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NPEANCJIOBHE

CospemenHbie uHTerpansHpie cxembl (MC) nosBonsioT co3pasathb
CNOXHbIE, BLICOKOTEXHOIOTUUHbBIE H HAAESKHbiE LUDPOBLIE U aHAIOIOBbLIE
yCTpOWCTBRA, ILUPOKO NMPUMEHsEMble AN NpeobpazoBanus u o6paboTiy
CHIHaNOB. _

3aJloroM BLICOKOH HAAEHKHOCTH (QYHKLUOHUPOBAHUA UHDPOBBLIX M
aHaNOroBbIX JIEKTPOHHbIX YCTPOHCTB ABIAETCA NPAaBUJILHOE HCIOJNbL30BA-
HME€ B HHMX HHTErpallbHbIX MHKpPOCXeM U COOMOJCHUE DPEXUMOB UX
3KCTUIyaTaliMK: HapyuieHHe e 3THX YCIOBUH N3—3a HENOCTATOHMHOro
3HAHWA TEXHUYECKUX XapaKTEPHCTHK, IIEKTPUYECKUX 11apaMeTpos,
MPHHUUIIOB [IOCTPOEHUA U PEXKUMOB MX paboThbl uallie BCero n NPUBOIMT K
HENCNPAaBHOCTAM K OTKaly. T10ITOMY O3HaKOMIEHHE € TeXHHYECKUMH
xapaktepuctukamn NC, (yHKUMOHANBbHLIM COCTABOM CepHil, ocoleii-
HOCTAMH WX NPUMEHEHUS, A TAKXKE U3y4YEHNE MPUHLUHOB MMOCTPOEHUS W
pexuMoB  paboTht cxeM 0a30BbiX IJEMEHTOB M THUROBLIX Y3JIOB
aHaNoroBbiX ¥ UM(pPOBLIX YCTPOHCTB BO BCEM HUX MHOroo0pasuu UMEKT
BAXHOE MPAKTHYECKOE 3HAYeHHe, M DPAacCMOTPeHHE I3TUX BOMPOCOB
ABASAETCS OAHOM U3 OCHOBHBIX 3aJay HAcTOALEro yyeOHuka. B yyebruke
JaeTCA CHCTEMATH3UPOBAHHOE H3MOKEHUE BOMPOCOB MUKPOITEKTPOHUKH
¥ CXEMOTEXHHKH — IMHAMUUHO pa3BuBaiolieiicd 06/1acTu Hayku U TexHH-
KH, wrpawoollleii ocobyi0 ponb B pasBUTHM COBPEMEHHLIX CPEACTB
BLIYUCTAUTENBHOM TEXHNKH,

YueOHHUK COCTOMT M3 ABYX 4acTel: B NepBoi — paccMaTpHBaeTcs
snemenTHas 0asza ungposeix ycTpo#cTs DBM, a Bo Bropoil — 06cyx-
JAIOTCA BOMPOCH! MOCTPOEHHA AHANOTOBBLIX 3JIEKTPOHHBIX YCTPOHCTB, a
TaKoKe aHanoro-uupoBLIX ¥ LAppo-aHanoroBwix npeodpazosareneii. ITpu
PAacCMOTPEHHY 3THX BONPOCOB NPEANONaraercsi, 4TO YUTaTeNlb 3HAKOM C
OCHOBaMH MIEKTPOHNKY U TEOPHUH INEKTPUUYECKUX Uenel, a Takke 3aKo-
HaM¥ ¥ npaBunamu anreSpbt NOrvkn. MaTepuans!, H3JI0KEHHbIE B JaHHOM
y4yebHMKe, HMMEIOT NOrM4YecKylo NOCIefoBaTeNbHOCTh U B CXKATOH M
AOCTyrHOI PopMe OTpaxkaloT BCe pasaenbl NporpamMMbi Kypea.

B nepBoii rnaBe paerca knaccu@uiauna MC v paccMaTpuBaiotes ux
OCHOBHbIE MapaMeTPsi U YCIOBHbie 0003HAUEHUA.

Bo Bropoii rnase AaeTcs CUCTEMATU3UPOBAHHOE U3JIOKEHUE
BOMIPOCOB CXEMOTEXHUYECKOIH peaTn3auii U NpUHLUMNOB PaboThl 6a30BLIX
NOrMYecKux MeMeHToB IBM.

B raaBax 3 # 4 noapo6HO ONMCBLIBAIOTCS METONMKA M MPHHLAIL
paboTei cXeM, (QYHKUHOHANLHLIX Y3JI0B, WMPOKO MPHUMEHAEMBIX B
ycTpofictBax uupoBol 00paboTKy JaHHBIX /I BLIMOJHEHWS TaKHX
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TUNOBbIX (YnKUMH, Kak, Hampumep, IeWNPUpuBAHME, MYNbTHIJIEK-
CHpoOBaHue, NOACYET UMIMYIbLCOB, CPABHEHHE H CYMMUPOBAHHE ABOMYHBLIX
CHIHaNOoB U T. A ‘

B rnase 5 “ITonynpoBoAHMKOBbIC 3anoMuHalolme ycTpoiicTsa™
pacCMaTpHMBaIOTCS OCHOBHbIE MapaMeTpbl, KIAcCU(UKALUMS W CTPYKTYPbI
3anoMuHaroulero yeTpoiictaa (3Y), Bonpochl KHLIMPOBAHUA ONEPATHBHOTO
3V, ocoBeHHOCTH M cxemoTexHuka 3Y CraTHIeCKOro M JIMHAMMYECKOrOo
tunos (SRAM u DRAM) u sneproxesasucuMinix 3Y tuna: ROM, PROM,
EPROM u EEPROM.

B nocrepyrommMx Asyx rmamax (6 n 7)) paccMmarTpusaroTcs
CXEMOTEXHUKA [porpammupyemMuix Jorpdecknx  marpuu  (IMJIM) wu
KOHCTPYKTHBHBIE 0COBEHHOCTH (atonhix MITpHUHBLIX KpucTawios (BMK),
KOTOpbIE CAY>KaT OCHOBOM (nony(abpukaToM) AN CO3RaHMA TNOJy3aKas-
Hetx BUC n CBHUC. 3gech we obCyHUMOTCH KOHCTPYKTHBHO-TEXHONO-
THYECKUE ¥ CXeMoTexHuueckue ocobieninety cospementbix BUC u CBAC
¢ NMPOrPaMMHUPYEMbLIMH U PCIIPOIPAMMHPYCMBIMUA CTPYKTYPAMHU.

B rnase 8 naoTca ocHoOBHLIC IAPAMETPH U CTPYKTYpHas cxema
onepauroHHbIX yeuantened (OY), koropuie snisioTcs MeMeHTHO! 6a30ii
60NbIIMHCTBA COBPEMEHHbBIX AHAINOIOBLX ‘MICKTPOHHBIX YCTPOHCTSB.

B rnaBax 9 n 10 o6Cysaaiores BOUPOCH HOCTPOSHUN 1Ha ocHoBe OY
Pa3NHYHBIX AHAIONOBLIX MIEKTPOHHLIX YCTPOUCTN: TUHOBMIX YINOB ANs
npeobpa3oBanta aHANOIOBLIX CHIHANON, UKTHRHKIX (PHAKTPOB ¥ aHANOTO-
BbIX KOMApATOpOB, AAIOTCA UX CXEMBLI M OHPEABANIOTCH 1EPCUATOUHbIE
dyHKUuu.

B rnase 11 paercs xnaccu@uxaiius u puccMaTPHBIIOICH OCHOBHbIE
XapaKTEePUCTHKH W CXEMOTEXHUKa LMppo-nuioronuX ¥ aHanoro-
uvdpossix npeobpasopaTeneii.

YcBoeHUe MaTepuana, W3N0XKeHHOro 8 y4eGHHKO, HOHONNET OCy-
WIECTBUTh NPaBUALHLIA BbIGOP CXEMOTEXHHUCCKUX BAPUAITOB NOCTpOE-
HHUS JNEKTPOHHBIX YCTPOHCTB, MOAEPHHIUPOBATH WX, NPOSKTHPOBATH
HOBbIE YCTPONCTBA € yNYUIUIEHHON XapakTepucTHKON u IPUMEHATL UX Ha
NpaKTHKE.

Yuebunk npeRHa3sHaueH IANA CTYAEHTOR Byion, ofy'aiouMxcs no
cneuuanbHocTam 050704 — “BpluciantensHas TEXHUKA K 1IpOrpaMMHoe
obecrnieveHue™ n 050703 — “Mudopmaumonnbie CUCTEMbI™, a TakKkKe OH
MOXKeT ObITh ToONE3eH ANS CTYAEHTOB cneudanbHOCTER PajMo3NekTpoH-
HOTO ¥ TEEKOMMYHHKAIlHOHHOIO HanpaBnieHni.

ABTOop OnaroZapHT peleH3eHTa 3a PR/l UCHHLIX 3aMeuaHui,
CNOCOGCTBOBABIUNX YAYULICHUIO KHHIH.



BBEJXEHHME

BypHoe pazBuTHE MUKPOSJIEKTPOHMKY, JOCTUrHYTOe Onaromaps
nporpeccy B oOnacTd TEXHONOTMH W CXEMOTEXHHWKM, TPHBENO K
OLICTPOMY NOBBILIEHHIO CTENEHN MHTErpalliy MHTerpanbHeix cxem (MC).
CospemeHHple VIC  1no3BOASIOT co3maBaTh ClOXHbie LMQpoBbie W
aHanoroBble JNEKTPOHHBIE YCTPOWCTBA, KOTOPbIE XaPaKTEPH3YIOTCA
BLICOKOI HAfEKHOCTHIO, MalbiMu rabapuTaMi, BbICOKUM ObicTpO-
aeiicteuem ¥ T. 1. HauGonbluee pacnpocTpaHeHUe MOMydunu undpossie
HC, xoTopble WMPOKO MpUMEHAIOTCS A1 npeobpa3oBaHda U LMbpoBoi
obpabotku curHanos (uHbopmaiiu). MHTErpasbHbie CXeMBbl, HCMONb-
3yeMbl¢ B aHANOrOBbIX JMEKTPOHHBIX YCTPOHCTBAX, MpPEAHA3ZHAYEHBI [UIA
npeobpa3oBanus U 06pabOTKU CHFHANOB, WM3MEHAIOLIMXCA MO 3aKOHY
HenpepuiBHOM QYHKLHK.

Mo creneun uuterpauuy uuoposbie UC ycnosHo pasgensioTcs Ha
Cneflylolue YPOBHM: Maibie, cpeinde, Oonbuiue u cBepxbonbmue HUC
(MHC, CUC, BUC, CBHUC, coorserctenno). UC manoit u cpeadeii
CTENMEHU VHTErpauuH, CoAepxainde MACCATKM M COTHH JAEMEHTOB,
HUCTIONB3YIOTCA MPU paspaboTke 6a30BbIX M TUMOBbIX CXEM, BbIIOHAIOWIMX
dyukuun npocteix aorpueckux snemewtob (M — HE, UJIM - HE,
W - UM — HE n gp.) v dpyHKUMOHANBLHBIX Y3N10B (PErMCTPOB, CHETUHKOB,
pacnpeaenuTeneil CUrHanOB, AelN(pPaTOPOB, MYILTUNIEKCOPOB 1 Ap.). C
noasneduem BHUC u CBHUC co creneHslo MHTErpauuu OT AECATKOB U
COTEH ThiCAY [0 MHIHOHOB (1 Oojiee) 31EMEHTOB CTalla BO3MOXHOMN
pa3paboTka ¥ pasMelLeHHe Ha OJHOM KPHCTaJlle CXeM KpynHbIX 670K0B H
ycrpoiicTs DBM u naxe cucrem 8 uenom. [Tpumepom Ttakux CBUC
apnmoTes Mukponpoueccophsie CBUC (MIT CBUC), CBHUC 3Y, CBUC
nporpammupyemoi soruku (CBHC TJT) u 1. a. BonbuiuM JOCTOMHCTBOM
MIT CBUC u CBUC 3V u um nopobusix CBHUC gsngercs wux
yHUBepcanbHOCTsL (kpuctamnsl BUC/CBUC ITJ1, Tak Ha3biBaeMble MoNy-
(abpukaTsl, B HEKOTOPOM CMbIC/IE Takke 00/1a1aloT CBOACTBOM YHHUBEp-
CaNbHOCTH), YTO NO3BOJAET BHINYCKATH UX B OUEHb OOMbIIOM KOJIMUYECTBE
M acCOpPTHMEHTE ¥ Ha MX OCHOBE CO3AaBaTb CJOXKHbIE, BbICOKOTEXHO-
NOTHYHbIE M HaAeXkHblE LUH(QPOBLIE NIEKTPOHHBIE YCTPOHCTBA BbIUUCIH-
TenbHoU TexHuku (BT) u MukponpoueccopHbix cucteMm. 310 06CTOS-
TENbCTBO CO3AAN0 peaNbHYl BO3MOXHOCTb [HAPOKOrO MPHMEHEHHS
COBPEMEHHOI 3NEeKTPOHHOI annapatyps! B pasluyHbiXx cdepax KH3HH H



DEATENbHOCTH  YEnoBEnd: MPOU3BOACTBE, 0Opabotke udopmanny,
YIIPABACHUNA U OHITY.

KauecTBeHnoe npoextuposatve uudposbix ycrpodcts BT u cucrem
NpPaKTUYECKH HEBO3MOMHO 0e3 XOpOoWero 3HaHHd HOMEHKIATypbl U
XapakTepHCTHK (B TOM YUCIE DBAEKTPUULCKUX NapameTpos) 6a30BbIX
3NIEMEHTOB 1 Y3108 YCTPOHCTB uuppoBoli annaparyps!.

B kauecTse 0a30Bbix JneMeHTOB 1M(PpoBHIX yCTpoliCTB HUCMONL-
sytotes anementnl TTJILL, ICH, MKW (n3rorasnusaemsie no Gunonsp-
HOM TEXHONOFKU) W dmemMenThl Ha ochose nMOLl- n KMOIT-ctpyxTyp.
Hna cxem anemenros TTHIH n DHCH, yupasnsiembix tokamu, XapaktepHo
BbicOokoe ObicTpopeficrane, Oonnuiian LOTpebAseMas MOWHOCTL W UX
npuMerenne ans  cospaius ChUAC cessado ¢ pagom npobGnem, B
YACTHOCTH, €  HEahPCKIUBILIMW  HATPATAMW  NNOWAAM  KpucTania,
CROXKHBIMH TEXHONOIMMECKUMU  (POIECCAMY WX W3TOTOBREHHS B T. .
Unterpanshbie cxemisl nMOIL- u KMOIT (CMOS)-3nemenTos, ynpaesise-
MbiE HANPMKEHUEM, UMCIOT Menntiee OnicTposecTsne no CpaBHEHHIO C
anemerramu TTJHH w CIL Ouinko rexnonorvieckue npoueccs! U3ro-
tosnesus nMOIT n KMOIT UC npomte, a take urterpayus MOIT-Tpan-
3UCTOPOB MPOUBBOAWTCH JICIMIL, TIOYTOMY OHW B HACTORIUEE BPEMS LIIUPOKO
ucnonpdyorest ans cospanun CHUAC, nemenrs KMOIT otnuyuarortes
TalOKe OYeHb HU3KOH uotpebasiemolt MonwocThio (norpebnenue mout-
HOCTH MMEET MECTO TOALKO BU BPEMH HICPLKINIONSHNA NICMEHTA), BbICOKO
NOMEXO03ALUHLIEHHOCTBIO U T. L.

[Tpumenenne MC rarke NOMONKIO  YUPOCTHTL NPOeKTMPOBaHHe
CIIOKHBIX @HANOTOBLIX ANEKTPOHHLIX YCTPOHCTH, HONMCHTS HAREXKHOCTD U
TO4HOCTb. B Hactoawee Bpemsa Ha ocuone Ounosspinx 1 MOIM UC
co3iaH GonbION aCCOPTUMEHT HHTCIPAILILIX YHUREPCIILHBIX Ofiepa-
UMOHHBIX ycuanTened, Koropuie siistiores MeMentiod 6asofh Gonb-
LIMHCTBA AHANOTOBLIX IEKTPOHHBIX YCTPOHCTH, TAKHX KAK KOMIIAPATOPL,
HenuHelHble npeobpaszoBarTesi, aKTUBHLIC (DUIILTPLL, HCTOMHUKN TOKA U
HanpsakeHus, Lndpo-aHanorossie v aHanoro-nudhponsie pcodpasopateny
n T. &. UCnoNb30BaHHE UHTETPaibHbIX cXeM (Y NOMONMNO yIPOCTUTS
CTPYKTYDPY 3THX AHAOrOBLIX YCTPOHCTB, MOBBICHTL WX HWIWKHOCTL ¢
TOYHOCTb.

B nacroswee spema BHMC u CBHUC, uapsiy ¢ wirerpanbHbiMu
cxemamy Manoii M cpeiHell cTeneHM MHTCIPALUMM, CTaiM  OCHOBHOH
3nemMeHTHOI 6a30ii COBpeMeRHbIX CPeACTB HUDPOBON BhLIMUCANTENRLHOMN 1
aHaNoroBO TEXHUKH.



YACTD IIEPBASL
IIHMPPOBASA CXEMOTEXHHKA

[. KIACCHUPUKAIIUS THTEI'PAJBHBIX CXEM U NX
OCHOBHbLIE [TAPAMETPbL]

HuTerpanbHbie  cXeMbl, M3TOTABRNVBaeMble  Ha  OCHOBE.
NOJAYNPOBOAHUKOBOW  TEXHOMOrUM, WUPOKO  MNPUMEHSAIOTCH B
COBPEMEHHbIX JJIEKTPOHHBIX YCTPOHCTBAX AN BBIMOJHEHUS PazAUYHbIX
gynkunii. OcHOBHBLIMA byHKUMAMY, BbinonHsemsivu VIC, Ha3biBae-
MbIMM TaK)Ke WHTErpasbHhIMM MHKpocxeMaMmi, ABnstoTesa obpaboTka u
npeoGpasoBaHng 3JICKTPHUUYECKUMX CHUCHANOB, 33aaBaéMbIX B BHJE
HaNPsiXKeHUs Win ToKa. DNeKTPHUYECKNe CHIHANBI MOTYT NPEeACTaBIATHL
co6oii  MH@opMauMio B adanorosoli Wi  uudposoli  popme.
HuTerpanbHuie cxeMol, BHNONAHAOUME 00paboTky 3TOi WHPOpMaLMK,
HA3bIBAIOTCA COOTBETCTBEHHO QHAN0208bIMY UAU YUPPOGLLMU.

[lo THNy OCHOBHOrO0 aKTHBHOTO KOMITOHEHTa Pa3IHH4aAKOTCA
6unonspusie UC (Ha OGunongpubix Tpausucropax) n MAIlN UC (ua
MJI1-rpansucropax). bunonspusie WIC, kak npaBujio, Xapakrepu-
3YIOTCH BbicOKUM ObicTpogeiicTereM n Gonbiuoii norpednsemMoit Mom-
HocThiy. [lpoliece M3roroBsieHus HX BecbMa CJIOXKeH U Tpedyer
NpUMEHEHUA KPHUCTANNOBR Gonasiioil naowaan. B aToM oTHOWEHMM
MATT-CTpYKTYpbl ABIAKOTCA WX NPOTHBOMONOKHOCTRIO. HMeHno
nosromy B CBUC Gonee wmpokoe npumedenue Haxoast MJIII-Tpas-
suctopel. Takum obpasom, B Tex cnydasx, koraa Tpebyercd BbiCcOkoe
GbicTponeiicTBue, T. €. (GYHKUHOHMPOBAHHWE HAa BBICOKOH 4acToTe,
npumensrores UC Ha OunonspHbIX TpaH3HCTOpax, a KOTJa K CXeMe He
NpeAbABAsOoTCS ocobbie TpeGOBaHWA B OTHOLUEHWH ObICTpOACHCTBHS,
toraa npumenstores M1 UC, koToprie obecneuuBaloT cpaBHUTENLHO
Manyro foTpebnieMyo MOIHOCTb ¥ UMEIOT HW3KYIO CTOMMOCTD.

1.1. AHaJ0roBBIE HHTEIPAJbHEIE CXEMBbI

Ananorossle HMC npumenstores ans  pa3paboTki  cambix
Pa3/IMMHBIX aHATOroBblX 3JCKTPOHHBIX yCTpOﬁCTB, NpeaHa3Ha4YeHHbIX
Ul yculleHns, cpaBHeHUs, 06paboTku, npeobpa3oBanusg U T. 4. CUrHAJNOB,
M3MEHSIOLIMXCA 110 3aKOHY HenpepsiBHON QyHkuuu. B Hactosee spems
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pa3paboTano OGo/blIOE YHMCAO AHATOrOBLIX MHMKPOCXeM KakK 06wero
NpUMEHEHNs, TaK Y CeLMalbHOro HasHaueHus. K HUM B NiepByIo ouepesb
OTHOCSTCSI aHAJIONOBbIE MHKPOCXEMbI ONEpatOHHbIX yeunurenel (OY),
KOMIapaTropos M mApeobpasoBaTeneil aHanoOroBbIX CUIHANOB, CTabuau-
3aTOPOB HANPHIKEHWA, NPUMEHAEMbIX B UensX nutanns. Bonsutyio rpynny
COCTABIAIOT crieudanuinposansie ananorossie MC, npenHasnauennsie
JUIAL BBHITIONHEHHS pasNuMHbIX PaIMOTEXHUYECKMX MNpeodpa3oBaHuii Ha
OCHOBE aHANOroBbIX TMEPEMHOXHUTENEH, Hanpumep, aMIAUTYAHLIX U
(a3oBbLIX MOLYJSTOPOB M AEMOAYJNATOPOB (AETEKTOPOB), a Takke Ans
nocrpoenus ObiToBOH annaparypsi. OaHako, HECMOTPA HA pPa3UUus
npumensemblx aHajoropbix MC u ux QyHKUHOHANLHOrO Ha3HauyeHus W
TCXHONOMMHU  H3rOTOBJICHUSA, OCHOBOH OONbIIMHCTBA W3 HMX ABIAETCA
CXEMOTCXIHKE  onepauuoHHbLiX  ycunutenelt (OVY), peanusyembix Ha
oenone ddiepesiiyanbHbIX YCHRHTeRe MOCTOAHHOTO T0Ka. Onepanon-
HWE YUIHTIENH RRIIOTCH OCHOBHBIMH CXEMOTEXHUYECKUMU 3J1EMEHTaMU
voRpememiol merpansitoil ananorosoii anekTponuky. IMostomy xapax-
TEPHCTHRH OONKIMIIC T ANANOTOBLIX YICKTPOHHLIX YCTPONCTB onpede-
HAIOICN OCTOBNIMIE BapamerpamMi OV, K KOTOPLIM OTHOCATCS:
KOUDPHUHAHT YCHICHUR 10O HANPIKCHNIO;
HACULHOEG COlpOTHRICIHNG,

= MWXOHO® COPOTHBICHNE,

= IUUIOCR YCHIMRICMLIX HACTOT,

Mpumencine anasoroseix UC joctatotHo cneunduuio u octapaser
Gonswolt npocrop ana reopuecTBa paipaboTuvka. OH AOMKEH 3HATH
BHYTPEHHIO CXEMOTEXHUKY U KOHCTpYKuMiO aHanorosulx MC, csolicTsa
THNOBLIX CXEM W YCROBUS UX NPUMEHEHHA, & TAKXKE METOAb! ObICTpOii
OLIEHKH OCHOBHBIX XapakTepUCTUK pa3pabaThiBaeMoro ycTpoicTsa.

1.2. LudpoBssie HHTErPaALHBIE CXEMbI H MX OCHOBHbBIE
napamerpsi

B oranune or ananorosuix UC, BLIGOP UM(PPOBLIX MHTErpanbHbIX
MHUKPOCXEM ¢ HYXHbIMEM  CROHCTBAMM JlocTaTONHO OPMANU30BaH U
npakTuyecky He npeactaniaser tpyaa. Llugposeimu UC Hasbiarotes
MHKPOCXEMbI, NpefHazHaueHHbie ans  npeobpaszosanus u  obpaboTku
CUTHANOB, NPEACTABIEHHbLIX B JIBOMUHOM HAU JIPYIOM UH(POBOM Koae.

CxeMoTeXHHYECKAR peanusanus Bcero muorootpasus unppossix HC
OCYUIECTBNAECTCS HA OCHOBE JNOTMMECKHX “yemenrtor (J1D), KoTopble
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NpeacTasasior OG0l NornyecKue CXeMbl, BBLITIONHAWILME IEMEHTAPHbIE
noruyeckre OYHKUMH (KOHLIOKLIMIO, AV3BIOHKUMIO, MHBEPCHIO W Ap.).
focTosnHOe noBbiliehne TpeOoBaHNit K YBENHHEHNIO ObICTPOACHCTRHS U
YMEHBLUEHUIO NOTPebNsemMOll MOLIHOCTH CPEACTB  BBHIYUCANTENLHOM
TEXHUKHU TTPUBEJIO K CO3AAHHIO pa3iuiHbiX HHbPOoBbx NC, koTOpblE, KaK H
ananorosbie MC, paspabGarbiBaloTcss M BulyckatoTes cepusamu. Cepust
npencrasiger coboii kommiaekt UC, uMeonX eAMHOE KOHCTPYKTUBHO-
TEXHOJIOrHYECKOE HCNOJHEHHE,

B cocras cepuit ungposbix MC Hapasy ¢ NOrd4eCKHMH 2IEMEHTAMU,
TPUITEPHbIMY, KOMOWHALMOHHBIMY U NOCIEAOBATENBHOCTHLIMI CXEMaMU,
peanusyroMMit  (PYHKUMK: Xpasenus, wnhposanus, AeminbpoBanus,
MYNbTUIJIEKCHPOBAHUA, NOACYETA W pacTpeNc/iCHHU UMIYIbCOB U T. f.,
BXOJAT TaKXe MHKPOCXEMbl, MNpeacTaBiistome coboil Lenble y3nbl U
Ba0kK apudMETHUECKHX 1 32NOMUHAIOLIMX YCTPOHCTB.

B Hacrosiltee Bpemsi Haubosee LUMPOKOE NMPUMEHEHHE B LUGDPOBOI
BLIMUCAUTENLHON TeXHUKe noayunnu cepuu Sunonapuwx UC TTJI, 3CH
u WK, a takke cxembl Ha ochose nMOTIl-tpansuctopoB u KMJII
(xomnnementapubix MIATT)-cTpykTyp.

CoBpemeHHas TEXHONOUA MO3BOJIAET H3TrOTaBANBATL CBEPXDObINNE
uHrerpanbubie  cxembl (CBUC), comepxauipe JAECATKH MHNAHOHOB
3JIEMEHTOB, KOTOpbIe  LUMPOKG TNPUMEHAIOTCA B MalorabapuTHbIx,
BbICOKOHAJEXKHBIX, ObICTPOAEHCTBYIOIUMX W IKOHOMHYHBIX UUDPOBLIX
BbIYHC/IUTENBHBIX YCTPOHCTBAX M CHUCTEMAX AN BLINONHEHUS CaMmbiX
CNOWHBIX ofepauuii oGpaboTky u npeobpaszosanus nHdopmauuu. Poct
YPOBHS MHTErpaluH B HacTosiiee BpeMaA AaéT BO3MOMHOCTL pa3’Meumiats
Ha KpPUCTA/JIE CXEMbl, COXKHOCTb KOTOPBLIX CONOCTaBUMA LEMbiM
cUCTEMaM, BK/IOYas NamMsaTb U npoueccopbl. Tlpu >ToOM npakTHUecKH
Mobbie CAOKHBIE onepaunu npeobpasoBanus U oOpaboTkH B KOHEUHOM
cueTe cBOAATCA K npocreiiwnm onepaunam HE, U — HE, MJIK — HE u
T. [., BbITIONHAEMbIM JIOTUHECKHMU 3nemeHTamu. OCHOBHBIE 31EKTpU-
yeckue napameTpsi 3Tux JID, HazpiBaeMbiX 0a30BbIMK PYHKIMOHATIBHBIMK
HIEMEHTAMM, ONPENE/IAIOT XapaKTepucTk Gonee CAOKHLIX M0 YPOBHIO
uHTerpatdu U QyHkuMoHanbHoMy HasHaueHuto VIC, BXOAAUWIUX B COCTaB
cepuu. Ilapamerpnl J13, KOTOphIE AENATCA HA CTaTHYeCKWEe H AMHAMU-
yeckue, NO3BONAIOT cpasHnBaTh Mexay coboil MIC pasnnuHbix TMIOB U
cepuii M ONpelensioT BO3MOXHOCTM HX COBMeCTHOH paboThi B cocTase
OAHO# annaparypbi.



K OCHOBHEIM CTATHUYECKL M [TAPAMETPAM OTHOCATCA:

— BXOJAHbDIE ¥ BLIXOAHbIE HANPSIKEHUs orudeckoro 0 u noruveckoir 1
(Wao Ulsy Ui, Ul

— BXOIHBIE H BHIXOJHBIC MOPOTOBbIE HANMPSHKEHUA soruyeckoro 0 u
ﬂoquCKOﬁ 1 (UOBX ns U]IX ns UOBHX ns Ull!blx n);

~ BXOJHbIE H BBHIXOAHbIE TOKH noruueckoro 0 u soruyeckoit 1 (1°,,
e Coures U

— MOMEXOYCTONUUBOCTD;

— Harpy3o4Has criocOGHOCTb;

— notpebngemMas MOLLHOCTS.

[MapameTpot JID onpeaensores 1o ero NEPefaToMHONR  XapakTepuc-
THKE, KOTOpas NpeacTapiseT cofol WBHCUMOCTL BLIXOAHOTO HanpsykeHus
Ueux OT HanpskeHus U,, Ha OJHOM ®3 BXOZOB FPH NOCTOAHHLIX
3Hauenuax HanpseHns (U, nan 1)',,) na ocTanbHbIX BXOAAX.

B kawectBe npumepa nepejparoviias xapakirepuctuka JI3 ¢ uHBep-
THpyromuym Beixoaom (HE, 1 - HE, WIH - LIE) npuseaena uva puc. 1.1.
Ha nepeaatouHoif xapakTepucTHKE BLIJICHCHBE TP YYACTKA:

— y4acTok [, cootBercTBytonmi coctonimio o, 1 (U, = U

— y4acrok 11, coorBercTBytowumid coctoRHNIO 101, 0 (U = 0

— yuactok I, HasbiBaemsiif 30HOH HeonpeacenduHocTy, npuuém 3Ha-
YeHHUsT HAMPHKEHUS Uy, COOTBETCTRYIOUNE (PrinIaM YTOR 30HbLI, Halbl-
BAIOTCA MOPOrOBLIMA HANPLKEUUAMHU Hepekmonenns U, , u U'sn.

Uls | 13

Usuix

Uiz

“ugy U:xn ;,m Ubx U

Puc. 1.1. Tlepenatounas xapaktepucTura HHBCpTHpYIOero 13

B mpaktuueckuX cxeMax BXOA OAHOTO WIEMEHTa ROAKMIOYEH K
BeIXOAY Apyroro JI3, noatomy ypoBHHM Joruueckoro 0 u mornyeckoii |
BXOOHOTO M BBLIXOAHOIO HAlpPAXCHUM, COOTBETUTBEHHO, PABHBI MEXIY
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cobo, r. e., U’y = Uy u U'y, = U',,. TyymuéM pasHocTs HanpskeHmwii
U'.,.,,x " UOBW oGo3Havaeman kak U, = U',,. - Uo‘,,,,x , Ha3bIBaeTCH JNOry-
yeckum nepenajom. [lpu omnpeneneHuy cratuyeckoidl nomexoycroHum-
BOCTH MO/ 3TUMK YPOBHSIMM HanpsxKeHWil MoApa3yMeBaloT MaKCUMAIb-
bl ypoBenb HanpskeHns norudeckoro 0 (U maw Ulpix ma) ¥ MHHH-
ManbHEI# ypoBeHb Hanpsienusn norudeckoit 1 (U'ys min U'suc min)y COOT-
BercTBeHHO. Tak kak JID B CTATUHECKOM PEXKUME MOXET HAXOAUTHCH B OA1-
HOM H3 BYX coctosinui («O» uam «1»), pasnuvaloT CTaTHYECKYIO NoMe-
XOYCTOHYUBOCTb 1O YPOBHIO «O» (U°on) 1 TIO ypoBHIO «1» (U ! o). Benu-
YHHY STHX NApaMeTPOB ONPEAeISIOT COMACHO BbipaxceHHIM (puc. 1:1):

UO(I()M = UO exn - lJOB\ = UOB\ [ UOBBIX mﬂ.\;
('J'll()M = UIBX - UI X1t = L]IBH.‘& mn U' B\'.ﬂ -

Taxum oOpa3oMm, craruueckas NOMEXOYCTOMUMBOCTL OMpejenser
MaKCHMaNbHO AOMYCTUMYIO BeaMuuHy Hampskenus nomexu (U’ nim
U'noM), nPU NOAa4Ee KOTOporo Ha 8xoA JID oTHocUTEnLHO yposHs «0» UK
«1» He NPOUCXOAHUT €ro oxHoe cpadaThiBaHue.

Bxonnbie # BbixogHbie TOKH (I, ' %pne o) JID, KOTOpbIE B
3aBUCHMMOCTH OT YPOBHS HanpsOHKEHHS Ha €ro BbIXOAE MOryT ObiTh Kak
BTEKAIOLUMMH, TaK M BbITEKAOUWMMHU, XaPaAKTEPUIYIOT Harpy3ouHyio
cnocobHocTy JID. [Ipu BLICOKOM YpPOBHE BBLIXOAHOTO HAMpPsIKEHUS W3
3IEMEHTA-HCTOUHUKA TOK BbITEKAET M MOCTyNaeT Ha BXoAbl Bcex n JI3,
BBITOAHAIOWMX BYHKUMIO HAarpy30K. ECNH 3neMeHThi-HATPY3KH OHOTHII-
Hble, TOrAA KO(hHULNEHT Harpy3KH n Onpeaensercs kak n= /1 e

AHaNOrUYHO paccyx/as, MOXKHO ONpele/iiTh Harpy3ouHyto ciiocob-
HOCTb JJIEMEHTA-UCTOUHMKA A8 cjyvas, KOrga OH HaxoJHUTcs B
cocTosHAM fornueckoro uyasn = 1%, /1%

Jlornyeckue onementsl Tpu  pabore B cocTaBe  UMDPOBOrO
YCTPOHACTBA MOryT HaXOAUWTLCA KOO B CTATMUYECKOM PEXUME, KOTOpbIH
Xapakrepusyercs OAHWM M3 AByX cocTosHudl («O» unu «l1»), nubo B
craguy nepexmouenusn. OO0briHO JID, BBIMONHEHHBIE MO OUNOJAPHOM
CXEMOTEXHOJIOTMH, NOTPEONAOT B OCHOBHOM MOLIHOCTb B CTaTHYECKOM
pexume, KOTopas Kb HE3HAYUTENLHO YBEJIMMUBACTCH B JHHAMHUYECKOM
pexume. Hpyrue, Hanpumep, KMIIT-3nemeHTbl, HAa000pOT, xapakrepu-
3yIOTCS OYEHb HE3HAUUTESILHOH MOLIHOCTHIO B CTATHUECKOM pekuMe H
HEKOTOPbLIM  yBeAnueHHeM e€ BO BpeMs NEepPexOdHbIX MPOLECCOB.
bunonspuHbie nornueckne MeMeHTh! ¢ MasbiM NOTpedNeHHeM MOLIHOCTH B

}!



AAHAMWUYECKOM PEXUME  XapaKTepn3YIOTCH cpepHeil noTpeGasemoi
MOLIHOCTBIO Pror o = 0.5 ( P + P'oy ), rme P — mommocTs,
norpebnseMas cxemoi B cocTosHun norudeckoro 0; P!y — MOIUHOCTb,
norpebnseMas cXemoif B COCTOSHUY JIOTUYECKOH |.

JAvnaMuyueckue napaMeTpsl XapaktepuaytoTt Goictpoyeticraue JID v «
Hum oTHocates t'° 1 t*' — JTHTENLHOCTH, COOTBETCTBEHHO, OTPHlia-
TENLHOro (CMAJAoWenry) U NOJOKUTENLHOrO (Hapactawowwero) GppoHToB
BBIXOJHOTO curiana; t 'OMP H t“"m, — 3a[IEPXKKN PACIIPOCTPAHEHHS CHIHA-
Na npu BKIIIOYEHUY W BBIKIIOUEHUH, COOTBCTCTBCHHO; 1y — MIHTENBHOCTD
BXOAHOTO UMmyabca; f, — pabouasg uactora. lia puc. 1.2 npusenens! Bpe-
MEHHblE AMarpaMMbl NEepeXOAHbIX NPOLECCOR NIEPCKINOUCHUA UHBEPTU-
pyowero J13, rae nokasaHst ypoBHH orcuéra, OTHOCHTENLHO KOTOPLIX
OMpeAeNsIOTCA AMHAMUYECKHE fapaMeTpbl. YPOBHH OTCYETA HalPKEHUI
L1 OTIpeAeNeHusl JUHAMHYECKHX NapaMeIpoB yC1aHaBAKBAlOTC OTHOCH-
TEJIbHO BLIXOAHBIX MOPOTOBbIX HaNpshieHUi Jloruyeckoit 1 1 noruueckoro
0 (puc. 1.2). llpu pacuére Bpemennoii AICPKKH CHrHaNa MOCHERO-
BaTe/bHO BKIOYEHHBIX LUUDPOBLIX MUKPOCXEM HCMONb3YETCA CPeAHAs
3aiepiKKa pacnpocTpaHeHns curiana J1'):

10
np ).

tapep = (lap + 1

Jna UC ceepxsbicokoil crenenu uwrerpanuu (CbUC) ncnonelyror

TakKe MHTErpalbHBIE MAPAMETPbl, KOTOPLIt XAPUKTCPHIYIOT YpPOBEHb

Pa3sBHTUA TEXHONOIWHM M CXEMOTEXHUKH M KavecTno tndposbix HUC.

OCHOBHBIMK HHTErPAbHbIMU TAPAMCIPAMH  HNNHIOTCH DHEprus nepe-
KIto4EHNUS A, ¥ YPOBEHB(CTENEHb) MHTCIPRIMN 8,

Uax
Ut |- - - e e o e e i)
T N
USx ! :‘ -0
t ¥ t
1.10 ‘ {2
s o, b o

) e
Usux

U

Puc. 1.2. BpemeHHbie ABarpaMMbl NEPEXOAHBIX MPOILLCCOB
nepeioYeHna HEBepTUpYouero JI7)
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CreneHp urTerpaium S nucuudeckux UC onpegensiercss 4ucnom
npocTeiux JkBuBaJeHTHbIX JID Ha kpucranne. HHorga creneHb
unrerpauin CBUC n3MepsioT 4HCIOM 3NEMEHTOB-TPAaH3UCTOPOB Ha
kpuctaie. CTenens, uuterpauun cospemennsix CBUC coctaBnser ue-
CKOMbKO JECATKOB MUJIMOHOB 371eMEHTOB. (DYHKIHOHAILHYFO CHOXHOCTh
MHTErPanbHBIX  MUKPOCXEM, 3aNOMMHAIOMUX  YCTPONCTB, UMEHOMUX
peryaspHylo CTPYKTYPY, OLEHHBAIOT YUCAOM GUT MAMATH Ha KpUCTAILE.

PaccMOTpUM ycnoBHbie 0003HaUEeHUS WHTETPANbHBIX MHKPOCXEM.
Mo npunaToii cucreme [12] o6o3nauenus UC coctoar u3 ueTbipéx
3N1EMEHTOB!

— NepBbif 3/IeMEHT — 3TO UH(PA. COOTBETCTBYIOLIAA KOHCTPYKTHBHO-
TEXHONOIMYECKOMY UCTIONHEHUIO MHKPOCXEMBI;

— BTOpPO# 7HNieMeHT — ABe uan Tpu uudpbl, oOo03HaAuaOUIHE
nopsaxoBblii Homep cepun MIC o1 00 10 99 uau ot 000 o 999,

— Tpetuii dnemeHT — ABe OyKBbl, COOTBETCTBYIOUINE NOArpYNne H
BUAY 10 XapakTepy sbinonuseMbix MC QyHkumit;

— YeTBEPTbIH 3NIEMEHT — NOpsAKOBbLIH Homep paspaborkn UC no
(yHKUMOHANILHOMY NPH3HAKY B JAHHOM cepuu.

[lepeble nBa 3nemenTta onpegenstor Homep cepuu  MC. Bykssi K,
KM, KP B Hauane ycnoBHOro o603HaueHWss MHKPOCXEM XapaKTepH3yroT
ycaoBUs UX NpUEMKH  Ha  3aBOAE-U3rOTOBHTENE W OCOGEHHOCTH
KOHCTPYKTUBHOrO  WcnonHeHus.  Hanpumep,  o0osHauenne  UC
KP1533JIA3 o3HayaeT, 4TO JaHHas MHUKPOCXEMa HAaxOAUT LUMPOKOE
npumeHenne B uudposelx  yctpoitictBax (K), wu3rotosnesa B
naacrMaccosom kopniyce (P) #  Ha oOcHOBE NONYNPOBOAHMKOBOH
TtexHonoruv (1) u BeinonuAer noruueckyo ¢ynkumioo M — HE, umeer
HOpAJKOBBIH HOMED B 1aHHOM cepUH, paBHbIit 3.



2. BA3OBBIE JOI'MUYECKHUE JIEMEHTBI

2.1. DeMeHTHhI TPAH3UCTOPHO-TPAHIHCTOPHOM JOTHKH

MHUKpPOCXeMbl HA OCHOBE TPaH3UCTOPHO-TPAH3UCTOPHON JIOTHKH
(TTJI) wupoko NPUMEHAIOTCA I NOCTPOEHHS PasMUHBLIX UMPPOBLIX
yCTpoiicTB coBpemeHHBbIX DBM. CyliecTByeT HECKOJIbKO Pa3HOBHAHOC-
teit UC TTJI (TTL), Haubonee pacnpoCTPAHEHHbIMHY CPEAN HUX ABNAIOTCA
mukpocxembt TTJI cepun K155, K531, KP1531, KM555 u KP1533.

Cranpaptheie Mukpocxembt cepuu K155 (v ux dyHkumoHanpHbie
aHanoru cepuii SN74, pazpaborannsie GupmMoii Texas Instruments) umeroT
cpenHIo notpebnsiemyto Mownocts (10 MBT) W CpaBHUTENILHO HU3KOE
obictponeiicteue (10 Hc). HHrterpanbHoie Mukpocxembt TTJI ¢
tpansucropamn Llorrku (TTJILL) cepunit KS31 (SN74S) npu Gonee
BLICOKO#, yeM y crangapTHbix UC, norpebasemoit momnocru (20 MBT)
MMeEIOT B Tpu pasa Beilie GpicTpoaciictsue (3 Hc). UC TTIJIH cepun K555
(SN74LS) ¢ nonmxeHHbiM noTpedbaeHnem mownoctd (2 MBT) nmetor
Hesbicokoe ObicTpogeiictBue (10 Hc). Haubonee nepcnexTMBHBIMU
apnstores Mukpocxems! TTJIL cepun KP1531 (SN74F) u KP1533
(SN74ALS), nmelolude BhICOKOE obicTpONCiicTBUE (3 u 4 Hc,
COOTBETCTBEHHO) MNpH  HU3KOR notpebasemoill  MoiuyocTH (4 1 2 He).
Bykeot H, L u S B o06o3HauecHuax (yHKUNOHANBHBIX aHANOroB
xapakrepusytor: H — noBbuuensoe Obictposelictsne; L -~ manyro
noTpebaseMyto MOLIHOCTB; S -~ HanUuue B CTPYKTYpax TPaH3UCTOPOB
IHoTTku.

Mukpocxems! TTJ1 anexTpuiecku COBMECTUMb! APYT € APYroM U
NUTAIOTCA OT UCTOYHMKA HanpsxeHus +5 B. Hexoropbie mMukpocxembl
TTJl paboratoT OT HCTOUHMKA NMTAHMR ¢ HampsokeHwem 3,3 B.
Mukpocxemb! cepun K155, K531, K555, KP1531 n KP1533 BrmyckatoTcs
B miacTMaccopom kopnyce, a KMI155 u KMS555 — B kepamuueckom
xopnyce tuna [JAIT co witbipesbiMy BLIBOAAMU.

CXeMOTEXHUYECKH MOUYTH BCC JOTMUYECKUE IJIEMEHTHI, BXOASILUE B
COCTaB yKa3aHHbIX cepuil, MOryT ObiTh [0OyUeHbl KOMOHHHpOBaHHEM
NByX 6a30BbIX cxeM: noruueckoro semenra (JID) U - HE (puc. 2.1, a) u
pacwupurens no UJW (puc. 2.1, 6). JI? U — HE coBmecTHO ¢ paciuu-
purenem no MJIM oOpasyer noruueckui mement U - WM - HE.
Ipucoeanuss pacwvpurtens k Toukam | v 2 (puc. 2.1, a), MOxHO
YBENUYUTL Uucio obbeauHeHuit no noruueckomy Bxoay WM. Jdns scex
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cepuii UC TTJ, wuMewmommx Bo3MOXHOCTL paciupenus mo WU,
MakCUManbHOe YUCAo oObenuHeHull paBHo 8. CpaBHUTENLHO HEBBICOKME
BXOAHbIe ¥ OONbIIME BbLIXOAHBIE TOKK ODECHEYUBAIOT  XOpoluee
COrNMaCOBaHUE 73EMEHTOB MeXay coboff U OONBILYIO HArpy3o4Hylo
cnocobHocTL (n > 10).

PaccMOTpUM COCTaB M Ha3HaueHHe kommoHentoB cxemsl JID TTIJI
cranaaptHoit cepun K155 (puc. 2.1, a). Cxema aneMeHTa COCTOMT U3
CNEAYIOHIMX KACKAOB!

— BXOJIHOTO Kacka/ia, COCTOAIEr0 U3 MHOTOIMUTTEPHOIO TPaH3UC-
Topa (MOT) Ty ¢ ManbIM HHBEPCHBIM KOI(DPHULUHEHTOM yCUIECHUS 110 TOKY,
# pe3uctopa Ro;

— dasopa3aeanTeNnLHOro Kackaja, nocTpoeHHoro Ha Tpansuctope T,
pesnctope R, n koppextupyrouleii uenu, coctosiero u3 pesucropos R; u
Ri 1 Tpaniucropa Ty;

— JABYXTAKTHOTO BBIXOAHOIO Kackaja, BbLINOJIHEHHOFO HA TPaH3MC-
Ttopax T; n Ta, pe3uctope R, u auoae D,,.

E
Ro
Ug To J )
=/
: K
1 LQ
a) 0)

Puc. 2.1. Cxemsbi 6azoBoro noruueckoro yementa TTJI cepuu K155
(a) n noruueckoro pacwuputens no HIHN (6)

Bxoasoii xackan ¢ MOT Ty 4 pe3uctopoM R peanusyer norn4eckyto
¢dynkumo Y B ciydae npsaMbiX CUrHaNoOB (NOMOXHTENLHOH| IOTHKH), KOrza
noruveckol eguHuue (Jior. 1) cOOTBETCTBYET BLICOKHII ypOBeHbL CUTHana,
a norudeckomy Hyato (nor. 0) — Hu3kuil. B cnyyae wHBEPCHBIX CUTHANOB
(oTpuuarenbHoi JOruKK), Korja jior. 1 npeacTaBaseTcss HU3KUM YPOBHEM
curHana, a snor. 0 — ssicokum, MIT T, BMecTe ¢ Ry peanusyot pyHKUuIO
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HMJIN. K smurrepam MIT T, npucoeaunenst aemndupyruiue guoas D,
u D), xoTOopble npeaHasHaueHb! ANs OFpaHUYEHUA UMNYILCOB HANPsKe-
HUS IOMEXY OTPULIATENBHON NOMAPHOCTH,

Tpausucrop T, dazopasgenntenbHoro Kackana HMMEET Manbie
EMKOCTH pP-N-NEePEX0A0B U padoTaeT B PCHUML C MATBIM paGounM TOKOM.
Koppexrupyroman uens Ry, Ry u T} yaywiraer ¢opmy nepeparousioin
XapakTepucTuky (Npubanias ¢c K HPAMOYroibHOH) M TeM CaMbiM
NOBBILIAET NOMEXOYCTORUMROLTL JI) B cocToarrn foruueckoit 1.

QaszopaznenuTeibhbtil Kacka) 00ecnEuNBaCT YIPABRSIOUIUE CHIHANIbE
Aas nporuBodazHoro neperjuodeHus tpadsucropos T, u Ti BIXOAHOTO
kackana. Jluon D, obecneunnaer cmetuenne ypoBHs OTKPbIBAHUA TpaH-
3ucTopa Tz M HAZEIKHOE 3aliUpatie ero Ha TOT MOMeHT, Koraa T, OTKphIT.
Tpansuctop T, paccunran na Gonbwioli pabouuii TOK M uMeeT Manoe
BpeMS BLIXOAA U3 PEXCUMA HACHIICHHAS NPy AEPEKNIOYEHUM H/IEMEHTA.

