJxHbl pabotaTth Kak T-tpurrepsl. Ha Bce J- u K-BXompl HyX-
HO ITOAATh COCTOSAHME 1, T. €. COEIMHMUTDL C HanpsDKeHHeM nuraHusa. Kak nepe-
KmovaTcst Tpurrepel? C npsaMbeIM WIH 06paTHBIM (ppoHTOM? OTKpHITasi CTpe-
Ka B YCIIOBHOM 0003HaY€HWH YKa3bIBaeT IIEPEKIIOYECHHUE Beaylero Tpurrepa. OH
nepexinoyaercs ¢ nepegHuM ¢poHToM. Bemomblil Tpurrep mepexiioyaeTca C
obparHeIM (poHTOM. [lepenaya curHana B ClIeAYIOUINA TPUITED MPOUCXOMIHUT C
06paTHBEIM (PPOHTOM — KaK B TPUITEPE C KPYKKOM OTPHUIIAHUS ITepel CTPEeTKOi
B YCJIIOBHOM 00o3HaueHuu. [ToaToMy (J-BBIXOH TpUITEpa HYXHO COEIHHSITHL C
C-BxomoM cienyioiero Tpurrepa. Cxema mpencrasineHa Ha puc. 10.7.
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Puc. 10.6. Bpemennsie gnarpaMmsl 4-6HTOBOrO JBOMYHOINO CYMMHPYIOIIEO CYETYHKA.
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Puc. 10.7. Cxema 4-6HTOBOrO ABOMYHOINO CYMMMPYIOIIErO CYETYHKA.
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U P Bnox ynpasncrms Puc. 10.8. C6opHas cxema 4-GHTOBOr0 ABOMYHOIO CYMMHM-
—L pyomero cyeTyuka Ha Master-Slave-Tpurrepax, cornacHo
Yrpasnacmslit 6ok DIN 40900, yacte 12, CTR 16 o3HayaeT 16 cueTHBIX paspsa-
- / (Master-Slave-rpurcep)  pop (CTR — Counter, aHril. CYETIHK).
+1—aq,
+:_°= JK-Tpurrepsl UMeOT HETAKTHPYEMbi€ BXOIbI
ha = g= cOpoca u yctaHoBKH. Bxoms! ycraHoBKM 0603Ha-
+ — 4

YeHBbl CHMBOJIOM 5, BXObl cOpoca — R. DTH BXO-
JIbl HE MCIOJIb3YIOTCH.

CueTYMKM 3TOTO THNA MPUMEHSIOTCS O04eHb 4acTo. [103TOMy OHM BBIITyCKa-
I0TCS B BUJIE MHKPOCXEM, HX COOTBETCTBYIOIIEE YCIOBHOEe 0003HaYeHHe MOKa3a-
HO Ha puc. 10.8. K ogHomy ynpasnsioniemy GIOKYy MOAKITIOUEHO YeThipe JK-
MASTER-SLAVE-Tpurrepa. OHH coeIMHEHBI TaK, YTOGHI MOIYYHIICA CYMMHpY-
IOLIMI cyeTYMK. 3HaK TUIIOC 0603HAYaeT CYMMMPYIOMHI cueTyuk. O603HaYeHHe
«CTR» saBngercsa cokpainenneMm ot Counter, oT aHIIMHCKOrO CJIOBA CYETYMK.
Yucno yka3piBaeT KOJIMYECTBO BO3MOXHBIX CYETHBIX IIAroB.

4-6UTHBIE TBOMYHBIE CYMMHPYIOIIHE CYETIYNKHA MOXHO YCOBEPILIEHCTBOBATD.
Bo3MoXHO ycTaHaBIMBaTh CYETYMK Ha 11000 HaYaIbHOE 3HaYeHHe. YCTAHOBKA
MPOUCXOIUT 4Yepe3 HeTaKTHpyeMble BXoAbl 5. Kpyr orpuiiaHus mepen BXomaMH
CHI'HaJIa YCTAHOBKH B €IMHUILY YKA3bIBaeT, YTO IS YCTAHOBKM TpebyeTcst 0-CHTrHaI.
Yr1o6pl ycTaHaBIMBaTL |-cHrHAJaMM, HAOO TIepel BXOJAMH YCTAHOBKH BKIIIO-
unTh 3neMedTH HE.

Bxonnl c6poca R MoryT ucrosib3oBaThest st 0611ero cOpoca cyeTymKa.
R-BXo[IbI CBA3BIBAIOTCA APYT ¢ apyroM. 0-curnan E, He3aBUCHMO OT TaKra BO3-
BpalllaeT CUeTYMK Ha Hylb. Cxema 4-6UTOBOro ABOMYHOIO CYMMUPYIOIETO CYeT-
YHKa C BO3MOXHOCTBIO YCTAHOBKH W cOpoca nokaszana Ha puc. 10.9. Takoii cuer-
YUK Ha3blBaeTCsA JBOUYHBEIM CYMMUPYIOLIMM CYETYMKOM C BOZMOXHOCTBIO Ipef-
BApUTEILHOM YCTAaHOBKH.

Pa3psaHOCTh ABOMYHOTO CYMMHMPYIOILIEr0 CYETYMKA TOBOPHUT O BO3MOXHOC-
TH cyeTa. 4-GUTHBIE TBOMYHbIE CYMMUPYIOIIHE CYETYMKH MOTYT CYMTATh 10 15,
5-OMTHBIE ABOMYHBIC CYMMHPYIOIIHE CYETIHMKH — 10 31, 6-OMTHBIE TBOMYHEIE
CYMMMPYIOLIHE CYETIHKH — J0 63 U T. 1.
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Puc. 10.9. 4-61TOBBII ABOMYHELT CYMMHPYIOIIHIH CYETYHK C HETAKTHPYEMBIMH BXOAaMH cOpoca
H YCTAHOBKH.
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KonuyecTBo TpUITEPOB MaxkcuMaibHBIH CYET
(n) 10 (K)
2 3
3 7
4 15
5 31
6 63 K=2"—1
7 127
8 255
9 511
10 1023

ACHHXPOHHBIE CUETYMKH BBIMYCKAIOTCS B BUOE MHTETPAILHBIX MHUKPOCXEM.
Muxpocxema FLJ 181-7493 A yctpoeHa mpocTo M sicHo. CxeMa M ILIOKOJIEBKA
npenacrasiaeHsl Ha puc. 10.10. Yro6e1 cienath MUKpOCXeMy YHUBEPCAIbHOM LIS
PasIMYHbIX NPHIOKEHHH, BbIX0A (0, BHYTPEHHE He COeIHHEH ¢ BXoaoM B. Cxe-
Ma MOXeT ObITh NMpHMEeHeHa, HallpuMep B KauyecTBe 3-OGUTOBOIO JBOMYHOIO
CYMMHPYIOIETO CYETYMKA, €CIM BXOAHOM cHMrHan mojaercsd Ha Bxoa B. Ecnm
COeIMHUTD BBIXOA O, ¢ KiIeMMoii B, To nosyyaercs 4-GUTOBBIH IBOMYHBINA CYM-
MUPYIOIIMI CYeTYHK (BBIIC/IIEHO cephiM Ha puc. 10.11).

Liokoneska Q Q, Q Q
Bua ceepxy 3 3 ) ’
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Pnc. 10.10. Cxema u 11okoneska 4-GHTOBOro ABOMYHOIO CYMMMPYIOILIENO CUSTIHKA.
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Puc. 10.11. 8-61TOBbIT ABOMYHBII CYMMMPYIOLIHIT CYETYHK, COOPaHHBII Ha ABYX MHKPOCXE-
max FLJ 181-7493 A.
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Mukpocxema FLJ 181-7493 A conepxuT HetakTHpyeMEIe BXOJIEI cOpoca, Ko-
Topble ynpapngiorcs depe3 sneMeHTHl U-HE. Caerunk cOpachiBaeTcs Ha HYJIb,
eciu Ha oboux Bxonax R, W R, neiicTByeTr 1-cHUrHan.

3apaHve

Ha nByx mukpocxemax FLJ 181-7493 A nocrpoutb 8-GUTOBBI JBOMYHBIIA CyM-
MUPYIOLIHA cuyeTyrK. CyeTyHK JOo/DKeH cOpachiBaThCs B HyJIeBOEe 3HaYE€HHE IPH
nogaye l-curHana Ha obinmii Bxoa copoca R. M3o0pasure cxemy cYeTYMKa M
COEIMHEHHMA MEXOY MHTeIPAIbHBIMH MHMKPOCXEMaMH.

MuKpocxeMsl cIelyeT COeIHHUTh TAKUM 00pa3oM, 4To6sl BeIXxoa Q) nepBoii
MMKPOCXEMBI YIIpaBIsil BXxoaoM A Bropoii. B o6enx Mukpocxemax crnemgyer oobe-
OUHUTb BXoasl O, n B.

Bxomsi copoca R, v R, 06enx cxeM MOAKIIIOYAIOTCS K 0bLeMy Bxoay copoca R
(puc. 10.11). CoenuneHnue cxeM mokasaHo Ha puc. 10.12.
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Puc. 10.12. [Tnan cxems! 8-6MTOBOr0O ABOMYHOINO CYMMHPYIOIIEro cueTynka Ha puc. 10.11.

U!'

10.2.1.2. [IBOWNYHbIE BbIYUTAIOLNE CHETYNKN

[BOUUHBLIE BLIYMTAOUME CHETUYUKKM CHUTAIOT OT MAKCUMaNeHOrO 3HaYeHWs 110
HYNs, 3aTeM NepexkoYalnTcs 06paTHo Ha MakCUManbHOE 3HAYeHWe U HaYUHAKT
ofpaTHbI cYeT cHavana.

IIpencraBnenHslit Ha puc. 10.3 3-OMTOBBII ABOMYHBIA CYMMHPYIOLIMIA CYeT-
YHK MOXeT OBITh Jierko IpeoOpa3oBaH B 3-OUTOBBINA HBOMYHBIN BBIYMTAIONIHI
cueryuk. s aTOrO crieyeT OTKIIOYHTE OT TAKTOBBIX T-BXOJOB TPUITEPOB BhI-

xompl Q ¥ MOAKIIOYNTH T-BXOmBl K BhixomaM Q (puc. 10.13). BpemeHHble quar-
paMMBI [Uisi 3-OMTOBOTO BBHIMHTAIOIIET0 CYETYMKA NpHUBeIeHbl Ha puc. 10.14.

Ecnu cueTYHK CTPOMTCS Ha TPHUITEPaxX, MEPEKTIOYAIONINXCSA C TIepeqHUM (hpoH-
ToM (nepexox ¢ 0 Ha 1), TO WIS yIIpaBIeHUs] CIEAYIOIIMM TPUITEPOM CIEAyeT
ucrons3oBath Q-Beixoanl. Ha puc. 10.15 nokazaHa cxema 4-GUTOBOTO JBOUYHO-
I'o BBIYUTAIOUIETO CYETYHUKA, KOTOPHI IIOCTPOEH Ha TAKUX TPUITEpax, H COOTBET-
CTBYIOLIIME BpeMeHHBbIe JUarpaMMBbl.
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Puc. 10.13. [IpeoGpazosanue 3-6HTOBOro ABOMYHOrO CYMMHDYIOLLEro cyeTYuKa B 3-6HTo-
BBIA ABOHYHBIH BBIYMTANOIIMH CHETYHK.
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Puc. 10.14. BpeMeHHBIE JHArpaMMBI 9 ' t
3-6UTOBOrO ABOMYHOIO BEIYMTAIOLIE- "'T !
ro cyeT4yrKa Ha puc. 10.13. |

o
t
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IMoctpoutrs Ha JK-MASTER-SLAVE-Tpurrepax mukpocxemsl FLJ 131-7476
6-GMTOBBIN MBOMYHBIN BRYUTAIOWIMI cueTyMK. HapucoBaTh cxeMy 3TOro cyer-
YHKa M €ro ycJaoBHoe obo3HadeHHe cornacHo DIN 40700, 4. 14.

Kaxnwiit JK-MASTER-SLAVE-Ttpurrep cxemsl FLJ 131-7474 coeguHeH mo
cxeme T-TpHITEpa, TO €CTh TEpeKnioyaercs (MeHSEeT COCTOSHHE BBIXONOB Ha
HHBEpPCHBIE) Ha KaxnoM Takte. Ha Bxomax J u K geficTByeT €MHHHYHOE COCTOSI-
Hue. [Iepemada cuTHaNMa Ha BHIXOJ NMPOMCXOOMT ¢ OOpaTHLIM (PPOHTOM CHTHaAa,
Kak B T-tpurrepe, T-Bxox KoToporo o603Ha4eH KpyXKoM HHBepcHH (puc. 10.16).

Kak cinemyer coequHAThL TpUIrTEpH! ApYr ¢ Apyrom? Kakoi BLIXOAHOM cHTHAI
IOJDKEH MCIIONIB30BATHCS JJISI YIIPABJIeHUS CIeayloluM TpurrepoM? YTobwl mo-
JIYYUTh TBOMYHBI CYMMHPYIOUIMI CYETYMK, HYXKHO ObLTO ObI COETUHUTH O-BbI-
XOJHOM CUTHAaJl C TAKTOBLEIM BXOIOM CJIEAYIONIETO TpuITepa. Tak Kak Tpebyercs
MOMYYUTE BHIYMTAIOIIMNA CUETYMK, JUISI YIIpaBJIEHUS CIIeAyeT MCIIOJb30BaTh MH-

BEpPCHEIE Q—Buxouﬂble curHanel. Cxema npeacrapieHa Ha puc. 10.17.
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Puc. 10.17. 6-6HTOBBII ABOMYHBIH BHIMMTAIOLIMAH CYETYHK.
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Puc. 10.18. YcnopHoe obo3naueHue 6-6UTOBOro ABOHYHONO BHIYUTAIONIE- p——

ro cyeTyuka Ha puc. 10.17, 64 cueTHBIX pa3paja. b
YcnoBHoe 0603HaYeHUEe 6-OHTOBOTO JBOMYHOIO BBIYM- =,

Talouero cyerunka comacHo DIN 40700, gacts 14 nokasa- il

Ho Ha puc. 10.18. K ynpasnsiionieMy 6JIOKY MOIKIIOYEHBI ::::g*

6 ynpapnsieMbIX (PYHKIIMOHAJIBHBIX GJIOKOB. =l o
JIBOMYHBIE BHIYMTAIOIIHE CYETYMKHU IPAKTHYECKH HE s Qi

TIPOM3BOASTCHA B BHIOE MHKPOCXeM. DTOMY ecThb OOGBsICHe-
HHe. [Jeno B TOM, YTO BEIYMTAIOLIWI CYETYUK JIETKO MOXKHO
cobpare U3 cyMMupylomero. MoxXHoO HHBEPTHMPOBATh CUTHAIBI BCEX BBIXOAOB
WIM UCTOJIb30BAaTh HHBEPCHBIE BLIXOABI TPUITEPOB. B MHTErpaibHBIX MUKPOCXe-
MaxX MHBEPCHBIE BBIXOJBI YacTO He BbiBedeHbl. OQHAKO MHBEPTUPOBAHUE ..DSI-
MBIX BBIXOJOB He TIPEJCTABNsIeT HUKAKUX TPYTHOCTEH.

10.2.1.3. PesepcuBHbie ABOUYHBLIE CHETYNKN

HanpanneHHe cyeTra ABOMYHOI0 CHETYMKA 3daBUCHUT OT CUTHAJIOB, YIIPABJIAKUIUX

TpurrepaMi. MOXHO yNpaBiIATh NPSAMBIMH BRIXOXAMH Q WIM WHBEPCHBIMH (.
Hamnpasnenue cyera 3aBUCUT M OT THIA MCIOJB3yeMbIX TPUITEPOB, B YACTHOCTH
OT TOTO, MEPEKIIYAIOTCS 3TH TPUITEPH C IPSMBIM WIH 0OpaTHEIM (poHTOM
VIIpaB/IAIOLIETO CUTHANA.

Ecnau cyetunk mocTpoeH Ha T-Ttpurrepax, cpabaThlBalOllMX nMo oOpaTHOMY
¢poHTY, TO ynipapneHue (-cUrHajaMu OoOpa3yeT CYMMUPYIOLIHH CUETYMK (CM.

nompasa. 10.2.1.1). YnpaBneHue Q-cnmanauu obpasyeT BhIYMTAIOIIMIN CYETIYHK

(cM. nogpasn. 10.2.1.2).
3Hag 3TO0, JIETKO IIOCTPOUTL PEBEPCUBHBIN CYETUHK.

B [ABOMYHOM CUETHYMKE HANPaBMeHUE CYETa MEHSIETCA NEPEKIoHEHMEM CHUrHa-
nos ynpasnexns Qu Q.

Ha puc. 10.19 nmokaszaHa cTpykTypa 4-O0MTOBOrO peBEPCUBHOIO OBOWYHOIO
CYETYMKA.

[lepeximoyeHue MPOMCXOXUT NPH MOMOIIH Kiioya. Ilepexoyenye KIio4oM
HMeeT 3HAaYHTeNIbHble HeJocTaTkKi. Ha ImpakTHKe KIIIOMHM 3aMEeHSIIOTCS JIOTHYecC-
xumu anemeHTaMu. Ha puc. 10.20 nzobpaxeHa cxeMa 4-OUTOBOTO peBEPCHBHOTO
JBOMYHOrO cueTyrka. Ecin Ha ynpasnsiommit Bxoa U noaan 1-curHain, To cyer-
yHK paboTaeT KaKk CYMMUPYIOIIUIf, ecd (-CUTHaJ, TO KaK BRIYUTAIOLIMIA.

JIBOMYHbBIE pEBEPCHUBHBIE CYETYMKU IMPOU3BOISITCS B BHUJlE MHTEIPaJbHBIX
mukpocxeM. TTJI-cepust 4-OUTOBBIX peBEPCHUBHLIX JBOUYHBIX CYETYHKOB Ha3bI-
Baercs FLJ211-74191. CxeMsl 3TOii cepyu UMEIOT MPEABAPUTEILHYIO YCTAHOBKY
HavYyanbHOTO 3HAYCHMS, T. €. HAYAIbHOE 3HaYeHHe YCTAHABIMBACTCS ITOCPEACTBOM
YeThipeX NHPOPMALMOHHBIX BXO/IOB.

JIBoWuHBIE peBEpCHUBHBIE CUETUMKM mpencTtasissiorcsa cornacHo DIN 40700,
yacTh 14 ycimoBHBIM 0003Ha4eHHEM, H300paxeHHBIM Ha puc. 10.21.

Ha pucyHke u3obpaxeH 8-6UTOBBIN peBepCUBHBII IBOMYHBIN cueTyuK. Eciu
Ha ynpapisiomnii Bxox U mogaH (0-cHrHal, TO CYETYUK paboTaer KaK CyMMHpY-
IOMIH, ecny 1-CUTHaN, TO KaK BbIYUTAIOLIHH.
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Q, Q, Q, Q Puc. 10.19. OpraHu3aius
4-BHUTOBOrO ABOHYHOIO pe-
BEPCHBHOIO CYETYHKA.
Eo—C>T = T - T T
4-GMTOBLIA ABOVYHLII CYMMMWDYIOUIMIA CHETUMK
aA J GB 0{.' OD
Eo—C>T DJ—C:- T b—‘—Qb T DJ—GI- T
4-6UTOBLIA ABOMHHLIN BLIMMTAIOWMNA CHETYNK
Q, lﬂ, Q. Q,
Eo—O=>=T )_/-OP- T D_/Q‘ﬂ- T D.fﬂ T
4-GUTOBLIA ABOWMYHLIA PEBEPCUBHLIA CHETHMK
(NMpUHUMNUaNLHan cxema)
ql a' aﬂ QD
v
o
E
o—_—TC=>T T
u=1 CyMMHPYIOWMii CHETIMK
U=0  eu4aTaIOWKA CHETUMK u E +
E—L
CTR 256 rj
-
+="1—Q,
+=1—Qq,
+=—Q,
+=1—Qq,
+=-—q,
Puc. 10.21. YcnosHoe 060- P oy
3HayeHue 8-6MTOBOrO ABO- pouc a"
Puc. 10.20. 4-6uroBhiit ABOMYHBIH HYHOrO BLIYHMTAIOIIETO CYET- = o
PEBEPCHBHBIN CYETUHK. 4MKa, 256 CIETHBIX Pa3pAA0B. - Qu
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10.2.2. ACMHXPOHHbIE BCD-CHYeT4YUKN
(B ABOUYHO-AECATUYHOM KOAE)

BCD-cyeTynkn B OCHOBHOM €ABNAOTCA 4-0uToBbIMW. Ha MX BbiXxOAaxX AOMKHbI
ObITh CUTHAMBLI ABOUYHO-OSCATUYHONO KOAA.

JIBOMYHO-IECATHYHBIN KO BbIpaxaeT aecATUdHbIe MHdpbl or 0 K0 9 B BHAE
IBOWYHBIX YHCEJI, TAKMM 0Opa3oM, OH SBJIAETCSA ACCATHMYHBIM KomoM. Tak Kak
BCD-cueT4yHUKH CYHTAIOT 3aKOJAMPOBAaHHBIE JECATHYHBIE IH(MPHI, X YaCTO Ha3bI-
BAKOT AECATHYHBIMH CUETYMKAMH. DT0 0603HAYeHHE MPHUBOIHUT K HeIOpasyMeHU-
ssM. BoaMoOXHa IyTaHHULIA CO CYEeTIYMKAMH, KOTOphle paboTaloT ¢ KoaoM 1-u3-10.

BCD-cyeTyuku GBIBAIOT CYMMHPYIOITUMH, BEIMUTAIOIIMMH U PEBEPCHBHBIMH.

10.2.2.1. BCD-cymmupyowme cHeTynkm

BCD-cymMupyIOImIMe CIETIMKH MOXHO ITOCTPOUTH Ha 4-OMTOBBIX JBOMTHBIX CYyM-
MUpYIOIIMX cyeTyukax. [IpuMeHsieMble TPUITEPBI JHOJDKHBI MMETh HETaKTH-
pyeMsble Bxonbl copoca. CUeTyHK JO/DKEH CYMTATh TOJBKO A0 ABOMYHOIO 4HCHIa
1001, To ecTh IO AecATHYHOM HOPHI 9, a 3aTeM cOpachiBaTbcsa B Hylb. COpoc
JIOJDKEH TPOMCXOAUTH B MOMEHT ItepekimodeHus cuerduka ¢ 1001 na 1010.

Cxema 4-OMTOBOro JBOMYHOIO CYMMMPYIOIIEIO CUYETYMKA IIpe/iCTaBlIeHa Ha
puc. 10.22. T-Tpurrepsl HIMeIOT HETAKTHPYeMBIe BXOABI cOpoca R. Kakue pomnon-
HUTEIbHBIE NMOAKIIOYEHUA TPeOYIOTCs, YTOOHI caenaTh U3 4-0MTOBOTO ABOMYHO-
ro cyMMupyiolero cyerynka BCD-cyMMUpYIOLIMH cueTYrK?

st copoca cueT4YMKa B Hyb TpeOyercst momarh |-cMrHailbl Ha R-BXOBI TPUT-
repoB. Tak KaK Bce TPHITEPHl JOJKHBI cOpachiBaThCsl OHOBPEMEHHO, 11eJ1eC006-
Pa3sHO COEMHHUTH BCe R-BXOABI APYT C OPYTOM.

C6poc no/DKeH MPOMCXOIUTH IPH MEPEXO/ie CYETYMKA C NeCATUMHOM udpb 9
Ha necaTudHyio unudpy 10. To ects Ha Beixomax Q, U Q, 10/DKeH OBITh 1-CHUrHa.
Boixonst Q, u Q, cesasbiBaiorcs: yepe3 M-anement. Beixon M-anementa coenu-
HEH ¢ BX0JIoM cOpoca R. DTo JIONOJIHUTENbHOE COeIMHEHHE BbIJIEJIEHO CEPhIM Ha
puc. 10.22.

Taxoii cueTunk GedynpedyHo paGoTaeT NPy HEBBICOKOU 4acTOTe CHHXPOMM-
nyJibcoB. [IpoH3BOJIBHBII COpPOC B HAaYaIbHOE IOJIOXEHHUE HE MOXET IPOMCXO-

20 2‘ 22 2]
ol 05 OC ? oﬂ
@ 1] ] 0l
*h
Eo—C=T =7 = T J-|—<:> T
lii R R R

Puc. 10.22. [Ipeobpazopanue 4-6UTOBOrO IBOHYHOIO CyMMHPYIOLIErO CUETIYHKA B BCD-CcyMMu-
PYIOLUMIH CYETYMK.
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BCD-xon
Decstuunan | 2% | 22 | 27 | 29
undpa Qp [Qc |Qg |Q
0 o|0j0|oO
1 0|0 |0 1
2 00| 1 0
3 00| 1|1
4 0 1 00
5 0 1 0 1
6 oj1|{1]0
7 0 1 1 1
8 1/0|(0]0
9 1 0l0 1

Puc. 10.23. BCD-xon.

IUTh 00 gocTHxXeHus 10, TaKk KaK TOJBKO TOIrIa Ha BBIXO-
pax Q, u Q, nossnsercs 1-curnan (puc. 10.23). Ilpu
BCEX JPYTMX KOMOMHAIIMSIX BBIXOJHOIO CHUrHajia — JUJIst
yucesa or 0 1o 9 — HMKOrma He mony4yaeTrcss OTHOBpe-
mMerHo 0, = 1u Q, = 1.

HenocraTkoM Takoro c4yeTyMka sIBISETCS KpaTKOBpe-
MeHHO€e IIPUCYTCTBHE CUTIHaJA AecaTHYHOoM mudpw 10. To
€CThb cueT4YMK cuuTaeT A0 10 BKIIOYMTENbHO M 3aTeM yaa-
nsetr coctoanue 10. Ina TTJI-cxem cocrosHue 10 nep-
XKHUTCS Ha BbIXogax nmpumMepHo 50 Hc. DTO 0YeHB KOpOT-
Koe BpeMs. OnHako WA psana 3aa4d 3TOT CUTHAJI MOXeET
MOCITYXHUTh NMMPHYHHOM ITOMEX.

HenoctaTok KpaTKOBpEMEHHOTO TIPUCYTCTBHS AecATHIHOro 4ucia 10 ycrpa-
HEH B cxeMe Ha puc. 10.24. DToT cYeTYHK IFOCTPOEH Ha YNPABISAEMBIX 10 OJHO-
My dponty JK-tpurrepax. CoeauHeHHe TTPOHU3BOAUTCS MOCIEI0BATENBHO C TIO-
MOIIBIO BpeMEHHOI JUarpaMMBl.

D
Puc. 10.24. Acuuxpouusiit BCD-cyMMupyio- §
e
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LLMA CYETYMK U Ero BPEMEHHBIC NHArpaMMabl.
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Tpurrep A paboraet kak 7-tpurrep. Tpurrep B paGoraeT Tak Xe, Kak 7-TpHr-
rep, HO TOJBKO [0 TeX IOp, MoKa Tpurrep D HaXOXMTCA B COCTOSSHUH ITOKOSA
(utobsl JK-Tpurrep paboran Kak T-tpurrep, Ha ero Bxoaax J ¥ K HOJKHBI OBITH
l-curnansr). Ummynbesl Q, cieayior kak 00biaHO. [Topsaiok cienoBaHusi um-
NyJabCcOB 0, HapyllaeTcs, Kak TOJbKO Tpurrep [ mepekiiodaercs B paboyee co-
crosiuue. Ecnu 1-curHan Ha J, mponanaer, To Tpurrep B moikeH ocrarbesi B
COCTOSTHUU TOKOSI.

Tpurrep C paGotaer cHOBa Kak T-TpHMITEp M yNpaBiseTcs MMNybcaMu Q.
Paccmorpum curnan J),

J, =0, ~nQ..

Curnan J, BeijiesieH Ha BpeMeHHOM nuarpamme (puc. 10.24). B MomeHT Bpe-
Menu 1, J, = 1. Teniepb Tpurrep D MOXET NMEPEKIIOYUTLCSI B pabodee cocTosiHUeE,
HO TOJIbKO TOIZIA, KOIJla CHIHaJl CHHXpOHM3auuu Q, nepexomut ¢ 1 Ha 0. Bro
MPOMCXOAUT B Touke f,. @, = 1. Bckope mocne aroro J, cHoBa paseH 0, u
TpUrrep D N0/DKEH NMePeKTIOYUTHCA ¢ 0OpaTHBIM (PPOHTOM CBOEIO CHUTHAJIa CHH-
XxpoHu3auuu Q, B COCTOSIHME TIOKOSl, a MMEHHO B MOMEHT BpemeHHu f,. ITocine
10-ro obpatHoro ¢bpoHTa UMIIYJIECA BXOTHOTO CHTHaNa F Ha BHIXOZAX CYeTYHKA
6yner npucyrcrBoBaTh KoMGuHaumsa 0000. BCD-cyeTyHuK BBICTaBJIEH HAa HYIb U
HauyWHaeT cyeT cHoBa. BCD-cymMmupylomui cdetdyuk (puc. 10.24) ¢ He3Ha4M-
TE€JIbHBIMH TOIIOJTHEHHSIMH BBHIITyCKaeTcss Kak MUKpocxema HJ 161-7490 A.

CTR 10
E +
BCD
I

+p—0aq,
Puc. 10.25. YcaoHoe 0603HaueHue BCD-CyMMHPYIOLIErO CYETYMKA, +—a
cpabateiBaloniero ¢ obpatueiM dportoM. CTR 10 o3navaer 10 cuer- +|—0,
HEIX Pa3psaaos. +—0q,

Becpr BCD-cyeT4uK MOXHO M300pa3vuTh YCIOBHBIM 0003Ha4eHHeM. OHO co-
CTOMT M3 OJHOro ympaptioliero 6goxka M 4 ynpapisseMbX (YHKIIMOHAJIBHBIX
6J0KOB, COOTBETCTBYIOIIMX 4eThipeM Tpurrepam. Ilmioc o3HayaeTr cyMMHpOBa-
Hue. Kon, ¢ xotopbiM paGoTaeT CHYETYMK, HYXHO YKa3bIBaTh B YIPaBISIONIEM
osnoke (puc. 10.25).

10.2.2.2. BCD-BbIHATAIOLNIT CHETYNK

BCD-pbryyTalomuye CYeTYMKH TAKXKe MOXHO ITOCTPOMTH Ha 6a3e TBOMYHOTO Bhi-
yuTaoero cuetynka (puc. 10.26). Beryuraione JBOMYHBIE CYUETIYMKH C IOMO-
1IbIO JOTIOJIHUTENIBHBIX COeIMHEHWI MOXHO IPEBPATHTH B CYETYMK C OOPaTHBIM
CYETOM, HAaYWHAas ¢ AeCATUYHOro YyMcia 9, To ectb ¢ ApouyHoro yuciaa 1001. bes
JIOTIONTHUTEJIBHBIX COeIMHEHUH OH OGyeT HauMHATh CYeT ¢ AeCITUYHOTO Yucna 15
WM ABOMYHOTrOo yucna 1111.

KpartkoBpemeHHo (oxosio 50 HC) Ha BBIXOJAX HAXOAWUTCS IBOMYHOE YHMCJIO
1111. C atuM curHanoM tpurrepsl B u C (puc. 10.26) DOJXKHBI OBITh COPOILITEHBI
B cocrosgHue nokod (0, = 0, @, = 0). Bror cOpoc NPOU3BOAT YEPE3 HETAKTUDY-
eMbie BXoJbl copoca. Bece yeThpe BBIXOIHBIX CHrHalia MOXHO GbUI0 OB TTOXATH
Ha H-3nement. Ho B 3TOM HeT HeobxomumocTH. J[0CTaTOYHO MONATh CUTHAJIBI
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Puc. 10.26. [peo6pasopanne 4-6UTOBOro ABOMYHOIO BEIYHTAIOIIErO CuYeTYHKA B BCD-BBI-
YUTAKOUWINH CYETIHK.

a Dl I"H P1 M- - P
Qs

b o, & @
Puc. 10.27. [IBOMYHEIA BEIYUTAIONIMA CYCTIHK.

JecatnuHan AecatnuHoe
wibpa |[Qp| Qe | Q| Qs G| Qc | Qs | @a wucno
0 ojojJofoj 1| 1] 1)1 15
1 ojojJof1{1]1]1]0 14
2 ojojt1{o} 1] 1]0]1 13
3 ojo|t1ft1j1]1]10]0 12
4 Of1|j0joO0} 10} 1[|1 1
5 oj1foj1y1|jo0}1]|o0 10
6 oj1|]1]Jof1fojoOf1 9
7 oj1]1}1j1j0]0fO0 8
8 1tjojojojo|1|1]1 7
9 1jojol1jo)1]1]0 6 Puc. 10.28. Kopopaa Tabnuua.

Q, u Q, Ha M-3nemMeHT, TaK KaK B JMana3oHe JECATUYHBIX Yucen ot 9 mo 0
HHMKOIJIa OTHOBpeMeHHO He mosistiorest @, = 1 u Q) = 1. (Bo3aMOXHO Takxe
MCIoIb30BaTh cUrHaNel Q.1 Q,.) HeobxoauMele TOMOIHUTEIBHBIE COETMHEHUS
MOKa3aHbl cephiM Ha puc. 10.26.

N3 BCD-cyMMMpPYIOIIEro CYeTYHKA MOXHO ClieJIaTh JOCTAaTOYHO MNMPOCTOM
JBOMYHBIA BHIYMTAIOMMI cyeTdynK. HyXKHO TOJBKO HHBEPTUPOBAaTh BBIXOHHBIC

curnanbl BCD-CyMMHMpYIOIIETo CYeTYHMKA MM MCIIOIb30BaTh (Q-BbIXOIbI TPHUITE-
POB KakK BbIXOABI cueTyHKa (cM. puc. 10.27). CnpaBeyIMBOCTE CKa3aHHOIO ITOA-
TBEpXAaeT KomoBas Tabmuna Ha puc. 10.28.

10.2.2.3. BCD-peBepcuBHbIli CHETHNK

BCD-peBepcHBHBII CUeTYMK MOXHO TOCTPOUTH Ha 6a3e 4-GMTOBOrO peBepCUB-
HOTO JIBOMYHOrO cueryrka (cM. puc. 10.20). OcoGeHHOe BHMMaHME HYXHO 06-
paTHTh Ha BKJIIOYEHHE BXOJ0B cOpoca.

Cuyeryuk Ha puc. 10.29 noctpoeH Ha T-TpuITepax, NMepeKIoYalonxcsa ¢ 00-
patHbIM (hpoHTOM. BXOABI cOpOCa 3TUX TPUTTEPOB YIIpaBisAoTcs (-cUrHajlaMu.
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Puc. 10.29. BCD-pepepcHBHBINA CYETUHK.

B pexuMe cyMMMpPYIOLLEro cueTuMKa Ha BXoae U JoiKeH JeiCTBOBAaTh CHIHAI 1.
IIpu curnane 0 Ha U cueTuuk paboTaeT B pexXuMe BHIMMTAHMS.

BCD-BbIUTAIOMMIA CYETYMK OOJDKEH Tepel HavyaloM cUeTa Ha BhlYWTaHHUe
OBITh YCTAHOBJIEH HA JECATHUYHOE YHACIO0 9 MM Ha aBou4yHOoe uyuciao 1001. Tpur-
repsl Bu C noykHbl ObITh ycraHopsieHbl Ha 0. Ilpu Q, = 11 Q) = 1 K BhIXO1Y
HU-HE-3nemenTa npunoxeH 0. C 3TUM CUTHaJIOM cOpachiBaloTCsi Tpurrepsl Bu C.
Tpurrep D He OyneT cOpollleH, TaKk Kak Ha ero Bxoae cbpoca aeiicTByer 1 yepes
anement UJIH.

Ecnu cueTyuk paGoTaeT B peXXMMe CI0XEHMS, TO OH JIOJIXEH cOpachiBaTh-
csi Ha Hynb, ecim Q, = 1 m Q) = 1. Ha Beixoge M-HE-31eMeHTa nossasercs
0-curnan. C stuM curHanom cOpaceiBatorcss tpurrepsl B, C u D. Tpurrep D
Tenepb Takxe cOpachiBaeTcs, TaK KaK Ha HUXKHEH TUHUM YIIPABJIEHHUsI TEICTBYET
0-curnan. Copoc Tpurrepa A He SABIAETCS HEOOXOTUMBIM, TaK KaK OH U 6€3 TOro
crout Ha Hyne (Q, = 0).

3apaHve
IToctpouth U HapucoBaTk cxeMy BCD-cyetunka (puc. 10.29) Ha Gasze MUKpoO-
cxem FLJ 131-7476 u FLH101-7400.

Mukpocxema FLI131-7476 conepxur npa JK-MASTER-SLAVE-tpurrepa.
CrnenoBarenbHo, HeoOXoauMBbI aBe MUkpocxeMmbl. Mukpocxema FLH101-7400
(cM. puc. 6.65) comepxut uetbipe M-HE-anementa. s cBaAsH Mexay AByMs

1
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Puc. 10.30. BCD-pesepcuenbiii cuetyuk (2 x FLI131-7476, 3 x FLH101-7400).



@0 Tnasa 10. Cuemuuru u denumenu wacmomot

TpurrepaMu ucrnonpsyores Tpu M-HE-sneMenTa, ins Tpex TPUITEpOB HYXHBI
9 takux snemenroB. Eme ogun M-HE-anmemenT TpeGyeTcsa Mg MoJy4eHHUsT CUT-
Hana c6poca. [Insa 3amens UJIM-3nemenra tpedyrorcs tpu M-HE-3memenra.
Bcero 13 U-HE-anemenToB. To ecTh HeoOXomuMBbl YeThipe MUKpocxeMbl FLH101-
7400 ¢ 16 U-HE-anementamu. Ecnu cakonomurs ogud M-HE-aneMeHT, T0o He-
o6xomumbl Tombko 3 mukpocxembl FLH101-7400.

Ha puc. 10.30 mokazana cxema. Oaua U-HE-aneMeHT MOXHO C3KOHOMMTD,

€CJIM BMECTO CHIrHama (7 JJIA1 YIIpaBJIICHHSA CGpOCOM TPHITEPA D ucrnonp30BaTh
cursan U.

10.2.3. ACMHXPOHHbIA AeKaAHbIA CYeTYUK

10.2.3.1. BCD-nekaaHblii cHeTyunK

BCD-cymmupylomme c4eTYMKy cyuTaoT ot 0 1o 9.

Ecnn HeoGXonMMO cYMTATh Aajbllie, HyX€eH BTO-

poii BCD-cymmupytommii cueryuk. C aByms cyer-

YUKAMH 3TOr0 BUAA MOXHO CYUTATh o 99. Kax-

JBIA CYETYMK CYMTAET OAHY JeKany. Tpu cueryu-
Enmn KA CUMTAIOT 10 999.

o | HexamHble CYETYMKH Yallle BCETO CTPOATCSH Ha
T J JBYX Wik GonbureM uwncne BCD-cyMMHpPYIOIIMX
. - cyeTyuKkoB. Kaxopiil c4eTYMK MMeeT Y€ThIPE BhI-
E X0fa, Ha KOTOPBIX AEHCTBYET OBOMYHOE YMCJIO,
{ CTR 10 COOTBeTCTBYIOMIEE AecATHYHOIM ndpe. CoenuHe-
—+ HHUE CYETYHMKOB IoKa3aHo Ha puc. 10.31.

sco Ecnu BepxHU# cYeTYMK cOpachiBaeTcs Ha
} HyJb, curHan Q, usmensercs ¢ 1 na 0. O6par-
HBI (PPOHT yIIpaRiIsieT HIDKHAM cueTIHKoM. Hink-
HHUH CYETYHK IEPEeKITIONAeTC, €C/IM BEPXHHIA CUeT-
YUK cOpackiBaeTcs B Hy/Ib. OH OTBeYaer 3a nepe-
XOJ BO BTOPYIO JEKany.
E:;-n}lg-il'yx Biﬁem“”ﬁ cuet- B nekamHBIX cYETYMKAX YMCJIEHHBI pe3ylib-
TaT MOXeT JIETKO NMPENCTABJSTHCH IECATUYIHBIM
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Puc. 10.32. Tpexcrynenuarsiit BCD-aexaqHblif ’—, '
cyeTYHK ¢ BCD-7-cerMeHTHBIM npeobpa3oBa- _l q E
TE/NEM KO4a M 7-CerMeHTHBIM MHAMKATOPOM. T‘I l_
BCD-T-cerMeHTHbIi BCD-7-cermeHTHbIi BCD-7-cerMeHTHbli
npeobpaaosatens koaa npeobpasosarens koaa npeobpasosatens kopa
U++][+]+ Hel+]+]+ Wal+]+]+
E —C>+ = 4+ b 4+
BCD BCD BCD
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yuciioM. BeixogHeie curHainsl Kaxmoro BCD-cueTyuka nopatoress Ha BCD-7-cer-
MEHTHBIH npeobpa3oBaTenb Kona. decarmyHaa mudpa BoigaeTcss Ha 7-CerMeHT-
HbIM MHOUKaTop (puc. 10.32).

10.2.3.2. Apyrve Buabl A€KaOHbIX CHETYUKOB

HekanHble CYeTIMKH MOTYT CTPOMTHCSA TAKKe M3 CUETYMKOB, paboTalolMX B Kone
A¥ikeHa, B KoJe ¢ U36BITKOM 3 wiu apyroM Koxe. Ho Takue c4eTYHKU HCTIONb3Y-
101cs peko. JecaTHuHble CYETYMKM 3TUX BUIOB CTPOSITCS 110 TOMY XK€ IPUHIIU-
my, 4ro 1 BCD-neKanHbie CYETUHKH.

10.2.4. ACUHXPOHHbIE CHETYUKU NO MOAYMIO N
10.2.4.1. NpuHUWN AEACTBUA CHETYMKOB MO MOAYNIO N

s pa3IMYHOro poia CYETHHIX 3aJay B CMCTeMax ynpaplieHUs, 00paboTKu MH-
(opmManuu ¥ M3MepeHHS BPEMEHH HEOOXONMMBI CYETYHMKH, BEAYIHE CYET M0
XKeJlaeMoro YMcia, 3areM cOpachIBalOIIHECs B MCXOMHOE MOJOXEHNE H CYMTAIO-
IMe cCHaYala, WIKM OCTAHABIMBAIOLIMECS B OXHIAHWM HOBOM KOMaH/Ibl Ha CYeT.
Yucio, 10 KOTOPOro BeHeTCA CYET, MOXET OBITh Jroboe.

Takue cYeTYMKH HA3HIBAIOTCA ACHHXPOHHLIMH CYCTIHKAMH N0 MOAY. 0 n. Byk-
Ba n O3HAYAET KOJMYECTBO BO3MOXKHBIX COCTOSSHHM cyerdynka. BCD-cueTdHK,
HaIpuMep, MOXHO Ha3BaTh CYETYHKOM 1o Moayiwo 10. OH cuuTaer TonbKo 1o 9.
OmHakKo ¢ HyJeM BKIIOYHUTEIbHO OH NMeeT 10 BO3MOXHBIX COCTOSTHHI CYeTYHKA.

10.2.4.2. CyeTynku rno Mogynw 5

CYeTYHKH 10 MOAYIIO 5 HOJDKHBI CYMTATH 10 4 M HA 5-OoM MMIyJibce cOpachi-
BaThCs B HYJb. KakK BBIMIAAUT CXeMa TAKOTO CYETYHMKA?

ISt MPOCTOTH IPUMEHUM T-TPUITEPHI, XOTA C TEM XK€ YCIIEXOM MOXHO OBLIO
Obl B35ITh U YHUBepcanbHbie JK-Tpurrepsl. U3 JK-Tpurrepa, Kak H3B€CTHO, MOX-
HO cnenatb I-Tpurrep, eciad Ha Bxoabl J M K momarh 1-curHan. Ins cxembl
HeoOxoauMbl Tpu Tpurrepa (puc. 10.33). CyeTunk Moxer cuurtath no 7. Ilpm
nepexosie oT 4 K 5 c4eTYMK JOJDKEH COPOCHUTBCA Ha HYJb.

Bo3Bpar B MCXOHOE ITOJIOXKEHUE MOXET OCYLIEeCTBIATLCA TaK Xe, Kak B BCD-
cueryrke. Ecom Q, = 11 Q.= 1, To cUeTYHK JOJDKeH cOpachiBaThes. B kauecTse
curHaia copoca HeooxonuMm 0-curHan.

Boixonnt Q, m Q. cBasanbl snemenToM M. Boixon M-HE-anemenra Bbimaer
curHan c6poca B 0, ecnmu Q, u @, BHIAIOT 1-cUTHAT.

VenoBHoe 0bo3HaueHUe cYeTYMKA IO MOAYIIIO 5 moKasaHo Ha puc. 10.34.

W Q, T Q, ?Q.
CTR 10
& E +
-
- +t—aq,
Eo—q=T = T = T ' +*—aQq,
R bo | R bo A bo +}—a,
Qa Qs Qc
| Puc. 10.34. NpuHuMnuansHas

cXema CYeTYHMKa Mo MOAY/IIO 5,
Puc. 10.33. [IpuHumunuanbHas cXemMa CYETYHKA 110 MOAYILIO 5. 5 cuetnbix paspanos (CTR 5).
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3apnaHve JAecstnyHas | ABecsmman
undpa Qp | Q4| 0o | 8s | Ga| wndpa
Kak 6yzmer paboTaTh cUeTYMK ITO MOIYIIO 5 3 %c o+ 7
(puc. 10.33), ecm u1s1 BBIBOZA pe3yJIbTaTa BMe- 1 ofo|1]1]1]o0 8
b 2 0 1 4] 1 1] 1 5
CTO (J-BBIXOJIOB MCITONIK30BaTh (J-BBIXOIbI? 3 ol 111l 1]olo 4
Jlns pellleHMs 3TOro 3aJaHHUSA HYXHO 4 1fofo]of 1] 3
COTOCTABHTh COCTOSTHUS CYETYMKA B Tabmu- O [ 1101 Tio] 110

e (puc. 10.35). Tabnuua rokassiBaeT, YTO Ppc. 10.35. ConocraBneHue COCTOAHMIA
CYETYMK CYMTAECT OT 7 A0 3 M IpH IOSBJE- CYETIMKA.

HuHU 2 cOpaceiBaeTcsa. OH paboTaeT KaK BEIYMTAIOLIHNIL CYETYUK M UMEET TAKKE
5 BO3MOXHBIX COCTOSIHMI cyeTyHKa. CYyeTYMK HaYMHaeT CYATATH C MAKCHMAJIBHO
BO3MOXHOTO YHCJIA IS UMEIOIIEerocs: KOMM4ecTBa TpUrrepos (3uoecs 7, = 111 (2))'

(10)

10.2.4.3. C4er4nkun no moaymo 60

CuerTyrKH 110 Moaymio 60 Tpebyrorcsi, HaIpUMep, IS 3NeKTPOHHEBIX YacoB. Ce-
KyHAbl cuuTaoTcs ot 0 mo 60. CKoNbKO TPUITEPOB TpeOyeTcs IS TAKOro CUeT-
yuka? C MATBIO TPUTTEPAMH MOXHO cyuTath A0 31, ¢ 6 Tpurrepamu — go 63.
CnenosarebHO, HEOOXOAMMO 1IeCTb TpUIrTepoR (puc. 10.36).
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Puc. 10.36. CueTynk no moay/o 60.

IIpu mosBneHnu vyucaa 60 cyeTyuk
JoJKeH OBTh cOpouieH Ha Hynb. Ha
Boixonax Q. Q,, O, u Q, NOJIKHbI HEH-
CcTBOBarh l-curHajbl. M3 2THX cHUTHa-
JIOB IOJIy4aeTcsi curHau cOpoca. Cuer-
YUK TONUTCS IJIA cYeTa CeKYyHI, eCIH
OHM He JHOJDKHBI OTOOpaXaTbCsi B BHIIE
JNeCATAYHBIX YHCE.

Ecnu ceKyHABl OOJKHBI 0TOOpa-
XaThCs B BHAE NECATHYHBIX YHCEN, TO
1eJeco00pa3sHO eAMHHUIIBI U IEeCSITKH
CYMTaTh pa3fenbHo. s emuHHLl HY-
XeH cYeTYMK Imo moayiwo 10, misa ne-

Puc. 10.37. CoBMmecTHOE BKIIOYEHHE CUETYHKA NO
moayno 10 u cyeTurka no moayaio 6 ¢ npeobpa-
30BaTe/IEM KOJA M 7-cerMeHTHBIM HHAHKATOPOM.



10.2. Acunxpounsie cuemuurxu 28\9

CATKOB — CYE€TYHK 110 MoayJo 6 (puc. 10.37). BeixonHsle CHTHAJIB MOTYT OBITH
nmoaaHsl yepe3s BCD-7-cerMeHTHBIN NpeobpasoBarelib KoAa Ha 7-CerMEeHTHBIN
HHIMKATOP.

10.2.4.4. Cueruukun no moayno 13 ¢ oxuagaHuwem KkomaHasl cbpoca

PaccMOTpHM CYETYMKHU IO MOIYIIIO 1, KOTOPbIe OCTAHABIMBAIOT CYET IIPU JOCTH-
XKEHHMM JECATHYHOrO YKcnaa 12 u BbIAIOT Ha BbIXOA 1-curHan. CyYeTyHK HOJDKEeH
cOpachIBaThCA MPU HAXKATHMA KJIABHIIM W HAYMHATH CYET C Hadasa.

o, aQ, Q. °q,
2¢ 22 2¢

o] [o]

N

P

Puc. 10.38. Cyetuuk no moayao 13, octaHapnuBalOLMii cyeT Ha yuciae 12.

Juist cueryrka Heobxogumbl 4 Tpurrepa. Bxox E mojpkeH o0liazaTh BO3MOX-
HOCTBIO 3alIMpaHus yepe3 aneMeHT WM. B kayecTBe 3ampellaloniero CUurHana 1c-
nonb3yercss 0-cUrHan. 3anpemaoInuii CHTHA IOyJaeTcsl U3 BBIXOAHBIX CUTHA-
noB Q. u Q,yepes U-HE-anemenr (puc. 10.38). I1pu 1OCTUXCHUH AECATHIHOTO
yucna 12 (@, = 1, @, = 1) Ha Buixone X M-HE-snemenra neiictByer 0-curxa.
Bxon 3anept. CueTunK ocTaHaB/IuBaeT cueT. ONHOBpEeMEHHO Ha BbIXoJe Z MOSIB-
nsercsa 1-curHan. HaxaTtveM KiaBMINM CYeTYHK cOpachiBaercd. BXOm OTKDBHIT,
TaK Kak tenepb Q. u Q, uMeror 0-curHajibl. CUeTINK HaYHHAET CYeT CHavala.
Taxk Xax BO3MOXHBI 13 cOCTOSHMIN cYeTYMKA, BKJIIOYAsi HYJIb, TO CUETYMK SIBJISI-
€TCSl CYETYMKOM IO Momymio 13.

10.2.5. ACUHXPOHHbIE CYETYUKU
C NPOU3BOJIbHBIM KO3DPULIMEHTOM nepecyeTa

ACHHXPOHHBIE CYETYMKH ¢ MPOH3BOJIBLHBLIM K02 (HIHMEeHTOM nepecyeTa — 3TO CUeT-
YHKH, KOTOPBIC CUYMTAIOT HO CIPEACICHHOIO IpeaBapHUTEIIbHO BHGD&HHOI‘O YHUC-
Jla M 3aT€M OCTAaHABJIMBAIOTCH WM HAYMHAIOT cyeT cHavaia. CYyeTYUKH MOIYT
OBITh KaK BBIYMTAIOLIMMHU TaK M CYMMHPYIOIIMMH. YHCII0, 10 KOTOPOTO HYXHO
CYHTATh, YCTAHABJIMBAETCA OOBIMHO BPYYHYIO IOCPEACTBOM Nepekioyaresnei. OHo
MOXET 331aBaTbCs TAKXKEC BTOPBIM CYETYHMKOM. Taxue c4eTYHMKH TaKXKe Ha3bIBa-
I0TCS TIPOrPaMMHpPYeMbIMH.
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Puc. 10.39. ACHHXPOHHEIHA CYETYMK C IPOM3BONBHBIM K03 duim- ‘_EF_Q z
€HTOM nepecyeTa.

ACHHXPOHHBIH CYETYMK C MIPOM3BOJIbHHIM KO3 (IHIIMEHTOM Iepecyera MmoxkasaH
Ha puc. 10.39. Yucno, 10 KOTOPOro KOJDKEH CYMTaTh CYETYMK, YCTAHABTHBAETCS NPU
MOMOIIM KJIABHATYPHI TpeIBapHTeNIbHOI yeraHOBKH. Hanpumep, Haoo yCTaHOBHTH
yuciio 9. Yucio 9 B Buze ABOMYHOIO YMCIIO 3a/1aeTcs Ha Bbixomax X, X, X, X,

Boixonusie curHansl X,, X, X, X, cpaBHMBAIOTCS € BBIXOJAHBIMU CUTHATIAMM
cyerynka Q,, Q,, Q. Q, Ha BrXonax a/IeMEHTOB 3KBUBAJIEHTHOCTH 1-CHrHAI
Gyner TONbKO TOTHa, Korna o6a BXoaHBIX curHana pasHel. IIpu X, = Q,, X, = Q,,
X,= Q.mu X, = Q, BCce BHIXO/IbI JIEMEHTOB 3KBUBAJIEHTHOCTH paBHI 1. Torna Ha
Beixone U-HE-anemenTta 0-curuai.

0-curHan Ha Beixone W U-HE-3neMeHTa IMOKa3bIBaeT, YTO YHUCIIO, IO KOTOPO-
ro JOCYMTA] CYETYMK, M IPEIYCTAHOBICHHOE YMCJIO paBHbI. ()-CHIHaJI 3arMpaer
pxon. Cueruymk mpekpamaer cuyer. Ha Boixome Z meiicTByeT l-CHMrHaj, KOTOpPEIi
MOXeT MCITONIb30BaThCA UIS1 Pa3IMYHBIX 33034 YIIPaBJICHHSI.

KnaBnaTypa mpeaBapMTeSIbHOH YCTAHOBKH MOXET 3aMEHSTHCS CYETYHKOM,
KOTOPBII yCcTaHAaBIMBAeTCd COOCTBEHHON CHUCTEMOM YIIpaBIECHHUA.

ACHHXPOHHEIE CYETYHKH C IIPOU3BOILHBIM K03¢h GHILIMEHTOM IepecyeTa Ipy-
MEHSIOTCSI, HAIIPUMEP, B COBPEMEHHBIX KOIIMPOBAIbHBIX aBTOMaTax. JKejaemoe
YHCIIO KOMHM ycTaHaBIMBaeTCs BPYUHY0. CUeTYHK CYMTAET KOMUM M OCTAHAB-
JIMBAaeT KOIMPOBaHHE, €CIH CHEIAHHOE YHCIO KOIMI COBIANaeT ¢ MpeaBapu-
TENBHO 3aJaHHBIM YHCJIOM.

10.2.6. ACMHXPOHHbIE CYEeTYUKU ONsa koaa AilkeHa

ACHHXPDOHHBIH CYETYMK, KOTOPBIM CYHMTaeT B KoJe AlikeHa, IIpeICTaBJIeH Ha
puc. 10.40. [TogobHyI0 cXeMy JOCTAaTOIHO TPYAHO paccyuTaTh. OHAKO ee MOX-
HO CHHTE3MpPOBATh C TIOMOIUIBIO BpeMeHHBIX auarpamMm (cMm. puc. 10.24).

10.2.7. ACUHXPOHHbIE CHETHMKK ONS KoAa C n3bbITkKOM 3

Kon ¢ usbeitkom 3 mpumensiercss 9acto. OQHAKO CYETYMKHM, CUHMTAIOIINE B ITOM
KOJIe, BCTpEYaloTCsl B BUIE MHTErpaJIbHBIX MUKpOocxeM HaMHoro pexe. Ha puc. 10.41
II0Ka3aHa CTPYKTypa CUETUMKA JUIST 3TOT0 KOJa.
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Puc. 10.40. [IppHuMnuanbHas cxeMa aCHHXPOHHOIO CYETYHKA B Koae AMKeHa.
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Puc. 10.41. [IpyHIMNUanbHaA CXeMa aCHHXPOHHOIO CYETYHKA B KOAE C U30BITKOM 3.

10.3. CUHXPOHHbIE CHETYMKU
10.3.1. NpuHUMN aencTBUA

B paccMOTpeHHBIX 1O CHX MOpP TaK Ha3bIBa€MbIX ACHHXPOHHBIX CYETYHMKAX BBIXOJ
MEePBOTO TPUITEPA YNPAB/ISIET BXOIOM BTOPOIO TPUITEPA, BBIXOA BTOPOrO TPUITEpPa —
BXOIIOM 3 TpHITEpa W TaK Jiajiee. TpHUITEpHI MEPEKITIOYAIOTCS HEe OMHOBPEMEHHO, a
1o oyepenau. 3anepxKa CUrHajla onpenensercs OblCTpoAeCTBUEM TPHUITEPOB.
Ins tpurrepoB TTJI-ceMeiicTBa BpeMsi paclipOCTpaHEeHHSI CHTHaJIa COCTAaBJISIET
ot 30 Hc mo 50 He. Ha 3T0 BpeMs 3ama3sgbiBalOT CUTHAJIBI Ha BBIXOJI€ TPUITEPOB
OTHOCHUTEJIPHO OPYT Apyra. 3ama3abiBaHHe YBeJIMIMBAeTCsl OT TPUITEpa K TPUITe-
py. Ins 12-6UTOBOr0 aCHHXPOHHOIO CYETYMKA BBHIXOJI IIOCHAEAHErO TPUITEPA 3a-
IasAbIBAET 110 OTHOIUEHHUIO K BXOJY MepBOro Tpurrepa rpumepHo Ha 600 He. Ha
BBICOKMX YacTOTaX 3TO MPUBOIUT K olMOKaM.

Ecau cyeTyuK HO/DKeH paboTaTh ¢ BBICOKOM YacTOTOM, TO 3amna3abiBaHHE
CHMTHAJIa OT TPUTTEPA K TPUITEPY HEAOMYCTHMO. DTOr0 MOXHO JOCTHTHYTH TOJb-
KO B TOM CJIyyae, €CJIM BCe TPUITEPHI, KOTOPbIe HOJLKHBI IIePeKIIOYUTRCS, Chena-
10T 3TO OMHOBPEMEHHO, TO €CTh OYAYT YNIPaBISATHCA COBMECTHBIM CUTHAJIOM CHH-
XpoHu3auuu. CyeTyuky, paboTamlluue Mo 3TOMY MPUHIIMITY, Ha3bIBAlOTCSA CHH-
XPOHHBIMH CYETYMKAMH.
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B CUMHXPOHHBIX CUETHMKAX TPUITEPbl NEepekmoYalTCa OAHOBPEMEHHO 06LWmMm
CUIHaNOM CUHXPOHWU3ALWNA.

HudopMaiua o ToMm, HOJDKEH TPUITED NEPEKIIOYATHCH WM HET, AOJDKHA
TONAaBaThCcAd HA TPUITEPHI JO CUTHAJA CMHXpoHH3alMu. I1oaTOMY KpoMe TaKTH-
pyIollero Bxoaa HeoOXOMMMBI MOIOTHUTENbHBIE BXOAR. Cle0BaTeIbHO, CHHX-
POHHBIE CYETYMKHM HE MOTYT CTPOMTHCH Ha Oasze T-TpHUITEpOB.

CUHXPOHHBIE CHETHYMKIM Halle BCero CTpoatca Ha Gase JK-Tpurrepos.

OcobenHo HanexHbol JK-MASTER-SLAVE-Tpurrepnt (cMm. pasm. 7.5.7).
RS-Tpurrepsl TakKe MOTYT MCHoJb3oBaThesl. OIHAKO cXeMa ¢ HUMH MOJIy4daeTcst
Goree crnoxHas.

10.3.2. CUHXPOHHbLIE ABOWYHbLIE CHETHYUKMU

CHHXpOHHb[B IBOMYHBIE CYETYUKHU CUYMUTAIOT B JBOMYHOM CUCTEME CUYMCIIEHMS.
OHu ObIBalOT CYMMHPYIOIIIHMH, BBIYHUTAIOIIINMH H PECBCPCHUBHBIMH.

10.3.2.1 [lBounyHbIE CYMMUWDYIOLME CHETYUKN

CxeMy CHHXPOHHOIO JBOMYHOIO CYMMHPYIOMIErO CYETYMKA MOXKHO PACCYMUTATH
(pa3n. 10.3.3). Ee Takke MOXHO CHMHTE3HPOBATh IMyTEM JIOTHYECKOIO pPacCyxue-
HusA. Ha puc. 10.42 uzobpaxenn 4 JK-tpurrepa. Bce oHM oObenuHeHB! 001IIUM
TAKTOM CHHXPOHH3ALIMH.

J 1 K-BXomwl NOJDKHBI OBITH COeNWHEHB TAKMM 00pa3oM, 4TOOBI CUETYHMK
CYMTaJ HA yBeJHYEeHHE B JBOMYHOI cucTeMe cuucieHMs. Kak BHIIISITHT 3TO
coenuuenue? s oTBeTa Ha 3TOT BOMPOC PaCCMOTPHM BpeMEHHBIE THarpaMMbl
JBOMYHOIO CyMMHUpYyIolero cueryuka Ha puc. 10.43. Tpurrep A nomxeH nepe-
KJII0YAThCS ¢ KaX/IbiM 0OpaTHBIM (ppoHTOM cHHXpoumnyiabea. Ha Bxoant J, u K,
cleoyeT monarb 1-CHIrHaJILL.

Tpurrep B MOXeT nepeKkI0YaThCcsl TAKTOM TOJIBKO B TOM CJIydae, eCJIM TPHT-
rep A ycraHomieH, To ectb O, = 1. Boixon Q, nomxeH coenmusareesa ¢ J, u K,
(ceppiM Ha puc. 10.42).

E (2]

{ Q»I 7 oﬂ TQC al’

J J J,
—~y A 1y B - 1 CH D
oy =~ C1 =~ C1 > C1
1K 1K 1K
K, K, K,

Puc. 10.42. Crpykrypa 4-6HTOBOro JBOMYHOr0 CHHXPOHHOIO CYMMHMPYIOILIEro CYeTYMKA.
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Puc. 10.43. Bpemennas auarpamma 4-6MTOBOrO ABOMYHONO CyMMHPYIOLIENO CYSTYHKA.

IMpu xakux ycnousx nepexmouaercs tpurrep C? U3 puc. 10.43 cnenyer,
YTO TPUITEP MOXET IE€PEKII0YaThCS TOJIBKO TOINA, KOIIa YCTAHOBJIECHB TPUITED
A n tpurrep B, to ects @, =1 1 @, =1. Boixoast Q, =1 u Q, =1 nopalorcs Ha
anemeHT W M coenunsiiores ¢ J, U K (cepbiM Ha puc. 10.42).

VcnoBus, IpH KOTOPHIX MepeKIIodaeTcs Tpurrep D, MOXHO TaKXe y3HATh U3
BpeMeHHOIi guarpaMMbl Ha puc. 10.43. Tpurrep D MoXeT IepeKIIOYaThCs TOJb-
Ko Torna, korna Q, =1, Q,= 1u Q.= 1. Beixomsl Q,, O, u O, 06beAMHAIOTCS
anemeHToM U. Boixon M-anemenra casisbiBaetcst ¢ J, u K, (cepbiM Ha puc. 10.42).
MoxHo 6b110 6Bl MCTIONB30BaTh 06beMHenHe Q, U O, nepBbiM M-31eMeHTOM,
TOr/a noayyunoch 661 o6benunenue Q, A Q, A Q. onuum anementom U ¢ nsyms
BXOJIaMH.

Ecnu HeoOXoOMM CHHXPOHHBIN NBOMYHBINA CYMMHPYIOLUMIT CHETYHMK C YUC-
JIoM 6UTOB Gonee 4, TO €ro MOXHO MOCTPOMTh MO NMPUHIUITY, H300paXXeHHOMY
Ha puc. 10.42. s JK-TpurrepoB AeiCTBYIOT CIEXYIOLIHE ITpaBUIIa:

B CUHXPOHHOM ABOMYHOM CYMMUPYIOLLLEM cyeTumKe J 1 K BXOAbl KaXaoro Tpur-
repa HY>XHO COeAWUHATL APYr C OpYrom.

B nepeom Tpurrepe Ha Bxoakl nofgaertca 1-curHan. Kaxaeiii cnenyiowmnin Tpurrep
nony4yaeTt BXOOHOW CUrHan B BMAE pel3ynbTaTa NOrvy4eckoro yMmHoxenns M Q-Bbixo-
LOB BCEX Npenbiaywmx TPUrrepoe.

3apaHue

CuHTe3MpoBaTh CXeMy 5-OMTOBOrO CHHXPOHHOIO NBOMYHOTO CYMMHPYIOLIETO
cueryrka. Cueryuk nosokeH crpoutbesi Ha JK-MASTER-SLAVE-rpurrepax,
KOTOpble IPUHUMAIOT CUTHAIBI C MiepeAHUM (POHTOM U TepelaloT Ha BbIXOIBI C
obpatHbIM. HapucoBaTh BpeMeHHbIe JHAIPAMMBIL.

JJisi CHHXPOHHBIX CYETYMKOB CIIOCO0 yrpaBieHus1 HPOHTAMM HMITYJIbCa UMEET
BTOpOCTENEeHHOEe 3HavYeHus1. CTPyKTypa c4eTYyuMKa ONMHAKOBA, MEepPeKIiodaloTcs
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Puc. 10.44. Crpykrypa 5-6MTOBOrO ABOMYHOrO CHHXPOHHOIO CYMMHPYIOLLIEro CYETYHKA H
€ro BpEMEHHEIE AUarpaMMsl.

JIM TPUITEPHL C NEpPeAHUM MM 00paTHBIM (poOHTOM MMITYJIbCa. B 3aBMCHMMOCTH
OT MepeKIIoYaIIEro (PPOHTA CMEIAIOTCH TOJIBKO BPEMEHHBIE JHarpaMMbl, Tak
KakK MeHseTcs ToYyKa IepekioyeHus. Ecin ucnonw3yiores JK-TpuIrepsl, KOTO-
pble MPUHHUMAIOT CUTHAJIBI ¢ MepeIHUM (PPOHTOM M Tepe/ialoT Ha BHIXOIHI ¢ 06-
pPaTHBIM, TO ITOJIYYAaeTCs TaKas Xe BpeMeHHasl JHarpaMma, Kak M B CJIydyae TPHr-
repoB, KOTOPHIE ITEPeKIIoYaloTcs ¢ ooparHbiM dpontoM. Mckomas cxema u co-
OTBETCTBYIOIIME BpeMEeHHBbIE THarpaMMBbl TIpeAcTaBiieHbl Ha puc. 10.44.

10.3.2.2. []BonyHbie BbIYNTAIOWNE CHETYNKN

JBOMYHEI BHIYMTAIOWIMIA CYETYMK MOXHO IIOCTPOHUTH Ha 0a3e JBOMYHOIO CYM-
MUpyIolero cyeryrka (cM. puc. 10.26). BmecTo Q-BBIXOOB UIS MONKITIOYEHUS

J- 1 K-BX0ZOB HCIIONB3YIOTCA (Q-BBHIXOIBL. B OCTAIBHOM CTPYKTYPHI CY4ETYMKOB
onuHakosbl. Ha Bxoasl J u K mepBoro tpurrepa momaercs l-curxan. Cxema

CHHXPOHHOTO 4-0MTOBOr0 JBOMYHOTO BBHIMMTAIOLIEr0 CYETYMKA I0Ka3aHa Ha
puc. 10.45.
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Puc. 10.45. Ctpykrypa 4-6HTOBOro JBOMYHOINO CHHXPOHHOIO BHIYMTAKOLIErO CYETIMKA.

Jecatuunoe JOecatnuHoe
weno  (Qp | Gc [Qp | Qs 1Qp | Ge | Gg| Ba| umeno
0 0 ojo0| o0 1 1 1 1 15
1 oj0]o0 1 1 1 110 14
2 o0 110 1 110} 1 13
3 0 0 1 1 1 1 0 0 12
4 ojt1jojoOojt1oOf1 1 "

5 0 1 0 1 1 0 1 ] 10
6 I 0 1 110 1 0|01 9
7 o1 1 1 1 olo]| o0 8
8 1 o|jo0ojojo0 1 1 1 7
9 1 0}o0 150 1 1 0 6
10 1 0 1jojfo}l 1|0} 1 5
1 1 0 1 110 1|]0]| o0 4
12 1 1j]o0jojojoj1 1] 3
13 1 10| 1j0]|0 1 0 2
14 1 1 tjojojo|o] 1 1
15 1 1 1 1j0]j]o0]Jo}] O 0

Puc. 10.46. ConocTapneHUe BRIXONHBIX CHIHAMIOB MPU NPUMEHEHUN (-BBIXONOB M { -BBIXOMOE.

Her HeoOxomuMocTH pa3pabarbiBaThb OTHEJIBHYIO CXEMY IS CHHXPOHHOTO
OBOWYHOIO BRIYHTAIOLIEro cueTynka. M3 mo6oro cyMMupyioniero cueTynka Jer-
KO MOXHO IOJIYYUTh BhIYUTAIOLIMIA.

Hy>XHO JIM1Ub U151 BHIBOJA PE3YJIbTAaTa UCIIONb30BaTh MHBEPCHBIE Q-BBIXOBL.
Ecimu Q-BBIXOIBI, KaK 3T0 ObIBAET B MHTErPAIbHBIX MUKPOCXEMaX, HENOCTYIIHbI,
Hago MPOCTO MHBEPTUPOBATH NpsAMbIe O-BBIXOABI. BHIXOJHBIE CUTHAIBI IIPU MPU-

MeHeHUHM (-BbIXOIOB M (Q-BHIXOZIOB B KayeCTBE PE3YJIbTUPYIONIMX COIMOCTaBJIe-
Hbl Ha puc. 10.46.

Cyerynk Ha puc. 10.45 moMoXKeT NOCTPOUTH CHMHXPOHHBII peBepCHUBHBIN
CYETYHK.

10.3.2.3. [lBontHbie PEBEPCUBHbBIE CHETYUKM

CHHXpOHHEIE peBEpCUBHbBIE JBOMYHEBIE CUETYMKH MOXHO IIOCTPOMUTH KAK U3 CHH-
XPOHHBIX JIBOMYHBIX CYMMMPYIONIMX CYETYUKOB (cM. puc. 10.42), TaK M U3 CHH-
XPOHHBIX JBOMYHBIX BHIYHUTAIONIMX CYEeTYMKOB. B nepBoM caydae J- u K-BXonbl

MNOAKNIOYAKTCHA YEPE3 Q—BBIXO,HBI, BO BTOPOM — 4Y€pE€3 UHBCPCHBIC Q-BbIXOIlbl.

Jlna pesepca HeoOXOAMMO IMepekTiodaTh Mexay Q- u Q-Beixogamu. Bos-
MOXHasl cxeMa TpeacraBiieHa Ha puc. 10.47.
10—2114
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Puc. 10.47. Crpykrypa 4-6HTOBOrO ABOMYHOIO CHHXPOHHOIO PEBEPCHBHOIO CYETYMKA.

10.3.3. PacyeT CMHXPOHHbLIX CHETYMKOB

10.3.3.1. Metoaunkn pacvera

s pacyeTra CUMHXPOHHBIX CYETYHMKOB CYUIECTBYIOT padiMyHblie MeToanl. Ilpe-
HMYIIECTBO NPEACTABIEHHOIO HIDKE METO/a B €ro HarIsAHOCTH. Bce maru Mox-
HO JIETKO OOBACHHTD.

Pacyer CHHXpPOHHOTO CYETYMKA NMPOMCXOAMUT B 5 LIATOB:

1. CocraBieHne TaOJIMLBI HCTHHHOCTH, U3 KOTOPOIi ClieqyeT XelaeMast PyHK-
M CYETYMKA.

2. CocraBjieHHe U YIIPOLIeHHE YPaBHEHHH cUeTYUKA.

3. OnpeneneHne XapaKTepHCTHYECKHX YPaBHEHHI MPUMEHSIEMBIX TPHITEPOB.

4. OnpeneneHue JIOTHYECKHX CBA3eil cpaBHeHNEM K03GhdhHIIHEHTOB.

5. CocraBieHue cXeMbl IO HAHAEHHBIM JIOTUYECKUM CBSI3SIM.

W3 TaGnuubsl HCTHHHOCTH HOJDKEH OBITH ACEH IOPSIOK ClIelOBaHHUS BHI-
XOAHBIX CUTHAJIOB cYeTYMKa. Y 4-O6uToBoro cueryuka Boixoast Q,, Q.. 0., 0O,
B MomeHT Bpemeny !, (nepen Tekyumm taktoMm) 0, =0, 0,=0, 0. =0u Q,= 0.
IMocne Tekyuiero Takra B MOMEHT BPEMEHHM f, , | JacThb BBIXOJOB MEHSIET CBOE
cocrogHuue. Kakoe uaMeHeHHe BEIXOMHOTO CHTHaNa XenareabHo? Kakoir BeIXoJ-
HOM CHUTHAJI JOJDKEH BBIIABAaTh CYeTYMK? B JTBOMYHOM CYMMMPYIOILEM CUETIHKE
Tenepsb A0kHO ObTe: O, =1, 0, =0, Q.= 0 u Q, = 0. Tabnuua HCTHHHOCTH
JO/DKHA UMEThb CTONOLBI Kak i Q,, Q,, Q., 1 Q) B MOMEHT BPEMEHH £, TaK U
cronbust mis Q,, Q,, O, ¥ O, B MOMEHT BPEMEHH 7 _ .