Hcnoaszosanme 8 MC TTJE (pue. 2.1, a.), BbixoaHOro kackaaa
(CJIOXKHOTO  MHBEPTOPA),  BLINVIHEHHOUO (0 ABYXTAKTHO# Ccxeme,
nossoaser (no cpasHenuw ¢ TTJl-cxemMoll ¢ upocTbiM HHBEPTOPOM)
CYWIECTBEHHO  YBEJIIMYUTh  NOMEXOYCTORUMBOCTL M HArpy304HYIO
cnocoBHOCTL, @ Takke noBbIcUTh ObicTpojiciictaue JI) npn pabore Ha
3HAYUTENBHYIO EMKOCTHYIO Harpy3ky. Cnocobnocrs TTJl-cxemst co
CHAOMKHBIM WHBEPTOPOM paboTtaTh Ha GOALILYIO EMKOCTHYIO Harpy3ky fpu
BbICOKHX CKOPOCTAX NEPEKIOYEHHS 00BACHRCTCH TCM, YTO Y 3TO# CXeMb!
KaKk 3apfi. TaKk W paspsjl Harpy3ouHON CMKOCTH NPOUCXOMAT uepes
HU3KOOMHYI0 BBIXOAHYIO Uelb (OTKpbiThic Tpariuctopst Ty U T,
cootgercTBeHH0). OARAKO NPH  HEPCKAKOUCHUAX CXEMbl M3  OIHOro
COCTOSHUS B JAPYFO€ €CTb MOMCHT, KOU/la Tpausuctops: T, u T;
OAHOBPEMEHHO OTKPbLITHL. [TpH HTOM Mepet HUX TENeT KPATKOBPEMEHHDBIH,
HO MOUHbBIH CKBO3HOU TOK, KOTOPLIfi MOXET NPHBECTH K MOABIECHUIO
HMNYJIBECHOW HOMEXM M YBEIIMHYCHUIO MOUHOCTH noTpebnexus. [as
OFpaHU4EHUA CKBO3HOIO TOKa B BbIXO/UIOM KACKafe, HanpuMep, BO BpeMa
BLIKJIHOMEHMSA CXEMbI, KOFAa TpanimcTop ‘I euwe HaxoauTcs B pexuMe
HACHItIEHUs, a TPaH3UCTOP T3 yime OTKPLUICA, B KONNEKTOPHYiO uenb T
BiouaioT  peauctop Ry Benuuuny  conpotumniesna R; 8
6uicTpoaeiicTytounx anementax TTJI BetGupator vopsaka 100 OM,a B
MeMeHTax ¢ Manoil norpebasemoii mMouHocTsio R; = 300 Om. s
UCKAKGUEHNS AefCTBUS NOMEX LUMHLL MUTAHNS JOMKHLE BLINONHATHECA C
Manoii cobcTReHHON UHAYKTUBHOCTBIO M 110 BCEi JINUHE LIYHTHPOBATLCS
JONOAHUTENbHBIMU KOHAEHCAaTOpaMHu ¢ manoi napasuTHo
HHAYKTUBHOCTBIO.
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PaccmoTpuM npuHiLmn paboTh # NEPeaTOvHYIO XapakTEepHUCTUKY
cxemsl TTJ1 anementa M — HE (puc. 2.1, a u 2.2, a). [1pu nogaue xovs Obl
Ha OUH W3 BXOMOB 3neMeHTa (A iy B) HanpsxeHus HU3KOrO YpoBHA
U’ (nor. 0) cooreercrByioumuii p-n-nepexon 6aza — amutrep (B — 3)
MDIT Ty ornupaercs. Ilpu stom notenuuan 6aswl Ugro Tpansuctopa Ty
MMEET 3HAYEHUE, HEAOCTATOUHOE [ OTOUPAHUA TPeX P-N-NEpPEX0H0B:
faza —~ kosextop (b — K) y MDT, 6a3a — smutrep (b - 3) v
tpaHsucTopoB T u T, JIng oTkpbiBaHUf 3TOHW dend HEOOX0AMMO
BbIIOAHEHUE CAEAYIOIETO YCIOBHS:

Ugro 2 Ugkro + Upyn + Upone = 3Uu0p s (2~1)
Tac UKBTOs Usgsyti ¥ Ugy — {IOPOIOBLIE HAMNPAXKCHNA OTNUPAHUA Unop
p-n-nepexoaoB Ttpauiucropos Ty, T, u T, O6erino B UC TTIH
UCAOABL3YOTCA TPAHIHCTOPH! OLHOTO H TOro e THAa, MOdTOMY 3TH
MOPOTORBIC HANPAKEHUSA PABHBLI MEKAY COOOH H MPUMEPHO COCTABARIOT
(0,6-0,8) B. Mycts Uy, = 0.7 B. Takum oGpasom, npu U, = U’
Hanps>xeHue

Usro = Use + Usaro 2.2)
Mano, u TpaH3uctopst T; v T, oka3blBAlOTCA 3aKPLITLIMH.
wa,%}
! Lix,ma
Ueuix *
34
M i
Weuxanin - - ¢ 3 2
24 \
i
' 1 -+ + Z
+ [:] * 3 g
° T ; -1 Your s o4 Vex B
USwmax r——h— -:- ..f; '
OTher U¥2 3 1y B
' £
a)

Puc. 2.2, Iepenarounas (a) n BxoaHas (6) xapakrepuctuku TTJ1
NOTHYECKOTO  IEMEHTa

Tok, nporekaromuii OT UCTOMHMKA NuTaHua E uepes pesuctop Ry,
BTekaetT B 0asy Tpausuctopa Ty U OTKpBIBaeT ero, a Takxe fWoa D
(BBOas uX B Haceluenue). [Ipy 3TOM Ha BLIXOAE DJIEMEHTA
YCTaAHABIMBAETCH BHICOKMH yPOBEHb HANPAXKEHUA

Ulnux = UKI - UDO - UB')TB =E- 2LJnup (2'3)
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(yuarTOK 1-2 Ha puc. 2.2, a), cOOTBeTU(BYIOLNI noruveckoii 1, a Bo
BXO/IHOM uenu Tever npamoii Tok (puc. 2.2, 6), onpeaensemsiit kak

fex = (E ~ Ugs10)/Ro, r8e Upe, Ugyre M Uy — noporosbie Hanps-
#eHus otnupanun U,,, p-n-nepexonos anona Dy n Tpansucropos Ty u
Ts; Uk — HanpskenHe Ha xoanexrope Tpanincropa T,.

[Mpn ysenuuenuyn nHanpskenus U,, (1a BCEX IMUTTEPHBIX BXOAAX
M3T) notenuuan 6asbt Tpansuctopa Ty U1 pacTeT cornacHo Bbipaxe-
auio (2.2), noka U, He gocTurHer sHauenus U’ = 2Up (puc. 2.2, a).
[Tpu poctikenun Uy, 3HaueHUs, panioro U, Ugre = 3U,ope TpaHs3me-
Topet Ty, T m T, oTkpuialores. Hauunaer nporexkars TOK uepes
TpaH3uctop T, BcaeaCcTBUE Hero HaupsKEHns Ha ero kosusextope Uy U
Ha BbIxoAe onementa U,,. ymeusinaiotres. [lpu  ganeHediem
yBenuvenuu U, notenuuan Oatet Uy, COXpaHRET MOCTHUTHYTOE
3HaueHue, p-n-nepexoibl b-") MYl sakpoisaiorcs (nepexoa b~K T,
OTKPHIT), U B IMUTTEPHHIX HCHAX YOI TPAHINCTOPA HAYHHAIOT
npotekatb MHBEpPcHLIC TOkK (puc. 2.2, 6). Tpanncrop T, Bxoant B
HHBEPCHBLIA pEXHM, a Tpawsnctrop 1) 8 peuM HacbileHHs (ABOIHOMN
WHXeKUMHK), T. K. ero oba nepexona (b)Y u b-K) naxoasrcs non
npambuiM  Hanpsokenuem.  Ortuotienne  conporusienntt Ry u Ry
BbiOMpaeTcs TakuMm, NTOOL obccnenuTh HacuieHne Tpanwsnctopa T, .
O6styno R, = R Hepes otkpuituit rpaimnerop Ty B 6aly TpaHinctopa
T, nocrtynaet ToK Iy, BLISLIBAOUME €10 HOACLIICHKC:

gz = Lo + Tane - (i ¥ L) = Do + T = Unop / R,

rae lguy, Ikmis lgnes lian - TOKM GBS WM KOJNNEKTOPOB HACBILUEHHBIX
Tpau3uctopoB Ty u Ty.

Tok TpansucTopa T, Teder TaKme uepes pemcrop Ry v Tem cambim
NPUBOIMT K YMEHLIIEHHIO NoTenuuana ero kosnekropa Uy, KoTopblil
YCTaHaBIHWBAETCA Ha ypoOBHE

(Unop + UK')H) = Uunp-,

rae Uksri — OCTATOYHOE HANPAXKEHUC HA HACHILIEHHOM TpaH3ucTope T,
(Uksry = 0,1 = 0,2 B). B pesynwrare »yroro tpadsuctop Ty v auoa Dy
3aMKUpalOTCs, @ HaNpsKEHWE HA BbIXOJAC HIEMEHTA CHUXKAeTcs 10

ypoBus  gorudeckoro 0  (yvactok 4-5 Ha  nNepeAaTovHol
XapaKTEPUCTUKE) ¥ ONPEAENIALTCH Kak



U%ux = Ukarz + Iurz Tk = Uitz + T
rie lxur; — KOJIEKTOPHBIH TOK HACBIMIEHHOrO TpaH3ucTopa T,, paBHBIH
TOKY 1I%; 1°% — BBIXOmHO# TOK, MOCTYMAIOMAA OT HATIPY3KH; Iy —
0o0bEeMHOE COMNPOTHBIEHME KOJUIEKTOpPHOTo c¢iiosi (OOLIYHO mpu
HOpMaIbHBIX ycnoBuax U, = 0,1-0,2 B).

KonnexropHbii Tok Tpansucrtopa T, cHauana ueauxkoM HAET HA
pa3pan emxoctd Harpyskd Cy, M MO3TOMY KpyTH3Ha ¢poHTa
BBEIXOJHOTO HalpKEHHA ornpeaensercs rpaHuuHoli vactoroit T, m
emikocTbio Cy. [lpu Hanpaxenunn U, Hwxe 1,4 B B Tpansucrop T,
HauMHAeT BTeKaTh TOK Harpysku 1,," M3 Bxonno#t uenu cneayrouero JID
u, KaK moka3aHo Ha puc. 2.2, 6, ckopocTb cHMkeHus U, Ha ydacTHe
4-5 nepenaroyHoi XapakTCPUCTHKH HECKOBKO Majfaer.

Pacemorpum paboty cxemnl snemerta TTIL npu ero BIKIIOYEHHH.
Ioka nxojanoce Hanpsaxeune U,, He ymenbuTes a0 Benuunnsl 2Uq, —
HOpPOra UCPCKIIOYEHUS 3JEMEHTa, HUKAKWX U3MEHEHHH B HEM He
npoucxoant. Koraa U,, nocturaer ypoBHs Hanpskerus 2U,, = 1,4 B
Tpansuctop Ty BXOAUT B HACHILUEHHE, W €ro KOMJIEKTOPHBIA TOK,
paccaceiBas 3apsA H3 ob6nacTH 6a3bl HaceieHHoro Tpansuctopa T,
obecneuuBaer ero OspicTpoe - BhkmOYeHue. llpn  manbheiimem
ymenbweHun U,, Tpansuctop Ty nepexonuTt B HOPManbHbi aKTHBHbII
pexuM, B uenu smurrepa Ty TeyeT npamoli Tok, ¥ moTeHUHan Gasbi
Ugry ctaHoButes MeHbile 3Ug,,, BCIEACTBHE YEro 3aKpbiBalOTCA
tpansuctopt T;, To m T,;. Tlo mepe 3anupanus tpamsucTopa T,
tiorenuuan ero kosnekropa Uyr, Bo3pacTaeT, u npu nosuiieHun Ugr
lipumepiio na | B otkpuiBatorca tpansuctop T3 u auoa Dg. Tok Tpan-
meropa 1y obecnequsaer ObicTpblii nepesapan emMkoctd Harpysku Cy.
o mepe sapsaa emkocTH Cy BLIXORHOE HANpS)KEHHE YBENHYHBacTCA
20 YPOBHA HAlpAXEHUA JIornyeckoit 1, onpeaensieMoro BbIPa>KEHUEM
(2.3). Takum obpaszom, Onarouaps TpaH3uctopy T3 B CHNOXKHOM
uhseprope Bnausnue emkoctu Cj Ha BpeMs HapactaHus ¢poHTa
HBIXOAHOIO MMIYJIbCd OKa3biBaeTCs 3HAYMTENbHO cnabee, 4Yem B
anemente TTJI ¢ npocTbiM HHBEPTOPOM.

B paccmoTrpenHoit Bbiwe VIC TTJI cranpapTHo#l cepuu ucnoiab-
3ylOTCH OObIYHbIE TPAH3UCTOPbl, KOTOpbIE B MPOBOAAILEM COCTOAHUH
HaxoAaTcsd B pexxmMme HacbilieHus. [Ipu aToM B obnactu 6a3sl ITUX
TPaH3HCTOPOB HAaKamjiHBaeTCA 3apAA HEOCHOBHBIX HOCHTEReH, 4TO
NPHBOAUT MPH BBIKAIOYECHHH 3JIEMEHTAa K JAONOJHMTENbHOH 3a1epikKKe,
CBA3aHHOI ¢ paccachiBaHHEM H30BITOYHOIO 3apaZia M, CIEA0BATENbHO, K
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CHIDKeHHIO ObicTposnelicteus. basopsie a3nementsi MUC TTJI cepuu
K531, K555, K1531 u K1533 (puc. 2.3 u 2.4) paboTatioT aHaJIOr#4yHO
anementy TTJl crangapTHO# cepun. OQHAKO B HUX BMECTO OOBIYHAIX
TPaH3UCTOPOB HCHONB3YIOTCS TpaHi3ucTopbl llloTTkn, B KOTOpBIX
napajuvieNibHO K KOJUIEKTOPHOMY Tiepexo/y BkiaioveH juon LoTTky.

Bs £
- v

a)

Puc. 2.3. Cxemn OaroBbiX noruueckux memenvos TTJI
cepun K531 (a) mcepun K555 (6)

Jvoa LLIOTTKM B HHTErpaibHOM MCHONHCHUN npeacTaBnseT cobofi
KOHTAKT METANIA C BbLICOKOOMHBIM HONYHIPOBOJIKKOM KOANEKTOPHOM
obnactn tpausuctopa. Hanpsaenne ua auone lorrkn B OTKPLITOM
cocrosHuu coctasaser (L4 13, wro Menniic NOPOIoBOFO HanpsHXKEHHUA
OTNUPaHUg p-n-nepexojd. |IoMTOMY IYHTUPOBAHUE KOSMJIEKTOPHONO
nepexona auoaom LHoTTkn uckmouaeT HacbluleHHe (HakonjieHue
3apsja B 0ase) TpaH3ucTOpa W TCM CAMbIM YCKOpSeT Mpouecc €ro
3anupaHus M, CHEN0BaTENLHO, BbIKMIOMEHHE CXEMbi, T. K. BpeMsa
paccachlBaHUs M30LITOMHOrO 3aps/il B HEHACHLILICHHOM TPaH3UCTOpE
thace ® 0. Takum obpazom, rnpumeHenue Tpaviucropos [loTTku B
sanemeHTax TTJl ykaszaHHwIX BblIC CCPHI 1103BOASET NOBBICUTE HX
ObicTponeiicTBHE.

[ToBbiwieHue OnicTpoaeiicteus dnemenros TTJI ¢ TpansucTopamu
[HloTTku 0OYCNOBIEHO TAKXC MPUMEHCHMEM B BbIXOAHOM Kackaje 3TUX
JI3 cocTaBHOrO TPAaH3KUCTOPA, BbINOIHEHHOIO BKAIOUEHUEM TPAH3MCTOPOR
T; u Ts no cxeme Jlapnuurrona. CocraBHOW TPAHIMCTOP, KOTOPbIK HUMEET
BLICOKMH KODPHIHMEHT YCUIIEHUS, HE TOALKO Yayullaer AMHamMU4ecKue
[apaMeTpbi CXEMBI, HO W TOBbLILLAET HAIPY3OHHYIO CHOCOOHOCTb CXEMBbI.
CneflyeT OTMETHTH, UTO B COCTABHOM TpaHiucTope B KkauecTBe T,
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UCMONB3yeTCs OOBIYHBIK TPAH3UCTOP, T. K. HA €ro KONJIEKTOPHOM
nepexojie Bceraa coxpanserca obparaoe cmeiterue (Upy < Uys), T. €. Ts
HE BXOAUT B PeXUM HaculieHus. Hanpskenune Ha Gase Ti, HeoOxoqumoe
JUIA ero OTOMpaHuA, co3faercss pesucropom R, (puc. 2.3, a). [ns
yMEHBUIEHNS MOIMHOCTY MOTpeGNeHUsT TIPHM HanpmKeHWH BBHICOKOTO
YPOBHS Ha BBIXOJE 3JIEMEHTA pe3ucTop Ry npucoeiuHeH He Kk obmiek LurHe
3eMlIf, @ K BBIXOAY a1eMeHTa (puc. 2.3, 6 u 2.4). B cxeme 3TOrO e
aneMenTa auon Ds no3BoiseT yBeiuyUTh TOK KOIeKTopa TpaHsucropa T,
H, CNENOBaTENbHO, YMEHBIIUTE 3aAEPIKKY BKJIOYEHHsS dNieMeHTa. JIHOAB
D; u Dy Bo BXogHOM kackaze (puc. 2.3, 6 u 2.4, §), BHLIIOJHAOILHAE
$YyHKLHIO IMUTTEPHBIX NepexoaoB MIOT, ncnone3ytorcs Ang yMeHbLICHHS
BeJIMUMHB! O6PaTHOrO (MHBEPCHOTO) TOKA M YCTpaHEHMsS HeJOCTaTKoOB,
CBA3AHHBIX C HUM.

Cxembl 6asosbix J17) cepuit K1531 n K1533 (puc. 2.4) mo cpaBHEHUIO
C "MICMCHTAMM J\PYyTUX Cepuil KMMEIOT yNy4lLIeHHBIE NapaMeTphi: O4YeHb
Masibie  3AUCPKKM NMEPEKIoueHUs, BBICOKYIO MNOMEXOYCTORYMBOCTE U
HOBBILCHHYIO Harpy3ouHyl0 cnocobHOCTL MpH Maioll morpebiseMoii
mMoiHocTH. Takue napaMeTpsl J1s STUX DJIEMEHTOB HOCTHIAIOTCA 33 CYET
UCNONL30BAHMA B HHUX CHEIYIOUMX JONONHUTEABHBIX 3NEMEHTOB:
Tpau3uctopoB Ty u T¢ u nuonma D, B anemente TTJ cepun K1533 n
Tpaulucropa Tg v anogos Ds — Dg B JID TTJI cepuu K1531.

£ Ry
Ro Rs Rl
T |
U, Ds Ts
A% | 0s 3
T 3
D‘l Rq u
. J(ﬂ i
B De Y

a) 6)

Puc. 2.4. Cxemsl joruyeckux anementos TTJ]
cepun K1533 (a) u cepun K1531 (6)
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Crnenyer oTMETHTD, 4TO NpU npuMeHenuy snementos TTII co cnox-
HbIMM HHBEPTOpPaMH HE JONYCKACTCH MOHTAKHOE COEAMHEHNE MX
BbIXxOfOB. Hanpumep, ecAn gonycTvTh COEAMHEHHE BLIXOAOB JBYX
anementoB TTJI, To B cliyyae, KOrjla UMEECTCA HA BLIXOAE ORHOIO U3
MEMEHTOB HaNPKCHUC JNoruyeckoil 1, a apyroro -~ HanpskeHue
noruueckoro 0, uepe’ noCHeNoBATENLHO COEAUHEHHbIC TpaH3ucTopsi T,
(oaHoro JIJ) u Ty (apyroro JI'3) noteder CKBO3HOWH TOK HOCTATOUHO
Oonbivoii Beanuniibl. Tlpy 7ToM 3HAYNTENLHO YBEAHYUBAETCA MOLLHOCTD
noTpebiieHus, a4 TAKkKE BO3MOXKEH BBIXOJ TPaH3MCTOPOB M3 CTPOS.
[ToyTomy npu  npoekTupoBaHuu  LMPPOBLIX  YCTPONCTB  cleayer
MCKITIOUATL BOSMOXHOCTL 00beAMHEHUS BBIXOA0OB Takux snemenToB TTJL
Onxako B psijic UHPPOBLIX YCTPOICTR, rlie HECKOABKO Y3108 HAU GNOKOB
paborair na 001yl0 Harpy3ky, Takoe oObeAUHEHHE BLIXONOB ABJIAETCS
NPHRUHTIHANLHO HeoOXOAUMBIM. B 3TOM cilydae B KauecTBe BbIXOJHbIX
KacKajloB HCoiib3ylorest cxembt anementos TTJI, koTopbie kpome AByX
OObIIHBLIX cocTOANNIT BLIXOAA (ornyeckoii 1 u noruueckoro 0) mmeror
€lie TPETLE  BLICOKOUMIIC/AHCHOE COCTOSHHME, B KOTOPOM HJIEMEHT He
OT/IZET TOKA K HAIPYIKE H HC NOTPEOIIAET TOKA OT Hee, T. €. INEKTPUUECKH
OTKIIIOHAETCH OT HAFPY3KH.

Cxema TTH ¢ TpeMst cocTOSHUAMK BLIXOAA NOKasaHa HaA PHC. 2.5, B
KOTOPOH U1l YIIpanicuus COCTOsHNAMU Henonbiytores auoa D, u oaun
13 Bxo108 MDT, nashiaemuil ynpasasiowmm U, Ecnu va ynpasasionmii
BxoA U nozath nanpsxenue norvueckod 1, 1O COOTBETCTBYOLMI
nepexoa b-") MT u nuos D, sakpuirnl v meMenT paboraet Kak oGbl4HO,
BbINOAHAS stornueckylo Qynuknmo M HE. Ecan va sxoa U noparte
HanpsokeHHe noruveckoro 0, 1o rpansneropbl (T, T, u T3) B cxeme
OKa3hiBalOTCA 3aKPbITHIMU K NICMEHT IEPEXOAUT B TPETHE COCTOSHUE.

Cneayer OTMETHTL €Il  OAHY
ocobenrocts UC TTIL, cBasaHHylo ¢ uX
npuMeHennem. Eciin Hekotopsie BXonbl
WVIEMEHTA HE UCTIONB3YIOTCH, T. €. Ha
HHUX HE 110/1aHbl CUTHANb! JIOTHYECKON |
uin soruseckoro 0, To peKoMeHayeTcs
He oCTaBNATh ¢8000AHBIMHU, a
HOAKNIOHATH X K YPOBHIO HANPAIKEHUS
Joruuecko | (unw  yepes ponon-
HUTELHBIR peMCTOp ¢ conpoTnrieHreM |
KOM K UCTOMHUKY NUTaHUSA).

E Ry

Puc. 2.5. Cxema TTJI ¢ Tpems
COCTOAHUAMH BBIXOMA



OO6BbIYHO OJMH PE3UCTOP UCHOJIB3YEeTCA UIA  Nnojkmouyenus no 20
HEUCnosb3yeMbix BXxoaos anementos TTJIL.

Kpome paccMoTpeHHBIX Bbille cxem snemeHToB TTJlI co cmoxHbiME
HHBepTOpaMi B UMPPOBOI CXeMOTEXHUKE U COTiiacoBaHUs C Harpys-
KaMH{ CHEUUANLHOr0 TUIa HCNoJb3ytoTca daemeHTbl TTJI ¢ oTKpbITHIM
KONJIEKTOPHbIM ~ BbIXOJOM. (Cxema Takoro 3JIEMEHTa W [pPUMEpPbI
NOJAKJIOYEHS HAarpy30K NoKaszaHbt Ha puc. 2.6.

E
Ro Ry Tin
To
J Py “\__k T
B T,
R R
a) 6) B)

Puc. 2.6. Cxema cornacoBanusa TTJI-aneMenTa ¢ namnoii Hakanusauus (JIH) (a)
¥ TIpUMEPBI  TOAKMOUEHHA cBeToAnona K aementy TTJl ¢
OTKPbITLIMU BbiXonamu (6) u (B)

2.2. ‘IncMeHTHI IMUTTEPHO-CBA3AHHON JIOTHKH

Ilpumenenne UC smurrepHo-ceasanHoi noruku (DCJT) B kavecTse
JnemeHTHON 6asbl uenecoobpaizHo npu paspaboTke BbHICOKONPOM3BOAHM-
TeNbHbIX UUDPOBLIX YCTPOHCTB U MeHee 3h¢peKTHBHO NMPH MPOEKTHPO-
BaHMH YCTPOHCTB HEBbICOKOTO OpicTponeiicTus. ITocnenHee odbsicHAETCS
noBblieHHOH NoTpebaseMoii MowHocTbio dnementoB 3CJ1 UC, yTo aB-
JIAETCS MX TaBHBIM HEOCTATKOM.

OcHOBHBIMU JocTOMHCTBaMU 3neMeHToB DCJ1 gBnsioTes: O4YeHb
BLICOKOE ObicTpozeiicTBHe, Gonbluas Harpy3ouHas cnocoBHOCTb, BBICOKAs
CTabMIBLHOCTL AMHAMHYECKUX [apaMeTpoB NpH WM3MeHeHUM pabodeit
TEMMEPATYPbl M HANpPHKEHWs nuTaHus, crnocobHocTs paboTaTh Ha
HU3KOOMHbIE COrJIACOBaHHblE JIMHMM CBA3M H HAarpy3kd, Xopolnas
OTHOCHTEJIbHAA MOMEXOYCTORYHUBOCTb.

M3 uucna paspaboranmsix uudpposbix ICJ1 UC Haubonbiee
pacnpoctpanenue nonyuunu mukpocxembl cepun K500 1 K1500, kotopbie
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ABNAIOTCH  (DYHKUMOHAILHBIMK  aHAanoraMu  mukpocxem MC 10000 wu
F100K.

Mukpocxembl cepur KS00 BbINycKalOTCs B IUIACTMAcCOBOM H
KepaMHUYecKOM KOpIlyCax cO IUTbIPEBbIMK BbIBOAAMH, 28 MHUKPOCXEMBI
cepun KI1500 KOHCTPYKTHBHO WAFOTABAMBAKTCA B  OCHOBHOM B
KepaMUUECKUX KOPIiycax ¢ NjJaHapHbiM pacnonoxeHuem susogos. Cxema
Oazosoro saementa ICJT cepnu K500, koropas nokasana ua puc. 2.7,
COCTOMT W3 TpeX uacTed: ToxoBoro nepexmouarens (T11), BbIxOAHBIX
IMHTTEPHBLIX  nosroputeneid (OI1) M uenu  WCTOUHKKA ONOPHOFO
wanpshkenus (MOH).

a) 6)

Puc. 2.7. Cxema Gazoporo mementa ICJT cepun K500 a) u ee ycaosnoe
ofosHauenne 6)

O6biuno 3nementbl DCJI UMEIOT ABa WM TPH BXOJA. YBeauueHue
YHCNa BXOJOB MPUBOJMT K HOBhILIICHWIO BXOJHON NapasnTHOH eMKOCTH M,
KaK CneacTeue, Kk CHIXeHu GuicTponeicTus.

TIT nocrpoen na vpansucropax To, T, u T, u pe3ucropax Rsy, Rgy u
Rk2. Ocnoy TIT cocrasnaer nudpepenumanshbit ycunutens, padoraio-
LHH B KINKOUYEBOM peXcuMe, 11pH HToM TpaHiucTops! Tg, Ty u T; He BXoAAT
8 pexxum Hacwimenus. TI1 cnymur ans ycHaeHna BXOLHBIX CHIHANOB,
obecneuenns Tpebyemoil nomexoycroffunBocTu dnemeHTa, GopMuposa-
HUS napadasHbix  (NPAMOr0 W MHBEPCHOro) BLIXOAHBLIX CUCHANOB W
peanu3aumu noruueckux Gynxuuil Ha 3Tux BLIX0AAX.
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BbixoaHble 3MHTTEpHBIE MOBTOPUTENH, MOCTPOCHHLIE HA TPAHIUC-
topax T; m Ts, npeaHasHaueHb! JUIS yCHJIEHUS BbIXOAHBIX CUTHAIOB HO
MOLIHOCTH (110 TOKY) U cMelueHus yposHeii curnanos TT1 no Hanpsxennto
ana obecrieyeHust COBMECTUMOCTH 3iemeHTOB DCJI 10 ypOBHAM BXOAMBIX
W BbIXOAHBIX curdanoB. Kpome roro, DI, 6narogaps ManoMy BBIXOAHOMY
CONPOTHBIIEHHUIO, oGecnevuBaer TpeOyemMylo Harpy3ouHylo CnocoOHOCTb
(n) npu paboTe Ha JIMHUU CBA3M C BOJHOBLIM comporusneHuem 50 Om.
Tunosbie 3HaueHus n ana adnemenToB JCJI AOCTATOMHO BENMKHM H
cocTtasssior n = 10-20.

enb MOH, BruinonHexnHas wa tpansuctope T, pesucropax Ri—R; u
TepMOKOMIieHcupyowmux anonax Dy u D,, npeanasHauena ans gopmupo-
BaHMs OnoOpHOro HanpsxeHus U, kotopoe nopaercs ua 6asy tpassuc-
topa Ty. O6siiHo onna uens MOH obecneunBaeT onopHbIM HaNPKEHUEM
Heckoibko (o S5—10) snemenroB DOCJI, pasMeUleHHbIX Ha OJHOM
KpucTajuie.

Juoast D) u D, obecneunBaioT cTabuibHOCTL TOKA YEPE3 Pe3UCTOp
R u, cnenoBaresibHo, CTaGUABLHOCTL ypoBHed BLIXOAHOTO HANPAXKEHNS
anementa DCJI npu U3MeHeHUH TeMIIepaTypsl B pabouem JHana3oHe.

Bxoabl 3nementa DCJ1 uepes pesucropst Rg v Rpy, ¢ conpoTus-
fgennem npumepro 50 xOw, NOAKAIOYEHLI K UCTOYHWKY TINTaHMA C
RanpsokeHneM E; =-5,2 B + 5 %. Takoe Bk/ro4EHUE NO3BOARET OCTABNATH
Heucnonb3oBaHubie Bxoasl DCJ1 UC ceobogHbimu. Ilpu 3TOM OTpUUa-
TeNbHLIA MOTeHuMan, nojgasaemoiii Ha 6a3y HEWCNOAL3YEMOTO BXOAHOIO
TpaHInCTOpa, obecreyuBacT e€ro HaJekKHOE 3amupaHue ¥ TeM CaMbiM
UCKNIOUAET €ro BAMSHUE Ha HOpMajbHYlo paborty anementa IOCJI or
IpYrux BXOAOB. _

Konnextopuste uenu DCJI UC 3asemnedsi, 4to obecrnevnBaer

MEHbLUYIO 3aBUCUMOCTh YPOBHEH BbIXOAHBIX HANPKEHWN OT HABOAOK 110
ueny nuTaHug W, Kak CIeACTBHe, JYYLIYIO MOMEXOYCTOHUHBOCTB, UTO
OCODEHHO BaXXHO N1 CXEM C ManbiM JorudeckuM nepenagom. C uensio
TONYYEHHS BO3MOMHOCTH OpraHu3ald¥ MOHTLKHOH NOrHKHM Ha BbIXOAE
anementa ICJI narpysounsie pesuctopsi DIT Ry u Ry (¢ compo-
TusieHuamu S50, 75 n 100 Om) BoiHeceHsl 3a npeensl Mukpocxembt. s
ymenbuienus notpebngemoit  mowHocrH  pesucrops! Ruyy v Ry
NOAKAIOYEHBI K JOTIONHAUTENbHOMY UCTOYHUKY Hanpsbxerus E; = -2 B.

Paccmorpum ripuHUMN paGoTe! cxembl Gasosoro angeMenra DCJI
(puc. 2.7) ana ciyyas TpVIMEHEHMS TaK Ha3bBAEMOlN OTPYLATENLHOMN
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norvku, Koraa Gonee OTpUUATENBHOMY YPOBHIO Hanpskewna (-1,7 B)
COOTBETCTBYET Jlorudeckas 1, a MeHee OTPMLATEILHOMY YPOBHIO Hanps-
sweuus (—0,9 B) — noruueckuii 0.

AMIIMTyla JIOTMYECKOro mepenaja curHana cocrasnser 0,8 B,
nomexoycroitunsocts ICJ1 UC no Hanpskennio nornueckoro 0 u soruu-
yeckoil 1 paBHa 125 n 155 MB, COOTBETCTBEHHO, a ONOPHOE HaNpAXKEeHUE
U = 0,5 (U' + U ==1,3 B, rae Wvuu'- Hanpsoxenus nor. 0 u aor. 1,
coorBercTBeHHO. [lpuBefieHHBle YUCAEHHbIE 3HAYEHWH APAMETPOB
ABJAOTC TUNOBBIMM, Ha npakTUke OHU MONy4aAIOTCA € HEKOTOPLIMU
TEXHOJOI'MYecKMH  pa3bpocaMi, KOTOpblE HE [OJDKHBI  MpPEBbILLATH
JOTIyCTUMBIE 110 TEXHUYECKOH JOKYMEHTaUU! HOPMBI.

[lycts Ha Bce Bxogbt cxembl DCJI (puc. 2.7) noaanbt curHabl
norvueckoii 1 (@=1u b= 1), T. e. curHasl 6onee oTpruUaTENibHbIC, HEM
onopsoe Hanpsxerde. Torna tpausuctopbel T w T, 3akpbiBaroTCs, a
Tpausuctop Ty oTkpbiBaerca. C yueTomM najeHus HanpsXKEHHA HA IMUT-
TEPHOM  1IEPEXOAE  OTKpbiTOro Tpauiucropa T, pastHoro 0,75 B,
noteHuuan yina "1" cocraBaser -2,05 B. B oamutrepHoii uenu
Tpaniucropa T, Teuer ToK, 3HaueHUe KOTOPOro 3aAaeTca CONPOTHBACHHEM
pesuctopa R,. 3TOoT TOk, yMcHbuleHHblli Ha BenwunHy 6a3oBoro Toka
Tpan3ucropa Ty, CO3paeT Ha €ro KoMlekTopHoW Harpyske Ry, namenue
HanpsKeHus, paBHoe npumepHo 0,9 B u, kak crneacTsye, NOTeHUMan ysna
"2" @y = ~0,9 B. INorenunan y3na "3" 3a cuer naneHus HanpsxeHUs Ha
pe3ucrope Rg; or 6a3oBoro Toka TpaHisucropa Ts W Tennossix
KOJIEKTOPHbIX TOKOB 13aKpbIThix Tpausuctopos T, u T, cocrasnser
npumepHo —0.1 B (¢, = -0,1 B). Tpaunsucrops! BbixoaHbix H1 Ty, u Ts
paboTalT NOCTOAHHO B aKTUBHOM peKMMeE, ¥ NafeHue HanpsHKEeHNUA Ha UX
3MHUTTEPHbIX nepexojax cocrasnger npumepHo 0,8 B.

Takum obpaszoM, Ha npamMoM Bbixoae F, cxembl Ha3oBoro snemeHTa
JCJ1 ycraHaBnvBaercs Hanpskexue soryueckot 1, T. e. Uy =-1,7B, a
Ha MHBEPCHOM BbiIXoJe F, ~ Hanpsbkende norudeckoro 0, T. e.
UauxZ = —0,9 B.

Mpu nojave xora Obl Ha OuMH U3 BXoxOB cxembl DCJI curnana
nornyeckoro 0 (0,9 B), T. e. curyana 6onee nonoxuTenbHoro, uem Uy,
(uanpumep, a =0 u b = 1), Tpansucrop T, oTkpbiBaeTcs, a TpaHsucrop T,
3aKpbIBaeTcH, T. K. Ha ero 6a3y nojgaercs cur{an foruueckoit b. floren-
uuan ysna "1" craHoBuTCs paBHbiM —1,65 B, wro npuBoAUT K 3anupaHHio
TpaHsucropa T,. B pesynbrare 8 TIT npoucxouut nepekniovyeHue Toka,
KOTOpBIii Teneps NMpoTekaerT No UenH: 1ivHa "semns" — pesucrop Ry —
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Tpansucrop T, — pesucrop Ry — ucrounnk nuramus —E,. Ilpm atom
noreHuManbl y3nos "2" u "3" craHosstca pasubimu —0,1 B n -0.9 B, coot-
BETCTBEHHO. M3MeHsAeTCA COCTOSHUE CXEMbI, HA ee MPSMOM Bhixone ¢op-
Mmupyetcs Hanpspkenue U, = —-0,9 B, cooTBercTByiouiee noruyeckomy 0,
a Ha UHBEPCHOM — HanpskeHue noruueckoi 1, T. €. Uyuw =~1,7 B. Takum
obpasoMm, npu oTpHLaTeNnbHOl noruke cxema 6azosoro snemenrta ICJI
(puc. 2.7) na npsiMoM Bbixoae BoinonudeT pyHkuuo “U” (F, = a-b), a

Ha wuHBepcHom — “WU — HE” ('Fzza_b). [pu UCHONIL30BAHKHU

MOJIOKUTENLHOM JIOrHKH, KOTAa ypOBHIO Hanpsikewus —1.7 B coorseT-
CTByeT norudecknii 0, a yposuio Hanpsxeuus —-0.9 B — noruueckas 1,
cxema DCJT Ha puc. 2.7 suinonuser pynkunio “HUIIH™ na npsmom Bbixose
u “HJIH - HE™-- Ha nusepcHoM.

JUis pacuivpenua 1OrHueckUX BO3MOXHOCTel saementos  DCJI
UCNOALIYIOTCH PaliinvHble CXEMOTEeXHU4eckue npuemsl. Hanpumep,
O/IHOMMEHHbIE BbIXOAbI ABYX MW Oonee MukpocxeM sneMeHTOB DCJI
00bEANHAIOTCA HAa OXHOM Harpy3ouHoM pesucrtope R,. [pu ortpuua-
TeJbHOH JOrnKe Takoe MOHTaXHOe 00beJMHeHHe, Ha3blBaeMOe IMUT-
TEepHbIM o0beauHeHUeM, obecneuusaer peanusauuio dyukuun “U7.
[Tpn ofbeariHEHNU NpPsSMbIX BbLIXOAOB cxem 3jiemeHToB ICJ1 mosny-
yaeTcs pacluupesue GyHkuuu “HU”, BoiofHseMOe B ABE CTYNEHU, T. €.
YBENMUMBACTCA 4YUCAO BXOLOB 3neMeHTa U, a npu obbeanHeHHN
MHBEPCHbIX BbIXOAOB noayuaercs ¢yHkuua “U - HJIK - HE”
(puc. 2.8). CaeayeT OTMETUTb, UTO NPH YBENHUCHUH YUCIA IMUTTEp-
HbiX O00beAMHEHUH 00 BbHIXOAY UBMEHSAIOTCA YPOBHM BbLIXOAHOTO
HanpskeHus, YTO NPHBOAWT K YMEHbLLWIEHHIO MOMEXOYCTONUHBOCTU
snementoB ICJI, ocobeHHo Ha Gosiee OTPULATENLHOM YPOBHE.

F, = asbeced

FQ = gxh+Cc=d

Puc. 2.8. MoHTa)HOE IMUTTEPHOE OOBEAMHEHHE BLIXONOB 351eMeHTOB DCJI

Ha npaxtuke ans obecrneuexus npuemieMoil MOMEXOyCTORYNBOCTH
YUCJIO SMHTTEPHBLIX OObEAMHEHHIT OrpaHHYNBAOT: A0 4 npu Harpyske R,
=100 Om u no 8 npu R, = 50 Om. C uenblo yMeHbIIEHHs JUHAMUUECKAX
[IOMEX, BO3HMKAIOUIMX B y3/1aX 3MUTTEPHOTO obbeawHeHus Ha (poHTax
NepeKIOYeH s, peKoMenayeTes oObeanHeHHble aneMenTsl DCJ1 pasme-
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aTh Ha OAHON Iate M MO BO3MOXHOCTH psaom. Kpome ToOroO,
3anpemaercs BBIXOA CATHANOB ¢ 00beAHHEHHBIX BHIXOAHBIMH SMUTTEPaMHU
OCJI 3neMeHTOR 3a 1IpeAesbl NATHI.

HOna peanmzaumu norumueckoii ¢ynxunu W — HIIM Ha ocHOoBe
OCJI UC npuMeHAETCs TaKk Ha3blBAEMOE KOJNEKTOPHOE 00beanHEHHE
(puc. 2.9). B atoM cnyuae npsmbie naeud TI1 asyx anemeHtros ICJ1
noakmoyaroTcs (0O0beJUHAIOTCS) K OJHON KOJNNEKTOPHOH Harpyske
Ri. Ilpu 3toM ang Toro, 4toObl HU3-3a ABOHHOrO yBeJHYEHUA TOKa
yepes pesuctTop R u, kak ciaencrsue, 1BOHHOIO yBelHYECHHA NAJECHHA
HanpsDkeHWst Ha HeM, TpaH3ucTopbl npsambix ey TI Ts u Te He
OKa3alMch B peXHME HacbllleHHd, MapanneibHO k pesucropy R,
noakmoyaetcs TpaH3ucTop Ty, AN OTBOAA H3OHLITOUHOrO TOKAa M
OrpaHMYeHUss aMIIMTYAbl HANpsXXeHHA Ha ob6uieil KoJnekTopHO
Harpy3ske TpaH3ucTopoB Ts u Ts.

ry] | Rl :
y 1,
Te
po———— LF: atbvcrd
s

a 4 Ta o a

Re, R b E
Re, L]Rg, b4 C F

'Ew e d E

a) 0)

Puec. 2.9. Cxema ICJ1 3neMEHTOB ¢ KOJIEKTOPHBIM 00BbeAHHEHHEM (@)
u ycnoshoe obosxauenue (6)

Hns Gonee 3HaYUTENBbHONO paclukpenns PyHKUHOHANBHBIX BO3MOX-
Hoctet DCJI npuMeHAECTCA [BYX- WM TPEXYPOBHEBOE MepeKiioYcHUe
Toka B TIl. CyluHOCTb ABYX- MJIM TPEXYPOBHEBOFO NEPEKIIOYEHHA TOKA B
TI1 3akniouaercs B TOM, YTO OAUH U TOT ke TOK reHeparopa TII nBa unu
TPY pa3sa NepeKIIioYaeTcs Ha pa3HbIX YPOBHAX, CMEIEHHbIX OTHOCHTEIIBHO
OpYyr Apyra Ha onpejesicHHoc Hanpsxenue. Ha puc. 2.10 npuseneHa
3IeKTpHUecKas cxeMa asyxyposhesoro DCJI ynemeHTa, peanusylowlero
GbyHKIHIO cnokeHus Mo MOLynio jiBa. JUia ynpasiCHUs epekItoueHusMH
Tpan3uctopoB TIT Huxuero yposus (T, u T,) Ha ero Bxoae BKJIOYEH
SMUTTEPHLI TNOBTOpUTESb, CMellalomuii  BxoaHo# curhan (b) 1o
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HanmpsbkeHUo. [eHepaTop TOka, BBINIONHEHHBIH Ha TpaHsucrope To,
pesuctope R u Uy, 00ecneguBaet crabunusanuio Toka TI1. B naHHo#
cxeMe TIpH JEOOBIX 3HAUEHUSIX BXOAHBIX CHTHANOB a ¥ b Tpan3uctopbi T4 1
Ts OOHOBpPEMEHHO HE MOTYT OBITH OTKPHITHIMH. [l03TOMY KOMNEKTOpPLI
3THX TPAH3UCTOpOB OObeAMHEHH HA ONHY oOlXyr0 Harpy3ky R, 6e3
HOTOJTHUTENbHOM TOKOOTBOIAHIEH HEHH.

Ha ocHoBe nByx- u TpexypoBHeBbix TIl cxeMoTexHHUYecKHMMH
MeTolaMH 1ocTpoeHs! GuicTpopeiicTaytomme ICJI anemeHTsl cepun 500,
BBINOSIHAOLME PYHKLUMK 3anoMuHaHus UHGOpMaLuH, CIOXKEHHE NO MO-
AYI0 2, MyNbTHILIEKCHPOBAHUA Ha BXOAE CHHXPOHHBIX TPUITEPOB M T. A.
Taxue cnoxsbie GyHKUMM peanusyioTcsi Ha OCHOBE OBICTPOAEHCTBYFOLUHMX
DCJI UC ¢ manoii 3anepKKoi ¥ Npy MEHbIIEM YHCIE KOMIIOHEHTOB [0
cpasHenuio, Hanpumep, ¢ TTIT UC.

1

Puc. 2.10. Cxema asyxyposHero ICJI anemenTa

[To cpaBuennro ¢ 3CJI HUC cepun KS00 cxembl cepun K1500
npelcTasnsiorT cofoil cyOHaHOCEKYHAHbIE HATErpanbHble CXeMbi CpeaAHEH
crenenn unterpauuu (CHUC) v umeror Oonee yIydlllEHHble XapakTe-
pucTuki ¥ napamerpel. Cxema Gaszosoro anemenra ICJI U/H~HE cepun
K1500 (puc. 2.11) umeer TUMOBOE BpeMs 3allepXXKU CUTHAN4 npH nepe-
kmoyeHuH MeHee 1 He. Cxema 6a3oeoro anemenTta JCJI ceprn K1500 tax
xe, kak u B cepuu K500, cocToutr u3 Tokororo nepeksodarens (TII),
BBIXOJIHbIX IMUTTEpHbIX noBTOopuTtened (3I1) ¥ uUenu UCTOYHUKA OMNOp-
HbIx Hanpspkeduii (MOH). Oaunako B 3CJI CUC cepun K1500 uenu TI1 u
HMOH wu3meHeHs! U NOCTPOEHbHI ¢ NpuMeHeHHeM 0oliee COBEPLUICHHBIX
CXEMOTeXHUYeCKMX peweHuil. Mexay ysnamu TII "2" u "3" kmoueHa
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TepMocTabWIM3NpyOlias Leilb, BBIIOJHEHHAas Ha auwomax D, D; u
pesuctope Rg. 3HauuTensHO u3MeHena crpyktypa uenu MOH [12]. 3a
C4eT 3Toro obecriecunBaeTcs crabunuzauus XapakTepPUCTUK H MapaMerpoB
ICHA CHUC cepun K1500, xoTopbie CTaHOBATCR HE 3aBUCSIMMAM OT
[NaBHBIX AecTabuaniupylomux (GakTopos: niMenenns paboueit Temnepa-
Typbl M HanpsXeHus nuTanusa. JIpyrumMu cnoBamH, NpH H3MEHEHHH
TEMMEPATYPbl M HaNpAKEHUS I[UTAHUS COXPAHAOTCA CTAOMILHBLIMHK
YPOBHH M aMNAWTYAA BbLIXOJHOTO CHUrHasia, NOMEXOYCTOWYMBOCTL U
AuHamHueckue napamerpsl ICI1 UC.

1
Ta
——-9F1=8*b ’
l/'--——oF a*h ajé :
2= a*
b F
7 2
a) 6)

Puc. 2.11. Cxema 6azosoro snemenrta ICN WHN-HE cepuu K1500 (a)
U ee ycnosHoe 00O03Hauenne (6)

Bazoseit snement DCJ1 cepun K1500 paboraer ananmoru4uo sfe-
MeHTy OCJ1 cepuu K500 (puc. 2.7) v swuinonuser ¢yukumu W/H — HE B
oTpuuarencHoii noruke u UJIM/MUJIHU — HE — B nosnoxutensHOH.

Tak e, kak ¥ B cepyu K500, ans 3HaqurennHoro pacuuperus gyHk-
UHOHANLHBIX BO3MOXHOCTe# DCJI UC cepun K1500 npumensercs mmpo-
KA CTEKTp CXEMOTEXHMYECKHX DELUCHMI: IMHTTEpHOE H KOJIEKTOPHOE
ofbeUHEHHE, ABYX- U TPEXYPOBHEBOE NEPEKMIOUEHHE CUTHANA, YMEHb-
weHHbif noruueckutt curdan ans paborsi BHytpw CHUC m BHUC, napa-
(dasHoe ynpasneHue, ABYXIMUTTepHbIE BuIxoas! M1 {3, 12].

Manocuenanoretii snemenm 3CJI. Jns nosbilneHns 6wicTpoaeficTBus
H CHMXeHns notpebnsemoit mownocTH B cxemax ICJI, ucnonb3yeMbix
BHYTpY BYC yMeHpIIAIOT 3HAYEHUA HANMPAXKEHUs UCTOYHNKA nuTauus E,
1 aMIUIMTYAYy JOryyeckoro nepenaja curaana Uy = U° - U, a raioke
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KCKIIOUAIOT BBIXOJAHBIE »MUTTEPHbBIE MOBTOPUTENH, KOTOPBIE 11UTPEONAOT
3HAYUTENBHYKO MOLIHOCTb. B nosnyueHHod Takum o6pa3oM ynpoLueHHOU
cxeme (puc. 2.12) Ttpauzuctoppl T; u T, MOfyT BXOOWTbL B peXUM
nacolenus. OgHaxo npu Manbix 3HadeHusx U, < 0,4-0,5 B creneHn
HACBILICHAS Mana U He OKa3blBAaeT CYWIECTBEHHOIO BAWAHUA HA JUTWTENb-
HOCTh MNEPEXO/AHbIX mNpoueccoB. Takolt pexxum paboThl TPaH3UCTOPOB
HasbplBaeTcs KBasuHacblleHHbiM [3]. [lpu 3TOoM Bpems pacacbiBaHUs
130BITOUHOrO 3apsiia HEOCHOBHBIX HEPABHOBECHBIX HOCHTENEH U3 obfacTh
Dasbl TpamsucropoB T, u T, npeHeOpexumo Mado, a 3alepika
repexIoUYeHrs OKa3biBAETCH 3HaUUTENLHO (B 2 pasa u Gonee) Hivke, 4eM B
obbiuHbiX  cxemax DCJL Jro obwiACHAETCS yCKOpeHHMeM mpotecca
riepesapsaaa napasMTHbIX EMKOCTEl NPH U3MEHEHNW HanPsHKEHUS Ha HUX
Ha RENMUUHY, PABHYIO aMILIMTYAE noruueckoro nepenaaa Uj, kotopas
o0bivno cocrasager Uy = 0,3-0,4 B.

e’
B,

Puc. 2.12. Cxema MmanocurdaibHoro yemerta JCJ1

Cxempt OCJI ¢ mamoif aMnauTYI0# NOrdYeCcKOro fepenana,
HasbiBaeMbie ManocurHanbibivu DCIT (MDCJTT), HMEKT OTHOCHUTENBHO
HU3KYK) [IOMEXOYCTOHYMBOCTb, KOTOpas NMpy HopManbHOH Temmepatype
T° u crabunsHOM Hanpsenun nutanus B, coctaaset = 100-150 mB, a
npy u3mMeHeHnu T° u E,, B npenesax pabovero quanasoHa yMEHbUIAETCS,
npumepHo, a0 40-50 mMB. B cxeme MDCJ] otcyTcTBUE BbIXOAHBIX
SMUTTEPHBLIX nNoBTOpUTEneil (DI1) npuBOAUT K CHIDKEHMIO Ko3(hduLueHTa
Harpy3ky n, KOTOPbIi OObIMHO COCTAaBIAET N = 4-5, YTO 3HAUUTENBHO HIDKE
3HaueHns kodpduunenta n wis snementos DCJL Bnarogaps mManomy 3Hayve-
HUIO HarpskeHus nuTakua E;, kotopoe B cxeme M3CJI pasHo Ey = ~(2-3) B,
1 ucrmouennto I, notpeGnsemas aroli cxemoit molroets P B 3-5 pas
mensiie, yem B cxeme DCJ1 3anepkka nepeksitoueHns NpU MaIbIX EMKOCTAX
Harpysku (C, < 5-10 nd) okasbiBaetcs B 2-3 pasa Hubxe, 4em ansg cxem ICJL
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TunoBbie 3HaueHns 3aHEPKKM coCTaBnsioT t, = 0,5-1,u HC NpH MOIMHOCTH
notpebnenns P = 10 mMBT # noruueckoM nepenage U, = 0,4 B. Pabora
niepeisnodeHns A, ans cxem MOCJ1 Ha nopanok mexblue, yem o 2CJI UC u
HMeeT 3Havenue A, = 5-10 nJ{x .

Bcenenctsde uusknx 3Haudennii P, t, u A, cxemblt MDICJI aBagrorcs
BeCbMa riepcnekTUBHeiMM AN cosaanus bUC u CBUC, sHyTp# KOTOpBIX
YPOBHY MOMEX Y BENHUKHBI MAPAIUTHLIX EMKOCTEH HE3HAUNTENbLHDL

Kpome Toro, oaHuMm M3 BakHbIX AocTouHCTB cemeiictea DCJI UC
ABAAETCA NOCTOSHCTBO TOKA, MOTPeO/INEMOTO MMU OT HMCTOYHUKOB
nutanua, nockonbky B DCJI UC Toku He co3naiorcs W He npepsl-
BAIOTCA, 4 IKLL KOMMYTHPYIOTCA U3 oaHoro nieua TIT B apyroe. OTum
csoiictsom DCJI UC suiroaHo otauvaotcs ot TTJI-cxem, koTopbie He
o0nafaoT TNOAOOHBIM KAYecTBOM M MNpH MNEpeKiloveHusX B HX
BbIXOJHBIX LENAX MPOTEKAIOT UMMYNbCHbIE (CKBO3HLIE) TOKH, KOTOpLIE
€034210T HGONLLIKE IIOMEXY B TUHKAX CBA3M. JaHHas npobnema co3naer
onpenenaeHHble TPYJIHOCTH npu npumerernnn TTII-anementoB, ocobex-
Ho npu npoekrtuposaiun bUC Ha nx ocHose.

Takum 06pa3zom, wmpokune norvueckue sosmMokHoctd ICJT UC cepun
K500 u K1500 no3Bonstor NpoeKkTHpOBaTh PazIM4HbIE Y3ibl W YCTPOHCTBA
cBepxObicTpoaeiicTBytoumx IBM, B Tom uucie mukponpoueccopHbie BUC un
CBHC.

2.3. CxeMbl HHTEI'PAJIbLHONH HHKCKIMOHHOM JIOTHKH

MuTerpanbHbic nikexuMoHHbie noruueckue W21 cxeMbl oTAMYAIOTC OT
6unongpHbix TTJT u DCJI UC orcyTcTBHEM pE3NCTOPOB, YTO JENAET WX
HauGonee ynobHbiMu 1ns coznanna BUC n CBHUC. OtcyrerBreM pe3ucTopos,
3aHUMAOLWMX Ha Kpuctaine OoMbilyio miow@anp, oObiAcHseTcs Hebonbinas
MOLIHOCTb PacCEMBAHWA U BLICOKAS MIOTHOCTh KOMIIOHOBKH W1 -cxem.