VYpaBHEeHHS UISI MOCTABIEHHOM 3aa9i MOJIY4aloTCs H3 HOPMaJIbHO#M (hOpMBI
WIH nna Q,, , 1y Qs(” 1 Qe+ 10 o+ 1y» HopManbhyo dopmy WU cnenyer
YIIPOCTHTH ¢ MOMOIUBI0 AuarpaMM Kapno. A Kaxmoro TpUITepa IMOIyIaeTcs
CBoe ypaBHeHMe. Bce ypaBHeHHMsI BMeCTe BOCIIPOM3BOAAT B (hopMe anreOpsl Jio-
TMKH cofiepXaHue TabIMIIbl HCTUHHOCTH.

XapakTepHMCTHYECKOe YpaBHEHHE OIMMCHIBAET IMPUHIMII AeHCTBUS TPUITEPA B
¢opme anrebpsl Tornku. Eciiv, HarmpumMep, HConb3yloTcst JK-TpHITephl, TO HYKHO
3aMucaTh XapakTepucTudeckoe ypaBHeHue Ui JK-tpurrepos (cM. pasnd. 7.7).

XapakTepHCTHYECKHE YpaBHEHHS TPUITEPOB H YIPOLIeHHBIE YpaBHEHHUS
ITOCTaBIeHHOM 3aJaYd CPaBHUBAIOT APYr ¢ apyroM. is 4 TpurrepoB 3TO
CpaBHEHHE NMPOBOMST YETBIPEXKAbl, TaK KaK Kaxaoe U3 4 ypaBHeHUH Imocras-
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JIEHHOM 3aa4¥ JOJIKHO CPAaBHUBATBCS C XapaKTePUCTHIECKHUM ypaBHEHHUEM.
B pesynbTraTe cpaBHEHHS NOJYYAIOT JOTHYeCKHe CBA3H A 4 J-BXONOB H s
4 K-BXOHOB.

WmMesa ypaBHeHHsI JIOTHYECKMX CBsi3eid, MOXHO H300pasuth cxemy. CuHTE3
CXEMBI ITOCJIe HaXOXIeHMsI YPAaBHEHHMI CBsI3ei He IPeICTaBIsAeT HUKAKHX TPYI-
HOCTE.

10.3.3.2. lNpumep pacyeta

ITosicHuM MeTOAUKY pacueTa Ha nmpuMepe. PaccuuraeM 4-OMTOBBI CHHXPOHHBIH
CYMMHMPYIONIWIA cieT4uK Ha O6aze JK-TpHITEpOB.

1. Iar:

CocraBiieHHe TaGMUIbl HCTUHHOCTH.

s 4-6utoBoro cueryrMka HyXHO 4 Tpurrepa. O003HauMM BBIXOABI 3THX
tpurrepoB Q,, Q,, O, u Q,. JIna KaxI0ro U3 3THX BBIXOJOB MPEAYCMOTPEH CTOJI-
Gew ¢ n cronGeu ¢, (puc. 10.48).

HayanbsHoe 3HaY€eHHMe TAKTOBOIO CYETYMKA B MOMEHT BpeMeHH 7, pasHo 0000,
yto cooTBeTcTBYeT necaruyHoMy 0. ITocime momaym uMITyIbca B MOMEHT BpeMe-
HHU [, | CYETYHMK JIOJDKEH YBEJIMYHMTH CBOE 3Ha4eHMe Ha 1. OH JHOJDKEH MOKa3bl-
BaTh gecaTH4HY0 1. CooTBercTByromee npornyHoe yuciio 0001. Bro copepxaHue
1-i1 cTpokH TaGIUIBI MCTUHHOCTH Ha puc.10.48.

PaccMorpum 2-10 ¢TpOKy Tabnuubl MCTUHHOCTH. B MOMEHT BpeMeHH 7 cyeT-
YMK MOKa3biBaeT ABouyHoe 4uciio 0001. B MOMeHT BpeMeHHM [, , | OH JOJKEH
MoKa3aTh ABOMYHOE YHCJIIO MOCJe OYepeTHOro Takra. 91o asouyHoe yucio 0010.

B 3-ii cTtpoke TaGMMIBI MCTHHHOCTH B MOMEHT BPEMEHM /, CYETYMK IIOKa-
spiBaer 0010 ,,. [Tocine ciaenyomero TakTa cYeTYMK N0/KeH nokassiBars 001 1,
(B MOMeHT BpemeHH f, , ). Tak cTpoka 3a CTPOKO¥ 3amoHAeTC TabaMiia MCTUH-
HOCTH, 10 3HavyeHusi cyeryuka 1111 ,. Ilocrie crenyioiero Takra OH I0/KeH

r|'| rn +1
JecarnyHoe 22720 272227 [ 2° JecartnyHoe
4nCno Qp |Qc | Qg | Qs [|Qp [Qc | Qe | Qa HUCNO

0 ofo|loflofofolo|1 1

1 oo 1jolo|1]o 2

2 ojo|1|lofofo| 1|1 3

3 olofl1]l1]ol1|o]o 4

a of1|ofofo|[T]o]|1 5

5 ol1flof1]o|1|1]0 6

6 ol1fl1fofo|1]1]1 7

7 ol1|1|1[1]olo]o 8

8 1loflolo|T]|o]o]|1 9

9 1loflo|1|T|o]1]o0 10
10 1lof1jof1|o|[1]1 11
1 1lofl1]101T11]o]o 12
12 1|1lojo 11|01 13
13 1]l1lo|1]1[1]1]o 14
14 11 1o 11|11 15
15 1]1l1l1folololo 0

Puc. 10.48. Tabamua MCTMHHOCTH 4-OMTOBOro ABOMYHOIO CHMHXPOHHOrO CYMMHPYIOILEro
CYeTYUKA.
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TOKa3aTh 0000(2] ¥ HayaTh cyeT cHavana. Mrak, Tabnuiia MCTHHHOCTH 3aIloJIHe-
Ha. OHa OJHO3HAYHO OMHUCHIBAET XelaeMylo HYHKIHIO CYETIHKA.

2. Illar:

CocTaBieHie ¥ YIIPOIIeHHE YPaBHEHUIT cUeTYHKA.
[Ipexne Bcero, HyXHO COCTaBUTh HOpMabHYI0 popmy WM Q, . | (moxpo6-
Hee cM. 1. 5). Hopmanbshas ¢opma UJIW cocTouT U3 8 MONHBIX KOHBIOHKIIHIA:

QA(“,):[(f_l/\EAEAﬁ)V(EABAEAﬁ)V(ZAEACAE)V
@® @ ©)

v(E.«BAC'AI_))V(ZAEAEAD)V(ZABAEAD)V

@ ® ®
V(ZAEACAD)V(ZABACAD)] .
@
Dta HopManbHas dopma UJIW ynpoliunaercs
Qa1 Q, a, ¢ noMoiupio auarpaMmbel KapHo. CoorBeTcTBY-
Mo | 1) 6, omasd JHarpaMma rnokasaHa Ha puc. 10.49.
o ol i | Ionyyaercs rpynmna u3 8 31eMeHTOB. YIpo-
1o | 15 menHas ¢opma UJTU:
Q,, —
5 1@ ‘@ Qu . n = Qs
1| o) a., BTO nepBoe ypaBHEHHE CUETUMKA.
3 o /13 Janee HyxHo0 06pa3oBars HOpMaJIBHYIO hop-
” /e my WIH Q;, ., , OHa Taxxke cocTout U3 8 moj-
a,, HBIX KOHBIOHKIIMI M MOXeT GHITh 3aHeceHa B
Puc. 10.49. Kapra Kapro nopmans- KapTy KapHo (puc. 10.50). Ilepemennsie Q,, O,
Hoit popmut HIIK Q, ., . 0., Q,, sanuceBalorcs Kak @, Q,, O, Q)

VrpouieHHas 3alMck He BHOCHT ITyTAHHULIBL.
M3 xaptei KapHo 3anuchiBaeTcsl ypaBHeHHeE:

Qoin i 1y = (QA A 63)\’ (6A N OQ)

3ro BTOpPO€ YpaBHCHHE CYCTUYHKA.

| Q,AQ,
| Q g i =
ain + 1) Q, qQ, Qen e | Q, Q,

1] 1) RN
I e M 3

o'\o g ol e\ I o,
Q, 0, Q, ~Q

Puc. 10.50. Kapra Kapao HopmansHoit dop-
mut WII @, , . MHaekcsl npu n ans npo- Puc. 10.51. Kapra KapHo HopManbHO# (op-
CTOTBI Y6PaHBHI. met MK Q. , |-
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YpaBHeHMe NOCTaBIeHHOM 3a1a4u ISt O, , |, HAXOAUTCS aHAIOTHYHBIM CTIO-
cobom. HopmansHas dopma UJIH Taxke cocTOMT M3 8 MONHBIX KOHBIOHKIIMI U
MoXeT OBITh 3aHeceHa B Kapty KapHo (puc. 10.51). YpaBHeHHe mpoeKTa:

Qctr s 1y =(QA AQBAQC)V(QAAQC)V(@BAQC)'

Ero MoXHO yIIpOCTHTB:

QC(JI+ = (QA AQB "Qc)V[Qc A(é,q VQ,B)];

Q1 = (OA A Qy A@C)V(OA A Qy AOC).

Hopmanbhast ¢popma WA s Q,,, .,
HOE BbIpaXeHHe:

QD(» + D) =(QA AQBAQC'AQB)V(QA AQD)V(GB AQD)V(QC AQD)-

INepemeHHylo Q) MOXHO BBIHECTH 3a CKOOKM:

Qo v 1y =(QA AQy A Q. AQ_D)V[(QD A(QA VQB VQC)]'

nokasaHa Ha puc. 10.52. ¥YnpoineH-

Qo - =(OAAQBAOCAGD)V(OA/\QBAOCAQD)

D10 mocneaHee U3 YeThIpeX YpaBHEHUM CUETYUKA.

3. Illar:

OHPCJICHBHHC XdpPaAKTEPUCTUIECKHX ypaBHBHHfl A TIPMMCHEHHBIX TPHUITCPOB.

Kaxk BBIBOOHTCA XapaKTepHCTHYECKOE ypaBHEHHE TPHITEpa OINpeleIeHHOro
THIIA, TOAPOOHO onKcaHo B pa3n. 7.7. g JK-TpurrepoB coriacHO 0003HAYEHM -
sim Ha puc. 10.53 xapakrepucTuyeckoe ypaBHEHHeE:

Q(“U=[(JAG)V(EAQ)]n.

B mpaBoii 4acTH ypaBHEHHS [UIsI YIIPONIEHUSI OIylIeH MHAEKC N.

Q.. =(JAQ)V(I?AQ).

. e
® /e
Q,
") Iz
1 1 r”
Qﬂ
TAN
a [
\ ao J — 1y Q
el e la T —a1C
o ~a, 6, 0, K—k  p—32a

Puc. 10.52. Kapta KapHo HopMmanesHO# ¢dop-

met HJIH @, Puc. 10.53. JK-Tpurrep.

n* 1)
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Jnsa 4 TpurrepoB nony4yaeM 4 XxapakKTepUMCTHYECKHMX YPaBHEHMS:

Quny = (T4~ Q) v (K, A Q,);
Quin ety = (14 A Da) v Ky A Q)
Qinry=(Je A Q) v (K: A Q:);
ooy = (o A 0p) v (K, £ Q)

4. Ilar:
OnpeneneHue JOrMYeCKUX CBsi3eil cpaBHEHHEM KO3((DHIIMEHTOB.
IMTony4yenusie B n. 2 ypaBHEHUS 110 OYepeIU CPABHUBAKOTCA C XapaKTepUCTH-

YECKHMMH YpaBHEHHSIMH:

Quniny = (J A QA) ( A A Q,,) XapakTepHCTHYECKOE YPaBHCHHE TPHITEPa;
Qunny =0, YpaBHeHHE CUETYMKA.

Kakoe 3HayeHue nomxeH umers J,, Y4ToObl U3 ypaBHEHUS BoIAETUTH Q,7?
J, nomxeH 6bITh paBeH 1.
Kakoe 3HaueHHe JOJDKHO UMeTb K ,, 9TOGBI M3 yIQINTH U3 YPaBHEHHS CKOG-

Ky, comepxamyio K,? K , IOJDKEeH OBbITh paBeH 0.

Qs+ 1y = (14~ 0,)v (K, AQ,) XapakTepHcTiyecKoe ypaBHEHHE TPHITEDA;

Qs sy = (14 QA) v(0AQ,)  VpaBHeHHe cueTIMKA.

Hnst J, n K, nontyyarorcsi Cieyloliue ypaBHEHUS:
K, =0

J, =1, K, =1

DTO NMepBbIe ABa YPABHEHNUS JOTHIECKOM CBsA3U. OHM MOJIyYeHbI IS IEPBOTO
TpUrrepa A.

Jlnst Tpurrepa B moy4aloTcsl CIEAYIOIME YPABHEHMUS:

Osin v 1y (J A Qg) (1? 5 A QB) XapaKkTepMCTHYECKOe YpaBHEHHE TPUITEpa;

OQsin - 1y (QA A QB) (Gg A QB) VpaBHeHHMe CUETYMKA.

KH =QA

~
I
D
N
[
0
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AHAJIOTHYHO TIOJNYYaloT ypaBHeHUs Ui Tpurrepa C:

Octn ity = (JC A QC) v (I?C A QC) XapakTepUCTHIECKOEe ypaBHEHHeE
V N TPHITEpa;

[ S——

Qeiw.ry =(Q A0 A0 )V(Q, AQ, AQ.) VpaBHeHHE CUETYHKA.

KC =QAAQB

J.=Q,AQ, K.=Q,~Q,

W nns tpurrepa D:

Opirery = ("D A 60) v (E p A Qp) XapakTepHCcTHYECKOE
(/ \I ypaBHEHHE TPUITEPa;

Qpney =@, AQy A Q- A0,)v(Q, A0y A0, AQ,) YpaBHeHHE CYETUHKA.

Eo =Q, A0y A0

Jp=Q, nQp A Qg Ky, =Q, ~Qy A Q;

Hrak, HaiineHbl Bce YpaBHEHHUA JOTHYECKUX CBSA3EH.

5. Iar:

Hapncona’rh CXeMy IO HalICHHBIM YPaBHEHUAM.
HaiinenHbre YPaBHEHHA 3allMCBIBAIOTCHA BMECTE!:

JA:I, KA=1;
JBZQ,U K3=QA;
Jo =Q, A0, K. =0, A0

JD=QAAQBAQC’ KD=QAAQBAQC'

°Q, Q,
1
Jy Jy
1J A 1J 8 D
= 1C t— 1C
1K Lo 1K
K, K,
E

Puc. 10.54. Cxema cyeTyuka, NOCTPOEHHAs [10 PE3Y/IBTATaM pacyera.
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VYpaBHeHus 14 J- 1 K-Bxoma KaXIoro Tpurrepa oqMHakosbl. [ToaroMy Bxo-
a6l J 1 K MOTyT yIIpaBiasATbCS COBMECTHO.

CxeMma, KoTopas MoJIy4aeTcsl COIIaCHO YpaBHEHMSIM, Mpe/IcTaBlieHa Ha puc. 10.54.
B pesynbrare pacueTa Mbl MOJYYMIU TAKYl0 Xe CXeMY, KOTOPYIO IOCTPOMIH B
pe3yibTare aHaIu3a BpeMeHHBIX auarpamm (puc. 10.43).

10.3.4. CnHXpOHHble BCD-cYeTynkn

10.3.4.1. Pacyetr cuHxpoHHOro cymmupyiouero BCD-cverymka

CornacHo MeToauke pacyeTa (moapaszi. 10.3.3) MOXHO paccYyMTaTh CHHXPOHHBIM
cymmupyiominii BCD-cyeTyuK.

1. lar:

CocraBneHue TaGIHuIbI HCTHHHOCTH.

ITceBnoreTpansl MOXHO He 3anMchiBaTh. VX siueitku Ha kapre KapHo MoxHO
o6o03HayaTh cuMBoJIoM X. IIpu o6pa3oBaHuu rpyniisl X MOXeT paccMaTpUBaThCs
Kak 0, tak 1 1 Ha BHIOOp pa3paboTduKa.

t“ tNil
Decsvunan | 20 | 22 [ 2T [27 127 [ 27 [ 27 [ 27 | Decamwunas
uwppa | Qp |Qc |Qp |Qs |Qp [Qc |Qs Qs |  undpa
0 ojoflo|lojo|ofo|]1 1
1 olojofl1f{o]o|1]o 2
2 olo|1|ojofof|T1]1 3
3 ojloft1|[1fj0|1|o]0 4
4 ol1|lofloflo|T1]|o]|1 5
5 o|1|o[1]o|1]1]0] 6
6 ol1|1fofo|T1{1]1! 7
7 ol1|1]1]1]o]o]o 8
8 tlojofof1|o o1 9
9 1]oflof[1]ojo]o]o 0
(10) 110 1|0 ‘ x | x| % | x
(1) tlof1 |1} |||
(12) 11|00} x| x| x|x; A—
(13) LU V2 B P P P Puc. 10.55. Tabnuila HCTHHHOCTH CHH-
(14) L L B B B N N A XPOHHOTO CyMMHpylowero BCD-cyer-
(15) LI 0 O T I T O A I yuKa.
2. Illar:

CocraBneHue W yIpollleHUe YPaBHEHHHA CUETYMKA.

Hopmanbusie popmer WIH ot Q,, . |, Q%H > Qe 1yr Cogn + 1) 3ATMCHIBAIOT-
cqa B kapty KapHo u ynpomalorcs (puc. 10.56). YrnpolueHHble ypaBHEeHHUS CUET-
YHKa:

Q. =045

Qsiu- 1y = (047 0s) V(2,2 0, £ 0y);

Qcinv iy = (04 A0 ) V(0 Q) V(2 A0y A 0);
Opin vy = (04 7 Q) v (Qy 7O, A Q- A T,).
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~Q

_ | _éA | a
Q‘U‘ +1) 0‘ o‘ aﬂ(ll 1) Q‘ 0‘ i
1{1\a (118
Q, Q,
x| x|{x]x x| x\x[x)
Q, @
_ X[IX1{1 _ X|X
QB a?
J | Vg, K 3,
Q Q a, . alioa e}
c c c 54 c \ c c él
Q, 65 A ﬁa
a, ~0, Q, A0, AQ ~Q,
Qe Q, ,’ a, Qo sy Q, / a,
e e
" Itx] “IXTX R
o, 0, A3, XX [IX{] X o, o,
Q, rx X o, X |\X Y- a,~q,
Ll 1 Q, a,
ol o' lg ol o Ia
8, ~Q

Puc. 10.56. Kapra KapHo ans onpejeneHns ypaBHEHM CYETYMKA.

Paccmorpum kapry Kapho wia Q) . . BuiHO, 4TO moiHasi KOHBIOHKLMS
0, AQp AQ. A QD He VIIPOLIAEeTCsA IpYIIIHUPOBKOM. Bclencrsue rpynnupoBKH
BbIIIaNa 61 nepeMeHHass Q ), KOTOpasi HyXHa Ul CpaBHEHUSI K03 dHULUHEeHTOB.

Ob6iee npasuio: B Kapre Kapuo mna Q0  n + 1) HE MOXET BBITIAlaTh MepeMeH-
Hag BenimyuHa Q,. B xapre KapHo nns Qa(” ;) Hé MOXET BbINAAATh NepeMEHHas
BemanHa Q.. B kapre Kapuo wia Q. ., ,, He MOXeT BHIAAaTh NepeMeHHas
BesmunHa Q.. B kapre Kapho s an + 1) HE MOXeT BbiNajarh IepeMeHHas
BenMynHa Q.

IIpu o6pa3oBaHMH TPYNN CIEeAYyeT YYMTHIBaTh TPAaHHUIIBI, MOKA3aHHLIE Ha
puc. 10.56 XupHbiMH JHHUSAMH. [IpH oGpa3soBaHMH TPYIIT XKUPHbIC JIMHUH He
JOJDKHBI Tmepecekarbcs. Takum o0pa3oM liejieHAanpaBieHHO IMPOMCXOIHUT OTKAa3
OT MaKCHMAaJIbHOTO YIIPOIIEHHS.

3. IIiar:

OHPCHCHEHHB XapaKTEPUCTHYECKUX ypaBHeHnﬁ UL IDUMEHSIEMBIX TPUITE-

pOB.
ITpumensitorcs JK-Tpurrepel. XapakTepuCcTHUYECKOe ypaBHeHHe 1 JK-Tpur-
TepoB, OMycKass HHAEKC 71, BHITJSIIUT TaK:

Qt,” by = (JAQ)V(I?AQ).
Jns 4 tpurrepoB A, B, C u D xapakTepMcTHYeCKHE YpaBHECHUSA:
Qun+ 1y =(JA AQA)V(EA AQA);
Qe = (JB AQ_B)V(KB AQB);
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QC(pH]) (J AQC)V(I?CAQC)Q
QD{N+1}=( DAQD)V(EDAQD)'

4. Mar:
OnpeneneHne JOTHYECKUX CBA3Ei cpaBHeHHEM K03(¢dHIIMEeHTOB.
Tpuzzep A

Qin 1y (J A QA) ( A A QA); XapakTepHCTHYECKO€E YpaBHEHUE TPUITEPA,
Quniny = Q,; YpaBHEHHE CYCTYHKA.

Qi vy = (147 0Q,)V(K, 7 0Q,);

Qunrny =(100,)v(040Q,);

KA =0;
J, =1 K, =1
Tpuzzep B
Cpir v 1y = (15 7 Qp) v (K5 7 Oy) XapakTepuCTHYECKOE YpaBHEHUE
L TpUITEpa;
Qsin s 1y = (QA A Qs) (Q,, AQy A QD) VpaBHeHHe CYETIHKA.

Ilepen cpaBHeHMeM Ko03(pdHIIMEHTOB TEpenuileM YpaBHEHHE CYEeTYMKA B
IPYyTOM BUIE:

Qsnry = (@ A0, A 0,)v(Q, A Q) XapakTepuCTHYECKOE YpaBHEHHE
1 \[‘ TpurTepa;
Osiny = (15 2 04) v (K, 7 Q,); YpaBHEHHE CYETYHKA.
KB = Gg;
ngoAAao KB:OA
Tpuzeep C
Qein vy (J A Qc) (K ~ Q) XapaKTepucTHYECKOe ypaB-

HeHHE TPHITEpa;

Qs 1y =(Q0 A Q) V(05 A Q) v (Q,, AQp A (_QC) VYpaBHeHME CYETUMKA.

Ilepen cpaBHeHmeM ko03thdHUIIMEHTOB mepenuilieM ypaBHEHHE CYETYMKAa B
JIPYroM BHJIE:

QC(:HI) (QAAQBAQC) QC’\(GAVQB);
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QC(H+I) "_"(QA AéaAéc)V(QAAQs "\Qc)

Ny _ V4
Qo= (JenQc)Vv(K.nQ);

KC = QA A Qﬂ;
Jo=Q, A0, K.=Q,AQq
Tpuzzep D
) 74 . XapakTepucTHYECKOE YpaBHEHHE
QD(!(+1}=(JDAQD)V(KDAQD)’ P p M

TPUITEPA;

Qo 1y = (04 A Op)v (QA A0y AQ: AQ,). YpaBHEeHHE CUETIHKA.

Ilepen cpaBHeHHMeM KO2(D(HULMEHTOB NepelnHilieM YpaBHEHHE CYETYMKA B
JIDYTOM BHJIE:

jD(n+ 1) =(Q_4 AQB AQCAQD)V(%AQD)

D+ 1) — (JDAQD)V(KD AQD);

Jp,=Q, AQ, AQ, K,=Q,

YPaBHt?HHH JIOTHYECKHX CBA3CH OIIpEneIICHbI.

5. Ilar:
TTocTpoeHne cXeMBbl Moclie onpeaeieHUst YPaBHEHMI JIOTHYEeCKUX CBA3€eil.

Q, Q,
1
J J
N o T —_-D‘LD“_JJ |
o ic —=1C
Lo—— 1K | o L+—o 11K e
K, a, K, Q,

Puc. 10.57. CuHxpoHHbI cymmupytonmit BCD-cueTumnk.
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3amuiiueM BMeCTe HaMIeHHEIE YPaBHEHHS JIOTHYECKHUX CBA3EIA:

JA =l, KA=];
‘I,B=Q,1Aép’ K3=QA;

Jc =Q,¢ AQ))’ KC =QA'”‘QB;
Jp =0, "0 AL, K, =0,

Tpurreps A, B, C 1 D coequHSIOTCA B COOTBETCTBHM C YPABHEHMSIMH CBSI3H.
Cxema paccUMTaHHOTO cyeTyMKa u3o06paxeHa Ha puc. 10.57.

Takr T
BxoA ycTaHoBKH O—B

N
o o
o= 1C
Ao &l 1k
—{R

ﬂ¢ﬁ ﬂ@ﬁ %@Q

N EI” %
&

) T 1c

& 1K a2
2 g
g - R b}
el @
L
o
3
%( &l1J
1 0
3 . %
E &
g | += 1c
I
S| Co &l 1K
- L L 5

n

1
)
it
o

™
i
&

o

] &

o
L=
o
|
X
[*J

Bxoa cpoca

FE‘
Paspewexue Me
—&] oo
FE, o 1[

Puc. 10.58. CTpyKTypa M LOKOJEBKa HHTerpanbHoi MUkpocxeMsl FLI401-74160 (cuHXpoH-
HBbII cyMMupylownii BCD-cueTynk).
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10.3.4.2. IHTerpasbHble CUHXPOHHBLIE CyMMmupyoLwmne BCD-cyerumnkn

CHHXpOHHBlE cymMmMHUpYIoliie BCD-CHeTYHMKH NMPHUMEHSIOTCSA B OOIBIIOM KOJH-
YecTBe M TIO3TOMY BBIITYCKAIOTCSI B BIAE MHTErpaibHBIX MUKpocXxeM. Mukpocxe-
Mbl MOXHO YCJIOXHATH 6€3 3HaYMUTENbHOIO YAOpOXaHMUA u3nenus. MHterpans-
Hble BCD-cY4eTYHKM YaCTO HMMEIOT TaKTHpYeMble MJIH HETAKTHPYEMble BXOJBI
cbpoca. Takxe yacto BCD-cueTYMKH MMEIOT BO3MOXHOCTD TpPEIBAPHTEIbHOTO
NpOrpaMMHPOBAHMS, T. €. Yepe3 clieliialibHble BXOAbl MOXHO YCTAHOBHMTH CUET-
YUK HA HayajJbHOE 3HAYE€HHE, C KOTOPOro OH HAaYMHAET CYUTATD.

TunmuyHOM MHTEerpanbHOM MHKpocxeMoil aBnsgerca cxema TTJI-cemeiicTBa
FLJ401-74160. CtpyKTypa MUKpOCXeMBI TIpecTapiieHa Ha puc. 10.58.

Bxon c6poca R He3aBUCHM OT TAKTOBOTO CHUrHaia. 0-CHTHAI Ha BXole cOpo-
ca cOpachiBaeT CYETYHK.

Bxon ycranoBkm S paGoraer c¢ Bxomamm A, B, C u D. IIpenBapurenbHas
YCTaHOBKa CyeTYMKa 4yepe3 MHOOPMAIIMOHHBIE BXOMH BO3MOXHA TOJNBLKO TIPH
YCIOBUM, UTO HA BXOJE YCTAHOBKHM AeicTByeT O-curHan. Tpurrep A MoxeT GHITH
ycTaHOBJIEH |-curHanom Ha Bxoae A u copoieH 0-curHajiom Ha Bxoje A. Takxke
u Tpurrepsl B, Cu D MoryT ObITh YCTAHOBJIEHBI ¥ COPOlIIEHBI YEPE3 COOTBETCTBY-
JoliMe BXOAbl. YCTAaHOBKA H COpOC IIPOMCXONUT CHHXPOHHO C IepeAHUM (ppoH-
TOM CUHXPOUMITYJIBCA.

JApyrumMu cjioBaMM, IIPH HaJIMYHMM CUTHAIA YCTAHOBKW CUTHaIBI HAa MHGOp-
MalMOHHBIX BXxogax A, B, C u D nepexonsaT B CUETYHK.

OcobeHHy10 poiib UrpatoT Bxoasl paspeiienus FE u FE, Ecnu Ha ofHOM 13
BXOIOB pa3pellieHMs JeicTByeT (-CUrHaJI, TO CYETYUK MOXET OBITh Npemycra-
HOBJICH, HO He MoXeT cuutarh. CyeT NMpPOU3BOINTCS, eclnHM Ha 0BOWX BXomax
paspewmienus FE, u FE, neficteyer 1-curnan. Ecniu Ha onHoM Bxone FE, neicTpy-
eT l-curHan, To pazpelleH TOJIBKO TepeHoc.

Cuerynk FLJ-74160 sipnsiercsi yHuBepcaibHbBIM. Eciu kakue-nub6o u3 ero
BO3MOXHOCTeI He BocTpeGOBaHbI, TO MOXHO He MOAKIIIOYaTh COOTBETCTBYIONLIVE
BBIXOIEL.

10.3.5. CUHXPOHHLIV cyeTumnK ana Koaa ¢ u3bbitkom 3

CHHTE3UpYEM CXeMY CHHXPOHHOTO CYMMMPYIOLUETO CYEeTIH-
Ka, paboTarolero B Kone ¢ M30bTKoM 3 Ha 6aze JK-Tpurre-
POB, NEPEKIIoYaIoLIMXcs ¢ 00paTHBIM (ppoHTOM (pHc. 10.59).
Cxema J1o/XHa ObITE paccynTaHa 110 AITOPUTMY, PACCMOT-
peHHoMY B moapasn. 10.3.3.

1. HMar:

CocrasieHue TabmuLBbl MCTHHHOCTH.

Ha puc. 10.60 nzobpaxen kon ¢ u3bbiTkoM 3. ITociie Kaxmoro Takra C4eTIuK
IoJDKeH ObITh BHICTABJIICH Ha 1Iar Brepen. Ha oCHOBaHMM 5TOro yCJIOBUSA MOTy4a-
ercs tabnuia uctTHHHOCTH (puc. 10.61). llecTh HeMCNONB3YeMBIX TETPAI ABJISAIOT-
cs1 nicepnorerpanamu (puc. 10.62). OHu MoOryT OBITh He 3a/IeliICTBOBAHBI B KOJIE C
“30BITKOM 3 M TponyLieHsl B Tabnuiie HcTHHHOCTH. MX sdeliku B Kapre KapHo
obo3navatorest cuMBosioM X. CornacHo puc. 10.62 HCTIOTB3YIOTCS CHMBONBI OT X
no X. Ilpu rpynnupoBke X MOXET Ha BBIOOP CYMTAThCS Kak 1 win kak 0.

—Qg=> 1C
—_— 1K D—

Puc. 10.59. JK-tpurrep.
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HAecAtnunan Becatuunas t s Decatnunan
wibpa |D|C|B|A wibpa | Gp| Go |@a | 0alGo |00 | Ga [Ga| widpa

0 ofo[1]1 0 ofo|1[1fo|[1]o]o 1

1 ol1fo]|o 1 oj1|ofoffof1]ofn 2

2 o|1]0f1 2 of1|of1Jo}1]1]o 3

3 o110 3 oft|(1fofjof1] 1] 4

a o111 4 oj1|1{1f1]0]0O0 |0 5

5 1/]0({0]0 5 1fojojoj1ji0]0{1 6

6 1{ofo]|1 6 1{ojof1)1]o]|1]o0 7

7 1{o|1]0 7 1jo|1foff1|o] 1|1 8

8 1o]1]1 8 1joj1|1fi1|1]0fo 9

9 111|{o]o 9 ij1|]ojojojo]| 1] 0
Puc. 10.60. Koa ¢ u3buiTkom 3. Purc. 10.61. Tabauma MCTHHHOCTH CHHXPOHHOLO
CYMMHPYIOILETO CYETYHKA B KOAE ¢ H3ORITKOM 3.

Qp |Qc |Qp | Oa 2. Iar:
0[0[|0|0][x
0|0 |0 1]x CocTaBlicHHE H YIIpOIIICHUE ypaBHeHnﬁ CYECTUYHKA.
g ? ; ? :d Hopmambtbie popmet WIH or Q, . 1\, Op. s 1 Qs 1y DSH b
111]1]0]x 3AMHCHIBAIOTCA B KapTy KapHo u ynpomaiorcs (puc. 10.63).

SEREREA Y ITomy4aloTcsi HUXKeEC/IEAYIOLIME YNPOIIEHHBIE M Npeobpa-

Puc. 10.62. INces-
LOTETPaLl.

30BaHHEIE YpaBHEHMsI cdeTuynKa. IIpeoGpasosaHus 1eiiecoo6-
Pa3sHb WIsl o0JIerYeHUs JajlbHeliero cpaBHeHUs Koagduiu-
€HTOB C XapaKTepUCTHYECKHMH YPAaBHEHUSIMH TPHITEPOB.

Q, ~Q,

| Q‘m”, Q‘ _‘ l Qau.“) 0‘ 5', ’,’f

SHEN 1 7o)
1(x|e, 11X |2

Q, - o, Z

- Q,

Xf Xe 1" xf \._)Ee__1J

a, —1= Q,
. x |11 |1 EXG 1)

aQ ] Q,
S L ES Cammmeees C1E) RIEAR

a, a, a, a, Q. \ a,

6’ AQ, A~ Q,

Q, ~Q. ~Q, Q, ~Q, AQ, ~Q,
| Quov iy Q, i\\ t_‘ | Qo) k aQ, Q,

M W e W x|

Q ¢ Q s c
s — O ey =3

)| x| x 1) x| x,|(1
G“ ~ OD ” O: Q, Q,

X 1] X 1
5, d — 0, 7 =
5 Q
Xb(1,i1P|X& o, X, X, |%

a / a e a, Q. a,

Q ~Q A 6” 6c n QJ

Puc. 10.63. Kapra KapHo ans onpeaeneHus ynpoleHHBIX YPABHEHWH CYETYHKA.
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YP dBHEHHMS CUCTYHKA:

QA(n+1J_GA’
Quns 1y = (lAQA) (07 Q,); @

QB(n +1) (éz; A Qc AQD)V (QA AQB)V (Q-,; /\Qg),
QB(n )= [Q_B A((Qc AQD)VQA):IV(QA A QB):
Qsn ey = II(QC AQD)VQA]AQBJV(GA /\QB); @

I (N NS N (RN XN M (RN 23N S X
QT(M+])=(QAAQBAQC VIIQAAQD QB’\QD):I QC]

QC(“-]) (QA/\QBAQC V[[QDA(QAAQB] Qc']: [©)]
Qoir .+ 1) (QA ANQp AQc A QD) (Qc A Gn)- @
3. IIlar:

XapakTepUCcTHIECKHAE YpaBHEHMS.

TpebGyercs onpenenuTh XapakKTepPUCTUIECKUE YPABHEHUS ISl IPUMEHSAEMBIX
TpurrepoB. Mcrnonb3oBansl JK-Tpurrepsl. XapakrepucTHYECKOE YpaBHEHUE JIIS
JK-Tpurrepos, oIyckKass HHIEKC H:

Q(mu (J’\Q) (K_'/\Q)

1S M3roToBNIieHUs cUeTYMKA HYXHBI 4 Tpurrepa, 0603HaueHHbIe CUMBOJIAMH
A, B, Cu D. OHu UMeIOT CleAyIOlIHe XapaKTePUCTHYECKHEe YPaBHEHHA:

Qo iy = (T4 70, V(K 7 Q,); ®
Qpir 1y = (I3 A )v(x ~Qy); ®
Qein vy =(Je A0 )V (K A Q)3 @
Qir 1y =I5 A Do) v (Kp A Qy).-

4. lllar:

OnpeneneHue ypaBHEHMH JTOTHYECKHX CBA3EI.
VpaBHeHNs cYETYMKA M XapaKTEPUCTUUYECKHE YPaBHEHHS yXKe OIpe/aeIeHEL.
CpaBHeHUeM MX KO3(QPUILIMEHTOB OIPEIESIIOTCS YPaBHEHHSI CBA3H.
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Tpueeep A
Qun v 1y = (JAAQA) v (EAAQA)
U U
QA(H+IJ = (IAQ_A) v (OAQA)
J,=1 J, =1
K, =0, K, =1
Tpuzzep B
Opir ey = (Jx "\Q_s) v (I?s AQB)
] U
Qﬂ(n + 1) = [(QC AQD)V QA]AEB] (QA AQH)
Jp =Q, V(OC AQ,)
I?s = QA Ks =Q,
Tpueeep C
Cctnrny = (Jc ’\Qc) v (Ec A Qc)

[} U
Qciruny = [(QA AQB)AGCJ v "(Gn "(QA VQ&)]AQC}

K. =QDA(QA VQ_B)=QDVQAVQB
K. =QDV(QAVQB)

Kc =(OA AOB)VQD




10.4. Jleaumenu wacmome: 30\\!’;)

Tpuzeep D
Qn(mn = (Jo A Q—D) v (ED A QD) ®
l 4
Opiiy = | CaA"Qs A0 A QD v (éc A QD) ®
Jp=Q, AQ, AQ,
KD = QC Ky =Qc

Ecny M3BECTHBI YpaBHEHHS CBSI3H, TO MOXHO CTPOMTh CYETYHK. TpHITEPHI
HYXHO COEIMHATh COOTBETCTBEHHO YpaBHEHUAM CBA3H. ['0TOBaA cxeMa CYeTIH-
Ka npeacTaBiieHa Ha puc. 10.64. CyeTYMK MOXeT HAYMHATh CYET C JIIoOOro Yuc-
na. Eciii OH DOJDKeH CYMTATh C HyJIs, TO HeOOXOOMMA JOIIONHUTEIbHAS CXeMa.

Q

A Q, Q,
] T
I

a

Q. ~Q, | J
I=
ﬂ Q,AQ,

Puc. 10.64. CHHXPOHHBIH CyMMUPYIOLIHIA CYETYHK B KOAE C U3OHITKOM 3.

MHorma cylecTByeT BO3MOXHOCTh IPYNIMPOBaTh KapTy KapHo MHade mpu
OIMHAKOBOM YPOBHE YIpOIIEHUs. B HalleM npumepe KapThl 3TO MMEET MECTO
mns Q. . - [Ipu Apyroii rpynmupoBKe MOTYYaIOTCS APYTHE YPABHEHUS CYETIH-
Ka M JApyrde ypaBHEHUs JIOTWYECKHX CBs3eil, IMpeICTABIISIONINE PaBHOIIEHHOE
pellieHNe 3aIaHus.

10.4. Jenvtenu 4acToThbl

JenuTtenn 4acToTkl — 3TO CXEMbI, MOHWXKAILLME 4aCTOTY NPAMOYTOMbHLIX CUr-
HanoB C onpeaeneHHbiM KoapPULMEHTOM nepecyeTa.

OnuH TpUITEp NMPOU3BOIMT JeJIEHHE 4acTOThl B oTHomeHuu 2 : 1. Ha gByx
TPUITEPAX MOXHO MOCTPOUTH JEUTENb YaCTOThI C OTHOLIeHWeM 4 : 1. [lenurenn
YacTOThl OBIBAIOT JABYX BHUIIOB. NEJIUTENM ¢ PUKCHUPOBAHHBIM K03bIHUMEHTOM
nepecyera M JEIUTENIM YaCTOThI C PEeryiupyeMbsiM Ko3¢hdHIIMEHTOM mepecyeTa.
ITocnemHie HA3BIBAIOTCA TAKXKe NMPOrpaMMHUPYEMbIMU JACJIHTEISMH YacTOTHL.
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10.4.1. ACMHXPOHHbIE AENUTEeNM 4YacTOoThbl
¢ dMKCUpoBaHHbIM KOadduumeHToM nepecyeta K

B kauecTBe menuTeieil 4acTOTHI MOTYT HCIIOJIB30BAaTbCA YK€ U3BECTHBIC CXEMBI.

Nio60oi aCUHXPOHHDIA ABOUYHBLIA CHETYMK MOXET BbiTb UCNOAL30BAH KaK Aenu-
Tenb 4acToThl C PUKCMPOBAHHLIM KO3(gUUMEHTOM NepecyeTa.

PaccMoTpuM cXeMy M BPEMEHHYIO AHarpaMMy 3-OHTOBOro IBOMYHOIO CYM-
MHpyIolIero cyeTyuka Ha puc. 10.65. IlepBuiii TpHITEp CYETYHKA HEUT HA JBA
YacTOTy BXOAHOro curHania E. Bropoii TpMrrep JeNUT HOIOJAM YXE pasieleH-
HYIO 4acToTy elle pa3. TpeTbMM TPUITEPOM YacTOTa OEJIMTCS ellle pa3 Ha JaBa.
3-OMTOBEIN IBOMYHBIH CYMMHPYIOIIHIA CIETYMK paboTaeT KaK AeTUTeIb YaCTOThI
C YaCTOTHBIM COOTHOIIeHueM 8 : 1.

JBoMYHBIE BHIYUTAIOIIHE CYETYMKH TAKKe MOTYT GLITh IIPMMEHEHHI B Kade-
cTBe aenureneii yactoTel (puc. 10.66). PazneneHHble CHTHAIB HMEIOT JIMIIL HHYIO
(dazy, yeM B ZBOMYHBIX CYMMHPYIOIIHX CYETYHKAX.

YerHbie K03GdULMEHTH NepecyeTa JerKo MOoay4YuTh. Kaxmelidl Tpurrep ne-
JIMT 4acToTy ¢ Ko3(dduumeHTOM 2:

f.

E

f =L,
T 2n

rae f/, — BXO[Hasl YacToTa; f, — pa3e/ieHHas 4acToTa; # — KOJIMUYeCTBO TPUT-
IE€poB.

q, Q,

O

~Y
(-]

~Y

~Y
PN

CE
|
[-]

[~

—
-
t

Puc. 10.65. ACHHXpPOHHBIH 3-OHTOBBIH CYMMHPYIOIIHIA CYETYUK B KAYECTBE AS/IUTENA YaCTO-
Tl ¢ k03¢ duiuenTom nepecyera 8: 1.
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Pnc. 10.66. ACHHXPOHHBII 3-GHTOBBIH BEIMHTAIOLIMI CYETYHK B KAYECTBE JEAHTE/11 YaCTOThI
¢ ko3¢ duumenTom nepecuera 8 : 1.
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Puc. 10.67. Jenurens yacToThl ¢ KoadduuueHTOoM nepecyera 3: 1 4 BpeMeHHas AHarpaMma.
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Puc. 10.68. [leautens 9acToThl ¢ KO3(pdHLMEHTOM nepecyeTa 6 : 1 ¥ BpeMeHHaa JuHarpaMmma.

~y

Kak MoxHO monyduth HeyeTHbIe K0adbduuuenTs nepecyera? Yrobwl momy-
YUTh He4YeTHBIe KO3 dUIMEeHTH IepecyeTa, UCIONb3yeMble B CXeME TPUITEPHI
IOJDKHBI KIMETH BXOIBI cbpoca. JlenuTens 4acToThl ¢ K03¢hGUIIMEeHTOM ITepecyeTa
3:1 npencrasieH Ha puc. 10.67.

BoixomHo# curHan Q, MMeeT APYroe MMIyIbCHO-(ha30Boe COOTHOLIECHNE, YeM
BxoaHo#M curdan E. [ MHOrMX MpakTHYeCKUX 3a/1ay 3To HeynooHo. Ecnu npu-
COETHHUTH CIEAYIOLIHIT TPUITEP, TO CHOBA MOJYIUTCS UMITYIbCHO-(da3oBoe co-
otHoienue 1:1 (puc. 10.68).

3apaHue

IMocTpouTh cxeMy JeMTeNsl 4acTOoThl ¢ Koadduimenrom mnepecyera 10 : 1.
HMnynbcHO-(a30Boe COOTHOMIEHHE BHIXOTHOIO CHTHaIa JOJDKHO OBITH 1: 1.

CHauasia cienyeT pa3paboTaTh CXeMy HeNuTeNnsa JacToTel 5 : 1. 3aremM K
3TOI cXeMe MOAKIIOYHUTE JHeJIUTeNTh 4acToThl 2: 1, TO ecTh elle OAWH TPUITEep
(puc. 10.69).

10.4.2. CMHXPOHHbIE AENUTENN YacTOThl
C PuMKCMpOBaHHbLIM KO3hdUumeHTOM nepecyeTta K

Bce BBILIECKa3zaHHOE LIS CHHXPOHHBIX ABOHYHBIX CYHETYHKOB ,ueﬁcmye‘r H Ind
ACHMHXPOHHBIX NTBOWYHBIX CYETYUKOB.

o600 CUHXPOHHBIA OBOWYHbLIA CHETYMK MOXET Takke ObiTb MCNoNbL30BaH Kak
nennTtenb 4acToThl C GUKCMPOBaHHBLIM KO3pbUUMEHTOM NepecyeTa.
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Puc. 10.69. enuTens yacToTsl ¢ Koadduumentom nepecyera 10: 1 1 BpeMeHHas AMarpamMma.

310 npapuwiio paboTaeT TONBKO I YeTHRIX K03 GhHIIMEHTOB ITepecyeTa, T. €.
2:1,4:1,8:1, 16:1 u 1. n. Ina npyrux koadpdriueHTOB nepecyera, 0COOGEHHO
JUIA HeYeTHBIX, HY’KHO W3MEHHUTh CXeMYy BKJIIOUEHHS BXOIOB TPUITEPOB.

Ha puc. 10.70 nzobpaxeHa cxeMa M BpeMeHHasl IHarpaMMa CHHXPOHHOIO
JenuTenst 4acToThl ¢ KoadduuueHToM nepecyera 3: 1.

a, Q,

1
|
|
1

ol

1
1
1J y 1 z Q i 1 I
A | | 1
= 1C 3= 1C T

SHE=E

|
t

L
I

|
1
(- 3T~ - t

Puc. 10.70. CunxpoHHBIi AennTeNs 4acToThl ¢ KoadduunenToM nepecyera 3 : 1 U BpeMeH-
Haa auarpamma.
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10.4.3. Jenutenk 4acToTbl C perynmpyemMsiM KO3pOuumeHTom
nepecyeta

JlenuTenu 49acTOThl ¢ PEryHpyeMbIM Ko3dhdUIIMeHTOM NepecyeTa SIBISIOTCS B
NIPUHIIAITE TIEPEKIIOYaeMbIMU IETUTENAMHU YacTOTel. OHM IIPOBOIAT HECKOIBKO
neneHuit yactorsl. CHTHAII ¢ XeJlaeMO# 9acTOTOM MoJaeTcsi yepe3 cXxeMy BbhIGop-
KH Ha BbIXoJ. JlenmuTenp yacToThl Ha puc. 10.71 neauT 4acToTy BXOIHOIO CUrHajia
B cooTHomeHu: 2:1, 4:1, 8:1 u 16: 1. CurHanamu Ha A U B BmiOupaetcst
HYXHbII CUTHAN Ha BbIXofe Z.

- _.L_l_c - -
Eo—d=T _‘—c:;-»?' = T L:T

Koadppuuwenr
A nepecyera
0 2:1
1
0
1

4:1
8:1 Puc. 10.71. Jlenurenp 4acTOTBI C PErYIHPYEMBIM KO3d-
16:1 ($HUIIMEHTOM nepecyeTa.

- = 0 Q|

CxeMa [IeJIATENA YaCTOTH MOXET H3MEHSATHCS MTOCPEACTBOM IePeKITIOYeHHH,
TaK 9TO MOXHO TaKXe TOJIy4aTh HedeTHbie Ko03(h(PUIMEHTHl NIepecyera.

BaxHoi XapaKTepMCTUKOM NeJIUTENS YaCTOThL ABJISIETCA MaKCHMaJibHas Yyac-
TOTa, KOTOPYI0 OH MoxeT pasnenuts. B DCJI-texuuke (cM. cemeiticto BCJI B
pasj. 6.7) MOXHO CTPOMTH JEJIUTENIH YacTOTH Wit YacToT 1o 900 MI'TI. Perynu-
PYEMBIii IeTATENTb YaCTOTHI JIsE 4acToThl 10 500 MTI'LI BeinmyckaeTcsi B BHIIE MUK~
pocxemsl ¢ Ha3BaHueM S 89. Cxema 3TOro cyeTYMKa ¢ LOKOJIEBKOW IIpHBeIeHa
Ha puc. 10.72. BosmoxHbie Ko3¢pduumeHTs nepecyera 50:1, 51:1, 100:1, 101:1,
102:1,200:1 w1 202: 1L

HyxHblit Koa¢uilMeHT NnepecyeTa YyCTaHABIWBAETCSI BXOJAaMH YIIpaBIeHMs
A, Bu ENA.

TabmiLa KOMaH/I H OCHOBHBIE ITapaMeTphl MMKPOCXeMbI TIpUBeAcHbI Ha puc. 10.73.

KOHTpONbHbIA TECT

1. YeM pa3iMyaloTCsi CHHXPOHHBIE M ACHHXPOHHBIE CYETYUKHU?
2. U306pasure cxeMy aCHHXPOHHOro 8-GMTOBOIO CYMMHPYIOIIETO CYETYMKA
Ha Gasze JK-TpUrrepos, yIpasisieMbIX IPAMBIM QPOHTOM.
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Puc. 10.72. CxeMa M LHOKOJIE€BKA NporpaMmMupyeMoro cyerynka S 89 (Siemens).
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Hux- Bepx- Eom-
HWA HUIA HUua
Ycnoeua ncneiraHuia np Tun npeaen | wame-
B A peHus
HanpsxeHne nuTaHns U, 4,75 5,25 B
Bxoabl, BuXOAb!
MNorpebnaemblit TOK I OTKPbITL 55 85 MA
BxoaHoe HanpsxeHwe U 1 B
L-ypoBHa Ha EHA ENA L
BxogHoe HanpsixeHve - a0
H-ypoBHs Ha EHA Uena v Ty 30°C 3.2 B
BxogHoe HanpsxeHue hre
H-ypoBHs Ha EHA Ugna n T,=25°C 3.0 8
BxogHoe Hanpsxexue _ .
H-yposHs Ha EHA Uena 1 T,=80°C 2.8 B
MoTtpebnaemsbiit Tok _ -
H-ypoBHs Ha EHA s Ugn = Ugu s = fT,) 0,17 0,3 MA
MoTpebnsemeblit TOK _
H-ypoBHs Ha EHA lowan U,,=98B 1,7 3 MA
BxoaHoe HanpsxeHue
L-ypoBHs Ha A unn B U 1.5 B
BxoaHoe HanpsxeHue _
H-yposHa Ha A unu B U U 0.1 Us+0.1 B
MotpebnaeMelii Tok _
H-yposHA Ha A unn B hao Ui = Us 0.5 1 MA
Moporosoe HanpsXxeHue _
cpabatbiBanusa Ha T Uy U;=58B 3.7 B
YBenuyeHue Hanpaxe-
HUA NepeknoYeHns
Ha T cTaTtm4eckoe Urss 2% 1600 mB
(T v Ref coeanHenbl)
YBenuueHue Hanpaxe-
HUA NepeKniuYeHns _
Ha T npu 500 My U, U;,=58B 250 400 mB
{ T v Ref coeguHeHbl)
BbixoAHOE HanpaXeHue _
Ha Q, U, Iy, = 3,2 MA 0,4 B
R mexay Q, v Q, R,, 1,8 2,5 3,2 Om
MapameTpsbl
HanpsixeHue nutaHms U, 4,5 55 B
sl f,.. | npns0/51, 1007101 | 2500 My
MakcumansHas npu 100/102, 1
BXOQHAs YacToTa F max 200/202 500 Mru
MuHUMansHas
npw 50/51,
BXOHas 4acToTa frn 100/101 20 My
CUHycOouaankHan
MuHUMansbHas
BXO4Has YacTtota f npv 100/102, 40" MIy
Tmin 200/202
CUHycOMAanLHan

" Amnnutypaa (SS) Ha T: 250 mB < U, ,, < 400 mB; U, 4,75 < U, < 5,5 B.



Konmponavnwiii mecm Q

Puc. 10.73. Ta6auia KoMaHa € NapaMeTPaMu NPOrpaMMHpyeMoro TaGnuua xomann
cueTymka S 89. ENA (£ /5,
200
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202
100
102
100
101
50
51
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f, — BxogHasa vacToTa
f, — BEIXOgHaR 4YacToTa

~ x|~ x|~ |~ T

3. Kak MOXHO M3 aCHHXPOHHOTO 4-GHTOBOrO CYMMUPYIOIIETO CYETYMKA Ha
6aze T-tpurrepoB cuenath BCD-cyMMHPYIOIIHIA cueTYHK? T-TPUITEPRI JOJDKHEL
MEPEKITIOYaThCA ¢ OGpPAaTHBEIM (PPOHTOM CHHXPOMMITYJIBLCA M MMETh HETaKTHpye-
MBI Bxoj cOpoca, KOTOpEIH copackiBaeT Tpurrep 0-CHrHaJIOM.

4. Y10 MOHMMAIOT MOJ CYETYUKOM IO MOIYIIO A7

5. M3o0pa3sute cxeMmy cyeTddka 1o moaynw 19 (cymMmupylouiero) Ha Oase
TPUITEPOB M3 Bompoca 3.

6. M3aMeHuTe cxeMy cyeTyMKa 1o Moayio 19 u3 Borpoca 5 TakuM oOpazom,
4TOOEl OH HaYMHaNM c4eT ¢ 18 M cumTan Ha yMeHbineHue o 0.

7. Kak paGoraer cxeMma, TpeicTaBieHHas Ha puc. 10.74?

Q, Q

Q

c

[>]

X o

Puc. 10.74.

8. YeM oTuiM4AaIOTCA CYETYMKH C NIPEABApPUTEIBLHOM YCTAHOBKOM OT IIporpam-
MHPYEMBIX CYETYHKOB?

9. U3meHuTe cxemy 4-0MTOROTO CYMMUPYIOIIEro cyeTyrka Ha puc. 10.7 Ta-
KHUM 00pa3oM, YTOOBI IOMYyYMICS TIPOrPpaMMUPYEMBIil CYETYUK.

10. U300pa3ure cxeMy CHHXPOHHOrO 5-OHMTOBOTO CYMMMPYIONIETO CYETYMKA
Ha 6asze JK-TpUITEpPORB, YIIpaBisgeMbIX 00OpaTHBIM (DPOHTOM.

11. OnuunTe METOAMKY pacyeTa CHHXPOHHBIX CYETYMKOB.

12. Kak MOXHO M3 CHHXPOHHOI0 4-OMTOBOr0 CyMMHpYIOIIEr0 CYETYHKA C
MMHHMAJIBHBIMH M3MEHEHHSAMH B CXeMe CeJiaTh CMHXPOHHBINA 4-OGHTOBEIM BbI-
YUTAIOLIHA CYETYHK?

13. 4-6MTOBBIM CMHXPOHHBII CYMMMPYIOIIMIA CYETIYMK TOJDKeH paboTaTh Kak
IEJMTENb YacTOTH ¢ Ko3ddunueHroMm mnepecyera 8 : 1. Kak usmenurcs cxema?

14. TpeOyercsi HAPUCOBATh CXeMY IEJIUTENIs YaCTOTH ¢ KOG DULHUEHTOM Ie-
pecyera 14 : 1 Ha Gase TpurrepoB u3 Bompoca 3. UMmmyabcHO-(ha3zoBoe COOTHO-
IIeHNe BBIXOIHOIO CUTHaIa JOJDKHO ObITh 1: 1.



NNMABA 11

LNDPOBbLIE CXEMbI
BbIBOPKN N CBA3N

11.1. Undposoir kommyTaTop,
MYNbTUNNEKCOP U AeMYNbLTUNIEKCOoP

UndpoBblie KOMMYTaTOPbl BbIGMPAKOT M3 MHOXECTEBA BO3MOXHLIX BXOOHbLIX AaH-
HbIX HYXHbIE W NEpenalnT MX Ha BbIXOAb!.

Bxommble CUrHaNBI MOCTYNAIOT ¢ pa3aeneHneM 1o BpeMeHu. Cxema, KoTopast
TIOCNIEOBATENIbHO MEepeaeT ONpe/elIeHHble BXOHBIE CUTHAJBI HAa BBIXOABI, Ha-
3pIBaeTCSA MyabTHILIEKcop (puc. 11.1).

MynsTunnekcop — 310 uMdpPOBON KOMMYTATOR C PasaenieHueM rno BpemMeHu.

AHAJIOTHIHO MOXHO nepenaBaTb BXOAHBIE CUTHAJIBI C Pa3sacJICHHUEM IIO Bpe-
MEHH Ha OJHMH M3 BBIXOIOB.

Cxema, nepegaiowan BXOOHbLIE CUrHabI C pasgeneHruemM no BpemMeHn Ha O4uH
M3 BbIXOAO0B, HA3bIBAETCA AEeMYNbTUNNEKCOP.

E, =§= A
£E=5 Lncdbposoit 5 A E—=H Undposon o= 42
E, KOMMYTaTop KOMMYTaTop =B== A, E, E,—E, — Bxofjui
== A, A, — A, — suxonb
£, =5 = A, S,. S, — anpecHuie Bxoaw
s s, 8, S,

Puc. 11.1. [{udposoii KOMMYTATOP-MYJIBTHILIEKCOD, AEMY/IBTHILIEKCOP.
11.1.1. MynbTHnnekcop «4 B 1»

PaccMOTpUM NPHHUMI NeWCTBHUS MYJIbTHUILIEKCOpA
Ha mpocTtoi cxeme. MynbsTHILiekcop «4 B 1» mMeer

yeTeipe Bxoma. Kaxaelifi M3 3THM YeTBIpeX BXOAOB
e K%:ﬁ%?f.fp oz JOJXEH MMETh BO3MOXHOCTh IOAKIIOYEHHA K BEI-

A o——{

;: ast xony (puc. 11.1a).
MynsTHIDIEKCOP paboTaeT KakK IepekiaioyaTeib
4 nonoxeHusiMu. B nonoxenuu 1 A coequHeH ¢ Z.
l l B mosioxenuu 2 B coenuHeH ¢ Z W T. [.
s, s, IlepexmoueHre MPOMCXOMUT IIOCPEICTBOM YIIPaB-

Puc. 11.1a. Myastiniekcop Jisonmx BxonoB. s yripaBieHus 4 pa3IMYHbBIMH 07I0-
48l XeHusMH Tpedyiores 2 ynpassioiux Bxoma. C 2 6ura-



11.1. Lugposoii kommymamop, myabmuniaexcop u demyasmunaexcop 31 D

Nonoxenwe | S, | S, | Z =
1 olo] A
A o
2 o|1]| B
3 110 C
4 111l D
B o
Puc. 11.2. Tabnuua
HCTHHHOCTH MYJb- Puc. 11.3. CxeMBI My/1b-
THILIEKCOPA «4 B 1». THILUIEKCOPOB «4 B 1».
C o
MM MOXHO 00pa30oBaTh YeThbipe KOMOMHAIIMM, po
KOTOPBI€ YCTAHABJIMBAIOT YE€TBIPE IMOJIOXKECHHA

(puc. 11.2).

CxeMy MynbTHILUIEKCOpa «4 B 1» erko pas-
paborath. [TepeMeHHbIE S, 1 S, NOJDKHBI IIPH- s, s
CYTCTBOBAaTh B NMPSAMO ¥ MHBEPCHOI (opme.

Bxonbl BeiOHpaloTcs mnocpeacTsoM HM-3jieMeHTOB MpH YCIOBUM TMOOAYM Ha Y-
paBIISIOLIME BXOIBI COOTBETCTBYIOLIEH KoMOHHau (puc. 11.3).

11.1.2. Undposoii cenektop «2 x 4 B 4»

Iudposoii cenextop «2 X 4 B 4» mMeeT ABa BXoaa 1o 4 6uTa U 4-GUTOBBII BBHIXOM
(puc. 11.4). Ha Boixon Z niopaiorcst inbo yerbipe A-BXxona, 1400 yeThipe B-Bxona.
Taxk Kak BO3MOXHBI TOJIBKO B MOJIOXKEHHSI, B HAIMIMHA UMEETCH TOJAbKO OIWH
anpecHblif Bxox S (puc. 11.4). Cxema sToro uupoBoro KoMMyTaropa npencras-
JieHa Ha puc. 11.5.

A, o &
A o ‘! A, o &
A JA— A
—4 A o— | ) Aa o
3 N | > N
A, o—— ——2, ‘ z z,)
Undpoeoii  ——o Z, R
KOMMYTaTop } — >
2xd4sd [ 04 | = Zz,
Bl o [ O Z‘/ zl—‘
B, o— >
B¢ z! z,
B,0— B, o & |
B, o— |
N =1
B, o— & EA
1 B, . 1
s B, o &
Monoxenwe | S| Z, , = B, ° &
1 0 A_,
2 1 ‘| B,._,

Q

s

Puc. 11.5. [IpunuunuaneHan cXxema cesleKropa

Puc. 11.4. Cenexrop «2 x 4 B 4». «2x 4B d»,
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11.1.3. Undpposoin cenektop «4 x 8 B 8»

DTOT celeKTop MMeeT Gonbliioe 3HAYeHUE B MUK-
pomnpoiieccopHoii TexHuke (puc. 11.6). 8-6uto-
Bble CJIOBa BHIOOPOYHO MepemaloTcs Ha 8-6urto-
BHie BbIXOABbl. BO3MOXHBI YeThIpe MOJIOXKEHHS
KoMMyTaropa. Ilepemavya cHrHajia yrpaBJieHHUs

TR

Lmdposoli  —— IIPOM3BOJNMTCS C IIOMOIIBIO JBYX aipeCHBIX BXO-
Wixene —— 5" 10B S, S, (2-6UTOBBE KOMAH/IB).
c., — Komanna §;, = 0, S, = 0 nepexkniouaer Bo-
1 ceMb A-BXOJIOB Ha BOCeMb Z-BHIXOHOB (Z, = A,
E_ Z,=A,Z =A, Z,= A urt. 1.). Ecnu Ha BBIXOX
b, JIOJDKHBI OBITH TepeiaHbl B-BXO/IBI, TOJDKHA OBITH
. KomaHna S, = 1, 8, = 0. JLia kommyrauuu C- u
i l D-Bxonos coorBercTBeHHO S = 0, S, = 11 §=1,
S, =L
5, 8,
Puc. 11.6. [Iudpopoii cenexrop
«4x 8B 8.

11.1.4. Undposoi cenekrop-mynbtunnekcop 16 8 1

ITudposoii cenekrop-MyabTUILIEKCOP «16 B 1» uMe-

eT 16 BXOOB, KaX/Iblil N3 KOTOPBIX MOXET OBITh Mme- ' o
pefaH Ha BbIXoA. To €CTh B HaJMYMH HMeloTcs 16 E
BO3MOXHEIX TOJIOXKEHMI. Tak Kak Kaxmoe ITOJIOXe- T Leposos
HHe BHIOMpaeTcs OTAECNbHON KOMaHIOH, HEOOXOAMMBI &1 xommyratop —o @
16 xomann. JInst popmupoBanus 16 KkoMmaHa Heob6xo- o— 6x1al
auMbl 4 6uta. Cxema HoKHA UMETh 4 YIIPaBISIIOLIUX o
Bxoma (puc. 11.7). pa—
Ll poBoii CeNEKTOP-MYIBTHIUIEKCOP «16 B 1» BBI- ¢ |
ITyCKAeTCs B BUAE MUKpOCcXeMbl ¢ o6o3HadyeHHeM FLY 1 1 l l
111-74150. CxemMa M LHIOKOJIEBKA ITOKa3aHbI Ha puc. 11.8. 5oss
TToctynalomue Ha BXOIbI CUTHAJIbl MHBEPTHUPYIOTCS ARDECHLE @HOm
Ha BBIXOZE. Puc. 11.7. MynsTumiekcop
Ha puc. 11.9 npencraniena tabnuna JaHHBIX MYJIb- «16 B 1».

tumiekcopa FLY 111-74150.

Ludpopoii cenexrop «16 B 1» paGoTaer KaKk MYJbTHIUIEKCOp, eciu 16 BO3-
MOXHBIe 4-0OMTOBBIE YNPABIAIONINE KOMAaHAB 110 OYEPENH IIOCTYIIAIOT B YIIpaB-
Jome Bxoapl. Kaxnas koMaHaa JUIMTCs, HapuMep, B Te4YeHHe MHJUIMCEKYH-
OBI, 3aTeM cClieAyeT ciieaylouias koMaHma. CueT HayMHaeTcs, KaK MPaBUIIO, C
0000 1 mpopoykaercst mo 1111. 3areM UMK HaYMHAETCSI CHOBA.

11.1.5. OemynbTunnekcop «1 B 4»

JemynpTumekcop paboTaer HaoDOPOT 1O CPABHEHHMIO C MYJbTHILUIEKCOPOM.
ITogaHHbI Ha BXOA CUTHAN OymeT BHIOOPOYHO MepeNaH Ha ONMH M3 BHIXOIOB.
VnpaBneHue MPOU3BOMUTCS YIIPABISIOIMMUMH OUTaMM.
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(Siemens).



Ql 8 [naea 11. LHugpoevie cxemuvl avibopiu u ceasu

16-6MTOBLIN MYNLTUNNEKCOP

FLY 111-74150

Mwukpocxema FLY 111/115 nmeet 16 Bxonos ot E, no E

15!

FLY 115-84150

Ha HUX OOHOBPEMEHHO NOAAINTCA

MHpOpPMaUMOHHbIE CcUrHansl H- nnn L-ypoBHe#r, Bxoasl BeiGMpaloTca B 3aBUCMMOCTU OT GMHApPHOMA
koMBuHauMu cocTosHWIA ynpasnsiowmnx Bxonos A, B, C, D n nocnepoBaTtenbHo B UHBEPCHOW dop-
Me nepepaloTca Ha Bbixoa Q. H-curHanom Ha Bxope Strobe Bbixoa @ Gnokvwpyetcs (H-curuan)

HE3aBMCUMO OT COCTOSHWUSA BXOA0B.

3TU MUKPOCXEMbI HaX0AAT NPUMEHEHME NPW NOCNEA0BATENbHOR NepeaaYe AaHHbIX Mo NIMHUK
B kombuHaumu ¢ mukpocxemoii FLY 141/145.

KO3 PULMEHT Ha KaHan

Hux- Bepx- Eom-
CraTnyeckue napameTpbl HWA HWiA Huua
B TEeMNepaTypHbiX 30Hax 11 5 Yonosus ucrbirakmi npepen Tun npenen | wname-
B A peHus
Hanpsixenwe nutaHus U, 4,75 5,0 5,25 B
BxopHoe HanpsixeHne _
H-yposHs u, U,=4758B 2,0 B
BxopHoe HanpsixeHwe
L-ypoBHs U, 0.8 B
BxoaHoe HanpsaxeHue =y U, =475 B, 15 B
Ha Knemmax ! =, =12 mA
BbixogHoe HanpsaxeHne Us =475 B,
H-ypoBHs Yan I, = 400 MKA 24 | 34 B
BeixoaHoe HanpsxeHwe U; =475 B,
L-ypoBHsa Uat I, = 16 MA 0.2 0.4 B
BxonHoW TOK Ha kaHan l, U,=5,25B, U=5,5B 1 MA
H -BXOQHOW TOK Ha KaHan / U;=5,258, U, =2,4B 40 MKA
L-Bx0AQHO# TOK Ha kaHan -1, U,=5,258, U, =0,4B 1,6 MA
Tok KopoTKOro _ - =
3aMbIKAHUSA la Us=5,258B, U, =0B 18 55 MA
MNoTpebnsiemMblil TOK I U,=5,25B, U, =458 40 68 MA
Bpema nepeknioveHns,
npu U, =5B,7,=25°C
Bpema npoxoxaeHna curHana
(6bicTpOneitcTBUE)
OTA B, C,DkQ@Q o 22 33 HC
Lo 23 35 HC
Ot Strobe k Q o, 21 30 HC
b 15,5 24 HC
OTE, noE, kQ t R, =400 Om 8,5 14 HC
0 59 % P C, = 15 nd
oy 13 20 HC
JNoruyeckne napameTpsi
H -koadpurumnenHT pas-
BETBAEHUSA MO BLIXOAY Fou 20
Ha kaHsan
L -k03dPUuneHT pas-
BETBNEHUA N0 BbIXOAY Fo 10
Ha KaHan
BxonHoM Harpy3oqHbin E 1

Puc. 11.9. Tabnnua gauusix undposoro cenekropa FLY 111-74150.




11.2. Jewuppamoper 31 D

Nonoxenue | S, | S, | €= S, 5 8 &
% 1 olo|a,
Undposoii |— Q, 2 0| 1] Qg
E o= koMMyTaTOp 3 1(0] Qe Q
“dBd  —0Q 4 1)1 a ‘

S‘ Sﬂ

1 & —
1
—0 Q,
[} ‘
f—
Puc. 11.10. JdemyabTu-

miekcop «1 B 4», —EI_" o

Puc. 11.11. Cxema
AEMYIBTHILIEKCOPA
«1 B 4». 5

Jemynpruiviekcop «1 B 4> UMeeT oJMH BXOI U 4eThipeX Beixona (puc. 11.10).
Heo6GXxoauMBbl YeThIpe MONIOXKEHHS H, CJIE0BATENHHO, YeThIPe BO3ZMOXHEIE KOMOH-
Hauuu. JUist yeTsipex KOMOMHaLM#H TpeOyloTCs /1Ba YNIPaB/ISIONMX BXxoja (S; 1 ).

CxeMma nemynbTHILIEKCOPaA «1 B 4» nipeacraBnena Ha puc. 11.11. Chopmupo-
BaHHBIH YIIPaBISAIOLIMMH CUTHAJIaMHM BXOIHOM CHTHAJ MMocTymaeT Ha M-3/1eMeHT.

11.2. JewwvdpaTopsl

Jns yripapjieHUs pa3jiIiYHbIMUA MOIYJIAMHU TPeOYIOTCH TaK Ha3biBaeMmble aapeca. B
uubpoBoi TEXHHKE TMOJ aApecoM NMOHUMAIOT MocieaoBaTeabHoCcTh 1-0 onpene-
JIEHHOM JUTMHBI, T. €. OMHAPHOE CJIOBO C YCTAHOBJIEHHBIM KOJIMYECTBOM OHMTOB.
CyiecTBy1oT, HanpuMep, 2-6uTOBEIE ajpeca, 4-OMTOBBIE afpeca U T. 1.

AewundpaTop SBASETCH CXEMON C ONpeaeneHHbIM KOANYEeCTBOM Bbix0AoB. Ha
BbIXOAb!, BeIDpaHHLIE Yepes aapecHsle Bxoasl, nogaerca 1-curnan.

11.2.1. 2-6uToBLIE AewmndpaTopsbi

Ecnn y pemngparopa dersipe BeIX04a, TO TpeOylOTCA IBa aIpecHbIX Bxona. Ta-
Ko# nemmudparop yrpasisiercs: 2-0uToBbiM anpecoM. C 2 6UTAMH MOXHO TIOJY-
YUTh pasnuyHbie agpeca (puc. 11.12). Cxema 2-6uroBoro aemmumdparopa nokasa-
Ha Ha puc. 11.13.

11.2.2. 4-6utoBLle gewmndparopsl

3-6UTOBBEIM a/ipecoM MOTYT ObITh BHIOpaHbl 8 BHIXOHOB. 4-GMTOBBIE ampeca IO-
3BOJIAIOT BbIOparh 16 BeIX0g0B. MOXHO 3amMcaTh 3aBUCHMOCTB:

n =2k

Ie n — YMCIIO BBIXOHOB; kK — YHCIIO aIpeCHBIX BXOIOB.

Ha puc. 11.14 uzodpaxeH 4-0HMTOBBIH nemmdparop ¢ Tabauieil HCTHHHOC-
TH. Bo3MOXHBI 16 pa3IMyHBIX aapecoB,  MOTYT OBITh BHIOpAaHBI 16 pa3THYHBIX
BBIXOZIOB.
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A o
——oQ, !
Anpectbie [A‘ 2-6uToBLIA C :\Buxw A, o—f
s (LA i
——oQ,
e
e
Anpec | A | A [Q, | Qs |Qc |Gy
(Homep)
1 |ofol1|ofo|o E|—ua,,.
2 |o|l1jo|1]|ofo
3 [1flolofo|1]o &] -
D
4 1 1Io olol1
Puc. 11.12. 2-6uroesiii aewmdparop 1 ero Puc. 11.13. Cxema 2-6uroBoro aemmdparopa.
TabJHLA HCTHHHOCTH.
A A A |A Qo |G| Qe |Qa [Qy | Qs | Qs |Gy |Qn [Qg |G |Qiy | Drz [ Qs | Qs | Ors
ojojojol1|o|lo|lo|o|o|o|lo|jo|o|lo|o|o|o|o]|o
o|lofo|1/o|1|o|lo|o|lo|o|lo|o|olo|o|o|o|o]o
olo|1|/olo|o|1|o|o|lo|lo|o|ofo|o|o|o|o|o]o
olof1|[1]o|o]lo|1|o|ofo|o|o|o|o|o|o|o|o]o
ol1]o]fo 1
ofl1{o]1 1
ol1]1]o0 1
ofj1]l1]1 1 Hynu He BrcaHw
ANA ny4wero
1101010 1 o63opa Tabnuusl
1]o]o|1 1
1lof1]o 1
1 0 1 1 1
111]/0]|o0 1
11101 1
1{1]1]o0 1
1111 1
OD
|4 Alo— —
Aupecauuj'qi: 4-6uToBEH | BLxoau
BXOab! A, o—— Rewudpatop ———
A‘u— I
Puc. 11.14. 4-6urosslii aemindparop u ero a, |
TabnAuIa HCTHHHOCTH.
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11.3. Uudposbie komnapaTtopbi

UndpossiMm KOMNapaToOpoOM Ha3biBAETCH CXeMa, KOTOpas CpaeBHWBaeT apyr ¢
Apyrom aea GuHapHeiX BeipaxeHns A n B v coobuwaer, saenaetca nin A > B, A =B
nm A < B.