Bazosbtit dnement U1 (puc. 2.13) npeacrasnser coboi (uinueckn
COBMELUEHHYIO CTPYKTYPY, COCTORIUYIO M3 ABYX TPaH3MCTOPOB p-n-p- Y
n-p-n-TUNoB, UMeloUnx obwmne obbeauHentsle obnactu. Obnacty momy-
NPOBOAHKKA P-TUMA ORHOBPEMEHHO CIY)KHUT KOANEKTOPOM p-N-p-TpaH3uc-
TOp2, UMEIOLIEr0 FOpU3OHTANLHYIO CTPYKTYpY, ¥ 6a30if n-p-n-TpaHsuc-
TOpa ¢ BepTHKaALHOH CTpykTYpoii. Ponb 6a3bl p-n-p-TpaH3ucropa u dMuUT-
TE€pa n-p-n-TPaH3UCTOpa BLINOSHAET OJHa W Ta XKe o6nacTb n-Tumna,
KOTOpas NOJAKNOYAETCA K WHHE «3emisi». IMUTTEpHas obnacTb p-n-p-
TPaH3UCTOpA, Ha3biBaeMas WHXKEKTOPOM, HROAKMIOUEETCA K HCTOUHHKY
ANTaHUS C NONIOXKHUTENbHBIM HanpsxkeHueM Ey.
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TpaH3uCTOp n-p-n-TUna oOblYHO HMMEET HECKONbKO KOJIEKTOPOB,
KOTOpbi€ ABJAIOTCA JJEKTPUYECKH HE3aBUCHMMbIMH BBIXOAAMH JJiEMEHTa
W’ Jl-uusepropa (puc. 2.13). Tpausucrop p-n-p-tuna Ty, KOTOPBIH MOXKET
UMETb HECKOJIbKO KOJUIEKTOPOB (puc. 2.14), CNyXuT UCTOHHUKOM pabounx
TokOB 1, [y ¥ [ 3, HEOOXOAMMBIX AN NepekoUeHNs N-pP-N-TPAH3UCTOPOB
Tl, Tg 4] T;.

A A

” 2
Puc. 2.13. Dnexrpnueckas cxema anemerta U-J1

Jna nonyuenwns 6oabliux 3HaueHuii pabounx TOKOB H KO3(hu-
UMeHTa YCHIeHUs no toky BP p-n-p-TpaH3ucTopa M, CiiefoBaTe/ibHO, A
ObICTpOro nepesapsana NapasuTHLIX eMKOCTeH (KOTOpbldi NpoU3BOAMTCA
pabouumu Tokamu) wupuHa Gasel Wg TFOPH3OHTANBHOTO p-N-p-TpaH-
3uctopa (puc. 2.13, a), nenaerca Manbim (1-3 MkMm).

Ilpn nocnepoBarenbHOM COEAHHEHHH 3NEMEHTOB un KOJINEKTOp
ORHOrO N-p-n-TPAH3UCTOpa CoeauHseTcA ¢ 6a3oii nocneryolero n-p-n-
TPAHIUCTOPA, K KOTOPOIl Takyke NOAKNIOHAETCA WCTOYMHMK i-ro pabouero
Toka Iy (i = 1, 2, 3), Bbinosinennblii Ha ockose p-n-p-TpaHsuctopa Ty
(puc. 2.14). B 3aBucuMocT OT noTeHUnana y3na «1» ¢, Tok I, Tpansuc-
Topa Ty 3ambikaeTcs, nubo 8 konsexTop Tpausucropa Ty (T, oTKpbIT U
— Hu3kwmit), nubo 8 6aszy tpansuctopa T, (T, 3akpbIT H @ — BLICOKHIA).
Ecnan Ha Bxoae A cxeMbl HMEETCS HU3KMii YPOBEHb CHrHana U°, coorser-
creytommii noruyeckoMy 0, To tpansuctop T, 3akpniBaeTcs ¥ pabouwnii
TOK lg; Tpanincropa Ty, paboTalowiero 8B akTHBHOM pexxume, BTekaeT (3a
BLIYETOM TOKa yreuk# It 3akpbiToro TpaHsucropa T,) B 6a3y TpaH3nucTopa
T,. Ilpyu 3TOM HaNpsikEHHE BHICOKOFO YPOBHS u', COOTBETCTBYIOIICE
Joruyeckoi 1, cHUMaeTcs ¢ KoanekTopa TpaHsuctopa T, u onpeaenseTcs
HanpsokeHueMm U,,, Ha OTKPLITOM 3MHUTTEPHOM flepexose TpaH3ucTopa T,
KOTOPbIii OKa3bIBaeTCA HachillieHHbIM. Ha konnekrope tpansuctopa T, no-
TeHUHMAN NPUHAMAET HU3KOE 3HaYeHHe U’ KOTOpoe onpeaensgercs ocTa-
TOYHLIM Hanpskennem U,, Ha HachlilieHHOM TpausucTope T,. Ycnosue
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HacbIllleHus Tpausuctopa T, umeer creaywowwit suax: 1,-B" 2 [, rae

TOK Ga3bl oTkpbitoro Tpansucropa To Iy = Iy — Iy I — TOK yTeuku
(TennoBoii Tok) 3akpbitoro Tpansuctopa Ty, B" - kosbduuuent ycuse-
HUS n-p-n-tpaHsucropa T,; l, — KONNEKTOPHbLIA TOK HACBIEHHOro
) ! ,

TpaHsucropa T,. B W Jl-cxemax Hu3Kkuil ypOBEHb HanNpsXeHus U', pasHoe
U’ = U,,. cocrasaser (0,05-0,1) B, a BblCOKHii ypOBEHb HalpAXEHUS
U'= Uynep coctariser (0,6-0,7) B. Jlornueckuid nepenan HanpsxeHu
AU =U"~U" ne npesbiuaer senuunssi (0,55-0.65) B.

A A A

| | |

."\ JEN— g et
v * l‘ T T "T——L‘ T, 77T
Ty IJ; ?jfi:tl ]dfs :jf?(:II

o
N

1Pl'

1

b
Puc. 2.14. [ocnenosareisioe coeunerue nementos M2J1

Kak oTMeueho suiue, sMurrep p-n-p-rpanisucropa Ty noaxniouaercs
K MONOXHUTENLHOMY UCTOUHHMKY nuranus. [lpu >ToM HanpskeHne UcTou-
Huka nutanus E, ¢ siyrpennum conportusiennem R; npesbiluaeT fnopo-
roBoe HampseHue otunpanus U, IMHUTTEPHOro mepexosa p-n-p-TpaH-
suctopa Ty v cocrasnser (1-1,5) B. OnHako Ha npakTuke 3Hauenue Ey
BbIOUpaeTca ¢ yuetom TpeboBanuit k crabunsHoct TOKOB I, M I, W
cocrapnset Ey = (4-6) U, = (3--5) B. O6b1uno pe3ucrop R; pasmeuiaetcs
BHE KOPMYCa MMKPOCXEMbl, MNO3TOMY MowHocTh P,,, paccewBaemas
snementom M1 u onpenensemas kak P,, = Uy, « 1, , cocTaBnser nuiub
Re0ObLIYIO YacTh 001uel MowwHocTH noTpebnexus P, 1. e.

P,, = P« (Upp/Ln) = (0,15-0,25) P. OcTtanbHas 4acTb MOLIHOCTH
notpebnenns (P - P,) pacceunaercs pesucropom R;. OcobeHnocTbio
anementos MJ1 apnsercs oueHb HUIKOE 3HAUEHHME NOMEXOYCTOMUUBOCTH

U, nns oTpuuatenbHbix NOMEX, KOTOpas 3aBUCUT OT CTENEHH Hacbiliie-
HU N-p-n-TpaHsucTopa u coctasnaer U, = (20-50) mMB. Beanuuna
nomexoycrotiunsocty Uy AN NONOKMTENBHBLIX TMOMEX HECKONbKO

Gonbite 1 onpenensercs kak U, = Uy U°. Bnaronaps oueHb Manomy
34



NOTHYECKOMY Teperafy HanpskeHuii, HE3HAMMTEIBHBIM EMKOCTAM
2
(~1 n®) u orcyTcTBHIO HaKOIIeHMA 3apsja B snemenrax M'JI, 3anepkka

pacnpocTpanenus curfana t, cocrapiser ~ (5-20) uc. Takam obpasom,

anementsr M2JI MMEIOT JOCTATOYHO BHICOKOE OBICTPOAEHCTBHE W OYEHB
manywo (o cpaBHenmio ¢ oanementaMu TTJ w 3CJI) paborty
nepekmovuenus A;=P.t; ~0,1 ollx.

Emie oxHo# BaxcHOH ocobernoctsio M1 cxeM sABASETCH TO, YTO OHH
HOMYCKAKOT OObeIHAEHHE BBHIXOAOB PAa3zIMUHEIX DNEMEHTOB (MHBEPTOPOB)
no cxeme “moHtaxkHoe U”, T. e. MO3BONIOT peaiM30BaTh JIOTHYECKYIO
dynxmo “U” myreM coelMHeHHS BBIXOIOB HHBEPTOPOBR METAJLTHYEC-
KHMH NPOBOJHHKAMHY.

Ha puc. 2.15 noka3aHo, kakiM 00pa3oM CXEMOTEXHHYECKH peaitHu-
1yI0TEH hyHKIMH WHBEPCHU W "MOHTaxkHoro (mposogHoro) M. Eciou na
nxoan A w B nouaksl curHanasl Huskoro yposra U’ (aor. 0), To
Tparmcropw Ty n Ty 3aKpbiThl, B HA MOHT2XKHO 00BEIHHEHHBIX BHIXOZIAX
Anyx  wnncpropos Y, Oymer Buicokwit yposeHs cmrmana U,
coornercryiownh noruveckodt 1. Ilpu Apyrux 3HadeHHsSX CHFHANOB A H
B ua suixone Y, 6yaer Huskulf yposeHs curyaia U°. Takam obpa3oM, Ha
suxoge Y, BuinonHsercs gynkius M Haj MHBEpPCHBLIMH NepeMeNHBIME A
u B, xoropele o6pasyloTcs Ha BRIXOJAax MHBEpTOpoB, T. €. Y1 =A + B.
Wcnonssys snementel U1 u “momTaxcHoe W”, MOXHO peasu3oBaTh
norudeckyto yrkunio UM — HE, a nyTeM HHBEpTHPOBAHHS “MOHTAX-

noro U™ nonyuuts dynxumio U — HE (7, = A-B=A+ B).
pm—oY[“‘K;é

i }’;WR. gu
=A+H

Purc. 2.15. Cxema 3neMeHTa HHDKEKLINOHHOM
noruxu UJIA — HE / WA
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[1penesibHOE KOMMYECTBO IMEMEHTOB, OOBEAUHIEMbIX IO CXEME
“moHTaxHoe U7, onpenenserca BeIUUUHON Toka yTeuku lyo, OTBET-
BJISITOLLETOCS. B KOJUIEKTOP 3aKpbiTOrO n-p-n-tpansucropa. Jlis no-
BbILICHWUS ObICTPOACHCTBMS M HAIPY30YHOH CMOCOOHOCTH DNEMEH-
ToB WJ1. a Takxe paciuperus X GyHKUMOHANBbHONW BO3MOXKHOCTH
npuMmeHstor auoawl  ILlloTTkuM (c  pasnuuHbIMM  cniocoGamMy  ©Ux
BIJIIOUEHNSA), UOMNOJHHUTENBHBIE P-N-p-CTPYKTYpbl (T. €. CXEMbl C
MepexBaToM TOK2) 1 MHOTOSPYCHbLIE HHTEFpaNbHbIE UHKECKUHOHHbIE
cxembi {3].

OcHOBHbIE XapakTepHble uepThl M2JI-cXeM, BbiACASIOWNE X CPEaU
u3BecTHbIX knaccon OGunonspusix UC (Manas notpebnseMas MOUIHOCTD,
BO3MOXHOCTh MOAYYCHUS BbICOKOW CTENeHH WHTErpauuu), ONmpeaessioT
BaXxkHei e obnacti ux npumedenus. Llnpoko ucnonbiyrores W -BUC
B cUcTemax ¢ OarapeiiHuiM [IHTAHMEM, B CXEMAX YacoB, KaJlbKYJIATOPOB U
T. A. OCHOBY TakMX CXCM COCTaBNAIOT CUETUUKH, AENUTENN YACTOTHI,
cyMmMmatopsl, aewudparopst u 1. A. B cBizu ¢ passurtueM BUC u CBUC
JUTS MAKPOTIPOLIECCOPHLIX CHCTEM Ha ocHoBe MJI-cxem (Tak xe, Kak M Ha
ocHoge TTJI- u DCJI-cxem) pa3pabaThiBalOTCA  Pa3NUMHBIE  CXEMBI
namMaTH M apUOMETUKO-IOIHYECKUX YCTPONCTB, B YACTHOCTH, CXEMbI
TPUITEPOB, PErUCTPOB, MYJILTHILIEKCOPOB, KOMMNAPATOPOB ABOUYHBIX
YUCen, WHHHLIX NPUEMO-NepeaaTHNKOB U T. 1.

2.4. Inementst Ha MII-Tpan3ucTopax

B MU (metann — AMINEKTPUK — [OMYTIPOBOAHUK)-TPAH3UCTOPAX
PO/lb RMINEKTPHKA BLINONHAEST ABYOKHCh Kpemuus Si0O,, mnosromy 5TH
TPaH3ucTOpb! Takxke obo3xavaioT abbpesuarypoii MOTT (Metamn — okucen
— MONYNPOBOAHUK).

Hlupokoe npumenerne Hawny MOII-TpaH3ucTOpbI ¢ H3OAHPOBAH-
HbIM 33aTBOPOM, KOTOpbIe ObIBAKOT ABYX THIIOB:

— C BCTPOEHHLIM KananoMm (TpaH3ucTop oOEAHEHHOro THna), npw
OTCYTCTBHMH HAaMpAXeHHs Ha 3aTeope U, umeeT npoBoaaLinii kaHan;

— ¢ MHAYUHMPOBAHHBIM KAHANOM (TPaH3MCTODP OOOralieHHOro TUna),
KaHan 3akpbiT, ecnu U, = 0.

MOTI-Tpansucrop xapakTepusyercs oveHb GOJIbLWIMM BXOAHBIM CO-
npotvenenneM (10" Om), 1, cnenoBaTeNbHO, MAILIM BXOAHBIM TOKOM
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ITorroMy Takoil TpaH3ucTOp ynpaBnseTca He TOKOM (Kak OumomspHbli
TPaH3NCTOP), @ HaNPMKEHHEM.

B uudposbIx nHTErpanbHbiX cxemax Hanbonbuiee NPUMEHEHHE Halll-
2 MOTT-TpaH3uCcTOPB! ¢ U30NUPOBAHHBIM 3aTBOPOM M WHAYLMPOBAHHLIM
KamanoM. B 3aBUCMMOCTH OT TuUNia NPOBOAMMOCTH KaHala pasiu4aroT
pMOIT- u nMOTT-TpaH3ncTopbl (TPaH3UCTOPBl C KaHaiaMK P- ¥ N-TUNOB
NPOBOAUMOCTH, COOTBETCTBEHHO). Ha MX OCHOBE CTPOATCH IMEMEHTHI
pMOI-, nMOT1- u komnnementapubie MOIT (KMOII)-unrterpaibabie
CXEMbl, PEAM3YIOUINE paliMiHble nOorHveckue QyHKUMH. CXeMbl 3TUX
WEMEHTOB 110 cpaBHeHmo ¢ GunoaspubiMu MIC TTI u DCJ1
KOHCTPYKTHRIIO NPOCTH], DOJCE TEXHONOIMUHELI, UMEIOT 00Jiee BLICOKYIO
HOMEXOYCTORMMBOCTL W MaJIYI0  MOILHOCTD  noTpebnienus, a  Takke
HUTEMIIOT TOPLI0 MCHBIIYIO TUIOUA/1L HA KpUcTanje nonynpoBOAHKKA.
Oannko  ux - Ouicrvpopeierse  cymecrsenio  Medbine,  MOIT-cxembl
aonyckowyt  Gonee  mupokni  amanazon  nutaiommx  Hanpsxeruit. Co
cxemamp FTIL nanpuMep, ¢ mukpocxemamu cepun 74ALSxxx (KP1533),
NMOIL-cxeMut B 06IIEM  XOPOUIO  CTHIKYKOTCA, XOTS Ha HX BXOAbI
pelyeres nogars curHan sornudeckoit 1 6osnee BBICOKOro yYpOBHA, a
stxon MO UC u3-3a HEBBICOKOTO BBIXOJHOTO TOKAa OOBIYHO MOMXKHO
narpyxats ronbko Ha oavd TTJI-Bxox.

PaccMoTpuM NpUHUKTBI DOCTPOEHHS W paboTh! 0a30BbIX OMMHECKUX
memedTos (J1D) Ha ocHose nMOTl-tpansuctopos, umetouiux Gosnee
nbicokoe ObicTponeiicTBue, uyem pMOII-TpaHsucTOpbl, fpH paBeHCTBE
JAPYI'MX WX 11apaMeTpoB (MPH OAUHAKOBLIX WX BO3MOXHOCTAX MO JPYTHM
HapaMeTpam).

Ha puc. 2.16 npuBeseHsl 3NeKTPHUYECKHE CXEMbI ABYXBX0AOBLIX J13,
peamsylownx noruueckue Ppynkuun U — HE u UJIM — HE. B atux
CXeMax, MCNONb3YIOUIUX HONOKUTENLHOE HaNpPsKEHUe CTOKOBOro nura-
HUSl, CUIHAJy NOrnYeckoi 1 cOOTBETCTBYET BbICOKKH YPOBEHD, & Iornyec-
koMy 0 — Hu3kuii ypoBeHb MOJOXKWTEILHOro Hanpsxehus. O6e cxembl
COACPXAT NO TPU TPAH3UCTOPA, OAMH U3 KOTOPbIX — Ty BLINONHAET Poib
warpy3ku, a T, u T, ABNS10TCS nepexntoyaTeNibHBIMU TPAaH3UCTOPaMH,
peanusytolunmu noruveckue ynkuuu. B cxeme JID, BbIOnNHEHHOrO Ha
ocose nMO{1-Tpan3sucropos (puc. 2.16, a), n peannsyroulero GyHKu1Io
N - HE, kmouesbie Tpansucropst Ty u T, coeaAuHEHBI NOCNEAOBATENBHO.
HosroMy ana noseiaeHus Ha BbIXOJE CXEMbl HANPSHKEHUA HU3KOrO YPOBHSA
na sarBopbl TpaHsucTopoR T; u T, HeoOXOAUMO nojaTh HanpskeHue
uhicokoro yposas. Takum obpasom, Mpu HANH4YKMHA CHTHANOB NOrH4ecKkol |
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Ha oboux Bxodax 3nemenra M — HE Ha ee Bbixoge OymeT curuan
Jorydeckoro 0.

MaxkcumanbHoe YHCHIO TepeKNIoUaTe/IbHbIX TPaH3UCTOPOB (Kod(du-
uUMeHT 00beANHEHNA MO BXOAY M,) 00biUHO He npeBbiluaeT 4, YBennyeHue
4HCNA BXOAHBIX KiloueBblx TpaH3uctopos B cxemax M — HE ycnoxuser
TOMOMOTHIO, CHIDKAET CTeNeHb UHTEerpauud M NOMEeXOoyCTOHYMBOCTL 3a
CYET YBENUMYECHUA YPOBHS Hanps>xeHus jorndecxoro 0.

B cxeme WJIM — HE (puc. 2.16, 6) tpausuctopsl T, u T, BKAOYEHbBI
napannenbHo, NO3ToMy MpU nojaue XoTs Obl HA OAMH W3 BXOJOB CXEMBI
CUrHana noruyveckoil | Ha ee Bbixose Oyner chopmMHpoBaH cHruan
aoruueckoro 0.

Koagpduumuent obbeAnHeHns no BXoLy My, paseH 10. O6bicHseTcH
3T0 TeM, uto y cxemnl WM — HE vucno m,,, orpaHu4uBaeTcs TONLKO
CHU)KEHHEM YPOBHA «l» 3a CHeT rafeHus HanpsKeHUs HA BbIXOAE CXEMbI
OT CYMMAapHOro TOKa yTeUku B LENAX CTOK-HCTOK BXOAHBIX TPAH3UCTOPOB.
Tak kak 3TOT TOK OueHb Man, m,,, HMEET CPABHUTE/ILHO BbLICOKOE
3HayeHue.

Bnarogapa BbICOKOMY BXOAHOMY COMPOTHBAEHWKD U CYWECTBEHHO
MajioMy 3HaueHnid toka yrteuku MOTI-TpaH3ucTopoB uudposbie HC,
NIOCTPOEHHLIE HA ¥1X OCHOBE, WMEIOT BbICOKYHO HArPY304HYK CIIOCOOHOCTL
(n=10-20).

Komnnementapras MOIT (KMOIT)-cTpyktypa npeactasaset co6oit
cxemy uHBepTopa (puc. 2.17, a), cocrasnenuyto u3 MOIl-Tpausucropos
pasHoro Tuna mapoBoauMmocTH. [loanoXkka TpaH3MCTOpa R-TUNA
npoBoAMMOCTH T, TMOAKMOUYEHA K HYJNIEBOMY noTeHUMany (K 3emne),
MOAJIOKKA TPaH3UCTOPa p-THMa T; — K NOJOKUTEILHOMY HCTOUHHKY NTNTa-
HH#, a 3aTBOPLI 00OUX TPAH3IUCTOPOB OOLEAMHEHB U SBIFIOTCH BXOJAMH
CXEMbl.

KMOIl-35eMeHTsl  BLITOAHO OTIMYAOTCA OT 3jeMeHToB nMOIN
MaJioil MOLUHOCTBIO NOTPEONICHHS B CTATUYECKOM pexuMe (CAMHMIbLI U
meHee MRBT), oTHOCHTENbHO BbICOKMM ObICTpO#EHCTBHEM, BbLICOKO
Harpy304Hoii cnocobHocTbLi0 (n > 15-20) M xopoineii NOMEXOYCTOH4H-
BOCTBIO 3a cueT Gonbllero nepenana yposHeil curnanos nor. 1 u Jor. 0
(Hu3knii yposeHb OniKe K HYJIO, BLICOKUH — K HanpsHKeHUIO MuTaHus). B
CTaTHYECKOM DEXKHUME MOLUHOCTL ONpeJeNseTCs BeNMUUMHON HanpsbkeHus
MUTAHUS Y TOKAMM YTEYKU 3AKPLITOrO TPAH3UCTOpa, KOTOPbIE OveHb
manbl. MowHocTs, notpednsemas KMOIT UC, pacxoayeTcss B OCHOBHOM
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BO BpeMs [MEPEeXOAHOro npouecca Ha 3apsA MapasUTHbIX eMKOCTeH
Harpysku C,. [ToaToMy c. yBenMueHHEM 4YacTOThl HEPEKIIOYECHHS CXEMBI
v emkocTi C,, IMHaMu4eckas MOLLHOCTH CXE€Mbl BO3pacTaeT H onpeje-

nsercd kKak P _—.2-CH~fP~Ei, rae E. — HanpsxeHue HCTOUHUKA

B
cTokoBoro nMutanus; f, — pabouas yacrora.
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Puc. 2.16. Dnexrpudeckue cxembt JID U — HE (a) u HJIM - HE (6)
na nMOITT-Tpan3ucropax

Paccmotpum paboty nmpocteitiunx nByxsxogosbix KMOII nornuec-
knx wemedtoB U — HE u WIH — HE (puc. 2.17, 6 ¥ B) B pexxume nono-
KureshbHoit noruku — npambix H (High) ~ aktuBHbIX curHanos. B atom
peKMME, B KOTopoM paboraloT HanGonee UIMPOKO NMPHMEHAEMbIE CEPUH
KMOIT UC, BblcOKOMY YPOBHIO HanpsbKEHHst COOTBETCTBYET CHIHan
noruueckoit 1 (nor. 1), a HU3kOMy ypoBHIo — curHan jor. 0. M3 puc. 2.17,
6 BunHo, yro ans peanusdaunr U — HE ucnonssyetcs nocsienoBarensHoe
piatoyeHue nMOII-TpaH3ucTopoB W napaniensHoe Bkiovenue pMOIT]-
TpaHiuctopoB. [ns peanwsaumu ¢ydkund WMJIM - HE napannensHo
Biovatotes nMOTT-TpaH3ucTopsl, a nocaeposarensio — pMOTT-Tpan-
sucTopbl. Kpome Toro, 3arBophl Kawaoi napel Tpansucropos nMOIl u
pMOI1, obpasytouix KMOIT-CTpyKTYypy, COeAUHAIOTCA MexAy coboit K
apnsoTes Bxogamu uiementos KMOIL. Tpu nopaue Ha Bxoa A KMOII-
wiemedTa M — HE curnana nor. 0 sakpeiBaercs nMOI1-tpansucrop T), a
CBA3AHHBIA ¢ HitM 110 3aTBOpy pMOIT- TpaH3ucTop T; OTKPHIBaETCA.
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6) B)

Puc. 2.17. Cxempt KMOITT 3nemenTOB: nHsepTopa (a), U — HE (6)
u UIH - HE (8)

B pesynbTate Ha BBIXOJE JNE€MEHTa (HE3aBMCUMO OT 3HaueHus
curHana Ha sxoae B) dopmupyerca yposens nor. 1. Ilpn nomaue Ha
Bxofbi A ¥ B curnana nor. 1 nMOI1-tpan3uctopst Ty n T, oTkpbiBatoTCs,
a nMOIlT-tpansucropst T3 # T, 3axkpuiBaloTcs, 4TO TPUBOAMT K
c¢opMupoBaHKio Ha BbIXOAE dNeMeHTa curdana nor. 0. [Ipu 3TOM eMKOCTb
Harpysku C, Bcerna nepesapskaetcs uyepe3d OTKpbIThiA nMOIL- unu
pMOI1-rpanznucrop, B pesynsrare yero KMOII-aneMeHT nepeknouaercs
GLiCTpee, B OTAYYME OT aHanoruuHbix nMOIT-anemenTos.

MunumMansHoe HanpskeHue nuranus semenTos KMOIJ1 onpene-
JIAETCS OPOroBbIM Hanpspkennem oraupanus Uy, pMOIT-Tpansuctopa,
T. K. oHO Gonkuie, yeM nanpskeuue U, nMOIL-rpausucropa. Hanps-
XKeHue MHUTaHus BbiGUpaerca Oonbuum, uvem U,,,. B 3tom cayvae
obecnmeunBaeTcs BbICOKas MOMEXOYCTOHYHMBOCTD M Xopollee ObicTpo-
neitcrBue. KMOIT anementst I — HE (puc. 2.17, B) pabotarot Tax xe,
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HO Ha ee BbIxoae cdruan Jor. 1 dopMupyercs TOJbLKO fIpH OAHOBpE-
MeHHOii nojade Ha Bxoabl A U B curnanos nor. 0. O6biaH0 KOIGPRUMEHT
obbeanHeHns no sxopy ementos KMOIT we npesvimaer 4 (m < 4).
CpasHenye snementos KMOIT M ~ HE u HUJIKM - HE ¢ asamoruinbimMu
nMOI anemeHTaMM NOKA3bIBAET, YUTO NP pealu3auyy ONHUX M TeX ke
dyukuuit B anemenrtax KMOIT ucnonbsyercs Oonbllee 4uCIO TpaH-
3UCTOPOB, UTO MOXKHO CUNTATh UX HELOCTATKOM.

OaHako ceepxmanas noTpebageMas MOLIHOCTh M BbICOKOE ObICTPO-
aeiictane obecrnieynBaloT Xxopoulee npumeHneHue anemenTos KMOIT,
ocoBenno B pa3paboTkax cBepxOonbUIMX MHTErpalbHblX cxem. MHTepec-
HHIC BOIMOXKHOCTA B NOCTPOSHUM YKOHOMUYHBIX N0 YUCTY TPAH3UCTOPOB
HITCIPRIILILIX CXCM 1a¢T IpUMeHenne komnaemenrapibix MOTl-Tpan-
MCTOPOR ¢ THK  HAYLIBACMBIMU HaFpy3ouHbiM W BB (BEHTHABHBIM M
Onokupyroimm)  rpatsucropamu  [S]. Ocolwiii  uuTepec npedcraBaseT
npuMeiende KMOI UC ¢ narpy3ounsimd # BB TpaHsticTopamy Ans
HPOCKTHPOBANWA TPAITEPHBIX YCTPOHCTB, cxeM Aeiuudparopos, cymma-
TOPOR K JIPYIUX (PYHKUHOHANBHBIX Y3/10B U YCTPOHCTB.
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3. ®YHKIHOHAJIBHBIE Y3JIb] KOMBMHAIIMOHHOI'O
THIA

®yHKUYOHaNbHBIE Y3bl HHPPOBLIX TOrMYECKUX YCTPOICTE pa3nensior-
cf Ha KOMOWHALUMOHHBIE W MOCNEJOBATENbHOCTHbIC. KOMOHHALMOHHLIMU
Ha3bIBAIOTCA JIOFUUECKUE YCTPOICTBA, BIXO/HBIC CHTHANDBL KOTOPSLIX B MOOOH
JMCKPETHbI# MOMEHT BpPEMEHM ONHO3HAUHO OIPEAENSIOTCS SOrMHYECKIMU
CHUTHaJIaM{, UMEIOLMMUCSH Ha UX BXOAAX B TOT K& MOMEHT BPEMEHH.

B coctaBe (YHKUMOHAIbHBIX Y3/10B MOCIEA0BATENBHOCTHONO THIMA
MMEIOTCS fieMenThbl namMaTH. [loaToMy 3TH yCcTpoiicTBa Taloke Ha3LIBAHOTCS
aBTOMaTaMM ¢ MnamaTbio WnM npocto iwbposbiMu aBroMatamu (LIA).
BuixofHble CHrHaNbi MOCNENOBATENLHOCTHBIX YCTPOWCTB ONpEAensioTcs He
TONBLKO CHUCHANAMKW, HMEUMMKCA Ha Bxogax LA B [JaHHbI MOMEHT
BPEMEHH, HO M 3aBUCAT OT MCXOAHOTO COCTOSIHUS! JICMEHTOB MaMATH.

Cpenyt KOMOGHHAUMOHHBIX YCTPOWCTB Ha MpakTHKe Haubosee LWMPOKO
UCTIONB3YIOTCA THNOBbIE (PYHKUMOHATLHbIE Y37bl: HIK(paTopbl, Aewwindpa-
TOpbI, MYJILTUILIEKCOPBI, AEMYJILTUIIEKCOPLL, KOMMAPATOphl, npeobpaszosa-
TeJH KOJIOB, CXE€Mbl KOHTPONA, CyMMATOPLI ¥ T. A.

3.1. lIudpaTopel ¥ geHPPaTOPLI

IIudpaTop npeaHasHaues ans npeoOpasosauus koga “l u3z N7 B
ABOMYHBIA. Bxogam widpaTopa nocaeoBaTebHO NPUCBAUBAOTCH 3HAUSHHS
JecATHUHBIX yicen. [pu nopaue akTHBHOrO NOrMYECKONO CUTHana Ha OIMH
13 BXOzoB wudpaTopa Ha ero Bbixoge GopMUPYETCa ABOMUHLIA kOL, COOT-
BETCTBYIOUIMIA HOMEPY BO30YXKAEHHOTO BXOZAAa (T. €. AECCATUYHOMY UMCIY).
Windpartop, nMetowmii 2" BXOZOB U N BLIXOAOB, Ha3biBaeTca NomHbiM. Ecnu
YHCNO BX0J108 Lindparopa Menbile 27, OH Ha3bIBACTCA HEMOMNHBIM.

PaccMOTpuM npumep fniocTpoeHus wndparopa ans npeodpasopaHus
JecaTHUHbIX yrcen oT 0 1o 9 (AecaTupaspsaHOro eANHUYHOro Kozaa) B
ABOMYHO-fHecATUUHbl koa. Pabora Takoro wudparopa onuchiBaeTcs
CNeayolMY ROTHYE€CKHMU YPaBHEHHAMU:

Yo =X +X; + X5+ X, +X,y:
Y, =X, +X; X4+ X5 3.n
Y, =X, + X5+ X +X5;
Yy =Xg + X
KOTOPbIE COCTABAALOTCA Ha OCHOBE;HMM tabnnipl ncrumnocty (taba. 3.1).
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YenosHoe rpaduyeckoe ofo3naueHue wmdparopa # ero cxema,
COOTBETCTRYIOIME JIOTHYeCKUM ypaBHeHusM (3.1), ipuseneHs Ha puc. 3.1
Kak BuaHo u3 puc. 3.1 B wudparope pacCMaTpUBAEeMOro THIA CHIHA,
MOAABAEMbIIi HA BXOA Xy, HE UCNIONbL3YETCS.

{iludparop uHOrAa Ha3LIBAIOT «KOACpOM» (OT aMrn. coder) U OH
WCTIONB3YETCs], HAarpumep, A HepeBoja JeCATHYHbIX YHUCen, HabpaHHbIX Ha
KJIaBHaType KHOMTOYHOrO My /bTa yipaBieHdus, B ABOMUYHbIE HHCIIA.

Tabnuua 3.1
Tabnuua UCTHHHOCTH WHppaTopa
X9 Xg X7 Xg X5 X4 X3 Xo X; Xo| ¥Y3 Y2 Y1 Yo
O 0 0 0 0 0 0 0 0 t |0 0 0 0
0 0 0 0 0 0 0 0 | 0 0 0 0 1
0 0 0 0 0 0 0 1 0 0 0 0 1 0
0 0 0 0 0 0 I 0 0 0 0 0 i 1
0 0 0 0 0 1 0 0 0 0 0 1 0 0
0 0 0 0 1 0 0 0 0 0 0 1 0 1
0 0 0 1 0 0 4] 0 0 0 0 1 i 0
0 0 1 0 0 0 0 0 0 0 4 1 1 1
o1 0 0 O O O © o0 011 o0 o0 O
1 0 0 0 0 0 0 0 0 o0 1 0 0 {
Ko Xg Xy XgXs XgXzXyXyXy

Xo—o0 l_?

I —1 cD 1Yo }y

Xz—2 ¢

L3—13

e N '

)(S — E ) - Yz

L 1

o —2 7 }Yz

Xg—J g SHY,

%o —19 } ¥

a) 6)

Puc. 3.1. YcnosHoe rpadudeckoe obostatieHue wrdparTopa (a) ¢ ero Joruueckas

cxema (6)
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Mpu Haxatun moOol KIaBWIIM HAa COOTBETCTBYIOHIMH BXOAR
mudpaTopa NOJAETCA CHTHAN OTHUECKOH eauHuusl (Jior. 1), KOTOpLIH
¥ npeobpa3syeTcs Ha BbIXOAE B JABOWYHO-AecATUYHbIK koa. Ilpu 3TOM
curhan aor. 1 (cMm. Tabn. 3.1) B KaxIblii MOMEHT BpeMEHH HOZACTCS
TOJNLKO HA OJMH BXOJ, KOTOpblii Bo3Oyxpaaerca. Takne ummdparopsl ¢
OAHUM B030YXX/1aEMbIM BXOAOM Ha3bIBalOTCA  JBOWYHLIMH
wudparopamu. Kpome asonuHsix wudpaTopoB Ha APAKTHKE LUNPOKO
NPUMEHAIOTCA  MPHOPUTETHBIE  udpaTopel. B npHopuTeTHbIX
wudpaTopax akTHBHbie curHainsi (ior. 1 unm nor. 0) nopatorcs
O/IHOBpEMEHHO Ha HECKONbKO BXoRoB. [Ipu 3TomM Ha HX Bbixoaax
dopMupyeTcs ABOMYHBIA KOJ UHMCHa, COOTBETCTBYIOLIEro Hau-
GonblieMy HOMEDPY BO30YKIOEHHbIX BX040B. OUEBUAHO, MPH HAIHYKMH
TOALKO OAHOTO BO30YXNCAEHHOTO BXoAa WHU(PATOP C NPUOPHTETOM
pabGoraer Tak e, kak M aBoMuHbli. [lpuopuTeTHbie MmHQpaATOPLI
NPUMEHAIOTCA JUTS BbINOAHEHNA DoJiee CAOXKHOH onepaunuy, Hanpumep,
nAs  BuIOOpA MCTOYHMKA 3ampoca Ha MpaBO MEPBOOUEPEAHOTO
o6cnykuBaHus (NONb30BaHUA KAKMM-THOO pecypcoM).

Ha npuopuTeTHBIX luMdpaTopax, NOAKIIOYMB K HX BBIXOJAaM
JewndpaTopel, MOXKHO peanu3oBaTh yka3aTelM crapuieil eAuHHubl, Yy
KOTOPbIX HUCIIO BBIXOAOB PaBHO uuchy Bxonos. [Ipy nanuumm Ha BXoJax
CXeMbl yKa3aHus crapuieil eAMHMUbI HECKONLKHX AKTUBHBIX JIOTHYECKHX
curHanos Gyner Bo30YXKIZAThCA JHLIL OAWH BbIXOM, COOTBETCTBYIOUUH
crapwewmy 3anpocy. Takum 0o0pa3om, ykazaTenu cTaplieil €AMHKLIbI, XOTS
M PELUaloT B MPUHLMAE TY e 3a/a4y, YTO U WHMPATOPhl C NPHOPUTETOM,
HO (POPMUPYIOT Ha BbIXOAAX ABOMUYHbLIA KkOA B Apyroit gopme — B Buae
xkoaa “1 m3m” (m < 2"). Ykazarenu crapuieii eInHHUbl MPUMEHAIOTCS B
YCTpOHCTBaX HOPMaIM3anuK YHCes C fIaBaroliedl TOMKOH B cucTemax ¢
IpUOPHTETHLIM 06CTYKUBARHHEM 3a1IPOCOB H T. A.

HemndpaTopom un¥ JEKOJEPOM HasblBAeTCA GyHKUMOHANBHbINA
y3en KOMOUHALIMOHHOrO THIA, NpeodpasyroLinil n-paspsaaHbii ABOHYHbIH
KO/ Ha BXOjle B KOMOMHAUMIO CUTHAJIOB Ha BbIXOJl€ B BUAE xoAa “1 u3 m”,
rle N ¥ m — COOTBETCTBEHHO YMC/IO BXOAOB W BBIXOAOB AeiundpaTopa.
Kaxnaas sbixoanas ¢yHkuus neumdparopa OJHO3HAYHO COOTBETCTBYET
OAHOM K3 M BO3MOXHBIX KOMOWHauWH BXOAHBLIX CHUrHaNOB. Jpyrumu
CnOBaMy, MU KaKOOH KOHKpPETHOW KOMOWHAUMKM BXOAHBIX CHUIHAJIOB
COOTBETCTBYIOILAs il BbIXOAHAA (YHKUUS NPUHUMAEET ONpPEAECNCHHOE
3HayeHue, PABHOE, HANpPUMED, TOTMYECKOH 1, B'TO BpeMs Kak Ha Apyrux —
3Hauedns QyHKIuit paBHo norunueckomy 0. Ecnu uducno Bxopoe ae-
w1dpaTopa n CBA3AHO C YUCIIOM €ro BLIXOJAOB M COOTHOLeHHeM m = 2",
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To pewndpaTop HasbiBaeTcs nonHbM. Ecim m < 2" | T. e. Ha BbIXO#ax
Aemudparopa peanusyloTcs He BCe BO3MOKHbIE KOMOWHALMH BXOIHBIX
CUTHaNOB, TO Takoil Aewndparop HasbiBaeTcs HenofAHoIM. Hanpumep,
HENONHbLIM HasblBaeTcs Jeitudparop, umerownii 4 sxona n 10 BbIX010B,
KOTOPbIH UCNONb3yeTes AN NpeolpazopaHus ABOMYHOIO KOAA B ABOWYHO-
necatu4Hblil. PaGoTa aemmdparopa onuceiBaercs Tabnuueil HCTUHHOCTH,
aHanornvHoii Tabauile NCTUHHOCTH Wwudparopa (Tabn. 3.1), TONLKO B Hel
BXOJHbBIE 1 BbIXOJHbIE CHHAIIbI MEHAIOTCH MECTAMU.

CxemoTexHuueckd AetuugpaTopbl Peanu3yloTCs Ha JOMMYECKUX JNe-
mentax (JI?) U uaw U — HE. B nocnegnem ciyuae pewundpatop
Ha3bIBAIOT AELIU(PATOPOM C UHBEPCHBIMU BbixofamH. B camoil npocroii
cxeMe Jeuindparopa, HazbiBacMOH JIMHEHHON, AnNg peanu3auun Kaxaoi
BbIXOAHON (QYHKUMH MCRONL3YETCS OT/AENbHbLIA N-BXOAOBOH florudeckuii
anemedt U wnn U — HE. Ha sxoasl JID U (wnn U — HE) nopaetcs
COOTBETCTRYIOIAN KOMOMHauuA 3HauyeHudl BXOAHBIX curHaioB. Cxema
aunciinoro jemundparopa Ha J1I2 M — HE u ero ycsosHoe rpadguueckoe
0003HaueHWe npyBeneHbl Ha puc. 3.2.

;{"0
iR
) —
Xy : Mg —1 DC?'-—
] A
3
¥, —4 4
Yoo | 5
l- E —oE 3
E .
a) 6)

Puc. 3.2. Cxema gemmdpatopa ¢ HHBEPCHBIMH BbIXOJaMH (&)
#l €70 YCNOBHOE rpaduueckoe oboznadenue (6)
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B cxeme gemudparopa Ha puc. 3.2, a HCHONB3YIOTCH AONONHH-
TensHbie (TpH) JID U - HE mus momywenus napaga3sHbIX CHYHaNOB H3
onrHoda3ubix (IPAMBIX), NOCTYNIAIOIMX Ha BXOAH AemMdparopa. Ha
Beixoge kaxzoro u3 JI9 U - HE peanmayercs uHBEpCHA OXHOM W3 m
BHIXOAHEIX ysknu. B ocHoBHOM nojie ycnoBHOro oGo3nadeHns
(puc. 3.2, 6) npocraBnsioTes Oykssl DC (or anramickoro crosa
Decoder). Bxoanr pemudparopa o0603Ha4alOTCH HX ABOHYHBIMH
BECAMH.

MukpocxeMbl JemHPpaTopoB oOBMHO HMEKOT BXOABI cTpoSupo-
BaHW4, AKTHBHEIE JIOTMYMECKWE CHUFHANbl Ha KOTOPBIX paspeialoT MX
pabory. Ecnu B cxeme Ha puc. 3.2, a Ha BXOX cTpobuposanns E mo-
nmaercs curran qorudeckod 1 (E = 1), 10 BeixogHme (yHKUHMH
AemiHdpaTopa He 3aBHCST OT €ro BXOJHBIX CHUIHANOB W BCE OHH
[IPUHAMAIOT 3HA4eHHWe, PaBHOE NOrMyeckoil 1; B NMPOTHBHOM cayvae,
T. €. xoraa crpobnpyroumii curnan E pasen normveckomy 0 (E = 0),
newndparop paboraer obmunniM obpazom. Hanpumep, ecnv ua Bcex

BXOZaX — JIOTUYECKHE HYNH, TO HA BbIXOAC Y, — noruqeckuit 0, a npa

OCTaNbHBIX BRIXOZAax — Jorudeckne eanHuusl. Eciu Ha Bxome X, —
normgeckas 1, a Ha oCTaAbHBIX BXOZ2X — norudeckuis 0, To Ha BHIXOJe

Y4 — norayecknii 0, a Ha OCTANBHBIX — JIOTHYECKHE EANHHIG H T. X.

Hanmuwe BX0Aa cTPOGHpPOBaHMA NO3BOJAET HA OCHOBE HECKOND-
KWX MHKPOCXeM aemudpaTopoB NpH HEOOXOAMMOCTH YBEIHYEHMS
PaspAAHOCTA BXOAHOTO KOA& HWOCTPOHTHL CTPYKTYpHI aemndparop-
HOTO JEepeBa, T. €. #3 MAJNOPa3PIAHLIX NemnpaTOpOB NONYIHTh CXe-
My HapalmHBaHui paspanHoctH aAenmdparopa (puc. 3.3).

JInmelinas cxema Aeumdparopa, HameqWas MHPOKOE Ppacmpoc-
TPaHeHWe B WHTErpadbHOM HCHONHEHWH HEPEBa, W COACPKUT MHHH-
MamsHoe gucio JIO u uMmeer Banboneiee OrICTpONeliCTBHE IO CPABHEHHUIO
€ KacKaJHuMA (THpaMUJATEHEIMA ¥ IPAMOYTOIBHEIME) Aeludparopamy.
Brictponefictede JmHeliHoro nemmgparopa NpPaKTHYECKH ONpERACTAETCS
3a/IepHKKOM nepexoyeHnd OABOro Joruyeckoro >nementa. Oxnako npu
YBENHYCHHY DaspAAHOCTH N BXOJHOTO KONA JOTHYECKHE JNEMEHTEH
HOIDKEK MMETh COOTBETCTBEHHO IO N BXOAOB, UTO Ha TIPAKTHKE MOMKET
0Ka3aTECY HEBBIIONHMMEIM M3-3a OTPAHWYEHHOCTH 4YuC/Ia BXOJAOR Y
peamsHEBIX cxem JID. Ilpu GonpluMX N MPOABAAIOTCA NPEHMYHIECTBA
KACKAJHEIX NeiunpaTopoB, CXEMEI KOTOPRIX OKA3LIBAIOTCSH NPOINE ONHO-
CTYNIEHYATHIX ACHU(PPaTOPOB MO YWCIHY HEOOXOMMMBIX 3NEMEHTaPHBIX
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(aByxBX040BbIX) JI3. OgHaKo cieayeT OTMETUTb, YTO YNPOLICHUE CTPYK-
TYpbI AeludpaTopoB BCErAa CONMPOBOKIAAETCA YMEHbLUIEHHEM ero GLICTPo-
AeHcTBus.
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Puc. 3.3. Cxema newtudpatopHoro aepesa

Jewndparopsl HAXOAAT caMoe IWHMPOKOE NPUMEHEHHE B UHPPOBbLIX
ycrpoiicrax. OHU NPUMEHSAIOTCH Aiis TIOCTPOEHHA pa3fiyHbiX koMOHHa-
UMOHHBIX YCTPOHCTB: MYSIbTUIIEKCOPOB, AEMYJILTHILIEKCOPOB, npeodpa-
joBareieil KOROB U T. A. B 3anomMuRalomux ycTpoiicTBax € NOMOLIBIO
Aewndparopos BLIOUPAIOTC SUEHKU IS CUMTLIBAHWA WM 3afHCH MH-
topmanuy. B cuctemax BBoAa/BbIBOA ACIUNGPATOPS MPUMEHAIOTCS A
BbiOOpa 0HOrO W3 MHOIMX MOPTOB, MOCHIMAIOIUNWX HAM MPHHUMAIOLMX
JaHHbe.

Hapsany ¢ aewmdparopamu tvna “1 uz 2™ cymecTsyroT
AewndpaTopsl CrnelMaibHOrO HasHayeHus, NMpeodpasyloLiye Koabl
MM YMCNa B Te WY MHblEe HYXHbIE B YacTHBIX ciy4asx Qopmbl.
Hanpumep, ¢ nomoiysio cneumansHoro ieturdparopa MOXKHO OCy-
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1ECTBUTL Npeodpa3zoBanus kona 8421 BCD B cemucermeHTHbIH
xoa. Taxoi geuwndpartop-npeobpasosatens NO3BoNseT BLIOPATh
onpeeneHHblf Habop CErMEHTOB CBETOBOro WHAMKaTopa (puc. 3.4)
TaK, 4ToObl MOJYYHUTh Ha HEM M300paxkeHHe AECATHHHOW uudpbt,
npencrasneHHo# B koae 8421 BCD (B yeTbipeXOMTOBOM ABOMYHO-
JIECATUYHOM KOJE) Ha BXoAax aetndparopa.

d

Puc. 3.4. CemucerMeHTHBIit HHAMKATOP ASCATHYHBIX uMdp
3.2. My AbTHIAEKCOPHI K AEMYAbTHILICKCOPbI

MyJabTHIUIEKCOPOM  Ha3biBaeTC KOMOWHALMOHHOE YCTpOHCTBO,
npeaHa3HAYeHHOEe ANA YynpaBiaseMoll nepefaud WHPOpMaUWH, NMOCTY-
naoweil M0 HECKONbKMM BXOAHLIM KaHanaM Ha oauH Bbixox. Kpome
MHQOpPMAUUOHHBIX BXOAOB B MYJNHTHNAEKCOPE WMEIOTCA ajApecHbIC
(ynpasmsiotiMe) u  cTpobupytouMe BXoAbi, paspemaroiue paboty
MynabTHIIEKCOpa. CUrHa bl Ha afPEcHBIX BXO/AaX ONPEREANIOT, KaKo# U3
MH(POPMALMOHHBIX BXOAOB B JNaHHbIH MOMEHT MOMK/HOYEH K BbLIXOAY.
OGbluHO Mexkly YMCAOM MHGOPMAUMOHHBIX BXOAOB M W YHUCIOM
aJIpecHbIX BXOAOB N AeHCTBYET COOTHOMEH e m = 2",

Pabota mynpTnnekcopa, umerolnero 1 crpobupytonini, 2 agpecHsix
H 4 uHGOPMALUOHHBIX BXOJa, ONMUCLIBAETCS CHEAYIOLUUM JOTHYECKHM
YpaBHEHHEM:

F=x,-a,-a,-E+x,-2,-a,-E+x,-a,-a, - E+x,-a,-2,-E, (32)

rae E — cursan Ha Bxoge cTpoOupoBaHus, aKkTUBHBI YPOBEHb KOTOPOTO
paspeuiaeT paboTy MyJbTHILIEKCOpA.

Ecnw Ha cTpobupytoiuuii Bxoa paspeluenus pabotel E noaan curxan
norudeckodi 1 (E = 1), TO BbIXOAHOH CUrHAN MYJIbTHNIEKCOPA CTAHOBUTCSH

PABHBIM HYJTIO, HE3ABMCHMO OT 3HaueHui MHGOPMALMOHHBIX X; # aapec-
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HBIX &; CMrHanos (i=0,1,2,3uj =0,1). Jpyrumu crioBamu, ¢ moMo-

meio  cTpobupylowero curdana E MOXHO pa3peluMTs HMAH 3anpeTuTh
NOAKIIOYEHNE BBIOPAHHOrO BXOAAa K  BbLIXOAY, T. €. 3abIOKHpOBaThb
JeiicTBue MynabTUMiekcopa. CxemMa MynbTHIAEKCOPA, COOTBETCTBYOLLAS
JorudeckoMy  ypaBHeHHto (3.2) M  ero ycnoBHoe rpaduyeckoe
obo3HaueHue, npuBeJeHB! Ha puc. 3.5.

B cxeme Ha puc. 3.5 aByxBxonosbie Norugeckue snemedtsi M — HE
YIpPaBJIAIOTCA BHIXOAHBIMH CHTHaNaMu Aewkdparopa, Ha BXOAbl KOTOPOro
MOJAIOTCA aapecHble cHrHanbl. Takum obpazom, ¢ MoMoluslo Aetuundpa-
TOpa BbiOMpaeTcst OAMH U3 YeTbipex ABYxBXOA0BbIX 3nementToB U-HE, u
yepes uero u JI? U - HE ¢ 4-m3 BXoAaMM BO BTOPOH CTYNEHH
undopMaus ¢ BXOAHON  JIMHWUKM nepenaercs Ha Boixofd. Tlpu sTOM
OBICTPOACHCTBHE  MYJILTHIINEKCOpA ONpEAeNseTcs CyMMOR  3aepiKek
pacnpocrpancius curnanon s aewmdgparope u 8 AByx JID WM — HE.
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Puc. 3.5. Cxema myabrumiekcopa (2) 1 ero ycnoBxoe rpaduueckoe
obosHaueuue (0)

MyssTunnekcopsl ob6o3naqaror uepes MUX (or anra. multiplexor)
uny MS (multiplexor selector). Bxon paspewenuns pabotsl E ucnons-
3yeTcs Taloke AJiA pacluMpeHus GyHKIUUOHAMBHBIX BO3MOXHOCTEH MYJib-
TUMNEKCOpa, HANpUMEp, JAs YBEJNUYEHHs uucia WHGOPMALMOHHBIX
BXOHOB (HapalyMBaHWs pa3psaAHOCTH BXOJHOIO CI0Ba) MyNbTUNNEKCOPA M
CHHXpoHU3aLMK ero paboTsl ¢ paboToH APYrHX YCTPOMCTB.
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Ha punc. 3.6 npmsesesa cxema HapaumlMBaHMA pPaspiiHOCTH
MyAbTUTIIEKCOpa (MYNLTHIIIEKCOPHOTO fepesa) € 16-10 HHGPOpMALHOH-
HBIMY BXORAMH, TNOCTPOCHHAs HAa OCHOBE YETBIPEXBXOHOBBIX MYJbTH-
nnexkcopos. JlaHHas cxema MyAbTUIIEKCOPHOTO AEpeBa xapakTepu3yeTcs
RBYXYypOBHEBOH peanmsauvefl. MyNbTUNAEGKCOPbI  MEPBOr0  YPOBHA
YNpaBNIOTCS MIAWNMY Pa3psaaMi afpecHoro cnosa (a, ¥ a;), a
MYNbTUIIEKCOP BTOPOTO YPOBHS — CTaplUMMK pa3pafaMu  aJpecHoro
cnosa(a, ua,).
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Puc. 3.6. Cxema MyALTHOIEKCODHOTO AepeBa

MynsTunnekcopbl  ABAAIOTCA  YHUBEPCANbHLIMH  JOMMYECKUMHU
YCTPOHCTBAMH, HA OCHOBE KOTODPBIX CO3AAIOTCS pasiguHbie KOMOUHA-
UHOHHBIE W MOCHEAOBATENLHOCTHBIE CXEMbl. MYJILTHIIEKCOPL] MOTYT
MCTIONBL30BATLCS B TPUITEPHBIX YCTPOHCTBAX, B AENUTENAX YACTOTh) ¥ Ap.
MyJbLTHIIEKCOPbI  YAaCTO MPUMEHSIOTCA B KavecTse KOMMYTAaTOpOB-
CEeNEKTOPOB CHFPHANOB JNIA npeo0pa3oBaHusn NapamieNbHOr0 Koza B
nocneAoBaTeNbHblH. Jing Takoro npeofpazoBatius ROCTATOHHO NOAATH HA
HHPOPMALMOHHDbIE BXOAB MYJNBTUNEKCOPA NApANACHAbLHBIA ABOMUHLIA
KOA, & Ha 8JpECHbIe BXOAbI — CUTHANLI B TakOH NOCHENOBATENLHOCTH,
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Urofhl K BHLIXOAY MOOYEPEAHO MOAKTIOUAIUCH BXOMbI, HAUHHAA C NEPBOIO
M KONuas NOCAENHUM. - MYAbTHIUIEKCOPbl TaKkKe NPUMEHAOTCA JUIA
PCAIMIAIAN TaK HA3bBAEMOr0 KOMGMHALMOHHOTO YCTpPOHCTBA CABHIE,
OBECHCUMBAIONIETO CABHT JBOMUYHOTO HHCIIA N0 Pa3psaaM.

JleMyILTUOIIEKCOPOM  Ha3biBacTCs  KOMOMHALMOHHOE  JIOrUYecKoe
YCIPORCTBO, NpeaHa3HAueHHOE A8 YPaBASeMOH NEPeiayn JaHHbIX C OHOTO
HIOPMAUMOHHOTO BXOJA B OIMH U3 HECKONBKHX BBIXO/I0B, B 3aBHCUMOCTH OT
CHINANOB HA X0 AJIPECHBIX  BXONAX. TakUM 00pasoM, AeMYNLTHILIEKCOD
seonuset Gynkio, obpatHylo (QyHKiUH  MysbTHIIIEKCOpa M B o0LIEM
caysae mmeer ojuH - MIQOPMALMOHNLIA BXOA, N ANPECHbIX BXOJOB ¥ M
HIPOPMBLHOHILIX BRIXOJI0B, OBRMHO TaK ke, KaK W Y MYJIbLTHILIEKCOPOB,
= 2 B IOM CRYNIE MY IETHIBICKCOP HAILIBAETCS NOAHBIM, a mpu m < 2°
JEMY I DITTIORCOP TR TCR HEHONHEIM,

PPa00 1 eMy L TRIEICKCOPR,  MMCIOMEID 2 allpecHbIX  Bxoaa, 4
mthopMintioingx uixoia, 1 undopmMaunonseiii - BXon 1 BXOA
CIPODIPORRINMN OIICLIBICTCH CHEYIONIMMH IOTHYECKNMY yPaBHEHUSMU:

l“" X 'lll '“‘) * I': R l"z = X‘al '.50 ‘b

Iy - x-a;-a9-E. F=x.a,-2,-E. 6.3)
CxeMa JicMysibruiekcopa, nocrpoensas Ha JI9 U — HE cornacHo
ypapnenusm (3.3), u ero ycnoeHoe rpadguueckoe obo3HaueHue MpuBe-
Aen np pue, 3.7,

& FU
LI R
{ER i
i G e 1 —Fl
L } » -—-1& Fa 2t—F,
B
B Fy
) —
a) ' (6)

Puc. 3.7. Cxema gemynsrunnekcopa (a) ¥ ero YCnoBHoe
rpatbmuecxoe oboznauenme (6)
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Hemynprunaekcopsl obo3navaior yepes DMS unu DMX. Cnenyer
OTMETHTh, YTO B CXEME AeMYNbTHIICKCOPA Ha pHC. 3.7, a Ans ynpasieHus
noruueckumy anemedtamu M - HE moxuo ucnonszosatrs pemmgparop
Ha 2 Bxoma. JInd HapaliyBaHMA 4KCNa BLIXOJAOB AEMYNLTHILIEKCOPE
NpUMEHSETCS TOT K€ NPUEM, YTO M TpH yBENUHEHHY YUCIA BXOAOB
mynesTunnekcopa. I1pa 3ToM cTpykTypa AemMynbTHILIEKCOPHOTO AepeBsa ¢
TOYHOCTBLIO A0 3EPKALHOIO 0TOOpaXKeHHS aHANOrHYHA CTPYKTYpE MYib-
TUTINEKCOPHOrO AepeBa (puc. 3.6).

Cxema aeMYJLTHIIEKCOPHOTO AEPeBa, uMeomas [ByXyPOBHEBYIO
CTPYKTYPY, MpuBeleHa Ha puc. 3.8.

S L inus
£y
o
A.
..... “l:'
: —
P NS
I —b Dvat : E
i N 11 S I
IR LR 29
2 D ipse -
F—g 3 ; : D 30} _Fa
3y -
By~

Puic. 3.8. Cxema AeMyTbTHIIEKCOPHOrO Acpena

JeMyALTUMIEKCOD MEPBOro YPOBHS TaKXKe YIPaBASeTCA MARAUIAMHA
pa3psoamu agpecHOro cloBa, a JEMYNLTHIIEKCOP BTOPOrO YPOBHA — €ro
CTapUINMU pa3psalamhy.

HeMynnTUIUIEKCOPb]  LIMPOKO MCNOAL3YIOTCA N8 Npeodpa3oBaHus
NMOCNeAOBATE/BHOTO KOAa B NapannenbHbtii. JeMyJbTUIACKCOD MOXKHO
UCIIOJIb30BaTh, B pexkuMe Oelndparopa, eciii Ha ero MHGOPMALIMOHHbIH
BXOJ, 1oaTh cTpobupytownii curnan.
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3.3. Un¢posnsie komnaparTopsl

I{ndpoBbie  KOMIIapaToOpbl BBINOJHSIOT CpaBHEHHE [ABYX 4HCEN,
HPEJ/ICTABNEHHbIX B IBOWYHOM Koje. Yucno BXOLOB koMraparopa ofipeje-
NACTCH PaspaAHOCTBIO CPaBHUBAEMbIX ABOMUHBIX KOIOB uvcen a u b. Lu-
(hposolt KOMIapaTop HMEET TPH BbIXOAA, HA KOTOPHIX POPMUDYIOTCS CUT-

nasin: B - ecnin koapt ABYX IBOMUHBIX 4Mcen a i b paBHbl Mexay coGoif

(n by, I, - ccum kon uncna a Gonblue kopa b (a>b); F, — ecima <b.

Pabory KOMIIPATOPA 11PH CPaBHEHUM JABYX OLHOPa3pAdHbIX KOJAOB
spcen ou b noncuser rabimia neruiiocti (tabn. 3.2).

Tabnuua 3.2
Tubuitn neruinocTn Komnaparopa
" b I A F,
0 0 1 0 0
0 1 0 0 1
] 0 0 1 0
b 1 0 0

Jloruueckue ypasHeHus, COOTBETCTBYIOLIME TalJNlie HCTMHHOCTH
KOMURPITOPR, UMEIOT cReaytow i Bua:

E - ab+ab=ab+ab=a @b,

}'4“ o aE F = -b.
g > " (3.4)
Cxemn OHOPA3PAIHOTO KOMIIaparopa, noCTpoCHHas Ha OCHOBaHUY

T3 ~F

&

"LT.'...M_,__{@ ..... R

Puc. 3.9. Cxema 0AHOPA3PARHOTO KOMNAPATOpa
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M3 amanu3a Ttabnuib! ucTHHHOCTH (Taba. 3.2) # cXeMsl ojHopas-
PAAHOrO KOMIaparopa, COOTBETCTBYOLIEH e, ClleiYET YTO, €Ciid @ = b, TO
F, =1, uHave, T. €. npu a # b, F =0. Ecma>b,1.e.a=1, b=0, 10
F,=1,aectua<b,r.e.a=0b=1,10 F =1

Taxkum oOpazom, npu noboil xomOuHauuM BXOAHLIX CHCHANOB
aKTHBHBIH (EAHHUYHBIA) NOrHUECKR curnan Moxet ObiTh copmupoBaH
TOSLKO Ha OJHOM W3 BBLIXONOB Komnaparopa. [losroMmy npu mwo6oi
Pa3pAAHOCTH BXOJHLIX KOJOB AOCTATOYHO, UCTIONL3YS BXOAHbBIE CHUTHAIEL,
copMUpoBaTL TOJLKO Ji0BGble ABR M3 BLIXOAHBIX CHrHanoB. Tperni
CUrHaJl BCeraa MoxeT ObITh NOJyYeH HO JBYM H3BECTHLIM. Ha ocHoBaHuu
U30KEHHOr0 BbILLE MOXHO NEpenucaTh jorudeckue ypaBueHus (3.4) B
cAefyouIeM BUIE:

F ::-t—) T:E-EZF +F5;
F,:

- F, = Fp +F,; (3.5)
E, = +

CR=R, TR,

[Tpu MOCTpOEHHU CXeM KOMMapaTopoB /sl CPaBHEHUS MHOropas-
PAAHBIX IBOMYHBIX KOZOB OObIYHO UCNONB3YIOT MeTon OrouHOro
KOHCTPYHPOBAHUSA UAW AEKOMITO3ULKU 3aKA4HM.

PaccMoTpuM  uenaecoobpasHOCTh JaHHOrO MOAXOAa Ha NpuMepe
MOCTPOEHHA KOMIAPATopa MHOIOPa3sPAAHbBIX ABOMUHBIX KOAOB. 32 OCHOBY
npUMeM CXEMY KOMIApaTopa OAHOPA3PAAHLIX JBOUYHDIX Ci1oB. O4eBHAHO,
YTO pPe3yMbTaT CPaBHEHUA ABYXPa3PAAHBIX CNOB MOXHO 3afHcarb yepes
pe3yabTaThl CPaBHEHMA OAHOPAIPAAHBIX CMOB. [ 3TOro paccyxiaem

cnenylommm obpasom. Ecnan crapuse paspamsl 8 m b gByx

CpaBHMBAEMBbIX MEXKAY OGO YuceN He paBHb!, TO BbixoaHasd PyHkuus F,

04HO3Ha4HO paBHa 0, He3aBHCHMO OT PE3ynbTaTOB CPaBHEHUS MIIAQIINX

paspsnoB &, u by. Ilpu atom ecam 3; > by, To pynxuun crapwero

paspsna F, n F,,. cooTBeTCTBEHHO, paBHbl 1 1 0, a npu 8y < by, umeem

F,=0 u E,;=1. Ecn xe =b;, Torna TpeGyercs cpaBHMBaTh
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Mlaile paspAafbl YMCeNl TOYHO TaK XKE, KaK W B Caydae cCrapiiux
pa3paaos. Ha ocHosanuu 23THX paccy)lcneﬂnﬁ MOXHO  3anucarth
NOTHYECKUE YPABHEHUA, CIIpaBCIIMBLIC IJI CPABHCHUA ABYXpPa3pAHbLIX
JABONYHbLIX CNOB!

ﬁ:ﬁf%;
F6:F61+Fp|'Ff,o; (3.6)
F,=F +E,.

OnucauHbldl BblllE NOAXOA CHPaBeIME W AAA CiHoB  moDOR
pispiaHocT. OnHaKo HeoGX0AMMO NMOMHUTE, YTO K aHANH3Y CACAYIOWEro
puiIpsia HYXXHO [epexOonuTs TONLKO HpH pPaBEHCTBE Mpeibiiyunux. B
ofuLeM cilyuae s n-paspaaHbIX ABOMYHbIX KOOB MOXKHO 3aMHcaTh

Fo=E,  F. o Eo
':(') = Yon-1 + F6n-~l ’ Fﬁn-2 to..t Fpn-\ ’ Fpn«-2 Teet Fpl ) FGO; (37)
k, =F 7 F.

Takum oGpAIOM, ¢ MCHOAL3OBAHUEM KOMIAPaTOPOB, UMEIOLLMX OrpaHu-
HHHYIO PRIPKIIIOCTL BXO/BIX JABOHHHBIX KOAOB, HA OCHOBAHIH NOTUYec-
Kitn ypausenait (1.0), neera MOXHO NOCTPOUTL uudPOBO KoMTaparop

p ipetyemoli puspsianoctn. Ha puc. 3.10 npuse-
b | M Aeno  yolosnoe  rpaduueckoe  oBo3Havenue
a | (=) HE TIPEXPIIPAABOTNO KoMnapatopa. Bxonst A>B,
I Al Ju A<l M A<l, nashiBaeMbie pacUIMPSIOLYMY,
ay by  MCNOILIYIOTCH JUIS HAPAWMBAHKA PA3PALHOCTH
by A= F JBOWIHLIX FOJ0B CPABHUBAEMbIX YUCE.

:',” A»B}—1 JUin yBesmnuenns paspsiHOCTH ABOMYHBIX
LAt KOJIOB HUCES KOMMApaTopb! COSAMHAOT KACKaj-
~4A=t HO WK 11aPANIENLHO (THPAMUAANLHO).
~{A=B

Puc. 3.10. Yenosuoce rpadudeckoe 0bo3HadeH e
HETMPEXPA3PAAHOTO KOMIIapaTopa
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3.4. IIpeoGpa3onaTenu KOIOB ¥ CXeMbl KOHTPOJIS

IIpeoGpasoBaTesieM KoOAAa Ha3bIBAETCA KOMOMHALMOHHOE YCTPOH-
CTBO, MpeAHA3HAUYEHHOE AN U3MEHEHMA BHAA KOAWPOBAHUA MHPOPMaLHK.
HeofxoaumocTs B mnpeobpaioBaHWM KOAOB CBf3aHa C TeM, YTO B
uudpoBoii cucreMe st MpeAcTaBieHWA HHPOPMALHH HCNOAL3YeTCd
HECKONbKO pa3HOBUIHOCTE! ABOWYHOIro koja (npsmoil, obOpaTHbiif,
JONOMAHUTEAbHbIR,  ABOUYHO-AECATUYHBIR, ABOMYHO-IECATHUHBIE ¢
n3dbiTkoM 3 M T. A.). HcnonbsyoTes ¥ ApyrMe BUAbl  KOAOB,
NO3BONAIOLLUNE, HANPHMED, NPU Niepefauye MHPOPMALIUK N0 TUHUAM CBA3N
YMEHDBIUATL BEPOSTHOCTL NOABJICHNA OWIUOKHK, OOHAPYKMBATh WIH AakKe
UCNpaBiaTh ee B AaibHelieM, [puMepamy TakUX KOAOB ABIAIOTCS KOAL,
NOCTpOEHHble TO npuHuuny 2 u3 5 (B KOTOPLIX M3 MATH CHMBOJIOB 1Ba
BCEr4a MMEIT eAMHHUHOE 3HAyeHUE), KOAbl C MPOBEPKO UETHOCTH WU
HEUYEeTHOCTH, KObl XeMMUHTa.

PaGoTa npeoGpazosaTens KOJOB TaK e Kak M APYrux KomOuHa-
LMOHHBIX YCTPOHCTB ORUCbIBaeTCH Tabnuueil WMCTHHHOCTH, KOTOpas
YCTaHaBJWBaeT COOTBETCTBUE KOAOB, CHUMAEMbIX C BbIXOAa mpeobpaso-
BaTens, kolaM, NnojaBaeMbiM Ha ero BxoA. CnefyeT OTMETHTb, 4TO B
oflieM cnyuae B8 TaGiMUe WUCTHHHOCTH YMCRO pa3pAdOB BXOJAHONO H
BLIXOJHOFO KOJOB MOXET He cOoBNajaTte. Bawuo, 4ro Tabnuua ycrana-
BJIMBAET OJHO3HAYHOE COOTBETCTBUE Pa3zinuHbiX koaos. Tabauua nctus-
HOCTH SBNAETCA OCHOBAHMEM [ CUHTE3a NOTWHECKOH CTPYKTYphl KOH-
KPETHOro npeobpazoBaTens KOJI0B.

PaccmoTpum Ttabnuuy uctTHHHOCTH (Tabn. 3.3) nis npeobpasosartens
JABOHYHO-AECATHYHOrO KOJa B ACCATHYHbIHA. JlecATUYHbIH BbIXOH, COOTBET-
CTBYIOIIUH ABONYHO-ACCATUYHOMY KOAY UMC/A Ha BXOAE, onpeaensercs
HanuypeM Ha Hem jsorudeckoi 1. Tlpu atom ans umerommxcs Gespas-
JIMYHLIX HAOOpOB BXOJHBIX MEpPEMEHHbIX BbINOAHAETCS H0OMpeAeneHye
BbIXOAHBIX QYHKUUN Ins NOJYYCHUS MUHUMHU3HNPOBAHHLIX JNOTWUYECKMUX
BbIpaXKSHUH.

B anrebpe snorukM s MHHUMM3aUWK BsIXOAHBIX dyHKumii
OTHOCHTENbHO HeOONLLUIOTO YKCHA BXOAHbLIX AepeMeHHbIX (He Gonee
6) npumeHsercs rpadgudecknii MeTon, ucnonblywumuii kapte Kapho,
KOTOpbLIW siBNfAeTcs OoJiee MPOCTBIM K HATASAHLIM MO CPaBHEHUIO C
anredpaudeckumu npeobpaszoBanuamu. [na JyHkuuié Gonbuiero
YUCha [EPEMEHHbLIX MOXHO JexoMmno3uuued BolaeanTs Gosee
NPOCThIE COCTABNAIOLINE PYHKUKU C YUCTIOM NMepeMeHHbiX He Goliee 6,
KOTOpblE MUHUMHU3HUPYIOTCS ¢ NOMOLIBK kapThl KapHo.
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Tabnwmua 3.3
Tabauna ncruHHOCTH AN Npeobpa3oBaTess ABONYHO-AECATUYHOO KOAA

Xo X X2 X31Y0 Y1 Y2¥Y3 Ya¥s Ye Y1 Y8 ¥,
0 0 0 0]j1 0 0 O 0 O 0 0 0 0
0 0 O 110 1 0 O 0 0 0 0 0 0
0 0 1 0(0 0 1 0 0 O 0 0 0 0
0 0 1 110 0 0 1 0 0 0 0 0 0
0O 1 0 0/0 0 0 O 1 0 0 0 0 0
0 1 0 110 0 0 O 0 1 0 0 0 O
0 1 1 0j0 0 0 O 0 0 1 0 0 0
0 1 1 110 0 6 0 0 0 0 i 0 0
1 0 0 010 0 0 O 0 0 0 0 I 0
1 0 0 1]0 0 0 0 0 0 0 0 0 t

Tlpy  ucnonbL30BAaHWM  ITOrO  METORAa WCXOAHAn  (GyHKUHA
npeacrasasercs Ha kapre Kapuo. Kapra Kapuo ana npeo6pazosarens
JABOUYHO-NECATAYHOrO KOAA B ACCATHYHBIA, nony4yeHnas Ha
ocHoBaHuMM Tabnuubl WcTMHHOCTH (Tab6n. 3.3), ¥ ycnoswoe rpadu-
yeckoe o603HaueHne npeobpasoBaTtesis npuBeaeHs! Ha puc. 3.11.

X X5

Vof—

X, X~ 00 0t 11 10 Vi

. ot X Y2}—

oo | o1 [1al]la] 10 tE

= ==ti= = S ab—

o1 |14 {{B1IT} |16 e el
|LH IRREN Bt i I N

Cloninot T N i1

AR R {)_{'Jl:'ll:j . ‘r/'?_

-+1t — F_‘ ! 1

o} 8lig | ;’2‘-’1} '&[_' Vol

a) 6)

Puc. 3.11. Kapra Kapno (2)  ycnosHoe rpaguueckoe 0603nauenye
npeobpazosaTens ABOMYHO-ASCATHIHOrO KOAA B AECATHYHbIH (6)
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Hugpsl B knetkax xapThl KapHO yxasbiBaloT HOMepa BbIXOJHBIX
(yHKUHIH, NPUHAMAIOMIUX 3HAYEHUE, PaBHOE JIOrMuyeckoit 1 Ha cooTBeT-
CTBYOLLMX Habopax BXOHHbIX mepeMeHHbIX. HampuMmep, Ha nepeceyenuy
cronbua ¢ HoMepoM XpX; = 00 n cTpoku ¢ HoMepom X»X3 = 11 pacuo-

JIOJKEHA KJE€TKa ¢ HOMEpPOM 3, COOTBETCTBYIOLIAs Habopy NepeMeHHbIX
XpXiX2X3 = 0011, T. e. MuHTepMY X0X1X)X3, Ha KOTOpPOM OyHKIUsA
y; = 1. MuuTEpMOM (KOHCTUTYEHTOH 1) Ha3bIBAETCA KOHBIOHKUUI BCEX
nepeMeHHbIX, KOTOpbiE€ BXOAAT B NPIMOM BHAE, €ClM 3HAUEHHE AAHHOH
nepemMeHHoli B Habope paBHO 1, MO0 B MHBEPCHOM BHJE, €CJIM 3HAUEHHE
nepeMeHHO# pasHo 0.

Kak Buano u3 puc. 3.11, a MPHTepMbl, COOTBETCTBYIOLUUE IBYM
cocentum (B cronbue M cTpoke) KieTkaM kapTbl KapHo, OTAH4AIOTCH
3HAYeHUAMHU TObKO OfHON nepemeHHoli. Ha kapre KapHo 3Hakom « X»
o603HaueHsl  KJNETKM, COOTBETCTByoWue OespasnuyHelM  Habopam
BXO/IHbLIX MEPEMEHHbIX, Ha KOTOPLIX (PYHKUMM HE ONpENeNeHsl, T. €. ITU
nabopsl npu pabore paHHOro npeoOpasoBatens HE PeasiU3yiOTCA.
Mpunucas GespasnuukbiM  HabopaM 3HaueHue (yHKUMHU, PpaBHOe
noruyeckoii 1, MOXHO ynpocTHTb ee anrebGpanueckoe Boipaxerue. C 3To#
ueneio Ha kapre KapHo myHKTUpHbIMU NuHuAMHN 0OBeaeHb! (rpapuueckn
oObeAMHEHDBI) cocennye KNeTku (M0 ABe U derhipe) B cToable U CTpoke,
NpPeACTaBAIOLIME OMH KOHBIOHKTUBHBIA uleH., B KOTOPOM HCKOYEHa
oblwas  mepemeHHas.  Hanpumep,  ofbeauHEHHEM  MHHTEPMOB,
COOTBETCTBYIOLUMX JBYM COCEIHHM KIETKaM, pPacrioioKeHHbIM Ha
nepeceyeHHax cronbua ¢ Homepom 00 u cTpok ¢ Homepamu 01 u 11 (puc.
3.11, a), MOKHO NONY4UTH

Ya = XX X2X3 + XX X2X3 =X,X2X3.

TaxuM 00pa3om, MUHUMHM3MPOBAHHbIE JIOTHYECKUE BLIPDKECHUS Bbl-
XOAHbIX QyHKUU npeobpaszoBartes, 0Jy4YeHHble rpaduueckum o6benu-
HeHueM KJletok Ha kapTe KapHo (puc. 3.11, a), uMeloT cleAyrouni B

Yo = XoXiX2X3; Y, =XoXi1X2X;:, Y, =X1X, X33
Y3 mXiXoX50 ¥y =X X2 Xa) Y5 TX XXy Yo T XX X35

Y, =XXX50 Yy =XX35 Yy T XX;.
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CornacHo 3THM BbLIDLKEHHAM, CXeMy Mpeobpa3oBaTens KonoB
MOXHO [TOCTPOHTH Ha JoruveckuX sneMeHTax M. Jlng 3Toro noctaro4Ho
Ha MX BXOAbl MOJATh COOTBETCTBYOLME MuHTEpMBl. [1pH HeobxoauMoCTH
BbIpaXK€HUA BLIXOAHLIX GyHKUMIT MOryT ObITE NPeobpPa3oBaHsl C UCHONb-
J0BAHMEM 3aKOHOB W NpasBuil anre0pbl MOTHKN K BWAY, COOTBETCTBYIO-
wemy BbiOpanHoMmy HabGopy snemeHtoB (uanpumep, U — HE, HJIKM ~ HE,
M — WUJIK — HE u T. n.), Ha KOTOpLIX peanu3yercs JOTHYECKas Cxema.
AHanoruyHoiM 06pa3oM NPOEKTHPYIOTCA CXeMbl H APYTHX NpeoGpasoBa-
Tenei kofoB. PaccMOTPHM cxeMy OAHOTO 3 Takux npeobpasosareneii. Ha
puc. 3.12 npuBenexa cxema npeo6pazoBarens koaa [ pes B ABONYHO-neCH-
THUHbIH koA 8421, nocTpoennasn na J19 Y — HE ¢ ucnonb3osanuem tabnu-
ubl UCTUHHOCTH (Tabn. 3.4), koropas onucbiBaeT ero pabory. Ocobeu-
HOCTBIO NpejcTaeienus uHgopmaunu B Bude koaa I'pes (cm. Tadbn. 3.4)
ABNAECTCA TO, YTO COCEAHWE HuCia B RBOMYHOM NPEACTaBICHUH OT/IH-
HAIOTCA TONbKO B onHOM paspsge. [Tostomy konp I'pes Gonbiue Bcero
NOAXOAUT TNpH BBOAE B LUQPOBYIO CUCTEMY [IEPEMEHHON BEIMUHHbBI
(MHpopMaLuy) n3 BHELHEH cpeabt.

Tabnuua 3.4
Tabnuua ucTuHHOCTH npeobpasoBatens koxa ['pes B ABoMIHO-
AecATuuHbii koA 8421

Kon I'pes Kon 8421
X3 X2 Xy X0 ¥3 V) Yi Yo
o 0 1 0 0 0 0 0
0 1 1 0 0 ()} 0 1
0 1 | 1 0 0 1 0
0 1 0 i 0 0 1 1
0 ] 0 0 0 1 0 0
1 1 0 0 0 1 0 1
1 1 0 i 0 1 i 0
i ] ] | 0 ] 1 1
| 1 1 0 1 0 0 0
1 0 1 0 1 0 0 I

Ipu 3ToM 3a cuer ucmofib30BaHWA koja I'pes oumbka npu BBOJE
MOXET MOABHTLCH TOJLKO B OAHOM paspane, T. e. omubka npu BBOAEC
6yner MuHuMmanbHOM. EC/H Te e caMbie ONEpaudy APOU3BOAUTL C
YHUcnaMu B OOLIYHOM JIBOUHHOM NPEACTABICHAY, TO B XyIUIEM BapHaHTe,
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KOraa B MOMEHT BBOZA M3MEHSIOTCA Bce pa3psaabl, owubka MOxeT
JOCTHraTh MaKCHManbHOM BeJMINHBL.

Ilpu nepemaue u npeobpa3oBaHuy AaHHBIX YacTO BO3HUKAIOT
ownbxu (cbou), T. k. AeHCTBYIOLIKE MOMEXH MOTYT U3MEHUTH COCTOSAHUE
IBOMYHbIX pa3psanoB. IlpocreifiutuM cnocoGoM oOHapyXkeHHs oWIUOOK
ABNAETCA [POBEpKa MPUHAMAEMBIX IAaHHbIX Ha Hanuuue H3OBITOUHBIX
COCTOSHUI.

OAns  aBouyHoO-aecsTHYHOro kopa (tabn. 3.3) nocnesgHue LIECTb
cocTostmi (Ge3pasznnunbie HaBOPbl BXOAHBIX NEPEMEHHbIX, Ha KOTOPbHIX
BbIXOAHble (YHKUMHM HeE OIpedeneHbl) HEe HECYT HMKaKoH rnosesHow
nHopMauuy H, cleloBaTeNbHO, ABIAOTCA H3ObITOUHbIMU. ITockonbky
npu nepegave uvHbopmauuM  Oe3paznuuHbie  HabOpBI  BXOAHLIX
MepeMEeHHBIX He UCIONB3YIOTCH, OOHapykeHue JOTUX W3OBITOYHbIX
COCTOAHMIl Ha NpUEMHOI cTOpoHe OyneT CBUACTENLCTBOBATh O HATHYMM
oluuboxk.

Jlornueckoe Bbipa)keHHe, COOTBETCTBYylollee Oe3pasnUiHbIM Habo-
paM BXOJHbIX NIEPEMEHHbIX, U MPUMEHAEMOE 1)1 OOHapyKeHus U30bITOY-
HBIX COCTOAAHUHN uMeeT cienyrowri Bua (cM. puc. 3.11, a):

XoX X2 X3 + XX, X2X 5 + XX XX + XX X5 X3 + X X1X,X; + X X1X, X3,

Puec. 3.12. Cxema npeoGpasoBatens koaa ['pes B ABoHuHO-AecaTHUHBIN KOO 8421
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HanHoe  BEIPAXKEHWE MOXHO YNPOCTHTL U TIPMBECTH K BUAY
Xo(X; +X,). Takum obpasoM, obHapykeHue OLMOOK MOXET NpoH3BO-

JWTBCS C TOMOLIbIO JOCTATOYHO TIPOCTOM CXEMbl.
CxeMbl KOHTPOJIA

Ob6HapyxeHe U ucrnpasiieHue owuOOK, T. €. KOHTPOIb
NpaBUALHOCTH MNepenayn HHpopMauuu (Hanpumep, 3alucd cjloBa B
naMaTh WAY CUUTHIBAHUS €r0 U3 Hee) ABJIAETCH HEOOXOAUMBIM YCJIOBHEM
HOpManbHOTO (QyHKUHOHHUpOBaHUS UKbpoBLIX cucTeM u DBM, B
YaCTHOCTH.

[MpocTeltnM 1 WIMPOKO [IPUMEHSEMbIM Ha NPAKTHKE CHOCOOGOM
peuleHus 3aaaun oOHapykKeHHs OLINOOK SIBAAETCA KOHTPOJIb N0 MOAYIO 2
(KOHTPOJIb ~ UETHOCTH,  HCHMETHOCTH). DTOT cnocob obHapyxeHus
OJHOKPATHLIX OMKMOOK OCHOBAH Ha MCNOAL3OBaHUM JONOAHUTENLHOTO

KOHTPOIBLHOT'O  paispajia X", KOTOpblﬁ nobaensercs K n-paspsaifHOMY

ABOUHMHOMY KOJlY MHGOPMALUMOHHOTO cioBa ( XgXj---Xp~] ) BO BpeMms ero

nepegaun  (Hanpumep, OGalHT  JONOJHAETCS JEBATHIM  KOHTPOJbHLIM
paspsaaom). [locne nepenauu cnosa Ha NPUEMHON CTOpOHE MPOU3BOANUTCH
KOHTPOJIb C NPOBEPKOI CYMMb! CAUHULL B PA3PAJaxX C/IOBA Ha HEYETHOCTL
(uan 4€THOCTL). 3HaUEHHE KOJA KOHTPOJILHOFO pa3pana BuiOMpaeTca Tak,
4TOoOB! CyMMa

n
X09x9..9x, 1 Ox, = ‘lei mod2

1=
Obina Heu&THOH (paBHON eauHule) uin uETHol (pasHoil Hymo). B Tabn.
3.5 nokasaH npumep BbIOOpa 3HAYEHUS KOJA KOHTPONLHOrO pa3psja, s
Clyyas, KOrja OCYLUECTBNAETCH KOHTPOJIb MO HEYETHOCTH, T. €. Koria
KOJY KOHTPOJILHOrO paspsja NpuAa&TCs 3HaueHUe, MpU KOTOPOM CyMma
€MHML] B CHOBE HEYETHAS.

Ha puc. 3.13 npuseaeHa npocreiilias cxeMa KOHTPOIA YETHOCTH H
HEUETHOCTH, KOTOpas NPUMEHUMA Ui OOHAPYKEHHs eUHUYHON OLInOKH
npu nocieaoBarenkHoil nepepade umudopmauuontoro ciaosa. K aunuu
nepejauu NOAKIIOYEH CUHXpOHHbIAH Tpurrep JK-tuna, pabGoraomumii B
CUETHOM pEXHME, KOTOPbii cOpachIBaETCA B COCTOAHHE JIOTHYECKOrO HyJIA
B Hauane nepejayn Kaxaoro ciosa. [lanee kaxaplii pas, korga B noTOKe
JaHHbIX nosisnsetcs 1, JK-Tpurrep n3meHser cBoe cocTosHUe.
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Tabnuua 3.5
TTpumep BrIOOpa 3HaYEHNS KOAA KOHTPOIBHOIO pa3paaa

Xq X} X2 X3 (KOHTP.
pasp.)
0 0 0 1
0 0 1 0
0 1 0 0
0 ] 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

TNvHna NOCNEeR0BATENLHOA NEPeAaUM CNoEa

—

e

Puc. 3.13. Cxema KOHTPOAA YETHOCTH (HEUETHOCTH ) MPU NOCAEAOBATEALHOM
nepenaie MHGOPMALUOHHOTO CIOBa

TakuM o06pa3oM, npu 4YETHOM KONMUECTBE EAMHWI B CJIOBE C
KOHTPO/IbHbIM DA3psifi0M 1O OKOH4YZHWM €ro [epefiadd Ha BbIXOJE
Tpurrepa pomxkeH OebiTh 0, a npy HeueTHoMm — 1. Ecau 3T cOCTOAHUA He
o0HapyXMBalOTCS Ha BbIXOJe TPUITEpa [0 OKOHYaHMH [pHEMa CJIOBA,
3HAYHT, NPON30LIIA OLHOKA.

Cnenyer OTMETHTb, YTO B HacToslllee BpeMs CXeMoTexHuka uugpo-
BbIX CHCTEM CODHMEHTHpPOBAaHAa MpEUMYLUECTBEHHO Ha paboty C
nmapanneNbHbIMU  JaHHbIMM. JIIg  Takoro cliyudas npeanouTHTENbHO
TIPUMEHEHUE CXEM CBEPTOK MO MOAYNO 2, KOTOPble WUCHONL3YIOTCA A
onpeaeieHus KoHa KOHTPOJILHOFO pa3pAla M HEYeTHOCTH (4eTHOCTH)
CyMMbI €lMHML B pa3psgax. Cxembl cBEPTOK OOLIMHO HMMEIOT Mupa-
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MUJANTLHYIO CTPYKTYPY Y Dead3yiOTCS Ha OCHOBAHHHM BBIPAKEHHH Mis

KOJIa KOHTPONBHOFO paspsna Xy
KO/ HEeYeTHOCTH

X, =X, 9x, @..Dx,;
KOJa YCTHOCTH

X, =X, ®x,®..®x_,.

CxeMa cBepTkM no MoAy0 2, uMmetomas 8 HHOOPMALMOHHBIX
BXOZOB M | KOHTPONbHbIA pa3psl M OCYLIECTBISAIOUIa! KOHTPOJL
YETHOCTH, NNPUBEAEHA Ha puc. 3.14. JlaHHag cxema UMeeT NUpaMUbabHYIO
CTPYKTYPY W 11I0CTPOEHA Ha JIBYXBXO/OBLIX EMEHTAX, BbIMONHSIOLUX
dynkumo «ucionatoniee WIW» (cnoxenve no moaynio 2). B obuiem
CIYHAE CXCMbI CHEPTOK 110 MOJLYJIKO 2 MOT'YT GbITh peanu3oBaHbl U Ha Oc-
HOBC JIPY I'RX JOLHUCCKUX vieMenToB, nanpumep, M - HE, Y — JIHW — HE
U L CXEMBE CHEPTOK BbIMYCKAOTCS B COCTABE CEPUITHBIX HHTErPANLHbIX
CXCM, 1IPUMCPOM KOTOPLIX sABiseTcs MUKpocxema cepuu KP1533 UN S
(pue. 3.15).

L1

W=dr e 1w )
m
I

K}
!2!{}1

Puc. 3.14. Cxema cseprku 1o Puc. 3.15. Mukpocxema WIT 5
MOYMO 2 ISl KOHTPOMNS YETHOCTH

Cxema umeer 9 Bxonos. Ha Bxoa 8 mopaercs koa KOHTPOJBHOIO
paspsaa. Ecnu uucno eaunuy, Bo BxojaHom cnose (D) der”oe, To Ha
Bhixonax E u O curHansl, cOOTBETCTBEHHO, paBHbt 1 u 0, a eciu OHO
HeuerHoe, To E = 0 n O = 1. Caexyer oTMETUTD, YTO METOI KOHTPOJA MO
monynto 2 3ddeKTHBHO MpUMEHAETCA TONBLKO s oOHapyxeHus eau-
HUUHbIX owubok. Eciu TpebyeTcs ucnpapiieHHe 3TUX OWHGOK, TO ANS

63



3TOM HENHM TMPHMEHSIOTCA METOAbl KOATPONA C MCNOMB30BAHUEM KO
Xemunra. Metonsl KOHTpPONA C NOMOLUBIO KOJOB XeMUHra, OCHOBaHHbIe
Ha Tex e WJesAX, YT0O M  KOHTPOAb MO  MOAYHO 2, MO3ROJAIOT
oBHapyXuBaTh BOiiHbie OIMOKN W HAWTH HOMEP pa3psAaa NPHHUMAEMOro
CAOBa, B KOTOPOM [POM30LLIA eAUHUYHAs owubka u ucnpasuth ee. [na
nosiydeHust KOAOBOH xoMOuHaumu (Habopa U3 CHMBOJIOB OPUHATOrO
angasuta) Koaa XemuHra K HHPOpMAUMOHHOMY cioBy aobasasercs
HECKONBKO KOHTPONLHLIX pa3psaaoB (Hanpumep, 3 u 4). INoapobHo ¢
METOJIaMH KOHTPOS C HCMOJAb30BAHHEM KOAOB XEMHHIa MOXHO
03HAKOMHUTLCS B CMIELHANBHBIX HCTOYHKMKAX [17].

3.5. Cymmatopsi

Cymmarop, asistowuiics OIHUM U3 OCHOBHBIX Y310B apu(MeTHKO-
Jjoruueckoro ycrpoiictea (AJIY), npeaHasHa4eH A BbINOSHEHHS oOfe-
pauuii apudMeTHYECKOro CIOXKEHHS M BbIYUTAHUS YuCeN, NpeAcTas-
JIGHHBIX B BUe NBOMUHbIX koaoB. [Ipy 3TOM onepauus BbIYUTAHMA BbINOA-
HAETCS Yepe3 CAOKEHUA C NMPUMEHEHHEM OOpPaTHBIX W AOMOJIHMTEAbHBIX
kofoB. CyluecTByeT MHOXECTBO BapUaHTOB IOCTPOEHUS CYMMaTOpOB.
PasnuuaoT oaHopaspsaHbie M MHOropaspsiaHbie cymmatopbl. Takas
Kinaccuuxalius CyMMaTOpPOB BbITIOJIHAETCSE MO HUCAY Pa3spsaoB KOLOB
ciaraeMblx. MHoropaspsasbie CyMMaropbl JAEATCS HAa NOCACROBATEJb-
Hble M napanieibHble. B nocaeoBaTenbHbIX CymMMaTopax omnepalus
CJIOXEHUS BBINOJHAETCS NOCNEAOBATENbHO, PA3PAL 3a Pa3psaAoM, HauuHas
¢ muanuiero. B napannenbHbIX CyMMaTopax Bce pa3psiibl BXOOHbIX KOAOB
cjaraeMbiX CYMMHUPYIOTCS OAHOBPEMEHHO, a CHrHan nepeHoca ¢Gopmu-
pyeTcs pasiuuyHbiMU crnocobamu. B COOTBETCTBUM C ITUM PaA3TUYaAIOT
napajuiesibHble CyMMaTOpbI € NOCAEAOBATENbHbIM, NAPAINECAbHBIM, IPYNI-
TIOBbIM, HEMHbLIM H MapaneNbHbIM MEXFPYIIIOBbIM EPEHOCAMH.

OCHOBHbLIMY flapaMeTpaMy CyMMaTOPOB ABIAIOTCS!

— BpeMs 3aePKKH PACNIPOCTPAHCHU NEPEHOCA t'SII p;

— annapartHas CAO0XKHOCTb MCINOAL3IYEMbIX Aifd MOCTPOCHUA Joruyec-
KHX CXEM, olicHMBacMad YMCiIOM HMX BXOA0B,

~ Bpems POPMHUPOBaHUA KOAOB CyMMblI L., onpeaensemoe Bpeme-

HEM DPacnpoCTpaHeHMs NepeHoca Yepes Bce pa3psiibl napannenbHOro
cymMmaropa.
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Oanopa3paaublii cymMMaTop

OgHopaspsaHbiii cymmaTop, ycnoHoe rpadmdecxoe 0003HaueHHE
KOTOpOro nokazaHo Ha puc. 3.16, umeeT TpM BXo[a (IBa ClaracMsix H
NepeHoc U3  MNaAWero paspsaa) v ABa  BbIXOAA, HA KOTOPBIX
tdopmupytoTcs pyHKHM cymMmbl S ¥ nepeHoca P B cocemnuii cTapiuui
paspsa.

Tabnuua 3.6
Tabaua NICTHHHOCTY CyMMaTopa
—1ai SMSi | a | b Pt | Si P;
b op o 0 [0 o o
P o (o |1 {1 o
0 1 0 1 0
Puc. 3.16. YcnosHoe o603HaueHne 0 1 1 0 1
ORHOpA3PAIHOrO CyMMaTOPA 1 0 0 1 0
1 0 I 0 1
1 1 0 0 i
1 1 1 1 1

Jloruueckne Bbipaxenns ans OYHKUUH cymMMbl S; u mepeHoca P; B
COOTBETCTBUM ¢ Tabauuedl UCTHHHOCTH 3.6 OAHOPA3pSAHOro CymMmaropa
HMEKT B

S, =aibip,, vabp_ vabip_ vabp,,.

(3.8)

P, =aib;ip;_; va;bipi_; vajbip;_; va;bipi_

Ilpumenss annapar mMuHMUMH3aLMH (32KOH CkneuBaHus) 6yneBoit
anrebpsl, BoipaxkeHue Ans GyHKkunH P; MOKHO nepenucars Kax

P =ab vap,_vbp, . (3.8, 2)

CxeMOTeXHHHYECKH  peanusauus  ypaBHeHull  OoJHOpaspsanHOro
cymmaropa MoxeT ObiTh BbINONHEeHa Ha JID moboro Tnma. [lpu
peanusauud Ha J1D Y — HE Gepercs apoiiHas nusepcus Haa ypaBHEHHAMHA
(3.8) wu npeobOpazosbiBaeTcs no TeopeMme [le-MopraHa uHBepcus
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IU3bIOHKLIHN B KOHBIOHKLMIO MHBEPCHY, B PE3YNILTATE Yero AN QyHKUnu
cyMmMmsl Si 1 neperoca Pi nostyqatorcs cnepyiotige BoipaXeHnsa:

S, =ai-bi-p,_ -ai-b,-p_ a bi-p_-a b p_,
3.9

P =a,-b-a;-pb-p,

[pu peanusauuu "a JID U - WKW — HE ypaBHeuus cymmaropa
HMEIOT BHI

S, = (aigi vab,) p, V(E‘bi Va;Bi )'l;i-p
(3.10)

P.=(a;-biva,-b)-p,, vai b

1

[To ypasneuusm (3.8, 3.9 v 3.10) MOryT ObITH NMOCTPOEHBI CXEMb)
OJHOPa3PSAHLIX ~ CYMMATOPOB,  KOTOpHI€  OTHOCATCA K CXeMam
KOMOMHAUMOHHOrO THUMAa. B Takux cxemax curHalbl Ha  BBIXOZAX
NPUCYTCTBYIOT A0 TEX NOP, NOKa AEHCTBYIOT CUrHANBI HA BXONAX.

OcHoBHOW  3apaueif cuHTE3a CXEM CYMMarTopoB  fIBAAETCH
COKpalleHHe annapaTHoli CJ0XKHOCTH ¥ CHWKEHME BPEMEHH 3aNEpPXKKM
pacnipocTpatenus  nepeHoca. Pl CxeM  WMeeT  ONpelencHHbie
ApeHMyLLECTBa peaIM3auMy B TOM NAM HHOM Oasuce NOrHYecKux
Gyukunii. B opsnx cxemax dynxums cymmsr S; =f(a;,b;,pj_1), B apyrux

S; =f(a;,b;,p;—1.P;) ., YT npenocTaBnseT onpeseneHHbIE NPEUMYLLECTBA
LTS KOHTPOIIS BLINONHEHNS ONepaLuii ClOXKEeHUs .

IUupokoe  pacnpOCTpaHEHHE  HAIM  CXEMbl  CyMMaTOpOB,
NOCTPOEHHbBIE B COOTBETCTBHUY C YPABHEHUAMHM:

S :;’:i P v b P V[_).'-l P V‘;' “bi 'l—)i—n
3.1

Pi :5,»-5; \/ai'};i_‘ \/Bi 'I_)H
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S =a, '51' vb, ‘Bi VPia 'Bi va b pip
G.12)
Pi =ai~biva,~~pi~1Vbi'pi_l‘

VpaBHenus (3.12) nosnyyeds w3 (3.11) Ha  ocHOBaHMY
WCTONIL30BaHUSA cpoificTea ABOWCTBEHHOCTH (PyHkuui. Takum cBoficTBoM
obnapaior Gyuxunn cymmbl S; n neperoca P;, Ang nonyueHus HHBEpCHU
KOTOPLIX AOCTATOYHO WHBEPTUPOBATL BCE IEPEMEHHBIC, BXOAALUHE B
RLPAKCHHS Juis yrux gyHkuuid. Cxema CymMmaropa, NOCTPOCHHas B
COUTREICTRI ¢ ypasncitnsavi (3.12), noka3ana Ha puc. 3.17. Jiaa stoi

CNEMBL BIPEM IIICPDIKKH PACHTPOCTPAHEH NS TIEpeHOCa 1. onpencnseTcs
I mp

unepakolt, wnocumoll ojnm JI'Y U - WHH - HE, uuncno sxonos
KOTOPUTO PaBio  [S, 4710 HOYTH BABOE MEHbINE, 4eM B CyMMaTope,
nocrpoeinot na JIDH - HE no ypasuenuam (3.9).
a; .
bi i 1 _
Py & P;
e
&
&1
)———.—
1 &
||
&

Puc. 3.17. Cxema oaHOpa3psaHOTO CyMMAaTOpa

OnHopa3psaAHbIi CYyMMATOP MOXXHO MCNOABL30BATh AJS BbIMTOJHEHUS
olepaury CIoXeHna JByX MHOIOpaspsAAHbIX KOAOR. B Takom cymmarope,
Ha3LIBAEMOM  [OCNENOBATEIbHBIM  CYyMMartopoM, orfiepaHabl  obpa-
GarslBalOTCA TI0OUEPEAHO Pa3pAl 32 Pa3paOM, HAUMHAA ¢ MAAIUEro.

CxeMa MNOC/EA0BATENHHOTO CYMMATOpa, MTOKa3saHHas Ha puc. 3.18,
COJEPIKMT TPH CABUIOBLIX PErucTpa, ofuH D-Tpurrep ¥ OAMH oaHopas-
paAHbIE cymmaTop. PaboTta peructpoB ¥ TPUITEPZ CHHXPOHH3UPYHOTCA
umnynbcamu C.
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Puc. 3.18. CxeMa nocnenoBaTeNbHOrO CyMMaTopa

Onepauyss  CTOXEHWA [BYX N-paspaiiHblX KOJOB  BbINOJHAETCS
NOCAEAOBATENLHO PA3PAf 33 pPa3psafoM M HAUMHACTCH C CYMMUPOBAHHS
Maanwux paspanos konos. Flociie cnowenns konos (2;,b;,p;_;) B kaxom

i-M paspsie Ha BbIXOaX OHOPA3PAAHONO cymMmaropa GopMUpYIOTCS CHIHATIbE
cymmbl S; mns i-ro paspspa v neperoca P, (I = 0,1,2, ...on—~1)B 1 + 1-ii
paspa.

3HaueHue curuana S; 3anucpBaeTCs B i-i paspsi perncTpa cymmbi, a
nepenoc Py 3anomunaetrcs wa oaun TaktT B Tpurrepe D-runa. B
CNERYIOULEM TaKTe 3TOT nepeHoc P cknazpiBaeTcs BMecTe ¢ koAaMu a;,
u b,,; ouepenuoro i + 1-ro paspsna.

CxemMa MOCAEAOBATENLHONO CYMMAaropa WMMEeT OTHOCHTENbHO
npocTyo cTpykTypy. Ofnako nonyyaemoe TakuM o0pasoM ynpolueHue
affapaTHbiX CPEACTB MPUBOUT K CYILECTBEHHOMY CHUMEHMIO ObICTPO-
gedcreua cymmaropa. Orciopa cieayer, 4To Al NOBbILEHUS ObicTpo-
nelicTsus HeoGX0AMMO NPUMEHATD NAPATIICHbHbBIE CYMMATODDS.

IMapaaneabHbIii CyMMAaTOP ¢ N10CAEX0BATENLHBIM EPEHOCOM

[TapannensHblii CyMMatop € [IOCACAOBATEIBHLIM  NEPEHOCOM
(puc. 3.19) crpoutcs Kak UENoOYKA OAHOPAPANHBIX CYMMATOPOR,
COEMHEHHBIX NOCHEROBATENLHO MO UENsaM nepedoca. B napannenbHoM
CyMMATOpe Onepauys CHOXeHHs BOHIONHACTCS OLHOBPEMEHHO MO BCEM
paspszaM KoIoB chiaraemeix. Ha BXxoab! OJHOPaspsfHbIX CyMMaTtopos

68



KaXA0r0 i=ro paspspa rocTynaloT KOA! craraemMblx @; M b; coormer-
CTRYIOLIEro pa3pajia, a Takxe nepeHoc w3 i-ro paspsaa. Ha sxox cym-
MATOpa CamMoOro Miajuiero paspsga fnogaerca curHan nepeHoca Py,
paBhLii 0. Curdan nepedoca P, ¢ Bbixoga cymmaropa HYJNEBOro pas-
psfa SM,nojaercs Ha BXOX Mleperoca CyMmatopa nepsoro paspsga SMy

norL

'31 Sy sm}
aony . K .
A 5M ¥ LT I oM sl J any a Ism S

by b by b ve. by b
‘s i "

L7

o o PT  — e lP

Pae, 339, Cxemit 1apanicinHoro CyMMaropa ¢ nocIea08aTeIbHbIM NEPEHOCOM

Hpn noctyiuiciign curinana nepedoca Py Ha BXOA cyMmaropa $M,,

HA €O BXOAAX TAKOKE [PUCYTCTBYIOT KOAbI cnaraemsix 2 u by . [lpu
TTOM Ha BLIXOJAE CyMMaTopa SM, curHan nepeHoca Py Bolpabarbipaerca ¢
WEPHKOit L,y , OTHOCHTENLHO MOMEHTA NOABIEHMs CHIHANA. AHANOruy-
(10 Hqepes BpeMa t;; p OTHOCHUTENLHO MOMEHTa TOsSBIEHUA CUrHana P
HORBNKCTCH CUMHAN MiepeHoca P, u T. A 40 nospieHus curdana P
Nepes BPEMS Nty C MOMEHTA OHOBPEMEHHOM NOJAYH KOAOB a; n b;
Hi BXOALE SM (1=0,1,2,...,n-1).