PaBeHcTBO mByX OMHApHBIX BHIpaXEHMi JIETKO BBIABHUTH. Bce GMTBHI 060mMx
BBIPAXEHHWI TOJKHBI COBITaNaTh, MHA4Y€ OHU HE PaBHHI.

Omnpenenuts, 4r0 A Gonplilie, YeM B Unu Hao60pPOT, cloxkHee. 3AeCh HYXKHO
3HATh MPUMeEHIEeMBIi Kofl. CpaBHeHHEe BO3MOXHO TOJIBKO IIPH YCIOBUH, YTO KOM-
mapaTop CIpOeKTHPOBaH Jiisi paboThI C KOOM, B KOTOPOM 3aKOJAUPOBaHEI BhIpa-
XxeHuss A u B.

OGBIYHO KOMIIAPATOPHI CIIPOEKTUPOBAHBI JUISI JBOMYHOH CUCTEMBI CUHCIIE-
HHUsI, B 9YaCTHOCTH I pabOTHl B JBOMYHO-IECSITUYHOM KOJE.

11.3.1. 1-6uTOBLI KOMNapaTop

ITpocreiiium KoMapaTopoM aBisercs 1-6uToBblii koMnapaTop. OH cpaBHUBa-
eT JBa OMHAPHBIX CJI0Ba JUIMHOW B 1 6uT. CxeMa uMeeT TpH Bbixoaa (puc. 11.15).
Ha Boixone X mosiBnstercsi 1, ecim A > B. Ecnu A= B, 10 Y= 1. Ecniu A < B, T0
Z=1

CxeMa kKoMIlapaTopa, IpuBeleHHas: Ha puc. 11.15, MoxeT ObITh CHHTE3UPO-
BaHa Ha 6a3e cxeMbl HepaBHO3HaYHOCTH. OOHaKO ee MOJKHO PacCYHUTATh TAKXKE C
noMouipio HopManbHoi dopmel MJIU (puc. 11.16).

X=AAB;
Z=AnB;
Y=(;AE-)V(AAB);

Y =(AAB)v(AnB)

Brogpi Buixoaw
0 X X=1 ecmA>8
A O
1-6utosbid | ¥y Y=1,ecnmA=8
KomMnapaTtop
B o———
—o 7z Z=1,com A< B

Puc. 11.15. 1-6uToBBEI KOMNAPAaTOP M €ro Tabauna HCTUHHOCTH.

- 3
B o L x=4anB

Puc. 11.16. Cxema 1-6uToBOro
KoMIaparopa.

1H—2114
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11.3.2. 3-6utoBbIii KOMNapaTop ans BCD-kopa
(ABOMYHO-OECATMHHOIO KOAA)

3-6MTOBHII KOMITAapaTOp CpPaBHUBAET APYT C JpPyroM Asa 3-6uroBeix ciosa. Ha
puc. 11.17 u3o6paxeH 3-GHTOBBIA KOMIIApATop VISl ABOUYHO-AECATHIHOIO Kojxa
M ero TabnmMia HCTUHHOCTH. Tabmuila MCTUMHHOCTH COKpallleHa. Y MOTHOM Tab6-
JIMIBI HCTHHHOCTH IS LIECTH IMePEMEHHBIX BO3SMOXHB 64 KOMOMHAIIMH.

>B|A=BlA<B DA —— X (A>8)
X Y z MNepeoe A
3-6utoeoe umcno | 4° 3-6uToBbIA
1 o 0 2 KoMnapaTop Y A=8)
o | o | 1 | B, — A
Bropoe | 8 BCD-xopa
1 0 0 3-6utosoe uncno | B: | Z (A<B)
o | o | 1
1 o | o
0 0 1
i Puc. 11.17. 3-6uToBbiii KoOMnapatop Aaa BCD-xona
L 0 M ero Tabauua HCTUHHOCTH.

CHayana JIO/KHBI CpaBHMBaThCs HamOoyee 3HaYMMBble OMTHI, T. €. 4, ¢ B,
Ecim 4, > B,, To A > B. Ecnin A, < B,, T0 A< B. Ecnu A, = B, , To nepexoaum
Ha CJIeIYIOIMiA [10 3HAYMMOCTH paspsin. Ecim 4, > B,, 0 A > B. Ecnu 4, < B,,
0o A< B.

Ecin A, = B, , TO nepexoauM Ha CIEAYIOINA 10 3HaYMMOCTH paspsan. Eciau
A > B, 10 A> B. Ectu A, < B, 10 A < B. Ectu Bce Tpu 6uTa paBHEI, T0 A = B.

IIpu npoekTHpOBaHUHU cXeMEI 3-OUTOBOTO KOMITapaTopa BOCITOJNIb3yeMcsI cXe-
Moii 1-6utoBoro kommaparopa (puc. 11.15 u puc. 11.16 coorBercrBeHHO). B
cXeMe J0JDKeH NPUCYTCTBOBAaTh BXoJ 3ampera (puc. 11.18).

1-6uToBLii 1-6uToBLIH
E | xomnaparop Y'::> Eo xomnaparop oY

Puc. 11.18. 1-6uToBHBII KOMIOApaTOp CO CXEMOH 3anpera.

Tpu 1-6MTOBBIX KOMITApaTOpa CO CXEMOII 3ampeTa JOJDKHBI OBITh BKIIOYEHB
TaKUM 00pa3omM, 4ToOBI COOTBETCTBOBATEh TabnuIle ncTHHHOCTH (puc. 11.17). O6-
1ras cxema rokazaHa Ha puc. 11.17.

Cayyaii 1:
A >B X, =1=X=1=A4A>B
Tak xak ¥, = 0, To Bxozusl 1-6MToBBEIX KOMIapaTopos I u II 6ynyT 3aneprhi.
Cnyuqaii 2:
A<B Z =1=Z7Z=1=A<B.

Tak kak ¥, = 0, To Bxozbl 1-6utoBbix Komnaparopos I u IT 6yayr 3aneprhi.
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by

o

N;t:.

1-6uToBbiit
KOMNaparop

p

1-6UTOBLIA

KOMnaparop ¢

1-6uTtoBbii
KomnapaTop

@

m b I

Puc. 11.19. Cxema 3-6utoBoro komnapartopa ana BCD-xona.

Cayuaii 3:
A, = B, A, > B,

Teneps Y, = 1. Bxox 1-6urosoro xomnaparopa II orkpsiBaerca. Tak xak
A, > B,, to ¥, = 0. Bxons 1-6utoBoro komnaparopa I ocraiorcs 3ab10KupoBaH-
HeiMH. X, Oyaer paseH 1 u, cnenosarensHo, X = 1.

Cnyyaii 4: _
A, = B, A, < B,
To xe, uto u B ciy4ae 3, TonbKO Z, = | M, clefoBaTenbHO, Z = 1.
Cuayyaii 5:
4; = B, A, = B,

Beixon Y, = 1. TToatomy oTkpeiBaeTcs Bxoj 1-6MToBoro kommnaparopa I. Tak kak
A > B, 10 X, = 1 u, cienosarenpHo, X = 1.

Cayqaii 6:
A, = B, A4, =B,
To xe, uto ¥ B ciyyae 5. Tak xak 4, < B, 10 Z, = 1 U, ciefoparenbHo, Z = 1.
Cnyvaii 7:
A, = B, A =B A =B,

Y =1 u, cnenosarensHo, Y = 1.
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11.3.3. 4-6uTOBLIA KOMNApPaTOP ANA ABOMYHOrO Koaa

Crpykrypa 4-GMTOBOIO KOMIIapaTopa II0X0Xa Ha CTPYKTYpY 3-GHTOBOro KoMIia-
paropa, TOJBKO HY:KHO TOGAaBHTE ellle OOMH 1-GHTOBBII KOMIapaTop C 3allHpao-

IMKUMHCHA BXOJaMH.

4-6UTOBBIE KOMITAPATOPHI TSI ABOMYHOTO KO/Ia BHIITYCKAIOTCS B BUIE MHTET-
panbHBIX MuKpocxeM. Ha puc. 11.20 mpencrasieHa LIOKOJIEBKA M TaOnMUIa McC-
THHHOCTH cXeMbl FLH 431-7485. Cxema npunamnexur K TTJI-cemeiicTBy. [Ton-
Has TabJIMIa JaHHBIX IIpUBeIeHa Ha puc. 11.21.

Nornyeckue cooTHOLIEHUNA

WHdopMaumoHHse Bxoas

Bxoas nepeHoca Buixoaw

>

A<B|A=B|A

@

A<Bl A

o

X
4> B,
A, > B,
A >8 | A8,
A, >B, | A>B,
A>8, | A>8,
A > By | A > B,
A >B, | A>B,
4 >B, | 4>8,
4 >B, | A>B,
Ay > B, | A > B,
4> By | A > B,
4 >8, | A8

" omo
X X x X
X X X X Xx X
LN R

PERPREIPREEE DD RS
cp ey

X pPrPPrirrrIIlIrS

II>

A B | AB | A B |A>B
X

~IXxrPreIoXXXXXXXX

L (X cooreercTeyer L- unu H-curkany)

~ I X IosXxXXXXXXX

FEITICE X X X XX XXX
I~~FM~IF~I~IF~IC~IV
I~~~TI~I~IF~TITF~TIM™
NI T~~~

RS

FLH 431-7485
FLH 435-8485

Lokoneska
Bun ceepxy

— P

.."‘—‘l:—'——l

Puc. 11.20. ITokoneeka u cokpauieHHas Tabanua ucruaHocth cxembl FLH 431-7485 (Siemens).

4-GUTOBbLIM KOMMNapaTop

FLH 431-7485
FLH 435-8485

Mopayns FLH 431/435 cpaBHMBaeT nBa ABOUYHLIX 4-6UTOBLIX cnoBa (cnoBo A U cnoeo B) m
pasnu4yaet Tpu coctoaHua: A > B,A=B, A< B.
3T10T MOAYNb MOXET paclumpaTLes 6e3 AoNONHMTENLHOW NOMMKK TPEMA BXOZAaMWU NepeHoca ansa
cpasHeHus Asyx cnos nio6oii AnuHbl. Mpu 3Tom ANs Kaxaoro cnegyowero 4-6UToBoro cnosa yse-
NMYMBaETCs BpeMs 3aJlepXK1U Ha BpemMsl 3aepKKM AByX BeHTunen. HanpumMep, npu cpasHeHuu AByX
8-6UTOBLIX CNOB 3agepxka pocturaet 38 Hc. TunnMuHas 3agepxXka NpoxoxXaeHus ana 4-6UToBbIX

CNnoB — 24 Hc.

Hux- Bepx- Enn-
CratMyeckue napameTtpsl HKiA HUWA HMUa
B TemnepaTtypHbix 30Hax 1 u 5 Yonosna nenuimarmi npegen Tun npegen | wname-
B A peHus
HanpsXeHue nuTaHuns U, 4,75 5,0 5,25 B
BxoaoHoe HanpsXeHwe U U. =4758 20 B
H-yposHa H s ’ !
BxopHoe Hanpsixenue u 0.8 B
L -ypOBHS L '
BxogHoe HanpaxeHne _ _ o
Ha KNemMMax U, U,=4,75B, -I,=12MmA 1,5 B
BbixoaHoe HanpsixeHne Us;=4,75B, =/, =400 MKA
H-ypoBHs Yau |0, =280 =088| >* | 34 B
BbixoaHoe HanpsixeHue U;=4,75B,1, = 16 mA
L-ypoBHs Ya |y =28 U =088 02 | 04 B




11.4. Hlunot dannbix @

Hux- Bepx- Enu-
B gj;:;:f:::;xagg;i?i 5 Yonoaua ncrerasmi n;t;:lan Tun n;:fen ::::—
A peHvs
H-Bx0AHOR TOK Ha KaHan 1, U =24B 120 MIKA
kpome A< BuA>B I, U‘"= 5,'5 B,‘ 1,0 MA
H-BXOAHOW TOK Ha KaHan [ U; =5258 40 MKA
kpome A<BuA>B 1 1,0 MA
L-sxonHoiA TOK
Ha KaHan, =1, U;=5,25B, U, =0,4B 4.8 MA
kpome A<BuA>B
L-BxoAHOA TOK
Ha KaHan, -1, U,=0,48B 1,6 MA
Kpome A< BuA>B
TOK KOPOTKOro
o -1, U,=5,25B 18 55 MA
MoTpebnsiemulii Tok I U,=5,258B 56 88 MA
Bpemsa nepexknioyeHmsa,
npulU,=58B,7T,=25C
Bpems npoxoxaeHua curHana
(6bicTpOOEACTBUE)
Bxon oT A k B L, 17 26 HC
Boixop A< Bunn A > B by 20 30 HC
Bxog oTAk B t,. 23 35 HC
Buixop A =B tou 20 30 HC
BxogpoTAkBumA=8B tos R, = 400 Owm, 7 11 HC
Buixon A > B toy C, =15 n® 11 17 HC
Bxop A =B to 13 20 HC
Buixopn A =B [ 1 17 HC
BxopoTA>BuwwmA=8B o 7 11 HC
Boixon A > B o 11 17 HC
Koadduument
pasBeTBNEeHUs no F, 10
BbIXOAY Ha KaHan
BxoaHO Harpy304HbIi
K03 PULMEHT HA KaHan F, 1
Ha KaHan A< Buwnn A>B
BxoaHoI Harpy304HbIA
k03P PULMEHT Ha F, 3
niobom Apyrom KaHane

Pnc. 11.21. Tabauua panHbix cxemsl FLH 431-7485 (Siemens).

11.4. LUWHBbI paHHbIX

11.4.1. CTpykTypa 1 NnpuHLUMN JENCTBUSA

Moa WKHOW NOHWUMAIDT CUCTEMY AN pacnpeaenenus 1 nepegadu OUHAPHOW
nHbopmMaunn.

CoBo myHa IMPOMCXOAMT OT JIATMHCKOro cyioBa omnibus (mana Bcex). Bee
S7IEMEHTHl CHCTEMBI, Mepejalollie UIM NpUHMMallMe OuHapHylo uH$opMa-
LUIO, CBSI3aHbI APYI C IPYIOM LUWHOM.
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Nepenatunk Dpaii- Nurn
AaHHBIX Bep AAHHBIX

S., 5, — nuHMK ynpasnesvs
NpuemHuk NpruemMHKk NprnemHnk | | Npuemunk
AAHHBIX AAHHBIX NaHHBIX AAHHBIX
1 2 3 4
Bap. | S | S, Homep
| | NPUEMHNKA OAHHBIX

1 |10}0 1

2 |01 2

a l 110 3 Puc. 11.22. IlocnegoBate/isHas OLHOHANPABNEHHAA IIMHA C

4 111 4 nepeaaTYvKOM H NPHEMHHKOM JaHHBIX.

Ecnu muHa mpegHazHaueHa Ui nepegavyd WHQOpPMAlMH TOJBKO B OJHOM
HalpaBJICHWW, TO OHAa Ha3bIBaeTCA OJHOHamNpaBleHHOW. Eciu maHHBIE MOryT
nepenaBaThcs B 000MX HampaBlIeHHSIX, TO TaKasl 1IIMHA Ha3bIBaeTCs JABYHAIIpaB-
JIEHHOH.

Ilepenaya NaHHBIX MO IIMHE MOXET OBITh MApaUIEJbHON WIH TMOCIeI0Ba-
tenbHOM. CHcTeMBI LIWH pa3fe/IgIoTcs Ha MapajuleJIbHble M MocaedoBaTeIbHbIE.
B mapannensHBIX cMCTeMax UL KaXIoro OMTa nmepegaBaeMoro OMHapHOIO CJIO-
Ba BbIIeJIEH OTAENbHBII nMpoBo. g nepenayn 8-6UMTOBOrO ClioBa HEOOXOAMMO
8 nposogoB. DT 8 MPOBOMOB HA3BIBAKOTCA NTHHUAMHK HaHHBIX. s ympasnsio-
IIMX CHTHAJIOB HEOOXOMMMBI JAOMONHUTENbHbIE JIMHUM (puc. 11.22).

B nociieqoBaTeIbHBIX IIMHAX IS Tiepegady JaHHBIX JOCTATOYHO OXHOM JIU-
HuH. OTIenbHble OUTHI NepPeIaloTCs MO oYyepen U OObeTUHAIOTCS B MECTe TPH-
eMa B MepBoHavyajnbHOe OMHapHoe cioBo (puc. 11.23).

IIIuHBI TOCenOoBaTEeNIbHOM NMepenadyd JaHHBIX padoTaloT MeJIEHHee, YeM
CHCTeMbl apajuresibHoro o6MeHa. [[st mocneaoBarebHOl nepeaadyn HeoObxomu-
MBI JOPOTrHe CXeMBl IIapaJUIeJIbHO-IIOCNIeN0BATe/IbHBIX U I0C/IeN0OBaTe/IbHO-T1a-
paJUTeNIbHBIX TMpeobpasopareseii. [To3ToMy IIMHBI MOCIeNOBaTeIbHOrO o6MeHa

Napan-
nensHo-
Nepenatynk nocnenosa-
AAHHLIX TeNbHLIR -
npeobpa-
30BaTens
cepsiM  AMHWK VﬂpﬁﬁﬂeHlﬂﬂ
Mocnego- Nocneno- Nocneno- Mocneno-
BaTeNsHO- BarenbHo- BaTeNbHO- BarensHo-
1ap nar 11 1ap napannensHeIin
npeobpaso- npeobpa3zo- npeobpaso- npeobpaso-
Barens BaTens Batens sarens
TR R
al \ i
MNpremHnk MpuemHmnk MpuemHuk NpuemHuk
Puc. 11.23. [lapaiiensHas ogHO- AaHHBIX AaHHbIX AaHHBIX DaHHBIX
1 2 3 4
Hanpap/l¢HHaa IUHHa ¢ nepeaar-

YHKOM H NPHEMHHKOM NAHHBIX.




11.4. Hlunvi oannbix @

MCIONB3YIOTCA TOJIBKO TaM, A€ NOMOJHHUTEIbHbIE JIUHHHU CTOSAT OYeHb [0POro,
HalpUMepP, NPH GONBIIMX PACCTOAHUSX MEXIY TMEPEAaTIUKOM M MPUEMHHKOM
IaHHBIX.

B GonblIMHCTBE Clly4aeB PacCTOSIHUE MEXIY IepelaTiuKOM M IIPUeMHHKOM
He3Ha4YUTeJIbHO, TaK YTO TMapa/UleNbHasd IIMHHAA CHCTeMa SBISETCH XOPOIIMM
pelleHUEM.

Kaxmas mmiHa 10JDKHA yMeTh BBIOpaTh HYXXHBI IPUEMHUK NJaHHBIX. Bribop-
Ka IIPOMCXOOUT ¢ MOMOLIBIO YIIPaBJISIIOIIMX BXomoB. IIpocToii nmpuMmep mokasaH
Ha puc. 11.22. Yepe3 nBe MMHUM YIIPABIEeHUS MOTYT 33aaBaThCsA YETHIpE pPa3iny-
HbIX KoMaHabl. Kaxmas KoMaHaa BKJIIOYAET OOMH H3 IMPHEMHHUKOB JaHHBIX Ha
MpHEM.

Ecnu npueMHHKH JaHHBIX He paGoTaloT Ha TIpUeM, TO UX HHPOpMAaIIMOHHbIE
BXOJIbI JIOJDXHBI OBITh BHICOKOOMHBIMHU. [IpMEMHHK JaHHBIX HE JOJDKEH BIMATH
Ha CHUTHaJIbl, HaXOAAIIMeCd Ha NMHHMAX WHHBL B cxemax MOII-ceMeiicTBa BXO-
bl BCErJa BLICOKOOMHBIE. 3AeCch He BO3HMKaeT Gonblumx mpobneM. B cxemax
TTII-cemeiicTBa Hapsay ¢ AByMsI OOBIMHBIMU L 1 H-COCTOSSHUSIME IOJDKHO OBITh
TpeThe BLICOKOOMHOE COCTOSHME Ha BXojae. BHICOKOOMHOE cocTosiHHe obecre-
YHBAaeTCs CHeLMAIbHBIMUA AONOJMHEHUSAMH B cxeMme. TTJI-cxeMbl, BXOIBI KOTO-
pPHIX (M BBIXOJBI) HMEIOT BHICOKOOMHOE cocTosHMe, Ha3piBaioTcsd TRI-STATE-
TTI-cxembl. (TRI-STATE — Tpu BO3MOXHBIX COCTOSIHHS).

K 1IMHe TakKe MOTYT NMPHCOSAHMHATHCS HECKOJIBKO IMEPEeNaTYMKOB JAHHEIX.
Camo coboii pazymeercsl, YTO IOJDKHA 00ecneYuBaThcs HEBO3MOXHOCTD Mepeaa-
9Hd JAaHHBIX ABYMS TepelaTduKaMHu OgHOBpeMeHHO. HeakTuBHBIN mepemaTyMk
JaHHBIX He NOJDKEH BIMATh Ha HAXOMSUIHeCs Ha THHUAX ITHHBI CHTHAJIBI. Bbixo-
JIBI TOJDKHBI OBITh BBICOKOOMHBIMIH.

DjieMeHTHl LIMHBI MOTYT padoTaTh BpeMS OT BPEMEHHM M KaK INepedaTYHKHU
JaHHBIX, H KaK NMpHeMHUKH. B Takoil cucTeMe BHICOKHE TPeOOBaHUSA NPEAbSIB-
JISIIOTCH K ynpapisiiouuM curHaiaM. [lIuxa paGoraer B JIByHanpaBJieHHOM pe-
KHUME.

IIIMHHEIE CUCTEMBI NEPENaYd JAHHBIX UCIIONB3YIOTCS B 00NACTAX, THe HE0O-
XOauWMa Tmepefada JaHHBIX Pa3IMYHBIM IIPUEMHHKAM C BO3MOXHOCTbIO MX BbI-
Gopky. B OCHOBHOM 3T0 MHMKpOIIPOIIeCCOPHAaA TeXHHKa (CM. IMI. 15) M cucTeMbl
uudpoBoil 06pabOTKH TaHHEIX.

11.4.2. CraHpapThl WUH

IIIuHHABIE CHCTEMBI TTepegaYd JaHHBIX MOTYT OBITh OPTraHH30BaHEI B MHOXECTBE
BapHaHTOB. M0OXHO KOH(pHUTYpHPOBATh IMMHBI, HAYHHASA ¢ YHCJIA JIMHWI JTaHHBIX
M 3aKaHYMBas JIMHUSAMHU YIIPaBICHHS.

Kaxmas MUKpompoueccopHas CHCTeMa HMeeT COOCTBeHHYIO IIMHHYIO CHC-
TeMy. OOBIYHO 3Ta CHCTEMA COCTOMT M3 §-OMTOBOI IIMHBI JaHHBIX, 8-OMTOBOI
IMHBI KOMaHa ¥ 16-6uToBO# IHMHH agpeca. ITo mmuie aapeca nepenaiorcs aj-
peca maMaTH (cM. 1. 15). Becero B mmuHe 32 nMHUM.

TeHaeHLUA pa3BUTHS IIHHHBIX CHCTEM CKJIaJBIBA€TCA B CTOPOHY 16-GHTHBIX
JIOKJIBbHBIX INUH JAaHHBIX, 24-GUTOBBIX JIOKAIbHBIX aIpecHbIX INHH U 16-GHTO-
BBIX JIOKQJIBHBIX IUMH KOMAaHI, T. €. O0IuX 56-06MTOBBIX IUMH. YTOOBI 3/1IeMeHTHI
Pa3MYHBIX MPOM3BOMMTENICH MOIJIM paboTaTh APYr C APYTOM B IIMHHOW cHCTe-
Me, BO3HHKJIa HEOOXOAHMOCTh B CTAHAAPTH3AILIMM 1UHH.
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Hekotopnie cranmapTsl WIS WHMH yXe cHOpMHpPOBAIMCL. DTO, HaNpuMep,
cucrema S100 wim Altair. Dra mMHHag cucreMa ucnoyb3yer 100 JiuHMM, T. e.
CTAHAApT C 3aracoM JUIST PacIIMpPEeHUS.

Eme onvH ctaHmapT I IMMHHBIX CHCTEM Tiepenadyd JaHHHX — 3T0 IEC-
wnHa, taxke HaswmiBaeMasg IEEE-488-mmnoii (IEEE — Institute of Electronic

and Electrical Engineers). BTOT cTaHEapT MCIIOJIb3YETCS MPEXKAE BCETO B KOMITb-
IOTEPHON TeXHUKE.

KOHTPONbLHLIA TEeCT

1. Kak pabGortaetr uudposoii cenekrop?

2. O6BsiCHUTE pa3IMYMe MEXIY MYJIbTUILIEKCOPOM H JIeMYJIbTUILIEKCOPOM.
3. Pa3paGoraiiTe cxeMy MYJIbTHIUIEKCOPA «8 B I».

4. Kak noctpoen cenektop «3 x 4 B 4»? CKONbKO HEOOXOAUMO YIIPaBJISIO-

mmx BxomoB? Hapucyiite 6nok-cxeMy aHanorudHo puc. 11.4.

5. Pa3pabotaiiTe cxemy AeMyJIBTHILIEKCOpa «2 X 2 B 2».

6. Kak paboraer nemmdparop aapeca?

7. Hapucyiite cxemy 3-6utoBoro nemudparopa.

8. OOBbACHUTE MPUHLMII AeiicTBUs LM poBoro 1-6MTOBOr0 KoMmaparopa.
9. Yro mOHMMAIOT NOJA LUWHHOM cucTeMoi?
10. Kakue nmpenMyIecTBa MMEIOT CTAHAAPTH30BaHHEIE IIHHHBIE CHCTEMBI?



rNNMABA 12

PEMMCTPbI
N SANOMUNHAIOLLME
YCTPOMCTBA

12.1. CoBuralowme perucTpsl

Cposuraowme perucTpbl SBNAOTCA CXEMaMKU, KOTOPbIE NPUHUMAIOT UHGOP-
MaLUKI0 NOCNeA0BaTENbHO BO BpemMeHun, BuT 3a 61MTOM, COXPaHaIOT B TEYEHME onpe-
AeneHHoOro BpeMeHn 1 nNepenakwnT aansuie.

JIJ1s1 OCTPOEHUs! CABUIAIONIMX PETMCTPOB MCIIONB3YIOTCH TPUITEPbl. X0OPO-
IO MOAXOOAT ynpapiisieMble Mo (GpoHTY UMIynabca D-Tpurrepbl, RS-Tpurrepst
A JK-TpUrITEepHI.

BbhicOKOKaYeCTBEHHbIE CIBUIalLIHE PErMCTPbI CTPOATCHS 4YacTo Ha JK-
MASTER-SLAVE-Tpurrepax. PasnuuHbie MOIynsapHbie CABUTAIOLINE PETUCTPHI
MPOM3BOAATCS B BHJIE HHTETPAIbHBIX MHKPOCXEM.

12.1.1. Casuralowme nocnenoBaTesibHbleE PErucTpbi

IIpocToii 4-paspsAgHBIi caBUTralOLUMii perucTp IoKas3aH Ha puc. 12.1. OH cocTo-
WT U3 YeTeIpeX D-TPUITePOB, KOTOPhIE NePeKIIoqaloTcs: IpsAMBIM ppoHToM. TTpuH-
un aeidcTBus D-TpurrepoB oobsicHeH B pasn. 7.7.7.

Eciu Ha Bxonme E neMcTByeT |-CUTHAI M CUTHAJI CHMHXPOHU3AIMHM U3MEHAETCS
¢ 0 Ha 1, To Tpurrep A ycranapaupaercs. Ha ero Beixone Q, nosisisercs 1. Ecau
Ha Bxoj nocrtynaeT 0-cHrHal, To co 2-M mepeaHUM (PPOHTOM CHHXPOUMIIYIIbCA
Tpurrep A coOpocurcs U ycraHoBuTcs Tpurrep B. Curtan 1 nosgsurcs Ha Bbixone Q.
C 3-M nepegHUM (PPOHTOM CHHXPOMMITYJIbca TpUIrTep B cOpocurcs M ycTaHo-
Butcsa tpurrep C. Q. 6yner 1. C 4-m nepeIHHM (POHTOM CHHXPOMMITY/IbCA
tpurrep C c6pocurca u ycraHosurcst tpurrep D (Q, = 1).

Hanpaunenwe chawra

£ fE = A

E o——1D —o—— 1D —o——o 1D 1D —o0—o0 Q
= C1 = C1 = C1 = C1

T o

Puc. 12.1. 4-pa3spsagHblil CABAIOBbIA PECUCTP As NOC/IEA0BATENBHOIO BBOAA-BbIBO/A.
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CocrosHna nocne takra T
Howmep HOMEp
vakta | E |Q, | Qg | Q. |Qp=Q
1loflofo] o [1 2] [3] [4] [5]
I ! . .
1 jo[1]ofo]| o e 1 i E | t
2 lojo|1]|o]| o } I |
3 jloflolof1 0 | |
4 Jojojofo| 1 i i =t-
s [oJo[o]|o 0 : '

Puc. 12.2. dyuxunonans-
Haa Tabnuua 4-6mrosBoro
CABMIAIOLIErO PErMCTpPA.

~Y

~Y

Q, 1
|
Puc. 12.3. Bpemennas auarpamma 4-GUTOBOrO T r—"i
CABUTAIOLIErO PErmcTpa. >
t

1-curHaJ, KOTOpBIH B Hadajie 6B IIPUIOXKEH KO BXony F, IIOCienoBaTeIbHO
MepexouT OT Tpurrepa K Tpurrepy. Ceiiyac oH IeMCTBYeT Ha BBIXOJIE CIBUTAl0-
mero peructpa. C nepeaHuM (ppoHTOM 5-T0 TaKTa Tpurrep D Takxe cOpachiBa-
ercsa. [oBOpAT, CABUTAIOLIMIA PErHCTP «ITyCcTOl». OH HE COAEpPKUT OOJbIe HU-
Kakoil nHbopMaLuu.

Ha puc. 12.2 B GyHKImOHANBHOM Tabmuie NMpecTaBlIeHb] MOaroBsie CIBH-
ru. Ha puc. 12.3 u3o6paxeHa BpeMeHHasl [1MarpaMma.

Kakasi BpeMeHHasi uarpaMMa TIOJyYUTCs, eCTM Tiepen 3-M TaKTOM K BXxony F
CHOBa OymeT mpuaoxeH 1-curHai, M 3ToT 1-cUrHa/M OyaeT NelCTBOBAThL M TMOCIIE
3-ro TtakTa?

Ecnu nmepen 3-Mm takToM K BXxony E cHoBa Oymer mpunoxeH l-cMTHaI, TO
TPUITEP A YCTAaHOBUTCA ¢ MepeaHUM GpoHTOM 3-ro TakTa. C nepegHuM GpoHTOM
4-ro Takra Tpurrep A copocurcs, a Tpurrep B yctaHoBuTcs. C niepegHuM ¢poH-
TOM 5-ro takTta cOpocurcs Tpurrep B u yctaHoBurcst Tpurrep C — M Tak jasee.
Bpemennas nuarpamMma usobpaxeHa Ha puc. 12.4.

Tlonapaembie Ha BXxon 1- M O-CMTHaJIBl MPMHUMAIOTCS B CABUTAIONIMI pe-
THCTP C BPEMEHHBIM CIBUTOM WIH MO odepenu (IroclieqoBareibHbIl BBOA daH-
ubix). ITocne npuema nHpopMauuu CUrHaIBI CAHXPOHM3ALMU MOTYT Gonblue He
nonaparbes. MHgpopManusa coxpaHsercs 0 TeX Iop, IOKa CHOBa He OyayT noga-
BaThCsl CUTHAIB CMHXpoHM3anuu. [locne mogayM CUTHAIOB CHHXPOHM3aIMH
uHbopMais 6MT 3a 6UTOM OyIeT MmoiaBaThcs Ha BhIxon Q (ITociienoBaTeNbHBIH
BBIBOJI JaHHBIX).

Mpumep

ABouynoe gucno 0101 nosmkHO OBITH 3allMCAaHO B CABMUTAIOLIUI perucTp
(puc. 12.1). IIns atoro HeobxomuMo 4yeThipe TakTa. [lepen 1-M TakTOM comepxka-
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Puc. 12.4. BpemenHnas auarpaMma.
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t

HajbHasA Tabauua.

HMeE TiepBoro OMrTa (3HavyeHHe 2°) MOMKHO AelcTBOBaTh Ha Bxoae F (1-curHan).
ITepen 2-mM TakTOM comepXaHWe BTOporo oura (3HaueHue 2') JOJDKHO JEHCTBO-
BaTh Ha Bxode E. Bro B nanHoM npuMepe 0-curHain. Ilepen 3-M TakroM conmep-
JXaHMe TpeThero bura (3HaueHHe 22) QOIDKHO AelicTRoBaTh Ha Bxone F (1-curxHan).
IMepen 4-m TakTOM CcofiepXaHHe 4YeTBeproro Oura (3HayeHue 2%) JOJDKHO Jieii-
ctBoBaTh Ha Bxoae E (0-curuan). ITocne 4-ro Takta BBeEHO NBOMYHOE YHCIO
0101. BpeMeHHass nuarpaMma npotiecca uzobpaxeHa Ha puc. 12.4.

Tenepb curHajibl CHHXPOHU3AIUU MOXHO Gosblie He nmonaears. Mudopma-
1Ms1 OyIeT coxpaHeHa B PerMcTpe B TeYeHME JUTMTEIbHOIO BPEMEHH.

st TpaHCHISIMU AaHHBIX Yepe3 Beixon ( Tpebyiorcs enie 4 takra. [lepBorit
OuT OKa3bIBaeTca Ha BeIxoge Q mepen 5-M TakToM, 2 OUT — IOcie 5-ro takra.
3-it 6uT mocie 6-ro TakTa, ¥ 4-it 6UT nocne 7-ro takra. Ilocne 8-ro Takra cIBH-
ralouMii perucTp myct (puc. 12.5).

YcnoBHoe rpaguyeckoe 0003HaYEHHUE COBUTAIOLIHX PEIHCTPOB ONpPEAEIISICTCs
DIN 40900, gactp 12. s Tpurrepa Ha puc. 12.6 oHO m306paxeHo Ha puc. 12.1.
SRG o3Havaer capuraromuii peructp (ot aHr. shift register). Yucno nmocne SRG
SIBJISIETCS] YUCIIOM OUTOB.

ChBuraionyie perucTpsl NIPOU3BOIAATCS B OOJNBIUUX KOJIMYECTBAX B BUAE MH-
TerpaibHbIX MuKpocxeM. MHTerpansHast MukpocxeMa FLJ 221-7491A comepXut
8-OMTOBRINM CABHTralOLIMIA PETHUCTP /I NTOCIEN0BAaTENbHOTO BBoga—BbiBOAA. [[o-

[————-—0

L
E o SRG4

Puec. 12.6. YcnoBHoe obo3HayeHue 4-GHTOBOro T = C1
CABUIAIOIIEro PEruCTpa ¢ M0C/ISA0BATEILHBIM BEO-
[OM—BBIBOAOM Ha bGase D-tpurrepa. I
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Bxog cuhxpo-
Q 0, WMNynLCoB
14 1 9 8
: I L 11 L | Liokoneeka
Bun ceepxy
A B —
I PP 18 3 NoCNEAoBaTENLHLIE BXOAL
Q. Q — ebixoas
= C1 = C1 T — YNpasnsoWMit BXoA
1R 1R o
18 } 18 18 15 15
C1 <] C1 =] C1 <] C1 = C1 <]
g 1R @ 1A [—d 1R 1R |-g 1R
T T L JL JT L JLC T T1 T Puc. 12.7. Liokoneeka u 610k~
1 2 3 4 5 6 7 cXeMa HHTErpaibHONi MHMKPO-
U, cxembl FLJ 221-7491A.

KOJIEBKa M OJIOK-cXeMa 3TOH MHKpOCXeMBl npeacTaBieHbl Ha puc. 12.7. Caosura-
IOLIMI PETHCTP NMOCTPOeH Ha RS-TpuITepax, INepeKIIoYalolIuXxcsi ¢ 0OpaTHBIM
¢dpoHTOM CHHXpOMMITYJIbCOB. Tak Kak B IMHMIO YIIPABICHUS BKIIIOYEH JIEMEHT
HE, To nepexioyeHne MPOUCXOIUT ¢ MepeaHuM (GpOHTOM CHHXPOMMIIYJIbCA Ha
Bxoze 9.

12.1.2. CoBuraiowme perncTpbl C napannensHbiM CYUTbIBAHWEM

CaBuramolye perucTpbl Bceraa UMEIOT BO3MOXHOCTE ITOCIEN0BATEILHOTO BBO-
Jla—BBIBOJIa MAHHBIX. be3 3Toro cBoiicTBa cxeMa He MOXET Ha3blBaThCs CABMIa-
IOIIMM PETHUCTPOM.

ChOBUTAIONINI PETHCTP ¢ MapaUieIbHbIM CYMTHIBAHMEM MOXET TPaHCIMpPO-
BaThb XpaHHUMble JaHHBIe ONHOBpeMeHHO. CaBuralolmuii peructp Ha puc. 12.8
HMEET BO3MOXHOCTD IapaJUIe]IbHOTO CYMTHIBAHUSA. (Q-BBIBOIABI TPUITEPOB BHIBE-
JIeHEl Ha ocoOeHHble KieMMbl MUKpocxeMbl. Ha HUX B pacniopsckeHHM pa3pabor-
YHKa MMEIOTCS Bce yeThipe Oura.

JI1g MOCTPOEHHUS CABUTAKIIEr0 PerucTpa UCIoJib30BaIMCh RS-TpUTTEph. 3TH
TPUITEPHI cOpachIiBalOTCA MHavYe, yeM D-Tpurrepsl (cM. pa3a. 7.5.2). CopaceiBaHue
TPHUITEpa IPOUCXOIUT TOJILKO B TOM CIIydae, ecim Ha R-Bxope neiictByer 1-curHan
npy (HpoOHTE CUHXPOUMITYIbca. O-CUTHAIBI HE TIPUBOIAT K TIEPEKIIIOYCHHIO TPUT-
repos. [ToaToMy BXOIHO#M cUTHAN noyikeH nonaBarbes Ha HE-anmeMeHT U R-BXOX

Q, Q, Q. a,
A B c D
Eo 13 - 18 : 18 : 18 oo

Q, Q. Q. Q,
Puc. 12.8. Capura- o o Ci —ob> C1 —a=> C1 e
FOLLMI PErMCTp C na- 1A o-g R = 1R D-C{ 1A
pavie1bHbIM CHUHUTBI- A ] -
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Puc. 12.9. Capura- Q, Q, Q. Q,
IOIMI PErUCTp C na-
PaLIeNIBHBIM CYUTRI-
BAHHEM M CXeMOWH & & &
6IOKMPOBKH. Uo N
A B c D
E o 18 15 18 18 Q
Iil =cC1 =C1 =C1 =1
1 l 1R 1R 1R 1R

U =1 C—> napannencHoe CHMTLIBaHUE
U=0 C—>> cnenrosslil pexum paboTsl (NOCNeAoBaTeNbHbIA BEOA-BLBOA AAHHBIX)

nepBoro Tpurrepa. Ecinu Ha Bxozne FE peiictByer O-curHan, To Ha Bxoae R nepBo-
TO TPUITEPA NEUCTBYET |-CUTHAI U TpUITEp cOpPachIBAacTCA C IPUXOAOM CIEIYIO-
11IEro CUHXPOUMITYJIbCA.

Kaxzplit Q-BeIxon Mor Obl OBITE CBSI3aH ¢ R-BXOAOM CJIEAYIOLIEro TpUITEpa
yepes ayeMeHT HE. BnemenT HE MoXHO He npMMeHsATh, TaK KaK MHBEPTHPO-

BaHHBIH (-CHTHaJI UMEETCs B paclopsoKeHuu Ha Beixone (. Beixon Q Hemocper-
CTBEHHO CBS3BIBaeTcs ¢ R-BXOJOM clieAyloulero Tpurrepa (cM. puc. 12.8).

XpaHuMasi B CHBUTAIONIEM pETUCTpe WHMOpMalMs MOXeT ObITh CUMTaHa Ha
Boixonax Q,, Q,, Q.u Q,. Bo BpeMs napauieibHOrO CUNTHIBAHMSA CABUTAIOLINIH
PErucTp He AOJIKEH NMPOM3BOAMTL CIABHIOBBIX ONepalMii, MHA4Ye CUYMTHIBaeMble
JIaHHbIe OYIyT MCKaxXeHbl. TakuM 00pa3oM, MOCJ/Ie0BaTe/IbHOE U IapajUiejibHOe
CYHUTHLIBAHHMA OJHOBPEMEHHO IIPOM3BOAMTLCS HE MOTYT.

CaBuraioumuii peructp Ha puc. 12.9 umeer cxeMy OJIOKMpPOBKM, KOTOpasi Ipe-
JOTBpAllaeT CIABHUTaIOLIMe OMEPalMH PErUCTPa NMPH NPOBEJAEHUH ITapajUIeIbHOTO
CYMUTHIBAHMSA H, C IPYTOii CTOPOHKI, OJIOKHPYET Mapa/uleibHOE CYUTHIBAHHE, €CITH
CABMTAIOIIMI perucTp IpOM3BOAMUT CABMTraouude omepauuu. Ecniu Ha Bxome U
Jgeicreyer 0-CHMrHaI, TO BO3MOXHA ITOflaya CHMHXPOMMIIY/IbCA U Tapajule/ibHOe
cuuThbiBaHUue 3abmokupoBaHo. Ecnu Ha Bxome U neicTByeT l-CUIHalI, TO BO3-
MOXHO IMapajUle]IbHOEe CYUTHEIBAHWE, a MOAada COBUTAIOIIMX CHHXPOHMMITYJIECOB
3a0J10KHMpOBaHa.

12.1.3. Casuraowme perncTpsbi
C napannenbHbIM BBOAOM—BLIBOAOM OaHHbIX

J1si MHOIMX 33134 ynoOHO MMETh HAPSAY C I10CJIeI0BATEIbHBIM BBOJIOM JaHHBIX
BO3MOXKHOCTb T1apaJIeJIbHOTO BBOJAA JAHHBIX. DTO TMapajuiejibHas 3allMCh JaH-
HBIX MOXET IIPOMCXOANTh KAK TAKTUPYEMO, TaK U HE TAKTHPYEMO.

Casurawoumii peructp Ha puc. 12.10 mpeanaraer Hapsimy ¢ BO3MOXHOCTBIO
MapajuiIeIbHOrO CUMTHIBAHHMS BO3MOXKHOCTDb NapajieIbHOM 3amucu naHHBIX. [1a-
paJUIenbHblE CYUTBIBAHUE M 3alMCh HE TaKTUpyeMbl. CIBUTAIONIMI pETUCTD TTO-
cTpoeH Ha JK-TpUITepax, KOTOpble UMEIOT HETAKTHPYEMBIE BXOIbI YCTAHOBKH U
cobpoca. MHpopMalmOHHBIMHM BXOAAMU IS MapaUlelbHOrO BBOAA JNAHHBIX AB-
nmotesa A, B, Cu D.
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Q, Q, Q. Q,
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Bxonw Ans napannension 3anucu

Puc. 12.10. Capuraolimii permcTp ¢ HETAKTUPYEMBIM NapaiieibHBIM BBOAOM-BEIBOJOM
AAHHBIX.

[TapannenbHbli BBOA OJaHHEBIX U I10C/I€QOBATEbHBIN BBOA—BEIBOJ, SIBJISIOT-
cd B3aMMOMCKIIOYaImmMMu onepanusiMu. Ecnu Ha Bxone U peitctByer 0-curnain,
TO TO0Ja4ya CHHXPOUMITYJIBCOB paspeineHa. CABUTAIOMMNHA PETHCTP MOXeT pabo-
TaTh B peXuMe nocienosareabHoro Bpona. Ilpu U = 1 Bo3MOXeH Iapajuielib-
HBll BBOA. CHrHan cuHxpoHM3auuu 3abnokuposaH. IIpu HeobxonumocTu na-
PaUICJIBHBIA BBIBOJI IAHHBIX TAKXe MOXET OBITh 3a0JIOKMpOBaH, KaK MOKa3saHo
Ha puc. 12.9.

Kak nocTpoeH caBUramlMi PerucTp ¢ Mapajuie/IbHbIM TaKTHPYIOMIUM BBO-
oM gaHHbix? EcTh pasnuyHble BApHAHTHI CXeMbI TaKoro peructpa. OIMH U3 HUX
rmokasad Ha puc. 12.11. J- 1 K-BXOAbI KaXXIIOro TPUITEPA BHIIIOIHEHE! MEePEKIIIO-
yaeMbIMU. [Ipu U= 0 curHansl Ha BXOIbl TPUITEPOB MOJAAIOTCS I10CHEN0BATE N b-
Ho. [Tpu U = 1 curHaJisl Ha BXOABI TPUTTEPOB TOHAIOTCS C BXOAOB JJISI IMapa-

o& QC
[+]

1
> C1
1K

v C

o

=]
A B c
U=1 > nap 0e CuMT
U =0 C—> nocnenosBarenbHuiii Pexum
A, B, C BXOfLl ANS NapannensHoid 3anucu

Puc. 12.11. Capuraioumii perucTp ¢ TakTupy-
€MBIM NapajUle]bHbIM BBOAOM H HETAKTHPYE-
MBbIM BbBIBOAOM OaHHBIX.
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nenbHOI 3amucu (4, B, C, D). YcranoBka wiu cOpoc TPUITEPOB IPOMCXOIUT C
06paTHBIM GPOHTOM CHHXPOMMITYJILCOB B COOTBETCTBHM CO CBOMCTBAMM TPHITE-
pOB, IPMMEHEHHBIX B cxeMe Ha puc. 12.1.

12.1.4. KOonbLEeBOW CABUIalOWMiA PErucTp

Konbuesbim CABMralowmm PerucTpoM Ha3bIBAETCH CABUIAKLWMA PErncTp,
BbIXOA KOTOPOro 3amMKHYT Ha Bx0A4.

B KONBLEBOM COBHMTralollleM pPErMcTpe HaHHbIe LHUPKYIUPYIOT B 3aMKHYTOM
nMKiIe mo kpyry. IlpuHIMIIMAIbHAs cXeMa KOJIbLIEBOTO CABMTalolero perucrpa
npeacTaBieHa Ha puc. 12.12.

A

E 14 —b 1J — 1 — 1J — 14 Q
3= c1 =4 = c1 = C1 = C1 = C1
1K 1K 1K 1K 1K 1K o
T o

Pue. 12.12. [IpyHuIMnHaANBHAsA CXeMa KOJBLEBOrO CABHIAIOLIErO PEHCTPA.

JaHHbIE MOTYT BBOIMTBLCA B KOJIBLIEBOM CHBHUTalOIIUIl PETMCTD MOCIENOBa-
TEJIBHO WJIM TapauieNibHO. OHM MOIYT CUMTBHIBATBCS TaKXe MOCJeHOBATENbHO
wim napamnensHo. Ha pue. 12.13 nmokasaH KoJbIIEBOM CHABUTAIOIIMI PETHCTD C
nocjiefoBaTeIbHBIM BBOAOM JAHHBIX U Ha BHIOOpP mocienoBaTebHBIM MIIM Ta-
paJuteIbHBIM BBIBOAOM HaHHBIX. IIpu U = 1 perucrp coeayHeH MO cCXeMe KOJb-
1IEBOTO CABHUTAIONIEr0 perucTpa. BhIXOAHBIE CUTHAIBI TTOCTYIAOT Ha Bxod. Ilpu
U = 0 Bo3aMOXeH BBOI IaHHEIX ¢ nocienposarenbHoro sxoaa E. ITocnemosarens-
HBIA BHIBOJ JAHHBIX BO3MOXeH ¢ Bbixoza (, ecim K = 1. Yepe3s Bxog R MOXHO
HE3aBUCHMO OT CHHXPOMMITYJIbCOB COpOCHTH perHcTp (-CHTHAJIOM M YIAIHTh
3aIMCAHHYIO B Hero uHdopMalmio.

[ 1
! J . ! ‘ _[l_o 0
— = C1 —=C1 —= C1

"]
<
—0 D
<
0 O

o

Puc. 12.13. KonblieBoii perucTp ¢ noc/ieaosaTelbHbIM BBOAOM H Ha BLIOOD Noc/1ea0BaTe 1b-
HBbIM IJIH NapanielbHbIM BEIBOAOM.
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12.1.5. Casuraiowne peBepCuBHbIE PEerucTpbl

Capuraompe pesepcHBHbIE PEMMCTPbI UMEIOT GOJIbLIOE 3HAYEHHE IS 3a/1aY YIIpaBJie-
HuA. X cTpyKTypa 6a3upyercd Ha CTPYKTYpe PaCCMOTPEHHBIX paHee CABHIAIOIINX
peructpoB. Hampapnenue nepenayu MHGOPMAILIMK B TPUITEPHI TOJDKHO MEHSTHCS.

[IpyHOHIIMATbHAS CXeMa CABMTAIOLIEr0 PpeBepCHBHOIO perucTpa M300pake-
Ha Ha puc. 12.14. MexaHH4YeCKHe ITePeKIII0YATEIH JOJDKHBI 3aMEeHSATBCS COOTBET-
CTBYIOIIMMH ITH(PPOBLIMU cXeMaMH. UepHoe IOJOXeHWe KIIlo4a W JIMHWHA deii-
CTBUTENBHBI JUIA caBura BrpaBo. Cepoe ITOJIOKeHHE KITIOYa W JIMHWH NeHCTBH-
TEeNbHBI UIS CABHUIA BJIEBO.

E,_ nocnepoeatensHuiit BXOf AN CABATA BNPaso

E, nocnepoBatentHbi Bx L] BUra BN
, nocneq oA Ana ca a eso Q‘ 03 0.; aﬂ

[} o
E o

B 10 L4 1D -‘l 1D . 1D J
.. 7 Lo SN | 0 S ) g

To
Puc. 12.14. [IpuHUMNHAIbHAS CXEMA PEBEPCUBHOIO CABHUIalOIIEro PperucTpa.

8-OGUTOBBIII CABUTAIOIIMI PEBEPCUBHBIN PETMCTP BHINTYCKAETCH B BMIE MHK-
pocxeMbl FLJ 311-74198. BroT caBuraomuii peructp yausepcaieH. OH obnama-
€T BO3MOXXHOCTBIO TIOCNIENOBATENBHOIO M IApaJUIe/IbHOTO BBOJXAa—BBLIBONA daH-
HBIX, CXeMOI GJIQKMPOBKM CHHXPOHUMITYJIbCOB U UMEET HE3aBUCUMBIHA OT CHHXPO-
HMITYJIBCOB BX0oH cOpoca. CxeMa 3TOro CABMralollero perucrpa M ero IoKojgeBKa
IpeacTaBieHbl Ha puc. 12.15.

12.2. Perncrpbl XxpaHeHus

PerucTpbl XpaHeHHs1, KaK U CIIBUTAIONLINE PErMCTPHI, MOCTPOEHbI HA Dase TPUITEPOB,
TOJIBKO B HUX HE TIPOMCXOIUT MepeMellcHre GUTOB JaHHbIX. OTOebHbIE TPUITEPhI
YCTaHABIMBAIOTCS WM cOpachiBaloTcsl. PervcTp naMsTH 3anichiBaeT OMHAPHOE CJIOBO
¢ukcupopanHoi MHBL. MHMOpMAITHS MOXET CYUTHIBATLCS C BHIXOIOB M Nepena-
BarbCs Janbiie. JlaHHbIE YIATSIIOTCS, €CJIM B HUX GoJbllie HET HEOOXOAMMOCTH.

3agadvelnn perncTpoB XpPaHEHWA ABASETCA COXpaHeHue GUMHAapHLIX CNOB B TEYEe-
HWe ONpefeneHHoOro BPeEMEeHMW.

CrpykTypa 4-6UTOBOIO perucTpa XpaHeHus NpeacTapieHa Ha puc. 12.16. JK-
TPUITEPHI YCTAHABIMBAIOTCS 1-cHTrHaIaMu Ha J-BXoax. YcTaHOBKa MPOU3BOIUTCS
CHMHXPOUMITYJIbcaMH. KaXaplii TpUITEp MOXET YCTAHABJIMBATbCS HE3AaBHCHMO.
COpoc TpUrrepoB NMPOMCXOIUT Mojxaveit 1-curHanoB Ha K-Bxoabl. BO3MOXHOCTB
cbpoca Giokupyercs 0-curHanoM Ha Bxome L. JIis ymaneHMs Bceid XpaHHMOM
uHpopMaLMK MpeaHa3HaYeH HeTaKTHUPYyeMblil Bxon cOpoca R.

Pernuctpbl XxpaHeHHsI NPHMEHSIIOTCS B CXeMaxX BBIYHMCIICHHS W YIIPABIEHH.
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Puc. 12.16. Peructp XxpaHeHus c
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12.3. OnepaTtusHble 3anomuHawowme ycrpovcrea (RAM)

A66peBuarypoii RAM o6o3Ha4aloTcsl orepaTHBHBIE 3alIOMHUHAIOIIHE YCTPO-
cTBa Ha ba3e MONYNPOBOAHHUKOBHIX TeXHOJIOTUA. OHU UMEIOT OMNpeAeNIEHHOE KO-
AMYecTBO sYeeK maMaATH. Kaxnas syeiika naMsiTd MMeeT YCTaHOBJIEHHBI 06beM
maMaTi. OHa MOXET IPUHUMATh MH(MOPMAITHIO oNpeneNneHHOM WUHbL. Kaxnas
sgyeiika naMsaTH UMeeT UHIMBUAYaIbHbIH anpec. [To 3TuM anpecaM ocyuuecTBsi-
eTcs HOCTYN K siyeiikaM nmamatu. To ectb RAM sBngeTcss naMaThio ¢ IPOU3BOIb-
HOI BBIOOPKOH.

O6Gosnauenne RAM saBnsercs cokpamreHneM or Random Access Memory,
aHII. — MaMATh C MIPOU3BOJILHON BHIOOPKOI.

Hyeliki maMgaTH BRIOMpAIOTCA MO CBOMM anpecam. B gdeiikax xpaHHTCH 3a-
nucaHHas uH@opmauusi. s BelBOJa NaHHBIX SIMEMKHM TakXke BbIOMpAIOTCH 110
cBoeMy anpecy. CUMTHIBaHMe JAaHHBIX He CTHpaeT colepxaHue sdyeitku. Ecnu
uHpopManus Gosbliie HE HY>XXHAa, OHa MOXET ObITh yIaIEHa, a B IYEHKY NTaMsITH
3anMcaHa HoBasi MHpOpMAIIUS.

O3V BHITyCKaIOTCAd UCKTIOUUTENIBHO B BUAE MHTETpAIbHEIX MUKpocxeM. Pa3-
Juyalot cratmueckue RAM u puHamuveckue O3Y. B cratmyeckom O3V sueiiku
COCTOAT M3 TPUAITepoB. Kaxaniii OMT 3anMchiBaeTCcs B OAWH U3 TpUTTEpoB. B 1HHa-
muyeckoM O3Y g xpaHenns MHGOPMaLMK HUCIOIbL3YIOTCSI BHYTPEHHUE €MKO-
crti. Kaxnsrii 6uT 3anuceiBaercs B MaleHbKMl KOHIEHCATop. Tak Kak MMeloT
MEeCTO TOKH YTeYKH, TO BOZHUKAET I10Teps 3apsia, MOITOMY eMKOCTH HEePUOIH-
YecKd Halo NolBeprarb Ipolleccy pereHepauuy (BOCCTAHOBJIEHHE WCXOIHBIX
YPOBHEH CHTHaNA).

Cratnyeckme v ganHamunydeckme O3Y sABNKIOTCS aHeprozasucumsiMun. Tpu OT-
KNIQYEHUW NTaHna MHpOpMaLng TepPaeTCs.
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B nensx coxpaneHusi HHGQOPMAIIMK CTaBAT aBTOHOMHBIEe OaTtapen. DHeproHe-
3aBucuMble RAM Haxondarcst B cragui pa3paboTki. WX ket Gonplioe Gymyinee.

Craruvyeckue O3Y unu RAM npousBonasitcs Ha 06a3e pa3nUyHbBIX TEXHOIO-
ruii. CxeMbl IpHHAIIEXAT K pa3IMYHBIM ceMeiicTBaM. Cyiectyer O3V B TTJI-
ucrnonHeHuu, B OCJI-, B N-MOII- u B K-MOII-ucronsennu. JIuHaMugeckue
O3Y crpositcst Ha paznuyHbix MOTI-351eMeHTax.

12.3.1. Cratuueckmne O3Y (SRAM)

12.3.1.1. 3nement namatn RAM B TTJI-ucronHeHnm

Crarudyeckue O3V MoryT ObITh TOCTPOEHBI Ha OUNOJIAPHBIX TpaH3ucTopax. Mc-
noab3yercs uspectHass TTJI-rexHonorus: (cM. . 6 «CemeiicTBa cxem»). OcHo-
BOM sSIMEMKH SABISAETCH TPUITEDP HA JBYX MYJBTHAMHMTTEPHBIX TPAH3MCTOpaxX CO-
rnacHo puc. 12.17. Tpurrep ynpasnsercs X-aapecHo# IMHOM, Y-aIpecHOH LIK-
HOM M JIBYMS Pa3psOHBIMH JIMHUSIMM 3alTMCH—CYMTHIBaHHA. Takoii sneMeHT
MaMsATH MOXET 3allOMHHUTh 1 GUT. DieMeHT conepXuT 3HayeHue 1, ecim 7, or-
KphIT, a T, 3amept. U 3Havyenue 0, ecnu T, OTKPHIT, a T, 3amepr.

AKTUBaAUMA AYEIMKU NaMSATN

Ecnu Ha oGoux agpecHbix IMHAX X v Y peiicreyer O-curHan (0 B, 3azeMieHue),
TO s4YeiiKa IMaMsATH He aKTHBMpoBaHAa. TOK 3MHTTEpa OTKPBITOrO TpaH3HUCTOpa
TeyeT Ha 3emmi0. Ilo paspsaaubiM iMHusIM SL,, SL, TOK HE NIPOTEKAET.

Ecam TonbKo Ha OMHOI agpecHOM IIMHE HeHMCTBYeT |-CHTHaJ, TO JIeMEHT
IAMSATH OCTAETCS HEAKTHMBHBIM, TaK KaK 3MUTTEPHBII TOK OTKPBITOI'O TPaH3MC-

v st sL,

O +U,

[l {5}
! !

Puc. 12.17. DnemenT namatu cratudeckoir RAM o6semom 1 6ut g TTJ1-ucnonuenuu (npuH-
IUNHaNbHAsA CXeMa).
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TOpa MOXET IPOTeKaTh Yepes APYrylo aapecHylo wuHy. TonbKo Koraa 1mo o6eum
aJipeCHBIM IIMHAM IIPOXOAMT 1-CHTHal, TO ecTh +5 B, 3MeMeHT maMaTH aKTHUBH-
pyeTcsd, M SMHTTEPHBIA TOK OTKPBITBIX TPAH3UCTOPOB TEYET MO COOTBETCTBYIO-
UM JIMHUAM 3aIIMCU—YTEeHHUS.

YTeHwve

[Tociie akTUBaLMY 3NIEMEHTA MMaMSITA M0 SL-THHUAM TeYeT TOK OTKPBITOTO TPaH-
sucropa. Ha puc. 12.17 tpansucrop T, oTKphIT. TOK 3MUTTEpa NPOTEKAeT Yepes

SL, u Ha Bhixoie Q 4epe3 yCHIMTENb BbiIaeT 1-curHaji. DieMEeHT NaMsITH coxpa-
Hun sHavyenue 0. Eciin nociie akTHBaLMK TOK MMPOTEKAET 10 JTMHUK SL , To ame-
MEHT IaMSTH COXPaHWI 3HauyeHue 1.

3anucb

st 3armucu 1 B aneMeHT, comepxainuii 0, HeobxoguMo moaars 1-curaan wim +5
B na SL, u O-curnan, win 0 B va SL,. Ilpu xpaHenuu 0 NpoBOIUT TPaH3UCTOP
T,. Ou 3anupaeTcs Nocjie MOJAYU HA €ro TPETUH 3MUTTEP, NMOAKIIOYEHHBIA K
SL,, +5 B. Tpansucrop 7| OTKpBIBAa€TCH, M €r0 IMHUTTEPHBIN TOK MOXET TeYb
uepes SL,. ITocne 3aBepiieHHs] aKTHBALIMK 3JIEMEHT NaMSITH COXPaHsIeT 3TO CO-
CTOSHHME.

Hns 3amicu 0 B 35eMeHT, colepxaiuii 1, Heo6xonuMo momath 1-curxan
wmi +5 B Ha SL, wu O-curnan, woiim 0 B Ha SL,. Tpurrep nepexyiioynrcst 1o
JIrOPUTMY, OIIMCAHHOMY BBILLIE, B COXpaHUT 3HadyeHue 0.

BnemenTsl naMati Ha TTJI-anemenTax pabGoraror oueHb OwbicTpo. Ho 3aro
OHM OTJIMYAIOTCH BHICOKHMM 3HEpPronorpebiieHHeM.

12.3.1.2. SnemeHtsl namsatu RAM B8 N-MOTl-ucnosnHeHun

DneMeHThl namMsitd RAM B N-MOIT-ucnonneHuu uMeroT no cpasHenuio ¢ TTJI-
3JIEMCHTaMH CYIeCTBeHHEIe mpenMyliecTBa. OHH MOTPeOIAIOT MeHbLIE JHEp-
TMM ¥ MOTYT IIPOM3BOAUTECS ¢ Gosiee BBICOKOM cTeneHblo nHTerpauuun. Ha xBan-
paTHOM MMJUIMMETpe YUIla MOXeT pa3Mmeuiatbes 6onbiie MOII-aeMeHTOB Mna-
MaTH. OnHako MOTI-cxembl uMeroT OoJibliiee BpeMsi MEPeKTIOYeH s, T. €. OHH
memneHHee TTJI-cxeM (cM. mi. 6 «CeMeHcTBa cxeM»).

Crpykrypa TunmmiHoro RAM-anemenTa npencrasieHa Ha puc. 12.18. Tpan-
sucropsl T, u T, cobpansl 1o cxeme Tpurrepa. Tpausucropsr T, n 7, paborator
BMECTO Harpy3ouyHsix comnpotusieHuid. Ecnu 7| 3aneprt, a T, OTKpHIT, TO 3J1€-

1
MEHT namsiTi coxpaHun sHadenue 1. Ilpu 0 7, orkpwit, a 7, 3amepr.

AKTBauMa anemMeHTa namsaTm

DNeMeHT aKTUBU3UPYeTCS, eClTU Ha agpecHble WMHH X U Y monaercst 1-curHai.
Tpansucroper T, T,, T, u T, OTKpbIBAIOTCA M COEIMHSIOT BbIXOMbI TpUITEPa Q U

Q ¢ nunuaAMu yreHus—sanucu SL, u SL,.

YreHue

ITocne akTUBALMU AYEKH [IAMATH U3 HEe MOXHO CYWTHIBATL JaHHbIE. Eciu SL,
NPOBOANT 1-CUTHAN, TO 3J€MEHT coxpauser exunuuy. Ecim SL, mpooaut 1-
CUT'HAJI, TO 3JIEMEeHT coxpaHser 0.



12.3. Onepamusnvie 3anomunaioujue ycmpoticmea (RAM) 3

SL

+Us

st, SL

Puc. 12.18. Saement cratnyeckoit namati RAM o6seMoM B 1 6uT
B N-MOII ucnonHeHWH.

PaspsaHsie nuHum 3anucn

st, sL,
i x o
‘ 1 = 1T — 1 — 1 —
X4 Y| x‘ Ya xl Y:! Xl YI
[¢] Q o Q Q a
| aallle 2 o] | [ e
% x3 Y| X'J YI X! Yfl x3 Yl
5 xe [ T+ [T+ T T4 T A
E o -—
E b l —t 1T % 1 — 1 — Q
g X, X Y X Y X Y Q
= | o] 0 a 0 a 2 a
i
1
0 a Q a a o 2 a
X, v, X, ¥, X, v, X, v,
|
X, 4 T =4 T =4 ] T | | V. |
| ! ! !
Y| Y? Yl Yd
e o sL, sL,

Y-aapechnan wwha
Puc. 12.19. 16-6buToBas Matpuiia RAM. PaapanHbie nuHum “TeHus
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3anucb

B anemenT namsaTy, conepxaumii 0, tpebyercs sanucars 1. Tlpu 0 7, oTkpHIT, a
T, sanept. Ecnu Ha SL, neiictByer O-currai, to 7, sanupaercs, a T, OTKpbiBaeT-
cqa. Tpurrep nepexirodaercd B 1-cocTosiHie. DT0 COCTOSHHE COXPAHAETCH IIOCIIE
3aBepIIeHNs] AaKTHBALIMH.

12.3.1.3. Crpyktypa RAM ¢ aByxKkOoOpAWHATHOI agpecauneii

RAM -31eMeHTBI TTaMsATH cobupalorcsds B RAM-marpuiisl namsitn. MaTpuia Ha
puc. 12.19 umeet 06beM rmamMaTH 16 6ur. Kaxaslit aneMeHT XOCTYIIEH HHINBHIY -
anbHO. T'oBOPAT, YTO KaXOHii OMT MoXeT ObITh afpecoBaHd. Eciu OB MBI XOTENH
y3HaTh, HalpUMep, COAEPXKUMOE NMaMsTH 3allOMMHAIOLIET0 3JIeMeHTa 8, TO Ha
aJpeCHbIX WKHAX X; M Y, 1omKeH ObiTh 1-curnan. Ha paspaansix sunusax SL, u

SL, nosBnsiorcsi BeIXonHble curHansl Q u Q.

12.3.2. AuHamunyeckue O3Y (DRAM)

12.3.2.1. SnemeHT namaru guHamudeckoro O3Y

TunuyHBIH 351eMeHT MaMATH qTuHaMmudeckoro O3Y cocToMT M3 Tpex caMo3alu-
paromuxca MOS-FET-tpansucropos coriactHo puc. 12.20. Mndopmauus co-
xpausiercss B eMkoctd C. Eciu C 3apsbkeH, TO 3JIeMEHT MaMATH COXEpPXMT 1.
Ecnu C He 3apsikeH, TO 2JIeMEHT HaMsaTH comepxur 0.

3anunce

3anoMHUHAONIMNA 3NIeMEeHT aKTUBU3MPYETCS |-CUTHAJIOM Ha IMWHE 4TeHHss X
(1-curnan = +35 B). Beaeacrsue 3Toro TpaH3ucTop 7, OTKPhIBAETCA (HU3KOOMEH
MeXIy HCTOKOM M cTokoM). IIpu nogaye Ha HuH(OpMaLMOHHBIH BX0ox A 1-curHana

A B

Lwna yToHmA

T, c
|
X X
LuHa aanncu
12 +58;
A 0 = 0 B (zazemnetiue) B
Beoa AaHHbix BoiBog ganHbix
(Y-agpecHan wuHa) {Y-appecHas wwna)

Puc. 12.20. TunuyHBI 21€MEHT NaMATH AMHAMHYECKOiT RAM.
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emkocTh C 3apstxaercs. 3HadeHue 1 coxpaneno. [Ipu 3apspKeHHOM KOHIEHCATO-
pe C tpansuctop 7, Bcerna HU3KooMeH (OTKpHIT). Eciu Ha anpecHoii mune X
neiictByeT (-CUrHas, TO JIEMEHT MaMsTH OOoJblile He aKTUBH3HpoBaH. TpaH3uc-
top 7, 3anupaercs u npeaorspaiiaer yreuky sapsga C. Ui sanucu 0 cnenyer
aKTHBHU3UPOBATh JIeMeHT IMaMATU (1-curHan Ha agpecHoH wmuHe X). Ilpy aTom
T, ornupaercsi. Ecim O-curnan (0 £ 0 B, 3emisi) NpUKIagbIBaeTCs] Ha JIMHHIO
BXOIHBIX JaHHBIX A, TO eMKOCTb C MOXET paspsiMThes 4yepes TpaHsucrop 7).
3navyenue 0 coxpaneno. Ilpu paspskenHom konmeHcarope C tpansucrop T,
BCETAA 3amneprT.

YreHune

Jns1 cYUTHIBAaHUSA JaHHBIX Ha LIMHY BbiBoaa B npukianeiBaerca 1-curran (+ 5 B).
DeMeHT NaMsITH aKTUBM3UpYeTcs dyepe3 muHy uyreHus L. Ha L Ttaxke nmpukia-
apiBaetca 1. I1pu aToM TpaH3ucTop 7, OTKPHIBAa€TCA.

Ecnu 3anucana 1, To Tpansucrop 7, OTKpHIT M TOK 4epe3 muHy B uepes T, n
T, Teder Ha 3emmo. BTO NPU3HAK 3aNMCAHHOM 1.

Ecnu 3amucan 0, To C paspsixeH, a T, 3anept. Yepes muHy B Tok Teyb He
MOXeT. DTO NMpU3HaK 3anucaHHoro 0.

Bo BpeMsi yTeHMs coliepXaHUe JIEMEHTa MMaMATH He MeHSeTCo.

PereHepauusa

Emxkocte C oueHs Mana. OHa cOCTaBIsIET B 3aBUCUMOCTHM OT CTEIleHH WHTerpa-
uuu ot 0,1 m® po 1 n®. CoorBeTCTBEHHO Majl M COXpaHeHHBbIH 3apsii. OueHb
MaJleHbKMIl TOK yTeukH OBICTpO NoHMXKaeT 3apsn. [losTroMy 3apsan noyokeH OGBITH
gepe3 KOPOTKHME IMPOMEXYTKM BpPeMEHHM CHOBa BoccTaHoBJieH. OOBIMHO TOm3a-
paAKa MPOMCXOMUT KaXable 2 McC.

[IMkn pereHepalliy HAYHHAETCS C YTEHHUSI CONEPKHUMOro JIEMEHTA MMaMsITH.
Ecnu ono pasuo 1, To 7, orkpmiBaercss u C 3apsikaercs. Ecnu comepxanue
namMaTe 0, To 3apsaKa He TTPOUCXOIHUT.

JIist pereHepalii HEOOXOIHMM OCOOEHHBIM 3aal01Mii reHepaTop CHHXPOHU-
3UPYIOLIUX UMIYJIBCOB M cXeMa ynpasiieHus. O6a 3TUX 3jJleMeHTa BKJIIOYEHHBI B
COCTaB MHKPOCXEM.

12.3.2.2. OcoberHocT anHamuyeckmnx O3Y

Jdunamuueckue O3Y paboraloT 0YeHb HAIEXHO. DTO YAUBUTEIBHO, ECJIN YYECTD,
YTO XpaHUMas1 HHPopMaLMAa JOJDKHA OBITh MPUMEPHO KaXable 2 MC 0GHOBIIEHA.
MoxHo ObuUTO OBI IPENmoa0XHTh, YTO KaKOH-HUOyAp OUT npomnagaer. OnHaKoO
9TOro0 He MPOUCXOIUT.

IMpeumyiiecteoM nuHaMuueckux O3Y spnugercs OoNblIoi 00bEM NAMATH
yuna Wi Mukpocxembl. MOIT-TexHHMKa MO3BOJISIET JOCTHYEL BBICOKOI CTEIEHHU
MHTEerpalyH. 3allOMUHaIOLIME JIEMEHTH MOryT ObIThb O04eHb Manbl. [Ipemno-
JKeHHOe B HacToslee BpeMsi camoe Gonblunoe guHamuueckoe O3Y uMeet ob6beM
namard 4 Mownt (1 Mour = 1048576 6ut, npubnusuresibHo 1 MiH 6uTt). 4 MOuT
MOTYT COXPaHSITBCS B OQHOM-eIMHCTBEHHOH MUKpocxeMme. B paspaborke Haxo-
JMATCA cxema ¢ 16 Mowur.

HenocraTkoMm sIBIsieTCSI OTHOCUTEIBHO 00JIblIIOE BpeMs nepekimoueHus. Tak
Ha3bIBaeMoe BpeMs HOCTYIa JieXUT B MHTepBajie Mexny 100 He u 300 He. Tlon
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BpeMeHEeM JOCTYIIa IIOHHMAalOT MaKCHMMaJlbHOE BPEMsI, KOTOPOE IIPOXOJUT OT all-
pecaluu 3JieMeHTa MaMsATH 10 BO3MOXHOCTH paboTaTh C €ro JaHHBIMH.

Bo Bpems# pereHepannu guHaMuuyeckoe O3Y HokHO OBITE DJIOKHPOBAHO OT
3alMCH M YTEeHMUsI, MHaYe OyayT BOZHUKATH OLIMOKH.

C pocToM TeMIlepaTypbl KpUCTaJUIa TOKHM YTe4KM OyayT pactu. EMKocTH By-
IyT paspspkaTbes ObicTpee. PekoMeHIOBaHHasi MPOM3BOAMUTENIEM 4YacTOTA pere-
HepauMM paccyuTaHa Ha pabouyio temneparypy 70 °C. Eciu 3ta TeMneparypa
OyzneT npeBbillleHa, TO JaHHBIE MOTYT OBITh ITOTEPSIHBI.

12.3.3. OpraHusaumna anemMeHToB NamMaTh U ee NnapamMeTpbl

12.3.3.1. Oprannsaymsi 31eMeHToB naMsiTi

Crarnueckne u nuHammudeckue O3V mpemnaraiorcsi ¢ pasnMYHBIMH 0ObeMaMH
[TaMATH U Pa3IMYHBIMH CTPYKTYPaMH.