PacnpocTtpaHenune nepeHoca SyaeT cONpPOBOXAATLECS YCTAHOBIEHHEM
HPABMILHBLIX CUTHAIOB HA BbIXOAAX S; OAHOPa3pARHLIX CymmaTopos, B

TeMCHUE BCErO BPEMEHY pacnpocTpaHeHus repeHoca U GOpMHpPOBaHUA
CMI'HAJIOB S, Ha BXOJaX CyMMAaTOPOB MOCTOAHHO JAOJIKHbI IPHCYTCTBOBATD
COOTBETCTBYIOUINE KOObl Ciaraembix 4; n b . Takum ofpasom, nepeHoc

PRCIIPOCTPAHAETCA MOCNSAOBATENLHO OT pa3psna K paspsiy (HauuHas ¢
HyNECBOrO) uepes BCce N paspsibi, MOITOMY BpeMs CYMMHPOBaHUsA

(hopmuposatue xoaa cymmbl Sy_y..Sy) Ty, ¢ MOMeHTa OHOBpEeMEHHOM
HOANMKM KOAOB CllaraeMblX MPOMOPLUMOHANbHA Pa3pIaHOCTH CymMmaTopa v
olpesensercs kak ty, =n-t .
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HapassennHslii CcyMMaTop ¢ HapanJelbHLIM HePeHoCOM

[TapannebHble CYMMAaTOpbl € MaPANIENLHBIM MEPEHOCOM HMEIOT
MakcumasbHoe ObicTpomeiicTere. B HUX  oTcyTeTByroT  nipouecchbl
MOCAEAOBATENHHOIO PACIPOCTPAHCHUS CUTHANIOB MEPEeHOca OT paspsna K
paspsamy, ¥ pesynbTarbl BO BCEX paspsjax  BbipabaThiBalOTCH
OJHOBPEMEHHO napannensHo BO BpemeHd. CYyUIHOCTh OpraHuzauuu
OLHOBPEMEHHOrO NepeHoca 3akiiouaercs B cheaytowem. Tlpy cnosxenus
KOJOB cllaraeMbiXx B KAKAOM I-M paspsge cymmaropa dopmupyercs
dhyHKis nepeHoca P, KoTopas corsiacHo (3.8, a) umeer BuA

P=a b +(a+b)p..i=012. .n-1 (3.13)
Beoas o6osvauenus £ij=a;-b; u h;{=a;+b;, nepenmuem
sbipaxcenue (3.13): P,=g;+h;-pj_;. (3.14)

Tlo ananoruu 3anuueM Takxe BbIPAXKEHHE U A5 CUTHAIA NEPEHOCa
D — } .
P,=g.,+h_-p.,. (3.15)

[Moncrasnas suipaxkenue (3.15) B (3.14), noayuum
Po=g +h(g_ +h_p_)=g +hg_ +hh _p . (3.16)

Bobinonusis nogodHbie neficTBUA BIJIOTL 0 HYAEBOrO pa3psia,
MIOJYYMM BbipaXKkeHue, ONUChIBaloLee 3aKoH GOpMHPOBAHUS CHTHANA
fnepeHoca B MPOU3BOIbLHOM i-M pa3psie

P=g +hg_+hh_g ,+..+hh_h_,-..-hp., (3.17)

rae p,, — CUrHaj NepeHoca, KOTopbiil N0JAETCs Ha BXOJ CyMMaTopa

u3Bhe. PyHKUMHM NEpeHOCca UMEIOT HOPMANBHYIO AU3BHIOHKTHBHYIO GopMmy
1 Moryt ObITh peanu3oBanbl B 6aszuce J19 U — UJIN.

YuuTpIBasi CcKasaHHOE Bbllue, nepennuieM BoipaxeHue (3.17) B
f0asuce U — HE

Fi=g, hg bhoe . hhigh o hepg G.18)
Orciopa BblpakeHne A QOpMUPOBAaHHA CUTHANOB TiepeHoca B 4-pas-
PARHOM CYMMATOpE 1IMEET CAeAYIOWHit BUA:
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P{)zgﬂ‘ho‘psx zaO'bO'hO'pr;
P,=a b a, by-h -h hyp;

Pz=az'bz'an'bx‘hz‘ao'bo'hz'hl'hz'h;‘ho‘PBx-

ITHUM YpaBHEHHAM COOTBETCTBYET CXeMma 4-paspsIHOTO CYyMMAaTopa ¢
napamienbisiM - neperocom  (puc. 3.20). M3 cxembl BMOHO, YTO Bpems

(opMHpOBaHKS curHana nepeHoca t. He 3aBUCHT OT KOMHHECTBA PaspsiioB

CYMMATOPa W Juid nmodoro paspsafa, ¢ ydyerom NONYHEHUSA HHBEPCHBIX

. e H o VAL e o . —_ . A
SHHCINTH PASPS/IOR KOJIOB CHATACMBIX, cocTaBiaser 4 t,_m‘p(tprl =4 Lup) -

CHeon speMs cyMMUponiing L JUis CXeMbl CyMMaTopa ¢ napainenbHbiv
+t, =7-t,

1 = t 30 ?
p
HYCPARKE (BPEMS (POPMUPOBAHKS KOAA CYMMbI) OAHOPa3PAAHOIO CyMMATOpPA.

Hepenocom o Giee U HE pasio t roe t, -

pn

o .
-l -]
6 3

S_J 821 E‘.MSJ
by |
Pl JPH
&
b
e

Puc. 3.20. Cxema 4-pa3pAAHOro CyMMaTopa ¢ napan/eibHbiM MEPEHOCOM

Ou4eBUAHO, 4YTO NpW YBENHHEHUM paspsaHOCTU KOAOB CJAraeMbIx
npuMeHeHWe Ccymmaropa C  MapaiiefibHbiM  [EPEHOCOM  [03BONAET
CYIIECTBEHHO MOBBLICUTE CKOPOCTb CymmupoBaHus. OIHaKO peanusauus
TaKuX CymMmarTopoB TpeOyeT Oonbioro xoauyectsa JID ¢ BbicokoH
Harpy304HO#l CMOCOGHOCTBIO M GoMbliiM 4uCioM BxoxoB. [losTomy B Tex
clyyaaX, KOrAa KOJMYECTBO paspAfioB KOAOB CllaraeMbiX J0CTaTOYHO
Gonbluoe (n > 8), NPUMEHSIOT CYMMATOPBI C TPYNMOBOH CTPYKTYPOH.

71



B cymmatopax ¢ rpynmnoBoi CTPYKTYpo# OAHOPa3pAAHBIE CYMMaTopb!
obvenuusiorcs B L-rpynnsl u3 m-paspsanos kaxaad, T. e. n=L.m. Ilpn
ITOM B rpynnax OGbIMHO peanu3yeTcs napateibHblil NMepeHoc, a Mexy
rpyornaMy  CHUrHat fnepeHoca MOXET BblpaGaThiBaTbCs  PaTAUHBIMEK
cnocobamu. B COOTBETCTBMM C ITHM PpasNHualOT CYMMATOPHl C ULENHbLIM
(NOCeAORATENLHBIM) 1 NApaJIENLHO-TTAPALICALHLIM NEPEHOCAMK, KOTOpble
NONY4MIN HaubOoNblilee pacnpocTpaHeHue.

CyMMaTOpsl € rPYNNoORBoil CTPYKTYpOit

[lpy coxpaHeHWHW MUHVMANbLHOM 3afEePKKH [0 ULENu nepeHoca
obecreynBaeTcs TakKe HEKOTOpoe COKpallgHHe anfiapaTHON COXHOCTH
CXEM CYyMMAaropOB C rpynnoBoil CTPYKTYpPoOK.

Ha puc. 3.21 nokazaHa cTpyKTypHad CXema NapauienbHoro cymma-
Topa ¢ uUenHbiM nepenocom. Kaxaas rpynna cocTouT U3 m-paspaiHoro
CyMMATOpa ¢ Dapalie/ibHbIM TIEPEHOCOM, d MEXKAY HHMH BKJIOYEHbI
6noku nepedoca bIl, xortopwuie oOpa3yloT TpakT NOCNEAOBATENBHOM
fepenaud nepedoca. [punuun GopMUPOBAHHA CUrHANA NEPEHOCA U €ro
pacnpocTpaHeHue OT MAALIUMX [PYnN K CTApWMM TaKhe e, Kak W B
IIBOMUHBIX CHETUMKAX CO CKBO3HbIM NepeHocom. Bpema cymMmuposanuns B

cXeMe CyMMaTopa ¢ UenHbiM MepeHocoM t . . pealiu3oBaHHOi B Oazuce

su -t

W - HE, ouennpaetcs xax t =t +(L~-1) t;; =[7+4(L-1)]-t

wp

. S . S
g‘—:%lﬂ-rpynna n g:%— 2-rpynnarr2J g'-";.fr% L-rpynnalm
ey BV I =71 =M . e -V I
bx : [

P [—' .
Bt . &n r—‘L ver ——AEN =
A Ap Ay
Bitig By-d 2 B L

Puc. 3.21. CtpykTypHas cxeMa napaiiensHoro cyMMaropa ¢ LENHbIM MepeHOcoM

Ans  nosblweHus GuICTPOACHCTBUS NAPARRENLHOIO CYMMAaTOpPa Tpu
OONbIWIMX €ero paspsAHOCTAX HCMNONbL3YIOT NPUHLMI 1apajliebHOTo
NEepeHoca Kak BHYTPU TPynu, Tak 4 Mexay rpynnamu. CTpykTypHas
CXeMa CyMMaropa ¢ napaiesbHO-apajliieNbHbiM NEPEHOCOM, peann3yo-
Ulero JaHHelil NPUHLKN, OKa3aHa Ha puc. 3.22, rie KOIMYeCTBO Ipynn U
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pa3psfioB B rpynnax pasHbi 4. B 310l cxeme no cpaBHEHMIO CO CXeMOi
CYMMaTOpa € UENHLIM TNEPEHOCOM O6BLEM HCMOABIYEMbBIX INEMEHTOR
HECKONLKO Bhillle 3a CUET YCHOXHEHHA CTPYKTypbi Onoka dopmupo-
BaHui nepenoca BI1.

BpeMs BbiMosiHeHUR oOnEpalld CYMMHPOBaHUA JUId  CXEMbl
cymmaropa 16-paspagubix cioB  (puc. 3.22) oueHuBaetcs KaK

tyna = tep e =111, 0 [lpy 3TOM npennOnaAraeTcs, uYTO CXeMma

peanniosana B 6asznce M1 — HE.

oY (54
4 r- 2 4
:\I: :;:“ 1-rpynna | & Al 1 2- rpynna A4 3] 4- rpynna a}J
pe 1l oM T BT oM BTy sm [T
; ] 7 , s

m : -r';_ . i;ﬁff:
Aeipl AL |

- 3{” s E B T

L

Puc. 3.22. CrpyxrypHas cxema 4-pazpsaaHoro cyMMaropa
€ mapanieAbHO-NAPANIENbHBIM NEPEHGCOM

[Tpn OonbiiMX pa3spaAHOCTAX KOJOB charaeMbix Tpebyercs
YBENUUHTL UK YUCAO CYMMATOPOB B IPyrifiax, Win YUCHO rpyln, 4To
CYUWECTBEHHO YCAOXKHAET CTPYKTYpy Onoxa uepedoca BIT u ero
cxemHyw peanusauuio. [ing pewedus 3>7To# npobnembl HECKOALKO
rpynn CcyMMaTOpoOB € napalifiejibHO-NnapanieibHbiMU  NIEPEHOCAMH
06beauHAIOTCS ¥ 00pa3yloT HOBYIO (6onee YKPYNHEHHYIO) rpynny u
MEXAY 3TUMH HOBBIMHU FPYINAMU TAKXKE MCIIOAb3YETCA napansienbHblid
nepedoc. JpyruMu CloBaMH, B CXEMax TaKMX CYMMAaTOPOB MpUHLUN
napannenbHoro repeHoca UCnoab3yercs TpHxAb. Ecau xonndecTsBo
paspsfoB KOAOB claraeMblX OYEHb BEAHKO, TO MOXHO MPUHUMKA
napajyieibHOTO MepeHoca NPUMEHMT, W Oonbulee YMCAO pa3 W
TOAY4UTh BhICOKOE ObICTPOAEHCTBHE CyMMATOPA IPH DTHOCHTENLHO
HeCN0XKHO cTpykType Gnoka nepeHoca.

YacTHBIM clyuaeM CyMMaropa ¢ [1apajiefbHO-MapanielbHblM
nepeHoCoM ABAJETCA CyMMATOP € yCJOBHBIM neperocom. Maes noctpo-
€HUSl TAKOTO CYMMATOpa 3aKIOYAETCSH B CJAEAYIOUEM: N-paspsaxbiil
CyMMaTop LeNUTCA Ha ABe rpynnbl ¢ n/2 paspsaamy B kaxioi. B mep-

73



BO#l rpynne CyMMHPYIOTCS MAaflline paspsaibi KOAOB cnaraeMbiXx Al u
Bi (xak B 06buHOl cxeme). Bropas rpynmna ny6nupyerca Tak, 4To B
cXeMe MONYYaroTCA TPH TpYIlibl CyMMaTOpPOB C paspsafHocThi0 n/2. B
3TUX ABYX rpyNnnax CyMMUPYIOTCS cTapulde pa3psaibl KOAOB CliaraeMblx
A2 u B2 npu ycnosuu p = 1 (Bo BTOpo#t rpynne) u p = 0 (B TpeTbeii
rpynne). K MOMeHTy MONy4YeHus pe3yibTaTa CYMMHMPOBAHHA MAAJMINWX
pa3pAAOB KOAOB B NEPBOH rpynne pe3ynbTarbl CYMMUPOBaHUS CTapIIUX
pa3psaAoB KoJAoB s o6oux 3HadeHul curHana neperoca (p=1up=0)
YK€ OKa3biBaOTCA M3BeCTHbIMH. OCTaeTci TONBKO BbIOpaTh OAWUH M3
3TUX pe3yJbTaTOB B 3aBHCHUMOCTM OT 3HAYECHHS CHTHAlA MepeHoca,
NONYYEHHOrO0 Ha BbIXOAE MEpBOil rpylnbl CyMMaTopoB. TakuM
o0pa3omM, B cxeMe CyMMaTopa ¢ YCHOBHbIM MepeHocoMm puc. 3.23 uensp
nocnenoBaTeNbHOro nepeHoca kak 6bi ykopaunBaeTcs BABOE, T. K. BCe
TPU rpynnbsl CyMMaTOPOB MONapHO (repsBas co BTOpOH M nepsas C
TpeTheil) paboTaoT OJHOBPEMEHHO BO BPEMEHHU.

PaccMoTpeHHbie Bbllle CXEMbl CYMMaTOpPOB OTHOCHTCS K CXEMam
koMbuHauuonHoro thna. Ecau k HuM no6aBuThL ewe perucTpsi, TO
MOXKHO MONYYMTh TaK Ha3bIBacMble HAaKaNMMBalOUIME CYMMAaTOpBI,
KoTopbie QYHKUMOHUPYIOT cieayowuM obpasom. Kaxnaelit ouepenHoi
paspaA koza 4Yucia A CKIaAbiBaeTCd CO CTapbiM 3HAUYCHHEM cHrHana
cyMMBI S, koTopbiit noctynaer u3 peructpa RG Ba Bxoa cymmaropa.

Pe3ynbTaT cyMMUpOBaHus (HOBOE 3HAueHWe S) ¢ paspeweHns
cunxpommnyasca CH zanucwiBaeTcs B perucrp, rAe€ XpaHUTCA A0
NOCTYIAEHUs Ha BXOJ CymMmaTopa Ccjelylolero paspsia koaa A.
CxeMa HakamJUBalLWEr) CyMMaropa, Ha3b!BaeMOro HHOrAa akKymyns-
TOpPOM, NOKa3aHa Ha puc. 3.24.

s s
AiJ{ 814/

- sM
l SM,

cu RG
P,
e b T
—
Puc. 3.23. Cxema cymmaropa Puc. 3.24. Ctpyktypa
C YC/IOBHBIM [1€pEHOCOM HaKaIIMBAIOIUETO CyMMaTOpa
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3.6. ApudMeTHKO-TOrHUIeCKME YCTPORCTBA

ApudmeTrko-norydeckue ycrpoiictBa (AJIY) ciayxar a5 BbIIO-
HeHMs apudMeTHHECKHX M JOTHHeCKHX Npeofpa3oBaHuii Haj ClOBaMM,
HasbiBaeMbIMU B 3TOM Cilydae onepaHfamu. OcHoBy AJIY cocramnser
CYMMaTOp, CXeMa KOTOPOro [OTOJNHAETCA JIOTUKOH, pacuimpsioleit
yHkunoHanbHble  BO3MOXHOCTH AJIY  u  obecneuuBaroweii  ero
NepecTpoiiKy ¢ oAHOH onepaluy Ha JpyTylo.

B nHactoswee Bpems AJIY BbinyckaloTcs B BHIE WHTETPajbHbLIX
mukpocxeM no texrHonorau TTIIL, KMOIT u DCJI. Muxpocxemsr AJ1Y,
KaK fPaBUiIO, veTbipexpaspsiHble, a HapaiMBaHde paspsaaHocta AJIY
ocynecransercs o6beIMHEHHEM MHKPOCXEM € OpraHu3audeil Mexay
HHMIT NOCHCOBATCHLHOIO It RAPANTNENLHOTO NEPEHoCa.

PaceMoTpUM  HEKOTOPbIE  (DYHKLMOHANbHbIE  BO3MOXHOCTH  MU-
kpocxemnt AJIY KSS5SUIT3, yeaosroe o6o3HaueHe kKOTOpoif nokaszaHo Ha
puc. 3.25.
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Puc. 3.25. Ycnosuoe o60o3Hadenue AJTY

Hannas mukpocxema AJIY MoxeT BoinonHATs 16 noruvecknx u 16
apupMeTUKO-0ruyecKuX Ofepaunii Han ABYMsS 4-paspAiHbIMK KOAAMH
onepaHaoB A u B, xotopble MoCTynatoT Ha €8 COOTBETCTBYHOLIHE BXO/bL.
Ha sxox M (mode control) mukpocxembl AJIY nogaercs ynpasisitomui
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CUrHaM, BLICOKHI ypoBewb (M = 1) xotoporo 6f0kHpyeT B cxeme Bce
BHYTPEHHME NEPEHOCH W OHA BBINONHAET Joruyeckue onepauuu. [lpu
HU3KOM ypoBHe 3TOro curaana (M = 0) BHyTpeHHHE MNEpPEeHOCH
pazbAOKHUPYIOTCA ¥ CXEMA BHINOAHAET apuPMETHKO-IOIMYESCKUE ONEPaLrH
Haa 4-paspsaaHbiMU KofaMu A u B. Ynpasasiowuit koa S, nogasaeMblif Ha

BXOAbI  $3,52,51,5S0., OUPEAECNIET KOHKpeTHbill BuA BbiNOMHAEMOH
oniepaliiy. Pe3ynbraTsl BLITIOHEHHON Onepauuy CHUMAIOTCS C BHIBOJOB
f3,f,f,.f). MBKpOCXeMa HMeeT Taioke CEAYIOUINe BbIBOALL Dy — A

BXOJHOIO MepeHoca M P; — JUls BBIXOAHOTO epeHoca.

Beisoaei G n H wncnonssytores npu HapallMBasu¥ Pa3sMEPHOCTH
AJTY ans opranM3ainy MOCAEAOBATENLHOIO # TAPANNENLHOIO NEPEHOCOB,
COOTBETCTBEHHO. B nocneatem cinyyae K BbiXOAHbIM BEIBOAAM MHUKPOCXEM
G u H noakmouaioTcs cneuuanu3sHpOBaHHbIC MHWKPOCXEMBI — OJIOKM
YCKOPEHHOIO NepeHoca.

Tlepeuens BuimonugeMbix MUKpocxemoit AJIY onepauuil npuBeseH B
1201. 3.7, ¥ TaM ke NaHbl HEOGXOAMMBIE NS ITOrO 3HAYEHHS YSIPABAAIO-
1UHX cHrHanos S n M.

Tabnuua 3.7
@ynkuuy, semnonHsembie UC KS55UTM3

Ynpasasiolue Jloruueckue ApudmeTHKo-
CHTHAIbI hyHKunm norudeckue PyHKUUM
S5 Sz S Sg (M: 1) (M=O)
0 o 0 | A A+P,
0 |0 1 | AvB AvB+P
0 o |1 |0 |a&B A&B+ P
0o [0 |1 [1 o 1+P
0 41 10 10 1 AgB A+A&B+P
0 11 10 |1 IR (AvB)+A&B+P,
¢ 1 1 {1 | A&B A&B+1+P,
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—_
Oxonuanue Tabnuubi 3.7
Vnpasasiowue Jlornyeckue ApudmeTuko-
CHrHaNb PpyHKUMY Joruveckue pyHkumuu

S3 1S |S |'So (M= 1) (M=0)
o 10 10 | AvB A+A&B+P
1 0 |0 1 ADB A+B+P
boio j1r 10 1B (AVB)+A&B+P,

S A e P e 3 ,
ol o T T T T AY A P
Lolr o jo lt b avB [ (AvB)+A+P
oy e 10 P AvB (AVB)+A+P
1 1 ] 1 A A+1+P

B noruko-apu@MeTHUECKHX Onepaumsx oXHOBPEMEHHO BCTPEUAIOTCS U
loruyeckue U apudmeTnueckue onepaury. Hanpumep, BbipaXenne THRA
Av B+ A & B o3Hauaer CleAyIoLIee: BHAUANE NOPA3PAAHO BLITIONHAIOTCA
MIEPAUNY  MHBEPTHPOBAHHS (B), noruueckoro cnoxenns (Av B)
jormyeckoro ymuoxeHus (A&B), a 3atem flonydeHHble B pe3ysibTaTe 3THX
IESPAUMI KOJIbI CYMMUPYIOTCS apudMeTUECKH.

MaTpH-Hbie YMHOXKHTEH

C  nossneHneM  HHTErpalbHBIX  MUKPOCXEM  onepauuu
\pPMETUYECKOr0o YMHOXKEHHA M CHOXKEHHA CTaaH BLIROAHATHCA
\IapaTHLIM CNOCOBOM.

Joruka nOCTpOEHUs annapaTHbLIX MAM  TaKk HA3LIBAEMbIX
AATPUMHBLIX YMHOXUTENEH TEeCHO CBA3aHa ¢ TPaAMLMOHHBLIM anro-
JUTMOM BbLITONHEHUS ONePALUil YMHOKEHS, KOTOPbIl OCHOBbIBAETCH
1a CIIO>KEHMM YaCTHLIX MPOU3BEAEHMH pPa3pAAOB COMHOMHTENEH.
YaccMoTpuM  npumep. llycts Tpedyerca fepeMHOXHTbL AaBa  4-

JAIPAAHBIN ABOMUHBIX KOAA A(2337213p) u B{bsbybby). Onepauus
'MHOXEHUS BbINOAHAETCS NO chenyowei ctpykrype (“crondukom™).
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PesyasTaTsl apousBeseHus  P(pipgPs---Pg)  MOAYHAIOTCA  NyTEM

CYMMUPOBaHHS 4acCTHBIX NPOU3BEJEHUI pa3psAAOB ABOMYHBIX KOIOB
COMHOXUTENEN:

as aj ) ag
by by by by
a3b0 a2b0 a,bo aobo

asby a,by ayb; agh
asby azby ajby apby
asb; asby ab; agbs
p, p, P, P, P, P, P P

Marpuuspie  UEPEMHOKUTENH MOFyT ObiThb  MHOXHMTENbHBLIMH
6roxamn (MB) unm MHOXUTenbHO-cymMmupyowumMu Gnoxamu (MCB).
[Tpumenenue nocnegHUX fO3BOJAET YBEANUHBATL Pa3pAAHOCTL BXOAHLIX
KOAOB.

CxeMa MHOXUTETLHO-CYMMUpYOIero ©Onoka Aana  4-paspsanMbix
COMHOXUTeJIeH, B KOTOPOH MCHOAB3YIOTCS n? OAHOPA3PAIHbIX CyMMa-
TOpOB, MoOKa3aHa Ha puc. 3.26. YacTuunbie npousBeneHHa BHAA ai...bj

(popMHpYIOTCS OQHOBPEMEHHO ¢ MOMOILLIO 3neMenToB M, xoTopeie B
CXeMe He yKa3zaHbi, TAe i, j = 1... (n ~ 1); N — YuCcno pa3psaoB ABOUYHBIX
K0Z0B coMHOMMUTeNeH, n = 4. CaoxeHue 3TUX MNPOU3BEACHUH B cTONOLAX
OAHODPA3pAJHBIMY CymMaropamu SM cOCTaBAsET OCHOBHYIO OlEpaultio
AfS YMHOXKUTENA M ONpeNeseT No4YTH LETHKOM BpeMs (GOpMHpPOBaHUS

xoja pesynbrata. Takum oOpasom, Bpems JfepeMHOXeHud (...

onpeaensercs cyMMoil 3afiepxKek pacrpocTpaHeHus curianos vepes JI9 U
t, ¥ 3a1epxKy B CamMO# JNTMHHON LenoYKe nepenaun CurHana 8 Marpuue
OJHOPA3PAAHBIX  CYMMaTOPOB,  paBHOl @n-D-tg, T e
tow =t, +(2n-1)-t .

H3 cxembt Ha puc. 3.26 BHAHO, YTO MHOXHTENLHO-CYMMUPYIOLIH
610k peaninsyert onepaumio P = AB + C + D, rne C — u D — pononuurens-
Hble cniaraeMsie, nofapisieMbie K npou3BeacHuio A * B, npuuem pa3psia-
aocTs C coBnagaer ¢ pa3paAHOCTLIO MHOXUMOTO (A), a paspagHocTs D —

¢ pa3spaAHOCTBLIO MHOXUTENS (B).
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Puc. 3.26. CxemMa MHOKUTENLHO-CYMMUPYIOUIETO OIOKa NA HETHIPEXPA3PAIHBIX
COMHOXMTENEH (2) H 0D03HAMCHHE OAHOPA3PAAHOID CYMMATOPA
JUia AaHHoit cxemsl (6)

Cxema MHOXUTeNbHOrO Gloka otiudaercs ot cxemet MCB puc. 3.26
TEM, YTO B Hell OTCYTCTBYIOT CyMMAaTOpHl NpaBoil [MaroHany, T. K. ApH

C=0u D = 0 ouu He TpedytoTca. Ha mpaxTHKEe UCROALIYIOTCA U Apyrue
CXEMbi YMHOXHTEIEH.
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4. ODYHKIIHOHAJBHBIE ¥3Jbl
HOCHAEAOBATEJIBHOCTHOI'O THIIA

4.1. Tpurrepnl
Kaaccudukanus 4 ocHOBHBIE TapaMeTpbl TPUITEPOB

Tpurrep, npeactapisiominii coboii 3anoMuBalOWHUA  INEMEHT C
JIByMs YCTOWYMBBIMH COCTOSHMAMH, HAXOAHT WHUPOKOE NPHMEHEHHE
JJIS  NOCTPOCHUA PErucTpoB, CYETUHUKOB H  JApYyrux uHUPPOBHIX
ycrpoiicte IBM. Cocrosuue tpurrepa onpenensercs no ero BLIXOA-
HOMY CHUTHANY ¥ B 3aBUCUMOCTH OT YPOBHSA IOCAENHETO KOAUPYETCH
uudpamu 0 unu 1. Tpurrep nMeer Asa Bbixona: npamoit Q u uHsepc-

Huii Q. Ecnu Tpurrep Haxoautcs B cocTOSHUM 0, TO Ha €ro npsamMom
BBIXOJI€ CUTHAN paBeH forHueckomy 0, a Ha MHBEPCHOM —~ JOTH4YECKOH
1 (Q=0wu Q =1). Ecnu Tpurrep saxoanrcs B coctosHum 1, 7o Q = 1,

Q=o0.

B WHTEerpanbHoOil CXEMOTEXHUKE HPUMEHSIOTCSH NECATKH PA3HO-
BHAHOCTEN CXeM TPHITEPOB, KOTOPbLIE OTIMYAIOTCH BblMONHAEMOMH
¢yrkuueit, cnocobom 3anvcu UHPOpMALUN K CHHXPOHU3IALMHU,
cxemoTexHuyeckoi peanusauueil u 1. 4. [lo pyHknnonansHoMy Apu3-
HaKy, T. €. 10 BULY NOrHYECKOro ypaBHEHHsA, XAPaKTepU3y1lero coc-
TOsHUE BXOAOB M BLIXOAOB TPUITEpA B MOMEHT BpEMEHH t, 10 ero
cpalaTblBaHUA U B MOMEHT i,y Nocje ero cpabaTbiBaHus pasnuvaioT
tpurrepsl: RS-, JK-, D-, DV-, T-, TV- u apyrux tunos. [1o crnocoby
3anucH HHOGOpPMALMM Pa3NUyYaOT TPUITEPhbl: ACHHXPOHHLIE ¥ CHH-
XpoHHble (MK TakTHpyewmbie). 3anucek UHGOpMaUHy B aCUHXPOHHBIH
TPUITEp OCYLIECTBIACTCA C NOCTYNACHHEM MH(POPMALUUOHHBIX CUIHa-
OB Ha €ro BXoAbl. 3anuch HHPOpPMALNM B CHHXPOHHbIE TPUITEPH
OCYLUECTBIAETCS TOJILKO - MIpY  10jaye pa3peliaiomero TakTOBOro
MMIIY/IbCa Ha BXOJ CUHXPOHU3auuu. TaKTUPYEMbIA TPHITEP MOXKET
paboTaTh B CHHXPOHHOM ¥ ACUHXPOHHOM PEXHMaXx.

B 3aBMcHMOCTH OT YuCia TakTupyrowux umaynbcos (TH),
HeOOXONUMBIX [ 3anucH uHGOpManuMu B TPUITEP, CUHXPOHHbBIC
TPUIrephl MOAPA3ACAAIOTCA HAa OAHOTAKTHbIE W  MHOIOTAKTHBIE.
Jlns nepesojia n-TAKTHOIO TPUITEpa W3 OJHOrO COCTOSHHA B APYroe
HeOoOX0A¥MO TOAATh HAa CUHXPOHU3UpYlomuii sxoan TH.
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OaHOTaKTHBIE TPUITEPH! NENATCA HA:

1) Tpurrepnl, paboraoume no yposuio TH;

2) TPUTTEPDbI C BHYTPEHHEH 3aA€PKiOH.

PopMUpOBaHHE HOBOr0 COCTOSHHA TPHITEpPOB NepBOofi TPYNIHI
HPOHCXOAUT OAHOBpeMeHHO ¢ noctymjgenuem THU. ®opmuposanue
HOBOTO COCTOSIHHS TPMITEPOB C BHYTPCHHEH 3alepXKKOi MPOUCXOAUT
Jullb f1ocne okoHyanusa acicreus TH.

Ilp# mocTpoenun UUPPOBLIX YCTPOHCTB Ha TpuITEpax Heobxo-
IUMO 3HaTb KX OCHOBHBIE CXEMOTEXHHYeckue napamerpol: ko3dpdu-
HUEeHTb 00beAHEHHA IO BXOAY “m” ¥ pa3BETBIEHMA IO BbIXOAY “n”,
NMOMEXOYCTONYMBOCTL, YPOBHM CUTHanoB (TOKOB M HaNpiXKEHHBI)
Jorndeckoro 0 n | Ha BeIXOAAX W BX0JaxX, NOTpebisgeMylo MOLHOCTD
n  Osicrposeiicrsue. [lapameTpb! TpPUrrepoB OUEHHBAIOTCS Ha
OCHOBAHUMW AHAJOTMYHLIX (1APAMETPOB Roruueckux anemeHtor (JI9),
Ha KOTOpHIX BbLINOJHAOTCA Tpurrepsl. [lpw »TOM ObicTpopeiicTBue
Tpurrepa XapakTepuiyercs CleAYOWUMA JUHAMAYECKHMH
napamerpamu: fr, iy, Fp, Fu, THE t — BpeMs 3aiepkKH
NEPEKSOYEHNs TpUITepa, T. €. BpeMs 3ana3AbiBaHUA BBIXOJHOTO
CHMrHaNa OTHOCHUTENLHO BXOAHOTO; ty; — MHUHUMANbLHAA AJIHTENbHOCTH
BXOAHOIO MMNYJbCa, NMPU KOTOPOH elle NPOHCXOAUT lEpeKIIoueHne
Tpurrepa (1. €. 3anucb UHPOpMAUUH B TPATTEP); Fuax — Makcu-
MajibHas 4acTOTa [MEpPEKNIOUEeHUA Tpurrepa, OonpeAecnsemMas MUHM-
MaNbHO ACMYCTUMBIM BpPEMEHHBIM MHTEPBAJIOM MEXAY NBYMS
[10OCNE€0BATENbHBIMI BXOAHBIMH HUMNYJbLCAMU MHUHWUMANbHOW JNH-
TEJILHOCTH, BhI3bIBAIOUIMMY fiepekiiouedue tpurrepa; Fp — paGouas
YyacToTa Tpurrepa, npuyeMm Fp < F ...

ACHHXPOHHBIC H CHHXPOHHBI¢ TpPHITEpPb!

PaGoty Tpurrepa MoxHO onicaTh ¢ NOMOIIBIO TaGNuibl Epexo-
nos (tabn. 4.1) uan nornveckoi popmynoii (T. e. xapakrepuctuiec-
KMM ypaBHEHHMEM), MONYYEHHOW HA OCHOBAHWM aHanu3a 3TO#H
Tabnuibl.

Cornacto T1abs. 4.1, Tpurrepom RS-THna Ha3bIBAIOT 3aMOMUHAIOMIUA
3IEMEHT C ABYMA YCTOHYMBBLIMM COCTOSHMSMY, umerowuii nea urdopma-
uuonHbix Bxoaa R v S, takue, uto npu S = 0 u R = 1 Tpurrep npunumaet

coctosuue "0" (Quey = 0), a npn S = 1 u R = 0 ycraHasiuBaerca B
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cocrostue "1" (Qpyy=1). Ecnu S =0 u R =0, To cocrosiHne TpHUrTepa He

u3mensercs (Quy=Qp ). Ilpu S = R = 1 cocrognue TpHUrTepa sSBIAETCA

HeomnpeleeHHbIM (MoCHe CHATUS BXOIHBIX cHrHanor). ITosromy umdpossie
JIOrMHecKHe YCTPOMCTBA HAa OCHOBE RS-TPHITEPOB IOIDKHBI CTPOMTHCH C
YUETOM UCKITHOYEHHUS KOMOHHAIWH curHasioB R =S = 1.

Tabnuua 4.1

O6peauHenHas Tabnuua nepexogoB RS, JK, DV u TV-tpurrepos

S, R,

J, K, ;Q"H

v, | D, |

2 T RS JK DV TV

0 o |2 |2 |9 |0,

0 1 0 0 0, 0,

1 0 1 1 0 |0,

1 ! 2 1O, | 1 |Q,

PacCMOTPHM HEKOTOPBIE CXEMbl ACHHXPOHMHBLIX K CUHXPOHHBIX
TpurrepoB RS-tuna. Ha puc. 4.1, a u 6 ripuBenieHs! cxeMbl aCUHXPOHHOIO
RS-tpurrepa na JI3 W — HE u MJIM — HE. Tpurrep Ha puc. 4.1, 6 npuiu-
MaeT cocrosguue “1” (Q = 1) npu S,= 1 u R, = 0, a cocroanune “0” (Q = 0)
npu R, =1uS,= 0.

Puc. 4.1. CxeMbl aCHEXPOHHBIX TPUITEPOB RS-THria
Ha JID U - HE (a) n UM —~ HE (6)
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Kombuuauus curganos R, = S, = | 1na HuUX ABASETCA 3arpelieHHo.
Tpurrep Ha puc. 4.1, a ycranasausaercs B coctosuue “1” (Q = 1) curnanamu

S,=0u R, =1, a8 cocrosiune “0” (Q = 0) curnanamu R, =0u S, = L.
Jng 3TOro TpHUrrepa 3anpeLieHHON SBAAETCA KOMOUHALWS chrHaioB R, =0
u S, = 0. AcuHxpouHble RS-Tpurrepst snstorcs $a30BbIMH 3EMEHTaAMK
JUTSl IOCTPOEHKA CXeM CHHXPOHHBIX Tpurrepos RS-, D-, JK- u T-tunos.
CuHxpoHHble RS-Tprrrepsl MMEOT MHQOPMALMOHHBIE BXOAbI S(§ )
R(ﬁ) W TAKTHUPYIOUMIA BXOI (O7is CUHXPOHU3ALMK) T(f), a TalKe achH-
XPOHHBIC BXOjLbI ; (S)) w E:(Ra) HayalbHOM yCTaHOBKM TpHITepa Y
RS-ipuirepa s Gasnce UM — HE (puc. 4.2, 6) sxoast S, R u T - nnBepc-

HBIE, IO PMEMEHO Hil YCIOBHOM 0003Hauernn (pyc. 4.2, ) Kpy»KKaMH.
RS-rpurreps na puc. 4.2, a v B 1py OTCYTCTBHM TaKTOBOIO CHrHana,

. ¢. npu 1" = O (rpurrep na puc. 4.2, 6 npu T = 1) coxpaHAOT nNpeabiny-
mee cocrosthune, T.e. O, =0, .

3anvcs B RS-Tpurrepsl undopmaumy, koropas MOCTYNAeT Ha WX
BXObI S(.S Yy u R( R ), HauMHaeTCS TOABLKO ¢ NOCTYNJICHUEM Ha TAKTOBBIH

Bxoa umnynsca T = 1(T = 0). Tlpu 3tom, ecsin T = 1, T0 cHHxponHbie RS-
TpUITEps! Ha puc. 4.2, a u B, paboTaloT cornacHo Taon. 4.1,

XapakrepucTHueckoe ypaBHeHHe CHHXpoHHoro RS-tpurrepa umeer
B

Qn+l = Tn(sn +E"Qn) +:1:"Qn’ TanSn = 0 i (41)

Mapamerput Ur, t,, F, ans cuuxponnsix RS-tpurrepos na

puc. 4.2, a u 6 onpelenarOTCs Kak

t, =3t,.t, =4

T cp>TH cp? Fp = 1/(4tcp )9 (42)
a ans RS-tpurrepa B 6asuce U-UJIM-HE na puc. 4.2, B:
t, =2t_,t = 3tcp, Fp= 1/(3tcp) . 4.3)

Ll cp? tu
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a) 6) B) 0 n
Puc. 4.2. Cxemsi Tpurrepos RS-tuna wa JI2 U—-HE (a), WTIM —HE (6),
N —WIM -~ HE () n ux ycnoerbie 0603HaueHus () H (1)

CunxpoHuslit D-Tpurrep, HaspiBacMEBIA TalOKEe TPUETEPOM 3aICPIKKH,
bYHKUHOHMPYET B COOTBETCTBUY C XAPAKTEPUCTUUSCKUM YpaBHEHHUEM

Q,.,=T.D, +T.Q,. (4.4)

CornacHo ypaBHeuMio (4.4), nH(opMalMOHHbI curHan Ha Bxoae D,
neficTytomui B MOMEHT BpemeHu {, , mosBisfeTcs Ha BbIXONE TPUITEPa B

MOMeHT BpeMeHu L +1> €CJIM TAKTOBRIA uMnyase T = 1.

Ha puc. 4.3, a, 6 1 B moka3aHsl CXeMbl CHHXPOHHBIX D-TpHrrepos,
KOTOpbiE TaKTUpYIOTcAd curHaioM T = 1, ¥ ux ycnoBHoe o0O3HaYeHHe.
Hezasucumo ot mndopmaiuu (YpoBHS curiana) Ha Bxoae D, cocrosiHue
ITUX TPUITEPOB HE M3MEHAETCH, eClid OTCYTCTBYET TAKTOBbIM UMMYJIbC, T. €.
T=0.

PaccMmOTpHUM NPUHLIMI paboThl CXEMbl, IPUBENEHHON Ha puc. 4.3, a.
Eciu T =1 u D = 1, o nHa Beixoue JI3-1 Qopmupyercs cursan “0”.
[Mocnepnuit, nocrynas Ha BxoAbl JID-2 u JI3-3, OMHOBPEMEHHO MPHBOANT
HX B COCTOsIHUE “1”, TeM caMbIM YCTaHABAMBAs Ha BBIXOJE TPUITEPA CUrHan
“1” (Q = 1). [Jdanee emuuMuHble CUrHaasl Ha Bxogax JID-4
(nocrynaromue ¢ JI3-2 n JID-3) nepexmovator ero B coctostiue “0” (Q =0).
AHanoruuHo 3anuchbiacTcs uH(opMalys, cooTBeTcTBYOmas 07, Ans Yero
[10CTaTOYHO 11ofarh Ha BxoAbi D u T cnenyroume curHans: D=0 T=1.

Ha puc. 4.3, 6 noxasan D-rpurrep Tumna “3anienka”, BEIIOAHEHHbIHA Ha
opHoM anemente Y — MJIU — HE u asyx unBepropax (HE). 3tot Tpurrep,
TakTupyeMblit umnyiascom T = 1, pabotaer cieayrowum obpasom. Ilpu
T =D =1 na Bexoge JIO M — WM - HE ¢dopmupyerca curnan “07,
KOTOPbIH, MepeKIiouas HHBEPTOp (BEpXHMii), yCTaHABIIMBAET TPUITEP B CO-
croguue “1”. Ilpu T =1 yu D = 0 B Tpurrep 3amuchiBaetcs curHan “0”

Q=0,Q =1
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Tapamerpmt tr, t, u Fp, Xapaktepusyiomye ObicTpofelicTBHE CXeM
D-tpurrepos, (puc. 4.3, a u 6), onpeaensoTea cornacko gopmynam (4.2) u
(4.3), coorserctBeHHo. Hauboree 3KkOHOMHYHbLIMH (II0 YHCJY BHEWHMX
BHIBOMIOB W HcNoAb3yembix JID) u OuicTpoaeHCTBYIOIMMH  ABAAIOTCA
ofHO(asHbie D-Tpurrepsl ¢ NpsAMOii 1 MHBEPCHOH 3anNHCBI0 HHbOPMAaLMK
(puc. 4.4, a u 6). XapakrepucTuueckoe ypasHenne D-Tpurrepa ¢ HHBEpCHO#H
3anucelo, BoHIONHEHHOTO Ha oaxom JID HE, U — WJIH (puc. 4.4), umeer
BUJ,

Q.. =D.T, +Q,T, .

non

(4.5)

Liynkrpho#l JiHmeit Ha pue. 4.3, a nokasaH [OMONTHUTENbHLIH V-BXOA
purrepn,  tshisaeMoro  DV-tpurrepoM,  koTopslit  QYHKUHOHHDYET B
coornerersum ¢ rabi, 4.1 v ypasiicHuem

Qnol = (’-[;“ + —V." )Qn + Tn vnDn ‘ <46)

M3 Bbipaxenuss (4.6) BupHo, uro DV-tpurrep mpu V = 1
(YHKUMOHUPYET aHaNOTU4HO CHHXpOHHOMY D-tpurrepy, a mpn V = 0
COXPaHAET MCXOZHOE COCTOSHME, HE3aBHCHMO OT YPOBHS CHUIHala Ha
nHdopMayionHoM Bxoge D.

6) B)

Puc. 4.3. Cxemsl D-1purrepa na JI9 U — HE (a), Tuna “3awmesnxa” (6) u ero ycnosHoe
0Bo3HaueHue (B)

o IH
D
a) 6)

Puc. 4.4. Cxembl opHodasusix D-Tpurrepos ¢ npamoii (a) u unsepcHo# (6) 3anHCAMU
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OnHOTaKTHBIE TPHITEPHI ¢ BHYTPEHHEH 3anepikKoi

BOJIBIUMHCTBO CHHXPOHHBIX TPHUITEPOB ¢ BHYTPEHHEW 3a/epxKoil
CTPOATCA MO ABYXCTyneH4aTod cxeme “MS”, npudem M (ocuossHo#i or
aHrn. master) u S (BCmoMOraTeNbHbIA OT aHrA. slave) TpUITepsl MOryT
ObiTo ORHOTHINHBIMH (06a Tpurrepa RS- (wim D-)runa), nubo pasHo-
TUNHBIMY. B nocnensem cliyyae nas3BaHWe [BYXCTYleH4YaTOro MS-tpur-
repa onpegensercs TunomM M-tpurrepa. O6si4HO B xadecTBe M- U S-TpHr-
repoB IPHMEHSIOTCS OXHOCTYNEHYATHIE CHHXPOHHBIE TPUITEPHI.

OCHOBHBIMHM pa3HOBUAHOCTIMY MS-Tpurrepos, HoBas HHbOpMaIHs
Ha BBIXOJI€ KOTOPHIX YCTAHAB/IMBAETCA TOJBKO [10CHE CHATHA TaKTHUPYIO-
LEr0 UMNYJILCA, ABISIOTCA:

— MS-tpurreps! ¢ uHBEpTOPOM (pHcC. 4.5, a);

— MS-Tpurrepsl ¢ 3anpeiariuMy ¢as3amu (puc. 4.5, 6);

~ MS-Tpurrepsi ¢ pazHONOJIIPHBIM YIIpaBieHueM (puc. 4.5, B).

B)
Puc. 4.5. OnHOTaKTHLIC TPUITEPSLI, BHINOIHEHHBIE 110 cXeMe M-S ¢
HHBEPTOPOM (a) M 3anpelaroiiiMi cs3samMu (6) RS-tuna
U PA3HOTIONAPHBIM yripasneurem JK-tuna (B)

Oco6GenHocThI0 MS-cXeMbl ¢ MHBEPTOPOM SIBISIETCA TO, YTO B LiEib
MEXAY CUHXPOHH3MPYIOIMMY Bxogamu M u S-TpurrepoB Bkitouaercs
MHBEPTOp, 06ecHeYnBAIOIMH OAHOTAKTHEIN pexcm paboThl MS-tpurrepa
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U OCYLUECTBIISOUINAI OJIOKUPOBKY mepe3anucy MHGOpMalii BO BCIOMOTa-
TeNbHBIA TPUITEP BO BpEMS 3alMUCH HHOOPMALUH B OCHOBHO# TPHITED.

OnnH W3 BapHaHTOB NOCTpoexuns Tpurrepa RS-tuna no cxeme M-S ¢
WHBEPTOPOM TIpMBEAEH Ha puc. 4.5, a. Tpurrep oinonHed Ha JID U — HE
¥ TakTupyercs ummyibcoMm T = 1.

B ucxoadom moaoxeHnd (T =0) M- u S-Tpurrepbl HaxoasTcs
B OAWHAKOBOM COCTOAHMH, T. K. Ha Beixoae JID HE peiicTByeT ypoBeHb
curnana 1, paspewaronii nepesanuck uHGopMmauuu u3 M B S-tpurrep.
ITycts HauanbHOE COCTOAHME Tpurrepa cooTsercTyeT Q = 0, a Ha ero
BXOAb! NoAaHbl curHanel S = 1 ¥ R = 0. Torna npu T = 1 8B M-Tpurrep
sanuchiBactcd curHan 1 (Q = 1), a S-Tpurrep ocraeTcs B MpPEXHEM
coctoanun (Q = 0). ITocne okonuauus aeiicreua TU (T = 0) Ha Bvixone
HHBEPTOpa YCTaHAB/IMBAETCs CUrHaN |, KOTOpBIH nepexsiodaeT S-Tpurrep
B coCTOssHHE OCHOBHOrO (Q = 1). C yueToM 3ajep)KKkH HHBEPTOpa HH-
(dopmans Ha BLIXOAE S-Tpurrepa GopMupyeTcs yepe3 HHTepBall BPEMSHHU
At = 4t,, nocne cuatus TH. [na ycroduusoi paborbl Tpurrepa miu-
TeIbHOCTb TAKTUPYIOUIEro UMNyJibca f, NPUHMMAETC He MeHee 2t rae
2t;, — cpenHee BpeMs 3afiepxkKH pacnpocTpaHeHus curdana JI3 U — HE.

Jna nepexmovenua Tpurrepa B coctosHue "0" (Q = 0) Ha ero
uHGOpMAaLIMOHHbIE BXOAbI NOAAIOTCA curHanbl R =1u S =0.

RS-tpurrep mosxet ¢pyHkunonuposats B kauecrse D- u T-tpurrepos.
Ecnau Bxon S 4epe3 uHBepTOp COEAHMHHMTL € BxoAoM R (coenuHeHue
fIOKA3aHO NyHKTUPHOM nuuuell Ha puc. 4.5, a), To BXoA S BbLINOAHSET
¢byuxkumro Bxoga D, a MS-tTpurrep B UesoM peanusyeT Tabnuuy
nepexogoB D-tpurrepa. OpraHuzauus cueTHoro T-Tpurrepa nokasaHa
NyHKTHPOM Ha puc. 4.5, 6, koropelit nonyyaercs usz RS-tpurrepa myrem

nogkmoyenns Beixonos Q u Q ko Bxoaam R u S, cooTseTcTBEHHO.
HdByxcrynenuareifi cuetnblit T-tpurrep, pabora KOTOPOro ONMCHI-
BaeTcs ypasHeHueM Q =T (_)n +'_I:.,Q", (yHKUMOHUpPYET aHAJIOTHYHO
RS-tpurrepy ¢ BHyTpeHHeil 3agepxkoil. TonbKo B 3TOM ciy4ae ponib HH-
(opMaUMOHHbIX CHTHANOB BbIMOAHAIOT CHIHa bl BbIX0A0B Q u 6

[pr STOM KaxAbIH TaKTHPYIOLIMA UMIYJILC, NOCTyNaloUmi Ha
cueTHsli Bxoa T-Tpurrepa, nepeBoauT OCROBHON M-Tpurrep B COCTOSIHHE,
NPOTHBOIOJIOKHOE BCIIOMOraTeIbHOMY, a TOCHe OKOH4aHus aAcicreus TU
S-Tpurrep npUHUMaET COCTOSHHME OCHOBHOIO. Bpemeunas auarpamMma
pabotbl T-Tpurrepa rnokasaHa Ha puc. 4.6.
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Puc. 4.6. BpemeHHblie AHarpaMMel paGoTsl CYETHOTO TPHITrepa

Oco6eHHOCTRIO CXeMbl TpHITepa Ha puc. 4.5, 6 gBasercs TO, 4TO BO
BpeMs  feicTBUs TH OHOBpPEMEHHO C 3alTMChEO BXOAHONH WH(OpMaLuy B
M-tpurrep ¢ BbX0A0B ero JID nmocTynatoT CHIHalbI 3anpellaotieil caasu
Ha BxoAs! ynpasnsommx JID S-tpurrepa, Onokupywoommue mepesanuch
MH(OpMaUMH M3 OCHOBHOIO TpUITEPa BO BCloMmoraTenbubii. Iocne
okonyanus peiicreua TU (T = 0) Ha Bhixomax ynpaBmsmiompx JID M-
Tpurrepa dgopmupyeTca curian 1, cHUMaeTcs OJOKMpoBKa, U uHbOpMaLHs
HIEPENMChIBAETCS H3 OCHOB-HOIO TPUITEPA BO BCIIOMOTATEAbHbIH.

Cnenyer oTMeTHTB, YTO OpH MOCTPOEHMH MS-TpurrepoB ¢ 3atlpe-
LIAUIMMU CBA3AMY M-Tpurrep, kax OpaBuno, Bumonuserca Ha JID WU -
HE wnu UJIHU - HE.

Ha puc. 4.5, 6 ¥ B NyHXTUPHBIMH JIMHUSAMM I1OKa3aHbl NPUMEPHI
nonyuenuns uz tpurrepos RS- n JK-tuna, T- u TV-tpurrepos. Ecnu na
V (noarotosutenbHbIl)-Bxoa TV-Tpurrepa Mojad CUrHan JIOTHYECKOH
enuHuub! (1. e. ipu V = 1), To on paboTaet kak cuerHbli T-TpUrrep, a npu
V =0 — coxpanseT UCXOIHOE COCTOSHHE.

Ilapametp, xapakTepuzyrowuii ObicTpoxelictBue Tpurrepa ¢
3anpellaouiuMe CBA3IME (puc. 4.5, 6) umeeT cieyloiee 3HaYCHHE:

Fnax = 1/(6tcp).

Ha puc. 4.5, B nokasad MS-tpurrep ¢ BHYTpeHHe# 3aepxkoii
JK-Tuna, otnuunteapHod OCOOEHHOCTBIO KOTOPOrO sABAAETCS TO, 4YTO
M- 4 S-Tpurrepbl TaKTHPYIOTCS CHFHANAMHU Pa3in4YHOH NOJNAPHOCTH,
npudem B ocHosHOM Tpurrep undopmaius 3anucbiBaeTcs npu TU T =
1, BO BcrioMoraTesbHbii MNepe3anucb COCTOSHUS OCHOBHOTO OCYliec-
tBAseTed mpu TU T = 0.
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OcHOBHOH W BCIOMOrateAbHuli TPUITEPH NPEACTABIIOT COOOI
CHHXPOHHBIE OJHOCTYNeH4aThie RS-TpHrrepsi co CTaTUHECKHM YTIpaBie-
HHEM 3alMChi0, IPUHLUN ASHCTBHS KOTOPBIX PACCMOTPEH BHILIE.

Puc. 4.7. Cxema ogHoTakTHOrO RS-Tprrrepa, BbIMOJHEHHOTO
no cxeme T-Tpex Tpurrepor

Tpurrep JK-Tuna ssnseTcs YHUBEpPCAIBHBEIM, T. K. Ha €ro OCHOBE
TYTEM HECJOXHBIX BHEIUHMX KOMMYTallHOHHBIX W3MEHEHUA MOXHO
nonyuuTs cxemst RS-, D- u TV-tprrrepos.

Hapsiay ¢ MS-tpurrepams co CTaTHYECKHM YIIPABISHHEM 3aIIMCHIO B
MHTErpaIbHOM  CXEMOTEXHUKE JOCTaTOYHO ILIMPOKO [IPHMEHSIOTCA
ONHOTAKTHBIE TPUITEPhl C BHYTPEHHEH 3a/lepikkod, MOCTPOEHHKIE [0
cxeme "Tpex Tpurrepor". Takue TpUITEpbl Ha3LIBAIOTCA TPUITEPAMH C
NUHAMUYECKUM YIpaBaeHueM, Buinonredbl Ha J13 U — HE uau UITA — HE
M BKJIIOYAOT 3 ACHMHXPOHHBIX TpuiTepa (OAMH OCHOBHOW M IBa
BCMOMOTaTENLHBIX).

Tpurrep RS-tuna c BHyTpeHHel 3agepxkol, BbINOJAHEHHbIH MO
cxeMe "tpex Tpurrepos” u na JI3 WM ~ HE, nokaszaH Ha puc. 4.7.
[Mpuuem ocroBHOM TpurTep noctpoeH Ha JID 5 u 6, a BepxHuit U HIAKHUH
BCrioMorarenbuple Tpurrepsl — Ha JIO 1, 2 U 3, 4, cOOTBETCTBEHHO.

Paccmorpum paboty Tpurrepa RS-tuna. ITycTe B UCXOOHOM MONO-
JKEHUH TPUITEP HaxonuTcs B cocToduny 0, T. e. Q = Q,=Q, =0. s yc-
TAHOBKM TPUITEPA B COCTOSHME | Ha ero BXOIbl IOJAFOTCS CHIHAJIBI
R=0uS = 1. [lanee npu nocTynJeHdH TakTHpyowero ummynasca T = 1
OCYLIECTBINETCA IPUEM BXOAHOH eIWHUYHOH wuHbopMaLuu, KoTtopas .
3aNHCHIBACTCST B BEpXHUH BcromoratenbHbid Tpurrep (Q,= 1, Q, = 0).

Hpu 3TOM Ha BbIXOJaX HHXXHEIO BCNTOMOTraTebHOIO TpUrrepa 6y)1€'1‘ OJINH
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¥ TOT e CHIHAn JIOTHYECKOTO HYJs, & OCHOBHOH TpPUITEP COXpaHseT
ucxofiHoe coctogHHe. OCHOBHOM TpUrrep Tak XK€, Kak M HWKHWH
BCIIOMOTaTENIbHbIL  TPUIfep, NEPEXOAUT B COCTOAHHE JIOTWYECKOW
eJVHKUbI N0 okonuanuu aeiictBus TU, T. e. ipu T = 0.

3anuce HyneBod uHbOpPMaLM¥ B TPHUITEP OCYIUECTBAAETCS aHANO-
rHYHO, T. €. MpHUeM BXOIHOH WHdopMauuu ocyiuecTBaserca npu T = 1, a
nepefada ee Ha BBIXOA npoucxoaut npd T = 0. Tlpu 3Tom, korna T = 1,
uynesas UHPOPMALUMA [PUHUMAEETCR HIDKHAM  BCIIOMOFATENbHLIM
TpurrepoM, a korga T = 0 "0", sanuceiBaeTcs B BepXHMH Bcriomora-
TENLHbIA U OCHOBHOM TPUITEDSL.

Ins nonyyenus cuerHoro T-tpurrepa Ha ocHose RS-tpurrepa
HeoOXOAMWMO OCYILECTBUTL HECTIONHOE KOMMYTAaUMOHHOE U3MEHEHHE, T. €.

neofxonumMo BhixoA Tpurrepa Q coeanHnTtsh ¢ BXxogoM R, a Bbixox Q — ¢
BXOAOM S.

[To cxeme "Tpex TpurrepoB" cTpouTtesi Takxe D-tpurrep c
BHYTPEHHeH 3aAep:KKOM, KOTOpbLIH MOXO0X MO CTPYKTYPE OpfaHu3aliu
cBAsedf Mexay BcroMorarelsHbiMd Tpurrepamu Ha RS-tpurrep. B
D-Tpurrepe oTCyTCTBYeT cBa3b Bbixoma Q, ¢ Bxojom JID 2 u BBeneHa
CBA3b MEX/LY UHBEPCHBIM BBIXOJOM HWKHENO BCTIOMOraTENbHOTO TPHITEPA
(Q,) u Bxozom JI3 1 (Bxogom R). Ilpu >Tom posbs Bxona S urpaer
uHpopMauuMoHHeHi Bxoa D. B octanbHOM opranmnsailvs u paborta cxembl
D-Tpurrepa ananoruutsl RS-tpurrepy.

4.2. Peructpnl
Kaaccnpuxanus perucTpos

Peructpsl — Haubonee pacnpocrpaHeHHble QYHKUHOHANLHBIE Y3Mbl
DBM, nipenHa3HaueHHble NI NPUEMa, XPaHEHUs W BbIIa4¥ MH(opMaLuy
(xoa 4ucna, CioBa HAKM YacTH cnosa). Kpome Toro, perncTpsl cyxar Ans
BbIMIOJIHEHUA OnepauMii CABUIa CJIOBA BAEBO WM BHpaBo Ha Tpebyemoe
4UCNO pa3paos. Ha perucTpax Tarke ocywiecTBAAOTCS npeobpa3oBanus
NMOoCHEeAOBATC/IbLHONO KOJa B l'[apa.ﬂﬂeﬂbﬂblﬁ 4] H8.060p01’, a B OTACHbHbIX
CIly4afAX BbIMONHAIOTCA NOPa3psJHEIE ONEPALIKY:

~ NOTMYECKOe CIOKEHHE;

— JIOTHUECKOEC YMHOXKECHUE U CIIOXKECHHE 110 MOAYJIIO ABA.

Ha npakTuxe muypoKo MPUMEHSIOTCS PErucTpbl ¢ MyAbTHILTEKCHBLIMH
Bxojamu, ofnajaiouive BO3MOXKHOCTBIO Tnpuema uHudopmaumu oT
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HECKOJIBKMX MCTOMHHKOB, T. €. C pa3HbIX HANPABICHUH B 3aBUCHMOCTH OT
YIpaBIAOLUIMX CUTHAIOB HA ero BXOJE.

Cymectyer Oosbiioe pa3HooOpasue perucTpoB, KOTODHIE OTIH-
YaloTCA APYr OT ApYyra crocoboM mpuema (3anucu) uHbopMalyn, CHHXPO-
HusaLued u T. 1.

Kax mpasuio, B OBM ucronp3yioTc CHHXPOHHbIE PETHCTDEI,
paGoTalomye B ONpPeIeNeHHONH CHCTEME CHMHXPOHM3ALMH M MMPUHAMAOLIHE
HHGOPMALIHIO TORBKO (TP HANHYKY TAKTVPYIOWero(ux) curuana(os).

B 3aBHCUMOCTH OT BHIOPAHHOH CHCTEMbI CHHXPOHM3AIIMH (OXHOTAKTHOM
¥ MHOTOTAKTHOM) PErduCTph! MPOEKTUPYIOTCS HA PAMYHBIX 0 CTPYKTYpe
Tpurrepax. Jiis paboTei B IBYX- UM MHOTOTAKTHOM CHCTEME CHHXPOHU3ALIHA
06BLI4YHO UCTIONB3YIOTC ORHOCTYTIEHYATHIE TPUITEDEL, YIIPaBiSeMble YPOBHEM
TAKTHPYIOLETO CcUrdana (uUMrynsca). B perucTpax ¢ OOHOTaKTHOM
CHHXPOHU3aUMEH HCITONbL3YIOTCS ABYXCTYIEHYaThbie TPUITEePh! ¢ BHYTpPEHHER
JAICPKKOH, NepeKmoyaeMsle HPOHTOM TaKTUPYIOLIEro UMIYJibca, OObMHO
PETHCTPbI CTPOATCS Ha OCHOBe TpHrreposB D-, DV-, RS- u JK-tunos, gucio
KOTOPBIX COOTBETCTBYET YMC/IY PaspsifioB B CJIOBE, KOTOPOE XpaHUICA B
peructpe. Cnopo B pErHCTPE XpaHMTCA B BUAEe KOMOWMHAIMM ABOMYHBLIX
curgasioB “0” u “1”. B perucrpax NpUMEHSIOTCS TaKXe BCIOMOTATENbHbBIE
CXeMbl Ha JIOTHYECKHX JJIEMEHTAaX, KOTOpble OOECIeYMBAIOT BBINOJHEHHE
PasnM4HBIX ONepalMii: IpUemMa, CABMra M BbIaayl YH(OpMaUnU U T. 4.

OcHOBHBIM ~ KIaCCHMUKALMOHHBIM  NPU3HAKOM, MO  KOTOPOMY
PasMYaroTCA PETHCTPHL, sABAgeTca cnocob 3amucu ubdopMalydu B perucTp.
CornacHO  3ToMy [IPU3HAKy PpETHCTpbl JAedsTcd Ha napajuieNnbHble,
HOCAE0BaTENbHbIE U AAPANLNEIbHO-I0CNEA0BATEIBHbIE.

B napanfesnpHeIX PETUCTpaX, KOTOpble CIyxaT [T XpadeHus
MH(OPMALMH, 3aNKCE W BBIAAYA CIIOB OCYLUECTBASIOTCA OJHOBPEMEHHO IIO
BCEM paspsadam. Ha HMX BbUTONHAIOTCS Takke IOpaspsiHble JTOTHUYECKUE
OTIEpaLMHU HAJl CIOBAMH.

B nocienosaTenbHBIX PErMCTpax 3amdch CJIOBA  OCYLIECTBIIETCA
TIOCTIE IOBATENBHO, Paspsiil 32 PaspAlioM, HAYMHas ¢ MJIAJILIErO WM CTapluero
paspszga, TMyTeM [OCNEJOBATENLHOMO CABUTA KOAA  TaKTUDYIOUTAMH
uMITysibcamu. TlooTOMy OHM  Ha3bIBAIOTCS  CIOBHTAIOLIMMH  PErHCTpaMy.
CasuraiolLiie perucTpbl JENATCA Ha POCTBIE ¥ PEBEPCHBHBIE.

[MapanneabHo-nocnefoBaTenbHbIE PErdCTPhl MMEIOT BXOAbl Kak il
MApaJUIERbHOTO, TAK M [7A TIOCNEAOBATENLHOIO mpHeMa Koja cnosa. Ha Hux
TAKOKE BLITIOJIHAETCA MpeoOpa3oBaHHe MapamnenbHOro Koaa B MOCHSNOBa-
TeJIbHBII M BA0OOPOT.
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B 3aBMCUMOCTH OT KOJNMYECTBRA KAHANOB, MO KOTOPLIM MOCTYHaeT
uHbOpMaliHs Ba BXOAL! pPaspSfHbIX TPHITEPOB, PETHUCTPbl NENSTCA Ha
onnogasubie u napadasusie. B mapaasubix peructpax uHGoOpmaups Ha
K@KABI paspsi 1ocrynaeT no AByM KaHanaMm (QpsAMOMY H WHBEPCHOMY).
B onHodazbix peructpax nHGopMalys MocTynaeT Ha KKAbIA paspsi TONLKO
No OIHOMY KaHany (TIpAMOMY WM HHBepcHOMY). IlapacdasHbie perucTpsl
BBINONHAIOTCA Ha Tpurrepax RS- unu JK-Tumnos, a ognoda3Hbie — Ha OCHOBE
TpurrepoB tHna D. Jlanee paccMarpuBalOTCa CXeMbl [APANIENLHOrO,
NOCHELOBATENLHONO ¥ NapajuienbHO-TIOCIEOBATELHONO PETUCTPOB € OAHO- K
MHOTOTaKTHOH CHCTEMO# CHHXPOHU3ALIAN.

HapanneasHbie perucTpbl

TapannenbHbie perucTpsl COCTOAT W3 N-TPUITepoB, HE CBA3aHHBIX
Mexxay coboii, rae N — konudecTso pa3panos peructpa. Ha puc. 4.8 nokazana
CXema NAapajIeNIibHOrO PErucTpa Ha CUHXPOHHLIX RS-Tpurrepax ¢ uensMu
ozHoda3nol 3anuck W napadasHod BblRayM N-paspaaHoro ciosa. 3amuch
CNOBA B PErMCTP OCYLIECTBASCTCS B 1BA 3TaNa (TaKTa).
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Puc. 4.8. Tapannenstbiii peructp Ha RS-Tpurrepax ¢ onnodasznbiM
apueMoM HHdopMauuu

Ha nepsoM 3Tane TakTUPYIOLIMM HMAYNBCOM Ha LIMHE CHHXPOHU3ALIUH
C ocyuecTBiseTcs rauieHue crapo MHGOPMALMHU, KOTOpas Xpauutcs B
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perucTpe, T. €. BCE TPUITEpPhI PETHCTpa YCTAHABIWBAIOTCA B COCTOSHHE
norudeckoro Hyssa (“0"). Jlns atoro Ha wwmHy npuema [1 nopaercs cursan
“0”, a Ha WKHy raweHus Yer“l” — eanHuunbit curnan (“17). Ha sropom
arare Ha wuHeL [T 1 Ye1“0” nogarotesa curdansl “17” u “0”, coorsercTBeHHO H
TaKTUPYIOLMM UMITYJILCOM OCYLIECTBASETCS 3aIHChL CNOBA A  Hapauiehb-
HbIM  konoM. Ilpu aToM B paspsgax, rae & = 1, TpUITephl YCTAHARMU-
BAIOTCA B ©AMHUYHOE COCTOSHUE, a B pazpinax, rae a; = 0, cocTosHue
Tpurrepos ¢ ojgHodasHbeM npuemom nHbopMaunu He m3MeHsiercs. s
BblNauy N-paspsfHOro crosa B napadaszHoM KoZe Ha LMHY B nopaercs
SAMHWYHBI CUTHAT.

Ha rnipakTike WIMPOKO MPUMEHAIOTCS PETUCTpPhI, B KOTOPBIE 3alMCh
uHbOpMALUMK [POUCKONMT 3a OJMH TaKTOBRIH HMMIOyNbc, 0e3 npen-
BapUTENILHOrO cOpoca perucTpa B HoMb. B KavecTse nprMepos Ha puc. 4.9
1 puc. 4.10 nokasaHbl CxeMbl PErHcTpos ¢ MapadasHbiM B 0AHODA3HBIM
npuemaMu WHAOOPMAUMH, BBINOAHEHHLIE HA CHHXPOHHBIX TpPUITEpAX,
coorBercTBeHHO RS- 1 D-tumos. DTu peructpsl oT/iHHafoTCs Hauborsee
npoctoil opranmsauveit npouecca napauiensHol 3anucu uHbopMaUMy U
He TpeOyroT ZONOJHUTENBHOH CXeMbl MpHeMa Ha JIOTHUECKUX 3IeMEeHTaX,
KaK 3TO MMeeT MECTO B pEerucTpe, pPacCMOTPEHHOM Bbllle. 3anuch
na(opMalyK B 3TH PErUCTPhI TIO CPABHEHUIO € perucTpamd Ha puc. 4.8
OCyUIecTBIsAETCS MPUMEPHO B JBa pasa Obicrpee. Bpems 3amucy (tig),
fiapaienbHOro  KOo4a C0Ba (aKTHYEeCKH OMpefesseTcs 3aJepKon
NepeKIroYeHnss ogHoro tpurrepa (t;), T. e. t,, = t, 2 t, roe t, —
AMUTENTLHOCTD CUHXPOHU3HPYIOLIETD TAKTOBOIO UMITYJILCA.
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Puc. 4.9. [MapannensHslii perucrp sa RS-tpurrepax ¢ napadasssiM npHemom
prpopMaLny
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Pue. 4.10. TlapauiensHblii perucTp ¢ o0HO(a3HbIM npueMoM uudopMauyi
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CpaBHnBas oxHodasHble U napadasnble mapainienbHbie perucTpsl,
HEOOXOAMMO OTMETHTh, 4TO oxHO(dazHble perucTpsl fABAfOTCH Oonee
3KOHOMHYHBIMH TT0 YHCY BXOAOB, YTO CO3JAcT OJAronpHATHBIE YCIOBUS
JUIst COKpalieHus KOJINYeCTBa BLIBOAOB Nnpw npoextuposanun CbYC.

Takum o6pa3om, B napajuieiibHbiii PerucTp BBOA (3alUCh) M BHIBOI
(cunThiBanue) HWHOpPMALMM TNPOM3BOAATCS NAPAIENbHLIM  KOAOM.
CuylThIBaHHE MPOU3BOAKTCA B IPAMOM UM 0OPaTHOM KOZe.

BrinonneHue Jorudeckdax onepanyii Ha perucrpax

B npouecce nepeaauu vudopmManuy w3 ORHOrO perucrpa B Apyro# Ha
PEruCTPax MOXKHO BBHIUIONHUTDL CAEAYIOLLHE OMepaLiiH:

- noruvyeckoe cnoxenne (JIC);

— norudeckoe ymHoxenue (J1Y);

— cnoxenue no mod 2 (CJI.2).

Jloruueckoe cioxeHHe BbINONHAETCS MNPH NOAAde YNPaBAAIOLIErO
curnana “JIC” (puc. 4.11).

na-1

salTT ¥

3| TT Y2
J
—d C _
e ¥y
. R 2
__J,Sa TT Yu

H[{L,

Puc. 4.11. BeInosiHEHHE JIOTHUYECKUX ONepau#il Ha perucrpax
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Ilpu 3ToM nMeeTcs B BHY, HTO [1E€PBOEC CIAraeMOE Yike HAXOAUTCH B
pEerMcTpe, a BTopoe — yepes anemenTs! JI3-1 nogaercs Ha BXoa S kaxkaoro
Tpurrepa. B pesynprare i-pa3psn perucrpa OCTAeTCsl B €AMHUYHOM CO-
CTOAHMH, €CIK XOTs Obl OMH U3 ClAraeMbiX paBeH eAMHHLE. AHAJIOTHYHO
BBITIOJIHAETCA OIEepallMs JIOTMYECKOr0 YMHOXEHHA ron AeHCTBHEM
yupasasrouero curgana “JIY”. 3gecs BTOpoe ciaraemMoe yepes ajieMeH-
Tel JID-2 nogaerca Ha Bxoa R. [losToMy paspsnbl peructpa oCcTAKOTCA B
HYJIEBOM COCTOSHHHU, Koraa XoTs 651 ONMH U3 NIEPEMEHHBIX PaBEH HYITO.

Tlpu BhmoNHeHHM onepauuu crnoxeHus “Cm 2” BTopoe cnaraemoe
MOCTYNIAET Ha CUETHBIA BXOA TPHUITEPOB KAXKIAOIO pazpsia peructpa.
[fepsoe cnaraemoe B PErucTp 3alKUCHIBAETCA € TIOMONIBIO  YIIPABISIOMUX
CHTHAJIOB B CHEAYIOLEH MOCIE10BATENBHOCTH:

— Ha BXOJax X{, X, ..., X, YCTaHABIHBaeTCA CurHan “17;

~ ocyllecTBgeTca cOpoc BCeX pa3pamoOB PerucTpa ¢ [OMOLIbIO

YNpaBJAIoIero curdana JIy,
— IIPOH3BOIMTCA 3aHeceHWe MHGOpMaUMK YIIPaBIAIOMUM curHanom JIC.

MocienoBaTeaLHbIE PErucCTpLI

B nocnenosaTelnbHble MM CABUIAIOLLME PETHCTPBI 3alMch KoJa
CJIOBA OCYWIECTBIAETCA IOCIENOBATENbHO, AJS 4YE€ro Ha CUHXPOHU3H-
pylouuii(e) BX0oA(BI) perucrpa MONalTCs CepHy CABMIAMOLINX TAKTOBBIX
UMIIYNECOB. B CABUrarOUIMX PEerucTpax ¢ OGHOTAKTHOH CHHXpOHU3aIHel
NPy NOCTYIUIEHUH KKAOIO TaKTHPYMOLIENO HMMNYAbCa MO €ro 3ajHeMy
({POHTY OCYLIECTBIIAETCA CABUI ONHOBPEMEHHO BCEr0 CNOBAa HA ORUH
paspsi BhOpaBo (OT CTaplIMX paspafoB K Mnaauium). B pesepcusmbix
perucTpax CABMI KOJA CJIOBa OCYLUECTBIAETCA BMNPABO UMM BIEBO (OT
MIaIIIUX paspsfioB K CTAPIIMM) B 3aBHCHMOCTH OT 3HAYCHUH YIIpaB-
JIAIOLIUX CUTHANOB, ONPEeACAIOINX HANPaBICHHE C/IBUTA.

IpocTeifias cxeMa CABMIALOILEro PErUCTPa ¢ OJHOTAKTHOM CUHXPO-
Husalueil n ogHoda3HLIM MpreMOM MHGOPMALMKU NOKa3aHa Ha pHc. 4.12.
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Puc. 4.12. OpHodasHslil cABUTaOWMI PErucTp ¢ OAHOTAKTHON CHHXPOHM3aLUeH

95



Peructp BBINOAHEH Ha OCHOBE OJHOTaKTHHIX D-Tpurrepo c¢
BHYTpeHHEH 3alepkKkoii, KOAMYECTBO KOTOPBIX COOTBETCTBYET pa3pai-
HOCTY KOJia CIIOBA, 3allMChIBAEMOro B perucTp. CBA3HM MEXAY TpUrrepamu,
COeAMHEHHBIMYM MeXIY coboll mocnenosarenbHo, OfHOMA3HLIE ¥ 3AMHChH
CloBa B PETUCTD OCYILECTBIAETCA MO OAHOMY KaHany. TakTupyiouime
BXOAbI BCEX TPUITEpoB oO0BeAuHEeHbl O6wWel UIMHON, ABAAIOUeHCH
CHHXPOHH3HPYIOLUHM BXOAOM peructpa. Tak Kak TPUITEPbI, KUCAONb-
3yemble B CXeMe OJHOTaKTHbIC JBYXCTYIEHYaThle ¢ BHYTpEHHel 3anepk-
KOM, TO KaxXIblil TAKTUPYIOLME WUMNYJLC, MOCTYMMBLIME HA CHHXPO-
HM3UPYIOLWMI BXOA pErucTpa, 0o 3adHeMy (poHTY oOecneunBaeT
OAHOBPEMEHHO 3aNKCh OYEPEOHOro paspafa Koja cjIoBa B crapiuuii
pa3pAA perucTpa ¥ CABHUI €ro COAEpXUMOro BOpaBo HA OAMH pas3paj.

Jns 3anucu N-paspsiHOTO KoJa cnoBa B OAHOTAKTHbIH cABHraommii
peructp nortpebyercd N TaKTOBbIX uMNynbcos. CHABHramlde ONHO-
(hasHeie perucTphl Ha Tpurrepax D-Tuna 3KOHOMMYHbB! MO YUCNy CBA3E.
OpnHako napadasHble CABUCAIOLNME PErHCTPbl, KOTODPbIE CTPOATCH Ha
tpurrepax RS- u JK-Tunos, ortnnuyaiorcs Gosree BLICOKOH NOMEXO-
YCTONUHUBOCTBIO.

Ha puc. 4.13 nokaszana cxema napada3Horo CIBHraloLIero perucTpa ¢
OIHOTAKTHOM CHHXPOHH3aLMEH, NOCTPOEHHOTO Ha OCHOBE OAHOTAKTHBIX
TPUITEPOB ¢ BHYTpPeHHeH 3agepxkoii RS-tuna.
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Puc. 4.13. INapadazupiit CABUTAIOMKI PErHCTP C ONHOTAKTHON CHHXPOHHK3ALMENH

B nmapafasHom capuraroieM perucTpe Tak e, kak U B ogHodazHom,
paspaaHbie TPUITEPb! NPEACTABAAIOT co0O0i MOCnen0BaTENbHO CBA3aHHYIO
LENOYKy, a MX TAKTHPYIOUIHE BXOAbI MPUCOCAMHEHBbl K obwWwel cuHXpo-
Husupyomet wmne “C”. Ilapadasnas 3anuch, xoma cnoBa A W CABMI
BNPABO OCYLUECTBIAOTCA TAKTUPYIOIUMM UMITYJILCOM Ha LiuHe “C”.

IMpnMeHeHHe OAHOTAKTHBIX TPUITEPOB C BHYTpeHHEH 3a1epXKKOii, ne-
pekmoyaeMbiXx 3aAHUM (POHTOM TaKTUPYIOIUMX WMIYALCOB, SIBAAETCH
o6a3arensHbIM B CABUTAOLIMX PerucTpax Afs HCKIIOHEHHd npobnembl
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BpEMEHHBIX COCTA3aHHMH CHrHaNOB M O0ecnedYeHus HX HOPMANBHOR
paboThI.

Cpeny CABMralOUIMX PErucTPOB C MHOIOTAKTHOM CHHXpOHW3auuel
Ha [pakTHke Haubonbluee NPUMEHEHNE HAXOAIT IBYXTAKTHbIE PErUCTPbI C
OCHOBHBIM H BCIOMOraTelbHbIM (33MOMHHAIOLUKMM) PEeTrHCTpaMi, Mo-
CTPOEHHBIMH Ha OAHOCTYneHuarhix Tpurrepax D-, DV-, u RS-rt#mos,
CHHXPOHHM3MPYEMbIX YPOBHEM TAKTHPYFOUIMX UMIYNLCOB {5].

Ha puc. 4.14 nokasana cxema NocnefOBaTeNbHOIO perucTpa ¢ AByX-
TaKTHBIM CBHIOM KOAA CAOBA, IOCTPOCHHAs HA OJHOCTYNIEHYATbIX OJHO-
¢azabix D-TpHrrepax ¢ uHBepcHOM 3anuchi0 WHGopmalud. D-TpHrrepni
BBINOMHEHb! Ha Joruyeckux semMentax HE, U —~ WM, peanusoBaussix B
6asnce TTJI UC. [Ina caBura xoaa ciosa B PerncTpe Ha OJWH Da3piaf
BOpaBo TpeOyeTca NOAaTh MOCHEAOBATENHLHO JBA TAKTOBBIX UMITYJbLCA.
OcobennocTbio paboTst permctpa Ha D-Tpurrepax fpasgercs TO, 4TO
nepesanKuch KoAa CNOBA W3 3allOMMHAIOLIEr0 perucTpa B OCHOBHOH no
nepsoMy TaktoBomy umnynecy (C; = 1, C; = 0) ocymecTtsasercs ¢
uHepcueit Kkoua.
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Puc. 4.14, OnnodazHelii nocaeaoBaTensHblH PErHCTP ¢ ABYXTAKTHBIM CABHIOM

Hanpumep, ecnu curdansl Q3 U Q,, XapakTepU3yOUIME COCTOSHHE
TPUITEPOB TPETLETO ¥ BTOPOTO Pa3psafoB 3aMOMHMHAIOLIENO PEerucTpa, paBHI
“1” u “0”, COOTBETCTBEHHO, TO UMIYbcoM C; = 1 B TpUrrep aHaaOrMYHbIX
paspsA0B OCHOBHOIO PErucTpa NEperdchbiBalOTCs MHBEPCHBIE 3HAYEHMS 3TUX
CUrHasoB, T. €. Q=0 n Q,,= 1. Oxxako, bnaroaaps BTOpoif uHBepCHY KoAa,
KOTOpast IPOUCXOTHUT NPU nepe3anyck HHGOpMAaLUY MO TAKTOBOMY MMITYJILCY
Cy=1 (C,=0) u3 Tpurrepa 0OCHOBHOIO PETUCTPA B TPUITEP BCTIOMOIATENILHOTO,
obecnieunBaeTcs nepezava Koja CIOBa MEXIY paspsiaMy PervcTpa B pAiMOM
Koze. 10 CBONCTBO CABUTAIOLIET0 PerucTpa ¢ ABYXTaKTHOH CHHXPOHW3ALMEH
Ha D-tpurrepax no3gonser npu HEODXONVMOCTH TPOM3BECTH Bblnady
UHpOpMaUKH C BbIXOJOB TPUITEPOB OCHOBHOTO U  BCIIOMOTaresfbHOrO
pervcTpoB.
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ITapaanebHO-MOCHEOBATEILHbIE PErHCTPbI

INapannensHo-nocneA0BaTeNbHBINA perucTp 06:1a44€T BO3MOXHOCTHIO
KaK MOC/ENOBATENLHOIO, TaK M NAapajUIefibHOro IpueMa HHGPOPMALIUH,
PaccMoTpuM OIHY M3 cxeM Takoro peructpa (puc. 4.15), B xotopoi
UCTIONB3YIOTCA OAHOTaKTHhle D-Tpurrepbl ¢ BHYTpeHHe# 3ajepikod u
JononHutensasie sormyeckue anementsl M ~ HE. CurHanst Ha mmnax Cy
n C, onpefenaioT pexuM 3andcd HHpopMmauud (AOCiHeNoBaTebHas Wil
napauieibHas) B peructp. Jns rnocieAoBaTenbHON 3anmuck Koaa yucna A
Heo6x0auMo Ha mKHe C; yCTaHOBUThL CUTHAN JIOrHuecko# 1, a na wnne C,
— curnan norwueckoro 0. Ilpu aTOM napannensHas 3amuch Koaa uuciaa B
6mokupyercsa. 3anMCh KORA 4HcJa A OCYILECTBISETCSA Cepuedl nocieno-
BaTENMbHBIX TakTHpyromux umnynscos (TH), nocrynaroumx Ha Bxonx C
peructpa. [Ipu 3toM nocne xaxgoro T, komutecTBO KOTOPBIX PaBHO
KOJIMYECTBY paspalioB 3allUChiBAEMOIo CJIOBa (WNM pEerucTpa), cogep-
WHUMOE PEFUCTpa CABMIaeTCs BNPABO HA OXUH pa3psi.

C, bs b b,
C, ‘
L‘ 2
&
Al3saaa,)
o
c ig

Puc. 4.15. TTapamunensHo-noCHen0BaTEIbHBIH PETHCTD

Ana napamiensHo# 3armucd koaa ducia B HEoBX0MMMO YCTAHOBUTE
na mnHax C; n C, curnanbl 0 u 1, COOTBETCTBEHHO M IOLAThL HAa BXOj
cunxpoxusauuu C scero ogut TH, no okondanuy gelicTBUs KOTOPOro KOX
yucna B okaseiBaetcs B peructpe. [1pu 3ToM 6GIOKUpPYIOTCS 3aKCh KOOa
4HCIa A M COBUMH MEXIY paspAiamy.

ITapannensHo-nocne10BaTeNbHbIE  PErHCTPbl, KOTOphIE  LUIHPOKO
NpUMeHaIoTes B LMbpoBeix ycrpolictBax OBM, MoryT 6bITb HCHONB~
30BaHBl Tawoke JUIA BBITOIHEHUs OTNEpauuy Mpeobpa3oBaHus napas-
JEJNLHOrO KOAa B MOCHEAOBATeNIbHBIH Ml Haobopor. M3 mapannensHo-
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HOCJIEAOBATENLHOIO PErucTpa MOXHO NOJYUNTH W PEBEPCUBHBIA perucTp,
Ui 9ero JAOCTATOUHO BBIXOJ KAXKAOro i-ro paspsgHoro Tpurrepa
COEAVHMTb C BXOAOM by, a BXxoA b, Mcnosb3oBaTb Mg Koaa uucia B,
KOTOpbIH MORAaeTCA [I0CHEAOBATENIbHO, Ha4uHad CO CTapliero paspaaa.
ITpu atom Ha mmubl C; u C, 6yAyT NOAABATHECA CHIHAMBI pa3pelleHus
CIABHIa BIPaBO WK BNEBO.

4.3. CueTunxu
OcHOBHbIE ApaMeTPLI CUETIMKOB H HX KJaccHupuKaus

CueTinkoM HasbiBaeTcA (PYHKUMOHANbLHBIA y3en MNoCclieqOBaTelNb-
HOCTHOIO THIIA, NPEAHATHAMEHHbHE IS NOJCUeTa BXOAHBIX UMITYbCOB
M (pMKCAUMN MX YUCIA B TOM WIH WHOM JABOWYHOM Kone (NpAMOM,
AOHONHUTCIIBHOM U AP.). OCHOBHBIMM ONEpauUsiMK, BBLINOJTHAEMbIMH
CHCTHHUKAMMU, ABIALOTCH:

— HHKPEMEHT — yBeJIMMEHNE UX COAEPXUMOro (XpaHsLIerocs Kono-
BOIO CIIOBa) Ha EAMHULY;

— JEeKPEMEHT — YMEHbUIEHHE KOAOBOIrO CJOBAa B CYETYHKE HA
eOUHULY.

B cucremax uudppoBoit 00paborku uHPOpMALUN CUYETUMKH MOIYT
6biTb HCHONBL30BAHLI TAKIKE JIA:

— XpaHeHUs KOJOBOI0 CJI0Ba U BbIIAUYM ero B napaiensHoil Gopme;

— 1npeoGpa3oBanus uucia UIMAOYAbLCHOO K0Ja B ABOUYHbIA KOA;

— JleNieHus 4acToThi;

— (opMupoOBaHUs aapecoB B yCTPOHCTBAX yNpaBlneHus 1 T. 1.

OCHOBHBbIMU MapamMeTpamMi CHETHUKOB SABAAKOTCA MOAYIb cyeTa (Miu
Ko3ppuuMeHT nepecuera) K., M ObicTpoaeiicTBMe cueTunka. Moayib
cyera XapaKTepuU3yeTcs HMCJIOM YCTOWUMBBLIX COCTOSHUU CUETUMKA M
OMpeeNIeTCA MAKCUMAJILHBIM  YMCIOM HMITYIbCOB, KOTOPOE MOMKET ObITh
COCUMTAHO CYeTYMKOM. [Tocie MOCTYIMIIEHMS HA CUETHBIA BXOJ CHETUUKA
Ky MMNYIbCOB CHETHMK YCTAHABIMBASTCA B HCXOAHOE COCTOSHHUE,

BbICTpoAeHCTBHE CueTUHKa XapaKTepu3yeTcs BPEMEHEM YCTaHOBJie-
HUS KOJIa CHETYHKA tycy 1 YACTOTON MOCTYIACHUS CHETHLIX HMITYNbCOB fou.
Yacrora fcy BoiGupaerca ucxons us yenosus foy < 1/(ty + tyer )s ty 2 ty,
FAE ty — JUIMTENBHOCTh BXOAHOIO UMIYIbCa; b — 3a/iepikka NeperTioyeHns
Tpurrepa. JInsg cueTuMKoB, MOCTPOEHHBIX Ha TpUITEpax C BHYTpPEeHHeEH
3aJEePKKOH, ty.;, OnpeaenseTcs MakCUMalbHbIM BPEMEHHLIM HHTEPBANOM
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MESKIY MOMEHTOM OKOHYaHUA AeHCTBUS BXOOHOTO HMITYJIBCA H MOMEHTOM
YCT@HOBJIEHMA HOBOI'O KOJa B CHETYMKE, T. €. KOTAA YCTAHABIUBAKTCH
[EPEXONHBIE MPOLECCEl BO BCEX pas3psijax CyYeTYMKa. B  CcuUeTYHMKax,
BbINOJIHEHHBIX HA CUHXDOHHBIX TpPHITEpax C BHYTPEHHeEH 3afepikKoi,
NepeKioYeHe PaspAfoB HPOUCXOOUT [IOCHE OKOHYAHUS BXOJHOIO
uMmiysibca. CUETYHKM KIACCUDHUUMPYIOTCS 10 PasiUYHbLIM [IPU3HAKAM,
OCHOBHBIMHM U3 KOTOPLIX SABJSIOTCA: CrOCOG KOAMPOBAHUS, HalpasieHUe
cueTa, Crnocod OpraHu3anny MeXpa3paIHbIX CBA3EH U T. 1.

B 3aBucuMocT OT cnocofa KOXMpOBaHHsA CIOB, GOPMHUPYEMEIX Ha
CYETUHKAX, PA3IMYAIOT CYETYUKY C NO3UHOHHEBIM (B3BELIEHHBIM) ¥ HEIo-
3ULMOHHBIM (HEABOUYHBIM) KOOUPOBAHHAMHY. B cueTdnke ¢ NO3UIUOHHBIM
KOIMPOBAHUEM YHCHO MMIYJIbcOB K,, DOCTyNMBIIMX Ha €ro CYETHBIN
BXOJ, OTIpeJeNnsercs Kak

N-1
K,=Y¢-b, (4.7)
i=0

rae N — 4UCI0 pa3sps/ioB CUETYUKA; C; — JOrHYECKOe COCTOSHUE TPUTTepa
i-ro paspsia; b; — Bec i-ro paspsiga cuerdrka. Hanpumep, ais 4-x paspsa-
HOI'O CYETYUKA ¢ MO3MLHOHHBIM KOAMpOBaHUeM ((hYyHKIMOHMPYIOIEM B
kone 8421) Beca pa3ps/ioB b; UMEIOT  ClefylOIMe 3HayeHus: by = |
(Bec mnaauero paspsia); by=2; by,=4 u by= 8.

B cueTuukax ¢ HEJBOUYHBIM KOAUPOBAHUEM pPa3psijibl HE HMEIOT
(GOMKCHPOBAHHBIX BECOB, W [ ONpPENENieHUS CBA3M MEXIY UYUCHOM
uMnynecoB K, MOCTYMUBIUIYX Ha BXOA CYETYHUKA, W €ro COCTOSHUEM
ucnone3yrores Oosee croxubie, Yyem (4.7), BoipaxkeHus. OObUHO Takas
CBA3b YCTAHABIAKBALTCS C NMOMOLBIO Tabnuub coorseTcTBUs. K cueTurikam
C HEABOMUYHBIM KOAUPOBAHHEM OTHOCATCS CUETYUKU JDHKOHCOMA,
CYeTYukH B koAe I'pest, CYUETUMKM HA CABUTAOLIMX perdcTpax Buma 1/N,
2INuT o

B tudpoBsix ycTpolicTBax WUpOKoe NPUMEHEHNE HALIIH CHETUHKY ¢
MO3UUKOHHBIM KONMPOBAHMEM, KOTOpbIE IO 3HAYEHHIO MOAYJS cYeTa
noApasfaeasoTCs Ha:

- JBOMYHbBIE (MOJYJL CYeTa y TaKMX CUETUYHKOB paBeH LeJol cre-
fleHu ABOMKH, T. e. K, = 2”);

-~ JBOMYHO-KOJMPOBAHHbIE C [POU3BONBHLIM MOAYJIEM CueTa
(2N-l < ch< 2N)

[Mo wWanpaBjieHMIO CueTa CUETYHKH JENITCA Ha CYMMHPYIOIHHe,
BLIYMTAIOWME W peBepcHBHbie. CyMMHDYIOWME CYETYNK BBHINOIHAET
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NpsAMOIi cueT (ONepaLyio MHKPEMEHTA), T. €. NOC/E MOCTYILIEHUs Ha ero
BXOJ OYEPENHOIO UMIlyJbca COAEPKMMOE CYETUNKA YBeIn4uBaeTcs Ha 1.
Berauraowmuii c4eTHMK NpPOU3BOANT OOpaTHLIA cYeT, T. €. BLIMOAHACT
onepauMio JeKpeMeHTa. PeBepCHBHLIK CUETYMK B 38BUCHUMOCTH OT
YOPaBAAIOWMX CHICHAJIOB MOXET BECTH CHET Kak B MPSAMOM, Tak 4 B
obparHoM Hanpaenenvsx. [lo crnocoby oprawusauun ceaseft (Mnn
nepeHoca) MEXIy paspaAaMK paznudaloT CYETYHKH C NOCAEN0BATENbHbIM,
napanneabHbIM 1 KOMOMHUPOBAHHBIM MEPEHOCAMH.

)IB()“‘ll-lble CHCTYUKH

CxeMOTEXHUYECKH JABOWYHbIE CHETYUKM peanusyroTcs Ha Gase
CHHXPOHHBIX TPUTTEPOB ¢ BHYTpeHHei 3agepxkkoi T-, TV-, D-, DV-, RS-
u JK-runos, BbINOJHEHHBIX NO cxeMe M-S WIM Tpex TPUITEPOB
(c mnamuueckum ynpasieHuem). Haubonee npocTyo CTPYKTYpy HMEHOT
IBOWYHBIE CHETYMKH C MOCNER0BATE/bLHbLIM MEPEHOCOM, KOTOpbIe TaKke
HA3BIBAKOTCA ACUHXPOHHBLIMM. B  Takux cyeTuMKax MMOyILC cuera
nojaeTcs TONBKO HA BXOX Tpurrepa O-mjafiiero paspajga, a Ha BXOj
K2KIOTO i-ro Tpurrepa B MOCICAYIOLWMX pa3panax AoCTynaeT cHUrHan
nepeHoca P;, cHUMaeMblll ¢ BhIXxoAa TpHrTepa NpealecTytowero i-1-ro
paspsna. B pesynbrate JTOro npn U3MEHEHWM COCTOSHMA CHETYHKA
HEPEKTIOUEHUE PA3PASHBIX TPUITEPOB MMPOUCXOANT MOCKHEA0BATEALHO BO
BpemeHu. [lpm MOCTPOGHHMH CXEM JBOMYHBLIX CYETYMKOB ¢ MOAYJieM
K., = 2" ucrionszyercs N TpUrrepoB ¢ BHYTPeHHeH 3anepikoil, coeau-
HeHHbBIX MeXAy co00il mocneRoBaTeNbHO HENAMH IIEPEHOCA.

PaccMOTpuM  CYMMUpYIOLMA  CYETHHK €  MOC/IeJ0BaTENIbHBIM
[IEPEHOCOM, TMOCTPOEHHLI Ha cyeTHbIX Tpurrepax T-THna, peanu3oBaH-
HBIX, HanpuMep, no cxeme M-S (puc. 4.16).

Boigaua Koga
g
Sa| TT | S0 Saf TT |2
Te ™
T —7 T
= o = __
¥eorg A l"]fRs 3

Puc. 4.16. Cxema cueTunka ¢ NOCNEIOBATEALHBIM EPEHOCOM
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B rauane uuwnia paboTsl cHETYHKA Bee pa3psAHble TPUITEPh! ycTa~
HaBIUBAIOTCH B COCTOAHME Noruyeckoro 0, g yero Ha wiuHy "Yer.0" no-
[AETCS CHIHAN eIMHMYHOTO YPOBHS, KOTOPBIY CHUMaeTCs Moc/ie yCTaHOB-
JeHus cdeTyHka B «O»-e cocrosHMe. [lanee MO Mepe MOCTYIUIEHHS
BXOJHBIX UMITYJIbCOB CUETYMK MOCHEAOBATEILHO B COOTBETCTBUU ¢ TabIL.
4.2 u BpeMeHHbIMM jJuarpammami (puc. 4.17) OepexoAHT Hu3 OAHOIC
COCTOSSHM B JIpyroe ¢ 3aJepxkoH, o0ycnoBieHHOH 3amepKKo#
nepexaoueHus TpurrepoB. [Ipu 3ToM kaxaplil Tpurrep H3MeEHsET CBOE
COCTOSIHME TOJBKO B TOT MOMEHT, KOTJa HA €ro TakToBoM Bxoge T
IelcTByeT oTpULaTenbLHbIH nepena (cpe3) umnyineca. Jpyrumu ciosaMy,
Opu nepexoxe Tpurrepa i — l-paspsaa 3 IMHUYHOTO COCTOSHHSA B
HyJleBOe UMILyJIbC [1€PEHOCA, CHUMaeMbli ¢ €ro mpsMoro BBIXOJa,
fepeKIIFoYaeT TPUITep i-pa3psaaa B IPOTHBONONOXKHOE COCTOSIHUE.

Tabnuua 4.2
Tabsinua UCTUHHOCTH IBOMYHOIO CYETUMKA
T°“112315673 Q Qi | Q
a IF r 11 lr ﬂ i 0 0 0
0 ! F
Q { | ! I [ t 1 O 0 1
L 21010
@ TTITTTTTT Tt 3 0 1 1
AN A [ A t 4 1 0 0
5 1 0 i
6 1 1 0
Puc. 4.17. BpemeHnrie nuarpaMmst 7 1 1 1
paboThl CYMMHpYIOLIErO CYETYHKA 8 0 0 0

Ecnu B npouecce cueta TpedyeTcs Bbiiaya JBOUYHOIO KOJa B ApYyroe
YCTPOKCTBO, TO K BBIXOJAM TPHUITEPOB BCEX PaspslioB NOAKITIOUAIOTCA
L&y onpoca Ha seMenTax U, ynpasnsembie curaaioM “Bbiaaya xoaa”.

B cuetuuxax c nocienoBaTeNbHBIM paclpOCTPAaHEHHEM MepeHoca
BO3MOXKHA CHTyalMs, KOrZa OuYepeaHO BXOAHOH UMIY/IbC BbI3BIBACT
NOCHEA0BATENILHOE MepeKsIioueHHe BCeX TPUITEPOB 1O [IenouKe,
HAIpUMep, NpH nepexoAe cyeTuuka u3 cocroanus 11...1 B ucxopHoe
cocrogane 00...0. Orciona BpeMsi YCTAHOBIEHHsS KOJa ty., cCuYeTuuka
TaKOI'0 TUNA W YACTOTa MOCTYIUIEHMSA CYETHBIX MMILYJIbCOB Ha ero BXOJAE

onpenenseTcs Kak tye; = N-Tp, U fou = 1/(Ty+ N-Tp). M3 aTux BhIpaxeHui

102



BUAHO, YTO CUETYHKH C MOCJIENOBATENBHBIM HEPEHOCOM HUMEIOT CaMmoe
HH3KOe ObICTpOLElicTBME M NO3TOMY OHH HMCMONL3YIOTCS B OCHOBHOM B
KayecTBe JENHTENR YACTOThI.

[Mpu pabore cueTuuka ¢ NOCIHEAOBATENLHLIM nepenocom B pexuMe
AeAdTeNll 4acTOThl NpejenbHas dacTota e€ro paboTel onpeaenseTcs
MUHUMAILHON 3alepXKoifi nepeknioyeHus Tpurrepa MAaALLero paspsaa.
Borautaioumil cueTynK paboTaeT aHAIOTHUHO CYETYNKY Ha puc. 4.16,
ecjii B CXeMe TaKTOBbI BXOJ KaXJOro i-ro Tpurrepa NoOAKIOYUTL K

uHBEpCHOMY Bbixoay Q;_; i — 1-Tpurrepa, a acMHXPOHHBIE BXOAbI S,

MCHONL30BATHL A1 YCTAHOBKH HA4alnbHOrO KOJAA YKcia, paBHoro K, — 1.

[pu noctpoeHuy cCXeM PEBEPCUBHOrO CYETYMKA AN ONpPEAENEHUs
HanpaeBjieHus c4yeTa HeoDXOAWMO MeXAY pa3pilaMH  HCMoNb30BaTh
Jpononuutenbusie 3nemedts U — UJIW (unm U — HE).

Ha puc. 4.18 npuBencHa cxema TPEXpaspsHOr0 peBEpPCHBHOIO
cueTyMka ¢ nocjesoBarensHbIM nepeHocoM. Hanpaenedue cueta onpe-
JIeSIAETCH 3HAUSHMAMM CHIHANOB Ha (MHAX CIIOKEHUA "+1" ¥ BhiuUTaHAS
"—~1", AAWTENILHOCTH KOTOPbIX BbIOUPAIOTCA B COOTBETCTBMH C ANN-
TeABHOCTHIO LMKAa paboTh! cueTunka. Hanpumep, B pexxume BblYHTaHUS
Ha umHy "+1" mogaercs curHan snoruyeckoil 1, a Ha wHHy "-1"
noruueckoro 0. lepen navanom paboThl CHETUHKA EAUHHYHBIM CHIHAJIOM
Ha nuHUAKM "YCT.1" Bee TpUrrepbl CHETUHKA YCTAHABIIHBAIOTCS B COCTOSAHHE
noruueckoif 1, 4TO cooTBercTBYeT ABOM4HOMY koay 111 pecstuuHOro
yucna 7. Ha nunuro "Yer.0" npu 3T0M nofaercs curHan jorudeckoro 0.
Kaxnpiid i-Tpurrep M3ameHsieT CBOE COCTOSHME TONLKO B TOT MOMEHT, KOrAa
TpeALIECTBYIOLIMI 1 — 1-TpUrrep NepeKmoyaeTcs U3 COCTOSHHS JIOTHYECKOro
0 B COCTOSHHUE JIOTHHECKOM |, T. €. KOTAa CMIHal Ha MHBEPCHOM BBIXOZE i—
I-Tpurrepa craHer paBHbIM HYIO. Tak, nocne NOAA4H NEPBONO HMIlyJibca

For 1

el

Sal TT [Jo Sa| TT |4 l_ Sal TT [Q2
Tex T &l 1 T _l__& 1 T
& &
SR [ Rd 1] | o 2
¥ero ] J

Puc. 4.18. Cxema peBepCHMBHOIO CHETUHMKA C NOCIEAOBATENbHBIM NEPEHOCOM
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cueTa Ha BXOA cYeTduka Tpurrep 0-paspsja nepexiioqacTes, 1 CUrHan
Ha ero npsmoM seixone Qg craner paBHeIM 0, a 60=1. Ilpn sTOM
OCTaNbHBIC TPUITEPH! COXPAHAIOT HEM3MEHHBIM CBOE IpexHee COCTOSHMUE.
TTocme OKOH4aHHMA JERCTBUS BTOPOrO CYETHOTO WMILyJibca TPUITED
O-paspsiia BHOBbL M3MEHAECT CBOE COCTOSHHE H MEPEeXOJUT B COCTOsIHUE
norugeckodt 1 (Qg =1, Q,=0). B pesynsTare 3TOr0 MPOUCKOAWT
NeperIloYeHue  Tpurrepa l-paspsaa (4n8 ero  ONpOKMABIBAHUA
HEoBXO0MMO BpEMsl, COOTBETCTBYIOLIEE BPEMEHU IECpPEeKIIOYEHHs ero
camoro u tpurrepa O-ro paspsiga). Jlanee nocie nDojaud Kaxmoro
OUEPEAHOT0 BXOAHOIO MMIYJbCa paspslHble TPUITEphbl EPESKIIOYA0TCH
NocjaefoBaTe/lbHO, AaHANOrWHHO  olnMcaHHoMmy Bemue. [Ipn  3tom
COZEPAKUMOE CUETYMKA YMEHbLIaeTcs Ha eAMHHMLY, T. €. BbINONHAETCH
oriepalus AEKpPeMeHTa HaJ KONOBbIM CJIOBOM B cueTduke. B pexume
CJIOXKEHMS PEBEPCUBHBIA cyeTHHK paboTaeT Tak *e, KaK U CYMMUPYIOWHH
cuerunk Ha puc. 4.16. [Ing a3toro HeoOxozumo cOpPOCHUTL CYETUHK B
Hy7eBOe COCTOSIHME M YCTaHOBHTH Ha IMHax "Yet.1" u "Yer1.0" ypoBeHb
curdaior O u 1, COOTBETCTBEHHO.