AnpecyeMasi sideilKka NaMATH MOXET COCTOSTh M3 OMHOTO 3JIEMEHTA WIH M3
HECKOJIBKHUX 3JeMeHTOB. EcCJIM OHa COCTOMT TOJBKO M3 OJHOIO 3JIEMEHTa, TO
TaKas MaMsTh HA3bIBAETCSI IaMSTBIO ¢ MMOOMTOBOM opraHusauumein. Kaxnbiii 3a-
TIOMWHAIOUTWI 3JIEMEHT, TO €CTh KAXIIbIH OUT, MMeeT COOCTBEHHBII afipec U sSIBIIs-
ercsi, TAKMM 00pa3oM, aapecyeMbiM. KOHCTpYKTHBHasA cxeMa TaKoii TaMATH IMoKa-
3aHa Ha puc. 12.21. O6o3HayeHue 16 x 1 3HAYMUT: COBOKYITHAsA eMKOCThb 16 Our,
€MKOCTb STYEMKH naMsTH 1 OuT.
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Puc. 12.21. Crpykrypa namsarua 16 x 1.

Ecnun syeiika maMsaTH COCTOMT M3 HECKOJIbKHX 3alIOMHHAIONIMX 3JIEMEHTOB,
TO MMaMSTh ABJISIETCS MOCJIOBHO opraHu3oBaHHoi. Ha puc. 12.22 moka3aHa KOHCT-
PYKTHBHasA cxeMa 32 x 8-6UTOBO 2JIEMEHT ABJIAETCS afpecyeMbiM. Bee 8 6UT siueit-
KH{ NaMATH BCerna 3alMChiBalOTCS M CYMTHIBAIOTCS OJHOBPEMEHHO.

s 256 x 1-mmamaTd HeoOxomumbl 16 X-agpecHbIXx mmH U 16 Y-anpecHsbIX
mwH (pyuc. 12.23). BEIBOZUTH 3TH IIMHLI HAPYXKY B ITOPTHI MUKPOCXEMbI HEYI100-
HO. Bra cxeMa uMmesa Obl 0YeHb MHOTO BBIBOHOB. [l03TOMYy NMpMMEHSIIOTCS He-
ummparopst (cM. pasa. 11.2). Jna seiGopa 16 oneMeHTOB MaMATH HYXHBI 4 afi-
PEeCHBIX JIMHUU. AlpecHble IMHUU BBIBOISATCS Ha HOXKH MHMKPOCXEMBEI.
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Puc. 12.22. Ctpykrypa
namsatu 32 x 8.
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HACTMMHO HE MOKA3aHul AnA - ~ ‘
NyHWei HarnanHOCTH ¥-anpecHan WwKHa

Puc. 12.23. Ctpykrypa namartu 256 x 1 ¢ pemwmndparopom.

Kak opranusoBaHbl afpecHbie HHE B 16 Kout x 1-0urosoit namaru? Jdon-
XKHbI ObITh anpecoBanbl 16 384 6ut. Kpome storo, tpebyiorest 128 X-anpecHbIX
mvuHuY M 128 Y-appecHbix munum. s Beibopa 128 anpecHbIX JIHHUE HEOOXOMH-
MO MMETh 7 YIIPaBIsIOMX BEIBOAOB (puc. 12.24). Bcero Ha BBIBOJABI MHKpPOCXE-
MBI HYXKHO BBIBOAWTE 14 anpecHBIX MTUHHI. Tak Kak TpebyioTcsa enie uHgopmMa-
LIMOHHbIE BBHIBOABI [UIsl BBOJla—BbIBOJIA NAHHBIX W Ul KOMaHJ YIIPaBJIeHHs, TO
NOoJy4yaercsl o4eHb OOJbllIoe YHCIO BHIBOXOB. YUT0OOBI 3TOrO M30eXarTh, CTAaBAT
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Beoa Aariibix BuiBog OaHHLIX
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=N
o
=
o
a
<
5
. MaTpuua namaTi
3 Bz 16 Kbur x 1
A, o z 128
8 nUHUA
A, o— g
a *x
A o— 8
@
A, Ot 2
=
2 N, 128
2
A, o] % 4N NAHU

Y-appecHuiid aewndparop

St

Puc. 12.24. Crpykrypa namara 16 K6ur x 1 ¢ aemmndparopoM H AeMyIBTHILIEKCOPOM.

neMynbTHILIEKCOP (cM. pasn. 11.1). Ha Bxoasl oT A, 10 A, cHavana rnogaercs

X-ampec, 3ateM Y-anpec. IlepekioueHHe MPOMCXOAUT CUTHAJIOM YITpAaBIeHUS S.

MynbsTHIUIEKCHPOBaHKE aIpecOB TT03BOJIsieT NpUMeHATE Hebobime Kopiyca MC.
12.3.3.2. MNapametpbl namsT

JInst Be1OOpa maMATH GOJIbIIOE 3HAYEHHE HMEIOT ee nmapaMeTphl. B OCHOBHOM 3TO
€MKOCThb M CTPYKTYpa, MPOH3BOIUTEILHOCTE M 3HepronoTpebneHue. Janee tak-
XKe BaXHBI 2JIEKTPUYECKHUE YCIIOBHSA IKCIUIyaTallMHd M JOITyCTUMBIM pabouuii nu-
ana3oH. PaccMOoTpMM IO oyepeH caMble BaXKHBIE ITapaMeTphl ITaMATH.
EmMkocTb
EMKOCTB ITOKa3bIBaeT KOJIMIECTBO JIEMEHTOB IMaMATH, COIEPXAIIMXCS B MaTPH-
e, T. €. YMCJI0 OUT, KOTOPBIE MOIYT OBITh COXPaHEHHI.
CtpykTypa namsaTn

XapakrepusyeT 00beM MaMsITH OJIHOM siYeiiKu M criocod ajapecanum.

Bpems goctyna

Bpewmst noctyna sSiBnseTcs BpeMeHeM, KOTOpOe MPOXOIUT 0T MOMEHTA aipecaljii
aneMenTa maMatu (BI1) mo BO3MOXHOCTH pacnonararb MHGpoOpMalMei Ha BIXO-
Jie TaHHBIX.
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AnutensHOCTb LMkna ob6paboTku
Ilox mMTenbHOCTHIO IMKIIA 00pabOTKM ITOHHMAIOT MUHUMAJIBHOE BpeMs MEXIy
JBYMsI CJHCIYIOLIMMH OPYr 3a APYTOM IpPOLECCaMH YTCHUA—3aIlHCH.
OHepronoTpebnenne
VkasbiBaercs o0l1nee aHepronorpebieHue Beeit MUKpocxeMbl. OHO MOXET BapbUpO-
BaTbCSl B 3aBMCHMOCTH OT peXXuma paboThl.
IneKTpUHeCcKUe yCnoBus aKkcnayaTaum

3mech yKa3bIBAKOTCA HEOOXOMMMble HANPSDKEHUs TUTaHUsI, HEOGXOAMMBbIE YPOB-
HM CUTHAJIa ¥ IHAIMAa30HbI JOTTYCTUMBIX 3HaYeHHH (cM. I71. 6 «CeMeiicTBa cxem»),
a TakkKe NpefebHble 3HAYEHUS IPYTUX 3NEKTPUIECKHX BEIHYMH.

JwanasoH pabouux Temnepatyp

Juama3oH pabGouux TeMIlepaTyp — OMAala30oH TeMIlepaTyp, B KOTOPOM NaMsTh
cTtabuabHO paboTaeT B paMKax IPeJNMCAHHbIX JIEKTPHYECKHUX YCIOBHI IKCILUTY-
aTaLMu.

12.3.3.3. Hekoropsie suasl O3Y

PaccMoTpuM HeKoTOpbie M3 BbIITycKaeMbIX cxem namsatu. [lamsare SAB 2102
npeacrapisier u3 cedsa cratuueckoe 1024 x 1-6uroBoe O3V B N-MOII-ucmnonHe-
HuH. OHa nocraensercs B 16-momocHeix DIP-kopmycax. Cxema u pacroyioxe-
HH€e MOPTOB MMOKa3aHbl Ha pHc. 12.25.

Mopayne namaTtu SAB 2102

Bnok-cxema Uoxoneska
Bua ceepxy
A g 2 A A A F,Q I U 0
5] M
Alo_gs'gg 32 16F’|H‘ﬁnﬁﬁﬁﬁ’ﬁg
A, o— =§ e g § +
Ao— & 3 @ [\ b
=%
A, o—i
! Ii _— (= === =y = gy = gy = ¥ ]
Matpuua namsti A, A, F, AL A A A A
R 32 cronGua
A, O g 32 cTpokm
g a
A, o— § =
* 3|5 g5 32
A, 0— 3 ""‘"'g"%—'—-—-—’ A, Ao A, — anpecHuie BXoaul
A, o——| é Fl 5 JEM — seiBop moayns namatm (chip select)
§ & F,, — curHan sanucu/yrexus
A @ | — BBOA A@HHBLIX

Q — BbIBOA NAHHHIX
U; — HanpaxeHue nutaHna(+)

Io Curnan 0, — 3emna
F,o 3anncK/4TeHnn

E Buibop Peructp

L MOgYNA NamsaT BIXOAHBIX AAHHBEIX Q

Puc. 12.25. bnok-cxema u nokoneska 1024 x | eurooro RAM SAB2102 (Siemens).
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X- u Y-agpeca coxpaHsSIOTCS B PErMcTpax H aeKoaupylorcs. Marpuiia mamsi-
TH UMeeT B CTPOKe 32 3alOMHHAIOILMX 2JIeMeHTa M 32 TaKMX CTPOKH Jajiee, OHA
IO APYTOIA.

JUist ynpaB/ieHHs MCTIONB3YIOTCS BXOAB! F, (paspeunTs 3anmuck) u F,, (paspe-
IIMTh 3aioMuHanme). s paspemenus 3anmoMuHanmus tpeGyerca 0-curHan. Ecnu
0 He IIPIIIOXKEH, TO NaMATh 3a0JI0KMpoBaHa. s paspelieHHs 3allliCH TakKe Hy-
xeH 0-curHan. MHdopMalusa coXpaHsETCA B PETMCTPE BBIXOAHBIX JaHHBIX.

Tabnuua naHHBIX 0JIOKA TIAMSITH NpeAcTaBieHa Ha puc. 12.26. MakcuMab-
Hoe BpeMs goctyna 1000 Hc. [Tamars paGoTaeT OTHOCHTENIBLHO MEIJIEHHO.

CraTu4yeckue napameTpbi
Mpu T=o0t1 0 go 70°C, Us=+5 B + 5%, Os= oB

MuHuMyM | Makcumym Ycnoeusa
BxogHoi ToK I, 10 MKA U=0p05258B
H-BbIXOOHOM TOK lon 10 mkA U,=40B,F,=228B
L -BbIXOAHOW TOK o -100 MxA U,=0458B,F,=228B
Tok nuTanus Is 25 60 MA BCe BXDﬂb-Ilrus,:ngB %’TKDHITH Q
Tok nuTaus lso 70MA BCe axonuT%.;Eol;lC;)Txpmu Q
H-HanpsxeHne NUTaHus u, 22B U
[ -HanpsXeHWue NUTaHUS u, -0,5B 0,65 B
L-BbiIXoOQHOE HanpsiXeHue Ug 0,45B Io, = 19 MA
H-BbIXOAHOE HanpsXeHne U, 228B Iy, = —100 mkA

Bpemsa nepexniovyeHns
T,=0p070°C,U;=5B+5%,0,=0B

MpaHu4HbIE 3HAYEHNS EavHuubl
YCnoBua UcnbITaHnii name-
min max peHus
Lnkn yreHus
Bpems uunkna ten 1000 HC
Bpema goctyna
(4epe3 aapec) t, U=06580228B 1000 HC
Bpems skniodeHns moayna _
namaTt (Yepes ;'_-"M] t, =20 He 500 He
Bpemsa otknioyeHnsa Q _
NP CMeHe appeca to C, =100 n® 50 HC
Bpemn orknicHenns Q t 1 TTL-Harpy3ka 0 HC
(Fy, TakTMpyemoe) oF Py
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paHuuHbie aHaueHua | EAVHULEI
Ycnoeua UCneIraHuin name-
min max peHus
Uukn sanucu
Bpemsa uukna to 1000 HC
Bpems noarotosku
= 200 HC
A BOF, toa U=065p0228B
LUnpuHa umnyneca sanven |t t, = 20 HC 750 HC
Bpems yaepxaHua 3anucu t 50 HC
Bpemsa noaroToBKU OaHHbIX t, 800 HC
Bpemsa coxpaHeHnsa faHHbIX t, 100 HC
Bpemsa noaroroBku
F, no F, e 900 HC

Moayne namsatn SAB 2102
Cratnueckoe MOIMM-03Y (RAM) ¢ tri-state Bbixoaom (TP BO3MOXHbIX COCTOAHUA)
Emkocts 1024 6ut

« N-MOM-TexHonorua

« EMkocts 1024 x 1 6ur

* TTJ1-coBmecTuma, U, =5 B

* Buixopg tri-state, BoamoxHocTe npoeogHoro WA

« CTaTM4ECKUA pPEeXUM IKCNNyaTaunu, HeT pereHepaunmn AaHHbIX
* YTeHne He MeHseT COAepPXUMOro a4eek

¢ Pa3HeceHHbIn BBOA-BbIBOJ, AAHHLIX _
+ MpocToe pacwmpeHne ¢ nomolwblo Belbopa Moayna namatn F,
+ Kopnyc DIL 16

« Baaumosamenaem c Intersil 7552, Intel, a Takke AMD 2102 wn gp.

Yeprex ¢ pasmepamm

22 max 7.6 +0,2
0,2 max | e |
=1,55 . 7 x 254 — i py——————— 6,4 0.2
J «
] é Lo
2 £ £
h £ w
) )
[S)
0
0,45 +01 1,25 < 0,25 +0,1
L] -
0,85 o 7,6 +0.8

FpaHuyHbie ycnosus

Awvana3soH pabounx Temnepatyp T, 0°C po +70°C
TemnepaTypa xpaHeHns T, -65°C no +150°C
HanpaxeHne Ha KaXxAoM BbIBOAE NO OTHOLWWEHWIO K 0 -0,5Bpo+78B
MakcumansHO A0NYCTMMAs MOLLHOCTL NOTEPL 1Br
EmkocTtun
T,=25°C, f=mMly
Makcumym Ycnoeua
BxogHas emkoCTs C, 5nd U, = 0 B (sce Bxoawl)
BuixogHas emkocTe C, 10 n® u,=08B

Puc. 12.26. Tabanua naHHbIX Moayas SAB 2102 (Siemens).
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HocrtarouHo nHTepecHbIM siBisiercss O3Y GXB 10147 B, xoTtopoe nocTpoeHo
B BCJI-Texnuke. DT1a MaMATh ABIseTCA cTaTU4YeckKoi 128 x 1-GUTOBOM ITaMATHIO
¢ BpeMeHeM noctyna 10 He. OHa paGotaeT B cTo pa3 6bicTpee mamsaTu SAB 2102.
ITpu HanpsckeHUH muTaHusa —5,2 B ata cxema notpe6isier Tok mpuMepHO 80 MA,
YTO COOTBETCTBYET paccenBaeMoil MomHocTH 0,416 Bt. To ecTh 3Hepronorpe6-
JIeHHe O4YeHb BHICOKO. Bhymepkka u3 TabnuLbl JaHHBIX TIpHBeAeHa Ha puc. 12.27.

Cratuueckoe JCJ1-03Y (RAM) GXB 10147 A
Emkoctb 128 But
[auHble ana 3aka3a

Tun Homep ans 3akasa Twin kopnyca

GXB 10147 A Q 67000—S38 Puc. 1

¢ OyeHb GbicTpas DCJ1-namaTb

« Bpema poctyna 10 He

¢ MonHocTbio pewndpoBaH

¢ MaTtpuua 128 x 1 6ur

* BoamoxHOCTb paclumpeHusa yepes chip select

¢ BoamoxHocTs nposogHoro WUJIAU

e CTatnyeckuin pexunm akcnayataumm, HeT pereHepaunmn AaHHbIX

¢ CrabunmnanposaHHoe noTpebneHue Toka

o OTpuuaTensHeIi TEMNepaTypHbiid koagdrumeHT TokonoTpebnennsa, camoctTabunmsauns
» MeTannokepamu4yeckuii kopnyc ¢ 16 BeiBogamMm

« Baaumosamensiem ¢ Motorola MCM 10147 AL, Fairchild F 10405
* Coemectum c cemencteamu ECL 10 k v Fairchild 95 k

Llokoneska
Bup ceepxy
U, DO CS, CS52 WE DI A, NC
16 15 14 13 12 11 10 9
s T s O s IO s OO e OO s B | A, no A, — anpecrbie Bxoab

DI — Bx0abl AAHHBLIX
51, TS, — B&iGOp Moayns namaTw (chip select)

) WE — curvan sanucun/yTeHus
D0 — BBOA AAHHEIX
U, — nanpaxenue nuraiusa (-5,2 B)

° Uge — 3emna

T s S e B B N.C. — He nogkno4eH
12 3 4 5 6 T 8

UCC A2 A| AII A:l Al Aﬁ Uﬁ

CraTnyeckne napameTpbl
Mpn T, = 25°C, U, = -5,2 B, R, = 50 Om no oTtHoweHwio x -2,0 B
Oxnaxaexue soagyxom 2,55 m/c

YcnoBus ncnbiraHuii Min Tun Max Mﬁeﬁ:ﬂ
H -HanpsaxeHue nNuTaHus U, -1,105 -0,810 B
L -HanpsxeHne nuTaHua U, R, = 50 Om -1,850 -1,475 B
H-BbixOAHOE HaNpsXeHne Uy, Mo OTHOLUEHWUIO -0,960 -0,810 B
L -BbixogHOE Hanpﬂxeﬂue_ Uy, A l;f_j{? -1,900 -1,650 B
H-BxopgHoW Tok Ha A, DI, CS Ly WE " "j'" 35 MKA
H -BXOAHOW TOK HA WE I, 3. CS, ;“!j::w 75 MKA
[-BXOAHOW TOK Ha BCEX BXOAAaXx i, -6 MKA
TOK NUTaHUA lee 80 100 MA
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A, 0— o
ewndparop

A, 0— AgpecHulii peructp ] cTpoK
A?

(=%
Ajo— & a

£ Sam
Ao s ,§,§ Marpuua namaTi
Ao— 3 £s 16 x 8 = 128 6uT

-] g & 5
A, 0— 3
DI o—i
CwurnHan Peructp

WE o—o 3anucn/uTenns =  3anucs Yretme —B  oopona pamnnx [0 DO
€S o BuGop
5, Moayns NamaTy

Bpemsa nepeknioyeHus
U,=52B=10%

25°C 85°C

Ea. na-

min ™R max min ™n Max MepeHna
Bpemsa poctyna bece 10 12 14 HC

Bpemsa ycTaHOBKK
curiana esiGopa t. 6,5 8 9 HC
MUKPOCXEMbl
AnnTenbHoCTe CUrHana

sanvcu by 8 8 HC

3anepxka nepexopa
BbIXOAA AAHHLIX N3 aK-
TUBHOMQ COCTORHWUA B t 8 HC

WAR
COCTOAIHNE OTK/NIOYEHO B
peXvUMe HTEeHUA
Bpemsa yctaHoBKM
4

A no WE tnws HC

Bpema ycTaHoBKU
— i t 1 HC
CS no WE ows

Bpems yctaHoBKM e 1 He
DI po WE

Bpema yaepxaHus tn, 3 He
WE no A

Bpema yp,e[ﬁmun - 1 Ho
WE po CS

Bpemsa yoepxaHus ¢ 1 e

WiH

WE po DI
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FpaHvyHbIe YCNOBUA

HanpsxeHue nutaHua U, -7 B
BxoaHoe HanpsixeHue U, Opo U, B
BoixogHoi TOK 1y 50 MA
Awnana3oH pabouux Temnepartyp T, 0 o 85
Temnepartypa XpaHeHua Ts -55 po 125

Puc. 12.27. Boinepxka 13 Tabnuiupl AaHHBIX anemeHTa namatd GXB 10147 A (Siemens).

Kak npumep munamuyeckoro O3Y paccmorpum moayns HYB 4116. On no-
ctpoeH B N-MOII-TexHuKe U HMeeT eMKOCTh 16384 6ur. Kaxnplid 61T axpecyeM
nHauBUAyanbHO (16384 x 1-Bit-RAM). AnpecHbie THHUH NTEPEKIIIOYAIOTCH MYJIb-

THIUIeKcopoM. CTpyKTypa cXeMBl MokKa3aHa Ha puc. 12.28.

Aunamuyeckoe MOMN-0O3Y HYB 4116

Emkocte 16384 6ut

MNpensapuTtensHbie AaHHbIE

Tvn Homep Ans 3akasa Bua kopnyca
HYB 4116 — A 3 Q 67100—Q 186 Kepamuka,/puc. 2
HYB 4116 —A 4 Q 67100—Q 187 Kepamuka/puc. 2
HYB 4116 —P 3 Q 67100—Q 219 nnacTuk/puc. 3
HYB 4116 —P 4 Q 67100—Q 220 nnactuk/puc. 3

HYB 4116 ot Siemens — aTo guHamundeckoe O3Y B N-kaHanevHoi MOM-TexHONoOrMM c BByX-

C/IOAHBIM NONMVKPUCTANTMHECKMM KpEMHWEM.

* N-kananbHass MOMM-TexHonorus

* 16384 x 1 61T, NONHOCTLIO AEKOANPOBaH

* PazpeneHHbiiA BBOA—BbLIBO, AAHHbIX

* Bce Bxoabl TTJ/l-coBMecTUMbI (BKAO4AA TaKT)
¢ Huakoe aHepronoTtpebnenne (462 mBT akTtme, 20 mBT HeakTuB)
¢ [lpoMexyToYHaA NamMsTb afpPecoB U BX. AaHHbIX
* Bpema goctyna 200 Hc, Bpema uukna 375 Hc (HYB 4116 — A 3, P 3)
* Bpema poctyna 250 Hc, Bpema uukna 410 He (HYB 4116 — A 4, P 4)
* 3 BbIXOAHbIX cocTOAHUA, 2 TTJ1-Harpysku

* MoxeT BbiTb 3ameHeH MK 4116
* 128 LUMKNOB pereHepauum
¢ HeT 3anucu BbIXOAHLIX AAHHbIX

e + 10 % ponyck Ha HanpsXXeHus NUTaHus (Bce)
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MNpeaensHsie napameTpsi

Makc. HapfaxeHue Ana Bcex

BXOAO0B U nuTanma U, , U, ¥ -0,5pm020 B

Uy, no oTHoweHuio k U,

MakcumMmansHoe HapaXeHue
Ha U, U, Bxoaax no -1,0p0 15 B
OTHOLUEHWIO K U,

U,y = Ugg (U, — Uy > 0 B) 0 B
e s ©
Temnepatypa xpaHeHns T, -65 no 150 ‘C
MakcuMansHo AonycTMMbIE T 1 BT
noTepyu MOLLHOCTH §
MakcmarnbHas MOLLHOCTE MOKos P 20 mBT
AvHamuyeckue aaHHble
HYB 4116
-A3/-P3 -A4/-P4 Mi‘; ef:;q
min max min max
Bpems unkna 4TeHMa Unu sanncun toe 375 410 HC
Bpemsi UMKNa 4TeHUs—3anucu towe 375 465 HC
Bpems umkna YTeHUA—U3MeHeHus Lowwe 415 515 HC
Bpemsa goctyna yepes % torc 200 250 HC
Bpems nocTtyna Yepes CAS tesc 135 165 HC

HYB 4116
MpuHuMn gencTeus
Appecauumn (A,—A;)

[Ons Buibopa 16384 aueek namaTtn TpebyloTcs Bcero 14 agpecHsbix pa3psaos, KOTOpsIe nocne-
AOBATENLHO NEPefaloTcs Yepea NopTel A—A; ABYMA TakTaMu (aApecHoe MyNbTUNNEKCUPOBAaHKE).

CHauyana cunTbiBaloTCsl 7 agpecHbiX CNOB U C TakToM RAS 3anucbiBaloTCA B NPOMEXYTOYHYIO na-

MaTb. B 3akmouenune takt CAS npuHumaeT 7 Butoe agpeca B namaTb Boibopku GuTtos. Mpu atom
HeoGxoAaumo obpawate BHMMaHWEe Ha TO, Y4TO CUrHan agpecaunn K MOMeHTY BpeMeHu oTpuua-

TensHoro ¢ppoHTa RAS nnu CAS HaxoanTCA B YCTAHOBMBLLEMCSH COCTOSIHUM.

RAS v CAS onpepensiioT MOMEHT cTapTa AN BHYTPEHHEero TakTUpoBaHus.

RAS Bbi3blBaeT KOOUPOBLLMK CNOBA U aKTUBU3UPYET YCUNUTENb YTEHURA.

CAS ynpaenset KoAupOBWMKOM BMTOB, a Taikke WHGPOPMAUMOHHBIM BXOAOM W BbIBOAHLIM
younuTenem.

12—2114
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Llokoneska

WE & | Crpo6 Namats
Bup, ceepxy axomnex [0
Aaa
A, no A, — aapecHsie BxoaL
CAS — 6ur-appechnit cTpob CAS ' Taxroswih
DI — sBOA, AaHHbIX ' revieparop 2
DO — BuiBOA AAHHBIX
RAS — cTpo6 appecHoro cnosa R * * 3anept BriGpan
WE — TaKv 3anucn/urenus —N aeibopxn |
Uy,—-58B V| pannux || Aexonep Guros
Up—+128B
Ug,—+58B A, — +____*
U,—0B A, —
A, — ’ Yecunurens urenus » Ycunurens Do
A, — (el AppecHan WuHa 1/0 ynpaenenve swiBoqe
- e
A, —
A, —
- U,
Namats Aexo- Martpuua namaTti -y,
asiGopku nep 16384 6ur - U,
cnos cnos
- - - U,
[
BhiGpaH TakToBL
RAS — 1 rexepatop 1

3anucs/uyTenne (WE)

Liukn 3anucb/yTeHue 3anyckaeTcs, ecnu curHan WE wumeet L- wan H-ypoBeHb (HU3KWMA Man
BbICOKMA ypoBeHb curHana). Midpopmaunontbii Bxoa D/ 3a6nokvpoBaH, eCnvM MaeT Npouecc YTeHus.

CaMblit KOPOTKMIA UMK 3anucy ByaeT B TOM cnyuae, koraa WE no unm opgHoBpemeHHo ¢ CAS

nepenayT Ha L (paHHaa 3anuce). Mocpeactsom CAS sanuchiBaeMule AaHHLIe NepeaanTcs B na-
MSATb BXOOHbIX JAHHbIX.

3amegneHHan 3anuchb, UWKA YUTATh/M3MEHUTL/NUCATb

Mpu 3amenneHHo 3anucu UAn YTeHUKM/MameHeHuu/nuceme CAS yxe CTOUT Ha L, Tak 4TO
AaHHbIe 3anucbiBaloTca co cneaylowmm WE-curHanom B Gydep BXoaHbIX AaHHbIX.

WUndopmaunoHHbii sxoa (OF)
AanHble MOryT ObiTh BBEAEHLI BO BPEMS 3aNnch U LMKNA YTeHWsA/u3meHeHns/3anucn. Onpe-

OensiowWnM Ans BDEMEHU 3anucy AaHHBLIX ABNSETCH oTpuuatentsHblid ppoHT CAS unn WE B 3aBK-
CMMOCTMW OT TOro, Kakoi PpoHT NpuaeT No3aHee.

Buisog aavHbix (D20)

Bbixoa gaHHbIX MOXET uMeTs Tpu coctosHua (Three-State) m npeaHasHaden gna asyx TTJ1-
Harpy3ok. BoixoaHble faHHbIE NO OTHOWEHWIO K BXOAHBIM faHHbIM HEe MHBEpPTUPYIOTCA. Bo Bpemsa

UMKNa 4TEHWA AaHHbIe NOSBAAIOTCS Ha BXOAE Yepes cooTeeTcTayioulee CAS Bpems goctyna tg,.

MNocne oKoHYaHMA LUKNA YTEHUA BbIXOA AaHHbLIX NnocpeacTeom CAS-H cHOBa NepeBofUTCs B BLICO-
KOOMHOE COCTOSIHWe.

Bo Bpems uuMkna YTeHMs/WM3MEHeHWs/3anucM AaHHble NOAAIOTCA Ha BbLIXOA, Kak npuv uukne
yTeHua. Mpu «paHHen 3annucu» BbIXO AaHHbIX B TEYEHWE BCEro UMKIa BbICOKOOMEH.

Perenepaums

Ans coxpaHeHua AaHHbIX B AMHAMWYECKOA NaMATK Kaxaas afpecHas auyeika AonxHa onpa-
LWMBATBECA MUHUMYM Kaxable 2 mc. To ecTb ANA pereHepauvu Bcex aapecoB Heobxoaumo B
TeyeHue Kaxablx 2 MCc NpoBoAUTb 128 LMKNoB peredHepaunn. MNpu YTEHUU UAKM 3aNUCK AaHHbLIE
128 syeek namaTu 3anpaluvBaemMon NUHMK CNOB aBToMaTudecku obHoensaTCA.
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Uwmkn sapsankv

Mocne noaa4Yyn HaNpsXXeHUs Ha Moaynb Heo6xoANMMO NOAOXAATL HECKONLKO UMKNOB, NOKa He
6yanet obecneyeHo npasunbHoe GyHKUMOHUpOBaHWe. [ns aToi uenu mMoryT 6biTb MCNONb30BaHbI,
Hanpumep, 8 UMKNOB pereHepauuun.

YcnoBusi 3KCNAYaTauum U UCNbITaHWA
T,=0—70°C, Uy =08, Uy, =+12B = 10%, U,, = -5B = 10%, U, = +5 B = 10%
CraTuueckme napamertphi’

" " En. na-
YCNoBWA MCnbITaHWiA Min Tun Max MepeHUR
H-HanpsxeHne nuTaHua®
— T u 2,4 7.0 B
(nckniouas RAS, CAS n WRITE) "
H-HanpsxeHue nuTaHus?
— 2,7 7,0 B
RAS, CAS v WRITE Une
L-HanpsxeHne NUTaHua u, -1,0 0,8 B
H -BbIXOAHOE HANPAXEHWe u,, I, = -5 MA 24 U B
L-BbIXOOHOE HANpsXeHne u, I, =4,2wmA 0,4 B
TokonoTpebnenune us U3 Ip s 35 MA
Toxono-rpeﬁneHSe nokos oo 2 RAS wa U, -ypoBHe 1.5 MA
3 Upp CAS Ha U, -yposHe
CpenHee TokonotpebneHve u3 RAS nocnepoBatenb-
U,, B Te4eHne o0aHOro uMkna Inps HOCTb UMINYNLCOB 27 MA
p _
pereHepauin CAS Ha U,,-ypoBsHe
BxopHO TOK yTeukun L -10 10 MKA
BbiXOAHOIA TOK yTe4KU ! CAS na U, -ypoeHe -10 10 MKA
ow U, = Ugg 0 U,
TokonoTpebneHue Nokos e RAS Ha U, -ypoBHe -10 10 MKA
u3 Ug CAS Ha U,,-ypoBHe
CpeaHee Tokonotpebnenuve ! 200 MKA
us U, B8 1
TokonoTpebnexne nokoa U3 Ul I, 100 MKA
EmkocTn
BxogHas eMKoCTL*
(A—A,), DI G 5 nd
4
BxonHas eMKOCTL c, 10 N
RAS, CAS n WRITE
BbixopHas eMKOCTb o> | DO — Tpu cocTosHua 7 nd

Mpumeyanna:

' Npw nofase HANPAXEHWA NUTaHNA NpoBepwTs, YTo Uy, U, v U, Gonbwe, yem Uy, = -0,3 B.

2 MNoBLilIEHWE BXOAHBLIX CMrHanNos Ao yposHsa 6,5 B nnu nosuxenve no —2 B gnntensHocTeio He Gonee 0 Ho He npusoguT
K BHIBOAY MOAYNA W3 CTPOA.

® I, 38BMCUT OT NPOAOIKUTENLHOCTH pabodero uvkna. MakcUManbHbIi TOK K3MEPEH NPU MUHMMANBLHOM BPEBMEBHU LWKNE.

* DddexTBHAN EMKOCTE ONPEAENAETCA M3 YPABHEHWUA:

t
C=m npu AU=3 B.

Prc. 12.28. Beinepxka u3 Tabauusl qaudsix auHamugeckoro O3Y HYB 4116.
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12.4. [TOCTOSIHHbIE 3anOMUHaOWMe
yctpoicTtea (MN3Y, ROM)

I13Y (ROM) conmepxar HeCTHpaeMylO W HeH3MeHsieMylo HH¢opMmaimio. IToHs-
Te ROM siBnsierca cokpauienrem ot Read Only Memory.

I13Y MOXHO CpaBHHUTEL C KHUTOM. 3aHeceHHas B Hee HHQOPMALIHS SIBIACTCA
JOCTYITHOM B mo6oe BpeMs. OMHAKO HEBO3MOXHO 3aME€HHUTh WIH U3MEHHUTb HH-
¢opmanmio. B T13V coxpaHsIoT 4acTO MCIOJb3YeMbI€ CBEACHHS, HAIIPIMEP KO-
MaHIbI, IIporpaMMbl M Tabmuuel. [To Mepe HEOOXOMMMOCTH MOTYT OBITH CYMTAHbI
OTAENbHBIE STUEHKH TaOIHIIBI.

Ona opradnzauuu N3Y NpMMEHAIDT ABa TMNa 3anoMUHAKLWKWX 3neMeHToB. 3a-
NOMWHAKLWWE 3/IEMEHTHI NEPBOro TWUMNa A0JIXHbBI BCeraa cofepxaTb 3HadeHue 1.
3anoMuHalume 3NemMeHTsl BTOPOro Tvna A0JKHBE BCErga cogepxars 3xadenue 0.

[IpencrapneHue DaHHBIX B ITaMATH U opraHu3auusa namsatu [13Y noxoxu Ha
03V, 3anmoMuHa0IAA MaTpMIla COCTOUT M3 CTPOK M cTOIOLOB. OTAeNIbHBIE SYEHKH
nmaMsiTH BeIOMpaloTcs aapecaumeit (puc. 12.29).

AapecHan

wuna X
DEIEDEIX
X s WO O OF e O
8 L IR VT TR TRV Y
" § I 55kt OF & OF & OF OF
g SO0 O OF OF
a——f & [T B O OF OF & B O
o & & O Of Of w O
OF &b & O & OF OF &
., Aueiika naMaTi BxogHbie faHHbie
C cogepxanuem «1» (anpecHas wuHa Y)
T conepmanmen <0
Bexoaep anpeca Y F—

Buisog

T ol

A A A

Pue. 12.29. Cxema 64 x 1 6urosoro I13V.

s 6

I3V mpoussoasitca yaine Bcero B N-MOII-rexanke. BosmoxHas creneHb
HHTerpauMy BelMKa, a 3HepronorpebieHne He3HayuTeabHO. Kak mocTpoeH 3a-
MOMUHAIOMIWI 3JIEMEHT, KOTOPHI BCEria CONEPXWUT 3HadyeHue 17 DTo MOXHO
clenath ¢ nmomoinbio orcyrcrByiomero N-MOII-TpaH3ucropa. 3anoMUHaOLIUA
3JIEMEeHT, KOTOPbIi Bcerga uMeer 3HayeHUe 0, obpasyerca N-MOII-TpaH3ucTo-
pom (puc. 12.30).

Y-ampecHble UIHHBI SBIAIOTCS OOHOBPEMEHHO JIMHUSAMH HaHHBIX. Eciu 3a-
MOMHHAIOIMIA 3JIEMEHT CUMTHIBAeTCs, Ha Y-aJApecHYI0 LWIHHY NPUKIAOLIBAETCA
1-curHan.
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AgpecHas wwmHa X AnpecHas wuHa X

I [ [ | Bxoanuic gannbie TpaHancTop + Brogveie nanHwe

(aapecHas wivHa Y) OTCYTCTBYET {apgpecHas wuHa Y)
InemeHT namnTn 3neMeHT NamaTh

ana «0» ana «i»

Puc. 12.30. Daement namatu [13V (N-MOI1-texHonorus).

Ecnu BLIOpaHHBIH 3alIOMHHAIOLIMI 3/IeMeHT sBiseTcsa (-3J1eMEHTOM, TO Ha
JIMHUHU JAaHHBIX geicTByeT O-CUTHaJ, TPAaH3HUCTOP OTKPBHIT M CBA3HIBAET JIMHUIO
JaHHBIX C 3eMJICH.

Ecnu BuIOpaHHBIHM 3alIOMHHAIONIMI 2TEMEHT SABISETCS 1-37IeMeHTOM, TO Ha
JIMHMM JaHHBIX AelicTByeT 1-curHan. Ha nuHuM NaHHBIX He MOXeT ObITh O-CcUrHa,
TaK KaK TPaH3HCTOP OTCYTCTBYET.

ITocrosiHHBIE 3aMMOMHHAIOLINE YCTPOMCTBA 3TOr0 BHAA HA3bIBAIOTCS TaKXKe
macouHeMH [13Y. UHdopManus 3anmuceiBaeTcs MpU U3rotoBieHUH. ITokphITH-
eM (MacKMpOBaHMEM) Ha OTNPEAEIICHHBIX Y4acTKax MpefoTBPAIAeTCs H3roTORIE-
HHE TONEeBBIX TpaH3ucTopoB. Ilojb3oBaTeNihb JOJDKEH yKasaTh 3apaHee, Kakas
nHdopMalusa T0KHA OLITH 3allMCaHa W COOTBETCTBEHHO Ille NO/DKHEI U Ie He
JOJDKHBI OBITh pPa3MeIIeHBI MMOJIEBbIE TPAH3UCTOPBI.

Hsrorosnenue II3Y sBaseTcss 5KOHOMHYECKH OOOCHOBAaHHBIM TOJIBKO IIPH
MAacCOBOM IMPOM3BOACTBE, TaK KaK Ui KaXI0ro MH(pOPMAaLMOHHOIO HaIlOJIHE-
HHUS JOIDKHA OBITh M3TOTOBJIEHA COOTBETCTBYIONIAS MAcKa.

Ha puc. 12.31 npuBeaeHa cokpanieHHasl Tabiuua JaHHBIX IOCTOSIHHOIO 3a-
nomuHaoniero ycrpoiicrsa SAB 8316. Oro [13V nmoctpoeno B N-MOII-TexHuxe
u comepxur 2048 cnoB o § OuT, opraHu3oBaHHHIX B BUe 128 ctpok u 16 ctonb-
uoB. s 128 cTpok Tpebyrorca 7 agpecHbIX JIMHHK. 16 cTon610B yIIpaBasioTcs
no 4 agpecHBIM TUHUSIM. Becero B Hammauu uMmelorcsi 11 agpecHBIX BXOIOB.

Cratnueckoe N3Y, 16384 6ur SAB 8316 A

Crpykrypa 2048 x 8 6uT

Bpemsa goctyna makc. 850 He

HanpsxeHne nutauma S B

TTN-coBMecTMM NO BCEM BXOflaM-BbiXOAaM

Mporpammupyemsiii Mogyns BbiGOpKM EXOQ0B ANS NErkoro paciuMpeH s Moayns NnamMmaT
Tpu COCTORHMA BbIXOAA — BO3MOXHOCTbL nNogcoenuHenns nposogHoro UK
MonvocTteio gewndporal — agpecHan gewudposka scero moayns

Bce Bxoabl 3awvuieHbl NPOTUB CTAaTUYECKOro paspsaa

SAB 8316 — cratuueckoe MN3Y co cTpykTypoit 2048 cnos no 8 6ut

Bxoabl 1 BbixoAbl NOAHOCTLIO TT/1-cOBMECTUMBbI. ITOT MOAYAbL NCNONb3YET TONBKO OAHO 3Ha-
YeHne HanpsaxeHus nutaHua — +5 B. Tpu Bxoaa BeIGOPKKU ABNAIOTCA NporpaMmmMupyemsimmn. Kax-
nan kombuHauwa L- n H-ypoBHell akTUBHLIX MoAaynei BbiBopkn BXoA0B MOXeT ObiTe pacnosHaHa
Takum 06pasom, 4T Xenaemblii Ko BeIGOpKM MOAYNA B TEYEHME NPOLECCa Maco4HOro nparpam-
MHpoBaHua MoxeT BbiTb 3aduMKCUpOBaH.

3Ty Tpn nporpaMMUpyeMbeix Moayns BulBGOpKM BX0OA0B, a TakXe BO3MOXHOCTb NPOBOAHOIO
WA obneryaoT paclwvpeHue yCTPOMCTBA NaMATH.

SAB 8316 narotoBneH 8 KMOM-TexHonoruu.
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CraTuyeckme napameTpbl U YC/IOBMSA 3KCNAyaTauum

T,=0pm0 +70°C, V.= 5B + 5% (ecnn He ykasaHbl Apyrme faHHbie)

Cum- MpeaensHbie 3Ha4YeHUA En.
a0 0O60o3Ha4veHne name- YcnoBus Mcneimasui
min ™mn? max peHua
I, L -BxopnHol TOK — — 10 V,=0n05258B
lion H -BbIXOAHOW TOK - - 10 MKA [C§=22B,V, =48B
Lo L-BbIXOAHOR TOK — - -20 CS=228B,V, _=0458
Bce Bxoab! 5,25 B,
lee Tokonotpe6neHne . 40 98 MA BbIXOA AaHHbIX
OTKPbIT
v, L-BxonHoe HanpsxexHne -0,5 — 0,8
v, H-BX0AHOE HanpsaxXeHue 2 — V.. +1B
B
Vo, L-BLIXOAHOE HanpaxXeHne — — 0,45 I, = 2 MA
Vo | H-BbixoAHOE HanpaxeHue 2,2 — — Iy = =100 MKA
Bpema nepexnioueHus
T,=0p0 +70°C, V. = +5 B £ 5% (ecnu He ykasaHbl Apyrue AaHHbie)
MpenensHole 3Ha4yeHUn En.
Cumeon Ob6oaHaueHvne name-
min ™' max peHua
t, 3apepxka oT agpeca K BbiXoay — 400 850
to 3apepxka BeIGOpPa MUKPOCXEMBI B PEXUME YTEHUA - — 300 HC
te 3anepxka BbiBOgA AaHHbLIX 0 —_ 300
Ycnoswus McnbiTaHWn
YpoBeHb UMMNYNILCOB Ha BXOAe 0,8p02B
MepegHuin U 3aaHWA GpoHT Ha Bxoge (oT 10 ao 90 %) 20 He
Harpyska Ha Bbixoge 1 TTN-Harpyska u C, = 100 n®
YpoBHK NPOBEAEHNA N3MEPEHWIA:
Ana Bxopos 1,5B
ONS BeIXOACB 0,45 no 2,2 B
EmMKkOCTE — BbIOOpPOYHbIA KOHTPONBL
npu T, =25°C, f=1mly
MpenensHele
Cumson O6o3Ha4eHne 3HaueHns En.
namepeHun
™n' max
. BxogHaa eMKoCTb? 4 10
nd
C,. BbixogHas eMKOCTs? 8 15
MpumeyaHue:

' Tunoesie 3nasennn Ana 25°C M HOMMHANEHOTO HANPAXEHWA MMTAHWUA.
2 Bce BbIBOMiBI, KPOME BHIBOAA, HA KOTOPOM NPOBOAMTCH W3MEPEHWE W KOTOPHIl CBA3aH C 3emMnei.
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Lokoneska
1 24
S
A [ Ve
A, O (] 0, OGo3HaYeHUs BBOAOB
A C j ©: A —A anpecHbie BXog|
- bl =]
AL ] o, g':—o': — BLIBOA AAHHLIX
5 —CS, — curHan sui60pa MUKpOCXeMbl
4.0 2 o, Vm‘— m;npﬁxeuna nutanua(+5 B)
A [ SAB ] o, GND — aasemnenue (0 B)
A, 8316 A o,
A O ] o,
Ad E j 0‘
A! C j C‘sl
A O M cs, Bnok-cxema
GND u 3 cs, BuiBoA AaHHLIX
12 9
0, 0,0, 0, O, O, O, O,
o Ve
LU L] = G0
Ay — Dexopep
BuixogHoi Gydep =1 swifopa
Ay —l MUKDOCXEMBI
Ay — HEEEEER [N )

_\% Y-nexonep 1 ua 16 x 8

lagt— CS,
16384-6ntosas !

Marpuua NamsTi

:’—g NN YN W
e LT
£

Bxognoi Gydep
euifopa let— CS,
MMKDOCXEMbi

X-pexopep 1/128

MpepensHbie 3HaveHusa'

TeMmnepaTtypa OKpyXaiouien cpefbl B pabouem pexume 0 po + 70°C
Temnepatypa xpaHeHuns —-65 no + 150°C
Hanps>xeHrne Ha KaXkAoM BLIBOAE OTHOCUTENLHO 3emMnn-0,500 +7 B
MoTpebneHne MowWwHOCTN 1BT

Npumeuanme:

' MpuseneHHble AaHHLIE SBNSIIOTCA MPAHUYHBIMMK, MPX UX NPEBLILLIEHWN MOQYNL MOXET BLIATH U3 CTPOSN.
2 TunuyHele 3Havenns npu T, = 25°C 11 HOMMHANLHOM HaNPAXEeHUW.

Puc. 12.31. Jannsie Ha cratnyeckoe [13Y SAB 8316 A (Siemens).

HHTEepecHBIM ABIsSIETCS HE3HAYUTEIbHOE moTpebneHue sHeprun — 31,4 MxkBr
Ha OUT M OTHOCHTEJIbHO Majioe BpeMsi NOCTyIa. B 3TOi MMKpOCXeMe JOMOJIHK-
TeJIBHO CONEPXHTCH MOIY/Ib CXeMbl BhIOOpKM. Bydep BbIBOIA JOCTYIIEH TOIBKO
TIPH YCJIOBHH, 4TO Ha BXogax CS,, CS, u CS, neicTBYyIOT onpe/eneHHbie GMHap-
Hble curHaibl. TakuMm oGpa3oM, obnerdyaercss obbeIHHEHHE HECKONBKMX TaKHMX
I13V B ycrpoiicTBo namsitu Gosbluero oobemMa.
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12.5. NMporpammupyemoe rnocTosHHOE 3anoMuHaoLee
yctponcTteo (MMN3Y, PROM)

Cokpamesne PROM npoucxomut ot Programmable Read Only Memory — mpo-
rpammupyemoe T13Y.

PazButie nporpaMMHpPYeMBIX ITOCTOSTHHBIX 3alIOMUHAIOUIUX YCTPOIMCTB SIBU-
JIOCh CJIENICTBUEM TIOXEJIaHUS TOb30BaTeield CAaMUM BBOAUTH AaHHBIE B MTOCTO-
SHHOE 3alIOMWHAIOLIEE YCTpOMCTBO. Takke OHHM HE XOTENMU OBITH CBA3aHHBIMH
GONBIIMM KOJMYECTBOM 3K3eMIUISIpPOB. llenbio GbUI0 5KOHOMHWYECKH BHITOIHOE
NMPOM3BOACTBO MaJIbIX IIAPTHIi, 4O OAHOM IUTYKH.

IpencraBumM cebe T13V, xoTOpOE COCTOUT TOJIBKO U3 3TE€MEHTOB MAMATH IS
sanucu 0 cornacHo puc. 12.30. To ecTh Ha MepeKpecTHsAX HAXOMATCSA TOJIEBbIE
TpaH3ucTOpHl. ECU OOWH U3 TPaH3HUCTOPOB OyIeT MPOXCKEH, TO B 3TOM MECTE
Oyner coxpaneHa 1. [loyeMy Hesb3d Bcerja LiejieHanpaBJleHHO NMPOXUTraTh TpaH-
3HCTOPHI B TeX MecCTax, B KOTOpbIe HYXHO 3anucath 1?

Takum criocobom nporpammupyetcs IT13Y, T. e. mpou3BoauTcs 3anuch AaH-
Hbix. CyuiecTByloT pasnuunbsle pasHoBuaHocTH IITI3Y. bunonsapuse TITI3Y c
IUOAaMU W TPAH3UCTOPAMHU B TOYKaX NEPECEYEHUS AJPECHBIX JIMHUHA HMEIOT B
HacTosiliee BpeMs OoJsiblioe pacrnpoctpaHeHue. Ha puc. 12.32 mnpencrasieHa
cTpykTypa 8 x 8-6uroporo guomHoro IITI3Y. [lvuonsl UMeIOT o4eHb TOHKME Bhi-
BOABI M3 XpoMoHuKeneBoro civiasa (ot 20 go 30 uM B mupuHy, 100 HM ToMIIU-
Hoit). Ecliu TOK npeBrIlIaeT onpeaeneHHoe 3Ha4YeHHE, TO 5TH BBIBOJHI Nieperopa-
1o1. dna nporpammupopanua IITI3Y Tpebyercs ocobeHHOe YCTpOCTBO, Ha3bl-

EIE L el
MEREREREA RN
o 3| R AT
o [
NN R SRR N[AIREN[D
EL e
RN R NLNENEN
EE LR e
ILB o, b, Db, b, D

anoaHoro PROM. Brixogbl AaHHBIX
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BaeMoe mnporpammarop. IIporpammupoBanue IIII3Y Heobpatmmo. B ciyuae
ommbxu TITI3Y MoxHO BeIOpackiBaTh. KoppeKiiisi BO3MOXHa TOJIBKO B PEIKHX
cJly4asix, ecJIM MOXHO JOIOJHUTENBHO MPOXeYb OCTABLIMECS COEAUHEHUS.

12.6. NepenporpamMmmMmpyembsie NOCTOAHHbIE
3anomMuHalloume yCTpoucTea

CtvpaeMele 1 nNporpaMmMmnpyemMble NOCTOAHHBLIE 3anoOMMHAIOWKWE YCTPOWCTBEA
MO3BONSIOT YAANATE BBEASHHYI0 MHbOpMaLmMIo 1 nepenporpammuposats MN3Y.

VianeHue v repenporpaMMHpPOBaHHE MOXET ITOBTOPSATHCS KAK YTOAHO 4acTo
0e3 MoBpeXICHHUA MOLYJIA TTaMSsTH.

Pa3nuyaioT aBe TpyIIB MepenporpaMMUPYEMBIX MMOCTOSTHHBIX 3alIOMHHAI0-
KX ycTporcTB. B ogHo# rpynmne uHbopMaius ynansercs yabTpahuoIeTOBBIM
ceetoM. [TocTOosSIHHBIE 3aITOMHUHAIONIME YCTPOHCTBA 9TOH Pa3HOBUAHOCTH HA3bI-
patoTca CIIII3Y — cTtHpaemMoe mporpaMMHUpyeMoe MOCTOSIHHOE 3aIIOMMHAIONIEe
yerpoiictBo (EPROM — Erasable Programmable Read Only Memory unu
REPROM — Re-programmable Read Only Memory).

CrupaeMble IIporpaMMHMpYyeMbie€ IIOCTOSHHBIE 3allOMMHAIOLIME YCTPOHCTBa
BTOPOIi IPYIINbI MIEPENPOrpaMMHPYIOTCS JTEKTPUYECKUM HanpspkeHneM. g Hux
npuHsTo cokpaienue EEROM (Electrically Erasable Read Only Memory = anmek-
TPMYECKH CTHpaeMble IIOCTOSIHHBIE 3aloOMMHalolMe ycrpoiictBa) ¥ EAROM
(Electrically Alterable Read Only Memory — 3/1eKTpUYeCKH MepPerporpaMMHpy-
eMble IIOCTOSIHHEIE 3alIOMHMHAIOIINe YCTPOHCTRA).

12.6.1. EPROM 1 REPROM

EPROM u REPROM He3HauuTeIBHO OTAMYAIOTCS APYT OT ApPYyra, B OCHOBHOM
TEeXHOJIOTHell M3roToBieHHs. OHH MIAEHTHYHH IO CTPYKTYpe W TPHHLIMITY Jeii-
CTBHSI U TMOSTOMY MOIyT paccMarpuBaTbesi BMecTe. CIIII3Y (cTtupaemoe mpo-
rpaMMHMpyeMoe IMOCTOSIHHOE 3arioMuHaloLlee ycrpoiictBo) ¥ REPROM-3anomu-
HAIOIIUK 31eMeHT Wi 1-ro GMTa COCTOAT M3 JABYX IOJIEBBIX TPAH3MCTOPOB, B
ocHOoBHOM npumMeHsiiorcsi N-MOII nonessie TpaH3uctopbl. CTPYKTYpa THIHY-
HOro 3JIEMEHTa NMaMATH npeacrasieHa Ha puc. 12.33. Tpausucrop 7, sBnserca
TPaH3UCTOPOM BBIGOPKH, TpaH3UCTOp T, — TPaH3UCTOPOM MaMSITH.

3aTBOp TpaH3UCTOpa MaMATH 7, OKPYXEGH MaTepHaioM ¢ BBICOKHM COIpO-
THBJIeHWeM. OH HH K YeMy He IpHcoeauMHeH. Takoil 3aTBOpP Ha3bIBAeTCs IUIaBa-
jo1mM (aHri. floating-gate). B cTepToM COCTOSIHHH TUTaBAIOLIMiA 3aTBOP HE 3apsi-
xeH. Tpausucrop T, 3anept. Eciu Ha anpecHble lMHbL X ¥ Y nomewaoor +35 B,
To Tpansucrop 7, orkpoerca. OngHako TpaHsucrop 7, 3anepr, Tak yro Y-ummHa,
KOTOpad OOHOBPEMEHHO SBJIsieTCS MWHON HJaHHBIX, HE MOXeT cOpOCHUThCS Ha
L £ 0. Y-muna ocraerca Ha ypoBHe 1. B creproit namstu tuna EPROM u
REPROM Bce 3MeMEHTHI MaMATH UMEIOT cofepxanne H £ 1.

IIpu BBOIE HJaHHBIX HY>KHbIE 2JIeMEHTHI NlepenporpaMmupylorest Ha 0. T'oBo-
PAT, YTO MPOTPAMMHUPYIOTCS «HYIIH».

3anoMUHaKWNWIA 3NEeMEHT UMEET codepXxaHrue namMaT 0, ecnun TPaH3CTOp Nna-
MATK OTKPbIT.




@2 Iiaea 12. Pecucmpbt u 3anomunaiowgue ycmpoticmea

Puc. 12.33. DneMeHT naMaTH

EPROM-REPROM.
(+5B)

AnpecHasn
wuHa X

.__IIT . T

Tpanauctop TpanaucTop
soifopku namaTm

(+5 B) (0 B)

Y V4

BxoaHbie paHHLE
(aapecHan wwuHa Y)

Ecnu anpecyercs 31€MEHT C OTKPBITBIM TpaH3MCTOpOM namsaTu T, T. e. Ha X-
muHY U Y-1muHy mogado +5 B, To 7| Taxke orkpbiBaercda. Tak Kak Ha 1IHHE Z
neiicteyer 0 B, To mumHa Y paspsokaercs 1o ypoBHsi npubnusutentHo 0 B. Kak
JOOUTBCS, YTOOBI TPAH3UCTOP ITaMAITH OTKpbUIcsi? HyXHO 3apAnMTh €ro 3aTBOp.

Mnasaowwii 3aTeop N-MOTM-TpaHaucTopa [omwkeH BbiTh 3apsPKeH NONOXKUTENBHO
No OTHOWEHWIO K nodnoxke, 06pasya N-NpoBOAALLMA MOCTUK MEXAY WCTOKOM
{Source) 1 ctokom (Drain).

PaccMOTpHM CTPYKTYpPY TpaH3ucTopa naMaTu (puc. 12.34). Mexny D u tion-
JIOXKKOH MPUKJIAALIBACTCS OTHOCHUTEJNbHO BbiCOKOe HampspkeHue (+27 B). Tak
Kak ILUIaBalOUIMIf 3aTBOP M M3OJISILIMOHHBINA CIOH OYeHb TOHKHE, TO BO3HHUKAET
OYeHb CHJIBHOE 3JIeKTpHiecKoe Ioje. IToa BIHAHUEeM 3TOro CIIBHOTO IO 3/IeK-
TPOHBI OT TUIABAIOIIETO 3aTBOPA MepeMenaloTcs K CTOKY (TIPOTHB JIMHHUIM TI0JIA).
H30ns1IMOHHBIA CJIOH IpPONyCcKaeT 3JIEKTPOHB! H3-32 OY€Hb BHICOKOH 3JIEKTpH-
YeCKOM HaNpsSKeHHOCTH 1oJsA. MOXHO cKa3aTh, YTO H30JISIIIMOHHBIN CIIOM KpaT-
KOBpeMeHHO npoiameiBaercs. Ha camoM aente mpuYHHOR SBJISIETCA TYHHEJIBHEIH
addekT. Drot nmpouecc HasbiBaercs Floating Gate — avalanche-injection (anrm. —
JIaBHHHAsA 3apsAiKa ruiasalollero 3arsopa). MOII-noneBoii TpaH3ucTOp, 3apsKa-
IOLLMIACA TI0 3TOMY NIpUHUMITY, HadeiBaeTca FAMOS-tpaH3ucrop.

Nnagaoumin
3aTBOP

(+27 B)

Mertann

R

n {
\ I0ANOXKa ]

\— N-NPOBCASWWA KaHan

Puc. 12.34. Ctpykrypa TpaH3ucTopa ¢

B nnasalommM 3aTBopoM ( N-KaHanbHBIl).
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Hanpsxkenue +27 B HasbiBaeTcs HanpskeHnem nporpammupoeanus. [Tocne
KPaTKOBPEMEHHOTO NeHCTBUSA 3TOTO HAaNPsKEHMA 3aTBOpP 3apspkaeTca. Mare-
puan, OKpyXKalolmuil MaaBalouInii 3aTBOpP, SBISIETCS BEHICOKOOMHBIM. DIEKT-
puYe-cKuUil 3apsig Ha HeM coxpassiercsi. Ha momioxke noj rnjaBalolyUM 3ar-
BOPOM BO3HUKAET K-TIPOBOAAIINI MOCTHK. [loeBoil TpaH3UCTOp HU3KOOMEH
Mexay Su D.

Hyetixu mamstu CIITI3Y (ctupaeMoe nmporpaMMupyeMoe NMOCTOSTHHOE 3aMo-
MuHalwliee ycrpoiicto) wii REPROM nporpaMMUpYIOTCA MO O4e€penH Mocie
BBIGOpa agpecHBIMU WHHAMHU X H Y (cM. puc. 12.33). K X' u Y npuknansiBaiorcs
HanpsokeHus BbiOopku +35 B. Benencreue storo orkpeiBaerca T,. Hanpsixenue
Y-muHbl KpaTKoBpeMeHHO noBbilaeTcsa no +27 B. [IporpaMMmupoBaHue MOXET
HEOTHOKPATHO TTOBTOPSTHCS IO COOOpaKeHUsIM HanexXHOCcTH. [1o TaHHBIM mpo-
M3BOJIUTENIS, 3apsA/l HA TUTABAIOIIEM 3aTBOpPE COXPaHseTCsl B TeYeHHe MHOTHX JIeT,
TO €CTh AaHHBIE MOIYT COXpaHATbCsA oT 1 roxa no 100 ner.

3anporpammnposaHHbie CMMN3Y n REPROM coxpaHsioT BeeAeHHY0 MHDOPMaLMID.

H3BecTHBIE INPOMU3BOIUTEIIH NAOT rapaHTHIO OT 10 neT Ha COXpPaHHOCTH JaHHBIX.

Ona yoanenns nndopmaumm uz CMNN3Y nnn REPROM ctupaemslin y4acTok ye-
pe3 OKHO HaA nnasawwm 3aTsopom obnyyaeTcs ynsTpaduoneTom.

BEICOKOOMHBII MaTepHall HOHU3UPYETCA O0Ny4eHHMeM M HauHHAaeT IIPOBO-
JUTh. 3aTBOp MeUIeHHO paspspkaerca. [IpH MOIIHOCTH M3Ny4eHHMsl IIPHUMEPHO
10 Bt - ¢/cMm? 3aTtBOp paspaxaerca 3a 20—30 munyr. Kopnyc CIITI3V n
REPROM uMmeer OKHO, Ipoxojsilee HaJ BCeH MOBEPXHOCTbIO KPHCTAIH-
yeckoro yana (puc. 12.35). YasrpaduoneToBslif cBeT 00JIyYaeT BCE IIEMEHTHI
NaMATH U CTHPAET UX BCC OJHOBPEMEHHO.

Puc. 12.35. Kopnyc EPROM-REPROM.

Mpwu ctupadum w3 CMMN3Y u REPROM ypansetca Bca uHpopmauus.

ITocne ynanenuss uuGopMaLMy MOIYJIb JOJKEH OCTHITh, TAK KaK OH 3aMEeTHO
HarpeBaeTcsi. [Ipexne Bcero IoMkKHa yMEHBIIUTHCS HOHU3ALUA B H30JIUPYIOIIEM
Marepuaie. Marepual JOJDKEH CHOBa CTaTh BHICOKOOMHBIM. TOJIBKO TOra MOX-
HO CHOBAa HaYMHAThL LMKJI MpOrpaMMHpoBaHus. BpeMs oxyiaxaeHus J0/DKHO co-
CTaBJIATH 110 MEHBIIIEH Mepe MOJIOBUHY OT BpEMEHH ITPOrpaMMUPOBAHUSI, JTIydlIe
BCEro yac.

Haxoaswmecs Ha ceety CIMMN3Y 1 REPROM moryT BuiTe CAYHANHO CTEPTHI.
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JIy4H cOJIHEYHOrO CBETa MPUBOJAT K CTUPAHUIO MHUKPOCXEMBI B TE€4€HUE MPH-
MepHO 3 nHei. CBeT JIIOMHHECIIEHTHOM JIaMITHI yaaisieT HHGOPMALHIO IIPHMEp-
HO 4epe3 3 Henenu. YToOwl NMpeOTBPATHTE CyyaiiHOe CTHpaHHe, liejiecoobpas-
HO 3aKJIEUTh OKHO TEMHBIM CKOTYEM.

[Iponiecc cTHpaHWs He MEHsSIET CBOMCTBA MaTepHaJIOB MOIYJIS, TAK YTO BO3-
MOXHO CKONb YIOJHO 4YacToe yhaJeHHe W IepenporpamMmMmupoBaHue. CTupae-
Mbl€ [IPOrpaMMUpyeMbIe IMTOCTOAHHbBIE 3alTOMUHaIOMMe yerpoiictea 1 REPROM
BBEINTycKaloTcs ¢ oobeMaMu namMatu oT 100 6ur go 16 Kour. Monynu ¢ 32 Kour
n 64 Kout Haxoasrcs B paspaborke. Yacto npumensiemoe ycrpoiicteo REPROM
BbIITycKaeTcsi B Buzae Monyiisi SAB 8708. Ha puc. 12.36 Bocnipou3sBeaeHa coKpa-
IIeHHasA TaGJIMIAa JAaHHBIX 3TOT0 MOIYJIA.

Crupaemoe u nporpaMmmupyemoe ycrpoiicteo namartu MMY SAB 8708
SAB 8708: Ctpyktypa 1024 x 8

BbicTpoe nporpaMmmuposaHne — ansa Bcex 8 k6urt, 100 ¢ (KOHTponsHan BennyuHa)
Huakoe anepronoTtpebnexHne

Bpema poctyna makc. 450 He

Hanpsxexuue nutanua 5 B, +12 B

CraTtnuyeckas cXema, He HYXXeH UMK pereHepauvm

TT/l-coBMeCcTUMO NO BCEM BXOAaM-BbiX0AaM BO BPEMS YTEHWS U NporpamMmMMpoBaHUA
Tpu COCTORHWA BbIXOAOR, BO3MOXHOCTbL NposoaHoro WK

SAB 8708 — ato GeicTpoe 8192-6uToBOE CTUpaeMoe WU 3NeKTPUYECKW NPOorpaMmmupyemMoe
nny (REPROM). OcobeHHo xopoLuo NoaxoanT Ana paspaboTkn pasnnyHbIX CXeM W CUCTEM.

Mpowussoautcs B DIP-kopnyce ¢ 24 BoIBOAaMWM M KBAPUEBOR KPbLILLKOWA, NO3TOMY Y NONL3OBA-
Tens ecTb BO3MOXHOCTE C NOMOLWLIO ynsTpaduoneToBoro obnyyeHns ctmpars AaHHble U NpoBo-
OWTb HOBOE 3NIeKTPMYECKOE NPorpaMMuUpoBaHme.

Bnarogapsa coemectumocTy noptoe SAB 8708 n SAB 8308 cTtaHoBATCA BO3MOXHbIM 0GHOB-
NeHve KOMMbIOTEPHOW CUCTEMbI NPWU UCNONL30BAHMM BO3MOXHOCTEH nameHeHua SAB 8708. MNMpwu
3TOM PasBUTUE BO3ZMOXHO Ge3 M3MEHEHWA NPOBOAHLIX NUHWIA, 4TO ABNAETCA GNaronpuATHLIM C
3KOHOMMUYECKOW TOYKKU 3peHus, ocoBeHHo Npu MacCoBOM NPOW3BOACTEE.

Bpemsa nepexnioyeHus

T,=0-70°C,V,,=+5B+5%, V,,=+12B+5%, V,,=-5B+5%, V, =0B
(ecnn He ykasaHbl APYrme AaHHbie)

MNpeanensHele 3Ha4YeHNnA En.
Cvmeon O6osHaveHne name-
min ™n max pexns

¢ Mexay Havanom aapecHoro CUrHana u Havyanom _ 280 450
AcC CWUrHana AaHHbIX

Mexay Ha4anom curkana suiBOpKU M CUFHANoOM

— — 12 H
too DaHHBIX 0 G
¢ Mexay OKOHYaHMeM curHana Belbopku 0 _ 120
oF W CUIrHANOM AaHHbIX
¢ Mexay okoHYaHUEeM afApecHoro curHana 0 . _
OH W cUrHana naHHbIx

EMKOCTb — BblIGOpPOUYHbLIA KOHTPONbL
npu T,=25°C, f=1Mly

MNpenenbHble 3Ha4eHWa | EauHmua
Cumson O6o3navenne o max MIMEPOHMA Ycnoewa ucneITaHuia
C,, BxoaHas eMKOCTb 4 6 o v,=0B
n
C.. BbixoaHas eMKOCTb 8 12 V.. =0B
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Bnok-cxema BuiBoa AaHHbX
OI oi
1
I 1
Moayne Bubopa
Cs/WE - MUKPOCXeMbl » Bydep suiBOfa
[ — e
:= Y-nexonep Y-ynpasnexnwe
——
A—A, —
AnpecHbie = -
BXOAL -
:= 64 x 128
X-nexopep
—l- ROM-
OM-MaTpMLUa namaTi
| —
_—.
Llokoneska
1 24
A’ [: ~ j l"‘z;t:
06o3HaueHns BBOAOB 40 (] A,
Al E j AS
A—A, — anpecHoie Bxoabl
0,—0, — BuiBOA AGHHBIX A ] Vo
CS/WE — curHan seiBopkin MUKPOCXeMb! A O ] cs/we
40O SAB [V,
A O 8708 ] Nporpamma
AO : :] o&
o‘ [j 3 or
02E :’ O&
o, ] o,
Ves O ] o,
12 13
MNpepenbHble 3HaYeHUR'
TemnepaTtypa okpyXawuwei cpenb B paboyem pexnme -25 po +85°C
TemnepaTtypa xpaHeHus -65 po +125°C
HanpsaxeHre Ha KaXaoM BXOLE W BhIXO4e
no oTHOWeHW K V. (KpoMe nporpammunpyouero) +15 po -0,3 B
Mporpammupyemslit Bxoa Ha Vg, +35 oo -0,3 B
HanpsaxeHue nutauua V. u V. no oTHoweHwno K V +15 no -0,3 B
V,, No oTHOWeHno k V, +20 no -0,3 B
MNoTpebneHne MOLWHOCTH 1,5 Bt

NporpammMminpoBsanne

B HesanporpamMmMMpoBaHHOM MOAYIE, a TakkKe NOocne KaXnoro cTupaHua Bce Butbl Haxo-

OSTCA B COCTOAHNM «1» (aBnaioTcs Buixoaom High). Mpu 3anucm aaHHbIX HYXHble BUTbl CTAHOBAT-
CA Hynamu.

Ons NnoaroToBkU CXembl K NPOrpaMMrnpoBaHnIo Ha BXog CS/WE (nopt 20) nogaerca +12 B.
AnpecHoe cnoBo BbIBGUPaeTCa Tak Xe, Kak PeXUM YTeHus. BxoaHele naHHele nocTynaioT Ha 8-6uto-
BbliA MapannenbHblii BBOA NO WKHE AaHHbIX (O,—0,). JlTornyeckunii ypoBeHb N HaNpPaXeHs NuTaHna
ONA aApPEeCHOA LWKHBI U LWWHEI AaHHbIX TaKWe Xe, Kak 1 ana pexuma paboTtsl «uteHuer. NMocne Toro,
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KaK yCTaHOBMEHbl afpeca W [aHHble, Ha NopPT NporpaMMupoBaHus 18 npuknanbiBAaeTCs MMMYNbLC
HanpsxXeHus (Vp) Ha Kaxablih agpec. OgHOKpaTHOE NPOXOXAeHUe BCexX NporpaMmMmupyemMbix aapecos
Ha3bIBAETCH LMKNOM nporpammuposBanus. Konumyecteo HeoGxogumsix uuknoe N onpeaensercsa B
3aBUCHMMOCTHM OT ANUTENLHOCTM UMMYNLCa Nporpammuposanusa (t,,) no dopmyne N x t, = 100 mc.
Ans KOHTPONS NPOrpPaMMMUPOBAHUA UWKNbLI NPOrPaMMUPOBAHUSA U YTEHUA MOTYT GbiTb M3MEHEHDI,
KaK NokasaHo Ha UMMNYNLCHOW guarpaMme.

YreHune
CraTnyeckue napameTpbl U YCNOBUA IKCNnyaTayum
7,=0—70°C, V,,=+5B 5%, V, =+12B=5%, V,,=-5§B=5%, V
(ecnu He ykasaHbl Apyrve AaHHbIe)

=0B

Cum- MNpenensHbie 3HaYeHWA En.
son O6GoaHaueHne Mame- Ycnoewa ucnbitaHuii
min ™R? max peHusa
BxogHoit ToK BLIGOpPKU
— — 1 =
b aapeca u MUKpOCXeMbl 0 Vu=5258
MKA
v _=5258B
o OcTaTouHbI BLIXOAHOR TOK — — 10 C_'g/WE —s5B
Tokonotpebnenue
. Tokonotpebnenune Ha V,, - 50 65 B Xy anepM cnyyae
oo TokonotpeGnerune Ha V. — 6 10 MA ch;_%%‘;:'e
CSWE=58B
log TokonoTtpebnexue Ha V, — 30 45 ?f A
,=0°C
v, L-Bx0gQHOE HanpAXeHue Vs — 0,65
Vi H-BxoaHoe Hanpsxexve 3 - Vi + 1
v, L-BbIXOOHOE HanpAXeHue — — 0,45 B l,, = 1,6 mA
Vous H-BbIXOAHOE HaNpsiXXeHue 3,7 —_ — loy = =100 MKA
Vo | H-BbiXOAHOE HaNpsxeHwe 2,4 — - Iy = —1 MA
P, Motpebnaeman MOWHOCTL — — 800 MB T,=70°C
MpumevaHue-
! I'Ipn NPEeBLILEHVA NDaHWYHBIX NaHHBIX MOOYNL ﬁyneT BblBEOAEH W3 CTPOA.
2 Tunossle 3HaueHma npu T, = 25°C u Ho HOM Hanp: nUTaHnA.
? Bxojp «BBOJA Nporpamm= (Pin 18) MoxeT BuiTh cCoeiuHeH C Vi, WnK V. B TEYEHUE LMKNA YTeHWs.
WUmnynbcHan guarpamma
a N
Aapec X
e 7
r(JPI'
=
CS/WE
tnoc ‘N
pel)—
BuwBon Buxo,um.;e .uam:ua'

AaHHBIX

Puc. 12.36. Tabnuua naHHbX cTupaemoro u nporpammupyemoro [111V SAB 8708.

t OTRMNOHEHL k\\\
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12.6.2. MNMocToaHHbIe 3anoMuHalowme yctporcTtsa EEROM
(SCMNN3Y — 3anekTpuyeckn ctupaemoe
nporpaMmM1mpyemMoe rnocTOAHHOE 3anoMMHALWLEe
ycTtpoincTteo) n EAROM

3anmoMuHaloiue ycrpoiictea Tuma EEROM u EAROM gBnsiores, Kak cKa3aHo
B TIPEABIIYIIEM pa3/ielie, TIOCTOSHHBIMH 3allOMWHAIOIMMHU ycTpoiicTBamu. Mx
MOXHO CTHpaThb M IepenporpaMmupoBarb. CTUpaHMe M IIpOrpaMMHMpOBaHMe
MOXHO Aenarth yacto, HanpuMep 10000 pa3. BaxHoe pa3nuuue, TeM He MeHee,
CYLIECTBYET:

MocTosiHHBIe 3anomuHaowme yctpoictea Tuna EEROM 1 EAROM ctupatotcs
3NeKTPUHeckKn.

Ayeiika naMsaTH TOCTpoeHa Ha AByX camosanupawoumxcsi MOSFET-tpansu-
CTOpax n-KaHalbHOro THIA. CTPYKTYpa SYEHKU MaMsITH COOTBETCTBYET CXEME Ha
puc. 12.33. Tpansucrop 7, paGoraer Kak TpaHsucrop Bbibopku. Tpausucrop 7,
SIBNISIETCSI TPAH3MCTOPOM IMaMATH. B KadecTBe TpaH3HCTOpa MaMSATH HCTIONb3YeT-
cst FAMOS-Tpan3sucTop ¢ 1asaoinuM 3atsopoMm (puc. 12.37).

Mnasaowmin
+* MeTann aaTeop

D
‘ M
3\ _ 1]
5 \ ““““ '
U, " u, { sio, p
, S-30Ha

\
/ Noanoxxa
Puc. 12.37. Tpansuctop : ]
naMAaATH C NaaBalUHM \ \
3aTBOPOM, CTHpacTCAa N-NPOBOAALMIA KaHan
o M D-3ona

3/IEKTPHYECKH.

IIporpammupoBanue nmporcxogut Tak ke, kak B CIIII3Y u REPROM. Me-
TAJUIMYECKH CTOK (D) monyyaer MoNoXuTeNbHOe HanpsokeHne U oTHOCHTeNb-
Ho nomnoxkKu (Hanpumep +40 B). B oueHb CHIIBHOM 371€KTPHYECKOM TI0JIE NPO-
HCXOOUT IMepeMeIeHHe 2IeKTPOHOB OT IUIaBalollero 3arsopa K c¢roky (Drain).
ITnaBaroniyii 3aTBOp TepsET JIEKTPOHBI M 3apsDKAETCs BCIEACTBHE 3TOTO IOJIO-
xuTenbHO. Tocre CHATHS HANpsKeHWsl IporpaMMUpoBarust U, ocTaeTcst aIeKT-
pHUYecKoe IT0JIe MEXIY 3aTBOPOM M IIOUIOXKO#. B BepxHei 30He NOMIOXKH 00-
pasyercs mpoBoasiuiuii MocT. TpaH3ucTop MeXmy S U [ HU3KOOMEH, T. €. OT-
KpHIT (cogepxaHue namstu ().

Jns ctupanus HanpspkeHue Mexmy ctokoM (D) u nmomnoxkoit (M) meHsieT
3HaK. Hanpsokenue ctupanus U, Bo30yXnaeT 3NIEKTPMYECKOE I10Ji€ TIPOTHBOTIO-
JIOXHO#M HanpasieHHocTd. Tlox geiicTBHEM MO JIEKTPOHBI [IEPEMEIIAIOTCS OT
METAJUTMYECKOIO BEIBOAA 3aTBOPA Ha IUIABAIOLIMI 3aTBOP U pa3psokalor ero. [locne
TIOTHOM pa3psnKH MPOUCXOMUT Tiepe3apsiika Ha oTpuuaTeNnbHblil 3apsj. [locne
CHATUS HANPSDKEHUs CTUPAHWS MCYE3aeT NIEKTPHYECKOe MoJie, HalpaBlIeHHOe
OT MOMJIOXKKH K 3aTBOPY. N-NPOBOASIIMA MOCT MexXny D-30HO# M S-30HOM Hc-
ye3zaeT. TpaH3ucTOp 3anupaetcs (comepXaHue TaMsTH 1).
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DIeKTPHYECKH CTUPAeMble IMOCTOSTHHBIC 3allOMHUHAIOLINE YCTPOMCTBA MOIYT
CTPOMTHCH TAKMM 00pa3oM, 4TO Besi MHGOPMALIMA MOIYNS YIAISETCs OXHOBpE-
MeHnHo. IIpemwioxeHo, 4ToOB MOLYJIM ¢ OMHOBPEMEHHEIM CTHpaHUEeM HMH}OpPMa-
My moyuniu o6ozHaueHue EEROM.

MoXxHo Takke MOCTPOMTH IOCTOSHHBIC 3aIIOMHUHAIOIINE YCTPOMCTBA TaKUM
o0pa3oM, YTOOBI KaXIbIi 3JIEMEHT IaMITH CTHPAJCS HMHIMBUAyanbHO. Takas
MaMsATh ITO3BOJISIET ITOGHTOBOE TepenporpaMMupoBatue. [ maMsaTH 3TOro BUaa
ucnons3yercsi oboznayueHue EAROM (Electrically Alterable ROM — snexrpu-
YeCKH MPOTPpaMMHpPyeMOe TTOCTOSTHHOE 3aITOMMHAIOIEee YCTPOMCTBO).

Bpems nepenporpaMmmupoBanus cocraisier or 20 mc go 100 mc.

12.7. MarHuTHble 3anoMuHallowme yCTponcTea

MarnuTHble 3aMOMMHAIOIIHE YCTPOHCTBA SIBJISIIOTCSA 3JIEMEHTAMM MaMATH, KOTO-
phle TTOCTPOEHHBI Ha MOCTOSSHHBIX MarHuTax B ¢opme Kombia. Kaxmoe MarHur-
Hoe KoyibLo coxpaHsieT 1 6ut. CocrosiHMe HaMarHMYMBAHHUS COXpaHseTCs IIPH
CHATHM HAINpPsDKeHUs MATaHuA. MarHuTHOe 3allOMHHAIONIEee YCTPOMCTBO SIBJISI-
€TCsl HEProHe3aBUCHMbIM 3allOMHHAIOLIMM YCTPOMCTBOM. Bpemsi nocryma K 3a-
HECEHHBIM B NaMATh JaHHBIM He3HayuTeabHo (okono 0,5 mkc). U3roroBnenue
ABIISIETCSI, TEM HEe MeHee, OYeHb JoporocTosiuuM. [1o3ToMy MarHUTHBIE KoJblia
ABIISIOTCH OYEHb NOPOroM mamsitbilo. OHH MCIIOJIb30BATUCH B OOJIBIIOM 00beMeE
Kak ObICTpasi omepaTHBHAs IMaMATh B KOMITbIOTEPHOM TeXHHKE, OTHAKO BhITEC-
HSIOTCS TIOJIYIIPOBOTHMKOBBIMHM 3aIIOMMHAIONIMMH YCTPONCTBAMU.

12.7.1. MarHuTHbIe KOnbLUa

MarHuTHBIE KOJIbIIa — 3TO KOJiblieoDpasHbie JeppHTOBBIE CEPAEYHHKH C BHELLTHUM
nuamerpoMm or 0,46 mm go 0,8 MM. MHoro et Hasan MCIOJB30BATUCE KOJbLIA C
BHEITHHM JHaMeTpoM 10 4 MM. DeppuT — 3TO CrielaIbHbIN TBEPIbIii MArHUTHBIH
MaTepHal ¢ IIOYTH NPAMOYTOJIbHOI MeTei riucrepesuca. Pepput uMeeT GONMBIIYIO
HaMarHHY€HHOCTh HACHILIEHUS M CPEIHIOI KOIPLMUTHUBHYIO cuty (puc. 12.38).

H3-3a nipsiMoyTonbHOI (OpMBI MIET/IM THCTEpe3Kca MaTepyuall TAKKE Ha3biBa-
ercsi (DEpPPUTOBBIM MPSMOYTOJIbHBIM. M3-3a IIOYTH BEPTHKAIBHOTO CITYyCKa U MOAbEe-
Ma MHeTJM FUCTepe3rca MarHWTHOE 3allOMHWHAIOLIEe KOJNBIIO MOXET NMPUHUMATh
TOJIBKO JIBa CTaOWIBHBIX COCTOSIHMS HamarHuduBaHusi. HamarHwyuBaHue neii-
CTBYeT JIHOO B 0GJIACTH MOJIOXHUTEIBHOM HACHIIEHHOCTH, THG0 B 00MacTH oTpu-
LATEIbHOH HAchIIUEHHOCTH (cM. puc. 12.38).

MarHuTHOE KONbLO MOXET HaxoauTLCA TONLKO B ABYX PasnuHHbIX cTabunbHbIX
COCTOAHWAX HAMarHM41MBaHKMA.

CoCTOoSTHHI0 HAMAarHWYIMBAHUS B MOJIOXUTEILHOM 00JIaCTH HACHIIIIEHHS CTABUT-
cA B COOTBETCTBHEe OMHapHOe cocTosiHMe 1. COCTOSIHUMIO HAMAaTHUYMBAHUS B OTPU-
HATeIGHOM 00J1aCTH HACHIIIIEHUS CTABUTCSA B COOTBETCTBHE OMHapHOe coctossHue 0
(puc. 12.39). buHapHbIe COCTOSHHSI Ha3bIBalOTCS TAKXKE JIOTMYECKMMHM COCTOSTHUSIMM.

C nomowbio MMNYNLCOB TOKa MarHWTHbLIE KONbLA NepeknioqalnTcs M3 OAHOro
COCTOAHWA B APYroe.
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B, — MHAYKUMS HaCHILLEHUS A
H, — xo3apumTnBHas cwna Bunaphoe

cocroanume 1

a

Y

Re——

/

Bunaptoe
cocrosHue 0

Puc. 12.38. [NeTaa rucrepe3nca KOAbIA NaMATH.

NonoxwutensHoe
HacblleHne
cooTBeTcTBYeT
cocToaHmo 1

OTpuuatensHoe
® HaculWeHne
COOTBETCTBYET
coctosHno 1

@ — MarHuTHHIA NOTOK

Pue. 12.39. Opranusauma Ou-
HApHBIX COCTOAHUH MarHUTHO-
ro Koablia.

HWMnynbesl TOKa NMPOU3BOAAT HEOGXOAMMYIO IS MEPEKIIOYEHHS HATIPSKEH -
HOCTh MarHUTHOro Iojisi. CMeHa COCTOSIHHSI IIPOMCXOAUT IpuMepHo 3a 200 Hc.
DT0 BpeMsl Ha3bIBAETCS! BPEMEHEM INEPEK/IH0YEeHHs.

12.7.2. Marpvua MarHUTHbIX KOMEL, NamsaTn

CrpykTypa Marpulbl npejacrtapieHa Ha puc. 12.40. Kaxneni aieMeHT MOXKIIO-
yeH K X-aJpecHoii muHe, Y-aapecHOM IIWHE W Pa3psaHOM 1MHe YyTeHus. Mar-
puia Ha puc. 12.40 uMeet 06beM aMsaTH 16 GUT, OpraHU30BaHHOM B 4 X 4 6UTa.

Y, & Y.

Puc. 12.40. CrpoeHre MaTPHLBI NaMs-

3 YJ
f\L Yeunutens
% QL Sy QL 4TeHWA

TH HA MAarHUTHBIX KOJ1bLAX.

EVANANANA

'y

2, ¢ TUNOBBIMH ABAAIOTCS MaTPUUBI 00bEMOM
\\ 64 x 64 6ur. OHu umelor 64 Kosibla B Kax-
p S, o X-cTpoke M 64 Konblia B Kaxnoil Y-ctpo-

oy
x!

E ke. O0beM mmamsaTu coctasisieT 4096 our. Tak-
X % e MPOM3BOAATCS MarpHiubl 128 x 64 Out u

" "y
H T oonbiie. M3roToBneHne MaTpyil IPOUCXOIUT
NMpeuMYHIECTBEHHO Bpy4Hy1o. Heckonbko Mat-

pul cobuparorcs B O0NbLIOH OMOK MarHWT-
HOM ITaMSTH.

12.7.3. YTeHve u 3anuck

3anucek MaHHBIX B ONIEPAaTUBHYIO MAaMATH MOXET IPOUCXOAUTh PA3HBIMU CITOCO-
G6amu. CaMblii ITpOCTOM — Tak Ha3bIBaeMblii MeTOI IMOJOBMHHOro toka. Pac-
cMmoTpuM puc. 12.41. Bece 3eMeHThl MAaTPULIBL JOIXKHEBI OBITh B cocTosiHuY 0. To
€CTh MaTpHlla He COAEPXKUT HUKAKOi MHGMOPMaLHH.
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Puc. 12.41. 8 x 8-ouTopas Mat-
pHlia NaMATH HA MACHHTHBIX
KOJbLax.

[na 3anvcu aaHHbIX B ONepaTUBHYIO NamaATe TPeByeTcs nepexkniounTs onpege-
NEHHBbIE BNIEMEHTHI B COCTOAHME 1, a OCTanbHLIe OCTaBWUTL B COCTOsHWUM O.

JInsa mepekiroyeHUsT OMHOTO KOJIbIIa (37IeMeHTa MAaTHUTHOM NMaMsTH) HeobXxo-
JuM ToK 300 MA, 3HAYUT Yepe3 NEMEHT JOJDKEH Iporekars ToK 300 MA B HYX-
HOM HAaIlpaBJIeHUH, JUISA TOTO YTOOBI 3JIEMEHT MEPeKIIIoYHICA B COCTOoAHME 1.
Ecnn HeoOXomuMO NMEPEeKIIOYHUTD OTIpe/leIeHHBIN 2JIEMEHT B COCTOsIHHE 1, TO
MO KaXM0i KOOPAWHATHOM IIWHE AoJKeH Tedb ToK 150 MA. Eciu, HanpuMmep,
3-i1 ameMeHT 2-i CTPOKHM Halo NepeKIIOYUTb B COCTOSTHUE 1, TO MO KOOPAMHAT-
HBIM WKMHaM X, u ¥, momkeH nportekarh Tok 150 MA. Bcero uepes anemeHT
nporedeT 300 MA, U OH mepeKmodnTes. s HageXXHOCTH MO aApEeCHBIM IIHHAM
repesaoT TOK HEMHOTro OOoNbIINI, YeM MOJIOBUHA HOMMHAJIBHOIO, B CpeaHeM
160 MA. Ko BceM ApyrumM 3jieMEHTaM MAarHMTHOM NaMSITH, HAXOOAIIMMCS Ha KO-
OpAMHaTHBIX WHHAX X, u V), KpoMe BLIOpaHHOrO a5ieMeHTa, OY/IeT NOABENEH TOK
160 MA. DTOro ToKa HETOCTATOMHO ISt MepekaoueHus. CieaoBaTelbHO, IPYTHe
3JIEMEHTHI TTAMATH TIepeKJIIoYaThcs He OyayT.

ITo MeTomy IMOJIOBUHHOTIO TOKA HYXHBIE 3JIEMEHTHI 110 OYEepeaH IepeKiioda-
10Tcs B cocrosaHue 1. [is ynpaBieHus TOKOM TpebyeTcst ocobas cxema.

CuynThiBaHWEe MH(pOPMAIMM Ha3biBaeTcs 4YreHHeM. IIpu yreHHHM TpeOyercs
BBISICHUTH, KAKHE 3JIEMEHTHI HAXOIATCHA B COCTOSTHUM 1 1 Kakue — B coctogHuu 0.
DIeMEHTBI «ONpALIUBAIOTCS» M0 OYepenu. AIpeCHbIe IMHBI MOCHLUTAIOT MOTYTOK
B NMPOTHBOITOJIOXXHOM HaNpaBJIeHUH, YeM NIpH 3amucK. Eciu 3JleMeHT HaXOgUTCs
B cocTosiHUHU 0, OH Oyaer 3TUMH TOKaMHM HECKOJIbKO 0oJiee OTPHIIATEIbHO HAChI-
meH. Ero MarHuTHOe Tonie He U3MeHUTCs. Eciy seMeHT HaXOMUTCS B COCTOA-
HuM 1, oH nepexmoyaercss B cocrosiiie 0. TTose mHBeprupyercsi. B npouecce
YTeHHUS MHAYIHUPYETCS UMITYIbC HanpspkeHusa. UMITyIbe HanpsoKeHUs yCHIHBa-
€TCH B YCHIMTENe YTeHHs1 1 00pabaThIBaeTCs OAJbIIIE.

Mpu 4TEHUWN BCE BNEMEHTbI, KOTOPbLIE HAXOAATCH B COCTOAHMM 1, MepeknioyanT-
ca B coctoaHue 0. Beneacrewe atoro nedopmauns yaanaeTcs.
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Yinanenne mH(GOpPMAaUMK TP YTEHWH SBJSIETCS CYIIECTBEHHBIM HEIOCTAT-
koM. Ecinu uHpopManus HyXXKHa ¥ M03Xe, OHA JOJDKHA ObITh COXpaHEHa B Mpo-
MeXYyTOYHOM Oydepe U Iocie yTeHus OOHOBJIeHA, T. €. CHOBA 3alUcaHa.

12.8. MamMaTb Ha MarHUTHbLIX AOMEeHax

3anoMMHaHME METOJOM MArHHTHBIX [JOMEHOB IO3BOJSET COXPaHATh OoNbInMe
00BbeMB! aHHBIX B HEOOJBIIOM IPOCTPAHCTBE C MaJbiM BpeMeHeM JOCTVIIA.
JlaHHEIE JOCTYITHBEI OTHOCHUTENBHO OBICTPO. DTOT BHUJA NMaMsSTH 3HeProHe3aBH-
CHM, T. €. OHa COXPaHSETCS IIPU CHSTHUM HAIIPSDKEHUS UTaHUS.

12.8.1. UnnuHapuyeckne MarHUTHbIe AOMEHbI

B omnpeneneHHBIX MarHUTHBIX CJIOsX, Takux, Kak Gadolinium-Gallium-Granat
(Cd,Ga,0,,). MOXHO MPOU3BOIUTH MaJibie 30HbI, KOTOPhIE HMEIOT HAMArHUYeH-
HOCTb C OOpAaTHBEIM 3HAKOM T10 OTHOLIEHHIO K CJI0I0, B KOTOPOM OHH HaxoasTCs
(puc. 12.42). DTH Manble 30HbI HA3bIBAIOTCS NHJIHHAPHYECKHMH MATHHTHBIMH J10-
MeHamn. OHH MOTYT NMPOH3BOIMTECA C pa3IMYHBIMH AMaMeTpaMH. THIIOBEIE XH-
aMeTpel HaxoxaTcs B mpenesax Mexay 1,5 u 4 Mkm.

LunuHgpruyeckne MarHuTHbie AOMEHbl ABNAITCA ManbiMu 30HAMW, KOTOpPbIe
HamarHn4deHbl BCerga npoTUBONONOXHO OKpyXalouwlemMmy Cnoio.

OHu npuHHUMaT (GOopMy HWIMHIPOB, €CIM BHEIIHEe II0Jie€ BEPTUKAILHO,
HAIpHMep B I0Jie TIOCTOSTHHOIO MarH|Ta, TIOJI0Ca KOTOPOrO PacIioNiOXeHBI BhILIe
M HIX€ MarHUTHOIO CJIOSI.

HHHHH,I[DPI‘IGCKHC MarHUTHBIC JOMEHbBI ITPOMU3BOAATCA B I'eHEparope HUJIUH-
JAPUYECKHUX MArHWTHBIX JOMEHOB. DTO 3JIEKTPOMArHWT, NPU MPOTEKAaHHHM TOKA
Yyepe3 KOTOPHIN OTIe/IbHbIE 30HbI KPUCTAJUIA HAMATHHYMBAIOTCH CO 3HAKOM, [IPO-
THBOIIOJIOXHBIM TIOJII0 OKPYXAIOIIEH CPe/bl.

Ecny moMecTuTh NMOOIH30CTH OT 3THX LIMJIMHAPWYECKHX MAarHUTHBIX JOMe-
HOB ITOCTOSHHbIA MarHUT, OHU HAYHYT NepeEMENIaThCs B CJIOE B 3aBUCHMOCTH OT
MOJIAPHOCTH MarHurta J1ubo K HeMy, MO0 OT Hero.

LinnuHapruYeckme MarHTHbIE A0MEHBI MOXHO NEepenBUraTe C MOMOLLbIO BHELL-
HEero MarHUTHOro nons.

Hpn ABHKCHHMH MaTE€pHUA HE ICPEMEIIACTCA. KpHCTaJ'I.TlH MarHMTHOI0 Clost
JIMIIb INIePEMArHH4YHBarOTCA (6BICT_[J06 M3MEHEHHE MarHUTHBLIX CBOWCTB BHYTPH
KPHCTAJUTHYECKOI'0 CJ'IO}I).

MarHuTHbIf
CNnoi

I
|® -

Puc. 12.42. MarHuTHBIE LIU- .
JIMHAPEI B MATHUTHOM CJ10€ U3 h‘«_'l":;r::: Lbl(“e
rago/IMHHyM-Ta/l/IMyM-TrpaHa- ‘ *

ta (Cd,Ga,0,,). |
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uPLTlIdHﬂ,pH‘leCKHQ MAarHMTHBIE HOME€HBI HE€ HMCYE3al0T, €CJIH AJIsA 3TOro HE
NPpHUIIOXKEHA 3HCPIrHA. O,EIHEDK,II]:I Cr€HEpHUPOBAHHBIC, OHHU OCTAIOTCA NO HUX LICIEC-
HarpaBJICHHOI'0 YHUUYTOXEHUA WIH YIAJICHUA.

HHJIHH,[lpH‘ieCKHC MarHMTHbIE TOMeHbI O4YeHb CTa0OMWIbHBI. OHU MOTIYT OCTa-
BaThCA B MAarHUTHOM CJIO€ B TCUCHHUE MHOI'UX JIET.

12.8.2. MarHuTHbIE AO0POXKU

HeynopsnoyeHHoe NBHXXKEHHE INMIMHIPUYECKMX MAarHUTHBIX JIOMEHOB B CIIOE
HEPAIMOHAJIBHO, TaK KaK HeJNb3sd MICHTHGMMIIMPOBATh OTAEIbHBIE IIMIMHIPH-
YeCcKHe MarHUTHBbIE TOMEHBI M IPUCBOUTh MM JIOTHYECKHII YPOBEHb.

UunumHopvyeckne MarHMTHbIE BOMEHL! O0/KHBI NEepeaBuraTteCa B CNoOe rno on-
PEOENEHHEIM TPAEKTOPUAM.

[Ipon3BoaMTENb MAarHUTHOH MaMATH JOJDKEH CIIPOEKTHPOBaThH CBoeoOpas-
HYIO IOPOTY I JOMEHOB, II0 KOTOPOM OHHU OYAYT MepeIBUraThCS.

Ha MarHuToakTUBHBIN CJIONM HambUIsIETCA TaK Ha3biBaeMbIil oOpasern. Bo MHO-
r'Hx ciaydasx 7o yroi (puc. 12.43), oqHakKO TakXe IIMPOKO nmpumeHsieTcs dopma
Kpyra 1 apyrue ¢opmsel. Hanbuisercs: oObI9YHO MATKHIA XeNe30-HUKEJIEBLIH CIUIaB
C XOpOUIMMM MAarHUTHBIMM CBOMCTBAMHU.

ITocpencTBoM KaTyllieK, KOTOpbie OKPYKaloT MAaTHUTHOAKTUBHBIN CJI0M, IIpo-
U3BOIUTCS Bpaulalollieecsi MArHUTHOE ToJjie. YTrojKu 06pasiia HAMarHM4MBaloTCs
3THM ToJieM. B ompeneneHHBIIT MOMEHT BpEMEeHHM, HAIlpUMep, Yroi 1 sBiusieTcst
VITIOM ¢ MaKCHMMaJIbHOI HaMarHMYeHHOCTBIO. DTa BHICINAs HAMArHWUYEHHOCTh
MePeXOaNT K YOIy 2, 3aTeM K yray 3 u T. a. [HlumuHapudecKmii MarHUTHBIA JOMeH
nepeMelaeTcss Bcerga K caMoOMy CHJIBHO HaMarHU4YeHHOMY YTOJKy (TIpH yciIo-
BHH BEPHOTO HaIIpaBleHUS HaMarHM4YMBaHus). Eciau WIMHAPUYIECKH MarHuT-
HBI TIOMEH HaXOIUTCS IIPH yIjie 1, OH MmepexoauT K yIIy 2, 3aTeM K YIIy 3 M Tak
nanee (cM. puc. 12.43).

LUnnnHapuYecknii MarHnTHBIR AOMEH BCEerna nepenBuraeTcs BAOJb HanbUieH-
HOM «oporv». Bpawaoweecs rnone onpeaenseT CKOPOCTe ABVXKEHUA.

Tak kak Bpaulaioleecs Mojie AeCTByeT Ha BCe MMEIOIIMECH IWIMHIAPpHYE-
CKM€ MarHUTHbIE JOMEHBI, OHH NepeMeLIaloTCsl ¢ PABHOMEPHOH CKOPOCTHIO BAONb
3a/laHHOI TPAaeKTOPHH.

Bce umnmHapuYeckne MarHUTHLIE [JOMEHbI nepegenraldTCa CMHXPOHHO.

Ha akTuBHBIIN MarHMTHBIN CJI0M HAKJIaBIBAIOTCS pasjInYHbIe «Hoporu». Yaine
Bcero Tpaekropuu umerot dopmy memid. Ilo HUM MepeMelalOTCA LMIMHIPU-
YEeCKME MArHUTHBIE JOMEHHBI.

Kaxpnomy unnnHApUY4ECKOMY MarHMTHOMY JOMEHY NMPMCBaMBAETCA NOrvyeckoe
cocTosHue 1.

ukn gpHXeHUs HUIMHAPUYECKOTO MAarHUTHOTO 1IoMeHa (cM. puc. 12.43) o
MPUHIMITY AeHCTBUS MOX0X Ha KOJNBIEBOI CABUTOBBIN pervctp. TakTupoBaHHe
obecreynBaeTCsA BPaUlalOUIMMCS TOJIEM.
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HunuHapuyecKne MarHUTHbIE TOMEHbI YCTAHABIUBAIOTCS HA OMpeIeeHHOe
paccrosHue. OHO JOJDKHO OBITH GOJIbLIE YeTHIPEXKPATHOIO AMaMeTpa IOMeHa BO
n30exaHue B3auMHOro BiuusiHusi. IIpu Auamerpe JoMeHa 2 MKM pallMOHAIbHO
paccrosinue 10 mkm. To ecTb Kaxabie 10 MKM MoxeT HaxonuTbes 1 noMeH. Ecnun
ovYepeIHOTO JOMEHa HeT, 3HAYMT 3TO MecTo cyuTaercs 0 GuToMm.

Kaxaomy HegocTalowemy UMAMHAPUYECKOMY MarHUTHOMY AOMEHY npuceansa-
eTcs noruyeckoe coctoaHue 0.

Ha JOPOXKE, IO KOTOpOﬁ NEpEMELIAOTCA MATHUTHBIE NOMEHBI, YMCILIAETCA
OIIPENECIICHHOE YHUCIIO NOMEHHBIX MECT. Ha stux mecrax MOryT OBITH PasMCEUICHBbI
MarHMTHBIE JOMEHBI, HO MOI'YyT H HE OBITE.

Kaxaoe nOMEHHOE MeCTO Ha MarHUTHOW A0POXKe npeacTaenseT obbvem namsa-
™ eMKOCTHIO B 1 BuT.

Ha puc. 12.44 npencraBneHa MarHuTHasi IOPOXKa ¢ 06beMOM TTaMATH 64 GHT.
TunwuyHbie MATHUTHBIE JOPOXKH UMEIOT eMKocTh 4096 OutT U Gonblie.
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12.8.8. 3anuce nHpopmauun

wl
BuixoaHuie
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BOpOTa
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BxoaHwe

[] * BOpOTa

Puc. 12.45. MaruuTHas AOPOXKa C
BXOAHBIMH W BBIXOAHBEIMU BOPOTAMM.

MoOXHO MPOU3BOAUTHh H CTHPATh MarHUTHHIE O~
MeHbI BHYTPH MAarHMTHO# JOopoxkKu. OnHaKo 310
He TTpuHATO. OOBIYHO JOMEHEBI BBOJSAT W BEIBOJIAT
yepes TaKk Ha3biBaeMblie Boporta. Kaxmas MarHur-
Hasg NOpOXKa MMEET BXOOHBIE BOPOTAa M BEIXOHA-
Hble BopoTa (puc. 12.45).

LinnnHapuyeckne MarHuTHble A0MEHbI BBOLAT-
CSl N BLIBOOATCH Yepes3 BOpOoTa.

Bopora o6pasyioTcs ¢ MOMOLIbIO TTPOBOJHM-
Ka. OH neiicTByeT KaKk MajJleHbKMI 3JIeKTpoMar-
Hut. Ilpu onpeneneHHOM HalpaBJIeHHH TOKA BO3-
HUKaeT MarHMUTHOE MNoJie, KOTOPOe GJIOKMPYET BXOJ,
JUJIs1 JOMEHOB.

IIpu mMpoTHBONONOXHOM HAIlpaBJIeHWMH TOKa
BO3HHKAET IOJIE, KOTOpOE IpPOIYyCKAaeT JOMEHBI
BHYTPb JOPOXKH.

ITepen 3amuchbio HOBO#M MHGMOPMALIMH JTOJKHA
OBITH yIaneHa crapasg mHGopMamus. MarHATHoe
KOJIBLIO JIOJDKHO OBITh OYMILEHO, T. €. BCe JOMe-
Hbl JOJIKHBI OBITh BBIBEIEHBI Y€pe3 BHIXOIHBIE
BOPOTA.

Heo6GxomnMele s 3anucH TOMEHBI M ¢cBoGOI-
HbI€ MeCTa MOCTYIAIOT M3 KOJIblia BBOAA JAHHDIX,
paccMaTpHBaeMoOro Io3xe.

12.8.4. YteHne nudpopmaumnmn

HpH YTCHHUHU OJOMCHBI BBIBOOATCSA 4YE€PE3 BBIXOO-
HBIC BOpPOTa U MOIagaldT B KOJbIIO BbIBOIA. Tam
OHH INPOXOIAT MUMO JETCKTOPAa TOMEHOB. Herex-
TOp JOMEHOB COCTOMUT U3 KPOXOTHOM ITOJIOCHI Me-
TaJUla Ha JIOMEHHOM NOPOXKE. IMonoca meranna
HaxoIuTcsA Ha IMyTu JomMeHoB. OHa gaBsgeTcs Jyac-
TBI COIJIACOBAHHON MOCTOBOM CXEMEI.

Ecnn noMeH MpoOXOmUT Yepe3 IMOJIOCYy MeTajlia, MOCT KPaTKOBPEMEHHO pa3-
SanaHcupyercs. Ha BpIxome mosiBIseTcsS MMITYIbC HanpsokeHHs. OH o3Ha4yaer
uHdopMaloHHoe cogepxanue 1. Eciu moMeH He IPOXOAUT Yepes JETEKTOP, TO
MMITyIbca HANpsDKeHWsa He Bo3HMKaeT. OTCYTCTBHMe HanpsDKeHHs o0o3HayaeT
uHpopMalMoHHOe conepxaHue 0.

Unnunpapuyeckmne MarHuTHbIE AOMEHb! CHUTHLIBAKDTCH ABTEKTOPOM JOMEHOB.

HMudopMmaiiusi cCUMTHIBAETCS W3 MArHUTHOW JOPOXKH M CTHUpAeTcHd OTTY/IA.
DTO BO MHOTHX CIIyYasix HexXeJlareabHO. MOXHO JieJlaTh BOpOTa, KOTOPBIE YBEH-
YUBAIOT MarHUTHBIE JOMEHBI, BRITSTMBAIOT UX M IENAT Ha ABe yacth. Konuue-
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CTBO MarHMTHBIX NOMEHOB TakMM CITocoGOM yaBamBaercsi. OIMH MarHMTHBIH
JIOMeH OTNpaBIAeTCsA Ha BBIXO/, APYTOH ocTaeTcsi B MArHUTHOM HOPOXKE, Ha3bl-
paemoii Oydepom namarn. B Gydepe namaru uHdopMaLmsa cOXpaHAETC.

Boporamu 5Toii pa3HOBHIHOCTH HEBO3MOXHO OYMCTUTH Oydep namsaru. Bo-
poOTa JOJDKHEI ITO3BOJIATH B 3aBUCUMOCTH OT BHIOOpa MONb30BaTENd YAAIATh Mar-
HUTHBIE JOMEHbI IIOJIHOCTHIO WIM yABaumBaTh MX KonuyecTBo. Y To m apyroe
MOXHO JOCTUTHYTh Pa3sIMYHONM MPOJOJDKUTEIbHOCThIO BO3AEHCTBUA NONA H CH-
JIOI MarHUTHOIO IOJISL.

12.8.5. CTpykTypa MarHMTHON NamaTu

MarHuTHasa namATk Ha 6a3e MAarHUTHBIX JOMEHOB CONEPXKHUT O0bIIOe Konuye-
CTBO MarHMTHBIX JopoxeK. OObyHO 310 128, 256 unm 512 nopoxek. B paspa-
60TKe HaxomuTca naMaTh Ha 1024 u Gonblue gopoxeK. Kaxmas JopoxXKa conep-
XHUT npuMepHo 4096 6ut. O6b9HO 128 nOpoX)eEK OOBENUHAIOTCS B OJIOK IIaMATH.
Kaxnasii 610K MaMsaTU MMEeT TeHeparop MOMEHOB M BBOJIHYIO OPOXKKY JaHHBIX

(puc. 12.46).

BoixogHsie
anekTpu4eckne
MUMNYABCH

JDetextop noMeHoB BuixoaHas
AOPOXKA
- {
BuixoaHwe

- BONOTA

Lopoxku namaTi
Kaxaan eMKoCTLIO
& no 4096 6ur

Broausie
BOpOTa

- ?_,, BxogHas
- AOPOXKA

S
lenepatop AomMeHoB

Bxonusie
anekTpuyeckue
UMAYNbCHI

| -

Puc. 12.46. [IpyHUMNHansHAA CXEMA NAMATH HA MarHHTHBIX AOMeHax (128 MarHMTHBIX 10-
POXeEK).

Ha reHeparop JIOMEHOB ITOAAIOTCS 3MEKTPUYECKUEe UMITYIbCHl, KOTOPBIE IIe-
PeBOIATCS B MAarHUTHBIE TOMEHbI. DTH MAarHUTHbIE TOMEHBI MpEXe BCEro Ino-
CTYNAIOT B JOPOXKKY.BBOAA JAaHHBIX. B TOYHO ycTaHOBIEHHBIE MOMEHTBI BPEMEHH
YIPaBJISIONIAM UMITYJIbCOM Ha BXOMHBIE BOPOTa OHU TEPEBONATCA B OCHOBHbBIE
MarHMTHBIE TOPOXKKH.

MTak, MpoMcXoauT napajuie/ibHblii BBOJ AaHHBIX. B MOMEHT BBOJA JaHHBLIX
128 siueex mamsiti Haxoasarcs repen 128 sxoausiMu Bopotamu. Kaxnada siueiika
NMaMATH MOXeT coaepxarbk uHdopMaumio 0 wim 1. Ecnu Avyeiika naMard He co-



@6 Thasa 12. Pezucmpbt u 3anomunaroujue yempoiicmea

A =

Nognoxxa
C rPaHaToBbiM Cnoem BHyTpeHHAs
w 06pasuom TpaexTopuit Karywxa BHewnan kaTywka

BepxHui
NOCTORHHBIA MarHuT

HuxHnia
NOCTOAHHBIA
MarHuT

Mognoxxa T
€ TPAHATOBBIM CHOEM !
v ofpasuom TpaekTopuii

Puc. 12.47. CrpoeHne naMsaTH Ha MAarHMTHBEIX JOMEHAaXx.

IEPXUT MAarHUTHBII AOMEH, TO OHAa UMeeT coaepxXaHue 0, eClTH COOEPKUT 1M~
JIMHAPUYECKMIA MarHUTHBINA JJOMEH, TO OHa uMeeT conepxaHue l. CooTBeTcTBEH-
HO OJTHOBpEeMEeHHO NapajuleJibHO Nepeaaercs HHdopMmanua odobemom 128 OuT.
IIpu BBIBOJE NaHHBIX TakKe BCeraa BHIBOASATCS mapaieibHo 128 out. Llu-
JMUHAPUYECKME MarHUTHBIE JJOMEHBI KPYXaT B MarHUTHBIX IopoxKax. B onpene-
NeHHBIT MOMEeHT 128 siyeek MaMsITH HAXOMSTCSI TNepel BHIXOOHBIMU BOPOTAMU:
repen KaxInoi — CBOU BBIXOAHBbIE BOpOTa. ECIIM yNpaBIsIOLINiA CUTHANI ITOOAeT-
Cs1 Ha BHIXOJHBIE BOPOTa, TO HAaXOHAIHECS Ha BBIXOJE MATHUTHBIE JOMEHHI TIPO-
XOMIAT Yyepe3 BOpPOTa U MPMHUMAIOTCS Ha BBIXOJHYIO MarHUTHYIO TOPOXKY. danee
OHM IHPKYJIHPYIOT IO BBIXOMAHO#M JopoxkkKe. Kaxaplii JoMeH NMpOH3BOIUT B He-
TEKTOpE UMITYIbC HanpspkeHus. Ilociie 3Toro OHU MOTYT OBITh Y/IaJIeHHI.
CTpyKTypa MarHMTHOM IaMsTH NpeacTaBiaeHa Ha puc. 12.47. Ha momnoxky
HaHeCeH TOHKMIA CJI0# U3 MarHUTHOTO MaTepualia. DTOT MaTepHall SIRJISIETCA CJIOEM,
B KOTOPOM HaxXOISTCS MarHMTHBbIE JOMeHBbI. MarHMTHBIE JOPOXKH 00pa3yloTcs
HaMbUTEHHEM 00pa3liOoB HA MAarHUTHBIN cinoit. O6pa3ubl COCTOAT U3 MAarHUTHO-
MATKOIO 3KeJIe30-HUKeJIeBOro ciuaBa. [[na npumaHuss MarHUTHBIM JOPOXKaM
¢opMBI HYXHBI IBa MOCTOSHHBIX MarHuTa. Bpaujaiolnee 1osne MpOM3BOMAST ABE
KaTYyILIKHU, TTIOBEPHYTEIE OTHOCHTEILHO ApyT Apyra Ha 90°. ManeHbKue 371eKTpo-
MarHHUTHI BOPOT Ha puc. 12.47 He moka3aHbl. TakKe He BUAHO I'eHEpaTop M Jie-
TEKTOp IOMeHOB. ['0TOBast maMsATh MOXOXa Ha MaJleHbKHil TpaHcdopMmaTop B
KopIyce M3 IIacTUKa (MpuOnu3uTenbHble rabaputhl — 50 MM x 40 MM x 15 MM).

KOHTPONbHbLIA TECT

1. U3o0pasure cxemy 6-OMTOBOrO CABMIaloOlIEro perucrTpa misi ImocieaoBa-
TeJIbHOTO BBOIA W BHIBONA NaHHBIX. IIpH mocTpoeHHMU cXxeMbl JOJDKHBI UCITOJIB30-
BaTbcsl RS-TpUrTephi.
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2. Y10 NOHUMAIOT B CIBMTOBOM PETHCTPE IMOJI MapajUieIbHBIM BBOIOM, YTO —
MOJ, MapauieJIbHbIM BbIBOIOM?
3. Kak paGoraeT KonblieBO# peructp?
4. Oobsacaute nousatrus O3V u I13Y.
5. Kakue pasnnyusi cOCTOST MeXIy CTaTHYECKOH ONepaTHBHOM MaMAThIO U
JTMHAMUYECKOM OTNEepaTHBHON ITaMsThiO?
6. Hapucyiite cxemy crauumonapHoit RAM mna 1 6ura B N-MOTI-TexHono-
TUH. OGBICHUTE MPHHLUIL IeHCTBUS ITOM CXEMBI.
7. PacckaxuTe 0 NOCTOMHCTBaxX M HemocTarkax crarudeckoir RAM B TTJI-
TexHonoruu U B N-MOII-TexHonorun.
8. OnmepatuBHast MaMaTh uMeeT 4 X- 1 4 Y-anpecHble LUMHB M IeKIapUpyeT-
csl Kak 256 x 4-0uTOBHIN 3neMeHT nmaMsaTu. Hapucyiite cxeMy 3ToM TaMsATH.
9. Yem ornuyaercs 113V or ITI13Y?
10. Yro Takoe MacoyHOe MporpaMMHpoBaHuUe?
11. Kak ycrpoen EPROM-3neMeHT 1 Kak oH pabortaer?
12. Yro Takoe mnasaonuii 3arBop B FAMOS-tpansucrope?
13. MeroTcs B HaIW4YMK OJOKM mamMaTH ¢ obosHayeHusiMu EEROM n
EPROM. YeMm ornmuyaioTcs 3TH OJIOKH AMATH?
14. M306pa3uTe CTPYKTYPY MarHMTHOM MaTpuibl 6 x 6 6ur.
15. Yro Taxoe IMMWIMHIPHYECKUIA MarHMTHBIM JOMeH M KaKHe CBOICTBa OH
numeer?
16. YTro moHMMAIOT MOA MarHUTHOM IOPOXKO#H?
17. Kak ycTpoeHa maMsaTh Ha 6a3e MarHUTHBIX JOMEHOB?
18. OOBsIcCHUTE MpoliecC 3alMCH B MaMATh Ha 6a3ze MarHUTHBIX JOMEHOB
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LINDOPOAHANOIOBLIV
NMPEOBPASOBATEJb,
AHAJIOIO-LUMdPOBOW
NMPEOBPA3OBATEJ1b

13.1. UudppoaHanorosslin npeobpasosarens (LIAM)

Lindpoaranorosbii npeobpasoearesb, Takke HasbiBaemblit LLAM, npeobpasyeTt
undposyo nHGOPMAUMIO B aHANOrOBYIO.

13.1.1. MpuHuun undpoaHanorosoro npeobpasosaHuns

PaccMoTpuM TaONHIy, COAEpXAUIYI0 CHHYCOMIANbHYIO (hyHKIHIO, MnH HHbop-
manuo B uudposoi dopme. ITo 310it Tabnuile MoxeT OBITH M300paXxeHa CHHY-
couna. OHa comepxut MHPopManuio B aHanorosoii ¢gopme. IIpeobGpazopanue
TabNMM1IBI B CHHYCOMAY SIBIISAETCS IIH(POAHAIOrOBLIM IIpeoOpa3oBaHHEM.

B undpoBoil TexHuKe ynpapiaeHusi HHGoOpMaLMs CylIeCcTBYeT 4Yaille BCEro B
OMHapHOM BHIE, KOTOPHIK KOAMPYETCS Mo onpeaeneHHOMY Komy. s aToro koga
JIOJDKeH OBITh CBOI LM(poaHaNoroBHi Npeobpa3oBarteib.

Uundpoananorosuii npeobpa3oBaTenib MOXET NPeBpalarts B aHaNorosbie Tofb-
KO CUrHasbl ONpPefeneHHoro ABOUYHOro Koaa.

Hekoropsie nBOMYHBIE KOIB HE MOAXOMAT A1 TM(poaHaIorosoro npeodpa-
30BaHMS. DTO TaK Ha3biBaeMbie HeBecoBbie KoJbl. HeBeCOBBIM Ha3BIBAIOT KO,
9JIEMEHTaM KOTOpPOro He IIPUCBOEHBI OMpeaeieHHbIE YHCIIOBbIe 3HaYeHus. JIBo-
HYHBIH KO SIBJIETCA, HAapHMEp, BeCOBbIM KoaoM. KaxmoMy aneMeHTY ABOHY-
HOTO KOIa, T. €. KaXJIOMY pa3psny IIOCTAaBJIIeH B COOTBETCTBHE BEC, WIH CTEIICHb
yucna 2. JIBOHYHO-IeCATHYHBIM KO/ TaKXe sBJisgeTcs BecoBbIM KojioM. Ko I'pes,
HAIPOTHB, ABISETCA HEBECOBEIM KOAOM. DIeMEHTaM 3TOr0 KOoZa He COOTBET-
CTBYeT HMKAKOE YHCJIOBOE 3HauyeHue (CM. IL. 8).

Hesecorsie koAl nepes uudpoaHanoroebiM npeobpasoBaHnem OOMKHEI nNpe-
06pa30BLIBATLCA B BECOBON KOA.

IIpeoGpazoBaHMe COOTBETCTBYIOILMMH TpeoOpasoBaTeiIMH KOAAa HE Ipef-
cTapiseT HUKaKux npodaeM. ToJbKO Ul KOOOB ¢ MCIIPABJIEHUEM OLIMOOK MOTYT
BO3HMKHYTh IpoONeMBl ¢ M3DBITOYHBIMHU pa3spanaMi. Eciin Koj sBJISeTCS BECO-
BHIM (Hampumep KOA XaMMMHIa), TO U30BITOYHbIE Pas3panbl JOJDKHBI OBITH HMC-
KJIIOYEHH Mepel npeodpa3oBaHneM. ECIN Ko HeBECOBOI, OH HO/DKEH OBITE IIpe-
oOpasoBaH nepel HM(POaHATOroBbLIM NpeoOpa3oBaHUEM B BECOBOI KO/
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TYAOMH.

ITpunnun nudpoanayoroporo npeodpazoBaHug nmokasad Ha puc. 13.1. C
4-GUTOBEIM CJIOBOM MOXHO 00Opa3oBaTh 16 YHMCJIOBBIX 3HaUY€HUIi. AHAJIOTOBBIN
CHMTHAJI TTOJIyYaeTcsi B BHAE CTyIeH4YaToro HanpsckeHus. C momouisio 4 6uT 06-
pasyiorcd 16 pasnuyHbIX 3HaYeHH aMIuIuTyd. COOTBETCTBEHHO ¢ 5 6GUTaMM BO3-
MOXHBI 32 aMIUTMTYIHBIX 3HAYeHHUs, ¢ 6 6uraMu — 64 u T. 0. (puc. 13.2).

Mony4awwmincsa B pesyabtate undpoaHanoroeoro npeobpasoBaHna aHanoro-
Bbiii CUrHan aBNfeTCH CTYNEHYaThiM CUrHaNnoM C onpegeneHHbiM KOM4eCcTBOM BO3-
MOXHbIX aMNAUTYAHbLIX 3HAYEHWA.

CTyInleHbKM MOIYT OBLITh CKOJb YrogHO MajJeiMU. OHM Oyner TeM MeEHblue,
yeM OoJiblie OUT B HM(PPOBOM CHUTHAJE.

CrymnieHH criaaxupaioTcsa (GIIbTpaMH, TaK YTO BO3HHMKAET HEMpPEepbIBHO IIPO-
TeKaIOIWii aHAJIOroBbIi CUTHA.

[IpeoGpa3zoBaHue IMM(MPOBBIX CHTHAJIOB B aHAJIOTOBHIE CHUTHAJIBI BO3MOXHO
pa3HooOpasHeIMHM MeToAaMHu. CaMbie BaXKHble METOABI MPEACTaBIIeHbl HIXKeE.

13.1.2. UndpoaHanoroBbie npeobpasosartenm
C BECOBbIMM pe3ncTopamu

[NpuHUMnUanbHas cxeMma HndpoaHaIOroBoro npeobpasoBaTeis ¢ BECOBBIMU pe-
3MCTOpaMM npenctasieHa Ha puc. 13.3. Ha yetsipe Bxona A, B, C u D nonaetcs
4-6uroBsiii MQpoBoii curHan. Pesuctopsl oT R, 5o R, monobpaHsl 1O 3HAYMMO-
CTH GHMT B IBOMYHOM KOJIE COITIACHO YPaBHEHHIO:

R:

n

N| 2
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D c B A Puc. 13.3. [IpuHmmnuaneHasn cxema LIAII ¢ Be-
b 7 9 7 COBBIMM PE3HCTOPAMH.
7 |
A R R
Ra=§ .t:a,=E R,=§ R,=R

[] 625 Om [] 1250 Om [] 2500 Om [] 5000 Om

Jg ‘f‘_ ‘ I, 1,
8 mA 4 mA 2 mA 1 mA

3HaueHHe R MOXeT BBIOMpaThcs
moboe B pasyMHBIX TipeAenax. B sTom
npumepe oHo pasHo 5000 Om. lna R,
nonyydaercs 2500 Om, wist R, — 1250 Om.
Kaxnoe cnenyiouiee cOnpoTHBIEHHE
BCEraa HamoJIOBUHY MEHBIIE TpeabiLy-
1Iero.

B Tabiuue Ha puc. 13.3a npuBegeHbl TOKH, KOTOPBIE ITOJYYaIOTCS, €CIIH
1-curnan coorBercTByeT +5 B, n 0-curnan coorBercrByeT 0 B. ITonygyaercsa BbI-
XO/THOE HAampsDKeHHe, KOTOpoe TapupoBaHo B 1-MB-marax. OHO Bcerma mMeeTr
CTOJILKO MWUIMBOJIBT, CKOJIBKO MOXET IPEACTaBUTL 4-0HTOBOE NBOMYHOE YMC-
J10. B MTore mojy4yaercss aHaJOrOBBIi CHUTHAJI.

IIndpoananorossiii mpeobpasoBaTtens Ha puc. 13.3 paboraeT He o0YeHb TOYHO.
CHrHaIBl BHICOKOTO YPOBHSA CXe€MbI MMEIOT B PEIKHUX CIyYasiX 3HaYeHHEe TOYHO
+5 B. OTK/IOHEHHMSI B paMKax JOITYyCTHMBIX JNOITyCKOB NMPUBOIAT K OLIHOOYHBIM
aHAJIOTOBBIM CUTHaJIaM. 3HAYWATENIbHO 6o/ee TOYHO paboTaeT cxema Ha puc. 13.4.
3nech MCTIONb3yeTcsi CTabWIM3MPOBaHHOE IOCTOAHHOE Hanpsokenue U_ .. OHO
IIOJIaeTCs Yepes TPAH3UCTOPHBIN KacKal Ha pe3ucTopsl or R 1o R,. Onepanuon-
HBII ycunureb paboraer Kak ycWIMBaloWUi cymmarop. Pesucropel R, ciyxar
OrpaHWYIUTEISIMH 6a30BOTO TOKA. TpaH3UCTOPHI paboTAIOT B MHBEPCHOM pPEXUME.
B sTOM pexume paboThl HanpsoKeHHME HaChIEHUs Koulekrop—amMurrep U,
OTKPBITOrO TPaH3HCTOpa OY€Hb Majlo
(okosio 20 MB). Ha Bxousl o A 10 D fecaruunoe

1. 458
0*“0B

DICI|BIA|i [l 4|1 |U

JOJDKHBI ITOAABAThCA 1-CUTHANBI BHICO-  _swavenwe | 2° |27 |2'[2° | mA |mA |mA |mA | A |uB
KOIo YpOBHS, KOTOpbIE HEMHOTO 0OJIb- 0 oflojofolofo]o|o| 0o
me, yem 2,6 B. 1 ojojo|1|ofofo| 1| 1[4
Lindpoananoropsie npeobpazosate- 2 Jojo|1]jofolo|2/0]2]2

JIM TS APYTHX BECOBBIX JMBOMYHBIX KO- 3 ojolt1f1]ojo|2|1/3 3
JIOB TTIOCTPOEHBI aHATOTMYHBEIM 06pa3oM. 4 o/tlojojof4jofo|4 s
B 3aBUCHMOCTH OT 3HAUMMOCTH OT/EJIb- s oltjoj1fofd)olTf5 s
HOro 6uTa MOAGMPAIOTCs COTPOTHBIIE-  MUNEMMENEE
R 7 o111 (42|17 |7
Hust ot R, 1o R, 8 1|ofofo[8]o]|o|o|8]s
9 110(o|1{8|lolo|1]|9 |59

10 11o/1]o|8lo |20 |10

11 11ol11[8lo 21|11

12 1]/1/o|lo|[8|4|0|0[12]12

Puc. 13.3a. Tabauua yactuyHbx ToK0B [, I, 13 1{1{o1]814]|0|[1]|13]13
1, I, 0bumero Toka I, 1 BHIXOAHBIX HANPSUKEHUH 14 1l111lol814|2)0l14]14
U, no cxeme IIAIl ¢ puc. 13.3 nna BXOAHBIX 5 alalal8lal2]1115]1s

curuanos ot 0000 no 1111.



13.1. Iughpoananoeosniii npeobpazoseamens (I[AI) 38\1_)

D c B A
2] 1= 1fz] 1[=]
e
HV HV RV RV
. > ’ O gc!&ﬂ

RN

R R R -
A=z ||R=3 ||A=5 ||R=R

Puc. 13.4. IIAIl c 3SMUTTEPHBIMHM PE3UCTOPAMH. [:

13.1.3. R/2R-UAIN

IIAIT MOXHO OCTPOUTD € MIOMOINBIO HETIOYKH pe3UCTOpOB. s TaKoMi LEeMoYKH
TpeOyIoTCS TONBKO JBa Pa3IMYHBIX 3HAYEHUSA COIIPOTHUBIEHUSI — R U €ro yIBo-
eHHbI HomuHan 2R. Takoii IIATT HaseiBaercsi R/2R npeoGpasoBatens. Cxema
R/2R-1IAIl nokaszaHa Ha puc. 13.5.

ITo cxeme (puc. 13.5) TpyZHO NMOHATH NMPHHIMN AeicTBuA. Ilostomy s
VIIPOIEHUs] PAacCCMOTPHM cXeMy Ha pHc. 13.6, paGoTaioInyio TOJBKO ¢ JABYMs
nepekmoyarensMu. HoMuHane! conporusinenuii cocrapusaior 1 kOM u 2 kOM,
Hanpspkenue nurtanusi U_ . cocrasnser 12 B.

CxeMa npeo6pa3oBbiBaeT 2-0HTOBBIE IBOUYHBIE CUTHAJIBI B AHAJIOTOBBIE CHT-
Haubl. [Ipu S = 0 nepexumodarens ca3an ¢ semineii. Ilpu S, = 1 nepexoyarenn
cBsizad ¢ U_ .. AHAJIOrMYHO JUisl NepeKodarens S,.

Eciu oba mepeximodaresist OTKPHITH (3a3¢MJICHBI), TO Ha BBIXOIE TTIOABUTCA Ha-
npsokeure U, = 0 B. Ecim ToNbKO nepeximnoyaresisb S 3aKphiT, NOTy4aeTcst cxeMa Ha
puc. 13.8 ¢ obumM conporupieHdeMm 3,2 KOMm u obmmmM tokom [ = 3,75 MA.
Mexny Toukoii P u 3emiieii Haxogurcs conporuBineHue 1,2 KOM, Ha KoTopoM
nagaer Hanpsokenue 4,5 B. OHo nenntcst Mexay conpotusieHusvu R, u R,. Ha
R, nafenue HanpsDkeHMs1 cocTasisier 3 B.

Ecnu 3aKphbIT TOJIbKO NepeKiiioyaresib S, To Hanpsbkenue U_ . nenures mo-
nmoyiaM. Ecnu o6a nepexitrogarenst 3aKphITh, TO MOJYy4YaeTcs BLIXOAHOE HATpPsDKe -
Hue 9 B (puc. 13.7). Illar Hanpsokenus U, cocrasisier, TakuM obpasom, 3 B.

|
m J
Puc. 13.5. [IpysumnuaneHas cxe-

12B o . : é ma R-2R-LIAII.

»
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R 1 kOm
o ey
U, 2R 2R 2R Decatnuvoe | S, | S, | U,
2 kOm 2 kOm 2 xOm SHAYEHNE {21) [2”]
s s 0 0| 0 |oB
1 o| 1 |38
(:) 2 1|0 |6B
2‘
O 3 1|1 |9B
ero
128
Puc. 13.6. R/2R-1IAIl nns 2-6MTOBBIX CHIHAJIOB. Puc. 13.7. Tabauua ansa cxemsl ¢ puc. 13.6.

Ilar U, mony4yaercs M3 KOJIMYECTBA IEPEKIIOYa-
TeJled ¥ COOTBETCTBEHHO KonuyecTBa 6ut. OHM pac-
CYMTHIBAIOTCH YpaBHEHHEM:

U
AU, = —S=6
A 2n
2R
2xom Tl cxemMsl Ha puc. 13.5 OHO cocCTaBIsIeT, CliegOBa-
TEJIBHO:
AU, =Umlﬁ —12B=12B=0,75B.

o 2" 24 16
f::ne:?u:x Cxema Ha conpo- Ha npakTuke Kmiouu S—S, 3aMeHSIOTCS TPaH3MC-
’ TOPHBIMH Kackanamu. R/2R-meron ocoOEHHO XO0po-
IO TIOAXOMUT IS MUKpocxeM. JIOIDKHBI IPOM3BOMUTHCS TOJIBKO BA PasIMYHbIX
HOMHUHAJIa COIIPOTHBJICHUIA.
ITATT npou3BoaATCs: MPeMMYLIIECTBEHHO B BUAe MUKpocxeM. M3-3a HesHauuTe b~
Horo 3Hepromnorpebnenus HAIT yane eoimyckatores B Bue KMOTT-Muxpocxem.

13.2. AHanoro-undposon npeobpasosartens (ALLM)

Ananoro-ungpossie npeodpasosartenn, cokpamenHo AIITI, npeobpasyior anano-
TOBBIE CHUTHABI B COOTBECTBYIOLIHE 1THGPOBbIE CUTHAILI.

13.2.1. MpwvHuMn ananoro-uudposoro npeobpazoBaHns

AHaJIOrOBBI CMTHaJI, HAIlpUMep CHUTHaNI Ha puc. 13.9, MOXeT npencTaBisATbhCs
onpeJeeHHBIM KOJTHYECTBOM aMIUIUTYIHBIX 3HAYeHMH. AMIUIMTYIa CUTHaIa
usMepsercd, Hanmpumep, Kaxasie 10 mkc. M3mepeHHble HudpOBEe 3HAUYCHHUS
OyayT no odyepeaM COXpaHEHbI B HYXXHOM mocienoBarebHOCcTUH. Bee nudpossie
3HAYCHMS BMecTe 00pasyoT HudpoBoil CUTHAL.

Lindposoi curHan namMeHsiowencs BO BPEMEHW BENNYUHBI COCTOMT N3 nocne-
DOBATENALHOCTW Yncen.

Yucna MOIyT IIPEeNCTaBIsAThCS B JIIODOH cucreMe cuucieHus wid Koge. Ha
puc. 13.9 npencraBaeHbl JeCATUYHbIE M JBOMYHBIC YMCIIA.
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ALIM BbioaT pe3yneTar 4aule BCero B ABOMYHOW CUCTEME CHYMCNEHWA WU B
ABOWMYHO-ABCATUYHOM KOAE.

AMIUTHTYBI MPEJCTABIAIOTCS B ONpeaeieHHOM MaciuTtabe, HanpuMep B MB.
Ecmu Hanpskenue 4 B momxHo OvITH Npeobpa3oBaHO ¢ TOYHOCTHIO A0 1 MB,
tpedyerca 4000 cryneneit. Inst mosydenusa 4000 cTymeHei HanpsokeHHs HEOO-
xogumo 12-paspsnHoe ABOMYHOE YUCI0. Kaxmoe aMIUTUTYHOe 3HaYeHMe OyaeT
Torga mpeactasieHo 12 6urtamMu. TOYHOCTh NpelCTaBIeHMSA YUCHA 3aBHCHT OT
konuuectBa 6ut. OHa Ha3biBaeTca paspemawmeii cnocodnocTsio AL

Paspewalowas cnocobHocTs AL Tem Bbilwe, yem Gonblue BUT OH UMEET ana
oTobpaxeHna pesynerara.

He cneayer myrath paspeluaiouyo cnocobHOCTb ¢ TOYHOCTBIO aHAJIOro-Lugd-
pogoro npeoOpa3oBarensi. TOYHOCTb 3aBHCUT OT MPABUJIBHOCTU BEIZAHHOTIO pe-
synbrata. ALIIT ¢ BbICOKMM pa3pellieHUEM, TO €CThb C OOJIBIUMM KOJMYECTBOM
OUT, MOTYT OBITH HETOYHBI.

Kavgbiih aHanoro-umdpoeoin npectpasosarens paboTtaeT ¢ onpeaeneHHoi Tou-
HOCTbIO.

ToYHOCTB ITOKa3bIBAET, HACKOIBKO Pe3y/bTaT NMpeodpa3oBaHUs MOXKET OTJIH-
4yaThCs OT MPaBHJIBHOM BEJIMYMHBI B GOJIBIIYIO U MEHBIIYIO cTOpoHY. Ilpu Tou-
HocTtd OT 10~° pesynbTar MOXET OTKJIOHATBLCS OT IPAaBUJILHOTO pe3yabTaTa He
6onee yeMm Ha 1/1000. Haubonee noporue AIITT uMeror TouHocTh 1075.

H3MeHsmomniics BO BpeMEHU aHAJIOTOBBIM CUTHAI JHOJDKEH M3MEPSTHCH C
ornpeeIeHHON YacTOTOM. AMITTMTYBI JOJKHBL U3MEPATLCA U COXPAHATBLCA KaX-
abie 10 Mkc wnu Kaxayio Mc. Yacrora usMepeHus: aMIUIMTY/ AOJDKHA OBITE TEM
BbIllle, YeM OBICTpee W3MeHSIeTCs] AHATOTOBBIN CUTHA.

YacToTa uaMepeHus aHanoroBoro curHana aomkHa ObiTe MO MEHbLLIeH Mepe B
ABa pPa3a Bbille HEeCYLEeN 4acTOTel aHANOrOBOro CUrHana.

Ecnu npeobpa3syeTcsi aHAIOTOBBIM 3BYKOBOM CUTHAJI B YACTOTHOM JAHana3oHe
or 50 T'u mo 20 xI'm B cooTBercTByIOIIMIA HU(MPOBOH CHUTHAN, TO TpebyioTcs
MuHEMYM 40 000 u3MepeHUil B ceKyHay. Tak Ha3piBaeMas 4acToTa JUCKPETH3a-
mnu cocraBnsaeT 40 kI'u. OHa mMoXeT BeIllle, HO He MeHblue. Ecnu ona Oyner
MeHbllIe, TTpeoOpa3soBaHHbINA CUTHAN OyIeT UCKaXeH.

AIIIT mpou3BoAsAITC B OCHOBHOM B BHAe MHKpocxeM B K-MOII-rexHono-
run. [TpoHU3BOICTBO C MOMOIIBIO JUCKPETHBIX 3JIEMEHTOB DKOHOMHYECKH HEIIE-
necoobpasHo. CxeMmbl B TTJI- u DCJI-ucnoaHeHHH 13-32 BHICOKOTO SHEPronor-
pebieHrs NPUMEHSAIOTCS TOJIBKO TaM, The TpebGyeTcs BhICOKas CKOPOCTh.

AIIT xapakTepH3yroTCcs CASAYIOIMMMH IapaMeTpaMu:;

® paspewiarouias cnocobHocmes — KOJIWYECTBO OUT;

e mounocms — owubka B % oT pesyibrara, win % OT MakCUMAaJIbHOIO
3HAYEHHS;

e cKOpocmb — JUTUTENIbHOCTD NpeoGpa3oBaHus;

& HanpsaxyceHue — MAANA30H OT MMH. IO MakKc. IpeobpasyeMoro HarpsoKeHUs.

CyniecTByeT MHOXECTBO Pa3IMYHbBIX METOZIOB M cXeM mpeobpasoBareneil. OHU
OVIyT pacCMOTPEHHI B CJIEOYIOLIUX pa3fiesiax.
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13.2.2. AU nocnepoBaTenbHOro cyeTa

AIITI nocnenoBareasHoOro cuera oidpOBHIBAET aHANOIOBBIM CHTIHaJI JIMHEMHO-
HapacTAIOLIHM 3TAJIOHHBIM HanpsokeHueM (mwioobpasnoii dopmbl). [lepeanuii
¢poHT HaYHHAeTCsSI B OTpMIIATE/IbHOIL obmacTH HanpsokeHus (puc. 13.10). K mo-
meHTy BpeMeHH D, ecliM 3TAJIOHHOE HANPSKEHUE IIEPEXOAUT YEPES HYJIb, 3aITyC-
KaeTcst NBOWYHBIN cyeTYMK. OH CUMTAeT MMITYJIbChl FeHeparopa. Eciu Hanpsoke-

HHE aHAIOTOBOTO CHUTHAIA JOCTUTHET 3TAJOHHOIO HamnpsokeHHs (Touka @), To
CYETYHK OCTAHOBHUTCS.

CdeTyMK CYMTAET B TeueHHE BpeMeHH Af. OH m3MepdAeT BpeMs. Tak Kak IH-
JIOOOpa3HOe HaIpsSDKeHHe PACTeT ¢ 3apaHee OIpeleIeHHBIM YIVIOM &, TO MOXHO
paccymMTaTh MO Af M Yy @ 3HaYe€HWe aMIUTUTYIBI u:

u
tana = —;
At

u = Af-tan a.

JIBOMYHOE YHCJIO, KOTOPOE MOKa3bIBAaET CUETUYMK, SABJIASTCI 3HaYEHUEM Ha-
npskeHds u. YacToTy reHepaTopa MMIMYJbca MOXHO BBHIOMpATh TakK, YTOOBI
CYETYUK ITOKA3bIBAN HampsDkeHHe B TpeOyeMbIX eIWHHUIIAX H3MepeHus, Ha-
npumep B MB.

MakcumMaibHOe 3HaYeHHE IMII000pa3HOro CUrHaIa OTIpeeisieT MaKCHMaTh-
HO BO3MOXHOE 3HaYyeHHe aHAJOroporo curHaia. Eciau aMrumMTyaa nunooGpas-
HOTO CHTHajia paBHa, HarpuMmep 10 B (puc. 13.10), To MoryT 65ITE oL pOBaHE
aHAJIOTOBbIE HAIIPSIKEHHS TOJHKO IO MaKCMMalbHOTO 3HaYeHus 10 B.

Ha puc. 13.11 nmoka3zana npuHiunuanbHas cxema ALLII mocnenoparensHOrO
cuera. ITunooGpa3Hoe HampsskeHHe MONAeTCsl Ha JABe cXeMbl KoMmmaparopa. Ha
BBIXOJ€ KOMIapaTopa OMHapHBIH curHai 1 geifcTByeT TONBKO TOoraa, Koraa oba
BXOJa OMWHAKOBHI MO BeMYHHE (AHAJIOTOBbIH KOMITApaTop MJIM KOMIIApaTop C
AHAJIOTOBBIMH BXOJaMH).

= A

10

‘—'—Mlq—

u
tang = —
Y

u=At-tana

o

Puc. 13.10. Ouudposka aHanoroporo curHana nu-
N000pa3HBIM CHTHAIOM.

13—2114
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U Komnapatop '
E‘ 1

| Komnaparop
2

Buixoa

Feweparop
MMNYNLCOB WuaukaTop

Menepatop
0obpasH
WMNYNLCOB

Puc. 13.11. Crpykrypa ALIIl no MeToay niioo6pa3HOro HaNPSXeHHs.

Ecnu nmunooGpa3Hoe HanpsDkeHHe MMEET OTpHIAaTelbHOe 3HaYeHHe, TO Ha
BbIXOJe KoMmaparopa 2 neicrsyer 0-curnan (K, = 0).

Ecnu nmunoo6pa3Hoe HampspKeHHMe TIEPEXOMHT Yepes JIMHMIO HyIsa (Touky 1),
K, = 1, TaK Kax o6a BXogHBIX HanpsoxkeHusd pasHbl. Ha Beixone Y MCKIIIOYA-
IOHIETO UJIU teneps nosiBisiercs 1-curnan. M-aneMeHT BKIIIOYaeT reHepaTop
HMITYJIbCOB Ha cyeT. Kak Tonbko mumoobpasHoe HanpsHKeHHe CTAHOBHUTCS PaBHO
aHAJIOrOBOMY HamnpsDKeHMI0, Kommaparop 1 takxe Bougaer 1-curnan (K, = 1).
Teneps ¥ = 0. U-3neMeHT GJ10KHpYyeT reHepaTop uMnyiibcoB. [udpoBoiil curaan
‘CYeTYMKA [TOJAETCA B NIAMSTh U faiee obpabGaTeiBaeTcs. 3aTteM oH oTobpaxaercs,
HanpuMep, Ha HUGPOBON MHAKMKATOP. TOYHOCTH CXeMBI 0Y€Hb CHIBHO 3aBHCHT
OT JIMHEHHOCTH NMWJIOOOPAa3HOro HANPSIKEHUS.

AIIT Ha puc. 13.11 paGoraer TONBKO WIS ITONOXHTEJIBLHOIO HM3MEPSIEMOro
HanpspkeHHus1. OMHAKO HEM3BECTHOE aHAJIOTOBOE HANPSDKEHHE MOXHO CIIOXKHUTD C
TOCTOSAHHBIM, 4TOOBI TOAHATh €r0 B MOJOXHTENBHYIO MOJXYIUIocKoCTh. Ilocne
npeo6pa3oBaHus ITOCTOSHHOE HaNpsDKeHHWE BHIYMTAETCS U3 pe3ysbTaTa.

Cxema Ha puc. 13.11 Moxer ObITh M3MEHEHAa TaKMM 00pa3oM, 4YTOOBI GBLIO
BO3MOXHO M3MEPATb KaK IOJIOXUTENbHbBIE, TAK H OTPHUIATEIIbHbIC CUTHAJBI.

13.2.3. AUM ¢ asonHbiM nHTEerpuposaHuem (Dual Slope)

ALIII ¢ nBoitabiM HHTErpHpoBanneM paGoTaloT B JBa 3tana. [1o3TroMy 3TOT MeTOoxa
TAKXKE ellle Ha3hIBaeTCs IBYXIaroBeiM MeTomoM. Dual Slope — anrmuiickuii Tep-
MMH. OH 3HAYHT «IBa UMITYJIbCA C Pa3HBIM HAKJIOHOM». OCHOBHBIM Y3JIOM aHa-
Joro-mu¢poBoro npeodpasoparena Apisgerca uHrerpatop (puc. 13.12). Beixon-
HOEe HalpsDKeHWe MHTerparopa Inpeacrasiser coboi asa ¢poHTa ¢ pa3nmMYHbIM
HAKJIOHOM.

Ha 1-M mare MHTErpHpyeTcs ITOJOXHTEIbHOE AHANIOTOBOE HAIIPSDKEHHE B
TeyeHHe 3anaHHoro BpeMeHH f,. Konnencarop C uHTErpaTopa 3apsiKaercs.

Ha 2-M mare Ha BXOX MHTerparopa IoZaeTcsi OTpULIATeIbHOe ONOpPHOEe Ha-
npsckeHre. Konnencarop C paspspkaeTcs IO HYJIEBOTO BHIXOTHOTO HaIpsOKeHHS
HHTerparopa. Bpems, 3a KoTopoe HNPOHCXOIUT paspsAlKa HHTErpaTopa o HyJid,
XapakTepU3yeT BEIMYMHY aHAJOrOBOIO HANPSDKEHHA. DTO BpemA 1,
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Puc. 13.12. HHTerpaTop ¢ BEOAOM HANPSAXEHUA BO BpeMa 1-ro u 2-ro waros.

B TeyeHue BpeMeHM f, CYMMUPYIOIIMIA CYETYMK MPOM3BOJAMT MOACYET HUM-
mynbcoB. UMITyJIBCEI NOCTYTIAIOT ¢ BBIXOJA IeHepaTopa MMITYJILcoB. 1o mcTede-
HUM BPEMEHH 7, CYETYMK IMOKA3BIBaeT GHHAPHYIO BETHIMHY. DTO 3HAYCHHE aAMII-
JIMTYBI aHAJIOTOBOTO CHTHAJIa, BEIpaXeHHoH B Lmdposoit popme. Eciu anano-
TOBBIM CHTHaJN mnpeobpasyercsi B IBOMYHBIH KOH, TO CYETYHUK BBIGHpaeTcs
JBovuHBIM. CUYETYMK BCErja T0/DKeH CUMTATh B KOJie, B KOTOpPHIi mpeobpa3yercs
AHAJIOTOBBIA CHUTHAJI.

M3-3a npUHIMNA IBOWHOI0 HHTErPHPOBAHUSA 3TOT MeTol HaswiBaeTcss AT
C OBOWHLIM MHTETPUPOBAaHHEM.

Brnok-cxema ALIIT ¢ ABOMHBIM HHTETPHPOBAHHUEM TpeacTaBleHa Ha puc. 13.13.
CxemMa ynpaBieHHMsi BKIIOYAeT J€KTPOHHBIN mepekioyarensd S. Ilepen naya-
JIOM TIpoliecca npeo6pa3oBaHusi K MOMEHTY BPEMEHH [, TIEPEKIIIoYaTeNlb 1epe-
BOJIMTCA B MoJjioXeHHe 1. B 3TOM MojIoXXeHMH OH OCTaeTCH B TEYEHHE BPEMEHH 1.
Bpems ¢, 3amaeTcd reHepaTOPOM HMIYJIbCOB Y€pe3 JAETUTEN b YaCTOTHI. DTO YeT-
KO 3amiaHHOe Bpemsi, HanpuMep 100 Mx¢. B Teyenne Bpemenn 7, C 3apspkaercs
yepe3 R.

ITo ucTedyeHUU BpeMEHM [, 3NIEKTPOHHBIN MEPEKIIIOYATEND IEPEKIIOYAETCS B
nojioxeHue 2. OnmopHoe HanpsDKeHWe MoNaeTcsa Ha BXod MHTerparopa. OnHoOBpe-
MEHHO C BBIXOHa 3JieMeHTa M OT reHepaTopa MMITYJIbCOB HaYHHAIOT ITOCTYNATh
HMITYJIbCBI, KOTOPBIE CYMTAIOTCA cyeTIMKOM. Hauunaercs oTcyer BpeMenu #,. U3
MHTErpaTopa BBIXOIHT TOK, H C pa3pspkaeTcd. B TeueHre BpeMEHH #, CUTHAJIbL Ha
Pa3HBIX BXOJax Komiiaparopa He paBHBl. Ha Brixome X aeiictByer O-curHan. OH
HHBEPTHUpPYETCSA M NOABIseTcd Kak 1-curHan Ha Bxoge M-anemMeHTa.

Ananorosuiit
SNeKTPOHHBIA
axon nepexnovarens  © Puc. 13.13. [IpuHuMnuanbHas cxema

i} AIIII ¢ ABOHHEIM HHTErPHPOBAHUEM.