Hnsa yckopeHus pacnpocTpaHeHus MEpeHoca MexJy paspsiamu
CYETUKKA UCIONB3YIOTCS AONONHHUTENbHBIE ABYXBXOJOBbIE JIOTHMECKHE
leMeHThl M, Ha BhIXOJE KAKAOr0 M3 KOTOPHIX (DOPMHPYETCS CHTHAI
nepenoca B i +1-pazpsaj, onpeenseMslf B COOTBETCTBUM C BBHIPRXKEHHEM

P., =P -Q,, roe Q; ~ BeixoaHo# curnan Tpurrepa i-paspsaa. [1pn stom

[IEPEHOC  Pp TPUHKHMEETCA  PaBHBIM  CUYETHOMY UMIOYAbCY  Teu,
NOCTYNAlOWUM U3BHE Ha BXOJ CHETYHKA.

3a cuer HCMONB30BaHUs Henell, OCYNIECTBAMIOUMX CKBO3HOH
MepeHoc  MEeXAY  paspafaMu U, CJEJOBaTENbHO,  YCKOPSIOLMX
pacIpoCTpaHEHHE [epeHoca, BPEMs YCTAHOBJICHUS KOJa HECKOJIBKO
YMeHbLIAETCA ¥ onpeaensercsa Kax

&
tycr :tT+(N_1).tcps

TIOCKOJIBKY IIpH MEepeXoJe CUETUMKA M3 COCTOSHHS, COOTBETCTBYHOIIENO
aBonudoMy xomy 1l...1 B cocrosnue 00...0, 3pecs, B OoTiIiMUKE OT
cueTquka Ha puc. 4.16, nocregoBaTeNbHO NEpPeKNOYaeTcs TOJLKO OJUH

Tpurrep (Maaamero paspana) ¥ (N — 1) anementos Y, rie t‘gf, — cpenHns
3a/IepKKa NepeKIIoYeH s JJOTH4ecKoro alemMenTa M.
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CylleCTBEHHO YMEHBIIHUTH BpPEMsl YCTAHOBICHHA BBIXOJHOIO KoJa
CUETYMKA, H, CJIENOBATEILHO, MOBBICUTH €r0 OBICTPOUESHCTBUE MOXKHO,
ecld  MMIYNbChl . TIepeHoca  MeXIy  paspsgamMu  chOpMUpPOBaTh
OJHOBpeMEHHO (nmapajuielibHo). B TakuX CUETYHKAX ¢ MNapaIeibHBEIM
[IEPEHOCOM C [MOCTYILIGHUEM HMIIYJILCOB [IEPeHOCa TPHUITEphl BCEX
paspsA0B [EPeKTIOYAOTCH OHOBpeMeHHO. [103ToOMY BpeMs yCTaHOBNEHNS
KOJ& tyc; ¥ HACTOTA NOCTYNIIEHHMS CUCTHBIX UMIYJbcoB f., HE 3aBHCAT OT
YHCila Pa3spaioB H ONpeenseTcs Kak

tyer = tr+ %= tr, Tak Kax t%, << tr U fo=1/(ty +1tr).

OIuH M3 BapUaHTOB CXEMOTEXHMUYECKOH peanu3aldy CUeTUHKA C
nmapajjiefibHBIM — TIEpeHocoM, nocTpoeHHoro #Ha  JK-Tpurrepax ¢
BHYTpeHHEH 3aepxkKoii, nokaszan Ha puc. 4.19.

||.1 ] TT QO . J TT
Teu c
Lik| of K| 1

Qt[{
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Puc. 4.19. CxemMa JBOHYHOrO CUETHUAKA
¢ napanaenbubim nepenocom ¢ K, = 16

Ha TakToBble BXOZBI TPHITEPOB BCEX PA3PAAOB OMHOBPEMEHHO (CUH-
XPOHHO) TIOAAIOTCA UMIIYILCHL CUeTa 1oy, MOITOMY TAKHE CYETUHKM TAKKE
Ha3bIBAIOTCA CHHXPOHHBIMM. Ha kaxabli n3 obwbenudenHbx J- u K-
BXOJ0B (Ha3biBAEMBIX paspellaloilMMy V-BXOJAaMH), HAUMHAL C [EPBOro
paspiga, 0OJ3ETCS WMIYNLC MNEpeHOCa, ONpeAeNAeMbiil BBIPOKECHUEM
Pi1 = Qi QuiQiz-...Qn, tie 1 = 0,1,..., N (B cxeMe Ha puc. 4.19 N = 4),
Tpur-rep mnammero 0-ro paspsfa HCHOB3YETCH B PSKUME CHETHOTO
T-tpurrepa, T. ¥. Ha ero ofbbeauHennbie J- u K-Bxoabl nocrosHHO
nogaetcs curnan 1, T.e.J=K = 1. Kak BuaHo u3 puc. 4.19, B cueTunkax
C napajielbHbIM NEPEHOCOM INIpH  YBENMYEHUH YHCMA pPaspsafioB
NPONOPHROHANBHO YBENUUUBACTCS HEOOXONUMOE YHCIO BXOMOB 3JIEMEH-
T0B U, ucnonssyembix B Hensax GopMHpoBaHUsS MMIYNECOB nepeHoca. Tak
Kax pealbHbIe CXEMBI JJIEMEHTOB W MMEIOT KOHEYHOEe YHMCIIO BXOAOB, a
TPUITEPLI — OIPAHMYEHHYIO HATPY304YHYIO CIIOCOGHOCTEH, Pa3PSAHOCTHL
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CYETYHKOB C MapaNielIbHBIM NepeHocoM OOBIMHO HeBenWka. B Tex
cAyyasx, Korja AOyCcTHMOE YUCIIO BXOAOB M cXeM 3neMeHToB U MeHsblue
uucna paspasoB N cuetyvka (m < N), nocnemduii pasbusaercs Ha
rpynnst. BHyTpU Kaxao#l rpynnsl nepenoc GopMEpyeTCs napanieibHbIM
criocoGoM, a Mexay TrpynfnaMu MepeHoc MOXKET OCYLIEeCTBAATHCS
NoCIeJOBATENbHO, NTapa/lie/IbHO UAY 10 crocody CKBOZHOrO nepeHoca.
Takde CHETUMKH Ha3blBAIOTCA CYETUMKAMM C  KOMOMHMPOBaHHBIM
MEPEHOCOM M B Ciy4ae, KOrAa Fpynmnbi CBA3aHbl LEMNIMHU CKBO3HOIO
TepeHoca, MaKCUManbHOE BpeMsl YCTAHOBJICHMA KoJa B CUYETYHKE
onpeenaeTca Kak

tyer = tpt (L-1)- t&cps

rae t,, — BpeMs yCTaHOB/EHHA Koja B rpynne; L — yucio rpynm.

CneflyeT OTMETUTb, YTO YHCIIO Pa3pAAHbLIX TPUITEPOB B KaXKAOH
rpynie, KOTOpoe MoXKeT ObiTh POU3BONEHBIM, BhiGUPaeTCs B COOTBET-
CTBHUU C JIONYCTHMBbIM YKMCAOM BXOAOB 3MeMEHTOB M, ucnonb3yembix
AN (GOpMHpPOBAaHHA MNapajneNbHOro MepeHoca BHYTpM rpynnel. B
YACTHOM Cliyuae KaK[as Tpyfnna MOXET COCTOATbL TOJIBKO M3 OJHOTO
pa3spAAHOro TPUIrepa, TOTAa CYETUYHX C KOMOHMHUPOBAHHLIM NEPEHO-
COM, CXeMa KOTOPOro rnpuBeeHa Ha puc. 4.20, BbIpoxaaeTcs B CHETUUK
CO CKBO3HbIM MEPEHOCOM.

& &
Teu TT Qs 3 TTVQB
"] oy |

Puc. 4.20. Cxema cueTynka ¢ KOMOMHYPOBAHHLIM EPEHOCOM

IIBOPI"IHO-KOIIHPOBaHHble CUHETUHMKH

B uudpoBoil BbuUMCAMTENbHOW TEXHUKE HEPEAKO HCHONb3YIOTCH
CUETHMKH, MOARY/L cueta K, KOTOpbiX He paBeH Uelioff creneHu uucna 2
(Kew # 2M). Tlpn 3ToM umcno, onpegensemoe pasHocthio 2N — K,
COOTBETCTBYET KOMMYECTBY 3anpewieHHbix ("muwHux") cocrosuilt K.
IMprHUMIT CXeMOTEXHUYECKOH peanu3auuy TaKMX CUETHUKOB 3aKI0OYAETCs

106



B WCKIIOYEHUMHU “JTHIIHHUX" YCTOHUMBBIX COCTOAHMA Y JBOMYHBIX CYET-
YUKOB C MOAYJEM cuéra, PaBHEIM 2", 1. e B opra’usaluy LencH,
3aMpealoIX HEKOTOPHIE COCTOSIHUS.

B 3aBHCHMMOCTH OT TOro, Kakve COCTOSHHA CYETYHKA CUUTAIOTCH
3aNpel{eHHbIMY, PA3NTUYAIOT CUSTUUKY C eCTECTBEHHbIM MOPAAKOM CuerTa,
¢ Ha4aNbHOM yCTaHOBKOIA KOAA U C IIPUHYAUTENbHBIM HACUETOM.

B cueTqMKax ¢ eCTEeCTBEHHBIM NOPAAKOM CHETa CHET BEIETCS TaK iKe,
KaK ¥ B CYMMWMPYIOLIMX IBOMYHBIX cUeTYMKaX (HayuHas or 0), ¢ To#l nuius
pasHuLelf, yTo B TaKUX CYETUYMKAX WMKI UX paboThl 3aKaHYMBAETCA C
nocrymieHeM Ke.-ro no cuety amnysbea (Keq < 2N).

H3BECTHO MHOXECTBO CIMOCOOOB MOCTPOCHUA CXeM CUETYHKOB C
€CTECTBEHHBIM HOpAAKOoM cueTa. Hambonbllee pacripocTpaHeHHe [OJTy-
YAIM CXEMBl CYETYHKOB C MOAWPULHPOBAHHBIMH MEXPa3PAIHbIMU
CBA3AMM, C YHpaBAsSeMbIM COPOCOM M C LIETIbIO ONOKMPOBKH MEpeHoCca.

IMocTpoeHne cxembl CYETYMKA € MOAUGUUMPOBAHHLIMU MeEXpas-
PSAHBIME  CBA3IMH OCHOBAHO Ha MCMNOJb30BaHUM METONMKU CHUHTE3a
noclie[0BaTebHOCTHRIX YCTpo#cTB (uidposoro apromara) {17]. Cneuuu-
¢duKa 31TOrO0 CMOCO6a COCTOMT B COCTABJICHMM Ui KaXAaoro "luiuHero"
COCTOSIHMS CYETHYHKA HECTAHJAPTHBIX (PYHKIHI BO30YXKAEHUA TPUITEPOB,
ONpEAENAOIMNX UX [epexoJbl B cleAymoliee cocTosHue. CuHTe3H-
poBaHHas cxXema M0JIyYaeTcs KaK CleUaM3upoBaHHas, H OHa ONpefiesseT
BCE BH/b!I CBA3CH MEXAYy DpaspAnHbIMM Tpurrepamu. [Ipy usMeHeHUU
MOJyfs c4eTa CYETYHKA HE MOXKET OLITh OMEPaTHBHO H3MEHEHA CTPYKTYpa
ero cxembl, 4 TpebyeTcs BbLINOAHUTL B [OJHOM OObEMe BECh LIMKJ
npoextuposanus. [103ToMy Takoi crnocod MCMoNB3yeTCs B OCHOBHOM NpH
NpOEKTUPOBAHUM ABOMYHO-AECATUYHOIO CUETUUKA.

Cnoco0b! IOCTPOEHKS CYETYHKOB C YIIPABIAEMBIM COPOCOM U LIEMBIO
GJOKUPOBKH NPUHLHUMHAILHO OAMHaKOBbL. OJHAKO CXEMbI CUETYHKOB C
tenpio OnokupoBkH (ocobeHHo npu Gomeiinx K., nonyuarotca Gonee
9KOHOMHYHBIMH C TOYKH 3PEHHS MUCIIOJIb30BAHUS MUHUMAIBHO HEOOX0au-
MOTO HUCNA MEXPa3pAdHbIX CBi3eH U JONONHUTEINLHBIX JIOTHYECKUX
371€MEHTOB.

PaccMoTpuM CueTYHK ¢ Uenblo OJIOKMPOBKHU MEpeHOca, B KOTOPOM
c4eT BeJieTcs B €CTECTBEHHOM nopafke. CxemMa CYETYMKA TAKOrO THIA C
moaynem cuyera K., = 13, noctpoeHHas Ha JK-Tpurrepax ¢ BHyTpeHHei
3aJlepxKKoi, NpUBOAMTCA Ha puc. 4.21. B cxeme JK-Tpurrepsi Bcex pasps-
HAOB, 3a UCKJIIOYEHHEM TpUITepa ctapuiero (3-ro) paspsana, HCIOJB3YIOTCS
B pexxume TV-tpurrepos, 1/ yero J- u K-BX0zibl ITHX TPHITEPOB 00HE AU~
HAOTCS M obpasyroT V-sxoasl. Ha V-Bxomsl TV-tpurrepos 1- u 2-ro
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paspanoB M Ha J-BXOX TpUrrepa CTaplHero paspsjfa NOAOTCH CUTHAJBI
nepeHoca, KoTopbie GopMUPYIOTCA NapannenbHbiM criiocobom. Ha V-Bxon
Tpurrepa 0-paspsjga nopaercs CuUrHan GIOKMPOBKM (3anpelueHus)

nepeHoca R , T. k. K., paBen HedueTHoMy uucay (ecnm K., pasen
4eTHOMY uuchy, Torhna Ha V-Bxoa Tpurrepa 0O-paspaaa noaaercs
CUTHaJ Joruyeckoit 1).
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Puc. 4.21. CyeTuHK C eCTECTBEHHBIM NOpsAKOM cuera Ha JK-Tpurrepax ¢ K., = 13

Ha K-Bxon Tpurrepa ctapuero pa3paia B oOuleM cilydac nogaert-
Cst KOHBIOHKLHMA BbIXONHBIX CHFHAJIOB TPUITEPOB TE€X pa3psaoB, CyMMa
BECOB KOTOPLIX paBHa pasHocTu Kcy — by, — 1, rae by, — Bec N - 1-ro
paspana. Eciu 3Ta pasHocTs paBHa Hyaio, toraa Ha K-sxoa JK-
TpUrrepa nopaeTca curHan noruueckoil 1. B paccmarpuBaemoM
cnyuae pasHocTh Key — byy — 1 =13 — 8 — | =4, 4T0o cOOTBETCTBYET
BECY BTOpPOro paspsga u, ciaeioBaTtenbHo, Ha K-Bxoa Tpurrepa
cTapuiero paspsaaa nogaetrcs curian Q, .

Jns ucknouenns nocmenuux (2" — Key) 3anpeluieHubix cocTos-
HUI B CXeMy BBOJUTCS NONOJIHUTENbHBIH normueckuil sneMedtT U ¢
NpAMbBIM M UHBEPCHBIM BbixoZamu. Ha Bxoael 3TOro 3sneMeHTa
TIOAAIOTCA BLIXOAHbIE CuTHanbLl paspsausix Tpurrepos (Q:; nm Qs),
KOTOpHIE HaX0sITCA B eIMHHYHOM COCTOSSHUM nepel nojauei Ha BXox
cuetuuka nocieanero (K.y-ro) ummnynsca.

Ho 1ex rop, noka coaep UMOe CUETYHKA, T. €. BbIXOAHBIC CUIHAMbL pa3-
PAOHBIX TPUITEPOB He OyAyT COOTBETCTBOBaThL ABOMYHOMY Kogzy 1100,

curHanbl Onokuposku (3anpewenus) R u rewepauuu (paspewsenus) R,
paBHble | U 0, COOTBETCTBEHHO, HE OKa3blBAlOT BIUSHUA HA ECTECTBEHHbIi
nopAnoK cyeTa (B cueryuke OyAeT BLIMOMHATLCS Onepaums HHKPEMEHTA).
Mocne nopauu (K¢, — 1)-ro no cuety BXOAHOTO MMNYyJILCAa CUTHAN 3alpetiieHHs
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R =0 6nokupyer nepexmouenne tpurrepa O-paspama, a curHan R = |
reHepUMpYeT eAMHMYHBIA IIepeHOC Ha V-BXO#e TpuUITepa 2-r0 paspsaaa
(HEOOXOOMMOCTL B 3TOM BO3HHMKAET, T. K. neperoc P, = 0) u tem cameiM
paspelIaioT ero NepeKFOYCHUE U3 eAUHIYHOTO COCTOAHMA B Hy/leBoe. Takum
obpa3oM, cxema TOAroTaBIMBaeTCs K cOpocy B MCXOMHOE cocTosHue 0, 4to u
TIPOVICXOAMT Noctle mofasy nocnenrero K., -ro no cuery BxoqHoro mmmnyisca.

CreyeT OTMETHTb, 4TO HOMEpa PaspsiIHBIX TPUITEPOB, U1 KOTOPBIX
ONOKMpPYIOTCSA WM T'EHEPHPYIOTCS CHFHAJIbI I€PEHOCE, ONpPEEnsIoTcs B
COOTBETCTBMHM C J[BOMYHBIM KOJOM JECATHUHOIO YHCIa, ONpENeNsteMoro
pazHocTbio Koy — by — 1, ¥ 3HaueHusMu curHanoB nepexoca. [To onucaHHOMy
BBIIE CIOCOOY MOKHO MOCTPOUTH CHYETYMKH C TOOBIM MOZYJeM cueta.
OOBMHO CYETYMKH € €CTECTBEHHLIM IIOPAAKOM CUETA CXEMOTEXHHUYECKM
pearmusyrores Ha JK- u DV-Tpurrepax ¢ BHyTpeHHeH 3anepxKoii.

Ha npaxTtuke, HapaLy cO CUETYHKAMM C €CTECTBEHHBIM MOPAIKOM
cyeTa, MPUMEHSIOTCA TaKkKe [ABOMHUHO-KOAUPOBAHHBIE CUETUMKH C
NPUHYAUTEIBHBIM HACYETOM ¥ Ha4albHON YCTaHOBKOH koJa

PaccMoTpuM 0cOOEHHOCTH CTPYKTYPLI M MPUHUUN MOCTPOCHHS
CUeTYHKa ¢ NMPUHYAHTENbHbIM HacyeToM ¢ K¢y = 10, cxema koroporo
npuseneHa Ha puc. 4.22. Cyeruyuk Takoro Tuma paboraer B
€CTECTBEHHOM TIOpAJKE, HAa4MHas ¢ MCXOAHOro coctosHus 0 go mo-
crynnedus (X + 1)-ro umnynbca. JIpyruMH CllOBAMM, €ro COJEp-
AKUMOE, [0CNE MOZAYM KAKAOTO OUCPEAHOTO WMIYNIbCA, YBENHUU-
BaeTCsl Ha EeAMHULY HAO TeX Nop, I[OKAa B HEM He YCTAaHOBUTCA
asonudsit kon 0111, coorBercTByownd uncny X =by, — 1 =7.

Pue. 4.22. CyeTurk ¢ NpHHyAHTENBHLIM HacueToM ¢ K, = 10

C npuxogom (X + 1)-ro no cuety UMIyJIbCa COAEPKUMOE CHETUHMKA
yBENIMYHUBaETCs He Ha eUHHIY, a cpasy Ha yucio Ky + 1, 4 B cueTuuke
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ycTanaBnusaerca apovunbii xox umcna X + 1 + K, = 14. Takum
ofpazoM, cueTyuk HacuursisaeT amwHue 6 exunnn (Ki. = 6), 7. e. u3
coctosuua 0111 mepexoaut ne 8 coctosuue 1000, a B cocrosinue — 1110.
Jns sroro ¢ noMoubo curHana Ha swixone ementa U — HE, kortopsii
CTaHOBUTCH PABHLIM HYMIO rocne X-ro 1o cueTy uMiynbca, 6aokupyroTes

curHansi nepesoca s nepeoro u Broporo paspagos (PP o), cymma

BecoB koTophix paBHa K, = 6. [lanee c NMOCTyHACHMEM CAEAYIOWErO
JIEBATOrO UMNYJIbCA COASPKUMOE CUSTUHKA BHOBDL yBeauuusaeTci Ha 1 u B
cyeTumke yctaHaBiuBaetca koa 1111. C npuxoiom nociaensero KecsToro
UMITYThCa CHETHUK BO3BPAILIACTCA B UCXOHOE COCTOSHHE.

CTpYKTYpy CXeMbl CuETuUMKa MOXXHO JierKO NepecTponTb Ha Apyrue
3HaueHus Moayns cdeta. Hanpumep, ana nonyuenus cderyuka ¢ Koy = 14
U3 CXeMbl Ha puc. 4.22, A0CTaTO4HO YAaluTh OOPaTHYIO CBA3bL C BbIXOIA
anementa M — HE Ha Bxon BToporo cnesa anementa M.

Cxema cueTyiKa ¢ HauaibHO# ycTanoBxol koxa ¢ K, = 10 umeer
CTPYKTYPY. aHANOTUYHYIO CXeMe cueTuMuka Ha puc. 4.22. OaHako B Takux
CUETYUKAX NPUHYAUTEALHBIA HacueT (MCIIOUEHHUE SULIHUX COCTOSHUIA)
OCYILECTBJIAETCS HE B MPOLECCE CHETA, a IEPE]], €r0 HaYaNoM.

B ucxoaHOM COCTOSHUM (C MOMOLLLK) CHUrHANOB HA ACHHXPOHHBIX
BXOJAaX TPHMITEPOB) B CueTYMKe YycTaHasnuBaetcs kon 0110,
cooTBeTcTBYOMWMA uncny "nmuwnnx" cocrosaruit (Ky = 6). Hanee nocine
NoJaYu¥ KaXKA0ro OUEpejHOro CHETHOTO WMMYNLCA COACPKMMOE CUETUUKA
NOCACAOBATENBHO YBEAMUMBAECTCA HA €MHULYY, HAYHHAasd OT HauyalbHOIro
xoxa 0110 go xona 1111,

Flpu ycraHosiaenuu B cuetumke koga t111, uro npoucxoaur nocie

nogaun (Kc,~1)-ro umnynsca, curnan R pasen nynio (R=0) (1.
Habop curdanoB Ha Bxomax 3jiementa U — HE coorsercTByer Muntepmy
QiQ:QiQq¢) u oH Gnokupyet neperocei Py, u sz Aenas ux Takxke

pasHbiMM  HyMo. biaroaaps 3Tomy, nocjie noaauy AECSTOro CUETHOro
UMIyALCa TpUITeps! 1- ¥ 2-1o paspsaoB HE AEPEKNOYAIOTCH, 4 COXPAHAIOT
€IHHNYHOE COCTOSHME M NMO3TOMY CHETYMK BO3BPALLAETCs B MCXOAHOE
cocroatue ¢ kogom 0110, cooTBeTCTBYIOWMM YHCTY 6.

Crnenyet OTMETUTD, 4TO B NPOLIECCE CYETA COAEPIKMMOE CHETHNKA BCE
BpeMs OTIMYAETCS OT TMOPSJKOBOTO HOMEpa CYETHOrO MMAyJbca Ha
senuundy K. [TodsTomMy cuetuuku ¢ HauanbHOli yCTaHOBKOW kona
Ha3bIBAIOTCA TAKXKE CHETUHKAMH C U3OLITKOM Ko4a.
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CYETUnKH ¢ HeIBOHYHBIM KOXHPOBAHHEM

Cpeay CUETYUKOR ¢ HEABOWYHBIM (WIM HENO3ULMOHHBIM) KOIH-
poBaHveM HauboJbluee pPacnpoCTpaHEHUE HAIM CUYETYMKH C TO-
CTOSHHO B3BEIHCHHHLIMH KOAAMH, CUCTUMKH JPKOHCOHA M MOJIMHO-
MHaNbHbie cYeTYHKH. OCHOBOH BCEX ITHX CYETUMKOB SBJSIOTCA CHBH-
ralollife perucTpsl, nocrpoentse Ha D-, RS- u JK-tpurrepax. Cuéruuku c
HOCTOAHHO B3BEIICHHBIMH (MM MapKUPYOLIUMU) KOAAMY OTAHYAIOTCA
MNOCTOSHCTBOM COYeTAaHMs eNUHUL] U Hynael B paspsagax perdcrpa s
KOKAOTO W3 YCTONUYMBBIX COCTOAHWH, IPHHMMaeMOro cu€T4uxkoM B
npouecce cuéra.

PaccMoTpuM npocTteifilyio cxeMy CYETYHKA C NMOCTOSHHO B3BELlCH-
HbiMM KozaMH Brza 1/N Ha OHOTaKTHOM KONbLEBOM pervicrpe (puc. 4.23). B
HaYale LUKIIa paboTel CHETIMKA [10 CHTHANY «YCT.» TPHITEPhI BCEX paspsoB, 3a
HCKMOYeHreM MIIero (HyJIeBoro), yCTaHaBIMBaOTCA B cocTosHue 0, a B
TPUITEP HYJEBOrO pa3paia 3allMchiBaeTcs CHTHan normdeckod 1. Jlanee
[OCNE KAKEOrG BXOJHONO TAKTOBOIO HMMITyJbca Jiormdeckad | mociiemo-
BaTeNbHO MNMepentChiBaETCA H3 pa3pafa B pa3paa: BHauajie U3 IEpBOro
paspsaa BO BTOPOi, 3aTeM M3 BTOPOrO B TPETHH M T. X, T. €. B CHETUMKE
MPOUCKOAUT HHMKIMYecCkui CABHMI eUMHMUBL [IpH KaXIOM CHBHIE €AWHULbI
CYETYHK HEPEXOMUT B HOBOE COCTOSHHME, KKIOE M3 KOTODPbIX KOAMpYercs
HOBbIM TIONOMKEHMEM eMMHMIBI B N-paspiIHOM NBOMYHOM CIIOBE, HAnpUMep
100... 0, 010..0, 0010..0 u 1. n. Takue KOALI WHOrJ@ Ha3bIBAOTCA
mapkupytouMu. Takum oOpasoM, N-paspaaHbiil CYETHHK C MAPKUPYIOILMMHY
KojaMu UMeer N pasiMYHbIX YCTOHYHMBBIX COCTOSHME M, CENOBATENLHO,
moays cuéra Keu = N.

OCHOBHBIM JOCTOMHCTBOM CUETIHKOB Takoro THMA ARAETCA MpOCTOTa
Jemudypaliiy ero COCTOsIHEE U BBICOKOE ObICTpOsieHiCTBYE.
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Prc. 4.23. CueTunk ¢ NOCTOAHHO B3BELISHHBIMH KOIaMH Buza 1/N
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Kpome cuetunkoB 1/N umeroTcs CHETUHKE C ITOCTOSHHO B3BEILEHHBIMH
komamy Buma 2/N, 3/N u T. O., koTopble 00MaAaroT GONbUIMM HKUCIOM
YCTOHYMBLIX COCTOSHUI, HO Juis pacummdpauny ux coctosuuit Tpebyercs
[pUMEHEHIE JONIONHATENbHBIX liemMenToB K.

B cuéryukax Buaa 2/N 4MCO yCTOYMBbIX COCTOSHUIMA M, CJICAOBATENLHO,
mMoayJib cuéta onpezenserca kak Kew = N (N — 1)/2. B npouecce pabotsl
cuéturka Buza 2/N B CuUSTUMKE MOCTOSHHO LMPKYJIMPYIOT ABE €AMHUULL, U
K@KIOMY €ro COCTOSHHIO COOTBETCTBYIOT OMNpelCNEHHbIE MO3ULMH 3THX
eauHny B N-pa3psaHbiX ABOMYHbIX koAaX. [IpH 5ToM B 3aBUCUMOCTH OT TOTO,
TPUITEpPbl KakUX ABYX PaspsafoB CUETUMKA MPEABAPHTELHO YCTAHOBJCHbLI B
€AMHHYHOE COCTOSHME, MONMYYaOT PpaliMyHble HOcHefoBarenpHocTy  N-
pa3spsAHbIX KOZOB, B KOTOPLIX [BE E€AMHHUBLI CIEAYIOT APYT 3a APYroM ¢
NOCTOSHHBIM MHTEPBATOM. MeToIHKa NOCTPOCHMS CXEMbl TAKHX CUETYHKOB
OCHOBaHA Ha O0beAHHEHHM 3TUX mocnenoBateNbHOCTeN N-paspsaaHbIX KOAOB,
YMCIO KOTOPbIX KOHEYHO 4 3aBucHT OT N. Cu€TYMKM C [OCTOSHHO
B3BEIICHHbIMM KOJAMHM B OCHOBHOM MNPHMEHSIOTCA I DOCTPOCHUsS CXEM
pacnpenenureneii ypoBHei 1 HMITYJILCOB.

Cuétunk JproHcOHa, uMmeowwii 2 N yCTOHUMBLIX COCTOSAHUH, T. €. NPH
OJHOH K TOM ke PaspsgHOCTH BABOE OOMNbLIE COCTOSAHMI, YeM CuETunK BHIA
I/N, peainsyercs Taloke Ha CABHFAIOWIMX PErMCTPaX, HO C NEPEKPECTHLIMHU
o0paTHbIMH CBA3aMM. PaccMoTpuM nasTHpaspsasbiti cuéryuk JhioHcoHa ¢
moaynem cuéta Kcu = 2N = 10, noctpoerublii Ha JK-Tpurrepax ¢ BHyTpexueii
sajieprioit (puc. 4.24).
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Puc. 4.24. Cuetuuk JHKOHCOHA Ha OAHOTAKTHOM PETHCTPE C NMEPEKPECTHBIMYU CBAIIMU
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B UCXOHHOM COCTOSHHMM B CUETUMKE C MOMOLBIO CHIHANA Ha BXOJE
«Yer.» (Bxoa «YcT.» Ha puc. 4.24 He nokasaH) ycraHaBnusaetcs koj 00000
Qp=Q1=Q3,=Q3=Q4 =0). Ipn stoM Ha J- n K-Bxopax tpurrepa
HyneBoro (MiiaziLLero) paspana OyayT cheayrowue cursanmst: J =1, K = 0. Takas
KOMOMHALUA cHrHanoB Ha J- u K-Bxoax TpHrrepa HyneBoro paspsaa, CooTseT-
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CTBYIOLIASA JIOMMYECKON i, COXpAHUTCS A0 MOCTYIUIEHNA HA BXOL cHETYHKA 1s-
TOro 1o CYETY uMnyInca. [Toaromy nocne nocTynneHus KaxLoro U3 NATH nep-
BbIX CYETHBIX UMNTYIBCOB CYETYHK MOCIIEIOBATENBHO 3alI0HIETCS eANHALAMH,
T. €. €70 TIOKA3aHNs M3MEHAIOTCH B COOTBETCTBUU CO CICAYIOLIMMH KOJAMU:
00001, 00011, 00111, 01111 u 11111 (wa puc. 4.24 mnanwmit paspsaa pacro-
JIOXKEH CIIeBa).

Tlocne OKOHYaHMA MATOrO MMITYJibCA 3HAYEHHS CUIHANOB Ha BXonax JK-
TpUITepa HyJIEBOIO paspsia usMeHsrcs U Gyayt paeaeivi J = 0, K = 1, urto
cooTBeTcTBYET ornueckomy 0. B pesynbTare mocsie nogauu KakIaoro u3 niru
NOCAEAYIOUIMX UMNY/ILCOB CHETHMK T10CE10BATENBHO 3ANOMHAETCS HYIIMU, 1
€ro JanbHeHMe COCTOSAHNS OYAYT XapakTepu30BaThes ClEAyIOWEel nocneno-
BarensHOCTHIO Kogos: 11110, 11100, 11000, 10000 u 00000. Takum obpasom,
riocne OKOHYaHUA AeHCTBUS JeCITOro UMMyJibca CHETUHK BO3BPALIIAETCA B HC-
xozaHoe coctoaHue 00000. _

Cneayer OTMETHTD, 4TO Ha OCHOBE CABHIAIOLLIMX PEFHCTPOB C MEPEKPeCT-
HbIMH OOPaTHLIMH CBA3IMY OTHOCHTENBHO JIETKO MOXKHO Peaii3oBaTh CHETYHK
JbKoHcoHa © UETHLIM 3HauEHHEM MOAY A cuéra. Jins nOCTPOEHHA CYETHNKA C
HEYETHLIM MOJYJIEM CUETA B €50 CXEMY He0OXOIUMO BBECTH JONOIHUTENbHDIH
anemeHT M1 ns uck/oueHus: ORHOIO «WIMUIHEro» cocToAHus. CxeMsl Takux
CUETYMKOB MOTYT ObITh PEaTH30BaHbl C IIPUMEHEHHEM OJTHOTO M3 ONHCAHHBIX
BbiLE CIIOCOOOB UCKUIFOUCHUA (WIMLIIHMX COCTORHHID,

OCHOBHBIM JOCTOMHCTBOM CYETYMKOB JLKOHCOHA SBJISIETCA WX BbICOKOE
ObicTpogeiicTBrE 1 NPOCTOTA Aellu(pauuy cocrostuii. boicTpoaeiicTBue xa-
PaKTepu3yeTcs BpEMEHEM YCTaHOBKH OJHOMO paspsija, a Aclindpalis CocTos-
HWi OCYLIECTBASIETCH C MOMOILIO ABYXKOAOBbIX dnemeHToB M. Cuérunkm
JDKOHCOHA TaK xe, Kak W CYETUMKM HA KOJIBLEBLIX CABMTAlOLIMX PErHcTpax
suga 1/N u 2/N, HaxonaT LWMPOKOE NpUMEHEHWE A IOCTPOESHHS CXEeM pac-
npeaenmresiedi yposHeil 1 UMIYJILCOB.

4.4. PacripegesinTeiu CHIrHAIOB

OcHOBHbIM Ha3HaueHHeM pacnpeaenuteneii sBnsercs (opmupoBaHHe
I0CAEA0BATEALHOCTY CUTHANOB, HCIIOAB3YEMbIX ISt yNipaBnenus paboroii yer-
poiicts LM}pPOBbLIX cucTeM. Pacripesienuren Taloke LUIHPOKO MPUMEHSIOTCH
npu pa3paboTke fPOrpaMMHO-BPEMEHHBIX YCTPOHCTB, KOMMYTaTtopoB H Ap.
CurHanbi, 1oaBaeMble Ha BXObl pacnipejesinTeNneii, HasbiBaeMble Nepermoya-
TeNbLHLIMK, DOOYEPEHO NEPEAAOTCs Ha TOT WM UHOM BbIXOR (Katasn) pacnpe-
JienuTeNs, BKNKOYas ero B akTuBHOE (paboyee) coctosHue. 1o Buay dopmupye-
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MBbIX Ha paboyHX KaHaIaX ChiHANOB PA3IHYAIOT PACTIPEIEIUTENH YPGBHEi (1To-
TEHUHAIOB) H PacCHpeAEIHTENM HMITYJIBCOB.

Ha puc. 4.25 npuBeaeHa CTpYKTypHas cxema pacripeaesdTe s CHrHAIOB 4
BPEMEHHBIE AUArpaMMBe! ero paboTsl, riae [ — redeparop ummnynbcos; P — pac-
NPeAEIIUTEN> CUIHANOB € NOTEHLHANBLHEIMU (Yo, Y1, - -5 Yol ) ¥ HMITYJIBCHBIMU
(Fo, Fy, ..., Fr o) Bexomamn. M3 BpemMeHHOI jiarpamMMel Ha puc. 4.25, 6 BUAHO,
YTO pacnpele/uTeNny YPOBHEH XapaKTepU3yloTca TeM, YTO May3bl MEXIy ak-
THBHBIMH COCTOSHUSIMH KaHAIIOB OTCYTCTBYIOT. JIIMTENBLHOCTE CUIHAJIOB B Ka-
XKIOM U3 €ro N-KAHANOB PaBHA [EPHOLY CJIENOBAHMS MEPEKTIOYAIOIIMX HM-
nynscoB T, dopMHpoBaHue pabodero YpoBHs CHIHAlla B aKTUBHOM KaHasie
pacrnpeenurens ypoBHeil MPOMCXOIUT WM BO BpeMs JISHCTBUS OYEPEeTHOTO
NEPEKTIOYAIOLUETO MMITY/IbCa (puc. 4.25, 6) Wik noce OKOHYaHus ero JeficT-
BH# (B CXeMax pacnipefienyTencit Ha TpUITepax ¢ BHyTpeHHelR 3aaepxkoit).

Cnenyer OTMETHTB, YTO paclpe/IeIATeNIM YPOBHEN SIBIIAIOTCA OCHOBOI
LIS CXEMOTEXHMUECKOH peanusaly pacnpeaenutenei MMIyaLCoB, KOTOpbIS
XapakTepU3yloTest TeM, 4To pabouuii UMIysibe GOPMHUpPYETCs B aKTHBHOM Ka-
Hane BO Bpems ACHCTBMS MEPEKIIIOYAIOIIEr0 WM CrielyaTbHOrO CTpoOHpyio-
Liero UMnyabca. Ilpu 3TOM AAUTENBHOCTD UMITYJILCOB, (POPMUPYEMBIX B ak-
THBHOM KaHaJie, 00LIMHO paBHA JTHTEIEHOCTH CTPOOHPYIOLLETO UMITYIIBCA.
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Puc. 4.25. CtpykTypHas cxema pacnpee/HTens CUrHAIOB (2) U BpeMeHHbIe qua-
rpamMMbl (6)

PaccMOTpUM OAHY W3 ILMPOKO MPUMEHAEMBIX CXEM paclpele/uTeNs,
BBIMOJIHEHHOTO Ha KONBLEBOM OAHOTaKTHOM perucrtpe (puc. 4.26). Yucno
KaHaj10B (n) pacnpelesnTeNs pasHo uuciy paspagos N perucrpa. 3amyck
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CXEMBI pacripefieNiuTeNs OCYLIeC bAeTCA CHrHanoM ynpasnesus Ty = 1+ #
UMIyabCoM T, C NOMOLLBLIO KOTOPBIX B MJIa/ILKi (HyAeBoi) paspsaa peru-
cTpa 3anuchiBaeTcs | (npeamonaraercs, YTo NPEABAPHTENBHO NMPOU3BEJEH
cOpoc perucTpa B coctosanue 0), T. €. B pacnpeaesuTesie ycTaHaB/lIWBaeTCA
pabounii kon 001. [lanee npu nocTynJeHHH O9EPEIHbIX MEPEKTIOHAIOUMX
UMIYJIbCOB Tn B KONBUEBOM PETMCTPE MPOUCKOAUT UMKNUYECKHi caBur 1
(npustom T, = 1)
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Puc. 4.26. Cxema pacfipenennTens Ha KONbUEBOM OZHOTAKTHOM perucrpe (a) u
BpeMeHHbIe nuarpamMbl pabots! (6)

Tak kak perucTp MOCTPOEH Ha TPUITEPAX C BHYTPEHHEH 3alepKoi.
ApOLECC NOCHEeOBATENbHOI nepe3anucy 1 U3 pa3paja B pa3psa He Oyaer
COMNPOBOXKAATHCA HEOJHO3HAYHBIMU COCTOSHHAMH MOTEHUUANbHLIX BbIXO-
108 (Q>, Qi u Qy). Jlpyrumu cnoeamu, He MOryT AeHCTBOBATb eJAMHHYHbIC
YPOBHM OAHOBPEMEHHO Ha JBYX Ui Oojiee BbIXOAAX, YTO ABAAETCA A0C-
TOMHCTBOM JAHHOM CXEMbl N0 CPaBHEHMIO CO CXEMaMM pacnpenenuTteneit
HA MHOTOTaKTHbIX KOJbLUEBbIX PETUCTPAX.

Cxema Ha puc. 4.26, a paboTaer kak B PEXUME pachpeienuTens
ypOBHeil ¢ noTeHuuaibHbMA Bbixodamu Qp, Q; M Q,, Tak n B KayecTse
pacnpeenuTens umMnynscoB. Jing 3Toil tenyu Ha BXOAbl JIOTHYECKUX dJie-
meHToB M nojaiorcs curnanst Qq, Q 1 Qy, a B KauecTse CTpOOUPYIOLLETO
MMITY/ibCa MCMONb3yeTcs fepekmovatomwuii uMnynse T, Kak BuaHo, u3
BPEMEHHbIX AuarpaMm Ha puc. 4.26, 6, UMTybCHbIE CHMTHAJIBL HA BbIXOJAX
pacripeaenurtenn (snementoB ) dopmupyrorcs Bo Bpems AeHCTBUS nepe-
KNIOYAOLUHX UMAYIbCoB Ty, a CHrHaNbL! NOTEHUUATBROrO Tuna: Qq, Q)
Q: — 1o OKOH4YaHKWK UMNYJIBCOB T,

s ycTpaneHus BO3MOXKHbIX cO0O€B, HMEIOLMX MECTO fIpH MOsBIE-
HHM B peruCcTpe «inHux» | unn 0, B cXeMy BKJIOUEH JONONHHUTEAbHbIH
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snement UJIW — HE, curnan obpaTHo# cBs3y ¢ BBIXOHA KOTOPOIrO (uepes
anemeHT M) nopaercs Ha BXOJ TPUITEpA HYNEBOro paspsaa peructpa. Ta-
kUM oOpasoM, B cXeMe pacnpelenuress Ha puc. 4.26, a ycTpaHAOTCs
c6ou, 00YCIIOBICHHBIC HE TONBKO C BOSHUKHOBEHHEM (UTHIHHMXY €IHHMII,
HO U ¢ nortepelf eguHcTBeHHO#N eaunHuubl. Hanpumep, ecid NMpoHCXOAUT
cny4aiinbiii c6poc peructpa B “0”, Torga Ha Beixose snementa UJIN — HE
H, CNeOBATENbHO, HA BXOJE TPUITEPA HYJEBOro paspsda peructpa chop-
MHPYETCH CHTHaJl JIOTHYeCcKkol 1, B pe3yibpTaTe KOTOPOro 3TOT TPHITED
OKa3bIBAETCS TIOAIOTOBJICHHLIM K IIEPEKNIIOUEHUIO B cocTosHue 1. Jlaree
TI0Cre NoJavy OYEpeJHOro NepeKso4aoLiero UMIYJIbCa B pacipeaenuTe-
ne ycranasnusaeTcs padounit xon 001.

i 6onee onepaTHBHOro ycrpaHeHus c60eB (OHHHM MEPEKIOYA0-
UM UMAYABCOM) B CXEMY paclpeficNuTesls BKJIIOUYAOT HONOMHHTENbHbIE
KODPEKTUDPYIOIIME LENM HA JIOTMYECKNX djleMeHTax, Habop CHrHaIoB, Ha
BXOJaxX KOTOPhIX ONPEACTAeTCst B COOTRETCTBUM C aAuarpaMmoif pabouux u
JIOXKHBIX COCTOAHMI (MM ¢ Tabanueit MCTUHHOCTH) pacnpenennrens. Ha-
npumMep, AnA yctpaneHns ¢6oes B pacnpegenvrtene Ha puc. 4.27, B koTo-
pPOM BO3MOXKHO [OSIBJIEHHE NATH JIOKHBIX (3alpelieHHbIX) COCTOSHMMA:
110, 011, 101, 111 u 000, B ero cxemy AONOSIHMTENBHO BITIOYAIOT TPH
JIOTHMYECKUX JIEMEHTA TaK, YTOOBI C OYEpPEAHBbIM MEPEKITIOYAIOLUM UM~
ITyJIbCOM BEPHYTH ero B pabouee cocrositue (ko 001).
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Puc. 4.27. Cxema pacnpenenurens ¢ HCKTIOUYEHNEM TOABIEHUS
JIOKHBIX COCTOAHUMA

Ecan noctpouts pacnpefenurtens Ha KOJbLUEBOM MapalenbHO-
NOCNe0BATENLHOM PETHCTPE, TO MOXHO Pealld30BaTh aJpeCHBI Bbi30B
KaHana. B 3ToM ciyuae Ha mapanienpHbie BXOAbI PETMCTPa MOJAeTCA JBO-
MUHbIH KO/ agpeca KaHana, 3anuch KOTOPOTo OCYIUECTBASETCS CHrHanom
3andcu koza. Jns 37ol xe nend MoryT ObITb UCIOIB30BaHbI BXOAbI YCTa-
HoBkd 1 (Sa) paspsaaHbix Tpurrepos. Pacnipesenurteny Ha KOJIbUEBBIX pe-
FUCTPaX HAXolAT NPUMEHEHHE MPH MAIOM YUC/Ie KaHaIOB, KOrAa anmapa-
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TYpHbIE 3aTpaThl HEOONbLIKE, 2 OTCYTCTBUE AeINPATOPOB B MX CTPYKTY-
pe MPHUBOAUT K BLICOKOMY OBICTPOAEHCTBHIO, ONPEAENIEMOMY 3aNEPKKOM
fiepeKJIIOYEHHA OQHOTO TpUrrepa.

Bosiee 3KOHOMUYHBIMY 110 YUCAY JIOTMYECKHX 3JIEMEHTOB Ha KaHan
SBAAIOTCH PACTIPENESIHTENY, NOCTPOCHHbIE HAa OCHOBE PETMCTPOB ¢ mepe-
KPeCTHbIMM CBaA3siMK (Ha cdeTyukax JhxoHcona). Takue pacrpesenuteny
npK OfHON ¥ TOHM ke PaspAAHOCTM MMEIOT BABOE Oosbiue KaHalOB, YeM
pacnpeaeuTeN Ha KOJbUeBbIX perucTpax. OnHaKo A NOCTPOSHUS CXeM
pacnpesenuTensell Ha perucTpax ¢ NEpeKpecTHHIMU CBA3AMU Tpebyercs
BBLINONHUTD peobpa3zoBanre KOJOB A Aeluudpaluy COCTOSHMI cHeT4H-
xoB Jhkoucona. B To ke Bpema cxembl femudpaunn, Mo3BoNsOLUe npe-
ofpa3oBaTh COCTOAHUA cueTYMKa JKOHCOHA Ha BLIXOAAX paclpenenures
B Koz “1 u3 N”, JoCTATOUHO NPOCTDL.

Ha puc. 4.28, a npuseaeHa cxeMa pacrnpefenuTens UMIYJbCOB Ha
TPEeXpazpAAHOM PErucTpe ¢ NEPEKPECTHON CBA3LIO, BLINOAHEHHOrO Ha D-
TpUrrepax ¢ BHyTpeHHel 3aaepikkoil. Jins npeobpa3oBaHud koxa cuer-
uuka JHxoHcoHa B koA “1 u3 N7 Ha BbIXOAlaX pacrnpeAeIHTENA HCIIOb-
30BaHbl 31eMeHTH Aewndpauun U, Ha oauH H3 BXOAOB KOTOPBIX NO-
naerca takrupyomuii umnynsc T,. Tak kak c4eruuk J[KoHCOHa mo-
cTpoed Ha D-Tpurrepax ¢ BHyTpeHHe#H 3aJepxKKoOil, Ka)a0e HOBOE ero
cocTtosHue GHOPMHPYETCA NOCAE OKOH4AHUA NEHCTBUS MEPEKIOUAl0-
wero umnysasca T, (CM. BpeMeHHY10 Anarpammy Ha puc. 4.28, 6).
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Puc. 4.28. Pacnipeaenurens HMNYALCOB HA OCHOBE PETHCTPa ¢ NEPEKPECTHORH
CBA3LIO () M BPEMEHHbIE qHarpaMMbt ero paborsl (G)
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U3 ananuza ta61. 4.3 BUAHO, 4TO A5 NpeoGpa3oBanus BIXOAHO-
ro xoja cdyetyuka J[xoHCcoHa B KoJ “1 u3 N” HOCTAaTOYHO aHANU3MPO-
BATb COCTOsAHME JBYX Pa3psa/loB Ha [PaHULIE MEXAY 30HAMH EINHHHIBI
¥ Hyne#. Tonbko B ABYX cnydasx, KOrja cocTosuue cyeTyuka JxoH-
coHa xapakrepusyercsd kogamu: 000 unun 111, nemmudpanus 3Tux Ko-
JOB OCYLIECTBAAETCS IIyTEM aHaIW3a KpaiHUX pPa3psioB.

Takxum obpa3soMm, Ha ocHOBaH#Y TabJl. 4.3 HECTOXKHO COCTABHTH Bhi-
paxeHus 1as QyHxnuii, peanusyeMbiX Ha BHIXOJHBIX KaHallaXx pacrpese-
JIUTENE UMNyJibeoB (puc. 4.28, a):

£F=Q Q- T, E=Q-Q' T, E=Q QT

E=Q-Q T, E=0Q,- Q' T. E=Q QT
Tabnuua 4.3

Tabnuua cocroaunii pacnpeaenuTens
Homepa Homepa

WMNY NbCOB TN QD Q1 Q2 WMNY 0B Tt QO Q1 sz
o [@le (W] 3 [m] ]
! [t o 4 o [
2 1 (el 5 o (o {13

Crocob aeinnpauuy He U3MEHSETCS C YBEJIMYCHHEM YHC/Ia pasps-
noB. 1ns N-paspaanoro peructpa tpedyercs 2 N TPeXBXOAOBbIX JIOrMYec-
KuX 3ntemMeHToB M, 94TOOB! HONy4uTh pacnpenenuTeis UMNIyIscos Ha 2 N
KaHAJIOB.

Jnst yetpaHeHust c60oeB B pacnipeenuTeNdX Ha cyeTyukaX JPKOHCOHa
HCTOJIL3YETCH OTHOCUTENBHO MAJIO€ HUCHIO JOMOMHHUTENBHBIX 3JIEMEHTOB
Aemugpauun. 310 OOBACHACTCS TEM, YTO B TAKMX pacHpeieinTeNsX yuc-
JI0 NOXHBIX (3aNpeIUeHHRBIX) COCTOAHNMI B J1Ba pa3a MeHbIIE, YeM 8 pac-
ApeleNUTE/IAX Ha KOJbLEBOM perncTpe. Kpome Toro, pacrpeneauteny Ha
cyeTynkax [HKOHCOHa Tak e, KaKk W pacnpeleniTeNd Ha KONbUEBOM pe-
THCTPE, UMEIOT BbICOKOE ObicTpoaeicTBUE 3a CueT OFHOTAKTHOIO PeXKUMa
paboTh! W OTIUNAITCA MPOCTOTON CXeMbl AelTudPaluy U NOCTOSHCTBOM
€€ CTPYKTYPB! BHE 3aBUCHMOCTH OT YHC/1A KAHAJIOB.

Crenyer oTMETHTD, YTO pacnpenesuTeny MOryT ObiTh OCTPOEHbl U
Ha OCHOBE JBOHYHBIX CYETYHUKOB, CUETHbIE MMITYNLCHI KOTOPBIX BBIMIOJ-
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HAIOT YHKLNY HEPEKTIOYalOMHX UMNYABCOB, a JBOMYHbIE KOJb! B CHET-
yukax npeoOpasosbiBaloTcs B Ko “1 u3 N” ¢ nomomeio cxem aewndpa-
uuu. Pacnpenenutenn Ha IBOMYHLIX CYETUMKAX HMEIOT [TPEUMYINECTBA IO
annapaTHbIM 3aTpataM M ObICTPOAEHCTBHIO, N0 CPABHEHHIO ¢ PaccCMOT-
PEHHbLIMU BbILHE pacMpeRenTe/sIMH, TOJIbKO MPH DONLILIOM YHCAE BLIXOA-
HbLIX KaHanoB. J{ns nocTpoeHus Takux pacnpeienuteneif 06bUHO HCTONb-
3YHOTCS OJHOTaKTHblE (CMHXPOHHbBIE) CUETUMKY C NapajfienbHbiMy Mepe-
HOCaMH, KOTopsle 001adaior HauGoabWUM ObiCTpoaeiicTBEEM U He JaloT
JIOXXHOTO BIUTIOUYEHHS KAHANOB [IPU MEPEXOAE PacTPeAeIMTelist U3 OQHOro
COCTOAHUSA B JIpyroe.