X
U ¥ | Komnapartop o n. JLBOM4HBIA
p2 i‘ CYMMMWPYIOUWA
CHETYUK
MNamats —
Uundposoi
1 BEIXOA
Ik“ Unankatop
Benvrens
4acToTH FeHeparop
UMNYNLCOB
Cxema f

ynpasneH1ua
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B MOMeHT BpeMeHH #, BHIXOAHOE HamnpsskKeHue uHTerpatopa U, craHeT pas-
HEIM Hymo. O6a BXOAHBIX HaIpsXeHWs KoMmaparopa tenepb paBubl 0 B. Ha
Beixone X nosisnsiercst 1-curHain. OH uHBepTUpyeTcs B 0-CUrHai, KOTOpBIi OJ10-
kupyer M-anemenT. ITomcuyer MMITyTbCOB 3aKOHYEH M TMONMy4YeH LM(pPOBOi pe-
3yJibTaT.

AHanoro-u¢poBsie peodpa3oBaTenu ¢ IBOHHBIM HHTETPpHPOBaHHEM pabo-
TaloT MegneHHee, yeM ALIIl mocnenoBarensHoro cuera. OMHako Mpu OMHHAKO-
BOI CTOMMOCTH OHM Goiiee TouHble. 3Ha4yeHUss R u C He BIMAIOT Ha TOYHOCTH
pesynbrara. Tounocts AL 3aBMCHMT Ipexie BCEro OT OTHOLIEHMs [/f, U OT
BEJIMYMHBI OMIOPHOTO Hanpsokenust U :

b
U 1

Tak xak BpeMEHa tl H fz B PaBHOM Mepe 3aBUCAT OT 4YaCTOTBL redeparopa
HMITYJIBCOB, 3Ta YaCTOTA TAKXKE HEC BJIMACT Ha PC3YJIbTAT. Pa3yMCCTC$[, OHa O0JIXK-
Ha OBITH NMOCTOSTHHA B TEYEHHE BPEMCHH tl + Iz.

13.2.4. AN koMneHcaunoHHOro Tuna

B AIIIl KoMneHCauMOHHOro THHA NpeobpasyeMoe aHajoropoe Hampsokenue U,
CPaBHMBAETCS ¢ KOMIIEHCAIIMOHHBIM HanpsokeHneM U,. KoMneHcanmonHoe Ha-
MpsDKeHNe XapaKTepU3yeT BBIXOAHOe HaNpsDKeHue ndpoaHaioroBoro mpeodpa-
soBarens (LIAIT) u moaToMy Ha3BIBaeTCsl TAKXe HanpspkeHHeM mpeobGpaszopare-
ns. Ha HAII momatorcs mmdpoBbie 3HaY€HHS O Te€X HOpP, TOKa HaIpsDKeHHE
npeoGpasoBarens U, He cpaBHsieTcs ¢ MpeoOpa3yeMbIM aHaJlOrOBbIM HallpsDKe-
Huem U,. [IpuHumMnuansHas cxema usobpaxeHa Ha puc. 13.14.

ITepen HavasioMm rnpoliecca npeoOpa3soBaHKs CYETYHK YCTAHABIMBAETCS CXe-
MO yIIpaBlieHUs1 Ha HyJieBoe 3HaYyeHue. Ha Bbixone koMiaparopa neiictsyer X = 0.
DTOT CUTHAI MHBEPTHPYETCS M MoAaeTcs Ha Bxon M-anemenTta. M-35eMeHT nipo-
MyCKaeT MMITYJIbChl TeHepaTopa UMITYJIbCOB K cYeTYMKY. CUEeTYMK HAYMHAET CYM-~
TaTbh Ha yBeJIMYEHHE OT HYJIS.

Ilndpopoit curHan cyeTymka npespainaercs KudpoaHaIOroBEIM Npeobpa3o-
BaTeJieM B COOTBETCTBYIOLIHI aHANOrOBbIi curian. M3-3a cyMmMupyloIero caer-

Ananorosuit
Bx0n
W"“_—mﬂ X
| Komnaparop 1
v, —_____/
| Cxema ynpasneHus
| Cbpoc cueTunka _*
1
1
ABonyHbIA
\ CYMMMPYIOWMA Menepartop
L CHETYMK MMNYNLCOB
—._”
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— LA BbIXOM]
AHanoroaLin Ludposoin ﬁ
BhIXOL BXOA
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Puc. 13.14. [IpuHunnnanesas cxema ALl KOMNeHCALIMOHHOrO THNA.
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Pue. 13.15. Bua HanpsxeHus B npolecce npeobpasosaHmnsa u, A
(1, = Hayano, t, = 3aBepiueHue npeobpasosanuns, U, = aHa- U
JIOrOBOE HanpsKeHHe).

YHKa BO3HHUKAET CTYNEHYATO ITOAHMMAIOLIMIACS BBI-
xomHo# curHan U,. Korna nanpsokenue U, mocTur- ¥ :
HeT HanpsukeHus U (puc. 13.15), Ha BBIXOAE KOM-
riapaTopa IOABUTCS 1-CUTHaI. DTOT CUTHAJI HHBEpP-
tupyercsa. O-curnan Oaokupyetr H-3j1eMeHT.
Crenyiolne UMITYJIBCHl He JIOXOASAT A0 CYETIUKA, U
CYETYHK ITepecTaeT CUNTATD.

Curhan X = 1 nonsomMTcs K APYyroil cxeme ynpapieHus. OHa oTBeyaer 3a
BBOJI [IOKA3aHUI cyeTYUKa B ITaMAThb. [TokasaHue c4eTYMKa U SIBJSETCS pe3ylib-
TaTOM aHAJIOrOBOro npeodpaszoBaHusA. Pesynbsrar rotoB misa ganbHeiiiei o6pa-
6OTKHM ¥ MOXET OBbITh BbIBEIEH Ha MHIHUKATOP.

CxeMa ynpasnenus cOpaceiBaeT c4eTYHK Ha HyJIb. HaumHaeTcss HOBBI IIUKII
npeobpazoBanus. ALIIT, mocTpoeHHbIE 110 3TOMY TPUHIIMITY, AOBOJBHO MeIIeH-
HBbI, TAK KaK KaXblil LIMKJ MpeoOpazoBaHUs] HAYUMHAETCH C HYJIS.

Yucno BO3MOXHBIX LUMKJIOB MpeoOpa3oBaHUsA B €AMHHULYY BPEMEHH MOXET
OBITh CWJIBHO YBEJIWYEHO NIPU IPUMEHEHWH pPeBEPCHBHOIO cyeTyuKa. CTpyKTyp-
Hasi cxema Takoro AIIIT nmpuBenena na puc. 13.16. Komnaparop 3ameneH aud-
dbepenumanbHeiM yeunuresieM. Ha Boixonie ycunuTensa neiCTBYeT MONOXKHUTENb-
HOE HalpsokKeHHe 0 TeX mop, noka U, menbue, yeM U,. I1onoXuTenbHOE Bbi-
XOJHOE HANpsDKEHWE IIePeKIIIoYaeT CYETYMK Ha CYET B CTOPOHY YBEJIWYEHMS.
Kpome Toro, nmonoxurenpbHoe BLIXOAHOE HANPsDKEHUE YBEIMIHBAET 4acTOTY KO-
JiebaHui1 YIIpapJIsIeMOTo HanpsDkeHueM ocLiyusitopa. FIMITyibehl IPUXOIAT vYalle.
Cuyerunk cumraer ObicTpee. Hanpsaxenue U, pacrer Owbictpee. Uem Giuxe Ha-
npsikenue U, K HanpsokeHuio U, TeM MeHbLIE MOJOXKUTEIbHOE BBIXOAHOE Ha-
TIpSDKEHUE YCUWINTENS, TEM MeHBIIIe YacTOTa KOJIeGaHWi OCIWIUIATOPa, TEM Mell -

-y

DuddepeHumansHeilii

AHanorosuit YCHAMTENS

Ynp W Hanp
Cxema Mepexnicuarens OCUMNNIATOP KaK reHepaTop
HANPaBNeHUA UMNYNLCOB
c,_-l- ynpagneHna Suera ny.
DeonuHbiR
=] CYMMMPYIOWMA
CHETYMK
f T o
Lot AN - i
Auanorosuii | Lwndposoi Namate :D L‘"BT.?(OOZO
RBIXOA e Bxon ﬁ
Wnaukatop

Puc. 13.16. [NpuHuunuansHas cxema AI[[1 koMneHCAITHOHHOrO THINA C HEMPEPHIBHBIM CPaB-
HEHHEM.

14—2114
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NieHHee cyuTaeT cyeTyuK. Hanpskenue U, mocreneHHo npubaMxaeTcs K 3Haye-
Huio HanpsokeHus U,. Tlpu U, = U, cyeT4MK OCTaHABIIMBAET CYET, TMOTYICHHBbIi
pe3yabTaT 3aNuCchiBaeTCsl B MaMATh, U €10 MOXHO 00pabaThiBaTh Jajible.

Ecnu ananoroBoe Hanpspkerue U, poaoykaeT U3MEHSITBCS, TO IMPOLIECC Mpe-
obpa3oBaHus npoxosckaerca. Ha BrIXone yCHWINTEIS IIOABIISIETCS IIOJIOXKUTEIBHOE
HAlNpsDKEHHWE, CYETYMK CYMTAET A0 TeX nop, noka U, He craHer pasHbiM U.

Ecmu U, meHbiue, yeM U,, TO Ha BBIXOAE YCHJIMTEJIS MOSBIISAETCS OTPULA-
TeJIbHOe HanpspkeHue. OTpULIATEeNIbHOE BLIXOIHOE HANPSDKEHHUE NEPEeKITIOYaeT CYeT-
9MK Ha cYeT Ha yMeHblneHWe. CyeTyuk cumraer obparHo, U, ymeHbIaeTcs 10
TeX MOp, MoKa He cpaBHAeTcd ¢ U,. Ilocie 3Toro cuer npekpaiaercs, U rnokasa-
HMS CYETYHKA COXPAHSIIOTCH.

IToxasaHusa cYeTYMKa OCTalOTCsA Beerna nodimsoctu or sHadeHus U,. Ilpu
u3MeHeHun U, TpeOGyercss HEMHOIO MMITYJILCOB B NPSAMOM WIM OOpaTHOM Ha-
npaBjieH|H 0 paBeHcTBa Hanpsokenuil U, u U,. Iloaromy npouecc npeodpaso-
BaHHS MPOUCXOIUT OYEeHb OLICTpO.

VYnpagngeMblii HallpsDKeHUEM OCLHWUIATOP peardpyeT Ha HamnpsbkeHue 0es
yuyera 3Haka. OH koneGiercs: mpu GOJIBIIMX MOJOXMUTENAbHBIX WIH OTPHIIATEb-
HBIX HalpsDKeHUsIX ObICTpee M IIPH MAaJIbIX MOJIOXKHUTEIBHBIX HJIH OTPHIIATETEHBIX
HaNpsCKeHUAX MeJICHHEe.

13.2.5. AU no npuHuUMny HanpsXeHne—4yacrtoTa

IIpeobpasyeMrlit aHanoroserit curHan npeoodpasyercsi B ALIIT B mepeMeHHoe Ha-
NpsDKeHUe OmNpeleNeHHol 4acToThl. I 9TOro cyliecTByer MHOXECTBO CXeM.
TTpocreiinieit cxemoii 661 661 L C-oCcITAILIATOP, K KOHIEHCATOPY KojiebaTeIbHO-
r'0 KOHTYpa KOTOPOI'O NMapauleIbHO MOAKIIIOYeH €eMKOCTHOM nuon. EMKocTh au-
0J1a YIIPaBJISIeTCs AaHAJIONOBBIM HAIpsDKeHHEM ITpeobpasoBareiis. Beiencrsue aToro
HM3MEHSETCSl Pe30HAHCHAs 4YacToTa Ko/e0aTe/IbHOro KOHTYpa M BhIXOTHAS 4YacTO-
ta LC-ocuwuisaropa (cM. «DIeKTpoHHKa», 4. 3). Takas cxeMa B IPUHLIMITE TIPH-
TOAHA, HO OHA CJIIMIIKOM HETOYHA.

AIITT aroro TMNa 1OJKEH HMETh XOPOLIYIO IMHEHHYIO CBSI3b MEXITYy HaIlpsDKe-
HHMEM M YacToToil. Ecnu 3HaueHMe HanpsoKeHMsE BO3pacTaeT, HalpuMep, B 2 pasa,
TO M YacTOTa JOJDKHA TakkKe Bo3pacTaTh B 2 pa3a. Yacrora usMepsercs uudpo-
BbIM criocob6oM. CoOTBETCTBYIONIEE M3MEPEHHOM 4YacTOTe 3HaUY€HUE HaIpsoKe-

Ananorosii
BX0q

O———d MpeoGpa3oBatent TeonHDi
HanpsxeHne— i&I MUDYIOLMA
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Puc. 13.17. MNpuuammnuanbHas cxema ALl no npyHUMNY HanpsXXeHHe—4acToTa.



13.2. Ananozo-yugpoeoii npeobpazosamens (ALII) O

HHS COXpaHsieTcs Kak uudpoBoit curHal. OH MOXeT ObITh BBIBEJICH Ha HHIMKA-
TOp UMM oOpaGoTraH.

Ha puc. 13.17 noka3zana npuHuunuansHasa cxema AIIII. CxeMa ynpapieHust
3amycKaeT mpoliecc npeobpazopadus. aTyukK BpeMeHH moaaeT 1-CUTrHaI Ha BXOJ
H-snemenTta. Ot npeoSpasoBareisi HANPsSKeHUe—Y4acTOTa MPUXOOAT UMITYJIBCHI,
MOJIy4YeHHbIE OT CUTHAJIa, HAIIPUMEP IOJIOXKUTEIbHBIE TTOYBOJIHBI HATIPSDKEHMSL.
Onu nipoxoasaT yepe3 M-3neMeHT M CYNTAIOTCA CYETIHMKOM.

ITo McTeYeHNH 3aaHHOTO BPEMEHH JAaTYMK BPEMEHH OCTaHaB/IMBaeT cyeT. OH
nozxaer Ha M-anemeHT 0-curHan. Ynpapisionias 3IeKTPOHMKA pa3pellaer 3alHch
pesynibTata U3MepeHus B mamsaTh. [Tocie 3TOro MoXeT HaYMHATHCS CJieTyIOMIMIA
LMK npeodpa3oBaHusi. TOYHOCTH pe3ynbraTa M3MEHEHMs 3aBUCUT TNpexne BCero
OT JIMHEWHOCTH Mpeobpa3zoBaTeNs U OT TOYHOCTH JaTYMKa BPeMEHH.

13.2.6. ALN npamoro npeobpa3oBaHua

AIIIl npsamoro mpeoOpa3zoBaHusi padoTaeT ¢ KOMIIapaTOpaMH, KOTOPhIE BCEraa
TMEePEeKIIIYAIOT BHIXOJHOE cocTossHUE () B BHIXOAHOE COCTOSAHME 1, eC/IM Ha Mmojio-
XHUTEJIBHOM BXOJIE HanpsDKeHUEe paBHO WIM OOJibllie, YeM Ha OTPHLIATEIbHOM.

Kaxnaplii BEIXOZHOH OHT IpHBs3aH K OTHENBHOMY KoMmaparopy. CxeMa Ha
puc. 13.18 paboraer ¢ 8 xoMnaparopamu. Kaxnblii KkoMIiaparop mony4aer 3a-
JaHHoe (PMKCHMPOBAHHOE ONOPHOE HAaNpsDKeHHME, KOTOpoe MojlaeTcsd Ha OTpUlia-
TeJILHBIHA BXoA. OropHbIe HanpsDKeHMs cTaHaapTusoBaHbl (Hanpumep 0,5 B, 1,5 B,
2,5B,3,5B,4,5B, 5,58, 6,5B, 7,5 B).

AHanorosuit
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Puc. 13.18. [Npunuunuanshas cxema AL[Il npaMoro npeobpazopaHus.
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Puc. 13.19. Pabouas tabamua AL
no cxeme ¢ puc. 13.18.
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Ecnn npeoGpa3yeMoe HanpsoKeHHe YBEJTMIMBACTCS C HYJISI, TO MPH JIOCTHXKE-
HHM caMoro mamoro omopHoro HanpspkeHus (0,5 B) xoMmaparop BbIOaeT Ha
BbIxoA 1-curnai. ITpu qocTUXKEHMH caeaylolero onopHoro HanpsokeHus (1,5 B)
ceaylolIMii KOMMapaTop BbiIaeT cUrHai 1 Ha BBIXOA WM TakK manee. BhIXOOHBIE
CHUTHAJIBI TIPeACTaBJIeHEI B paboyeit Tabmuiie Ha puc. 13.19. C 8 kommaparopaMu
BO3MOXHBI 8 ypoBHe Hanpspkenusa. BerxonHoi kon AILIT nmpsimoro npeobpaso-
BaHUd 10 Mepe HeOOXOIMMOCTH IpeobpasyeTcsl B APYTOM KO, HanpuMep B JBO-
UYHBIH.

AILIIT npsimoro npeo6pa3oBaHus paboTaoT OBICTpee, YeM BCe OPYTHE BHIbI
AIIIT. Bpems npeoGpa3oBaHus ONpenensiercsa BpeMeHeM MePeKIIoYeHUs KOMIIa-
patopoB. OHo paBHsercss npuMepHo oT 40 no 50 He. 3nayut, npu 100 He Ha
OITHO Tpeolpa3oBaHKie KaXIyi0 CEKYHAY BO3MOXHE 10 MUJUIMOHOB Mpeodpaso-
Banuit. CtoumocTtb Takoro AIIIT, pasymeercss, odeHb Goneinaa. Jns aHajioro-
mudposoro npeobpazoparesisi ¢ 128 ypoBHsIMH HanpsokeHHMA Tpebyrorca 128 xkom-
naparopoB. 256 ypoBHeil HanpsoKeHUs HYyXXHBI Ui 8-OMTOBOrO npeobpa3oBaTe-
. Onsa 10-6utosoro AIITT ¢ 1024 maramu HanpsokeHUs: HEODXOIMMO WMETh
1024 xomnaparopa.

Bricokasi cTeneHb HHTErpaluy COBpeMEHHBIX MHKPOCXEM TO3BOJISET CO3/Ha-
Batb AILIT npsMoro npeobpa3oBaHus ¢ XOPOIIMM paspeleHueM. TOYHOCTh Ipe-
0o6pa3oBaHUs 3aBUCHT OT TOYHOCTH ONMOPHBIX HAIIPSDKEHMI M OT CTETIEHHM TOYHO-
CTH KOMIIapaTOpOB.

KOHTPONbHLIA TECT

1. Kak pabotaet 1IAIl c BecoBEIMH pe3ucTOpaMu?

2. IlucdpoBbie CUTHAIBI, NpeACTaBlIeHHbIE B HEBECOBOM KOJ€, HOMKHBI OBbITH
peoOpa3oBaHbl B aHAJIOTOBEIM cUrHaI. YTO HYXHO aenaTh?

3. Yo nMCHMMAIOT TOJ pa3pelIalonieii crocoGHOCThIO aHANOTo-LUU(pPOBOTo
npeo6Gpazoparens?

4. Kakue xapakTepHUCTHKH ClIe/IyeT yYMThIBaTh IpH BbiOOpe aHaioro-uugpo-
BOro mpeobpa3zoBarens’?

5. Ilepeuncaure pasnuuHbie Buabl ALLIL

6. O6bsichure mpuHIMn aeicteua ALIIT mocienoBaTenbHOrO cyera.

7. Kakue npeumymecrsa u Hegocratku uMmeetr ALLIT npsamoro npeobpaso-
BaHUSA?
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CHETHbIE CXEMbI

C moMoIpio IMGPOBHIX CXeM MOTYT TIPOU3BOIMTHCS apu(MeTUYECKHUE onepa-
MM, HAIIpAMEp CJIOKEHHME M BblYMTaHHe. Takue cXeMbl Ha3bIBAIOTCHA CYETHBIMH
CXeMaMH.

CueTHble CXembl NPOU3BOAAT HAJZ BXOAHBIMU NEPEMEHHLIMW NOrMYeckne one-
pauun, KOTOPbLIE COOTBETCTBYIOT HYXHOW apudMeTUdYecKon onepauum.

BxomHble yncnaa AOJKHBI ObITh 3aKOAMPOBAHbI B ONPENENeHHOM ABOUYHOM
koge. B TakoM xe xone OyIeT BbIBEIEH pe3ynbTar.

Kaxpasa cyuetHan cxema rnpeaHasHadyeHa ToNBKO AN8 O4HOMO Ko4a UM COoTBeT-
CTBYIOLUEW CUCTEeMBl CHUCAEHUA,

YacTo ucronb3yercs ABOMYHBIN KO, T. €. ABOMYHASA CUCTeMa CYHMCICHUS, U
IBOHYHO-IECATUYHBIN Kol (cM. . 8).

14.1. NMNonycymmatop

IlonycymmaTop sIBIsieTCS CAMOM IPOCTOM CYETHOM CXeMOM.

MonycymMaTop MOXET CKNafbigaTh /182 NBOUYHLIX YUCNA.

JeicTBYIOT CleylolMe MpaBuia:

0+0=0

0+1=1

1+0=1
1+1=10.

IIpuGasnaemas mudpa obo3HavaeTca nepeMeHHOH A. dpyras npubasiisie-
Mast uudpa obo3Hayaercs nepemMeHHoi B. CxeMa JOMXHA MMETH IBa BHIXOHA.
Beixoa ¢ Becom 29 HazoBeM Z, BeIxoJ ¢ BecoM 2! HazoBem U (mepenoc). Ecnmu
aBouyHoe yucino 0 craBuTcst B cooTBETCTBUE cocTostHuIo 0 U pBouyHOe qucio 1
CTaBUTCS B COOTBETCTBHE COCTOSIHHMIO 1, TO IoJyyaeTcs TaGnMLa HCTUHHOCTH
Ha puc. 14.1.

W3 TaGnMubl MCTUHHOCTH JIETKO MOIYT OBIThH ONMpeAeNeHbl Yepe3 HOpMalib-
Hble ¢opmbl UM nornueckue pyHKIIUK Noycymmaropa. IlosmHble KOHBIOHK-
IIAH BBIIENIEHB! cepbiM Ha puc. 14.1. [Torycymmarop o6o3HayaeTcss 3HaKOM CyM-
muposanus (DIN 40900, yacts 12).

Z=(AAE)V(ZAB);
U=AnB.
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Y Bap.|B|A|U|Z Puc. 14.1. TMoaycymmaTop c
A 2 1 [o]ofo]o ~ Tabauuei MICTHHHOCTH:
2 10 1|=° 1 —A-B CO — gBeIxoa nepeHoca (OT aHra.
B o— CO —o U (2)) 3 : 2!? : TAnE carry out). X, — 3HaK CYMMHI.
l—)
A~B

Ao

B o
Puc. 14.2. Cxema nonycymmaropa Ha 6ase oc- Pnc. 14.3. Cxema noaycyMMAaTopa Ha 3/1€MeH-
HOBHBIX 3/IEMEHTOB. tax U-HE.

IMonyyalomasicss 1Mo ypaBHeHHSIM cxeMa M3o0paxeHa Ha puc. 14.2. Cxema
MoxeT OBITE nepecyuTana B basuce U-HE. OcobeHHO npocrasi cxeMa IoJiy4aeT-

Csl MPM MHOTOKPAaTHOM MCIIOJIb30BaHUH [7 (puc. 14.3).
z =(AA§)V(.ZAB) =(AVZ)A(AVB)A(EVZ)A(EVB);
Z =(AvB)A(Av B)=(AvB)AANB=(ArB)AU;

Z =(4n0)v(BAD);

Z=(ArU)v(BAU)=AAU ABAU.

14.2. MMonHbIE CyMMaTOPI

Jig MOCTPOEHHA TMONHBIX CYMMAaTOPOB HYXHBI CX€MBI, KOTOPBIE MOTYT CKJIA/IbI-
BaTh TPM ABOMYHBIX YMCJIA, TAK KAK ITPHU CIOXEHUH ABYX IBOMYHBIX YHCE] HEOO-
XOIMMO YMETh CKJIA/IBIBATh [TEPEHOCHI.

Mpumep

+

D] O =
Sl= o -
] =

MonHbiM cyMMaToOpOM Ha3bLIBAETCH CxXema, KOTOopas MOXEeT CKNafbiBaTb TPW
ABOWYHBIX YuCcna,




14.2. Hoanvie cymmamopui 3@)

Puc. 14.4. [NoaHbI# CyMMATOD M €ro

Bap.|C|B|A|U|2Z )
Tabnnua uctuHHoctH. Bmixon CO 1 [ofo]ofo]o A
o L o Z
BBLAAET 3HaK nepexHoca, Ha Bxog CI 2 |0joft1jo|1 8
nojaercs 3HaK nepeHoca (OT aHLL. 3 |0j1j0j0]|1 °
s s 4 |ol1]|1]1]0 c o—— Cl CO|——ou
carry in input). 3, — 3HaK CYMMBI.
5 |1|{ofofO1
6 |1]/o[1[1]0
7 |1]1]|of1]o0
8 j1[1]1]1]1

Cxema TOJIHOTO CyMMAaTopa MPOEKTHPYETCS MO MpaBHIaM CHHTE3a CXeM
(cM. 171. 5). [TonHBIE cyMMaTOp HMEET TPH BXOAa — ISt KaXIOT0 CKIIaIbIBAEMO-
ro nponmuyHoro uucia. HaszoBem ux A, B u C. Beixonbl Ha3bIBaIOTCS, KaK H B
nonycymmarope, Zu U.

Tabnuua MCTMHHOCTH TIOMHOTO CyMMAaTopa IOJy4aeTcs M3 IpaBMII CIIOXe-
Hus. OHa rpejcTasieHa Ha puc. 14.4. B ciydae 1 Beixoasl Z v U paBHBI HYIIO,
TaK Kak BC€ BXOJHBIE ClIaraeMble ABISIOTCA HYJSMHM. B ciydae 2 B pesyinbrare
cioxenusa 0 + 0+ 1 Z=1u U = 0. B ciay4ae 4 B pesyabrare cinoxenus 0 + 1 + 1
nonyyaercss Z=0u U = 1. Paccmorpum emte BapuanT 8. Cnoxenne 1 + 1 + 1
naer B pedynbrate Z = 1u U = 1. Hopmansuas ¢opma MU mna Z cocrout u3
4YeThIpEX IIOJIHBIX KOHBIOHKLIMM:

Z=(AAEAE)V(ZABAE)V(EAEAC)V(ZAEAC).
Hopmanshas ¢opma WU s U:

U=(AABAC)v(AABAC)v(AABAC)v(AABAC).

A B c
] o o
1 1
1 [ 1 1
al 98| ¥c
{a]ArBrC
[T A A
BAC
8 1 1 [a]
|
_ € z
5| 1 1 =1
z o z | | AnBAacC
AnB B,C ;?l,m\az\c
[_f_'r A ;A

Puc. 14.6. [IppHUMNHaNbHAA CXEMA MOJHOIO
Puc. 14.5. Kapra Kapxo nonHoro cymmaropa. cymmaropa.
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c B A
: o 3
HA 2
co co
[}2 zﬂ U‘ ZI

v z

HA 1

Puc. 14.7. [lonHelii cyMMaTOp, NOCTPOSHHBIN Ha 6a3e AByX no-
JIyCYMMATOPOB.

VpaBHeHnue AJisi Z Hajiblue He YNpoLaeTcs
(puc. 14.5). lna U ¢ noMowbio Kaptel KapHo mo-
JIy4aloT YIIPOIIEHHOE YpaBHEHHE:

U=(AAB)v(BAC)v(AAC).

DTH ypaBHEHHS IPUBOIAT K cXeMe Ha puc. 14.6.

MonHein cymmaTop MOXeT ObiTb NOCTPOEH W3
ABYX nonycymmaropos u anementa WIK.

Cxema mmokasaHa Ha puc. 14.7. DTy cxeMmy TaKxke
Ha3BIBAlOT mojycymmatopom. /IBa momycymMmaTtopa

06pa3yioT MOJHBII cyMMaTop. TONIBKO AOTIONHUTENEHO HYXHO MOIKIIOYHUTD J1e-

meHt UJIH.

ITonHble cymMMaTOphl MPOM3BOAATCA B OCHOBHOM B BHAEe MHKpocxeM. OHH
elle Ha3BIBaIOTCS 1-OMTOBBIE TTONTHBIE CYMMATOPHI, TaK KaK IPH CIOXEHUH, KakK
M0Ka3aHO B MpUMepe B Hauase pasa. 14.2, MOXHO CIOXHWTh TOJBKO OIHH CTOJI-
OeLl yMcen (cepasi pamMKa).

B kauyecTBe npuMepa npueeneM nomynsapHyio Mukpocxemy FLH 451-74H183.
OnHa cogepxuT ABa 1-6MTOBBIX MONHBIX cymMaropa B TTJI-ucnomaerHun. ITon-
Has TabiMiia JaHHBIX MpUBeNeHa Ha pHc. 14.8.

AOea GbicTpbix 1-6MTOBBLIX NONHBLIX CyMMaTOpa

FLH451-74H183
FLH455-84H183

Twn

Homep ans sakasa

FLH 451-74H183

Q67000-H495

FLH 455-84H183

Q67000-H551

Het nepesopna

Bxog Boixon

Y-Tle,

-

"
<

L

rxxxTr~rr~rr~0
IIr-TIr-r~D
I~rXIrIr~Ir~>
Ir~rm~Irm~II

IIIr~rIr~r-r~

Lokoneska U, 24 2B 2, 2¢C 2%,

'n+1

Buna cee 14 13 12 11 10 9 8
8 P I I T




14.2. [loanvie cymmamopbsi 39\9

Aannbie noctynaoT 8 moaynb FLH 451/455 yepea exoapbl A, B v C, (nepeHoc oT npeasiaywe-

ro mnaalero paapsga), pe3ynbTaT CNoXeHWs BbigaeTcsa Yepea BbiX04 cymmaropa E nmebixoa C .
(nepeHOC Ana crapwero paspagna).

Hux- Bepx- En
CraTuyeckue napameTpsl Ycnoeusa MCNLITaHWIA HuiA Tun HuR vlamla-
B TEMMNEpaTypHbix 3oHax 11 5 npegen npegen s
B A
HanpsxeHue nuTaHua U, 4,74 5,0 5,25 B
BxoaHoe HanpsixeHue -
H-yposHs u, U,=475B 2,0 B
BxogHoe HanpsxeHwe u, U.=475B 0.8 B
L-ypoBHsa s
BxonHoe HanpsaxeHwe _ — ] =
Ha KnemMax U, U,=475B, -1,=8mA 1,5 B
BbixogHoe HanpsxeHne U U,=4,75B, U, =2,0B, 24 35 B
H-ypoBHSA oH =lgy = 1MA ' '
BbixogHoe HanpsxeHue U;,=4,758B, U, =0,88B,
L-ypoBHs Yo I = 20 MA 0.2 | 04 B
BxoaHoIA TOK Ha KaHan I, U=558B 1 MA
H-BXOQHOW TOK Ha KaHan Iy u,=248B 150 MKA
L-BXOpHO TOK HA KaHan -, |U,=04B 6 MA
U,=5,258B
Tok KOPOTKOro 3amblka- _
HWS Ha KaHan BbIXoaa lo 40 100 MA
Tok nuTaHma H-ypoBHSA Iy, |Ug=458B 40 MA
L-ypoBHs I ., =08 48 75
Bpems nepexnioyeHns,
npuU; =58, T,=25°C
Bpema npoxoxaeHns ., C =25 n®d 10 15 HC
A )
eurnana R, = 280 Om
(6bicTPOOEACTBME) b L 12 18 HC
Jlormueckue napameTpbl
H-koaddbuumeHr
passeTeneHus no eoixoay | Fg, 24
Ha KaHan
L-koadhduumeHt
pasBeTBAEHWA MO BbIXOAY Fo 12
Ha KaHan
BxogHOW HAarpy304HbIiA
koadbduumentHa T F, 375

Puc. 14.8. Tabnuua naHHBIX HHTErpansHoH mukpocxembl FLH 451-74H183 (Siemens).
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14.3. MapannenbHblli cymmaTtop

53 22 D1 20 Ecnu HYXHO CIIOXMThH JBa JBOMYHBIX YHMCJIA 32 OJIMH
1Iar, moTpedyeTcs: OMMH MOYyCYMMATOP M TP MONMHBIX
cymmaropa. Ilepseiii cTonGen crpaBa (Bec 2°) Moxet
CKJIaIBIBaThCS TIOJTyCYMMaTOPOM, TaK KaK B 3TOM CTOJIO-
116 HUKOIZa He BO3HUKHET nepeHoc. B apyrux tpex

+ cronbuax ¢ BecoM 2!, 22 1 2° MOTYT BCTpeyaThCs Nepe-
HOCBI. JIN CJIOXEHUsI 3THX CTOJIOIOB HEOOXOJIHUMBbI
TIOJIHBIE cyMMaTophl (puc. 14.9).

Puc. 14.9. CroxeHue ABYX CroxeHue 3a ONMH 1Iar Ha3bIBaeTCs Napajielib-

HCTBIPCXSHAYHBIX YHCE. HbIM cloXeHnHeM. 4-OMTOBHI NapaulelIbHbIi cyMMa-

TOp U306paxeH Ha puc. 14.10. Ha Bxoanl momycyM-
Maropa HA mocrtynalot nepBblie HHG$pPHI 000MX CIpaBa CKJIaAbIBAEMBIX YHCE]l
(Bec 2°). Beixon Z monkiodeH K PerMcTpy pesyibrata. Beixop mepenoca U
CBSI3aH C BXOJIOM IOJHOI'0O cyMMaropa VAl st BToporo crojibua, Tak Kak B 3TOM
cTonblIe MOJDKEH CKIIAIBIBAThCs BO3ZHHKAIOIIWII MEepeHOC.

Ilonuelit cymmarop VAl nna Broporo crojiblia nmojy4yaer, KpoMe IepeHoca
TOJIlyCyMMaTopa, BTOpbie LHPHI CKIaabBaeMbIX Yucen (Bec 2'). Buixox Z, mon-
HOro cymMMaropa Beiaaer ogHy mudpy pesynbrara. Beixon nepeHoca U nonHoro
CyYMMaTopa IMOoJAKJII0YEH Ha BXOJ MOJIHOro cymmaropa VA2 s Tperhero croabdua
(Bec 22). DTOT NMONHBIH CYMMATOpP COIEPXMT, KPpOME TOr0, TPEThH LIM(PHI CIIpaBa
CKJIaIbIBa€MbIX YHCEJI.

Cnaraemoe 1 Cnaiaemoe 2

VA HA

Puc. 14.10. 4-6urtoBmrit l 1 I 0 I 0 l 1 | 0 I Perucrp pesynbrara HA — nonycymmarop
h VA — nonHuii cymmartop
napajenbHbIi CyMMaTop. o o oz

20 20

Ilonuenii cymmarop VA3 mns wetBeproro cronbua (Bec 2°) mOOKIIOYEH Tak,
KaK M300paxeHO Ha pUcyHKe. BBIX0/ MepeHoca MOCTyaeT B PErUCTP pe3y/ibTara.

IMapasutenbHEIL cyMMaTOp Uit CJTOXEHUST AIBYX 8-OGUTOBBIX YHCEJI COCTOMT U3
OIHOTO MOJYCYMMATOpa U CeMM TONHBIX CYMMAaTOPOB.

14.4. NocnenoBaTtesibHbIA CyMMaTOop

IIpn mocyienoBaTeIbHOM CJIOXKEHHH CTOJOIIB TBOMYHBIX YHCEN CKIAABIBAIOTCH
1o oyepenu. CHadaja MPOMUCXOAMUT CJIOXKEHHE B CTONOLE ¢ CaMBIM HH3KUM Be-
coM (KpaifHuii cTonOel cripaBa). 3aTeM IMPOUCXOIUT CI0XEHHUE B CTOJIOLE ¢ OOJIb-



14.4. Iocaedoeamenvuvili cymmamop O

o U
Mepenoc
B 5-i paspan

Puc. 14.11. INpuHuunuanbHas cxema
noc/1ea0BaTe1LHOrO CyMMATOPA.

Sanepxka

Bxoa B 21 28 21 90 Ha 1 Takr

e ]
c

u
Casurawowmnii perucrp B E § 22 22 20 2

B z
Bxoa A 2 2 20 - co-:l I | }—-o
o}

Casuraowmii pervctp A PErUCTp peaynetara

&)

Fenepatop
CHHXPO-
WMNYNbCOB

MM BeCOM. 3aTeM CKJIaIbIBAeTCsS CTOJIOEI] CO CJIeMYIOIIMM BECOM M TaK Jajee,
11oKa He OyIyT clmoxeHbl Bce cronbinl. IlepeHoc 13 pesynbTaTa CloXeHHs Tpe-
JIBIAYLIETO CTONOIA MEPEXOAUT B CIIOKEHHE, TIPOM3BOAMMOE B TEKYIIMH MOMEHT.
MeronuKa Mocaen0BaTeNIbHOIO CIOXEHHS MIASHTHYHA BBIMOJHEHMIO CIIOXEHHS
JIBYX IBOMYHBIX YHCEN OT PYKH B CTOJIOMK.

TTpyuHIMITHATbHAA CXeMa ITOCJIEI0BATeIbHOrO CyMMaTopa MoKas3aHa Ha puc. 14.11.
ITepBoe cxirampiBaeMOe YHCIO, T. €. IIEPBOE ClIaraeMoe, COXpPaHEHO B CIBUTra-
1eM peructpe A. Bropoe cknaabiBaeMoOe 4MCIIO, T. €. BTOPOE CllaraeéMoe, coxpa-
HEHO B caBUrawpueM perucrpe B. ITocienoBarenbHbie BEIXOAbI CIBUTOBBIX Perv-
CTPOB BBIBEIEHBI Ha IMOJIHBIM CYMMAaTOp. Z-BBIXOJ IOJHOIO CYMMAarTopa BbIZaeT
CHTHAJBI pe3y/bTara, KOTOpPhle MOCTYNAIOT B PEe3YJBTUPYIOIIMM CIBHTAIOLIWIA
peructp. CuUrHaji, KOTOPhIii HAXOAUTCS Ha BBIXOJlE TIepeHOCca ITOJTHOTO CyMMATO-
pa, 3anepKMUBaeTCA Ha TaKT YU NMpUOaBIAeTCs IIPU CIEeaYyIOLeM CIOXEeHHUH CTON6-
1oB. 3anepxka Ha TakT obecrneunBaercd MASTER-SLAVE-tpurrepom FF.

C 1-M TakxTOM Ha MOJIHBIA CyMMaToOp NMOJaloTCs, HallpuMep, ABa l-curHaia
BecoM 2° corNacHoO coiepXaHHuIo perucTpoB A U B Ha puc. 14.11. Ha Beixome Z
nogsisercda 0, Ha Boixone U nosgpnsercs 1. Z-CUrHal NepexoauT B pe3yJIbTH-
pyiowuii capuraouiuii peructp. U-curHan sanucbiBaeTcss B MS-tpurrep FF.
Co BTOpPBLIM TakKTOM IONAIOTCS ABAa CHTHAJIA ¢ BeCOM 2! M CHTHaJI IIepeHoca Ha
BXOJIBI MoOJIHOro cymmaropa (Hampumep A = 1, B = 1, C = 1). Z-curHan
(HanpuMep Z = 1) coxpaHsieTCsI B pe3yJbTHPYIOIEM CABHUIalolleM PEerucTpe.
U-curnan (Hanpumep U = 1) npunumaercs tpurrepom FF.

C 3-M TakTOM CKJIaabIiBaeTcs TpeTHil ctonbel ¢ BecoMm 22. 3areMm clieayeT
cIoXeHHe 4eTBepToro croibua Ha 4-M Takre. [TocnenoBaTenibHOe ClloXKeHHe 3a-
KOoHYeHo. YeThIpe OHMTa pe3ynbraTa ¢ BecaMu 2%, 2!, 22, 23 3aHeceHBl B Pe3y/IbTH-
pYIONIM#A caBUramoluii peructp. ITareni OUT pesyinbsTara ¢ BecoM 2* HaXOAUTCH B
Tpurrepe FF ¥ MoxeT OBITh cCUYUTaH oTTyda. Cleaylolne TakKThl He OKa3bIBaloOT
BJIMSIHMSI Ha paboTy CXEMEL.

MocnepoBaTtenbHoe cnoxexHue TpebyeT Bonblie BpeMeHn, Yem napannensHoe
CNnoXXeHwue.

Pe3ynsTHpYyIOIIMiA CABUTAIONINII PETUCTP MOXHO He CTaBUTh. CIBUTaIONIWiA
perucTp A (MM CABUTalOLIMii perucTp B) MOXeT NPUHUMATh JaHHbIE CO CIBUIA-
O1Iero perucrpa pesyabsrata. CIBUTaOIMA perucTp A OyneT Bo BpeMs ClIOXe-
HMS B CTONOMK TAaKTUPOBAThCS BXONOCTYIO. CUrHanbl BBIXOAA pe3ynbTara Z noi-
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CaBUraon i Taxr
perucip B r—P— ——~ 1D
a1 1 c1<]
1D g 16 A
> C1 cijci|c1|c
c2 [20]|20] 20|20 va
] J c y
— a1
- B by
B <. A z
- gl COM
Mapannensnuin eon cnaraemoro B - [- Q2
Cosuraiowmin Q2
perucTp A | [ [ e ________LL_- Q2=
Q2
12 sra 16 L B T 7 Qa e
==C1 ciicrjcr | “
P TT1e (20|20 |20]|20
T T
. T
A4 ]
TMapannencHeiid BBOA cRaraemoro A
P — cxema ynpasneHus
napannensHsiM BBOAOM

-

Fenepartop
CMHXPO-

VMnynecos Puc. 14.12. [locneaopaTensHbli 4-6HTOBBIH CYMMATOP.

HOT0 CyMMAaTOpa MOTYT NMOAABaTLCS HAa BXOJ CABMIaloOlIero perucrtpa 4 U Ttam
coxpaHarscs. [locne 3aBeplIeHHs CIOXKEHHMS HX MOXHO OTTYIA CUMTATh.

CocTaBiIeHHBIH 110 3TUM PACCYXICHUSM MOC/IeI0OBaTe/IbHbII CYMMaTOp H300-
paxeH Ha puc. 14.12. JIBa cABUTAIOUIUX perucTpa MOCTPoeHBl Ha D-TpHITEpax.
OHHY UMEIOT NapaJule/IbHbIA BBOJ, JAHHBIX, T. €. cjaraemMble A U B BBOIOATCS Ma-
pawienbHo. [lapaniensHbI BBOA pa3peliieH, ecjin Ha Bxoae P neiicTByeT 1-CHrHail.
Torma yepes Bxoapl C, CABUTAIOIIMX PETUCTPOB Pas3pellaercs BBOJ Yepe3 BXOAbI
D,-tpurrepos casuraiouiero peructpa. Ilpu P = 0 napauienbHslit BROJ 3a610KM-
poBaH. JanbHeHIIUi BBOJ COXpaHEHHONW MH(AOPMAIMM IIPOMCXOJHUT YEPE3 C.-
Bxogsl. Casuraiommii peructp A paboraeT OTHOBPEMEHHO KaK pe3yIbTHPYIOLIHM
CIABHTAIOIIMAMN perHCTp. Pes3ynbTar ciloXXeHHUsI HAXOMUTCS ITOCIe 3aBepIIeHMsT CI0-
XeHus Ha Bbixopax ot Q) no Q,.

14.5. Cxembl BblYUTAHUA

CxeMbl BRBIMHTAHUST MOTYT CTPOMTBCS aHAIOTMYHO cXeMaM cloxeHus. B Tabmimnax
HMCTHHHOCTH COIIOCTABJIAIOTCS BO3MOXHBIE BXOIHBIE CUTHAIBI M 3aTEM XEJIaeMblc
BbIXOAHBIE cUrHanbl. Ilo mpaBunaM cMHTE3a cXeM IMPOeKTUPYeTCs HyXKHas cXema.

BerunTanne MoXHO NPOM3BOANTH Ha Gase crmoxeHHs (CM. II. 8, mompasn. 8.2.6.2).
Cocrosiniast U3 MOJHBIX CYMMaTOPOB CXeMa CJIOXKEeHUsI MOXeT ObITh Nnpeobpa3zo-
BaHa IyTeM HeGOJBIIMX U3MEHEHHI B CXeMY BBIYMTATENS.

14.5.1. NonyBbluMTaTEND

OyeHb ITPOCTBIM BBIYMUTATEIICM ABISCTCH NOJYBBIYHTATE/Ib.

MonyBomTarens MOXET BblYMTaTbh OAHO ABOWYHOE YMCNO W3 APYroro.




14.5. Cxemot sbtqumanus

CobmonarnTca cieayrolue npaBuia cyeTa:

0—-0=0;
0-1=-1;

1-0=1;

1-1=0.

JBOMYHOE YUCIIO, U3 KOTOPOrO BEIMUTAETCS APYTOe JBOMYHOE YUCIIO (YMEHbB-
maeMoe), 0603HaYUM MepeMeHHOH A.

Brruntaemoe — nepemerHoit B. lludgpa 0 6yger cooTBeTcTBOBaTH GHHAPHO-
My coctrosguuio 0, uucdpa 1 — GuHapHoMy cocrosiuio 1.

[TonyBeruMTATENE MMEET, CIEAOBATENbHO, ABa BXoda A 1 B U OAWH BBIXOI
pe3ynbrata D. Pesdynbrar (—1) npencraBiasgeT HEKOTOPYIO TpyAHOCTb. IloaTomy
npexycMorpeH Bropoil Beixod. [Ipw pesynbrate BbraMTaHusa (—1) Ha 3TOM BTO-
POM BBHIXOJ€ TIOSIBJISIETCS JOIONHUTENbHO curHan 1. Bropoii Beixon momyyaet
obo3HayeHune F. OH TakKe HA3bIBAETCH BBIXOJOM 3aiiMa.

Ecau B pesysibrare BeIduTanus noaydaercs (—1), to D= 1u E= 1. CootBer-
CTBYIOIAsl 3TOMY YTBEepXKISHUIO TabauIla UCTUHHOCTH TMOKa3aHa Ha puc. 14.13.
CornacHo Tabiuile AICTUHHOCTH Ha puc. 14.13 MOXHO 3anucarh cleIyIolie ypaB-
HEHHA:

DI(ZAB)V(AAE);

E=AAB.

VpaBHeHUd MPHBOAAT K cxeMe, puc. 14.14. 1-curHan Ha Bbixome E, kpome
uaeHTudUKauuu (—1), cIyXuT npexiae BCero Ui MHOIOpaspsiiHOro BBIYHMTA-
HUS, T. €. JUIS BHIMUTAaHUS MHOTOPa3psAOHbIX IBOUYHBIX YUCEN, OCYILECTBISAS TaK
Ha3blBAa€MbII 3aeM.

P_0 P + BXOL yMeHbIIZEMDI O
Y- — o E Q  BXDA BBMMTAEMOrO
D=A -8B
Bo——0Q —o D D BHIXOJ JINA PAIHOE I
E Buix0on 3aema
HS HS nonyswiudTaTENs

Puc. 14.13. [loayesiyuTaTenb ¥ ero tTabauua HCTHHHOCTH.

A — ymeHhinaemoe

B — BoiunTaemoe

E — 3aem

D -- pasnocTe{peaynstar)

Bo

Puc. 14.14. [IpyHUMnuanbHas cXeMa noayBBMMTATENA.
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14.5.2. MonHbIA BbMUTATENb

IlonHbiid BEIYUTATENE HEOOXONUM IS MHOTOPa3psSIHOro BHIMUTAHMUS.

Mpumep

24 23 23 2{ 20

Lofo] 11 27

-1 :0: I 0 - 22
3aem — !

0 0 1 0 1 5

Boeiuvtanue B 3-M cronbiie (Bec 2?) TpeGyet 3aiimMa. ITonyBeranTarens Oymer
BeimaBath D = 1 u E = 1. 1-curHan ¢ E-BeiXoza JOJDKEH B CJIENYIOIIEM CTONOIE
(Bec 2°) mpuGaBUTBCA K BhluMTaeMoMy umciay. st aroro TpebGyercs NMoOJHBIM
BBIIHUTATENb.

MonHeIA BblYUTATENbL ABNAETCA CXEMOW, KOTOPas MOXET K 3HAYEHNID Bbi4UTa-
emoro npnbaenTe curHan saWma (1-curHan) u Takoe YBENWYEHHOE BbIHWMTaEMOoe
Bbl4ECTb U3 YMEHbLLUAEMOro.

IlonHblii BuIYMTATENb TOJDKEH HMMeTh TpH Bxoma (puc. 14.15). Ha Bxom A
nmojaercss yMeHblnaeMoe yucio. Ha Bxon B momaercsa BeiuMTaeMoe umcio. Ha
BXoje E HaxomuTcs CMrHan 3aiiMa oT mpeasiayuiero cronbua. Hudpsi B £, u B
cxianbiBaoTesa. CymMMma BuiuMTaerca U3 A. Pasnuna naer B urore D.

D=A— (B+E).

Vp—
oo m
x p——0.m

A — yMeHblIaEMoe
B — smuntaemoe
E, — Bxoa 3aiima

vs P—Q
D — pa3HocTe (pesyneTar)
E — zaem
l l VS — nomiuit seruTaTent Puc. 14.15. [1onHblil BEIYUTATENS.
E D

Ecnu TpebGyercss HOBBIA 3aeM, Ha F mosBnsAeTCS 1-CUrHA.

IMonHblit BBIYMTATENb MOXHO cOOpaTh M3 MOJIyCYyMMAaToOpa M IOJTYBBIYHMTATE-
na. Iomycymmarop HA na puc. 14.16 cxuansiBaet mudpsl B B u E, B obiiee
BolyuTaeMoe Z. Ecnu momyyaeTcsl IepeHoC, OH NepeaaeTcs Ha Bhixon E.

Tlonyseraurarens HS Beiuutaer Z us A. To ectb oH BeiyMcisieT A — Z. Ecnu
Oyner HeoOxonuM 3aeM, TO Ha Beixoxe E, mosBurca 1-curHan. OH mepepactcs
yepe3 anemeHT MJIH Ha E-Boixom (puc. 14.16).

ITosHBINM BBHIMMTATENb MOXET CTPOMTBHCS TAaKXe Ha JBYX INOJYBBIYHTATENSAX
(puc. 14.17). B nomysbryutarene HS, cHavana obpasyercsa pasHocth A — B. Ot
3TOr0 pe3yJbTaTa BHIYMTAETCS 3a€M B NPENbIAYIIEM CTOJOLE MOMYBBIYMTATENEM
HS,. TIpu ocymecTBieHUM 3aiiMOB KaK NPY BBIYMTaHUM B HS|, TaK U IIpH BBIYM-
TaHuM B HS, Ha Beixone E nossisiercs curxan 1.



14.5. Cxembi soraumanus 40\3_)

E, E,
]
A B A B
o T TT
+ -
HA HS1
Juiz oo
+ - -
HS HS2
“-lE‘ D‘
D=A-2 D,=D, -E,
[‘21 D=A-(B+E) D,=A-B-E,
E D

Puc. 14.17. [lonHBIA BEIMHTATEND, NOCTPOECH-

Puc. 14.16. [lonusiit BHIYUTATEND, NOCTPOEH-
HBIA Ha ABYX NONYBBIYUTATENAX.

HBII Ha nonycymMmarope M noayeblYHUTATEE.

14.5.3. 4-6MTOBbLIA BbIMUTATESNb

4-GMTOBLIN BEIMUTATENL MOXET BEIMMTATL M3 YETLIPEX3HAYHOTO ABOMYHOIO Y1C-
a2 MakCUManbHO YeThipex3aHayHoe ABONYHOE YMCAO.

CxeMa COCTOMT M3 TpeX MONHBIX BhIMUTATECH U MoayBeauTaTe s (puc. 14.18).
ITonyBeiuurarens HS BerunTaeT HHQpPY HAWMEHBIIIETO pa3pAna BEHIYUTAEMOTO
OT MG pbl HAMMEHBLIET0 pa3psAga yMeHbllaeMoro. Eciiu Oyaer HeoOXoaum 3aeM,
To E = 1. 3aeM OyaeT y4TeH IIpM BBIYMTAaHHH LM(p ¢ BecoM 2!. Byaer BEIYTEHO

PervcTp ymedsuiaemoro PerucTp soiuMTaemMoro

25 22 21 oo 23 27 20 go
A B
Peructp 2 xr 2 2
Puc. 14.18. 4-6uTOBbIi BHIYUTATEND NEpEHOCa  PermcTp pesyneTaTa
(pa3HocTu)

(napannenbHelit).
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yucio Ha 1 Gonbine. Eciu 3aem Oymetr HeoOXoauM cHOBa, TO Ha E onfATh MOSIBHT-
ca 1-curnan. ITpu BerauTaHuM AP ¢ BecoM 2? 3TOT OOHOBJIIEHHEIH 3aeM yIH-
THIBAETCS TEM, YTO CHOBA BeIYMTaeTCsl Yucio Ha 1 6onbiue. To ke camoe nmpouc-
XOJIUT TPH BBIYMTaHUM LHM(p ¢ BecoM 23,

Ecnu npu mociieqHeM BbIYMTAaHUM OyleT HEOOXOAMM 3aeM, TO B PErucrpe
nepeHoca NMosABUTCA 1. DTO 3HAYMT, YTO BBHIUMTAaeMoe Ooiblle, YeM YMeHbIIae-
Moe. Pesynbrar siBnsieTcst orpuuaresIbHbIM YoM OTpUuaTebHOe YMCIIOo Tpe/-
CTaB/sETCS HEMPAaBWILHO.

Ecnu selunTtaemoe 6onbwe, 4em yMeHbLIAeMOoe, TO BO3HUKAIOWEee oTpuuaTens-
HOE 4YMCNO NPeACTABNAETCH B BLIXOAHOM DErucTpe HenpasunbHo.

ConepxuMoe perucrpa AOMXKHO AONOJHAThCA. OpraHu3aius HOMOJTHEHHS
pasbsCHseTcs noapob6Ho B riI. 8.

B cny4ae oTpMUATENBHOrO Pe3ynbTaTa ero WHBepTUpYIoT 1 npubaenawoT 1.

14.5.4. BoiuMTaTenb Ha MOMHBIX CyMMaTopax

B rn. 8, mompasn. 8.2.6.2 rokasaHo, YTO BBIYMTAHHME JABOWYHBIX YHCE] MOXET
OBITH MPOMU3BEACHO ITyTeM NPHUOABIEHUA NTONMONHEHUS BbIYMTAEMOTO JBOMYHOTO
yucia. 4-0UTOBBII BbIYMTATENh MOXHO MOCTPOUTh TaKXke U Ha 6aze 4-OMTOBOTO
cymMaropa. IIpMHIIHI TaKoro BbIYMTATEN S IMOKa3aH Ha puc. 14.19.

Peiucip ymMeHniliaemol o PerucTp Bul4MTacmMoro
L I N <) 2 ¢ 2 oo

LT T 1]

Cxema,
paccuynTLIBAIOWAN
AOMNONHEHWE

A B

4-6uToBLIA CymMmaTop

PerucTp 2 2= 20 2
neperioca Peructp peaynerara
{pasHocin)

Puc. 14.19. [IpuHuMn aeidcTBHA BBIYHTATESA.

4-OUTOBBII CYMMaTOp — 3TO TapajieNbHBII CyMMaTop COrllacHO pasa. 14.3.
CxeMa noJIydeHUsi JOMOJIHEHUSA JOJIKHA WHBEPTUPOBATh OTAEIbHbIE OUTHI BbI-
YUTAEMOr0 U MPUOABIATH 1.

4-6UTOBBIM Tapa/IENbHBI CYMMATOP MOXET CTPOMUThCH Ha 4 IOJHBIX CyM-
maropax. Torma npocro HeoGxoauMo npubasiaTs 1. ITorHoMy cymmaropy misi
cJIOXeHMsI MPp ¢ BecoM 2° HYXKHO TOJIBKO ABa BXxoaa. Ha Tperuit Bxoa Moxer
rnogasatbes 1, Koropas mpuGaBiisieTcss K MHBEPTHPOBAaHHOMY BhIYuTaeMomy. Jlis
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PorueTp yMelblacMoro PerucTp BLYMTACMOro
2.’ o2& 21 23 2.! 2 2! 2;:

Perucip 2 2 x>
nepexoca PerucTp peaynerata
(pasHocTi)

Puc. 14.20. 4-6utoBblii BEIYUTATENL HA 043¢ NOJHBIX CyMMAaTOpPOB.

HHBEPTUPOBAHHUS BHIYMTAEMOI0 HCIIONb3YIOTCH ToNMbKO 4 3nmemeHTa HE. Takas
cxeMa npeacTaBiieHa Ha puc. 14.20.

14.6. YHuBepcanbHbii CYMMaATOP-Bbl4MTaTE b

PaccmoTpeHHbIii B npeasiaylieM pasneiie 4-OMTOBBINM BBIYUTATENb HAa ITOJHBIX
CyMMaTopax MOXeT OBbITh JIETKO U3MEHEH TakK, YToObl Mo BEIOOpy paborath b0
KaK CyMMarTop, TH00 KaK BeIMMTATeNb. [ MCIONB30BAaHKS B KaUeCTBE CyMMa-
TOpa HeoOXOMHUMO TOJIBKO BHIIIOJHATH ABA YC/IOBHSA:

1. MuBepcHsI BHIYMTAEMOrO HOJKHA OBITH OTMEHEHA.

2. He nojokHO nipoucxoauTts npubasneHue 1 Ha Bxone C NMOJHOIO CyMMAaToO-
pa VAl.

Husepropsr 3amensiiorcs MCKITIOYAIOINIMMHM WUIH (puc. 14.21). B-Bxos
Hucrnonb3yercs st ynpapiaeHus. [Ipu B = 0 He NpouCXOOUT HHBEPTUPOBAHMS, IIPH
B = 1 npoucxomut. [TonyyuBinuiics cyMMaTop-BoIYUTATENb ITPEACTARIIEH HA PHC.
14.22. Ecnix Ha BXOA ynpasjiieHHs S nocrynaer 0-cMrHal, TO IPOBOAUTCS CJIO-
Xenue Z = A + B. Eciu Ha BXon ympasieHMs S nocrynaer (0-cMrHai, cxema
paboTaeT Kak BblYHTaTe)b. BhiuMcisercsa pasHocth Z = A — B.

4-6UTOBBIII CyMMaTOP-BBLIYMTATEb MOXHO CIENaTh elle Gojiee YHUBEPCATb-
HBIM. Eciu nipucoequHuTh Bhixoasl A-peructpa k HCKIIIOYAIOIINUM WUIIH,
TIPY COOTBETCTBYIOIIEM YITPABIIEHMH MOXHO CUMTaTh Takke B — A. Eciu caenath
K TOMY XK€ ell¢ BBIXOOBI A-permcrpa U B-perucrpa BEIOOPOYHO 3aIlldpaeMbIMH
yepe3 aneMeHT M, To nmonyvaercs eie Gonplue BO3MOXHOCTeH. MOXHO, Hammpu-
Mep, npeobpazoBatk A B —A.

Bap.|B|A|Z
A 1 [ofofo
Puc. 14.21. YcnosHoe 0603HaYeHHe :ﬂ— z 2 |o]1]1
u Tabauua uetuHHocTH MCKJLIO- B 3 ([1]of1 FRTe————
YAIOLIEI'O UIIH. 4 |lilijo ecnn,B = 1
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2
20
Peructp A
(perucTp yMeHswaemoro)

| D |
i Peructp
2 pesynbTara
c {pasnocTn)
1
20 u,
21
VAOD
20 z,
Peructp B
(PErvCTR BhINMTAEMOro)| 7€
1 S = 0 — cnoxenne Puc. 14.22, 4-GHTOBBII CyMMaTOp-BbI-
s 5 =1 - seuuTaHNE YUTATENb.

]
=1
— 1 L@
O, |
T A
4-6uToBLIA
cymmatop
Ot
P |
Y
l»—i—l =1 !
| i
01
Puc. 14.23. PacuumpeHHBli 4-6HTOBLBIH > g 2 ; S (G,

CYyMMAaTOp-BEIMHTATE/1b. ‘
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Puc. 14.24. Bo3MOXHOCTH ynpasieHHA 4-GHTOBOro CyMMaTo-

Komanaw DyHrUH
pa-BBIYMTATENS CXEMBI puc. 14.23.

0
1
-1
0
=1
0
-2
-1
B
B+1
-B-1=F8
-8
B-1

PacmmpeHHbIH 4-0HTOBBIN CyMMaTOp-BBIYMTA-
TENb MoKa3aH Ha puc. 14.23. YeTblpe NMOJHBIX CyM-
Maropa coGpaHbl B 0JI0K 4-OHTOBOTrO Tapasiesb-
HOro cymmaropa. Bxoasl ot S no S, aBnsdiorcs yn-
PaBISIOIIMMH BXOTaMH.

TIare ynpasinsioliux BXOIOB JAalOT B MTOore 32
pa3IHYHbIe BO3MOXHOCTH yIIpaBieHMsa. OHM npen-
cTaBlieHbI Ha puc. 14.24. Kaxnaeiit 5-0MTOBBIi 6JI0K
MOXeT TIOHUMAaThCs KaK 5-OMTOBOe ynpasisiollee
CJIOBO.

KoManga Ha cnoxeHHe CONepXHMOTO PETHCT-
pa A ¢ comepXUMBIM perucrpa B BBIITISAWUT Kak
11000.

Ecnu §, = 1, conepxumoe perucrpa A npomnyc-
kaercs. Ilpu S, = 1 comepxumoe perucrpa A HH-
Beprupyercs. Komanna 10100 o3Hadaer, cnemoBa-
TeJIbHO, Z = A.

Ecnm HyXHO NOMy4YuTh TOMOJIHEHHKE K A, TO ITO-
nmaercsi koManoa 10101. Peructp A mpomyckaercs,
MHBEPTHpPYeTCcA MU cKnanbiBaercs ¢ 1. Cxema Bbiaa-
eT Torga —A, Tak Kak JOIoJIHEHHE K A paBHQ —A.
OrpunaTelbHble IBOUYHBIE YUCIIA PACCMOTPEHEI B
rin. 8, pasn. 8.2.7.

Komanga 00010 mormkHa mpMBOAMTE comiacHO puc. 14.24 x BeiBony —1. Bro
He OYeHb sICHO 1o cxeMe. IIo 3Toil KoMaHae 6y1OKMpYIOTCS perucTpHl A 4 B. Ha
Bbixoax Bcex M-anemeHToB aeicTByer 0-curHan. Tak xak S, = 1, HHBepTHpY-
10TcA Yethipe O-curHana U-aneMmeHTos ot B. B-BXoasl 4-GHTOBOrO napajiesibHO-
IO CyMMarTopa paBHBHI, ciaemoBarenbHo, 1111, A-Bxoast — 0000. Ilpom3somurcs
clie/ylolliee CIIOXEHUE:
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BT10 3HaYeHHEe NOJDKHO pacCcMaTpHUBaThes He Kak 15, a kak —1, Tak Kak oHO
sBnsieTcss Takke gormonHeHueM ot (0001. (ObGnacTu onpeneneHUs MOMOXUTENb-
HOTO H OTPHIIaTeJIBHOTO ABOMYHOTO YHCJIa CM. B pa3a. 8.2.7.)

Kak BeIrnsaguT koMaHaa pist pa3HocTH (B — A)? ConepxaHue perucTpoB A
¥ B nomxno 6mite nmpomymeHo (S, = 1, S; = 1). Conepxanue A-perucrpa
uuseprupyerca (S, = 1). lomkna Geith npubasnena 1 (S5, = 1). Komanna
Gyner 11101.

PacimpeHHBII 4-OUTOBBIM CyMMaTOp-BBIYMTATE)Ib MOXET O1aronaps BO3MOX-
HOCTH BBIYMTAHUS M CJIOXEHHS UCIONb30BAThCS I8 MHOTHX LiEJIei.



@8 Thasa 14. Cuemnvie cxempt

14.7. YMHOXUTENN

JUUIst yMHOXEeHHSI IBOMYHBIX YHCEN NEeHCTBYIOT CIeAyIollie MpaBUia:

0-0=0
0-1=0
1-0=0
1-1=1

Ecnn tmdpe 0 ctaBuTcs B cOOTBETCTBUE OMHapHOe coctosiHue 0, a udpe 1 —
OuHapHOe cocTosiHME 1, TO moyyaeTcs Tabnuia KICTAHHOCTH corlacHo pHc. 14.25.
3to tabnuua uctuHHocTH M-anemenrta. Basoit cxeM yMHOXeHMs sIBNseTCS
H-anemeHT.

U-anemeHT asnaetcs 1-6MTOBbIM YMHOXUTENEM.

A
B :lﬂ_ z Puc. 14.25. Tabnuua uctuHHOCTH 1-61-

TOBOro yMHOXUTeNAA (3nemeHT ).

VYMHOXeHHEe IPOBOIMTCSA 33 OQUH 1Uar, T. €. NapajieabHo. Jlis 3Toro pa3pa-
6oTaHbl cXeMBbl MapajuleIbHOr0 yMHOXeHus. [TobuToBOE YMHOXEHHE, T. €. TIO-
CJIeMOBaTeNIbHO OUT 3a OHMTOM, TaKkKe BO3MOXHO. CXeMBI IOCJIeIOBATENHLHOIO
YMHOXEHHMSA MHOrOpa3psAIHBIX  YMCel JelllEBIe CXEM TMapaJUIeIbHOIO YMHOXe-
HUs, HO paboTalT MeJIeHHEe.

14.7.1. MapannencHble YMHOXUTENU

TIpn YMHOXEHHH UCTIONB3YIOTCS TTOHSTHS MHOKHMOE W MHOKHTENb. MHOXHMOe —
310 6a3oBoe UKCII0. MHOXUTENb SIBISIETCS YHUCIIOM, Ha KOTOPOE YBEJIUYMBAETCS
MHOXHMoe. B pesynbraTe monaygaercs MpoM3BeIeHUeE,

MHOoXuUMOE MHoxuresnb IlpousgeneHue
2 . 3 == 6

,[[J'lﬂ Hayajia nNepeMHOXHUM ABYXpPa3pAOHbBIC IBOHYHBIC YHCIIA:

2-3=6

10-11
10 — 1-e cmaraemoe
10 — 2-e crlaraeMoe

110 — Pesynsrar

IlepBoe cnaraemoe noxy4daercs U3 ABYX 1-GHTOBBIX ymMHOXuTeneit (1-0, 1-1).
Hns atoro tpebyiorcsa nBa M-snemeHTa. Bropoe ciaraeMoe moJiy4aercsl Takxke
nocne aByx 1-6uroBbix ymMmHoxutenei (1-0, 1-1), 1. e. Takke aByx U-anemeH-
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Peructp A
21 1

MHuoxnmoe
200 0
Peructp B
211

Muoxurens
200 1 - J

|
i

Puc. 14.26. Cxema yMHOXHWTENA 119 NOJYYEHHA ClaraeMblx.

0

10
+ 10
110

Y
-
0=0
1-1-1
0=

11
1
1

> 1-e cnaraemoe
> 2-e cnaraemoe

ToB. MHOXWMOE W MHOXHUTEIh HAXOMATCS B ABYX permctpax (pmc. 14.26). Ha
Bbixozax M-3/1eMEHTOB HaxonsATCs cllaracéMbie.

O6a crnaraeMsIx JOMKHBI TENEPh CKJIaAbIBATHCA TTopaspsaaHo. CloxeHue npo-
HCXOIUT B 2-OMTOBOM MapauiesibHOM cymmartope. M-aneMeHTbl DO/KHBL GbITh
BKJTIOYEHBI TAKUM 06pa3oM, 4ToOBI BTOPOE cliaraeMoe MpUOaBiIsUIoch K EPBOMY
cJlaraéMoMy CO CMELIEHUEM Ha OIHY MO3ULIUIO BieBo (puc. 14.27).

Hnst yMHOXeHus 6oblle yeM 2-pa3paHbIX JBOUYHBIX YHCEN CXEMY HYXHO
JOMNOJHHUTL COOTBETCTBEHHO pHuc. 14.27. Eciu Ttpebyercs nepeMHOXHUTH IBa
4-pa3psTHBIX TBOMYHBIX YMcia, TpeOylorcsi 16 M-aneMeHTOB, TaK KakK JOKHO
OBITh BHIMONHEHO 16-0MTOBOE YMHOXEHUE

9:11=99

Peructp A
2 (1] f

,{ Muoxumoe
10 I T

Peructp 8 |

1]
»[1)

l MHoxuTens
24

2-61TOBbLINH
napannenbHein
cymmarop

Puc. 14.27. 2-6HTOBEI Napa/iienbHBIH YMHOXHTENb.
15—2114
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Mpumep
1 001 1 011
1 0 01 I — l-e crmaraemoe
1 0 01 — 2-e cnaraemoe
00 00 — 3-e cilaraemMoe
1 0 01 « — 4-e cnaraemoe
1100011 — Pesynerar

IMony4yaercs 4eTbipe 4-pa3psAIHbIX ClaraeMbIX, KOTOpbie HYX)KHO CKJIaJbIBaTh
ropaspsigHo. 4-GHTOBBII NMapaJUTeIbHBIA YMHOXHTEIb MPeJICTaBieH Ha puc. 14.28.

Peructp A
zd
22

1 MHoxumoe

21
20

J

[=[o]e]-]

Pel

.|
=
3]
=

°
[2:]

23

22
2

Muoxutens

=[=]e]~]

2°

fol
ol

ol Ll Ll - Ll L -
a|[a][s] [&][&][e] &
1 {00 |1 0 l0 |0 jo 1
4-6MTOBLI NapannensHLIi CYMMarop

i

4-6MTOBLIA NapannensHui cyMmaTop

////

4-6UTOBbLI NapannenbHulil CyMmmarop

N

lo[1]1]o]ofo]1]1]

Pnc. 14.28. 4-6uToBBII NapaineNbHbIH YMHOXUTEND.
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DT1a cxeMa ABIgeTca OTHOCHTEbHO oporoi. C pocToM paspsiIHOCTH YHCEN CTO-
WMOCTE pe3Ko Bo3pactaer. Inst yMHOXeHUS NBYX 8-OMTOBBIX uHcen Tpebylorcs
64 U-35eMeHTa M BoceMb 8-OMTOBBIX ITapajUle/ibHbIX CYMMAaTOPOB.

14.7.2. NocnenoBaTenbHbLI YMHOXUTENb

CtpyKTypa II0C/IeI0BaTeIbHOTO YMHOXUTEJS TIpeAcTapieHa Ha puc. 14.29. Cxe-
Ma MpeaHasHaueHa JJIsi YMHOXeHMS 4-pa3psanHbIX JBOHYHBIX Yucesl. MHOXHUMOe
1 MHOXMWTEIb HAXOMATCHA KaXIblii B cBoeM peructpe. CoOCTBEHHO YMHOXEHHUE
IPOUCXOIUT nocpeacTBoM M-smemMenTa, KOTopbiil paboTaer Kak 1-OUTOBBIH yM-
HOXWTEeNb. 1-OUTOBBIA NMONMHBIA cyMMaTop NMpubaBiasieT pPe3yabTaT YMHOXEHHS
II0Pa3psAIHO K YXE MOJIyYEHHOMY IPOMEXYTOYHOMY pe3yJIbTary, KOTOPBId Haxo-
JUTCS B peTUCTpe pe3yJIbTara.

Ilepen HayaoM YMHOXEHHMS pETUCTP pe3yibrara E mycT. Paspsan ¢ HauMeHsb-
UM BecoM (2°) mopmaercsi Ha HIKHMIA BXon M-aneMeHTa. DroT paspsii colep-
xut 1 Ha puc. 14.29. C 310ii 1 mepeMHOXKAIOTCA 1O OYepequ pa3psaIbl MHOXUMO-
ro, HauMHas ¢ paspsaa 2°. CogepxaHue perucTpa MHOXUMOro (A) TakTupyercs
Janblie CUTHaMIOM cuHXpoHusaiuu 7,. OtaenbHbIe HU(PHI MTOCTYNAIT MO OYe-
penu B BepXHUI BXo# 0003HaYeHHOTO ceprIM M-3neMeHTa M nmepeMHOXaloTCH.
PerycTp MHOXHMOTO BKITIOUEH IO CXEME KOJblieBoro peructpa. ITocie yeThipex
TAaKTOB B PErHCTPE MHOXMMOIO BOCCTaHAaBJIMBAETCS ME€PBOHAYaJIbHOE IMONOXe-
Hue uudp. IlepBoe cinaraemoe (1001) monyyeHO U HAXOOUTCS B PErUCTpe pe-
3yJAbTATa.

Perncp

MHOMUMOro 23 27 21 oo —1r 1D
. ' M= ar S Clt—oT,
SRG 16 |Cc1|ci1|C1{Cl| A
T, O == 1
i ol 01
. N _.__.______._..____.__J | =1 1-GuroBwiA [
MNapannensHsii &—J—’— MONHEIA
BBOJ, ::j . —  cymmarop |
MNapannensHbiiA z
PerncTp eso4 = §
oxuTe 5z
MHOXUTENS 1 l ]_ J E §
o
10 goes 1o 1]1 5 Sz
T,o > C1 -
? cirjcijcijct
| | e | |
I_ 2¢ 2: | 2t e
T, 12 sra 16
o = C1 E

Puc. 14.29. CtpykTypa nocneaoBaTe/ibHOro 4-6MTOBOro YMHOXMTENA.
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Teneps nonaercst Takr 7,. Comepxumoe peructpa MHOXuTeNst (B) nepeme-
LIAeTCA Ha OJMH paspsii BIIpaBo. 3aTeM IMPOUCXOIHT YMHOXEHHEe MHOXHMMOIO Ha
2-it paspsin MHOXuTeNsA (2') 3a 4 Takta. ONHOBpEMEHHO noaaerca TakT T, Ha
pernctp pesynbrata E. ComepXHMoe perdcTpa pesynbTaTa IepeMellacTcs Ha
paspsn Brpaso. Paspsin perucrpa pe3ynbrara ¢ HAMMEHbBIIMM BECOM MEPEXOIUT B
peructp B.

Teneps NPOUCXOANT YMHOXEHHE MHOXHUMOTO CO 2-M Pa3psiiIoM MHOXUTEIS
(2") 3a 4 takTa. ITonyuuBIIHIICA pe3ynbTaT YMHOXeHUS IMpubaBisiercs: K conep-
KHMMOMY PerucTpa pesyiabrara. IlonyyeHHOe 2-e cllaraeMoe MpHOaBisieTcs K yXe
HaiineHHOMYy 1-My cnaraemomy. Ilpu 9TOM paspsigz ¢ HaHMEHBLIMM BecoM l-ro
MHOXMWTEJIsI, KOTOPHIN HaXOOUTCSA B-perHcTpe, He 3allMCHIBAETCH.

Cnenyioummu takraMud T, 1 T, MHOXMTEIb NIEPEMELIAETCS] HA OIUH Pa3psi
BIIPaBO, 3aTeM Ha CIEQYIONIHUX TAKTaX COMepPXHMMOe HauMeHbIIero paspsna E-pe-
THCTpa IoJaeTcs B B-perucrp.

3areM IPOMCXOMUT YMHOXEHHE MHOXWMOIO C 3-M paspsiioM MHOXHTENS
(2?) 3a 4 rakra. [Tony4yMBIIMIACS pe3yNbTaT YMHOXECHMS NMPUOaBISeTC K PETUCT-
Py pes3yibTarta.

Ipouecc npomo/pkKaeTcsi aHAJTOTHYHO BHIIIIE M3JIOXeHHOMY. MHOXHTeNb U
coliepXaHue perucTpa pesyjbraTa CHOBa caBuralorcss Ha 1 paspsa. Haumens-
K paspsn E-peructpa HepeXoauMT B B-peructp. YMHOXeHHE MHOXHMOTO C
4-m paspsimoM MHoXuTeNs (2°) 3a 4 takta. I[losyduBIIMiica pe3yabTaT yMHOXE-
HMS NIpHOaBIsAeTCSA K PETHCTPY pe3ysbTaTa.

Cnenyomumu taktamu 7, u T, conepxumoe peructpoB B u E casuraercsi Ha
OJIMH pa3psA[ BIIPaBO, H OJHOBPEMEHHO COIePXUMOe HAaMMEHbIIIETO pa3psiia pe-
ructpa E nonmaercsa B B-peructp.

YMHOXeHMe 3aBepiieHo. KoHeuHbIil pe3ynbTaT HaXomUTCs B perucTpax E u
B 1 MoXeT BBIIaBaThCA Ha BBIXOIBI. Bec mopaspsimHO mokasaH Ha puc. 14.29.

KOHTPONLHbLIA TECT

1. M306pa3ute Tabnuiry HICTHHHOCTH TOJycyMMaTopa M pas3paboraiite no
TabNule UCTUHHOCTH cXeMy Ha 6a3e OCHOBHBIX JIOTHYECKHUX 3JIEMEHTOB.

2. YeM oTnu4aeTcs MOJHBIA CyMMaTOp OT IoaycyMmaropa?

3. U3 nByx nonycymmaropoB u UJIM-3nemMenTa cobepuTe MONHBIA CyM-
MAaTop.

4. O0bscHUTe NOHATHE 8-OMTOBHIN MapaUIeNIbHBIN CYyMMAaTop.

5. Kak nocTpoeH nocnenoBare/ibHbIi cyMMaTop?

6. Hapucyiite cxeMy MOJTYBBIMMTATENA U OObSCHHUTE MPUHLIMII €r0 paboTHI.



Konumpononoii mecm 4

7. Ha Tpex MOJIHBIX CYMMAaTOpax U JMOOBIX TOTHYECKHX 3/IEMEHTaX CIIPOEKTH-
pyiiTe 3-OMTOBBIN cyMMaTOop-BbIuUTaTeNb. Hapucyiite cxemy.

8. Kakue omepauuy JOJDKEH IIPOU3BOAUTH 1-6uTOBBIM yMHOXMTENb? M306-
pa3uTe TabIMIly UCTUHHOCTU 1-OMTOBOrO YMHOXMTENA.

9. Kak paboraer 3-OMTOBBII napajuieTbHbI YMHOXUTENb? OOBICHUTE TIPAH-
uun naeicreusa. Cxonbko Tpebyercsi 1-OMTOBBIX YMHOXHUTENIEH M CXeM CJIOXe-
Hus? Kakue HOKHBI OBITh CXEMBI CIIOKEHHS?

10. O6BsicHUTe MPUHIIMN JeHCTBUS MOCIEIOBATEIbHOIO YMHOXHTEIA.



NNABA 15

MNKPOMPOLIECCOPBI
N MUKPOKOMIbIOTEPDI

15.1. MUKpONpoueccop Kak yHMBepcajibHas cxema

MO3KHO JIK CIIPOEKTUPOBATh CXEMY, KOTOpasi YMeeT CKJIaIbiBaTh, BHIYUTATh, YMHO-
XKaTh M BHINOJHATE JIIOOBIE JOrMYECKHE ONepanui ¢ OMHApHBIMM CUTHanaMu?
BpeneHHBIE CHTHAIBI, TAKKe HA3bIBAEMble BXOOXHBIMM JaHHLIMU, TOJIKHBI OBITH B
moboe Bpemst 00paboTaHBI Mo 3aiaHHOMY anroput™my. [Topsanok o6paboTku, Ha-
IIpMMeEpP MOPS/IOK JIOTUYECKMX Ornepariyii, 3ajiaeTcs nepen HadauioM paboThi cxe-
MbI B TIpOrpaMMe.

Takas cxema ObuUia OBl YHUBEpCAJIBHOM B IpuMeHeHuH. OHa cMoriia Obl 3a-
MEHATh JOTHYEeCKHe cXeMbl go6oro suaa. He Hamo 66110 GBI KaXOblil pa3 masaTh
HeoOXOIMMY10 KOMOHMHAIIMOHHYIO CXeMY U3 PasIMyHbIX 3JieMeHTOB. MoXHo ObLI0
OBl OpaTh TAKYI0 YHUBEPCAIBHYIO CXEMY W ITPOrpaMMUPOBATh €€ TAKMM o0pa3om,
4YTOOBI BBIMONHSINCH XeJlaeMble JIornueckue GbyHKIMHU.

CrpyKTypa 3TOH YHUBepCcaNbHOM CXeMBI CJIOXKHA, U cXxeMa, OYeBHAHO, T0-
nyuunach 66 moporoi. OQHAKO COBPEMEHHBIE TEXHOJIOTHH H3TOTOBJIEHHUS MUK~
pOCXeM HalOT BO3MOXHOCTh 3KOHOMMYECKH BBITOJHO M3TOTOBJATh CIIOXHBIE
CXEMBI.

Coo0paxeHusl TAKOro polia CTOSUIM Ha 3ape NMPOeKTHPOBAHUS IEPBBIX YHU-
BepCcalbHBIX CXeM, KOTOpPhIe CeroAHs HA3LIBAIOTCS MHKPOKOMIbIOTEpamMH. OCHOB-
HOI1 YacThl0 MUKPOKOMIIBIOTEPA SIBJISIETCS] MHKponpouneccop. MukKporpoueccops
PA3MYHBIX TUIOB NPeJIAraloTcd B HACTOSIIEe BpeMsl B BUIE MUKPOCXEM OTHO-
CHTEIbHO Henoporo. ClioXHbBIE CXEMbI YIIPABICHHS, JOBOJIbBHO AOPOTHE B CIIyYae
HX COOPKH U3 TPUITEPOB H JIOTHYECKUX 3JIEMEHTOB, MOXHO 3aMEHUTH HeJIOPOTH-
MH MUKPOKOMITBIOTEDAMMU.

15.2. ApUOMETUKO-NOrMHECKOE YCTPOUCTBO (AJTY)

I1pu paspaGoTKe YHUBepCaIbHBIX CXeM 1ieJ1eco0bpa3Ho OpaTh 3a OCHOBY pacllin-
peHHBbIe 4-0MTOBBIE CYMMaTOpbI-BhIYMTATENH (CM. puc. 14.23), KoTtopsie ObUIH
paccMoTpeHsI B npeabiayiieii rinase. C 9Toi cXeMoii BXOIHbIe CUTHANH A 1 B 1o
BBIOOPY MOTYT CKJIAABIBATLCA M BHIYMTATHCH.

JonmonHUTENIBHO TpebyeTcsi, YTOOhI ¢ CUrHajaMi A U B MOXHO ObUIO TpoM3-
BOJIUTH ONCPalMH:
e JIOTUYECKOro yMHOXeHus H;
+ jjornyeckoro cnoxenus UJIHA;
e NCKITIOYAIOIIIETO HUIIH.

Cxema s nipoBefeHus 4-6utoBoro M-yMHOXeHHs noka3aHa Ha puc. 15.1.
Takxke nzobpaxens! cxembl 1151 4-6uroBsix MW, u 4-6urossix MCKITIOYAIO-
NIUX NN, norudeckux dyHKuui (puc. 15.2).
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Puc. 15.1. Cxema ana
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4-6UTOBHIX CNOB U 4-GMTOBOrO ]
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Cxema, koTopas MOXeT CKnaabiBaTh W Bbi4MTaThk ABa N-OMTOBBLIX CNOBa, a Takke
NPoOBOAWTL HAL HAMW Onepauvun NOrnm4yeckoro ymHoxeHua M, normueckoro cnoxe-
Hua UM u UCKITIOYAIOLLENO UK, Ha3biBaeTca apudMeTUKo-nornyeckoe ycr-
poicTteo (AJTY).

AJTY pnsa 4-GMTOBBIX CJIOB COCTOUT M3 pacUIMPEHHOTO CYMMarTopa-BEYUTaTE -
Jisl coracHO puc. 14.23, cxembl mnA nmpoBeaeHHsA 4-6utoBoro M-yMHOXeHMS,
cxeMBI 1151 TipoBeaeHHus 4-6utoBoro MJIM-cnoxxeHuss U cXxeMBbl ISl MPOBeIeHUS
onepauud 4-6urosoro MCKIIIOYAIOIINETI'O UJIH. Yerbipe 4-0MTOBBIX BHIXOIA
BRIOOPOYHO Yepes yeThlpe MyabTUIekcopa (cM. ra. 11) nmopatorest Ha 4-GUTO-
BBl Z-Bbixo#. CyMMaTop-BBIYMTATENb HMEET TaKKe BHIXOX nepeHoca U, KoTo-
PhIif BRIBOOMTCA HapyXy (puc. 15.3).

AJTY npou3BoasTCs B BUIEe MHKpOcXeM Ha 4 Gura, 6 61uTOB, 8 GMTOB M 16 GHTOB.
Yame Bcero ucnonb3ylorcsa 8-6utopsie AJIY. YenoBHoe 0603HaueHHe — B BHIE
onoka (puc. 15.4). Tak kak 8-6utoBbie AJIV umeer 8 A-BxonoB, 8 B-BXO#OB U
8 Z-BBIXOHOB, TO 8 IMPOBOAHUKOB MOTYT IPEICTABASATLECA 8-IIPOBOAHON LIMHOM.
CxeMsl nony4alorcs 6osee HaragoHbBIMU (puc. 15.4).

Yepes cemMb BXONIOB ynpaBiieHus1 OT S 10 S, MOTyT noziasarbes Beero 27 = 128 pas-
JIMYHBIX KOMaHA ynpasineHHsa. M3 aTMX KoMaHA HyXHBl Tonbko 13. B atoM
Cy4Yae palMOHAIBHO NPOU3BECTH NEPEKOAUPOBKY. OHa MPOMCXOAUT C NOMOLIBIO
I3Y (cM. . 12, pasn. 12.4). Ucnosb3yloT 4 Bxona ynpasieHust (puc. 15.5).
C HUMM MOXHO MPeACTABIATE 16 pasaUYHBIX KOMAHI. 3 BO3MOXHBIX KOMaHIBI
OCTAIOTCSI HEMCNOJIb30BaHHBIMH. KoMaHIBl mpeacTaBieHbl Ha puc. 15.6. He-
CKOJIBKO KOMaHJI TpeOyoT mogabnenus nepenoca U. s aroit nemm 113V ume-
€T BBIXOM §,, BCEIIa paBHbIi HYMO, €CTU Ha Bbixone U HeT nepeHoca. BbIxoasl
S, ¥ S, MCNONB3YIOTCS JUIS AOMOJIHMTENBHOIO yrpaBieHus (cM. pasa. 15.3 u
15.4).

binok-cxema 8-outoBoro AJIY c¢ koauposouHbiM [I3Y u GnokupoBaHHEM
IepeHoca IokKasaHa Ha puc. 15.7.
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Puc. 15.5. Koguposuuk ¢ [13Y ansa
nepexoaAupoBaHus ¢ 7 Ha 4 ynpasnsio-



15.3. Axxymyasmop

Komauas
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Puc. 15.7. A1V ¢ [13V ana nepexoaupoBaHua
Puc. 15.6. Komanasr AJ1Y. H H-3neMeHT 114 ONOKHPOBKM nepeHoca.

15.3. Akkymynatop

Axkymynstop cocrout u3 AJTY ¢ kogupoBaHueM, perucrpa 4 1-6UToBOM MaMATH
JuUist TiepeHoca. BBoa JaHHBIX IIPOMCXOMUT TOJBKO Yepe3 B-BXoabl. A-BXOIBI CBA-
3aHBI ¢ BBIXomaMu peructpa (puc. 15.8). PercTp ¥ maMsTh nmepeHoca yIpaBJisi-
I0TCSA TAKTUPYIOIIMMH CHHXPOMMITYJIbCaMH. TakTHpPOBaHHWE MaMATH IlepeHoca
MOXeT ObITh 3a6710KMpoBaHO M-371eMEHTOM. S;-CUTHAJ TOCTYNaeT W3 KOAUpYIo-
mero I13V.

Ecnu cknanpiBaloTcd ABa 8-OMTOBEIX CJIOBa, IepBoe 8-OMTOBOE CJIOBO MOIA-
ercs Ha B-Bxox. Yepe3 AJIY oHO mepexonuT B peruCTp H COXPAHSETCA B HEM CO
CHENYIOIIUM TaKTOM. Pervcrp mocrpoeH Ha 8 Tpurrepax, B KOTOpPBHIX Ilapaj-
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Puc. 15.8. Ctpykrypa akkymyasaTopa.
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Homep komaHnas Komanpa
Hassarwe Onvcanue komaHab! MamAts
fAecatMy. |wectHaau.| U, U, U, U, KOMaHAH nepeoca
0 0 0 0 0 0 NOP HeT onepauuwn T
1 1 -0 0 0 1 SP1 3anucaTb 1 B akkyMynsaTop T
2 2 0 0 1 0 CMA WHBepTMpOBaTE COaEpXUMOoe _
akkymynatopa
3 3 0 0 1 1 LDA 3anucate B-curHan s .
aKKyMynsaTop
4 a 0 1 0 0 CLA CrepeTs copepxumoe _
aKkKymynstopa
5 5 0 1 0 1 INK YBenn4ntb copepxvmoe T
akkymynsaTopa Ha 1
6 6 0 1 1 0 DEC YMEHBLIMTL COAepXUMoe T
akkymynatopa Ha 1
7 . 0 1 1 1 ADD MNpubaeute B-curHan kK T
COAEPXUMOMY aKKyMynaTopa
8 8 1 0 0 0 SUB BbiyecTe B-curnan ns T
COAEPXMMOro akkymynsaropa
UND — norun4eckoe yMHOXEHUE
9 9 1 0 0 1 AND W copepXxMmMoro akkymynsatopa T
1 B-curHana
ODER — noruyeckoe cnoxeHue
10 A 1 0 1 0 IOR WKW copepxumoro T
akkymynsatopa u B-curHana
akkymynstopa v B-curHana
Exklusiv-ODER — UCKNIO-
n B 1 0 1 L XOR HAIOLLLEr O W copepxumoro T
12 c 1 1 0 0 SM1 3anvcaTtb B akkymynsaTop — 1 T
13 D 1 1 0 1 — — —
14 E 1 1 1 0 — — —
15 F 1 1 1 1 — — -
T : naMATe NEpeHoca yNpaenaeTca CUHXPOMMITYNLCaMMK
—. NaMATe NepeHoca He yNpaenaeTcs CMHXpoMMnynscammn

Puc. 15.9. KomaHapr akkymynsaTopa.
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Puc. 15.10. Bnok-cxema 8-6MTOBOrO aKKymynstopa.




15.4. Axrymyasmop ¢ namamoio Q

JIEIbHO coXxpaHsieTcsi 8-0MTOBOE CIIOBO. BTO CIOBO IOCTYMaeT Ha 8 BLIXOAOB
perucTpa ¥ OOJHOBpeMeHHO HaxoauTcs Ha 8 A-Bxomax.

ITocne coxpaHeHus nepBoro 8-6MTOBOrO CJI0Ba Ha BXOM TMOCTYIAET BTOPOE
8-0uToBoe cioBo. JIBa ckianbiBaeMbIX 8-OMTOBBIX CJIOBA HaxoAATCsA Ha A- U
B-Bxomax AJIY. AJIY no komaHze ckiagsiBaeT 00a 8-OGHTOBBHIX CJI0Ba U BbIAAeT
pe3ynbTaT B perucTp. PerucTp mpMHUMAeT pe3ysibTaT CO CIEAYIOUIMM TAKTOM.
Bo3MoXHO, BOBHMKIIMI NepeHoc OyaeT TakXe COXpaHeH B perucTpe mepeHoca
CO CIIeAYIOIMM CHHXPOMMITYJILCOM. PercTp mepeHoca Ha3bIBaeTCs TAKXKe 3Ha-
KOM IlepeHoca. Pe3ynbTaT CJIOXeHHs HaXOOWUTCS Tenepb Ha Z *-BbixoJe M Ha
Bbixonme U*.

Jloruyeckoe ymMmHoxeHue M nByx 8-OUTOBBEIX CNOB NMPOMUCXONUT aHAJIOTHY-
HbIM 00pa3oM. TobKo BMecTO KoMaHAbl ciioxeHusi AJIY moiydyaer KOMaHay Ha
YMHOXeHHE.

Bce 13 xomann AJIY pacnpocrpaHsiiorcsl Takke Ha akkymynsitop. Ilom A-
CUTHAJIOM MOXHO ITOHMMaTh coliepXaHue akkymynastopa. KomaHaam npuceau-
BalOTCs COKpalleHMs OT aHNIMHCKUX HasBaHMil KoMaHI. Bce KoMaHabl aKKyMy-
JIITOpa MPUBEIEHBl B TaK Ha3plBaeéMOM CIIMCKe KoMaH[ (puc. 15.9).

15.4. AKKyMynaTOp C NamsaTblo

CieayioluM IHaroM Ha MyTH K YHUBEPCANbHOM CXeMe, K TAK Ha3biBaeMOMY MHUK-
POIIPOLECCOPY, SABIASCTCH AKKYMYJAATOP ¢ HamMsAThio. B KauyecTBe MaMsATH HCIIOJb-
3yercs cratudeckoe O3V (cMm. rn. 12, pasm. 12.3.1).

AKKyMyJ’]ﬂTOD C NaMAaATLD MOXET 3anUCbiBaTb NPOMEXYTOYHbLIE PEel3ynbTaTbl B
NnamaTbe M CUMTBIBATL WX OTTYAa Npw HeobxoaumocTu,

CTpyKTypa akKKyMyJIITOpa C NMaMSATbIO MoKa3aHa Ha puc. 15.11. BoceMb BbI-
XOJIOB aKKyMYJISITOpA BHIXOIAT HapyxXy (Z£*) u cBsa3aHbl ¢ Bxogamu O3Y. Beixon-
Hble JJaHHbIE AKKYMYJATOpa MOTYT 3amuchiBatbess B O3Y. 3arpyska 8 O3V npo-
HMCXOOUT MO yIpaBicHHEM CHHXpoUMITYJIbcoB. II3Y akkymyssTopa BbIIaeT Ha
YIPaBJIAOMWUA BbIBOA S, 1-CUTHAI M ONHOBPEMEHHO Yepe3 djeMeHT U Bbtaer
YIPaBIAOIIMIA MMITYJIBC, pa3pelialolitii 3a1ucCh.

O3V moxer uMeTh pasnudHbiii 06beM mamsaTu. Ha puc. 15.11 moxasana O3¥Y
¢ 16 siyeiiKaMu NMaMsATH 110 8 6UT. 16 siMeeK MaMsTH JOJIKHBI MMETh CBOM ampeca
(cM. 1. 12). C 4-GUTOBBIM CJIOBOM MOXHO MPOU3BOIUTh 16 pasIMYHBIX aipeCcOB
(or 0000 mo 1111). Tak kak agpeca UMeIOT 4 pa3psiga, HYXHO 4 afpecHbIX BXoa.
Onu nonyyalor o6o3HaveHus ot A, 00 A, (cMm. puc. 15.11).

Coxpanennsie B O3V ganHbie MOTYyT OBITBH 110 JK€JIAHWIO CYMTAHbI M 3amuca-
Hbl B aKKyMYJATOp. B-BXOOBI aKKyMY/ISTOpa YIIPABIAIOTCS MYJIbTHIUIEKCOPOM.
Ecnu myneTHIIEKCOpP MONyYaeT 1-curdan yepes Bxon ynpasiaenus S, II3Y akky-
MYJISITOpa, TO OH IepeKiioyaeT B*-BXoJbl Ha B-BXoabl akkyMyniaropa. Eciu Ha
BXox S, ynpasineHus nogaH 0-curHain, To Beixoasl O3V cpasanbl ¢ B-Bxonamu
aKKyMyJIsiTOpa.

K 13 xomangaM akkymynaTropa Ge3 ycrpoiicTBa mamaTtH (puc. 15.9) npuba-
BUM [B€ IONOJHUTEeJbHbIe KOMaHabl. HyxHa koMaHaa, KoTopas nepekiioyaeT
MYJIBTMIUIEKCOP Ha BXOZIbI B*. DTa KOMaH/1a I0JKHa Mo/laBaThes ronayeii 1-curnana
Ha Bxon ynpasieHus S, . Eil npucsausaercs komGuHauus Homep 13 (1101)
(puc. 15.12). Ha3zpanue xomaHanl INP.
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Puc. 15.11. CrpykTypa aKKyMy14aTopa C NaMaThiO.
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* UTb
13 D 1 1 0 1 INP BxogHoii curHan B* sarpya .

B aKKyMynaTop
Cogepxumoe akkymynatopa
14 E 1 1 1 0 STA 3arpyaunTb B si4eiKy NamaTu —
no agpecy AAAA

Puc. 15.12. lononHuTENbHBIE KOMAHAB AKKYMYJATOPA ¢ NaMSITBIO.

Kpome Toro, HeoGxonumMa KOMaHIa, KOTOpasi paspeliaer 3aluch COMEPXKH-
MOT0 aKKyMyJSTOpa B A4eiKy mamsaru O3Y. Dra koMaHIa rnoiaydaer Homep 14
(1110) n umsz STA. OHa nomxHa 66Tk 0OpaGorana B [13Y akkymynsiropa Takum
obpa3oM, 4TOObI Ha JIMHUM YNIpaBlieHUs S, ObUT BeIBeAeH |-CHrHai, paspelnaio-
LK oyepemrHON TakT cMHXpoumItyibca K O3Y (cMm. puc. 15.11). Dra komaHna
BCEria JO/DKHA OBITh CBS3aHa C aIpecoM.

B akkymynsarope ¢ ycTPOMCTBOM NaMSITU OTAENbHbIE KOMaHABI COCTOAT U3
8-6uTOBBIX CIOB. YeThipe 6MTA OTBENEHMI JUIsA curHaa ynpasinerus (U, no U)) n
yeThipe — s aapeca (or A, 10 A,).

BuTbl ynpaeneHus 0BPasyiloT ynpasnaiolyld 4acTbe KOMaHAbl, OuTel agpeca —
anpecHylo.

Ilepen HayamoM paboTHI, T. €. MEped HaYalOM BBIYMCIICHHS, JOJDKHBI OBITH
TOYHO YCTAHOBJIEHBI OTAENbHbIE KOMAHIABI U MOPANOK HUX CIeJOBAHMSI.

YnopanovyeHHas nocneaoBaTenbHOCTs KOMaH HA3bIBAGTCS NPOrpaMMoii.
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HyxHO coo0IMUTE aKKyMYJIITOPY C NAaMATBIO, YTO OH HAOJKeH aenarb. CHa-
yajia BBOZWUTCA KomaHAa 1, 3arem 2, 3areMm 3 W T. A. 0 BBOAA BceX KOMaHI U
TOCJIEAYIONIEero 3amycka nporpaMMel. B KoHIIe JOJKeH TOMYYUTBCS XKeJlaeMBblif
pe3ynbTaT B mpaBuibHOI ¢dopMe. Ecnu 3TO He mpou301w10, 3HAYUT IporpaMma
Op1a ommMboYHa.

Ilepen KaXabIM HOBBEIM IIPOLIECCOM BBIYMCIIEHHS KOMAaHIbI JOJDKHEI BBOAUTHCS
3aHOBO. DTO TpeOyeT MHOrO BpeMeHHW W Ha MpaKTHKe eBa JIK BhimoHnMo. Tpes-
cTaBbTe cebe yrmpaBJieHMe CTAHKOM, B KOTOPOM Mepen KaxIoi onepanueii HyX-
HO ObUIO GBI BBOIMTL COPOK 8-0MTOBBIX KOMaHI ¢ KiIaBHaTypsl. HUKTO He Oymer
TIOKYIIAaTh TAKYI0 MAllHHY.

15.5. MNMporpammHo-ynpasnsemsli
YNPOLWEHHbIA KOMMNbLIOTEP

AKKYMYJISTOP C TAaMATBIO MOKHO 3HAYMUTEJILHO YIYYUIMTh IPOTPAaMMHBIM yIIpaB-
sienueM. IIporpaMmHOe ynpasieHHe COCTOMT M3 IIAMSITU NPOrpaMM, YCTPOKCTBa
BBOMA M cueTyrKa KoMaH/. [lociie IpUMeHEHM 3TUX HOTIOMHUTENbHbBIX MOIYEH
U3 aKKyMYJIATOpa ¢ NMAaMSTHIO MTOJTy4YaeTCsl YIPOIIeHHBbII IPOrpaMMHO-YIIpaBJIsi-
eMblil KoMmnblotep (puc. 15.13).

IMepen HavyajioM mpoliecca 3arpyxaercs nporpamMma. [lepBast xomaHa To-
cTynmaeT Ha BXoabl B *. MMmynbcoM Ha mopt 7T, BbAAeTCs CHTHAN 3arpy3ku.
Komanna 6yneT 3anmucaHa B maMsTh NporpaMm. Torga Ha BXoasl B* momaercs

1
!\ <3 [
| I
| ! .
| 1 u*
|
| 4h
H |
I‘M’ ? MamaTh AaHHBIX ? |
I RAM 1 ‘
| 16 % 8 6uT ‘
| 8-6utoBwit 4 | l ‘ l 1 |
| aKKyMYy-
i 8 narop ; B Z*
B’T 8 Buibopka | gt ;
E il AAHHBIX vsrm i
| I
| i
| I
Tl | |
ol |
T 1
(Takr 1) N L 5
A
T, F— u,u,u,U, AAA A
(Takr 1—)— Komang Mamate nporpamm RAM

i w

HEHE e

S — craprosbiii curian

Komanaa
Ha 3arpysky I [*

P
LE

3arpysuuk komasg

Puc. 15.13. CtpykTypa npocToro nNporpaMMHpyeMoOro KajabKyaaTopa.
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2-s1 KOMaH/ia ¥ TaKuUM Xe crocoboMm 3anuckiBaercd. [Tocne 2-it KoMaHBl ciemy-
eT 3-s1 1 TaK ganee. KoMaHabl 3arpyaloTcsi B TOM MOCAEAOBATEIBHOCTH, B KOTO-
POt X IMOTOM HYXHO 3amyckars. IIpy 9TOM He HoJLKHA BO3HUKATh ITyTAHMILA.

Ecny Bce KOMaHIbI NMPOrpaMMBbl 3arpyXKeHbl B IaMSITh IIPOrpaMM, MOXHO
HauWMHaTh UX HcnonHeHHe. CHrHal cTapTa JaeTcsd MMITyJbhCOM Ha BXOH S cder-
yuKa koMaHa. Temeps c4eTYMK KOMaHI BbI3bIBAeT MEPBYI0 KOMaHIy M3 IaMATH
nporpamm. KoManna nogaercst Ha Bxonst ot Uy o U, u ot A 10 A, 1 3amyckaeT-
cs. 3aTeM CYETYHMK KOMaH/l BBI3bIBAET BTOPYI0 KOMAaHIy M3 MaMSTH IIPOTpaMM.
ITociie BbIMONMHEHUA BTOPOH KOMAaHABI GymeT 3arpyXeHa W BHITIOTHEHA TPETbS
KOMaH/a.

Tak orpabaTeiBaeTcs BcA IporpaMMa KoMaHaa 3a KoMaHmoii. ITocie BrImoJ-
HEeHHUs BCeX KOMaH/I CYETYMK KOMaH]I JOJDKeH ObITh ocTaHoBIeH. s aToro tpedy-
eTcs claenyiolas KOMaHaa, Tak Ha3biBaeMass KomaHna octaHosa (HLT). 4-6u-
ToBast KoMOrHaiust Homep 15 (1111) emte ceobomna (cM. puc. 15.9 u puc. 15.12).
Dra xoMOHHaIMA Bhiensserca komanae HLT.

IIporpaMMHO-yTIpaB/isieMblil YIIPOILUEHHBIA KOMITBIOTEP pacliojiaraeT Tenepb
15 xomaHnaMu, KOTOpbIe TpeJcTaBieHbl Ha puc. 15.14.

IIporpaMMHO-yTIpaBasgeMbIi YIIPOIIEHHBII KOMITBIOTED IMO3BOJISIET TIPOBOIUTE
CIIOXHbBIE TIpOlecCchl cueTa. KoMaH bl 3aIyCKaTCsl CTPOTO B MOCTIeI0BaTEIbHO-
CTH BBOIA. DTO He Bcerda XenaTeJbHo. Yacro xorenock Obl MMEThH Iepemavy
yIpaBJeHUs] KOMaHIBl, T. €. BO3BpallaThcs, Hanpumep, nocie 35-i KoMaHabl
cHOBa K 10-i KoMaHae ¥ oTpaGoTaTh MPOMEXYTOYHbIE KOMaHIbl €llle pa3 WIH
nocne 20-if komaHAbl nepedTH K 45-ii komaHge. TakuX BO3MOXHOCTEH IpO-
IrPaMMHO-YTIPaBJiseMbIi YIIPOIIEHHEIH KOMIIBIOTEP He NMPeaoCTaBIIsgeT.

15.6. Mukponpoueccopbl

Ecnu ycoBepieHCTBOBATE IMporpaMMHO-YIIpaBiIsieMbiil KoMnbiotep (puc. 15.13)
Tak, 4T0OBI OH OBUT B COCTOSAHUU MPOBOIUTHL NepeMelleHUs IIo IIporpaMmMme, Io-
JIYYMTCSI MEKPONPONECCOP, KOTOPHIH OYIET YHUBEPCANIbHBIM MOIYJIEM JUIS JIFOOBIX
3a7a4y yrpaBlieHHs U pacuyeToB. Aapo Mukpornpoueccopa cocrasnsior AJIY, cuer-
YUK KOMaHJI, perucTpbl M CUCTEMBI YIIpaBJieHUA.

MukponpoueccopoM Ha3biBAeTCA HE MONHOCTHLI NPOrpaMMHO-ynpasnaemas
CHeTHas CXema, KOTopaa npeaHasHadyeHa ong danad ynpagneHu1s,

OCcHOBHOI1 3aa4eil MUKPOITPOIIECCOPOB ABIIsIeTcs yipasienune. Ho mist ymipas-
NeHusl TpeOyIoTCs TaKXKe U pacyeThi.

15.6.1. Buabl MrnkponpoueccopoB

CylecTByeT MHOTO pa3jIMYHBIX BUIOB MHKPOIIPOIIECCOPOB C pa3HbIMH CBOWi-
cTtBaMH. B HacTosnee BpeMs TMPOM3BOAATCA TTpHMepHO 60 THITOB MUKpOIIpoIiec-
copoB. Bce oHM cOCTOST M3 ONHOM-eAUHCTBEHHOM MHUKPOCXEMEI.

Mukponpoueccopsl NPOU3BOANTCH UCKTIOYUTENBHO B BUAE MUKPOCXEM.

HUcnonesyiores, kak npaswio, DIP-kopmyca ¢ koiyecTBOM BBIBOIOB 10 40.
MuKponpoLeccopbl XapakTepusyloTcs CIeIylOIMMH CBOHCTBAMU:
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1. auna crosa

JnuHa cioBa yKa3bIBaeT, CKOJIBKO OUT MOryT oOpabaTbiBaThCs HNapajlieNIbHO,
T. €. KOJJUYECTBO OHUT BXOMHBIX M BBIXOMHBIX NaHHBIX. CyluecTByIOT 4-GUTOBLIE,
8-6uToBbie, 16-6MTOBBIE U 32-GHTOBBIE MUKPOIIPOLIECCOPHI.

2. Cxopocmb ebiucaeHuil

ITpu cpaBHEHHH CKOPOCTH BBIYMCACHHI CPAaBHUBAIOT JAPYT C APYIOM T4K Ha-
3BIBAEMYIO JUIMTEIbBHOCTh HHKIIA 00paboTku. Ilof miMTebHOCTBIO IUKIIA 00pa-
OOTKH IMOHUMAIOT BpeMsi, KOTOpoe TpedyeTcs JUId MapauieibHOIO CIIOXEHHUS ABYX
IBOMYHBIX YMCEN U JJI BBOJAa—BHIBOLA 3THX YMCeEN M3/B naMsaTh, OGBLIYHO LUK
mutesa or 10 Mxce go 0,1 Mkc.

3. Texnoaozcus (cemelicmeo cxem)

MuKpoTpoeccopsl TPOU3BOAATCA B o0CHOBHOM B MOII-ucnonnenuu. B sroit
TeXHOJIOTHA BO3MOXHA MaKCHMMaJIbHas CTelleHb MHTerpalii. Moryt GBITh IIOCTpO-
€HBl JOCTaTOYHO CJIOXKHBIE cxeMbl. CylecTByeT Takxke HeOONbLIOH psinm Gumo-
JISIPHBIX MUKPOIIPOLECCOPOB, KOTOphEIe MpuHaiexar K cemeiictey TTJIIIL. Ouu
paboTaloT 0YeHb GLICTPO M MMEIOT OTHOCHUTEBLHO IPOCTYIO CTPYKTYPY.

Cpermn MOIT-nipoueccopoB ocHoBy coctasisior N-MOII nponeccopsl. OHu
morpebnaotT MomHOocTh OT 0,5 mo 1,5 Br. Pexe mucnonpsyior KMOIT-tin, mx
IPeMMYIIECTBOM fABJETCA KpaifHe Malioe aHepromotpedieHue — or 1 go 5 MBr.
Paznuyalor cTaTHYecKre MHKPOIIPOLIECCOPHI M TMHAMHYECKME MHKPOIIPOLIECCO-

wn | iponssoaman, | Amacrosas | Komectso | Bpeus wikra | CULT
(TexHonoruns)
4040 Intel 4 60 10,0 NMOS
8080 A Intel/Simens 8 78 2,0 NMOS
8085 intel/Simens 8 80 1.3 NMOS
IM 6100 Intersil 8 87 2,5 CMOS
M 6800 Motorola 8 72 2,0 NMOS
SCMP Nat. Semic. 8 46 2,0 PMOS/NMOS
Z80 Zilog 8 158 1,0 NMOS
8086 Intel 16 135 0,5 CMOS
68000 Motorola 16 56 0,6 CMOS/NMOS
TMS 9900 Texas Instr. 16 69 7,5 NMOS
80386 Intel 32 150 0,3 CMOS
68020 Motorola 32 100 0.4 CMOS/NMOS
32332 Nat. Semic. 32 130 0,3 NMOS
Pentium Intel 64 205 0,06 NMOS/CMOS

Puc. 15.15. Tabnuua OCHOBHBIX MHKPONPOLIECCOPOB.
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pol. CraTnyeckue MUKpOIIpoIeccopsl MMeloT cratmieckoe O3V u He HyXknaior-
¢ B pereHepallvH. JluHaMHUyecKUe MHKPOIPOLIECCOPbl MMEIOT JHHAMHYECKOe
O3Y¥. OHu HyXJaloTCsl B pereHepaiuu.

4. Cucmema komano

KonmuuecTBo KOMaH XapaKTepH3yeT MPOMU3BOAUTEIEHOCTh MHUKPOIIPOLIECCO-
pa. Taxke BaXeH COCTaB 3THX KOMaHJ. YAa4YHO NMoJ0O0paHHbIE KOMAaHAH JAIOT B
HATOTE GONBINYIO MPOU3BOIUTENBHOCTE. 10 JAHHBIM MPOU3BOAUTENEN, YMCIIO KO-
MaHJI Bapbupyercsa Mexay 46 u 158. B taGnuue Ha puc. 15.15 npencrasieHsl
HEKOTOpPbIE YacTO MCIIONb3yeMbleé MHKPOIIPOLIECCOPH M MX CBOMCTBA.

15.6.2. Mukponpoueccop SAB 8080A

Muxponporieccop 8080A BHIITycKaeTcsd B HacTosllee BpeMd B OOJIBIIMX KOJIHYE-
CTBax M MPEBPATUIICS B CBOEIrO pola cTaHAapT i MUKporpoueccopos. OH npo-
n3popurcs Intel, Siemens u npyrumu. Siemens-obo3HaueHne — SAB 8080A.

Muxkponporneccop SAB 8080A saBnsercsa 8-OGHTOBHIM MHKPOIIPOLIECCOPOM B
N-MOII-TexHHKe C UTHTEIBPHOCTHIO 00paboTKH IHKIIA 2 MKc. CHcTeMa KOMaHI
conepxuT 78 koMaHn (cM. Tabn. Ha puc. 15.15). Mukponpoueccop TTJI-coBme-
ctuM U BeyckaeTcsi B TRI-STATE-texHonornu, 1o ecTh MHGpOpPMaIMOHHEIE
BXO[bl ¥ BBIXOJBI, 4 TAKXKE aIpeCcHbIe BBIXOObl MOIYT NIPUHUMATh, KPOME YPOB-
Heil L n H, ellie 1 BEICOKOOMHOE (BHIKJIIOYEHHOE) COCTOSTHHE.

03Y¥Y mukponpoueccopa SAB 8080A saBistoTca MaMsAThIO ITMHAMMYECKOTO THIIA,
Tpebylolieit o6HoBNeHUsI. OOHOBIIEHHE IPOUCXOIUT C CMTHAJIOM CHHXpPOHH3a-
uuu. Mukponpoueccop SAB 8080A Beimyckaercss B 40-nmonocioMm DIP-kopmy-
ce. lokoneBka nmokasaHa Ha puc. 15.16.

Broaw ¢ 3 mo 10 gapnaiorca uHGopManmoHHEIMHA. OHU ABJISIOTCA BHIXOIA-
MM A BXOJaMH 8-OMTOBBIX IIMH JaHHBIX (cM. 1. 11, pa3a. 11.4). BDTH muHBI
SIBJISIIOTCSI ABYHAmpaBiieHHBIMH. OHUM MOTIYT KaK BBOIMTb, TaK M BBIBOIMTH
JaHHBIE.

p—
Ampec A, % 1 400 A,
3emna (MuHyc) GND ] 2 390 A,
Do 3 380 A,
D, %= 4 37=—C A,
D, o= 5 36=0 A,
WndopmaunonHeie D, 0=~ 6 350 A

hopmau o D: o] 7 aaleo A: AgpecHuie WnHb
D, o=={ 8 33p=0 A,
D, o== 9 320 A,
D, o=={ 10 31=0 A,
HanpsxeHue nutanua -5 B o— 11 30 =0 A,
C6poc RESET o—f 12 291=0 A,

Ocranoska HOLD 0==1 13 280 +12 B HanpsxeHue nuTaHWs
MNpepuiBanue INT o—=f 14 27F=0 A, }

Takr 2 D2 o= 15 26 |—=o A, AONPEeCcHLIe LWKWHBbI

Paapewenune npepbisanna  INTE o= 16 2510 A,
Beon paHHelx DBIN o= 17 24 =0 WAIT Curnan oxuaaHus
BoiBon AaHHBIX WR o= 18 23 js—o READY CwurHan rotoBHOCTH
Curnan cunxpornsaumm SYNC o= 19 2o @1 TakT 1
Hanpsxenwe nutanms +5 B o—i 20 21 j==o HLDA  CurHan Bwixoga

Puc. 15.16. Llokoaepka mukponpoueccopa SAB 8080A (Siemens).
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Mukpornpoueccop uMeeT 16 aapecHBIX BBIXOHOB. Moryr ObITh BHIOpPaHBI
216 = 65 536 pasnuYHBIX aApecoB, T. €. MUKPOIIPOLIECCOP MOXET aIpecoBaTh
BHEIIHIOI maMsiTe o6beMoM mo 64 kumiobaiit. [lo kaxmoMmy anpecy MoXer
HaxoauThes 1 6aiiT = 8 6UT. JJONOAHUTENBHO elle eCcTh aapeca g yIpaBlie-
HMA MOAYJISIMM BBOJA U BbiBOJa. BMecTo ycTpoiicTBa naMsATH Ha 64 kuiobaii-
Ta MOTYT OBITH IOJKIIOYEHbl HECKOJIBKO MalblX OyokoB mamaATtH. IIpm sTom
Ge3pasnuyHo, uaet v peuyb 06 O3V, TI3Y wiu IITI3Y. AapecHsiMU BBIXOHA-
MM CJIyXaT BbiBOIBI Kopmyca 1, 25, 26, 27, 29 no 40 (puc. 15.16). OHu cBs3a-
HBI C aApecHON IMMHOMH.

Ipyrue BBIBOABI HYXHBI VTSI TIMTAHUSA M YIPaBIe€HHS MHKPOIPOLIECCOPOM.
Hamnpscxenus nuranusa: +12 B (mopt 28), +5 B (mopt 20), —5 B (mopr 11).
3eMIII0 HYKHO MOAKIIOYMTD K 11opTy 2. MuKponponeccop HyXaaeTca BO BHEI-
HEM TAaKTOBOM IeHepaTope (reHepaTope CMHXPOHHM3HMPYIOIIHX MMITYJILCOB), KO-
TOpPBI NPOU3BOIMUT J(Ba PasjM4YHBIX TakKTa — TakT 1 ¥ 2 (takr 1 B mopr 22,
takT 2 B nopt 15). Uepe3 Bxon RESET (mopt 12) cyeTymk KOMaHA CTaBUTCS
Ha 0. C 0-curnasiom B nopry HOLD (mopt 13) MUKpoIIpoliecCcOp AejaeT maysy.
B 310 BpeMs MOTYT BBOAWTBLCS WJIM BBIBOAHMTHECA HaHHBIE. BeiBogwl INT (rmopt
14) n INTE (nopt 16) cinyxar misi ipepbiBaHusi paboThl MPOrpaMMBbl ¥ IIPOJIOJI-
XeHus1 paboThl IIPOTPaMMBEL.

Curnan Ha Bxoge DBIN (Data BUS In) nmokassiBaeT, 4YTo Ha 1IIMHE JaHHBIX
HaxoauTcs uHopMmalus JUid BBoja. JlaHHble MOTYT OBbITh BBEAEHBI B MUKPOIIPO-
ueccop. ITopt WR BeiBoauT 0-cMTHaJI IO TeX TOp, II0Ka AaHHBIE He OYIYT mepe-
MUcaHbl M3 BHeUIHel nmaMaTH. SYNC-nopT BelIaeT CHHXPOHHEI CHMTHAJN, KOTIa
HAYMHAETCS HOBBIIl ONMepPaLlMOHHBIN ITAKII.

OcobGeHHo BaxXHBIMHU aBJsiioTcs mopThl WAIT (oxunanue, mopt 24) 1 READY
(roroBHOCTB, nopt 23). Ha WAIT neiictByer 1-cHrHa, ecliM MMKpOIpoleccop
HaXOOUTCA B pexxume oxunaHus. 1-curaan B nopre READY mokassiBaer, 4TO Ha
IIWHE €CTh JaHHBIe, TOTOBHIE K mepenade. Mukpomnpoueccop KpaTKOBPEMEHHO
OCTaHABJIUBAETCS ISl NepeAay JaHHBIX.

Yepes nopr HLDA (mopt 21) MHKpompoLieccOp BbiIaeT TaK Ha3bIBaeMoe
MOATBepXKOeHHe ocTaHoBa Kak oTBeT HAa HOLD-curnan. OHo moka3eiBaeT, 4To
IIMHBI JAHHBIX U ajpeca NnepeBeeHbl B BHICOKOOMHOE COCTOSIHUE.

Buyrpennsis crpykrypa SAB 8080A nocrarouyHo cioxHas. [ToaTomMy pa3oopeM
0o0BsICHEHHE Ha ABe YacTH. Ha ynpolneHHOM H300paXXeHHM BHYTPEHHETO CTpOe-
Hust (puc. 15.17) gerko BoigeneHo AJIY. OGpauieHue TaHHBIX A-BXOIOB IPOUC-
XOIMT MO BHYTpeHHeH miuHe. [1o BHYTpeHHEH LIMHE TAKKE HUPKYJIUPYIOT HaH-
Hble MPH 3alMCH B MaMATh ¥ MPH CYUTHIBAHMH M3 MaMSATH.

KoManab! mocrynaior yepe3 uHGOpMallMOHHbIe BXOAbl. OHM MOTYT IpoMe-
KYTOYHO COXpaHsATbcs B nMamATH. CrienMaIbHOM IaMATH NMpPOrpaMM He cyle-
CTBYET, H KOMaH/Ibl MOTYT COXPaHSThCA B CIENHANBHO MOAKIIOYAeMOil BHEIHEH
naMsaTi. Yepes permcTp KoMaHJ KOMaH/BI ITOCTYNAIOT B KOAUPOBLIMK M B BHJE
YNPaBASIOIIMUX CUTHAJIOB MOJAIOTCSA Ha cXeMy yrpapieHusi. Cxema yrnpaBieHHUs
HMMeET BBOObI—BBIBOIbI, O KOTOPHIX yXe ObIJIO CKa3aHO paHee.

C MoMoIbi0 cYeTYNKA KOMaHI M aJpecHOM NaMsTH BBIBOASTCS aapeca s
yIpaB/ieHUs BHELITHMMKA MOAYJISIMH, HanpuMep aapecaumu I13Y u O3Y. Anpeca
cocTosaT 3 16-6MTOBBIX c/ioB. OHU MOJAIOTCHA HA aAPECHYIO LIUHY.
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Boixoab AaHHbIX
Bxogw gamvHbix (8 6utos)

@ BHyTpEeHHAA WKHA AaHHBIX
ﬁ @ i il _'
P—— MpomexyToy- Pervctp
KYMynaTop HBI perucTp KOMaHg
) Tpurrep ]

|

1 ANy MamaTe gaHHbIX
Oewwndpatop

- : . —_——t KomMmaHg

CuyeTunk komaHn

— AnpecHasa namaTo

LUwHEl yIpaEREHWUA

Cxema ynpasneHus

T

BeoOb-BLIBOAL yNpasneHns

AfpecHsie BbiXOabl
{16 6uT)

Puc. 15.17. ¥npouienHas cTpykrypa mukponpoueccopa SAB 8080A.

IIpousBonuTeNn NMPUBONAT B HOKyMeHTalUM OJ0K-cxeMy Tpoueccopa SAB
8080A (puc. 15 18).

Ha cxeme m3o6paxeH psio HONOJHHUTEIbHBIX OJIOKOB, HampumMep Oydep juis
NAaHHBIX U aapecoB. bydepa — 3T0 mMpoMexyToyHas maMATb. [lamMATh JaHHBIX
pasjielieHa Ha MHOXECTBO PErMCTPOB, KOTOPHIE BHIOMPAIOTCHA MYJIBTHILIEKCOPOM.

Best 3Ta cxema cobpaHa B OMHOM KPEMHHEBOM YHIIE pasMEpPOM 5 X 5 MM.
CeroaHs 3TH IPOIIECCOPHI CTOSAT CPABHUTENIBHO JEIIEeBO.

Kak cpnenars cucremy ynpapiaeHus Ha 6a3e mukpomnpoueccopa SAB 8080A?
C oIHMM MHKPOIIPOLIECCOPOM CHCTEMY YTIPAaBIEeHHs clenaTh Henb3s. JlonmomHu-
TEJBHO TPeOYIOTCA: TAKTOBBI reHepaTop, MOAY/IM BBOJIa—BBIBOJA, MOAYJIM MNa-
matu O3V, 113V, TII13V nns nporpaMM M JaHHBIX, 00K ITMTAHHA.

15.6.3. [lononHuTeNbHbLIE MOAYAU A9 MUKPOMPOLLECCOPOB

Muxkponpoueccopsl (MII) ynpasnsiiorcsi TaKTUPYIOIIMMHU CUHXPOUMITYJIBCAMMU.
TpebyeTcsi MUHUMYM OIWH TAKTUPYIOIIMII CUTHAJ, HO YacTO MCIONB3YIOTCH U
nBa pa3Hbix TakTa. Hekoropeie MIT MMeloT BCTPOEHHBIN TeHepaTop, HO Yallle K
HHUM TMOJAKIIOYAIT JONOJHUTENbHbIE MOMYJIH, KOTOPHIE TIPOU3BOAST HEOOXOMHU-
MBIE€ TAKTOBBIE UMITYJIBCHI.

Jdna MIT SAB 8080A B kauecTBe BHELIHEro reHepaTopa UMIYIbCca peKOMEeH-
noBaH SAB 8224. OH moctaBnsiercst B 16-nuHoBoM DIP-kopriyce M comepxur
KBapLEBBIH OCLWLUISITOP, YNPaBIsieMblii BHELIHMM KBaplLEBHIM I'eHEpaToOpOM.
YacToTta kBapua onpenenseT ckopoctb pabotsl MII. Tunosoii spnsercsa yactora
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15.6. Muxponpoyeccopot 4\_)

18 MI'u. Konebanus ocipuisiTopa npeodpasyloTcs B MeaHIp, ¥ 4acToTa MeaH -
pa nenutrcs Ha 9. ITonyuaerca paboyas yactora 2 MI'.

Ilokoneska monynsa SAB 8224 u ¢opma TakTOBOro curHajga NnpHuBeleHa Ha
puc. 15.19. JlononHUTENBHO K TaKTaM MOIYJb IIPOM3BOINT YIIPaBISIONIAE CUT-
HaJIBl, HAIPUMEP CHTHAJ O BKJIIOYEHMH HAIpPSDKeHUS] MUTAHUS.

Jlnsi BBOMa—BBIBOMIA TAHHBIX TAKXe HEOOXOMMMBI JOTIOTHUTENBHBIE MOTYJIH.
OuH HassIBaloOTCH 0JI0KH BBOJa—BbIBoaa (aHrn. I/ O-monyiu, Input/Output-mMo-
nynu). OHM MPUHUMAIOT JaHHBIE B MPOMEXYTOYHYIO mamAaTh (6ydep). [Tpu BBo-
Jie OHM IIPOU3BOISAT CHTHAJEI YIIPABICHHS, ¢ TIOMOIIBI0 KOTOPBIX MHKPOIIPOLIEC-
cop paboTaeT 10 TeX TOp, TIOKa He 3aKOHYMUTCS BBOJ AaHHBIX. BiIOKM BBOma—
BBIBOZIA YaCTO COMEPXKAT TAKKE MOIYJIb BHIOOPKH. Ec/Ii JaHHBIE CUUTHIBAIOTCS C
MUKpoIpolieccopa, 6JI0K BBOJJa—BBbIBO/Ia BHIOMpPAeT HyXXHbI€ NaHHbIe. 11 MUK-
ponpoineccopa SAB 8080A uMeloTCs B HAIMYKMM pasjiMYHbIe OJIOKM BBOJAA—BBI-
Boja. Yacro ucnonb3yercs Moayin SAB 8212.

Llokoneeka 0603Ha4YeHNne BbIBOAOB
! 16 RESIN Beon cOpoca
RESET ] — [0 Ve P
N RESET BuiBop, cOpoca
PEEN o RDYIN Beop rotoBHOCTH
RDYIN [ (] XTAL2 READY BLiBOA rOTOBHOCTM
READY [] ] TANK SYNC Beof curHana CUHXpoHU3auuu
sYNC [ ] osc STSTB MNepepnaya ynpasnenus (Low akTueeH)
@1
@2(m) O 0 21 Taer 1 FeHepaTop UMNynLcoe ana SAB 8080
STSTB [] [ @2Takr 2 B2
XTAL 1 MopknioyeHne BHELLHEro KBapLesoro
GND ;: :]g Voo XTAL 2 reHeparopa
TANK BBopg KBapLUEBOro reHeparTopa BbICLUMX
rapMOHMK
0sC BwiBOA pesoHaTopa
FeHepaTop CUHXPOUMNYNLCOB
@2 (TTL) (TTN-ypoeeHb)
Ve Hanps»xeune nutanma +5 B
Voo HanpsaxeHwne nutanna +12 B
GND 3emna (0 B)
1 HUAUE = +
1 || 2 SAnRILE = rora peaoHaTopa
@1 ! TakT 1
|
T T T T i [ Takt 2
1|2|3|4ls1|21
Py p— L
MNpumep: SAB 8080 ¢, (Nepvon cuHxpoumnynsca) = 50 Ho
0sC = mlMu/55 He
a1 = 110 Hec (2 x 55 HC)
@2 = 275 He (5 x 55 He)
@1—o2 =110 Hc (2 x 55 Hc)

Puc. 15.19. Llokonepka TakToBoro reneparopa SAB 8224 u ppeMmeHHBIe AMarpamMmel (Siemens).
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OdeHb BaXXHBIMH JOMOJHHTEbHBIMM MOIYJISIMM SIBJIAIOTCS OJIOKH IaMSATH.
MoHo ITocTaBUTh KOO0 THIT MaMATH JormycTuMoi emkoctr: O3V, T3V, TITT3Y.
MaxkcuManbHO JOMyCTUMast eMKOCTb ITaMATH COCTaBJISeT Ui MUKpoTIpolieccopa
SAB 8080A 64 Kw100aiiT, TAaK KaK MHKPOIIPOIIECCODP HMEET Beero 65 636 pazmma-
HBIX aJIpecoB.

BueurHue 6J10KHA NMaMSTH TaK BaXHBI, [IOTOMY YTO BHYTPEHHHMI1 00beM namsi-
TH MUKpOTIpoleccopa OTHOCUTEAbHO HEBEJIHK, TAK YTO MPOrpaMMbl U JaHHBIC
06paboTKM JOJKHBI COXPAaHAThCS BO BHELIHMX MOLYJIAX.

B KayecTBe BHeIIHel MaMATH MOXHO MCIIONIb30BAaTh TAKXKe JIEHTONMPOTX-
HbIe YCTpOicTBa (1 pOBBIE KACCETH) M MArHUTHBIE AUCKH. JUIST MOAKITIOYEHHUS
NOJOOHBIX YCTPOHCTB HEODXOIMMBI MOJIYTH HHTEep(delicoB, KOTOpHE Mpeodpa3o-
BBIBAIOT JaHHbBIC OIpeelleHHBIM 00pa3soM M IIPOM3BONAT YIIPABJISIOLINE CUTHA-
Jil. OHM JOJKHBI NMpeoOGpa3oBaTh, HANPUMEDP, NMapalIeJIbHO BbIIAHHbIE 8-O6HMTO-
Bbl€ IAHHBIE MUKPOIIPOLIECCOPA B MOC/IEIOBATENIBHYIO (POpMY, KOTOPYIO BOCITPpH-
HUMaeT HAKOIMUTENb Ha MAarHUTHBIX JUCKaX.

IIpumeHeHuUe GII0KOB BBOOa—BbIBOMIA, OIOKOB maMsATH U UHTepdeiicoB Tpe-
OyeT CUTrHAJIOB YIIpaBJIEHUS, KOTOpPble MUKPOIPOLIECCOP HE MOXET IOCTABIATH
nojiHocTelo. 1o 3T0il NpryKMHe B KayecTBe NaNbHENIIEro TOMOJIHHUTENBHOTIO MO-
JyJis BO MHOTHX cJIydasix TpeOyeTcsi cucTteMa yiparieHHsa. Takoit MOAylb Tpo-
M3BOJIUT BCE CUTHAIBI, KOTOPBbIE HYXXHBI U1 MOUKITHOYEHUs AOIOJIHUTEIbHBIX
momyieil. OH 4acTo TakXKe CONEPXHUT TaK Ha3biBaeMbIN ApaiiBep mmnsl. [IpaiiBep
LWUAHEI SIBJISIETCS YCWIUTENIEM UISL CUTHAJIOB, KOTOPBIE MTOJAIOTCS B LUHHY.

Cucrema ynpaBneHusi SAB 8228 pa3pabarwsiBasiach AjIsi MHUKpoIpolieccopa
SAB 8080A. Ona conepxuT 8-OMTOBBIIT NBYHaNpaBIeHHBIH TpaiiBep IUHBI. YTIpaB-
JISTIOIIasl CHCTeMa BBIIaeT Bce HeoOXOAUMBIE CHMTHAJBI YIIPaBJICHHS W elle I0-
MOJTHUTEJIbHBIE CUTHAJIBI YIIPABJICHUs! JUIsI NIPEPbIBAHMIA MPOTrpaMMBbl M IS TIpU-
MEeHEeHHsI MHOr00aiTOBBIX KOMaHI. MHoroGaifToBele KOMaHIbl — 3TO KOMAaHIIbI,
KOTOpbIE UMEIOT [UIMHY CJIOBa JiBa MJIM Ooblilie DalT.

15.7. MukpokoMneloTEP

Ecny coequHUTHh MHKPOIIPOLIECCOP ¢ HEOOXOMMMBIMH JOTNOJIHUTENBHBIMH MOAY-
JIAMH, TTOMYIHTCS MUKpoKoMIbioTep. HekoToprie TOMOMHHUTENbHBIE MOTY/IH BCE-
I7ia HeOOXOMHUMBI — TaKWe KaK TAaKTOBBIM reHepaTrop M mamsThb. JIpyrue momoi-
HUTENbHbIE MOIYIH BHIOHPAIOTCS B 3aBHCUMOCTH OT BBHITIOJTHSAEMOM 3a1aqu.

MuKpoOKOMNLTEP ABNRETCA CUCTEMON, COCTOAWEH W3 MUKponpoueccopa u
LOMOAHUTENbHBIX MOAYNEN.

MMUKPOKOMMBIOTEPBI 4Yallle BCEro CTPOATCS Ha OMHOM Tuiate. Takas ruiara
MOXET COIepXaTh, HAIIPUMEP, CIEIYIOIINEe MOIYIIH:

Muxkponpoueccop: SAB 8080A

TaxkroBwiii reHeparop: SAB 8224

TITI3Y: SAB 8708

O3Y: SAB 8111-2

1/0 monynu: SAB 8212

Cucrema ynpasneHusi: SAB 8228

KBapuesblii reHeparop [Uisl TAKTOBOTO IeéHeparopa.
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CxeMa Takoro MMKpOKOMITbIOTEpa NpHBeAeHa Ha puc. 15.20. [1luna manHbIX
ot SAB 8080A upger K cucreMe yrnpasieHus SAB 8228. 3aecs Bxoaaiue u UCXo-
IsinMe JaHHble yeunuBaloTcsl. IIIMHBI JaHHBIX SIBJISIIOTCS 8-OMTOBBIMM JBYHA-
IpaBJIeHHbIMH.

IIunoit ampeca spnsgerca 16-6GuToBas onHOHAMpaBlieHHas IMMHA. Anpeca
MOCTYNAlOT BCeraa OT MHKpornpoieccopa. K 1IMHe JaHHBIX M K NIMHE aapeca
ITOJKJTIOYEHBI YCTPOMCTBA BBOJa—BBIBOIA M OJIOKH TIaMATH. YTIpaBJIeHHE IIPOKC-
xonut ot MomyJsist SAB 8228. B REPROM nomxHsl 66ITh COXpaHEHBI OTAENIbHBIE
KOMaHIIbI, KOTOphIE HYXHO 3alyCcKaTh IO OYepenu, T. €. MporpaMma paGoThl.
HeobGxomumeie nanubie BBojsites u3sHe B O3Y. Tenepes MII roros peinars 3aia-
YH YIIpaBJIEHUs WIK cYeTa. Pe3ynbTaThl OYIYyT COXpaHEeHBI B ONePaTUBHOM MaMs-
TH M TIO XENAaHHUIO BhIBEEHbl HA BHELIHUE YCTPOHCTBA.

ITporpaMMupoBaHHe MHUKPOKOMITbIOTEpPA TPeOyeT MIHUTEIIbHOM IMPaKTHKH.
K coxameHuio, Kaxablii THIT MUKPOIIPOLIECCOPA UMeeT CBOM KoMaHIbl. [loaToMy
pexoMeHpayeTcsi BoIOpaTh 1 Hadana onwH MII u cHavana paGoraTh TONBKO C
3TUM THMIIOM MHKpoIipouneccopoB. Ilociie oBnageHHsi cUCTeMOil KOMaH OIHOIO
tuna MII nepexon Ha APYroil TMII OTHOCUTENBHO IIPOCT.

ITpoussomgurenn MII npeanaraoT moMOIs NPH U3YYEHUH TIPOrpaMMMpPOBa-
Hus1. UMeetcsa Gonbiioe YHCIo yueGHBIX MUKPOKOMITBIOTEPOB, ¢ KOTOPBIMH MOXHO
BpipabaTHIBaTh HABBIK IpOrpaMMHpOBaHUs. PekoMeHIyeTcs IMocelleHHe y4ed-
HOTO Kypca.

MHUKPOKOMIBIOTEPLI MOTYT COGHPATBCsT U3 MUKPOITPOLIECCOPOB M Pa3sHOOD-
Pa3HBIX JAOMOJTHUTENbHBIX MOJVIIEH.

MoxHO BBIOMpPaTE pa3HOOOPa3HbIe JOMTOTHHUTEIBHBIE MOAYJIH M BAPbHUPOBAaTh
THUIIBI U 00beMBI ITaMATH, YTOOBl JOCTHIHYTH ONTUMAJbHON KOH(UIypauun Ui
peuieHHs ITOCTABJIEHHOM mnpobseMbl. s 3TOro NMpoW3BOAMTENW TIpeLIaraioT
OlIeHOYHEIE€ MOIYJIH, KOTOPbIE 3HAYMTEJIRHO YTIPOILIAIOT TIPOEKTHO-KOHCTPYKTOP-
CKHe paboThi.

HnrepecHoe pemenyre npobyieMsl NPENCTABISIOT 1-9UII0OBBIE MUKPOKOMIIBIO-
Tepbl. B €IMHCTBEHHOM YHIIE HHTErPHPOBAH MOJIHBII MUKpoKoMITbioTep. He Hano

A, —A

AppechHas u.ls‘maw-
HOLD —- - =] J\/l
INT ———a= INTE
REPROM RAM E/A-monyns
SAB 8708 SAB 8111-2 SAB 8212
SAB Cwcrema
8080 ynpaBneHus

D~—D,
WR

-—= READY DBIN
RESET = HLDA
SYNC

1]

@1 o2 .

] SAB STSTB
8224 —

(SR Z2TIL

WAIT REQ ——{ [esepatop |——= OSC

RESET - ¢ UMNYNLCOB
ED):‘

LI.Ilea ,ﬂ,aHliblK >

Beoab
e e e Bueoau

Puc. 15.20. CtpykTypa MHKPOKOMIIBIOTEDA.
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JyMaTh O DOTIOJIHMTEJIbHBIX MOMY/IAX, Kak Ha puc. 15.20. Cucrema cobpaHa IoJi-
HOCTBIO. 1-4HUNOBBI MUKPOKOMITBIOTED JIOJDKEH CONEPXaTh BCe HEODXOIMMOE.

Yto dakTHYecKH COmepXUT Takoi MUkpokomibiorep? Ilpexne Bcero mHre-
PecHO, KaKylo NMaMsaTh OH UMeeT U KakoB ee 00neM? EciiH paccMOTpeTh Haxous-
LIMIACSA HA PBIHKE |-4MITOBBII MHKPOKOMITBIOTED, HampuMep, TMS 1000 mpous-
pojcTBa Texas Instruments, TO BBISICHUTCSA, YTO 00beM nmaMaTu Majl. Ilpumense-
Masi B HacTosIIlee BpeMs INIOTHOCTh MHTErpalliM He NOIyCKaeT O0blrie 00beMBl
namsaTH. Takxke MUKpPOIIPOLIECCOp ABISETCA BCETO JIMIIB 4-0MTOBBIM MHUKpPOIIPO-
ueccopoM. M3 aroro crnemyer:

1-4MMNOBbIE MMKPOKOMMBLIOTEPLI NPEAHA3HAYEHL! B HACTORALWEE BPEMA TONbKO
ANs NPOCThIX 3aay yrnpasneHms.

Onu HegocTaToyHO (nekcHubeNbHbl, T. €. He JOIMYCKAIOT PACUIUPEHMST JJIst
pelIeHus CIOXKHBIX 3a0a4.

IInoTHOCTH MHTErpallid MHUKPOCXEM PACTET C KAXKIBIM TOAOM. 3HAYUT B Oy-
ayleM l-4MrnoBsle MUKPOKOMIIBIOTEPHL OYyOyT HMeTh Oonblue oObeMBI ITaMATH
H 1IpHOOpeTYT OoNblIee 3HAYECHUE.

KOHTPONbLHLIA TECT

1. O6BpacHuTe cTPYKTYPY AJIY.
2. Kakoe nmpeuMyIecTBO MMeeT NepeKkoAupoBaHHe 6 BXOMOB yIpaBieHUs
AJIY Ha 4 Bxojga ynpaBieHus?
3. Yro Takoe akkyMmyasaTop? OnMuIKMTe IPUHLMIT AeHCTBHS.
4. M306pasute cxeMy akkymyssitopa ¢ AJIY, perucTpaMu U IIaMsSTBIO Ilepe-
Hoca.
5. CkonbKo pa3NWYHBIX KOMaHI MOXHO nepenarb 4-6MTOBBIM MomyjieM?
6. OGbACHUTE TPUHLMUII AEHCTBUS aKKyMYJISITOPA € MaMATBIO C MOMOUIBIO
cxeMbl Ha puc. 15.11.
7. YeM oTiaMyaeTcss MUKPOIPOLIECCOP OT MUKPOKOMIIbIOTEpa?
8. Uto o3HavaioT 0bo3HaueHHs: 4-OUTOBBIIT MHKPOIIPOLIECCOD, 8-OMTOBRIM
MUKpoIipoleccop, 16-0MToBBIH MHUKpoIpoueccop?
9. Ilo KaKuM TeXHOJIOTMSM MPOH3BOAATCS MUKPOIIPOLIECCOPHI?
10. Yo moHUMaIOT 1Ol HIMHOM JaHHBIX, IIAHOM ajapeca?
11. Muxkponpolueccop HYXIacTcsl B NOMONHUTENbHBIX MOmyJisiX. HasoBure
YeThIpe BO3MOXHBIX NOMOMHUTENBHEIX MOIYNA.
12. Yro Takoe 1-4MITOBBIIT MUKPOKOMIIBIOTED, YTO TAKOe 1-IUIATHBIM MUKPO-
KoMIIbIOTEpP?
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NPOrPAMMUPYEMBIE
NNOM'MYECKUNE CXEMbI

C pa3BuTHEM MHTErpaJbHBIX MMKPOCXEM BO3HMKIIO XeJIaHMe IIPOrpaMMHUpPOBaTh
WX JUIl BBIMOJIHEH M CIIELMAIbHBIX 3a1a4. [IpoeKTHpOBaHHE MHKPOCXEMbI OTHO-
CHUTEIBHO JOPOro H OKymaeT ceOsi TOJMBKO MPH MPOU3BOACTBE GOJBIIOro KOJIMYe-
cTBa MHKpocxeM. B Hacrosiliee BpeMs pa3paboTaHBI MHUKPOCXEMBblI, KOTOphIE
MPOTPAMMUPYIOTCS IIPOM3BOMUTENEM WIH CAMHUMM TOJIb30BATEIISIMM.

16.1. Jlornyeckue cxembl,
nporpaMMmnpyemMble N3roToBUTENEM

HsrorosieHrne MHUKpPOCXEM MPOMCXOAHWT IOCPEACTBOM pslla TEXHOJIOTMYECKMX
onepanuii. [Tocire MOAroTOBUTENLHOM CTAAUH Pa3padbaThIBAIOTC TPAH3UCTOPHbLIE
Kackaabl. 3aTeM OHM COOMPAIOTCS B IOTHYECKHE CTPYKTYPhL. 3aTeM NPOU3BOISAT-
Csl PE3UCTOPHI M CBSA3M MEXIY JIOTHYECKMMH CTPYKTypaMM. M3roroBieHue Ha-
IIOMHUHAET NnposiBieHne Gororpaduu ¢ MOMOUIBIO TaK Ha3blBaeMBIX MAacCOK.
Macku — 3TO CTeK/ISIHHbIE IUIACTHHEL, HEMHOTO OoJblie, Y4eM KpeMHMeBbIe I1Jia-
CTWHBI, HA KOTOpble HaHeceHbl (oTorpaduyecKd yMEHBIIEHHbIE JTOTHYECKHE
CTPYKTYpBl. OHM NMEepPeHOCATCS] Ha MOJYITPOBOAHUKOBBIE TUIACTUHBI ¢ MTOMOIIBIO
CBETOYYBCTBUTEJILHOIO JlaKa, OCBENICHUA U HAIbUIEHHA.

CxeMbl ¢ OONBIIUMY JIOTHYECKHMMU CTPYKTYPaMHM Ha3bIBAIOTCsl NPOrpaMMuUpY-
€MbIMH BEHTWIbHBIMH MATPHIAMH. BeHTW/IbHbiE MaTPHLbI — 3TO CXEMbI-IIONY-
(abprkarp. MMerommecst Ha HUX BEHTHWIHN (JIOTMYECKHUE 3JIEMEHThI) MOI'YT ObIThH
COEIUHEHBI IPYT C APYrOM TIO XeJIAaHHIO TToJib30oBarelis. JIWHHH CBA3U TPOU3BO-
JIATCA MacKaMH. DTO Ha3bIBAalOT MACOYHBIM ITPOTrPAMMHUPOBAHHEM.

BenTHiM MOryT 6bITH COOpaHbI Ha TIOJNYITPOBOAHUKOBOI NMIACTMHE B HEKOTO-
pble HA0OPBI CXEMHBIX JIEMEHTOB, Ha3bIBa€MbIX CTAHNAPTHBIMA AYeHKaMH. DTH
A4eHKH 3aTeM coOupaloTcsa B Ooyiee cIoXHBIE cXeMbl. CxeMa IporpaMMupyercs
IIPOU3BOIUTENIEM W HA3bIBAETCS CXEMOM, OPMEHTHUPOBAHHOM HAa KOHEYHOrO 3a-
Ka34MKa.

Ecnu norpebuTenio Hy>KHa MHUKPOCXE€Ma C OIpeae/IeHHBIMU CBOMCTBaMHU, TO
IIPOM3BOUTESb BHIOHPAET MOJYIPOBOTHUKOBYIO IUIACTHHY ¢ HEOOXOIMMBIM KO-
JIMYECTBOM TPAH3HUCTOPOB, COOpaHHBIX B cTaHAapTHHIe s4yelku. Pa3paboTdymk
MIPOEKTUPYET MACKy ¢ HEOOXONMMBIMH JIOTMYECKMMH CBSI3IMH. C ITIOMOIUBIO 3TOMH
MacK{ HM3roTaBlIMBaeTcsi HeoOXoluMmas HHTerpajbHas MHKpocxeMa. B 3aBHUCH-
MoCTH OT (HYyHKIMI MHKPOCXEeMa BCTPaMBAaeTCsI B KOPITYC, KOTOPKIit uMeeT oT 16
1o 144 BeiBonos (puc. 16.1).

MaTpuuHble kpucTannbl, HA30BLIE SYENKKU 1 CXeMbl, OPUEHTUPORAHHLIE HA KO-
HEYHOro 3akasuwka — 3To pasHoBmaHocTu ASIC mukpocxem (Application Specific
Integrated Circuit).
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HDIP PDIP
16—64 BuiBoaa 16—48 swiBonoB

QFP PLCC
64—160 swBOOORB 28—84 swiBOAa

PGA
68—144 swBoga

Puc. 16.1. Tunuunsie ASIC-xopnyca, ot 16 no 144 seieogos (pin).

ASIC uMmeroT Gonplilie NMpenMylllecTBa. bonbillas Jormyeckas cxeMa MOXeT
OBITh pa3MellleHa Ha MaJieHbKOM ITpocTpaHcTBe. OcoOeHHO BBICOKYIO TUIOTHOCTh
pasMelleHUs1 MOXHO JOCTUTHYTE ¢ N-MOII-texHonorueii. KpoxoTHele rabapu-
Thl TPAH3MCTOPA U KOPOTKME COETUHEHUS NPHBOIST K BBICOKOMY OBICTpONEHi-
CTBHIO. DHepronorpedieHrne OTHOCUTEIBHO MAaJlo.

IIpumenenune ASIC s3xoHOMHYECKM BHITOOHO NPU YCIOBUM M3TOTOBJICHUS
naptuu 6onee 5000 wtyk. IIpu MeHblIEeM KOJIMYECTBEe eMMHHUYHAsA CXeMa IoJy-
4aeTcsl OYeHb JOPOTroii.

O6bryHO paszpaboranHHas st KiveHTa ASIC mpHHAIIEXUT UMEHHO 2TOMY
KIMeHTY. TOJIBKO OH MOXET ee MCIIOJIB30BaTh ¥ MMeeT, TAKHM 00pa3oM, MOHO-
nonuo. OgHako yacto roroBele ASIC nmo HOroBOpeHHOCTH C 3aKa3uMKOM HC-
TONB3YIOTCA JpYTUMU GHpMaMU. BTO BBITOTHO JUISI BCeX YIACTHHKOB CHENIKH.
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16.2. Jlornyeckme cxemsbl,
nporpamMMmpyemMbie notpedburenem

ITpuMeHsIs JIOTMYeCKUe CXeMBI, POrpaMMUPYeMbIe M0JIb30BATEIEM, MOXHO CHIb-
HO COKpaTHTh BpeMs Ha pa3paboTKy. BBHIMyCK MasibIX MapTHii CTAHOBHUTCS KO-
HOMMYECKH LIEJIECOOOPA3HBIM.

Noruyeckne cxemebl, NporpaMmupyemeie notpebutenem, HasbiBawTcs PLD
(Programmable Logic Devices) — nporpaMmmmpyembie Nornyeckne ycTpoicTea.

Hapsimy ¢ 3THM CylleCTBYeT MHOXECTBO (PMpPMEHHbIX 0003HaYeHHil, KOTO-
puie OyayT paccMoTpensl gansie. Hekoropeie npousBoauTeneii orsocsar PLD k
ASIC. Ognako B ocHOBHOM moJ IMoHATHeM ASIC moHMMAIOT cXeMBbl, Tporpam-
MHpYEMBIE MOJIb30BATE/IEM.

16.2.1. OCHOBBI

Kak yxe U3BECTHO, JIOTHYECKUE CBS3M JIF0OOH CXeMbl MOIYT OBITh BHIPAXEHBI B
HopManbHoi ¢opme MIIU, 1. e. mornueckoit cymmel MJIW moaHBIX KOHBIOHK-
it (eMm. . 5). JIna cXxeMBl C JBYMS BXOOHBIMH IT€PEMEHHBIMH I10Jy4alOTCs
YyeTbipe MOJHBIX KOHBIOHKLMM (puc. 16.2).

Cxema Ha puc. 16.2 coaepXuT nporpaMMHUpyeMblie CBSI3H, 0003HAaYe HHBIE KO-
COll 4epToil. DTU CBA3M SBAAIOTCA HenmpoBoasauwimMu. Ilposoasiimne cessu 06o-
3Ha4YeHbl KpecTOM. B cxeMoTexHHMKe B 0011IeM MCIIONb3YIOTCS YCIIOBHBIE 0003Ha-
YeHMs KakK Ha puc. 16.3.

‘ MonHble
[ KOHBIOHKLMKA

n bl > bl

> o> > >

o o

Puc. 16.2. KombuHaTopHada cxema C IBYMSA BXOAA-  —f-— 4
MH, NPOrpaMMHpyeMas.

NepecevyeHue Teepaas, Mporp Py n Mporp Py
MAHWIA, HEM3MEHAEMAn  y3en, 3aKpbiTbil, y3en, 3aMeHyT,
CBA3W HeT CEA3b HE& nposoauT npoBOAWT

Puc. 16.3. I'paduyeckue ycaoBHbIe 0003HAYEHHA COCTOAHHIA Y3/10B.
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Ha cxeme (puc. 16.2) xaxapiil aneMeHT M MoOXeT IMpOM3BOAMTEH IOJIHYIO
KOHBIOHKIIHIO. YeThipe NMoJHbIE KOHBIOHKIIMA BO3MOXHBI MPH JIBYX BXOIHBIX
nepeMeHHBIX. TakuM 00pa3oM, CyIEeCTBYIOT BC€ BOZMOXHBbIE HOpMaJIbHEIE (op-
mbl MJIU. B o61ieM, u3 cxeMbl Ha puc. 16.2 HyXKHBI ToNbKO TpH M-31meMenTa,
TaK Kak HopMaisHast ¢ropma UJIH, o6pazoBaHHAas W3 YeTHIPEX MOJHBIX KOHBIOHK-
M, IaeT B HTOre, KaK M3BECTHO, 1.

Ecnn no cxeme MOXHO COCTaBUTb BCE BO3MOXHbIE HOpPManbHbie Gopmbl TN,
TO C 3TOW CXEMOI MOryT NPOV3BOANTLCA BCE BO3MOXHbBIE NOMMYECKUe onepaumu.

CocraBuM 1o puc. 16.4 cxeMy skBuBasieHTHOCTH. Kak nporpamMmmuposars?

Bepxuuii U-ameMeHT nomkeH npou3Bonuth A A B, cpenumit — A A B. Ilporpam-
MHPOBaHHE COCTOMUT B TOM, YTOGHI NMPAaBUJILHO MEPEMKHYTh JIMHUY YTIPABTEHHS.

TamM, rae nosxHa ObITE TPOBOASAINAS CBA3b, CTaBUTCA KpecT. Tperuit M-3me-
MeHT He HyXeH. Ero MoxHo oTkmouuthk oT nmutanus. CymectByior PLD, B xo-
TOPOM [10CJIe U3TOTOBJIEHMS BCe nepeceyeHust npoposimue. B rakux PLD mpu
MPOrpaMMHPOBAHUM INIEKTPUYECKH Tepexuraiorcs nepeMbiuku. [locie nmpoxu-
raHus IpOrpaMMHpPOBaHHE CYMTaeTCA 3aBeplieHHBIM. [lepenporpaMmMmupoBanme,
€CTECTBCHHO, CTAHOBHTCSI HEBO3MOXHBIM. IIpu kpynHoii ommbke mporpamMMuc-
Ta MOIYJIb MOXHO BBIGPAcHIBATD.

B MecTax mepecedeHMsi MOTYT TaKXKe€ HaXOAHUTHCS ITOJIEBBIE TPAH3HCTOPHI
FAMOS-FET (cM. pa3n. 12.6). Ecnu 3aTBOp Takoro TpaH3UCTOpa 3apsiXeH, TO
y3en npoBonammii. Ecim paspsixen, To y3en pasopBaH. Paspsaka 3aTBopa MoxXeT
OBITH ITPOM3BEHEHA YNBTPA(hUONETOBEIM CBeTOM. Yepes OKOIIKO B Kopryce 00-
JlyyaeTcsi Bcsl MUKpocxeMa. Bce 3aTBOpHI paspsoKaloTcest. DTOT crmocob mporpaM-
mupoBaHua aHanorudeH CIIII3Y (cTtupaeMoe nporpaMMHMpyeMoe MOCTOAHHOE
3aIIOMHMHAIONIEE YCTPOHCTBO).

Crupaemsle ynsTpadpuonetom PLD HaswiBaloTes EPLD (Erasable PLD; anrn. ctu-
paembie PLD).

EPLD MoOXHO nepenporpaMMHpoBaTh CKOJIb YTOXHO YacTo. IIporpammMupo-
BaHHe NPOM3BOJUTCA IIOCPEICTBOM 3apsia OIpeNe/ICHHBIX 3aTBopoB. HemasHo
nosiBwiMch PLD, KkoTopble MOXHO ITPOrpaMMHUPOBATh JICKTPUYECKUMH UMITYIIhb-
camu. Oty PLD HaswiBalorca EEPLD (Electrical Erasable PLD, snexrpuyecku
crupaembie PLD). Yacto ucnonw3yercs takxke obosnauenwe E’PLD. EEPLD
ycrpoeHbl aHamoruyHo EEPROM (pasn. 12.6.2).

Puc. 16.4. PLD-cxema HCKJ11O-
YAIOIIETO HUJIH.
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Mporpammuposanue EEPLD npou3BoanTca 9NEKTPUYECKUMW UMMNYNLCaMN.
B0O3MOXHO 4acTUYHOE CTUpaHue siveek. Heoba3aTensHO CTUpaTh BECH MOAY b,

TIpon3aBogumeie B Hactosinee EEPLD Moryr nepenmporpaMMHpOBAaThCs, MO
JIaHHBIM IIPOU3BOIUTENIA, MUHMMYM cTO pa3. 3apsn 3arBopa FAMOS-FET ouens
cTtabwieH, T. €. 3aTBOP OYeHb XOPOLIO HM3OJIMPOBAaH. 3amporpaMMUpOBaHHBIM
MOZYJIb JIOJDKEH XpPaHWTh MH(MOPMALMIO, 110 JAAHHBIM IIPOM3BOJUTEIS, JECHTh
net u Goiee.

IIpu rpadpmueckom u3zobpaxkenuu PLD-cxeM NpUHATH! YCIOBHEIE 0003HaUe-
HMS cornacHo puc. 16.3.

Tunuynaa PLD-cxema mpeacrasiaeHa Ha puc. 16.5, a. CxeMa cocrour H3
H-cBsasu, Taxoke HaspiBaeMoit U-marpuuieit (AND Array) u U -cBsizu (TN -mar-
puua; OR Array), obe nporpaMmupyembl. Bece nporpaMMupyeMBle CBSI3U BEITIONTHE-
HBI TIPOBOSIIIIMH.

Marpuua W Matpuua UK

O
I
1
X

{z]
P 28— | L
ou
a
L, 4
#
k
*
x_..-..
=1

Puc. 16.5. PLD-cxema:

a — OAHOXWABHLIE NPOBOAA; 6 — MHOINOXHJbHEIE [POBOAA.
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ITporpaMMHpOBaHuEM CBsI3eH MOTYT NMPOM3BOAUTLCS JIOTHYECKHE OTIePALIMH.
Cps131 pasfessIioT B COOTBETCTBHH C 3asiBJICHHBIMM HOpMasibHBIMU hopmamu UJTA
WIH IPYTHMH YPaBHEHMSAMHU aJreOpbl JOTHKH M TOJIYYAIOT HYXHYIO JIOTMYECKYIO
cxeMy. HeHyXHBbIe 3JIeMEHTHI BHIKITIOUAIOTCH.

Hnst PLD ¢ 60apIuM KOJIMYECTBOM 3JIEMEHTOB IMOJIyYaeTcss MHOTO MPOBOJI-
HHKOB, KOTOPBIE YCIIOXHSIOT YTeHUe cxeM. YTo6b! yAyYIIHATE HAMISIIHOCTE, TIPO-
BOIHUKY M300paxkaloTcs KakK IIMHBI, KaK MpeACTaBlIeHo Ha puc. 16.5, 6.

B PLD ¢ Bonblwum KONMHECTBOM MNPOBOAHWKOB OHW M300paXaloTca Kak LWWHbBI.

SIcHo, HanpuMep, yTo M-31eMeHT ¢ TpeMsl BXOZaMH MMEET TaKXKe TPH BXOJI-
HbIX IIpoBoaa. IX MOXHO 0003HAaYMTh IMMHOM M3 TPeX IPOBOIHUKOB, C KOCOM
geproii 3, Kak u3obpaxeHo Ha puc. 16.5, 6.

16.2.2. PAL-cxembl

Cokpawenue PAL ob6o3Hayaer Programmable Array Logic (mporpamMmupyemast
MaTpuyHas Jiorunka). Obo3HaueHne PAL ucnonk3yercd NMOBCEMECTHO, OIHAKO
SIBJIIETCA TOBAapHBIM 3HakKoM ¢dupmsel Monolitic Memories.

PAL-cxeMbl UMEIOT nporpammMupyemyio nonbaosartenem M-martpuuy m Gukcu-
posaHHyio UNTN-matpuuy.

A 8 [# D E F

oy

(=N

A A

BxoaHoi
ycunurens by

[

L=

abshs

Q Q e, q

3 2

Puc. 16.6. PLD ¢ nporpammupyemoii M-martpuueit (PAL-cxema).
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IMpuniunuansHas PAL-cxema npencraBieHa Ha puc. 16.6. ITporpammupo-
BaHHeM 0003HAYEHHBIX KOCOM 4YepTOi Y3/I0B onpeaeicHHbIE BXOAHBIE CUTHAIBI
MOAKIIOYAIOTCA — B 3TOM cXeMe HX MaKCHMaJIbHO iecTh — K M-3nmeMeHTaM.
Kaxmpiit M-amemMeHT MMeeT miecTh BXOHOB (111€CTh TOPU3OHTAJIBHBIX ITPOBOIHHU-
Kk0B). Beixonwl nByx U-anemenros noparorcsa Ha UJIM -snement. C aToit cxeMoii
MOXXHO IIPOU3BOIUTE YEeThIpe Pa3IUYHBIX cBsI3u. OHM IEHCTBYIOT HA BBIXOAAX OT
Q, 1o Q,. HeHyXHbIe CBA3M OCTAIOTCS] HEMCIIONB30BaHHBIMM.

PAL-cxema Ha puc. 16.6 1o/DKHA IIPpOrpaMMHEpPOBAThCS TaK, YTOOBI BO3HUKIA
CBA3b COIVIACHO CJIeyloLeMy YPaBHEHHMIO:

Z=(ZABAEADAEAF)V(AABAC/\BAEAF).

Pemenue mokasaHo Ha puc. 16.7. Benmmuuna Z nocrymaer Ha Bbixon Q. O6bIu-
HO PAL-cxeMbl HIMEIOT MHOXECTBO BXOJIOB ¥ BBIXO/IOB, TaK 4YTO MOXHO OpraHu-
30BaTh OYEHbB CJIOKHBIE JJOTHYecKHe cBA3U. Yalle Bcero oHM paGoTaroT IIpH MOo-
JIOXKHTeNbHOI Jtoruke (H-akTuBHO). YacTo Ha BBIXOJAX HaXONATCH TPHUITEDHI, B
KOTOPBIX COXpaHAeTCA pe3ynbraT. Takhe cXeMbl MMEIOT TaK HasbiBAeMblii BBIXO/I-
HOIi perucTp. TakxKe BBIXOABI MOIYT IEPEKIIOYATECS HYXKHBIM 00pa3oM (KOMOH-
HaTtopHBI# Beixon, TRI-STATE-BsIx0A, BBIXOOHOH perucTp, BbIXOJ ¢ MHBEpCcHEH
CHTHAJIOB). BBIXOIBI TAKOM pasHOBMIHOCTH HA3bIBAIOT MPOrpaMMHPYEMBIMH BhI-
XOIaMM.

A B c D E F

£ L 2 2 L2 Lo

AABACADAEAF —£ H We—H H—H
6

"
N

AnBACADAEAE —.gt_)k_v—*( % JHJ(

L=

Eagacazac@céi.

B
o)

L

Puc. 16.7. [IporpamMmupyeMas PAL-cxeMma.



@D Iraea 16. [Ipocpammupyembie ao2uyeckiie cxembl

Ob6o3Hayenne PAL-Moaysiis paccMOTPUM Ha IpUMeEpe:
PAL 16 H 8

16 Bxoa0B [
ITon. noruka, H-akxTuBHA

8 BBHIXOMOB

Bmecro OykBbl H MOIYT HMCIIONbL30BaTbCsl ApYyrue OYKBBEI, KOTOpbIE UMEIOT
clieayIole 3HAYCHHST:

L — L-aktuB, oTpUliaresibHas JIOrMKa

R — BHIXOIHO# perucrp

C — IOMOJIHUTENBHBI BBIX0H (Mepexiioyaercss L-akTHUB, H-aKTUB)

P — nporpaMMHpyeMblii BBIXOJ

X — Beixog MCKIJIIOYAIOHIEI'O MUJIN (4yepe3 perucrp, CUrHaJlbl MOTYT
HHBEPTHPOBATLCS WIM HET).

Ha puc. 16.8 mokasana cxema monynst PAL 12 H 6. Monoyns uMeer 12 Bxo-
J10B. BXOnHble CMTHAJIBI YCWIMBAIOTCS BXOAHBIMH ycunureassmMu. Hapsny c He
HHBEPTHPOBAaHHBIM BBIXOJOM YCHJIMTEISI UMEETCSI HHBEPTHPYEMBIil Bhixoa. Bxom-
Hbl€ CUTHAJIBI MAYT Ha 24 BePTUKAJIbHBIX ITPOBOAHMKA M OTTYAA PaclpenesaioTcs
Ha U-anementol. Kaxngeiit M-anement nmeer 24 Bxoma. CiemoBaTelbHO, K
H-3nemeHTam noaxomar 24 xunsHble IMHB. JTa PAL-cxeMa oTHOCHTCS K Ma-
nbiM cxemMaMm. Ona nipousBomgutcs B 20-BbiBomHoM DIP-kopnyce. [Tporpammu-
pyeMble cBsI3u Ha puc. 16.8 He mokaszaHsl. I1lpu 16 M-sneMeHTax ¢ 24 npoBOIHH-
KaMM Ha KaxIblii mojiydaercs 384 mporpammupyeMseiX y3ia. Cxema Obuta Obi
O4YeHb OOJBLIOH M 3aIyTaHHOM.

PAL-cxeMBbl OTPEGIISTIIOT OTHOCUTENBHO Gonbinoii ToK (oT 95 mo 200 MA Ha
MOJIyJib) M paGoTalOT OTHOCHUTENIBHO MeMIeHHO. BpeMs 3alIep>XKH COCTaBIISIET B
cpenreMm 50 He. [Tepsbie paspabotanHbie PAL-cxeMbl ObLIM IOCTPOEHBI B OMIIO-
JIApHO# TexHoIoruu, T. €. Ha 6aze NPN u PNP tpausucropos. B HoBbix PAL-
cxeMax npuMeHsorca uekmounteasHo N-MOII- u K-MOII-Trexnonoruu. bia-
rojiaps 3TOMY CHMXaeTcsl nmoTtpebyieHHe TOKa M yMeHblUAaeTCsl BpeMsl 3allepXKH.
HanpskeHue nmutaHusa 5 B.

16.2.3. GAL-cxembl

GAL — 310 cokpaineHune ot Generic Array Logic (Jioruka Ha 6a30BBIX MaTpHU4-
HBbIX KpUCTAJUTIaX). D10 0603HaYeHUe SBNISIETCS TOBapHBIM 3HaKoM ¢dupMel Lattice
Semiconductor. GAL-cxeMbl ObUTA CIIPOEKTHPOBAHBI C LIENBIO YIYYIIATh HEKO-
TOpbIe M3BECTHBIE HemocTaTKH PAL-cxem. TIporpaMMupoBaHue IMpoXHUIroM O4eHb
TOHKMX NMepeMblyek OoJibilie He npuMensiercs. GAL-cxeMBl SBISIOTCS TMOJHOC-
Tei0 EPLD (cTmpaemsbie ynerpacduonerom) unu EEPLD (cTtupaemble 31eKTpu-
yecku). OHM MOTYT TiepenporpaMMHpoBaTkCcs Oosee cTa pas3.

GAL-cxemsbl, kaKk 1M PAL-cxembl, MCNOAL3YIOT NporpaMmMmupyemyto M-marpuuy.
OHM umMeloT AoNoNHUTENBHEIE Moaynu BBoAa—sbiBoaa. Martpuua WKW dukcupo-
BaHa.
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Puc. 16.8. PAL-cxema 12H ¢ 12 BxoaamMu u 6 BRIXOAAMH.
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Puc. 16.9. GAL-cxema GAL 16 V 8.
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Ha puc. 16.9 nokasana cTpykrypa TunudyHoit GAL-cxembl. OHa uMmeert 060-
3HayeHue 16 V'8, ciemoBarenbHo uMeeT 16 BXxomoB U 8 BeixonoB. Byksa V 3HauuT
NporpaMMHpYyeMEI€ BBIXOAHBIE GJIOKH. BoceMb BXOMOB NOCTYIIHBI Yepe3 IOPTHI
oT 2 1o 9. Jlpyrue BoceMb BXOJOB IMOOKIIOYAIOTCA Yyepe3 BbIXoabl. O603HaYeHHe
Momynsa aHanorudHo PAL-cxemaMm. JIOIOHUTENBHO YKA3BIBAKOTCSA BpeMS 3a/iep-
XKH, TOKOMOTpeOJieHHe, THIT KOpITyca M AHana3oH TeMIIepaTyphl.

Mpumep
Generic Array Logic
16 BXxomoB

l- H3meHseMble (MpOrpaMMHpPYeMBble) BBIXOIBI

l— 8 BBIXOIIOB

GAL 16 V 825 QNC
{ L Temmeparypubiii guanaszon 0 go 75 °C

Tun xopmyca 20 BeiBomoB DIP, macTuk
ITorpeGnenue Toka 45 MA

Bpems 3amepxkH 25 HC

TeMIreparypHBbIii JUana3oH:
C 0 no 75 °C (KoMMep4YecKHii)
I —40 po 85 °C (MpoMBILIIIEHHBbIIH)
M =55 po 125 °C (BoeHHbIi1)

Tun Kopmyca:

J kepamuueckuit DIP-kopmyc
¢ 20 BeIBOgaMH

K mracTuKoBelil DIP-kopryc
¢ 20 BHIBOIaMH

TokonorpebneHue:
L 90 MA
Q 45 MA

Cxema Ha puc. 16.9 uMeeT BXOAHOM YCHITHTENIb, KOTOPHIN MMeeT HA BBIXOJE
HHBEPTUPOBAHHEBI H HEMHBEPTHPOBAHHBIN CUTHANBl. DTH CUTHAJBI BBIBOIATCS
Ha 32 BepTUKAJIbHBIX MIPOBOAHHKA M PACTIPEeNAIOTCA OTTya Ha TOPH30HTAb-
Hble TPOBOJHUKHU.

Fopu3oHTanbHeBle NPOBOAHUKKM, KOTOPbLIE BeayT K M-anemeHTam, COCTOAT U3
32 onHonpoBoaHbIX nuHwia. Kaxabiii U-anemedTt umeet 32 Bxoaa.

HomMmepa ropu3oHTaNBHBIX MPOBOXHHUKOB YKa3aHH CJIeBa OT BXOXHBIX YCHIIH-
tenei. CxeMa comepxkut Bcero 2048 ropm3oHTANBHBIX MPOBOXHUKOB. Kax bl
H-31eMeHT MOXeT c0o3MaBaTh OMHY M3 BO3MOXHBIX IMOJTHBIX KOHBIOHKITHIA.
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Ha BocsMu BeIXogax Haxonarcs Tak HaseiBaemble OLMC-cxemsr (OLMC —
Output Logic Macro Cell). Kaxnags OLMC-cxeMa conepXuT 8-KpaTHBIH 2Je-
meHT MJIHU, Koropsrii mpousBoguT HopManbHy1o ¢opmy WUIIU, D-tpurrep s
COXpaHeHHUsI pe3yJibTaTa, yIipaBiicHHME BO3BPATOM CUTHAJIa HA BEPTHKAJIbHBIE MTPO-
BOOHUKH W YIIpaBIeHHE TepeKIioYeHHeM BBIXOJOB. BBIBOI pe3yibraTa MOXeT
OCYILIECTBJIATHCS KAaK MPSIMBIM, TaK M MHBEPTUPOBAHHBIM CHUTHAJIOM. BhIXonHOIM
nopt MoxeT noakmoyaTeca Kak TRISTATE-BeiBo.

16.2.4. FPLA-cxembl

FPLA — at1o cokpauieHue ot Field Programming Logic Array (nmporpammupye-
MBI€ MMOJb30oBaTeNeM JorudecKue MaTpuibl). PAL- 1 GAL-cxeMBsl MMEIOT TOJIb-
ko mporpamMmupyemyio HM-marpuny (AND Array). B FPLA-cxemax BBOOMTCS
JONMONHUTENLHO nporpaMMupyemas MW -marpunia. Ha puc. 16.10 npeacrasieHa
cxeMma ¢ nporpammupyemoit I -marpuneii 1 nporpammupyemoii M-marpuneit.
H-maTpHIia MOXeT ITPOU3BOIMTE BCe XelaeMble MOJIHbe KOHBIOHKIMHK. C 1oMo-
meio WJIM-matpuiier onm nonaiorest Ha MJIW-anemenTs ¢ Beixogamu ot O o O,
CxeMa MOXeT 0OecleYuTh CBA3M JUIA YeThipex HopManbHBIX hopm HUITH.

Ha puc. 16.11 nokaszana FPLA-cxema. IIpeacTaBieH omfHONIPOBOIHOM BapH-
aHT C HENPOBOAAIIMMHU y3iaMu. CxeMa JOJIKHA IIPOrpaMMHUPOBATLCS B ITOJHBII

CYMMAarop.
! MaTtpuua UK
! ! Marpuua U
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Puc. 16.10. FPLA-cxema, nporpammupyemsie Matpuiia M u matpuna WIH. [Mocae usroros-
JIEHUA Y31l HENPOBOAAIIHE.
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A A BB ¢ © Puc. 16.11. FPLA-cxema ¢ 3 BxogamMu M 2 BBIXOAAMM.
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Bap.|A|B|CiU|Z @ @
1 ofofolofo
2 ofoftjo]1 = ArBaC
3 |oj1|ojo]1 =  AaBAC
4 |01 1|1 0 = e ArBAC
5 1|0({0f0 |1 = AnBAC
6 1|o]1]1|0 e B AnBaC
7 1|1 |{op1 |0 = —mme—m—— AnBAC
8 11 1§11 =  AABAC AABAC

IIpexne Bcero HeoOXOAMMO 3ampoOrpaMMHMPOBATh MOJNHbIE KOHBIOHKIIWH.
[Iporpammupyemeie y3nel M-MaTpulibl IepeBOAATCA HAa IPOBOISILHUN PEXUM.
O0o03HayeHKe NMPOBOAALIEro pexumMa — KpecTuk. Ha Beixoasr U-3neMeHTOB 107 -
XHBI OBITh BBIBEIEHBI MOJIHBIe KOHBIOHKIIMM. OHU nocrynalor 3areM Ha UJIHU-
31€MEHTHI:

Z=(HAEAC)V(EABAE)V(AAEAE)V(AABAC);
(j=(ZABAC)V(AAEAC)V(AABA&)V(AABAC).

CxeMa 3aIporpaMMHpPOBAHHOIO MOMYJS MpencTapileHa Ha puc. 16.12. Mo-
JIyJib UCITOJIb30BaH TOJMBKO YacTUYHO. HeHyXHbIe CBA3K OTKIIOYAIOTCHA TP MPO-
rPaMMHPOBaHUH OT 3JIEKTPOCHAOXKEeHMs.
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A A BB c ¢ Puc. 16.12. FPLA-cxema, 3anporpaMMHpOBaHHAA KaK
MOJHBIA CYMMAaTop.
{ AnBaC
L.—E ﬁ o
4 '_&'] AnBAC I'.
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16.2.5. PROM-cxembi

PROM -cxeMBbI yke U3BeCTHBI KakK nporpammupyemsie I13Y (Programmable Read
Only Memories) u3 pasa. 12.5. C PROM-cxemaMM TakKe MOTYT OCYIHECTBIISTh-
csl CJIOXHBIE JIorHdecKue onepamuu. IlpencraBnenusiit Ha puc. 12.32 genmd-
patop siBnsiercsl B npuHuune M-marpuueii. MaccuB maMsaTU uMeeT DYHKLUIO
HIIA-marpunel. M-Matpunia asngercs anmapatHoit, UJIM-Matpuua — mpo-
TpaMMHpPYEMOIi.

PROM-cxemMbl MOXHO MCNONBL30BATL KAk Nporpammupyemyto noruky (PLD).

B 3aBHCHMOCTH OT MOJIY4YeHHOro amgpeca M-MarpMiia nepekiiodaer IMOMHYIO
KoHbIoHKIMIO Ha MU -marpuiy (puc. 16.13). HIIW-marpuiia npon3BoauT HOpP-

MaiisHy1I0 dopmy HUIIA.

16.2.6. MACRO-cxembl

PasButue 1C-TexHONMOrMi MO3BOJISIET Pa3MECTUTh CJIOXKHBIE CXEMBI Ha OTHOCHU-
TeNbHO MaJioM mpocTpaHcTBe. Heckonbko ¢dupm paspaGoTaiu Tak Ha3biBaeMble
macrocell-cTpykTypbsl (MakpostyeiKi), KOTOpEIE ITOXOXKH 10 CTPYKTYpe Ha 60lb-
e GAL-cxeMbl M cOAEPXaT NOTIOIHUATENBHO GOJIBLIOE KOJMYECTBO TPUITEPOB.

MHOXecTBO Maxkposdeek CoeanHsaoTCa Ha Y1ne B 04aHy Makpocxemy.
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Puc. 16.13. PROM B kauectee PLD.

CeronHsi CylecTBYIOT MaKpocXxeMbl 10 64 makposdeek. YacTo HCImONb3y-
10T cXeMbl ¢ 24 MakposueitkamMu. OHM nocTaBasaTca B 40-MOMIOCHBIX KOp-
nycax. Ina ouyeHs OONBIIMX MakKposigeeK Koplryca uMeloT g0 289 BEIBOIOB
(puc. 16.14).

Y BONbWKUX MaKkpOCXEM BO3HMKAKDT TPYAHOCTH C OXNAXAEHUEM.

HecMoTpst Ha OTKITIOUEHME OT MUTAHUS NMPH MPOTrPaMMHUPOBAHWH HEHYKHBIX
3JIEMEHTOB, 3TH CXEMBbl OTJIMYAIOTCS OTHOCHUTEJIBHO BBICOKHM 3HEProOINoTpedIie-
HueM. Ilpu 0OBIYHOM HaNPsSDKEHUHM MATAHUS 5 BOJIBT OHO cocrtaniser go 10 Br.
C passutueM HOBBIX N-MOII- u K-MOII-TexHonoruit yaanoch CHU3UTh HaTpsi-
XeHue nuranus 1o 3,3 B. HoBble MakpocxeMbl paboTaloT ¢ HaNpsDKEHHEM ITHTa-
Hus 3,3 B.

O4eHb MajieHbKHE TIOJIEBbIe TPAH3UCTOPHI MMEIOT MajleHbKHE MapasHuTHBIE
€MKOCTH M BCJIEJICTBHE 3TOr0 — BBICOKOE OBICTpOIEliCTBHE.

BuiCTpBIE MaKPOCXEMbI MMEIOT BPEMSA 3a0EPXKKU 5 HC 1 MeHee.

CyliecTBylOllie B HAacTOsILEe BpeMsi MAaKPOCXeMBbI IT03BOJISIIOT PEIIMTE JIIo-
6y10 JIOrMYECKYIO 3aayy MpPOrpaMMHPOBaHHEM CO CTOPOHBI KOHEYHOTO IT0JIh30-
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Puc. 16.14. 289-nuHoskri Kopnyc (Motorola).

BaTesd. 3amadyn MOryT ObITh KaK KOMOMHATOPHBIMH, TaK H TMOCJIET0BATEIbHBIMH.
Makpocxemsl U3 cemeiictBa MPA 1000 cocrosit u3 10 000 Jioru4ecKHX 3J1eMeH-
ToB ¥ 2900 TpUrrepoB (CornacHoO JOKyMeHTanuu Motorola).

16.3. PasHoBuaHoctn PLD

B paMKax KOHKYpEeHIIMHM KaXiblii npoussoxutenb PLD ucrnonssyet mns cBoei
FPOIYEIHH SHERHATERGE FARPAEHT. HEKOTOMRE X3 ITHX KHEN FRNINEHS XK
TOBapHbIH 3HAaK, HEKOTOPbIE HET.

PaccMoTpuM cHagYana CXeMbl, IPOrpaMMHpYeMbIe IpousBouTeeM. s HUX
ucnonb3yercsd obosnayenue ASIC. OupMeHHBIMH 0GO3HAYEHHAMH SIBIAIOTCA
GATE-ARRAYS, Standard Cells, PLA (Programmable Logic Array, mporpaMMmu-
pyeMast normyeckasi marpuna) 1 HAL (Hardware Array Logic).

CxeMBl, IporpaMMupyeMsle Iojib3oBaTeneM, HaspiBaloTcss PLD. OHu B oc-
HOBHOM He oTHocATcs K ASIC: ecniu onu ctupatorca UV-cBeToM, TO Ha3blBalOT-
csa EPLD. Monaynu, KOTOpble MOTYT CTHPAThCSI 3MEKTPHYECKMMH HMMITYJIECAMH,
HaspBaoTcss EEPLD. PLD MoXHO pa3sgeluTh Ha YeThipe IPYIIIE, KaK II0Ka3aHo
B Tabn. 16.1.

M3-3a ObIcTpOTrO pa3sBUTHUS B 9TOi oOMacT TabIMIa HE MOXeT NpeTeHI0BaTh
Ha MOJIHOTY.

CnoxHocts PLD oneHuBaeTcs B 3KBUBJIEHTHBIX BEHTWIAX. DTO YHCIIO YKa-
3bIBaeT KOJIMYECTBO JIOTMYECKUX JIEMEHTOB — B IIEpPeCYeTe Ha JIEMEHTEI C IBY-
Msl BXOHAMH, KOTOpBI€ COOEpPXUT MOMYIb. TpUITepHl CUYMTAIOTCA KaK JBa WIH
YyeThipe JIEMEeHTA.
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Tabnuua 16.1. Tunsl PLD.

Cxembt
C NporpaMMHpyeMbiMH Cxemnl CxeMbl
matpuuamu C MpOrpaMMMUpyeMbIMU € NpPOrpaMMHUpyeMbIMK Makpocxemsi
(matpuuamu HU-HE) matpunamu WIH maTtpuuamu M u UIHA
BAGA u LCA
PAL PROM FPLA Macrocell
GAL EPROM EPL u PLD
EPAL EEPROM FPLAS Macrochip
AGA PLE FPLS Macrocell-Array
LCA FPGA
PL

PLD umetoT ot 100 no 90 000 3KkBMBANEHTHbIX BEHTUNEN.

BaxHbIMU TIapaMeTpaMu SIBJISIETCSI BPeMs 3al€pXKM f,, W MaKCUMalbHas
pabouas yacrora f .

Bpema 3agepxki HaxoauTea B guanasoHe oT 50 He Ao 1 HC, MakcumansHas
pabouyan 4actota — mexay 20 Ml v 400 MIru.

Hns oxymaxneHus: BaXHa paccedBaeMasi MOIIHOCTS, CJIeI0BAaTeIbHO, BEINYH -
Ha HANIPpsKCHUA MUTaHHA H IIOTpBGJIEHHe TOKA HA MaKCUMaJibHOM JIOHYCTHMOﬁ
paboueit yactore. bonsimmucTBo PLD nmpoussomarcs 8 N-MOTI- unu K-MOTI-
TexHosoruu. [ns Momynei ¢ ManbiM BpeMeHeM 3aJiepXXKu ucmonn3yrorcd DCJI-
TEXHOJIOTHA.

16.4. NMporpammuposaHne PLD

PyyHOe nporpaMMMpoBaHye IIPOXKHTAHUEM TOHKMX IIPOBOJHMKOB PallMOHAIIBHO
TONBKO i o4eHb MajieHbKuX PLD. Tak 6bun10 B Hauasie ux pa3BuTus. B ceroa-
HAWHUX coxHbeiX PLD nmporpaMMupoBaHMe IMPONU3BOOUTCA MPH IMTOMOIIM KOM-
1bI0TepOB. [IJis 3TOro HyXHO CIIeIIHaJIbHOE IIpOrpaMMHOe obecredyeHue.

Kaxawin nponssogmntens PLD npegnaraet cofcTeeHHoe nporpammHoe obecne-
yeHue.,

CraHIapThl IPOrpaMMHUPOBaHus ellle He chopMupoBauck. IlosaTomy moxyn-
KO mporpaMMHoro obecriedeHust 1 000pyI0BaHHUs IOJIB30BATENb IIPUBS3BIBAET
ceba K onpegeleHHOMY Mpou3BoauTenio. K nmporpaMMHoMy oGecrieyeHUIO MpH-
JaralpTcs anmaparHsie cpenctsBa. Ilpexme Bcero HeobOXxommMa CMeHHas Iuiarta,
KOTOPYIO HYXXHO YCTaHABIUBAaTh B KOMIbIOTEP. KpoMe TOro, HyXeH IepexoaHuK
Mexny PC-muiatoii 1 pasnuuyHbIMHM Koprmycamu PLD. Ilepexognuk nogkimoyaer-
cd K IUiare.

IIporpaMMupyeMbIii MOAYITh TIOOKIIIOYAETCA K COOTBETCTBYIOLIEMY pasbeMy
rmepexoqHuKa. Terepb MOXHO MporpaMMupoBath. CyllecTByIOlee B HACTOSIILEE
BpeMsi IIporpaMMHoe obecriedeHre O4YeHb pa3HooOpa3Ho U AOCTAaTOYHO YOIOOHO B
TIPMMEHEHUH.

MporpaMMucT He 0B6a3aH NogPOBHO 3HaTL CTPYKTYPY MOAYS.
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Jlornueckas dyHKUMSA, KOTOpasi JOJDKHA OCYLUECTBISITHCS MOMYJIEM, MOXET
BBOJIMTHCS KaK YpaBHeHUe anreOpsl JIOTUKH, HarpuMep Kak HopMmanbHast Gopma
MJIN, xax Tabiua MCTHHHOCTH MJIM KaK PHCYHOK. DTO MMeeT 3HaueHHe II
KOMOMHALMCHHBIX cxeM. JIIA mocnenoBaTeNbHBIX CXeM (HanpuMep CYETYMKa)
IUIst 0DJieryeHus: BBoJa IpUMeEHsieTcsl Tak Ha3biBaeMast State Machine. ITporpam-
Ma BBOIUTCS MO3TAIHO.

Beof nporpammel: B BUAE YPABHEHUS, TABNULLI MCTUHHOCTU UMK CXEMbL.

IIpu BBOHE ypaBHEeHHH ajreOpbl JIOTMKH BO3HMKaeT psii TpymaHocteiil. Hop-
MupoBaHHbIE 3HaKu Wi onepauMid U u WU u 3nak unpepcun HE He HaHece-
HBI Ha KOMIIBIOTEPHOH KJIaBHATYpe.

B 3aBucMMOCTH OT mporpaMMHOro obecrnedeHus: UCIONB3YIOTCS CleAyIolue
3HAKH:
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KoMrnbioTep HIIET ¢ NOMOILbIO IPOrpaMMbl caMoe G1aronpuaTHOE PeIleHHE.
[Tpu 3TOM NpoBepsieTCsl, MOXET Jid JAHHBIA MOIYJIb BHIIIOJTHUTH XEJIaeMYIO JIO-
ruvyeckyo ¢yHkuvio. Ecnmu Her, TO BbIAaeTcsi cooDuUieHMEe C TPOCKOOM B3ATH
6GoJee MOIIHBIN MOIYJb.

ITocne 3aBepuieHHs NMPOrpaMMHPOBaHMSI TECTOBas NMpPOrpaMma IIpOBEpSIET,
BBIMOJIHSIET JIU MOAYNb XeNaemylo yHKIU0. Eciu pe3ynsTar npoBepKH IOJIo-
JKMTeJIeH, TO MporpaMMUpoBaHue 3akaHyusaercd. [locpelcTBoM cocTaBlieHHOM
IPOrpaMMBbl NpoXUraloTest (HazBaHue HattoMuHaet o nepesix I1JIM, xoraa ToH-
K¥ie TIPOBOIHUKH MPOCTO MepPeXHUTraiuch) CIeAyIollne MOIYIIA C TEM Xe COIep-
XaHueM. MOXHO NPOU3BOOUTh CEPUIO AaHAIOTHYHBIX Moaynaeil. I[Iporpamma npo-
XKWra MOXeT OBITh COXpaHEHa /IS MOCHEAYIONIeT0 UCTIOIb30BaHUS.

Ecnu nporpamMmMHpoBaHue GbUIO CHENaHO ¢ OmMMOKOi, MOmysb HEOGX0nUMO
OYMCTHUTH (CcTepeTh). Moaynu, B KOTOPBIX MEepeXuralTcs MepeMBIYKH, TIPUACeTCS
BBIOpOCHTE. CTepThie MOIYIHA IPOrpaMMHUPYIOTCH 3aHOBO.

B mocnennee BpeMsi MOSIBMJIACh BO3MOXHOCTL NMepernporpaMMUpOBaTh yke
BCTPOEHHEBIA B CXeMY MONYJb, T. €. LIEJIUKOM WIM YaCTUYHO YAANATH CONEPXKU-
MOE€ U 3allMChIBaTh HOBOE cojlepxkumoe. Takoit MOIyNb AOMKEH ObITh 3/IeKTpH-
YecKH cTUpaeMbIM. Jlanee QOJKHA MMeEThCS BO3MOXHOCTD NOIKIIIOYUTRCS K He-
CKOJIBKMM BBIBOJAM NOCPEACTBOM pa3zbemMa. JlenaloTcs MONBITKY MPOorpaMMHpPO-
BaHHUS C TIOMOIIBIO BHEILITHETO IEKTPHYECKOTO TIONSA CKBO3b KOPITYC. 3TOT METON
HaxoaMTcs ellle Ha 3Tane paspaborku. PLD xner unrepecHoe Gymyniee.

KOHTpONbHLIN TEecT

1. Yro 3HauuT cokpaiiueHue PLD?

2. Kakoe mpHHIMNUANBHOE paziuuue cocTOMT Mexny GAL-Momymamu u
FPLA-monmynsiMmu?

3. YUTo 3HAYUT 3KBUBAJIIEHTHBIN BEHTUIIb?

4. OOBSICHUTE TIOHSITHE «MAaCOYHOE IPOrpaMMHUPOBaHHE».
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5. Yto takoe EPLD, EEPLD?

6. Yro 3nauut B PAL-Mmonyne oGosnauenue 12 H 6?
7. Kak nporpammupylorcss PLD?

8. YTo moHMMAIOT MO TPOrPpaMMHUPYEMbIM BBIXOOOM?
9. O6BsACHUTE CTPYKTYPY MaKpOCXEMEI.

10. CuHresupyiiTe HH(POBYIO CXeMy YIIPaBIeHHS, KOTOpasi IIPOM3BOMXUT JIO-
TMYEeCKHMe OIlepallMy COIJIACHO MaHHOM Tabmuie uctuHHOCTH. MckoMast cxema
ABJIAeTCA TAK Ha3bIBaeMoil «cxeMoii 2 u3 3». Ha BeIxone Z Tonbko Torma 1, xorma
IBAa WIK TPU BXOIAa UMEIOT COCTOSIHHE 1.

Hanwmmre mosHble KOHBIOHKIMK HYXHOM HopManbHO# (hopmer UITH.

FPLA-cxeMa cornacHo puc. 16.11 noyoksa G6bITh 3aIIporpaMMHpPOBaHa TAKUM
obpa3oM, 4ToOBl NPOHU3BOAUTDH XejlaeMble JIOTHUeCKHe omepaluu. M3obGpasure
cxeMy M 0003HaYbTe HYXHBIE Y3JIbI KpECTaMH.
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PELLEHNA 3AOAHUN
KOHTPOJIbHbIX TECTOB

B 3T0# 3aKITI0YMTENILHOM TJIaBe NMPUBOMSATCS pellleHHs pacyeTHBIX 3amaHmuii. OT-
BETHl HAa BOMPOCH HA MOHHMAaHME MOXHO Y3HAaTh M3 TEKCTa COOTBETCTBYIOLUEH
riaBbl. OHM TIPUBOASATCA TOJBKO B TOM Cliydae, €ClIM He H3JIOKEHB B TEKCTe
KHHIH.

nhaea 1

1. TudpoBast BeIMIHHA COCTOMT M3 KOJIWYECTBEHHBIX 3JIeMeHTOB. OHa yale
Bcero npejacrasiseT coboii 6uHapHyio BexuuyuHy 0 wiM 1. AHanorosasi BEIMYMHA
MOXEeT NPpUHMMATh JI000e 3HaUYeHHe B MpefeNiax JOIMyCTHMOIO JUana3oHa.

2. TIpeuMy11IeCTBO aHAJIOTOBOI'O IIpeICTaBlIeHHs — HarmaaHocTs. Hemocrar-
KM — HH3Kas TOYHOCTb, OLIMOKM NpH INepeHoce U COXpPaHEHMH aHAJIOrOBBIX
BEJIMIMH.

3—7. CM. TeKCT KHUTH.

hasa 2

1. YcnoBubie rpa(bmecxﬂe 0003HAYEHUS:

WNKU-HE

2. Taﬁmma HMCTUHHOCTH M ycnoBHoe obo3HayeHue MJIH-anemenTa ¢ Tpems
BXOIAMH

Bap.|C|B|A|Z
1 |ojojofo
2 [ofo]1]1
gz 3 [o|1]0]1
c a |of1|1]1
5 [1]0]0]1
6 |1]of1]1
7T |11 |10f1
g |1]1]1]1

3. Crpykrypa U-HE-351emMeHTa Ha 6a3¢ OCHOBHBIX 3JIEMEHTOB

4. Tabnuia UICTHHHOCTU M ycnoBHoe obo3nayenue HE-anemenra

Bap.|A|Y
A—-B)—Y 1 01
1|0
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5. CtpykTypa 3JieMeHTa HEPaBHO3HAYHOCTH Ha 0a3e OCHOBHBIX JIEMEHTOB

6—7. CM. TeKCT KHMTH.
8. Ha BEIXONE 3MeMeHTa HepaBHO3HAYHOCTH JeWCTBYET JJorH4YecKast 1 ToJIbKO
B TOM cJIyyae, €CJIM TOJBKO Ha OHOM Bxoje AeicTByer 1.

Tabnuua MCTUHHOCTU U YycnoBHoe oBo3HaveHne XOR-anemeHTa

9. Jlornyeckyio onepauuio Beinonssier anement UJIIW-HE.

10. Onepanus 3anpeleHUsa SABIAETCS 0COOeHHOM Pa3HOBUIHOCTHIO YMHO-
xeHust M. CocTosiHMe BXOAA MHBEPTHPYETCS Iepel JIOTMYeCKMM YMHOXEHHEM
H. DnemeHT 3ampeieHHs cTPOUTCSI Ha 0a3e OCHOBHBIX 2IEMEHTOB (3armpelle-
Hue A):

11. Iunarpammer yMHoxeHuss M1 u cnoxenua UJIN curnanos A u B

T i

I I A
1 i

IV R —

-
\

12. Cxema BrimonHsaet onepauuoo MITH.
13. Tadbnuua ucrnHHocty 3semeHTa UJIU-HE u nsireio BxojgaMu:



©
=]
g
L
£
=
S
2,
S
S
=2
=
3
3
L]
:
2
ay
=~
T~
-
<

N|- © © o oo ocojooc o ojoo O oo =] o o|o o© o
wije - o o o=0~lo=o0o =0 -0 - o [=] or|lo -0 "™
wlje © ~ o cor-r-loo - o0~ (=2 o =} - -0 o —
i =3=-] - cocoor-r~rrloo o - - o [=I=0 Ll R
wle e e o -l r-l0O0 O o o - -l - -
wWie e e (=] [N -R=J-] - NN A - - - - - -
§l- o <o oorereere2RRARIRENRRSS

—
All

wufuu w®

14. DneMeHT NPOM3BOMUT OMEpaIuio SKBUBaNleHTHOCTH. Ha BhIXone Z neii-

CTBYET 1-ypOBEHbB, €CIIH COCTOSTHHST BXOJOB PaBHBI.

nasa 3

1. Tabnuuia ICTHHHOCTH JIsI cXeMBl puc. 3.13

=AvB

Bap. |B|A|A|AvB|z

(=Tl = R =]

2. Tabnuiia MCTHHHOCTH JUISI CXEMBI Ha puc. 3.14

)A[AVC}

{EAB

AnB|AvC|Z

A

1

ojo

o|o|o

Bap. |C|B | A

1

5
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3. Tabauua TpebyeMbIX JOrMYECKHMX ONepalyii CXeMBbl, cofepxameil omumob-
Ky, Ha puc. 3.14:

Bap.|C|B|A|A|AnB|AvVC|Z
1 [ojofof1] 1 o o
2 |ofo|1]o]| 1 1|1
3 |o|1{of1]| 1 o |o
4 (o|1{1]o] 1 1|1
5 |[1|ofo]1] 1 1|1
6 |1|/of1f{o]| 1 1|1
7 (11|01 1 1 |1
8 [1]1]{1fo] 1 101
4. Z=[(4rBAC)v(AABAC)|a4vEBVC
Bap.|C|B|A|C|B|A|AABAC|ArBAC|X|AABAC|Y|Z
1 jojofof1|1]1 1 0 1 1 oo
2 lojo|1f1|1]0 0 0 0 1 oo
3 |ofl1|of1]of1 0 0 0 1 oo
4 [o|1|1]1]|0]0 0 0 0 1 oo
5 [1]0]o[1]1]1 0 [ 0 1 00
6 |[1|/o|1]1]|1]|0 0 0 0 1 oo
7 [1]1]ofl1|o]|1 0 0 0 0 olo
8 |1]1l1]1]0l0 0 1 1 1 0olo
5. Z=AABAAABAC
A B c Z=AAB A AnBAC

6. Z=AvBvCAAvBACADvVAAD

A B c b Z=AABAC ~» AnBACAD A AAD




0,

Inhaea 17. Pewenus 3a0anuti KOHMPOAbHLIX Mecmoe

AvBvC|BACAD|AvBACAD|AvBACAD|AAD |X |2

AvBvC

1

c

B

1

1

A

1

0|0

0ojo|0

1

0

ol1|0

0j0]0

1

1

1

1

1

1

1

o|o
0

0

ojo|o
0|0

ojofojo
oljo|o

1

Bap.|D|C|B|A

1

2

9
10

1

12
13
14
15
16

7. Dnement 4 (MJIN-HE) paboraer ¢ olu6KOIiA.

MnaBsa 4

1—7. CM. TeKCT KHHUIH.

a)

w
I

_—
(=}

HE

“nu

’

.
3

AAB
A~ B.

0) Y=1
B) X
ro0=1

9.a) Z=0;

mn S
10.

HU-HE

A) Z=AASARAQA
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B)X:ZAEAEAMANAPAﬁAE;

1) Q=AABACADASAR;

) Q=AABACADAPAQAS.

a)Z=Zv§v§v§vaB;
6) Y=AvBvCv D,

B)X=AvBvCvMvNvPvRVS;

1) 0=AvBvCvDvSvR;

1 Q=AvBvCvDvPvQOvS.

haea 5
1—3. CM. TEKCT KHHUIH.
4. 7 = (AAEAE)V(AABA&)V(HAEAC)V(ZABAC).
5. Kapra KapnHo mns mepemenanix K, M, Su R.

k<)

6. CM. TEKCT KHHTIH.
7.

° 1 % Z=(ArC)v(AAB)
sl WG

L8]
O
o7}
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8.
F(— A A /saﬁ
G [\l J] )5
B
1 r}_“ cap
D
1 .
5
HRINE
cll ¢ |l¢ X =(BAD)v(EAD)v(CAD)
caD
9.
[z] 4 A
N i,
B ‘ @ 9'.3;51\0!\5
1
D
jDNaD
UNDE
anc’ © c T AsB

10. CM. TEKCT KHMTIH.

Fnhasa 6

1—5. CM. TEKCT KHUTH.
6. PaGoyas Tabnuia cxeMsl Ha puc. 6.108:

7. TlonoxurenbHas jIorTHKa: yMHOXeHue WM.

OTtpuuarenbHas Jjoruka: cioxenue UIIH.

8—14. CM. TeKCT KHUTH.

15. Cxema npousBoaut U-yMHOXeHHE.

16. B «HachIIEHHOM CeMeiCTBe» TPAH3MCTOPHI YINPABIAIOTCS B HACHILIEH-
HOM COCTOSIHMM. brarogapsi aToMy Ioy4aloTcsl yioOHBIEe JIOTHYECKHE YPOBHH U
Xopolas IOMeX0yCTOHYMBOCTh. DHEPronoTpebieHue He3HAYMTENIBHO, CKOPOCTh
yrosnerBopuresibHasg. Eciu TpaH3ucropbl paboTaloT B HEHACHILIEHHOM COCTOS-
HHMH, TO 3HepromoTpediieHne mopeiaercs. Jlormieckue ypoBHH He Tak Giaro-
npusiTHbl. CKOPOCTH IEPEKITIOYeHNST BO3PACTAIOT M, CIeN0BaTeIbHO, pacTeT GbI-
cTpoaeiicTBHE cXxeMBl. Takue cxeMBl Ha3biBaloTCs HeHachlmeHHBIME ([Ipumep:
BCJI-cxeMbl).

17—19. CM. TeKCT KHHUTH.

20. Cxema Ha puc. 0.94, cM. TEKCT KHUIH.
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Mnasa 7

1. Ha ycnopHOM 0603HaYeHUM U300paxXeH TPUITEP C OCOOEHHBIM PEXUMOM
paborel. Eciin 062 Bxoa UMEIOT cocTosiHUe 1, TO BEpXHHI BbIXO/ (Hanpumep A))
umeer coctostHre 1. Huwxnuii Beixon (Hanpumep A4,) umeet coctosaHue 0. Bxox
CMI'HaJla YCTAHOBKM (Hanmpumep E ) TOMUHHUpYeT.

2. CM. TeKCT KHHUTH.

3.
J ;’_' & I
18 Q,
c g=C1
1R o Q

K —'_I &:} |
4. Tabnuia ICTHHHOCTH U YCIIOBHOE 0003HaYeHHUe RS-TpUrrepa ¢ JOMHHHM-

PYIOIMM S-BXOIOM, YIPaBIgeMOro ypoBHeM CHrHaia. IIpMHIUN XelCTBHA CM.
TEKCT KHHUIH.

s

R
tm-l T
Q,

' - ) S

O‘

R
- = o oD

- O = Ol
ED

5. CM. TEKCT KHHIH.

6. BpemenHast quarpaMmMa M ycJIoBHOe 0003HaUueHHe MOHOCTAOMIIBHOM sSueii-
KM C 7, = 4 Mmc.

E
1 L‘_L
A N —
4 mc ? :
rb
ty =4 Mc t

7. VpaBHeHHe SIBJISIETCS XapaKTepPUCTHIECKHM ypaBHeHHeM JK-Tpurrepa.
8. [Moapo6Has TabiKila HCTHHHOCTH M XapaKTePHUCTUYECKOE YPaBHEHUE TPUT -
repa.

tn rm‘
Bap| E,[E[ Q] Q
1 ojofo| o0,
2 olol 1] 1 i Xpanexue
slo]1]o]o!
| HeHue
ajofrfrgrd s Quney ’[(51 AE:)V(Ee "01)]
5 1fofo} o0 "
+ Cbpaoc
6 ifoj1io0
7 11110} 1
8 il il i‘ i Ycranoeka
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Bxon E, siBnsierca BXOJIOM TOATOTOBKH. Tpurrep 3ab0KMpoBaH, eciu Ha E,
neiicteyer 0-curHan (pexum xpaHenusi). Ecnm wa E, neiictByer 1-curnan, To
Tpurrep paboraer kak D-tpurrep — ¢ E| B kayectBe D-pxoma. Takoii Tpurrep
Takxe HaswBaercs DV-tpurrep. (O6o3nayenus Bxonos: E, = V, E = D.)

9. CM. TEKCT KHMIH.

10. Tpurrep asnsgerca JK-MASTER-SLAVE-tpurrepoM ¢ tpemsi J-Bxogamu
u Tpems K-BXoJgaMH, HETAKTHPYEMBIM BXOAOM CHTH&IA YCTAHOBKM .S U HETAKTH-
pyeMbIM BxonoM cOpoca R. Bepxuuii u3 Tpex J-BxomoB uHBepTupyercs. OH cpaba-
THIBAET, CJIEAOBATENBHO, IPH 0-curHane. J-BXOABI CBS3aHbI JIOTHYECKHM YMHOXeE-
HHMeM B oOmmit J-BXox, HWKHMI MX Tpex K-BXomOB MHBepTHpyeTcsi. K-BXO/bI
CBSI3aHBI JIOTHYECKHM YMHOXEHHEM B o0mmii K-BXoz.

11. CM. TeKCT KHUTH.

12. Crpykrypa T-MASTER-SLAVE-Tpurrepa

1

T ~C1 — C1
1K

o
=
o

13. BpemMeHHbIE THATPAMMEL:
a) TpUITep MEePEeKINIoYaeTcs ¢ mepeiHUM (PPOHTOM CHHXPOMMITYIIBCA

‘s

T '

J ! t
|
]

1 B e O

K* | t
]
I

= | I :I >

Q, i t
L I

i -

t

6) Tpurrep rnepexioyaercs ¢ 3aAHUM GPOHTOM CHHXPOUMITYIbCA

|

-]

x
— —
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14. Ha ycnoBHoM 0603HayeHMH M300paxeHa MOHOCTaOMIbHAsA s4eiKa ¢ 3a-

mepxkoi 0,5 cekyHmbl. Bpemsi HaxoXIeHHsI B HeCTAOMJIBHOM COCTOSIHMH CO-
CTaBJSAET TPU CEKYHIIBI.

0.5 3,0

o
—b
ol~Y o1~Y

15. YIIpaBJISchMbIﬁ YPOBHEM CHHXpoOMMIIyJibca RS-Tpurrep, NnocTpoeHHbIH Ha
6a3e snemenTos M1-HE.

S

R

16. CM. TEKCT KHHTH.
17. BpeMeHHBIE IMarPpaMMBI. c

-
t

18. BpeMs HaxoXaeHUSA B HECTaOMIBHOM COCTOSHUH MOHOCTAOMJIBHBIX sT4e-
ex cocrasisieT 0,2 cexyHanl u 0,6 CeKyHIBI.

1

11
02c
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Masa 8
1. CM. TeKCT KHUIH.'
2' ABonyHoe Yyucno
Jecatvunoe| 2" 2" a2 |22 |22 |27 |2t |22t |22 |22 |2 |2
wacno | 4096 [2048 1024 512 [256 [128 |64 (32|16 |8 |4 [2] 1
50 il1jojofi1]o0
215 T [rjol1]of1|1[1
172 1 (oj1]o|1|{1[o]o
688 T o |1 |ofi|1|ojofo]o
909 i1 |1 ]oJojofi|1]of|1
1820 1 |1 |1 |ofolo|1]1]t][o]0O
3276 1 T o o |1 [1]ojof1]1][o]0
2423 1 0 |0 |1 Jo[i]1]1fof1]1]
6052 1 0 |1 |1 |1 ]1]oli]lofofi]olo
6381 1 1|0 |o o |1 ]1]1]of1 (1o
5511 1 0 |1 |0 |1 ]1]ofoJofoi]1|1
7732 1 1 1 |1 |0 |0 |Oo|i1]1|o|1]0]|0O
3.
ABouuHOe YMCNO
JAecarmunoe | 2 2" i - S - = - - -l - bl ol o - e
uncno | 32768 | 16384 | 8192 | 4096 | 2048 | 1024 | 512 | 256 | 128 |64 |32 (16| 8 |4 | 2| 1
58 ijoj1|o[1]o0
512 1lolololololofofolo
1298 1t lol1|lofloflol1]|ofo]1]0
1983 NI EREEEEEE R
20000 1 o | o 1 1 {1]o0fjojofl1f{o|o|ofo]|o
17750 1 o lo o |1 [oflrfof[1lo[r]of[1[1]0
2730 1 o |1]oft1{ol1lofl1|o]1]o0
9990 1 ojlo |1 |1|1]ofloflololof1]1]0o
11000 1 0 1 o |1)ofl1|1]1]1]1]|o]o]|o
32000 1 1 1 1 1 lol1lojolofololo]olo
4. 5. 6.
a) 54,625; a) 10001; a) 1001;
6) 37,8125; 6) 1000110; 6) 110100;
B) 10,90625; B) 111111; B) 1100;
r) 0,65625; r) 1001110; r) 100010;
o) 0,453125. m) 10100011; a) 10000,
e) 10000111; e) 11001;
xk) 10000,10; x) 100101;
3) 10100,00. 3) | 11001 ] = —111.
7.
DecatwyHoe ABovuHo-pecaTuuHoe |
Ywcno YACNo
a) 10941 | 1 |0000 [1001 |0100 |00O1
6) 3890 11 [1000 {1001 0000
8) 7863 111 1000 [0110 |0011
r) 98001 f1001 /1000 (0000 [0000 |0001
n) 7989 111 [1001 |1000 Imml
8.
a) [0111; n) 1j0111;
0) l|0100; e) 1|0000;
B) l|0110; x) 1/0010;

r) |1001; 3) 1/0101.
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a) 0001; o) 0100;
6) 0001; e) —0010;
B) 0001; x) 0101;
r) 0010; 3) —0101.
10.
BDecatnuHoe HAsovuHoe
4ucno 4ncno
a) 2737 1010 | 1011 | 0001
6) 34802 1000 | 0111 | 1111 | 0010
B8) 58885 1110 | 0110 | 0000 | 0100
r) 48340 1011 | 1100 | 1101 | 0100
n) 76593 | 1| 0010 | 1011 { 0011 | 0001
e) 47642 1011 | 1010 | 0001 | 1010
»*) 201817 | 11| 0001 | 0100 | 0101 | 1001
3) 6683 111010 | 0001 | 1011
11.
WecTHaauaTepnuHoe ABonuHoe
4nucno 4UCNO
a) 16 110 | 0100
6) 103 1 | 0000 | 0011
8) 3FC 11 | 1111 | 1100
r 7BF 11 1011 | 1111
n) 2710 |10 [ 0111|0000 | 0000
e) 7E 111 | 1110
*) 4664 [100| 0110] 0110 | 0100
3) 3ET 11_| 1110 | 0111
12.
Aeca- LWecrHan- | Boceme-
TH4HOE JABownyHoe Yicno uarepuy- | puuxoe JBOVYHO-NECATUYHOE YMCND
4ucno HOE YACNO | u4ucno
1010 |0000 | 0000 ADO 5000 10 0101 0110 0000
1270 4FB 2366 1 0010 0111 0000
44854 1010| 1111/0011{0110 127 466 100 0100 1000 0101 0100
1018 11 [1111]1010| 3FA 1 0000 0001 1000
39718 1001|1011{0010{0110] 9B26 115446
107196( 1 | 1010|0010 1011|1100 321274 1 0000 o111 0001 1001 0110

13—20. CM. TEKCT KHUIH.

Mnaesa 9

1. Puc. 9.8, cM. TEKCT KHMIH.

2. CM. TEKCT KHHUTH.
3. Cxema npeobpa3oBaresis Koaa U3 JecATHYHOro Koaa B Kom AlfKeHa.




Thaea 17. Pewenus 3a0anuii KOHMpPOAbHbIX MECMOE 4@)

Ell E] Ez ES E‘ El Eﬂ ET El Eﬁ
Tv Q -] Q ° [ T
Jecatnunan
uudpa Q| Q. |Gs |Q,
> 1 aQ, 0 ofolo|o
1 ofo|of1
2 olof1]o
_,I Q 3 olo|1]1
e 4 o|l1}o]o0
5 NICEERE
6 1l1]ofo
a—°0c 7 1] 1o
B8 1 1 1 0
9 1111101
21 Q, Kopn Aiikexa
4. Cxema npeobpa3zoBartens Kona I'pes 8 BCD-kon:
DecatuuHan Bxoa Buixon F ¥y Y I_D: Y
uidpa xopna Mpes BCD-xona - i . — b
clalalvia.la,la.|aq A | ._.1]_ A~3 ¢
0 ojojojojo|o|o]oO
1 ololo|1fo|o]o]1 G
2 olo|1{1lo|o|1]o 2 — x —=
s lolo[1]oio]o]1]1 A _|AfD] Je
4 o|1|1]olo| 1|00 AL R TR Rl R 1R
5 o|1{1[1je| 1|0 |1 B _
6 ol1lo|1lo|1]1]o0 IT" A s l—z ¥
7 ol1lofojo| 1|11 R 111 & G
8 1/1{ojof1]o]o]0 . .
9 1i1fol1i1]olol1 G—'ijk
%) (28) (2') (20 A A
) @) @) @) IDNE %
gl R IR gl m | B
Ql=(YA.2AEA(_;)V(}7AAARVG)V(YAAARA(_;)V

v(FAAARAG)v(Y AAARAG);
0, =(AAG AR)v(4AARAG);
0, =(GAR);
Q,=ArGAR

5—6. CM. TEKCT KHHTIH.

nasa 10

1. CM. TeKCT KHHUTH.
2. ACHHXpPOHHBII 8-OMTOBBIN CYMMMPYIOIINI CYETYMK
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2

2

22

o 2¢

25

28 27

1J

1K

1J
= C1
1K

1J
E=C1
1K

1J

1K

> C1 > C1

1J

1K

1J
= C1
1K

1J

= C1

1K

1J
> C1
1K

3. TTocne Toro, xak cyeTyuk mocuuraer go 1010 = 10(10), OH JOJLXEH OBITH
c6pomien Ha Hynb. CoOpoc mpousBommtcs ¢ nomoupio U-HE-anemenra. Ilpu
1010 Ha Bxone anemeHTa U-HE neiictByer O-cUrHai. DTOT CUTHAI MHHIHAJIN3H-
pyeT c6poc 4yepe3 R-BXOJIbI.

2° 2! 22 28
] 5 ] T
&
— —f — B
Eo—q>T =T > T LT
l—c R —d R —a R —d R
4. CM. TEKCT KHUTH.
5. Cueryuk no momymo 19:
2° 21 22 22 2¢
o <
E oo QO>T —=>= T —g> T —> T —> T
I—O R —Qa R —q R —Q R —a R

6. ITpeobpazoBaHie CYETUMKA MO MOAYJIIO 19 B BEIUMTAIONIHIA CYETYHK:

Eo—C>T

23

Og

> T

=T

|
|
-

?

|

By
I

T

|

T
[

A
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7. Cueruymnk Ha puc. 10.68 sinsiercss peBepcuBHBEIM. OH paboTaer npu X = 0
Ha cloXxeHue, a pu X = 1 — Ha BHYUTAHUE.

8. CM. TEKCT KHUTIH.

9. Pemienue cm. puc. 10.9.

10.
20 2! 22 22 24
3
1
& & &
1 1 1J 1 1
E —= C1 = C1 = C1 > C1 > C1
— 1K 1K 1K 1K 1K

11. CM. TEKCT KHMTIH.
12. O-BeIXOmBI 4-6HTOBOr0 CUHXPOHHOIO ABOMYHOIO CyMMUPYIOLIErO CYeT-

YHUKa HYXHO HCIIONb30BaTh B KadecTBe BBLIXOAOB pe3yiabrata. Eciim (-BBIXOMBI
HEIOCTYIHBI, HAJI0 HUHBEPTHPOBATh MpPsiIMbie Q-BBIXOJIHI.

13. C Boixona ¢ BecoM 2?2 (3-if Tpurrep) MOXHO CHSTb YMEHBIIEHHYIO B 8 pa3
YacTOTy BXOJA.

14. Tenutenb yacTtoThl ¢ Ko3dduumeHtom 14 : 1.

Q,
Og
- —
E om—ooG> T > T = T ;——-c:ar

’—C’ R ’—O R 1‘4 R
N~ Jenvrens 4acToTsl —
7:1

< 0

—o

O
o

Mhaea 11

1—2. CM. TeKCT KHHUIH.
3. Mynbtuiiekcop «8 x I».
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52 s: SI §| so §'|
1
¢ &
b &
1
. z
_-|| &
F 1a
1
G
—
: g
) |

o o
S s s

4. Mynvrurekcop 3 x 4 6ut Ha 4 Gura.

Curnansl 4. A, B...B, u C,...C, BbI60po4yHO 4epe3 M-3j1eMeHT moAKIIOYa-
1oTCsl K BBIXOAY Z...Z. HyXHO MMETh [iBa yNpPaBIsIOMMX BXOIa, TaK KaK TPU
HeOoOXOMMMEBI TPH PasIUYHBIX KOMAHAbI YIIpaBJIeHHS.

— | MynbTunnekcop

B,.. B,{ 3 x 4 6ur } 52y
et Ha 4 Guta —

C,.- C!{

s 5
E o E]i a,
E, o l::I& 0
s
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6. CM. TEKCT KHHIH.
7. Cxema 3-6uroBoro agpecHoro hopMupoBaTesst:

'
8
U I
—@ —_|E}-—a a,
_l{il_[ o Q,
2] o Q,
gl
gl
B a,
? o Q,

8—10. CM. TEKCT KHHIH.

Mnasa 12

1. Cxema 6-GHTOBOrO CABHIAIOLIET0 PErUCTPA IS TIOCIEIOBATEIBHOTO BBO-
Jla—BBIBO/IAa NAHHBIX:

E 1 1 1 1 14 1 Q
—g= C1 ~c=> C1 > C —g=> C1 ~=>C1 ~g=C1
1K o 1K 1K p 1K b K = 1K

(o)

2—5. CM. TEKCT KHHIH.

6. TpeOyemasi cxeMa TpeAcTaBieHa Ha puc. 12.18.

7. CM. TeKCT KHHUTIH.

8. C 4 X-aapecHBIMH JIMHMSIMM MOIYT afpecoBarhes 1o 16 anpecam 16 X-koop-
IWHaTHBIX TuHuid. Tpebyercs X-memmdparop agpeca. C 4 Y-agpecHBIMHM TMHH-
SAMH MOTYT anpecoBaThes o 16 ampecaM 16 Y-xoopmuHarHbix TuHUi. Kaxmas
u3 256 s;ueeK MaMATH UMeeT 00beM maMsATH 4 GuTa.
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—
x'
s -
£ (ao— & [ 2] 3
3 § | 3
§ A;0 :’ — Marpuua namaTm Z ﬁ
§ A, E — (256 aveex no 4 Gura) z 5
g ¢ [ g
3 A,o——-—g E z, | @
.|
ALINEERRRENRERENEZ
Deumdparop Y-agpeca
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9—13. CM. TekcT yueOHHKA.
14. Crpykrypa Marpvubl Ha MATHUTHBIX KOJibLax 6 x 6 6uT:

15—18. CM. TeKCcT KHHUIH.

Mnhasa 13

1. Ananoro-undpoBoit npeobpasopaTend npeacrapieH Ha puc. 13.3. Tlpun-
LIMII JeICTBUA CM. TEKCT KHUTH.
2—7. CM. TekcT yueOHUKaA.

Mhasa 14

1. TaGnuma UCTUHHOCTH NMOKa3aHa Ha puc. 14.1. CxeMa ¢ OCHOBHBIMHU 3J1e-
MEHTaMHM MoKa3aHa Ha puc. 14.2.



Trasa 17. Pewenus 3adanuii KOHMpOALHBIX MECMOE O

2. CM. TEKCT KHUTIH.

3. Cxema mnpeacTaBiieHa Ha puc. 14.7.

4—5. CM. TEKCT KHHIH.

6. Cxema INOJyBBIYUTATENSI MPE/ICTABJIEHA Ha
MPUHIAITY JEMCTBUSI CM. TEKCT KHMTH.

7. CxeMa 3-OMTOBOrO CyMMaropa-BblUMTATENS.
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§=0 = cnoxenue (A + B)
s’ S=1 = suuutanue (A - B)
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8. 1-GUTOBBII YMHOXMTEND IPOU3BOAUT Jlorudeckoe yMHoxeHue M. Tabnu-
11a UICTHHHOCTH 1-GHTOBOTO yMHOXMTENIs MpeAcTaBieHa Ha puc. 14.25.

9—10. CM. TEKCT KHHUIH.

Mnasa 15

1—3. CM. TEKCT KHMUIH.

4. CxeMa akKKyMy/siTopa ¢ apu(pMeTHKO-JIOTHYeCKUM YCTPOMCTBOM, PEerucT-

paMH ¥ IMaMATBIO IepeHoca Mmoka3aHa Ha puc. 15.8.

5—12. CM. TEKCT KHHIH.

naBa 16

1—9. CM. TEKCT KHHIH.
10. Tabmua u puc. 16.16 co crp. 460.



3asBKM Ha KHATH TIPUCHIIANTE 110 afgpecy:
125319 Mocksa, a/a 594
HznatenscTBo «TexHocthepa»
e-mail: knigi@technosphera.ru
sales@technosphera.ru
¢daxkc: (495) 956 33 46

B 3asiBKe 006A3aTeILHO YKa3bIBaiTe
CBOM MOYTOBKI agpec!

IMTonpoGHast nHGOpMaIUsg 0 KHHrax Ha caiite
http://www.technosphera.ru

Boiit Knayc
Iln¢poBasa 31eKTPOHHKA

Penakrop — T.H. 3azaesa
KommnelorepHas Bepctka — H.A. Ilonosa
Hwzaiin — U.A. Kykosesa
Koppexkrop — H.A. lllununs
Brinyckalomuii pegakrop — O.H. Kynewosa
OtBeTcTBeHHBIN 32 BhINycK — C.B. 3uHI0K

®opmar 70x100/16. ITevars odcerHas.
lapuutypa HeloTOH
ITeu.n. 29,5. Tupax 3000 sx3. (1-# 3aBon 1500 3k3.) 3ak. Ne 2114,

Bymara odcer Nel, mnoTHocTs 65r/M2 .

HsznarensctBO «TexHochepas»
Mocksa, JIybésiHckmii npoesn, 27/1

Juanosutussel u3rorosaeHsl 000 «Eppononurpadux»

Orneuyarano B 000 M@ «[lonurpaduct»
160001, r. Bonoraa, yin. YeJiocKHHILIEB, 10M 3