Kpome paccMOTpeHHbIX BBILIE pacnpelesiuTeNicHi Ha NPaKkTHKE, B 4a-
CTHOCTH B YCTPOICTBaxX ¢ MHKpPOIMPOrpaMMHbIM YIIpaBjJ€HHEM, LLIHPOKO
NPUMEHAIOTCS MHOTOIPOrpaMMHBIE pacnpenenurend, paboTaioume mo
HECKOJNILKUM rporpamMmam. B MHoOronporpaMmHom pacnpeaenuree, Kpo-
M€ NepeKNIIoYalOIIUX BXOA0B, HMEIOTCA AONOJHHUTENbHbIE BXOAbI, HCNOJIb-
3yemble JUisl YIpaBieHus pexumamu ero paborsl. CHrHaIBL, MOCTynaw-
UIMEe Ha BXOJbI YIPaBAEHUA MHOTONPOrPaMMHOTO pacnpeiennTens, onpe-
JAEeNFI0T NOCAeA0BATENBHOCTh BKJIHOYEHHS €0 KaHaloB, KOTopas BUAOM3-
MEHSeTCS ¢ M3MEHEHHEM Homepa nporpaMmbl. TTogpoGHO BOMpOCH! Cxe-
MOTEXHMYECKOH peanu3aluy MHOCONpPOrpaMMHBIX pacrpeaeiuTeneidi u
OpraHu3aLUK PeXXUMOB UX paboTbl paccMOTpeHbl B TpyAax {5, 17].
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5. I1IOJYIIPOBOJHUKOBBIE 3AIIOMHUHAIOIIUE
YCTPOUCTBA

5.1. OcHoBHBIe HapaMeTpsl U KIaccuukanus 3V

OpHolt U3 ocHOBHBIX PYHKIMOHANLHBIX yacTeh 3BM sBnsetcd 3amo-
MuHarouiee ycerpoiicrBo (3Y), koTopoe npeaHa3Ha4YeHo /i npuema, xpa-
HEeHHA W Bbiiayn MHGOpMALMK — KOAOB KOMaHA U JaHHbix. MHpopManus B
3Y (mamsTi) xpauurtcs B suefikax B BuAe ABOMYHBIX KonoB. EnuHuicH
U3MepeHUs KoJinuecTBa MH(popManuu siBngerct OUT, KOTOPbIH YHUCISHHO
MOXET NMPUHHMAaTh 3HaveHHs Joruudeckoro O wid moruyeckoit 1. O6brMHO
uubopMals, paBHas ofHoMy OWTYy, XpaHUTCS B NeMEHTapHoH suelike,
HasbpiBaeMO# 3anoMuHaromuM sneMentoM (303). Kaxknas sdefika 3V umeer
cBOM ajpec, OQHO3HAYHO €& UAEHTUOUUUPYOIHI B onpele/NeHHol cuc-
TeMe KOOPAMHAT. MUHUMAaNbHOH ajgpecyeMofl eiuHUUCH XpaHEHUs UH-
topmauuu B 3Y 00b14HO ABAseTcs OaiiT, cocTosimi 3 8-Mu uHGOpMa-
UOHHBIX OUT.

OcHOBHBIMH OrtepauMaMi B 3Y spisercs 3aHeceHue uHbopmaluu 8
TaMATh — 3aMich ¥ BbIOOpka HHGOPMaiMY U3 [TAMATH — CUUTLIBAHHE. JTH
olfepalMyu BhIMNOAHAIOTC npu obpaleHud K naMsaTtH. I1pu 3Tom nmpousso-
JHTCA 3aNUCh WU CUHUTHIBAHHE HEKOTOPOH €AMHULbI JAHHBIX, Pa3IMYHOH
ana 3Y pasdoro tuna. Tako#i eauuuueil Moxer ObITh, Harmpumep, Oaiir,
MALIMHHOE CNOBO UiH 00K NAHHDBIX.

OcHoBHbIMH NapaMmeTpamMu 3Y sABAAIOTCA: EMKOCTH U ObicTpOzEeil-
CTBHE NMAMATH, a TaK)XXe YACJIbHAsi CTOMMOCTb XPaHEHHs eAHHULBI JaHHBIX
(ueHa HaKONUTENd ¢ HOCUTENSIMH, OTHECEHHA K eINHULIE XPAHEHHs, T. €.
6aiiTy unu Mmerabaiity). OT 3Ha4eHUH 3THX napameTpoB 3Y BO MHOIOM 3a-
BUCUT 3PQEeKTHBHOCTE HCIONB30BAHMA aNNapaTHBIX M NPOrPaMMHBIX
cpencts IBM. C ysenuuenuem &mxoctd K OvicTpopeiicTsus 3V cyme-
CTBEHHO YJYYILAIOTCA TEXHHUYECKHE M IKCIUlyaTallUOHHbIE XapaKTepuc-
TUKH, B IEPBYIO OYepeab NPOU3BOAUTEILHOCTE IBM.

Emkocts 3V «C» xapaKTepH3yeT MakCUMANEHBIH OGBEM XpaHUMOi
MHGbOPMALIM ¥ ONpelelIseTcs KOMUYECTBOM sueek mamsat. Emkocts 3V
n3MepseTcst B GuTax MM kKonuyectse ciioB (N) ¢ ykazaHUEM MX INKHbI
(paspsanHocti L). JUis u3mepeHus Gonbiuiux oO6bEMOB MHOPOPMALIUM HC-
noJib3yiotes npucrasku ko (K) u mera (M), ofo3naqaromue coOTBeT-
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ctBerno. 1| Kout = 1024 6ura u 1 M6ur = 1 048 576 Gurtor. Konuyecrso u
PaspAIHOCTbL XPAHUMBIX CJIOB 3aBHCST o1 opranuzamuu 3V (NxL). Hanpu-
mep, 3Y émkocTeio C = 16 MBUT MOoXeT MUMeTh OpraHu3anuio BRIGOpKH
1x16 M, 2x8 M, 4x4 M, 8x2 M unu 16x1 M. [Ipu 3T0M B 3aBUCHMOCTH OT
opranusaigy 3V ollepaudy 3allUch — CUUTHIBAHME UHOOPMALUK NPOU3-
BOIATCA B OOHOM (OJHOpPAa3pAAHasi BHIOOPKA) UK HECKONbKMX (CIOBapHas
BBHIOOPKA) 3aMOMUHAIOLIMX 3MEeMEeHTaX NaMatH. B ciyyae cioOBapHON BbI-
60pKY OHOBPEMEHHO BLIOMpAETCS CIOBO MIIH €ro HacTh, XpaHAlascs B 2,
4, 8 u 1. 1. 33 namarTy. _

BoicTpojelicTBue OIpefesiseTcs BpeMeHeM A0CTYNa thocr., JVTHTEb-
HOCTBIO (PU3HUYECKHX NPOLECCOB 3aMMUCH WM CUUTLIBaHHS U BPEMEHEM pe-
reHepaumu tper., HEOOXOAMMBIM (B AMHaMM4eCkux 3Y) JUIi BOCCTAHOBIIE-
HUS paspyilieHHOH Npy CUUThiBAHUM HHbOpMaLM. JJisl HEKOTOPBIX THIIOB
3Y (Hanpumep, 3Y cTaTHYECKOro THIA), B KOTOPHIX CYMTHIBAHHE TPOHC-
xonuT 6e3 paspyuucHus HHPOPMALIKK, ONepalys pereHepaluuy He NPOBO-
nutcs, ther = 0. Tlox BpemeHeM NoCTyna TOHMMAETCS yCpelHeHHas 3a-
JepKKa Hauyana obMeHa nosie3Hol MH(popMalny OTHOCHTEIBHO MOMEHTa
TI0Aa4Yy CUrHAsA 3aMpoca Ha 3aIMCh HITH CHMTBIBAHUS JAHHBIX.

Kpome oTMeueHHbIX BbILlE MapaMeTpoOB UMEIOTCS W JApYyrue napa-
METPhl, XapaKTEPU3YIOL(HE T€ WM UHBIE CBOHCTBA U KOHCTPYKTHBHBIE
ocobenHocTH 3V, HarpuMep, YHEProHe3aBUCUMOCTE (CIIOCOOHOCTE COXpa-
HeHMs] MHQOpMaLMM MPU OTKIIOYEHWH BHELIHEr0 HCTOYHWKA ITUTAHUA),
HaJEXHOCTh (JOCTOBEPHOCTh XpaHeHHs NaHHbIX, YCTOMYMBOCTbL K BHELI-
HUM BO3ACHCTBMAM), BpEMs XpaHeHus, rabapUTHble pa3Mepsbl, BEC U T. 1.
3TH 1apaMeTpb! pasnuyHbl IS pa3iuyHbiX 3Y W 3aBUCAT OT CXEMOTEXHU-
YeCKMX M KOHCTPYKTHBHBIX NPHHLMIIOB NOCTPOCHHS, TEXHOJNOFHYECKUX
METOJ0B U3rOTOBNEHHA U (PU3MKO-TEXHMUECKMX MaTepHalioB, HA KOTOPHIX
OHM BBINOMHAOTCH. B coctaBe coBpeMeHHBIX DBM HConb3yroTCs pas-
JUYHbBIE TUIBL 3Y, KOTOpbIE KNACCHPULIMPYIOTCA 110 Ha3HAYCHHUIO, crocoby
JAOCTYIA, MPUHUMNY AeHCTBUS ¥ XpaHeHus uHpopMalim U 1. .

B nu¢posbIx cucTeMax ¢ GONbINOH EMKOCTBLIO, HAPUMEP B YHUBED-
canbHblX OBM, 3V nogpazaenatorcs Ha BHYTPEHHUE U BHELIHNE, KOTOpble
OTJIMYAKOTCA NpHHUUNAMM AeHcTBUS U oObEMamu xpaHumolt uHGOpMa-
uu. K BHyTpeHHum 3Y OTHOCATCS 3JIEKTPOHHBIE TNMOJYTIPOBOJHUKOBBIE
3Y, koTopbie B COBpEMEHHBIX mepcoHankHBIX kommbioTepax (I1K) ycra-
HaBUBAOTCA HA cuctemHol mnare. K srewsnm 3V, KOTOpbIE CAyXAT As
XpaHeHHs GoabLUINX 00bEMOB HHOpMaLUK, OTHOCATCS MarHUTHbIE (JAMC-
KOBBIE ¥ JICHTO4HbIE) U onthieckre 3Y ¢ pasNIUYHBIMU NPUHLUMOAMH 3a-
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MIMCH, XpaHEHHs U CYHUTLIBAHHR nddopmauny. BHewnne 3Y Moryrt pas-
MeLarbca kak B cucreMHom Oitoke ITK, Tak u B oTAeABHBIX KOpITycax.

o cnocoby opranu3zauuy aocryna (BbiOOpKH) 3anOMMHAIOMWINE YCT-
poiicrea penarcs Ha 3Y ¢ NPON3BONILHBIM (HENOCPEACTBEHHBIM), NPAMbIM
¥ NOCNENOBaTeNibHbiM JocTynaMu. 3Y ¢ NMPOU3BONIbHBIM AOCTYNOM WM
npoussonbHoil BuiIGOpkoi (3VIIB) npeacrasnser cobolt MaTpuuHbLii Ha-
6op sueex namsty. B 3YIIB Bpems pnocrtyna u, crnenoBatensHo, LUK 00-
pautenus k N000# A4eiiKe IiA 3a0UCU UAY CYUTHIBaHUS UHQOPMALMK He
3aBUCAT OT MeCTa PacmojloKeHus (aapeca) ssuefixy B MaTpruHOM Habope.
B 3VY ¢ npaMbIM BOCTYNIOM, K KOTOPBIM OTHOCATCA 3Y Ha auckax (BHEWI-
HsiSl NaMsITh), oOpalieHue NPOU3BOAMTCA TAKKE B MPOU3BONLHOM TOPIIKE,
HO He K fYefikaM, a k 6yi0kam AaHHbIX (daitnam), odpamiseMbix crielHalb-
HBIMH CUMBONAMH Hayana ¥ koHua. JIMCKkOBas NaMATh HMEET OTHOCHTE b~
HO HHU3KYIO CTOMMOCTH H HECKOMILKO OONbllie BpeMs JOCTyna MO CpaBHe-
HUIO C BHYTpEHHEH naMaTeio. JJMCKOBas naMsiTh ¢ NPAMbIM JOCTYNIOM Tak
e, KaK U BHYTPEHHSAS NaMATh, gBsgeTca oba3aTensHbiM aTpubyrom IK.

B 3V ¢ nocnenosaTensHbIM AOCTYNOM, XapakTePHLIM NPHMEPOM KO-
TOpOTO ABNAETCA 3Y Ha MATHHUTHBLIX JEHTOUYHBIX HOCUTENAX, HHPOPMALIS
XpaHuTCH TaK e, kak 1 B 3Y Ha auckax, B sune 610K0B, KOTOpbiE B mpe-
Jenax OHOrO HOCHUTENA UMEIOT focheAoBaTentHble agpeca. [Ing gocryna
K xkakomy-nubo 650Ky no ero 3agasHomy aapecy B 3Y takoro THna Heob-
XOJMMO HaiTu HEKOTOPbLIH MapKep Ha4ana MarHutTHol neHTsl (Toma). To-
CJIEe 3TOrO MOCNENOBATENBHO (X0JI0CTbIM YTEHUEM) NPOCMOTpPEThL Bee 6iro-
KW, MPEALIeCTBYOWE 3aaHHOMY, UTO NPUBOAUT K 3aBHCUMOCTH Bpe-
MeHH ocTyna ot aapeca 6noka. HecmMoTps Ha cylecTBEHHBIIT HeAOCTaTOK
(upe3MepHO GONbILIOE BPEMA JOCTYNa H O4eHbL HU3Kas CKOpPOCcTh 06MeHa)
3V ¢ nocnenoBaTebLHbIM JOCTYIOM U3-3a AELICBU3HbI IPUMEHAIOTCS AN
XpaHeHua Oonbpluux 06bEMOB HHGOPMALHUK (apXUBOB), K KOTOPOH HE Tpe-
Oyerca onepaTMBHOIO AOCTYNA.

K nocnepgosarenbhbiM 3Y OTHOCATCA TaKKe perncrposbie 3Y, Haxo-
[sIHecs B COCTaBe Mnpoueccopa, 3V Ha npubopax ¢ 3apsaoBo#t CBA3LIO
(N3C) u 6ydepHas namsTh, NPUMEHIEMAs B TEPMUHATIAX U APYTHX BhIYKC-
JINTENIbHBIX YCTpO#CcTBax (HanpuMep, B KOHTpo/iepax nepudgepuiinbix
ycTpoficTs) Ans xpaHeHus undopmauny Npy oGMeRe €10 MEXAY pazjvy-
HEIMK N0 OblcTpojeiicTBuI0 yerpoiicTamu. [lpumepamu OydepHoii nams-
TH ABISIOTCS BUACONAMAThL A AUchieiinoro aganrepa, FIFO — 6ydepot
COM-nopToB ¢ AXCUUNINHON «nepsbifl npuien — nepesiii suiweny» (First
in — first out) ¥ crekossie 3V, B KOTOPbLIX CYHTHIBAHUE MPOUCXOJMT U3
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OYepeaHt CJIOBO 3a CJOBOM B OPSAAKE OOPATHOM 3aIl}CH, T. €. PEalU3yeTCs
aucuuninza «Last in — first out» (LIFO).

B suneonaMaTH Cl0BO AOCTYIMHO OJHO 3a APYTMM € IHOCTOSHHbIM [1e-
pUOJIOM, OfipesesseMbiM EMKOCTBIO MamaTh. Heobxoaumas EMKOCTs na-
MATH JUif JACTINEHHOro ajantepa ONpeaensiercs BUACOPEKHUMOM H THIIOM
rpaduueckoro aganrtepa. BuaeomaMsTh NHCIUIEAHOrO ajantepa npHMe-
HA€TCA ZNA [OCTPOEHHS PacTPOBOr0o M3OOpaXEHHS M €ro MOCTOSHHOIO
UM KIMMECKOro BbIBOAA HA MOHUTOP (pereHepanus W3oobpaskeHus).

B sanoMuuaroninx yctpoicTrax ¢ npousBosnbHoit BriGopkoli goctyn
K uHGOPMAnUy, XpaHuMol B sueiike, oCyllecTBAseTcs No €& agpecy. B
accouuaTHBHEIX 3Y, B OTIMUME OT aApecHBIX, MOUCK MHGOPMALMH OCy e~
CTBIAETCA HE M0 €€ PacToOKEHUIO B MAaMATH (aJipecy WIH MECTY B ouepe-
NH), & 110 HEKOTOPOMY acCOUHMATMBHOMY NPU3HAKY, COMJIACHO KOTOPOMY
CPABHHBAIOTCSA HA COOTBETCTBHE (COBMAJCHME) ONpeeTieHHbIE MO CIOB
(TeroB) ¢ NPU3HAKOM, 33/1aBa€MbIM BXO/IHbIM CJIOBOM (TETOBbLIM aApecoM).

Buytpenuue 3Y 1o BbUIOAHSEMbIM (QYHKLUSM MOAPA3ACNAOTCS Ha
ONEpaTuBHBIE U MOCTOSHHBIe. OnepaTHBHOE 3aMMOMHHAIOLIEE YCTPOHCTRBO
(O3Y) cayxuT ANg 3aIUCH, XpaHEHUS U CUHTLIBAHHA MH(YOpPMAaLHH, KOTO-
pas MOMET W3MEHATLCS POLEeCcOPOM B JIH060H MOMeHT BpeMeHH. Tlocro-
auHoe 3Y (IT3V) BhinonHseT TONBKO XpaHEHUE U BbLIAYY MOCTOSHHO 3a-
MUCaHHON WH(pOPMALMY, KOTOPYIO IPOLECCOP MOMKET TONBKO CYHTHIBATH.
Taxkum obpaszoM, x uHpopManui, xpanumoit 8 O3V u I3V, npoueccop
UMeEeT HENOCPEACTBEHHBIR NOCTYTI.

Bpems poctyna npu obpauieruu k noboit sueiike O3Y ogunakoBo
6e30THOCHTENBHO eé oJokeHusa B namMsaty, H O3V oObiuHo HasbiBawT 3Y
¢ nponssoabHbIM jJoctynioM (Random Access Memory, RAM). [1pous-
BOJIBHOCTb ROCTYINa NOAPAa3yMEBaeT BO3MOXHOCTL QNEPAIMH 3afHCH WK
CYUTHIBaHUA € JMobo# gueiiky O3Y B nponsBonsHoM nopszke. 113V (Read
Only Memory, ROM) Takxe paboTaeT ¢ NpOU3BOILHOH BHIGOPKOH, T. €.
obecneunBaeT OQMHAKOBBIH JOCTYNn KO BceM siveifkam. OmaHaxo B [13Y B
xoze paboThi CHCTEMb] MO0 HE H3MEHAETCA paHee 3aricaHHas nHdopMa-
uny, mibo e€ 3aMmeHa TpebOyeT Ha MHOrO NOPSAKOB OOTNbLIEC BpEMEHH, YeM
NPH CYUTHIBAHUH.

Mo npunuuny paboThl 3aNOMUHANOLIMX DJIEMEHTOB U XPAHCHHSA HH-
opmatiun B 3D oneparuBhbic 3Y noapasneNMOTCs Ha JUHAMHYECKUE U
cratudeckue. B muHamudeckux O3Y 4sii BOCCTAHOBNCHHS W COXpaHEHUA
3ancanHoff uHdopMaurn TpedyeTcs NepHOAUYECKH NMPOBOAUTH MPOLIECC
perenepauuy. B cratnueckux O3Y, B oTnuuue OT AUHAMHYECKMX, HH-
dopmaiys B peHMe XpaHeHud, T. €. IIPYU OTCYTCTBHH oOpalleHuA (HO MpH
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BKIIOYEHHOM NMTAHMK ), COXPAHSETCA CKOJIb YTOJHO NOJIFO (V€3 pereHepa-
uun).

O3V ¢ NpoU3BOJBHBIM AOCTYIIOM COCTOUT M3 HECKOALKHX MOAynei
(unu GAOKOB), KOTOpBIE YCTAHABAUBAIOTCA HA CHCTEMHOM MAATE C LENLIO
MaKCUMANBLHOIO NpubmnkeHus k npoueccopy. 1o npubnuwxenue (v du-
3UYECKOe, M JOFHYECKOe), MPEXAe BCero, HanpasjicHO Ha NOBbILEHUE
npon3ssoantensnoct O3Y, xoropas OnNpenaenseTcs CKOPOCThIO NMOTOKa
3aNUChIBAEMbIX WM CUMThIBaeMbIX JaHHbIX. [Ipoussoautenshocts O3Y
3aBUCHT OT THNA U OLICTPOACHCTRUA NpUMeHAeMbIX 33, paspAaHOCTH IHHH
NamATH U HEKOTOPHLIX ApXUTEKTYPHbIX pelieHuii (BapuaHToB KOHBEHEpH-
3auuu BHYTPH MOAYJIS IIAMSATH).

5.2. Opranuszauus Moay.ieii ROAYNPOROAHHKOBbLIX
3Y ¢ npou3BOALHLIM JOCTYNIOM

B obwem cnyudae 3V ¢ npou3BOJLHBIM JOCTYNIOM HJH C IPOH3BOIb-
Hoit BbiGopKO# (3YTIB) COCTOUT U3 HECKOJILKUX MOJYNei, KOTopbie npo-
EKTUPYIOTCA U3 OAHOTHMHLIX MMKpOCXeM, peanudyemsbix B suae BHC u
CBHC Ha ocHore dunonspHoif unn MOI1-rexuonoruu.

H3pecTHO MHOTO pa3sHOBWAHOCTEH moayneil, KOTOpbIE pazIM4alOTCH
B OCHOBHOM KOMMJEKTOM JTMHUHM AaHHbIX. HexoTopsie Moaynu ucnonn3sy-
10T OAMH KOMIAEKT (Habop) NUHUY JAHHBIX KAK MPU 3aMMCU, TAK U NPH
CHUTHIBAHUY NAHHBIX. B Apyrux Moaynsx gaHHbie npy 3anucy nocTynawoT
MO OJHOMY KOMIUICKTY SIMHKMM, 4 DU CUNTLIBAHNM — BbIAAIOTCA HO JIPYro-
MY KOMIUIEXTY JMHHHN JaHHbLIX. Y TeX U ApYyrux MoayNeil Ha JuHUAX JaH-
HbIX TPUMEHSIOTCH BEHTWIU, AOIYCKAIOWIHE MOHTAKHYIO NOTHKY. Mo-
Ayfb DamAaTd BbIAAET JAHHbLIE HA BHIXOAHLIC JWHUM A3HHLIX TONLKO NpU
CUMTHIBAHUMY, 2 B OCTANLHBIX CAy4Yasx STUMM IAHIAMY MOFYT NOAL30BATH-
€8 Apyr¥e MOAYJNH NaMiTH MIW YCTPONCTBA, MOAKIIOUEHHbIE K ITHM Jlii-
HusM. Cocrosnye MMHAN BBIXOAHLIX JAHHDBIX, KOTAa B MOAYAE HE BhIION-
HAETCA CHUTLIBAHHE, 3ABMCHT OT THIa MOHTaXHONA snoruxu. Hanpumep,
s moutaxHoro M na cxemax TTJI ¢ OTKPLITHIM KONIEKTOPOM COCTOSHNE
Ha cBoBoAHOH NMHIK JOMKHO COOTBETCTBOBATL JoTrH4ecko# 1 n, cneposa-
TENbHO, JAPYroe YCTPOHCTBO MAM MOAY/lb NaMiTH CMOXET 3ajaTh €My
HYXKHO€ COCTOfHUE Ha nuuuu. [{ns mortaxuoro MM ceobonHoe cocTosn-
HUE A0JDKHO ObiTh norudeckum 0. lna TpuctabunasHoft MOHTaKHONR foru-
K¥ CBOOOJHOE COCTOSHUE COOTBETCTBYET TPEThEMY BLICOKOOMHOMY CO-
CTOAHUIO, TIPH KOTOPOM OTCYTCTBYET COEAMHEHHE C NMHUell AanHbix. B
JIOGOM Cllyuyae NUHUS BbIXOAHLIX JAHHBIX OKa3blBAaeTCA B CBOOOAHOM CO-

124



CTOSIHHH, €CIIY HE 1IPOM3BOAUTCS BLIOOpKA MOAYNS WAN B BHIOPAHHOM MO-
Jiyjie BBINONHACTCS onepaums «3anuchy.

PaccMOTpUM OpraHu3alMio MOAYNS CTATHYECKON MaMATH, KOTOpas
Tak ke, kak ¥ JI3Y, aMeeT OTHOCHTENABRHO MPOCTYIO JIOTUKY YHpaBleHUs
(puc. 5.1). Jloruka ynpasieHus Ais JMHAMBYECKO) NaMATH, KOTOpas uMme-
€T cBOM cneunduyeckue CTPYKTYypHBIe ocoOeHHOCTH ByneT paccMoTpeHa
noske. OCHOBHEIMU (yHKUHOHANBHBIMYM Onokamu 3VIIB craruyeckoro
tana (puc. 5.1) sBasgioTcs MaTpua (MacCHB) MHUKpPOCXEM NaMATH, JIOrdKa
ynpasneHus ¥ unrepdeiic urmanr. Jloruka ynpabiesys BOCOpHHUMaET NpH-
K36l CYWTHIBAHMSA M 3AITUCH, WHNUMHPYEMbIE LEHTPATBHBIM [POLECCOPOM
WM MOJYNEM INpPAMOro JOCTYNA K NMAMSTH, a 3aTeM [OChUIaeT COOTBETCT-

Bytolure curvanst CS u W/R B marpuuy muxpocxem (BUC u CBUC), rae

CS - curnan paspemenus MUKpocxeM; W/R — CHIHAJ, FI0 YPOBHIO KOTOPOrO
OTpefeAETCS THII OfIePaLMM: 3AITHCH HITH CUMTHIBAHHS.
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Puc. 5.1. Opranusayus moayns 3VIIB cratnueckoro thna

B namaTh azpec moCTynaeT ¢ cucTeMHo# inumbl aapeca (LIA). ITpu
3TOoM crapime (n—k)-61TsI anpeca NOAKOTCS B NOTUKY YIIPABIEHUS IS Of-
peneneHns Bbibopa MOLys ¥ paspewieHus ctpokn Marpuist CBUC, a maaa-
e k-OMTHl HaNPaBAAIOTCH BO BCE MUKPOCXEMbI TAMSTH A1 BbIOOpa COOT-
BETCTBYIOULEro cioBa B Habope CbHC pazpeuieHHol CTpOkH MaTpuLibl.

Jloruxa unrepdeitca UIvHLl YIIpaBseT HalpaBjeHHEM HEpPeaatiy CloBa
¥ anpecos npu obpauenusax k nmamsti. Hpyu cuureisadun (W/R = 0) cnoso
(no curuany paspewenus CS ) u3 sbibpansoro na6opa CBUC nepenaéres B
HaMpasieHMy CUCTEMHOM [UMHEI, a nipu 3anucu (W/R = 1) mocrynaer B Mat-
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puiy MuKkpocaeM. Kaxpas sueiika MHKPOCXEMBI TIPeACTaBIsET 4acTh CNOBa.
JAnvHa CnoBa A0MKHA COOTBETCTBOBATL PA3PALHOCTH WIMHLL JAHHbIX U B CO-
BPeMEHHBIX MOAYJBIX cocTaBnsier |, 2, 4 u 8 Gaiit. Kpome ocHoBHbIX uHdpoOp-
MALMOHHBIX OUT MOAYAM MOTYT UMETh JOTIONHATENbHLIE OHTLI ¢ pasMuHOM
opranu3auueii [8]. Paznuualor moaynu 6e3 KORTPOJILHBIX OUT C paspaaHo-
croio 8, 16, 32 uan 64 Guta U MOAYNIM C KOHTPOJEM NapuTera, KOTopbie
UMEIOT paspsapHocTh 9, 18, 36 unu 72 6uta. 3T MOAYIM AONYCKAKOT HE3aBU-
cumoe nobaittHoe oOpauieHue ¢ MOMOILULIO OTAENBHBIX JUIA KaxAoro Oaiita
ausnil BLIOOPKK aapeca. B MoAymax ¢ KOHTPONEM fapuTeTa KOHTPOJbLHbIE
6uTBI MO OOpALIEHHIO TIPUNUCAHBI K COOTBETCTBYFOLLMM Oaiitam.

JmvHa CnoBa B MOAYIIE NAMATU ONPEASNAETCa Kak Npou3BeeHue Konu-
YyecTBa 3alOMMHAIOIWUX JeMeHTOB (32D) B f4eiike MUKPOCXEMb! Ha YUC/IO
CBUC B ctpoke marpuiibl. TakuM 06pa3oM, eMKOCTb MOAYTS TTaMATH B CHO-
Bax otipenensercs npousseaeHueM uyucna sueek B CBHUC Ha xonuuecTso
CBUC 8 cronbue MaTpuibi MHKpOcXeM namaTH. OYeBMAHO, AAs yBeAHYEHHs
EMKOCTH MOAYJIA NaMATH HeoOXOAUMO YBENHUYNTDL KaK AJUHY, TaK H KOJNHYe-
CTBO XPAHUMBIX CAOB. YBENHYEHHE JUIHHDLI CJIOBA MOXKET ObITb BBHUTONHEHO
npocTeiM yBenuueHueM uncsia CBHUC B cTpoke MaTpHiibl MUKPOCXEM NAMATH
M ¥X NapajienbHbIM coeZinHeHHeM. JIns 3Toro Ha aapecHbie BXOJAbl Beex Ma-
pasuensHo BroueHHbIX CBAC nocTatouHo noaars 04K ¥ TOT JKE afpec.

Ha puc. 5.2 npuBencHa cxeMa NpUCOeINHEHN IMHUK afpeca W CHIHa-
5o ynpasneHua W/R u CS x Mukpocxemam OfHON CTPOKH MOLYJIS MAMSTH
¢ &mkocTbio 512 Kx8, 1. e. 512 K6aiit, noctpoennblii Ha ocsose BHIC ¢ opra-
Huzaumed 64 Kxl1.
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Pue. 5.2. Opranuzauus 3Y npu HapallMBaHUK PaspsaaHOCTH
XPaHMMOFO CNoBa

Monynbs naMaTy opranysosas B Bune Marpuusl BUC 3 8-mu crpok 1 8-
mu cTosbuoB. Yucno BUC B ctpoke (uucio cronbLoB) MaTpHLibl COOTBETCT-
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BYET paspaJHOCTH cioBa. Kak rMokas3aHo Ha pHcC. 5.2, MIaIIMe JdHHN apeca
A15-0 ot uHTepdeiica MHKI M CHrHaNL! yripasienus W/R u CS nonarorcs
ko Bcem BUC. JIuHuu BXOOHBIX ¥ BRIXOAHBIX JNAHHBIX I CHIDKEHUS udcna
BHYTPEHHUX CBA3eH B MOMyJie MamaTH 3aMEHEHb! OJHOH JBYyHaIpaBieHHOM
nuaued. [Tpy 3anucy 8-paspafHoe CHOBO MOCBLTAETCS IO ABYHATPABAEHHBIM
JHHMAM IaHHBIX Ha Bxobl DI BUC BeibpaHo# crpoku Matpuusl. C Beixona
DO xaxpoit BUC no ykasanHoMy aipecy CUuThIBaeTCsS OfMH OUT HHbOpMa-
uny. Tax kax Beixoast DO BHC npucoeniHeHb! K COOTBETCTRYIOLIMM pa3ps-
JaM 8-pazpsaHOH LIKHEL, ¢ HOCNeHel cuuThIBaeTCs 8-paspsiHoe CloBo. Ta-
KMM 00pa3soM, yBenWueHHe JUTUHBI CJIOBA He TpeOyeT npuMeHeHHs AONOJHH-
TENBHBIX TEXHUYECKHMX CPEICTB M BLINOHAETCS NapanieibHbIM BKIOYEHHEM
HeckONbKUX HiaeHTHYHbX BUC.

Heckonbko cnoxkHee o6CTOMT AeN0o NMPH HeoOXOOMMOCTH YBEITWUEHUS
KONIMYECTBA XPAHUMBIX B MOAYNE NaMsT CIOB. YBENMYEHHE KOJIW4ECTBA
Ci10B TpeOyeT HApalHBaHUA pa3psiaHOCTH LIMHBI adpeca. Ha npakTuke 3apa-
Ya yBEJIM1EHN KOJIMYECTBA CJIOB B MOJYJIE NaMATH NPH 33JaHHOI pa3psaHo-
CTH aJIPECHOTO CJIOBA AJIE KOHKPETHOIO THA MUKPOCXEM peliaeTcs ¢ IpuMe-
HEHHEM NONONHMTENLHOTO nemudparopa. [lpy sToM melumndparop MCronb-
3yercA AiA (OPMHMPOBaHHSA CHUTHala paspellienus paboThl OHOM W3 He-
CKONILKMX MapajUIeNbHO BKJTFOYEHHBIX 110 BXOHAaM U BBIXOJAM MHKPOCXEM.
JaHHoe pellieHre WTIOCTPUpYETCs Ha puc. 5.3, rie noKasaHa cXema nof-

KITFOYEHHS JIMHUY afpeca Ajgo M cUrHANOB yrpasneHuss W/R u CS k Muk-
pocxemMaM OJHOTO cToONa MATPHLB! MUKPOCXEM MOJYJIS NIaMATH C OpraHu-
satueit 512 Kx8, sbinojHEeHHOro Ha OCHOBE MHKPOCXEM ¢ EMKOCThIO 64 Kx 1.
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Puc. 5.3. Opranusauws 3Y npH HapalMBaH!H YUCAR XPAHUMBIX CJIOB

MuKpOCXeMb! JaHHON OpraHM3alUM YNPaBIAOTCA 16-paspayHbIMH aj-
PECHBIMY JIMHHAMH, NIO KOTOPLIM OT UHTep(eHca MHHBI KO BCEM MMKPO-
cXemMaM [oCTYnaT mnagmde OUThl aapeca Ais, A, ..., Ag. TpH cTapiumx
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6mia (pa3pana) aapeca Ajg Az ¥ A 01 urTepdeiica DIMHLI NOJAIOTCA HA
aJpecHble BXOIbl AONONHKUTENbHOTO Aeluudparopa. Ha Bbixoaax nocneaHero
$OpMUPYIOTCS CHUTHATb! pa3spELUCHHs CTPOKH MAaTpHIbl MHKDOCXEM, MOCTy-
nalomye Ha Bxoanl CS coOTBETCTBYOWMX MUKpocxeM. [1pu 3tom BbiGHpa-
€TCs O/iHA U3 BOCHbMH CTPOK MaTPHLIbi MUKPOCXEM MOAYJIA NaMATH, ¢ KOTOPO#
GyneT cuMThiBaTLCA HY)KHas nudopmaius. B cnydae cxembl, NOKa3aHHONH HA
pHc. 5.3 Npu noaaye Tpex CTapLIMX PaspaaoB aapeca Ay Ajr M A ielind-
parop BbiGepeT TONbKO OAHY MHKPOCXeMY, B KOTOpO# XpaHutcs | OMT HH-
dopmauuu. Boixonbl DO ocTabHbIX MUKPOCXEM, KOTOPbiE MOHTaXHO 00be-
JAMHEeHb! MeXAy coboii, OyAyT OTKITIOUEHb! OT BLIXOAHOH WHHBI JaHHbIX. Ka-
MBI OMT BXOAHBIX AAHHBIX NO/IAETCA OXHOBPEMEHHO KO BCEM 8-MM MHKpO-
cxemam. Jluany Bxoaubix DI u BeixoaHbix DO ob6benyneds! B OAHY ABYHa-
npasiieHHyI0 AUHUI0. Taknum 00pa3oM, JUTHHA CIOBA, €eMKOCTL # OpraHU3alus
MOZYJISL TaMATH 3aBUCAT OT YMCIa MUKPOCXEM, HCTIONb3YEMbIX B HEM M OT HX
cobcTBeHHOH (BHYTpeHHelH) opranmsalun. Tak, HanpuMep, ANS MOCTPOCHHA
MOZYJIS MAaMATH C eMKOCTBIO 512 Kb6aliT HeobxonMo uMeTh 64 MUKpOCXEMBI
¢ opranu3aumeit 64 Kx1. Kak yxe orMedeHO paHee, Takoi MOARYJib OpraHH3y-
ercd B 8 CTpOK 10 8 MMKpOCXEM B KaXKAO# cTpoke. MOXXHO MOCTPOUTHL MO-
AyJb TIaMATH C TOi K€ EMKOCTBIO BCETO M3 BOCbMH MHUKPOCXEM C OpraHu3a-
uueit 64 Kx8, no oaHoit Mukpocxeme B Kakaoi crpoke. JipyrumMu cnosam,
MUKPOCXEMb! MOTYT MMEThH CIOBAPHYIO OpraHu3aiMio (OJHOKOOPAUHATHYIO
BbIOOpKY, OAHOMEPHYIO afpecaluto) UM MaTPU4HYIO OpraHu3aumio (ABYX-
KOOPAMHATHYIO BbIOOPKY, ABYMEPHYIO apecaiyto). CroBapHas OpraHu3aLms
MHKPOCXEM NamsaTy xapaktepHa ans 3Y co ctpykrypoii Tuna 2 D, a matpuu-
HYIO OpraHu3aLuio UMEtOT, Kak npasuno, 3V tuna 3 D.

Ipu cnoBapHoii opraHu3aLUyd MHKPOCXEM NaMATH OCYLUIECTBAAETCA OA-
HOMeEpHas azpecaums, NpU KOTOPoil obpallieHre Mponu3BOJUTCS KO BCEM 3a-
NOMHHAOLMM 3eMenTaM (33) BbIOpaHHOii cTpOKK MMKpocxem. Bbibopka
CTPOKH MaTpuibl 3D MHKPOCXEMbI, KOTOpas npecrapiser coboil aueky s
XpaHEHHs CJI0BA WY YacTy CA0BA, NPOU3BOANTCA ¢ MOMOLIBIO OAHONO aapec-
Horo aemnparopa (DC), paboTatowwiero npy HaM4uKM curxana sbibopa mu-

kpocxembl CS o noruke «1» u3 2™, rae m — yucno BXoaubix aunuii DC; 2™
— YHCIO BbIXOAHBLIX NUHHI DC, KoTOpble Ha3bIBAtOTCA JIMHHUAMH BLIGOPKH
cnioBa (cTpoku). Yucno 2" coorsercTByeT uncny ciios K, XpaHMMbIX B MUKpPO-
cxeme namatv. Ha m Bxonusie nuunu DC nionaéres ampec HyKHO#M CTPOKH, T.
e. quelikn MUKPOCXeM U B COOTBETCTBUM C 3TUM HA OfHO#H u3 2"-nuHuil Bbl-
Bopk# CIOBA YCTaHABNUBAETCA CUTHAN JIOrUUuecKoi 1, a Ha BCeX OCTanbHbIX —~
cursan sorudeckoro 0. CurHan noruueckoii 1 Ha nuanu BHIGOpKYU cnosa pas-
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pelae: onepaliio CYHTLIBAHUA WK 3aMUCH Bu Beex 33 BbIOPAHHOH CTPOKU
MHKPOCXEMBI.

Ha puc. 5.4 B kadecTBe npumepa NpUBOAKTCS CTPYKTYPHAS cxema ¢par-
MEHTa MUKPOCXeMbl NMaMATH CO CJIOBapHoii opranuzauueii 4x4 u €mko-
CTbIO, paBHON 16 GuUT.
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Puc. 5.4, CrpykrypHan cxema dparmenra BUC namatu co cnoapHoit
opraHuzaumeii 4x4

JlaHHas cTpyKTypa COREpIKUT MaTPHLy 3aNOMHHAIOLMX d1eMeHToB (373)
4x4, pewmdparop s OAHOMEPHOH ajipecality U Joruyeckue aneMeHTbi (J13)
Ha BXOJaxX ¥ BbIX0Jax MUKpocxembl namaTu. J13 U ucnons3ytotes ans npuéma
rHbopMaumu ¢ BxoaxbIx auHKi DIy, DI, D, u DI; B 3D BoibpanHoit cTpoku
MpH BLIIONTHEHUH onepauuu 3anicy (W/R = 0) ¥ Bbinauu uHGOpMaLyy Ha Bbl-
xoauete nuHnu DOy, DOy, DO,, u DO ¢ Tex ke 33 npH BbINOIHEHUH Onepa-
uyn cyutbiBaHus (W/R = 1). MukpocxeMs! co c10BapHOii opraHusauveii (oa-
HomepHo# afpecauueii) npuMenstorcs B 3Y co cTpykrypoil Tuna 2 D, ang xo-
TOPbIX XapaKTepHA OTHOCUTENBHO Manas UHGOPMaUMOHHAA EMKOCTD.

YBenuyeHue EMKOCTH MUKPOCXEMb! AMSATH CO C10BapHOi oprasu3auueli
1pY 3aJaHHON PaspAAHOCTH XPaHMMOTO CJIOBA BOZMOXKHO TOJILKO 3a CHET yBe-
JIMYEHUs] KOTMHECTBA CJIOB, T. €. YUCJA CTPOK MaTpHLbl. ITO MPHBOJINUT K yBe-
JIMYEHHIO KOAMYECTBA BbIXOA0B (pasmepHocTy) DC, T. €. K YCIOKHEHUIO ero
crpyktypst. Hanpumep, npu anpectom sxone m = 10 DC umeer 2'° = 1024
BBIXO/IOB, KXl W3 KOTOPbIX JOKEH COSAUHATLCA € 33 B CTPOKE.
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Takuiv 00pasoM, 115 yMeHbLIeHHs pasMepHOu v ajgpecHoro DC u, cnefo-
BaTeJIbHO, YMCJia BHEIHHX BbIBOZOB MHKpOcXeMbl 3V, a Take A YIIpoLile-
HUs BCTPOEHHBIX CXeM oOpamiienus (YCUIUTeNeH 3aiMc W CUMTBIBAHKA) TIpH-
MEHAIOTCSH MUKpOCXeMbl 3Y ¢ MaTpUHHOH opraHu3aliuell, B KOTOpbIe NPOH3BO-
JuTcs HOOHTOBOE 3amyCh — CYNThiBaHUe HHGOpMatuu. Jind 3TOr0 B MHKpPO-
CXeMax ¢ MaTpHyHOU oprann3auueif ncnoin3yrotes apa aemudparopa DCy u
DCy ¢ m/2 axpecHbIMH BXONamy U ™2 BBIXOAHBIMU JIMHMSMY (CHHTAETCH,
4TO M — HUCNO 4€THOE, a MaTpul@a 32 — KBaAparHas), ¢ MOMOMUIBIO KOTOPbIX
OCYLLECTBNACTCA IBYXKOOpAMHATHAd BHIOOpKA (IByMepHas aipecaums). Bul-
xozmusie JuHUM geltudparopa DCy cmysxat ans BeIOOpKH cTpokd, a DCy —
Juia BbIOOpKH ctombua Matpuilbl 33, OOuiee YuCAO BBIXOIHbIX JMHUHA B
JBYX Jeumdparopax pasHo 2 * 2™ ="M yro CYIHECTBEHHO MEHbILIE KO-
JIAYECTBA BLIXOAHLIX MuHuMil ( 2™ ) mpu onxoM azpecHoM teuridparope DC B
MHKPOCXEMax CO ClIoBapHO# opraHusaumed. Ha MukpocxeMax namsru ¢ mar-
PUUHON OpraHusalyedl CTPOATCs 3alOMHHAIOLIME YCTPOICTBA CO CTPYKTYpOid
tHna 3D, KoTopble NPUOGPETAIOT NMPH ITOM “TPeXMEPHbLIK” xapakTep. B aToM
CITy4ae HECKONBKO MHMKpOcXeM (MaTpuIibl 33 3THX MUKPOCXEM) YTIPaBIAIOTCA
ot JBYyX pewvdparopon: DCy 1 DCy, OTHOCHTENBHO KOTOPBIX OHU BKJIFOUSHBD!
apaswiensHo. M3 kaxpoit maTpuis! 32 cuMThBaeTCs OAUH GUT MHGOpMaLWH, a
YUCSIO MATPULL PABHO Pa3psiiHOCTH XPAaHUMBIX CIIOB.

Ha pue. 5.5 npusenena ctpykrypnas cxema 3YTIB ¢ MaTpudHoOii opraHu-
3aluet.
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Puc. 5.5. Crpyxrypuas cxema 3V ¢ MarpuuHoii Oprauu3anned

JlaHHan cTpykTypa conepxut matpuiy 33, aeinugparopsl crpoku DCx
u cronbua DCy, ycunurenu 3anucu u cuuthiBanmsa. Kaxapid 32 matpuusl
uMeeT CBoI COOCTBEHHBIIH ajipec, onpeaenseMblii HoMEpaMH CTPOKH H cTonbLA.
Pexaimbt pabotbt 3D onpenenstores oruueckuMid YPOBHAMM (3HAUEHHAMU)
CHTHAJIOB Ha JIHHUH BbIOOPKH CTPOKM M CTONOL, Ha fiepecedeHnsX KOTOPhIX
HAXOAUTCA JaHHbi 33,

Hpu obpawmennn x 3Y ¢ marpuunoil opraHuMsanueil BbIOHpaeTcs
TOBLKO OAMH U3 2™ 33, HaXOAALUMIICS HA TepeceyeHrM BLIOPAHHBIX CTPO-
KM M cToabua, Ha JHHUKM BbIOOPKHM KOTOPBIX MMEIOTCA CHrHanbl J0ruye-
ckoii 1. Bee octanshble 33, AnA KOTOPBIX KOHBIOHKLMSA JIOTHYECKHX CUT-
HAAOB HA COOTBETCTBYIOIUMX JHHUAX BLIOOPKHM CTpOkH M cronbua pasHa
«O», HAXOMATCS B PexUMe XPAaHEHUS U OTKJIIOYAIOTCS OT 0bLIeH and Beex
33D 1MHBI A2HHBIX.

Ecnu curnan ynpasneHus pexxumMom paboTbl (3anUCH B CUMTHIBAHUS)
W/R paBen «0», TO ¢ BLIGpaHHOIO 110 COOTBETCTBYIOLIEMY azipecy 3D cuu-
ThiBaeTcs OuTOBas UHGOpMaLusA, KOoTopast yepe3 OOLLYIO IMHUHY AAHHBLIX H
YCHIHTENb CYUTHIBaHUA Nepetaércsd Ha Bbixoa DO. Jlas 3anucn B 3D Ho-
Boli MHMpOpMauMy noJaérca curian paspeiueHus 3anucu W/R, pasHblil
aoruyeckoil 1, KoTopelif OTKpbiBaeT ycnautens 3anuck. [lpu 3rom Bxoa-
Has 6uToRas MHQOPMaLMA Yepes YCHIHTENb 3anUCH NOCTyNaeT Ha obLLyIo
IIMHY JaHHBIX, C KOTOPOIi nepenuchiBacTed B BbIOpaHHbil 33. OTMmeueH-
Hble OMepauMy CHUTLIBAHWS U 3aNHCH BbIMOJHAIOTCA TOJLKO B Cjiyyae,
eciin Ha Bxoa CS, coequHeHHbil ¢ BXoaoMm cTpobnposanns Jiemingparopa
crpoku DCy, nonaérest curHan paspetterus kpuctanna (CS = 1). Ipu or-
cyTcTBHU aToro curvana (CS = 0) pabora nemngpparopa DCx u, cnegosa-
TeNbHO, CaMOif MHUKpOCXeMbl mamsiTh Gsokupyercs. pyrumu ciioBamu,
MUKPOCXeMa NaMsITH NePexXoiuT B PEKUM XPaHEHHs, a YCUIIUTENAb CUNTHI-
BaHus Ha e€ BbIXOJe MEPEeBOAUTCA B TPEThE COCTOSHUE C BbICOKUM MMiTe-
JIAHCOM M OTKIIIOHAETCA OT PaspaAHOi TMHUK JAHHOTO HHTEpQenca WWHbI,
B paccMOTpeHHO! MHUKpOCXeMe MamaTH C MaTpUYHOH opraHu3auueii
obecneunsaeTcs xpaHeune 27X | KOLOBBIX COB, T. €. 3aJaHHOMY ajpecy
COOTBETCTBYET OAMH OMT MH(opMauud. AHAJIOTHYHbLIE BBYMEPHbBIE MUK-
pocxembl 3Y HCNOML3YIOTCS sl BCEX OCTANBHbIX OMTOB B CAOBE.

IMpu obpatienun k 3Y[1B Buibupaercs onpeaendHublit Habop MUKpO-
CXeM, KOJIMYECTBO KOTOPbIX COOTBETCTBYET Pa3psJHOCTH KOLOBOIO CjioBa
(aueiiku). [Tpu srom pewndparops! crpok DCy u cton6uor DCy pabora-
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I0T Cpa3y Ha Bce MHKpOCXeMbi (MAaTpHIlb 302) BeIOpaHHOro rabopa. Takum
o6pazom, Bce GUTHE (pa3psibl), sueliky agpecyrotcs oasoBpemeHHo. Cre-
IYET OTMEeTHUTD, YTO YKCIIO BRIOPAHHBIX NUHUHI B JemmudpaTopax npu 3ToM
He yBenuuuBaeTcs. Kpome Toro, ucnonb3oBaHMe criocofa ABYXKOOPAM-
HaTHOW BBIOOPKY NO3BONACT 3HAUUTENBHO YIPOCTHTb CTPYKTYPY MHKpPO-
CXEMBI MaMATH, YTO NPU 3a[aHHOHM [UIOINAAY KpUCTAUIA ABAETCA [peano-
CHUIKOH NoNy4eHys MakcuMalbHO Sonbuiol EmkocTd 3Y.

YnpouieHue nellingpallid ajpeca TyTeM YBEIUUYCHUS PaspaaHOCTH
COBa ¥ YMEHbBLUEHUs WMC/a CTPOK MaTpHib! 30, a TaK JKe CHIDKEHME Yncha
BXOJHBIX ¥ BBIXOJHbBIX JIMHWH JAHHLIX JOCTUAETCA B MUKPOCXEMAX C Cenek-
TOPHBIMH CXEMaMH (JIeMYJIBTHIUIEKCOPAMH H MYJBTHIISKCOPaMH), TTPHUMeE-
HAEMBIX B 3Y co cTpykTypoit Tuna 2 DM(2 D moan@uuupoBadHsas), B KOTO-
PbIX [UI KayKAOro Gura CIIoBa MCMOb3YeTCs OHA ABYHANpAaB/ICHHAas TUHHA.

B crpyxtypax 3Y tupa 2 DM coderatores DOCTOMHCTBA 00eHX CTPYK-
typ: 2 D 1 3 D. Brnarogaps 3romy ynpoiuaercs Jeliidpanys agpeca, 0 He
TPeOYIOTCS. 3arOMMHAIOIIME BAEMEHThl € JBYXKOOPAMHATHOH BLIOOPKOIA.
PaccMoTpum cTpykTypHYIo cxemy 3Y Tna 2 DM c cenexropamu (puc. 5.6).

Marpiwia 33

2k.m .20k

m ,2]‘1-1{

By

H___’DO

Cenesrop
TAHHBIX

Puc. 5.6. CrpykrypHas cxema 3 tuna 2 DM ¢ aByHarnpaBseHHbIM
CesleKTOPOM JIaHHbIX

Bribop cTpoku npsmoyronbHOfi Marpulibl 3D pazMepoM 2% m * 2
MPOM3BOAUTES ¢ NMOMOLLBIO aeirdpaTtopa ctpok DCy, Ha BXOAbI KOTOPOTo
MOJAXOTCS MAAALLINE paspsibl agpeca A= A.y... Ag. CTaplune paspsiabt agpe-
ca Ar = A,p... Ag UCTIONLE3YIOTCA AJISt YIIPABIICHMsS! CEJIEKTOPOM, C MOMOLLLIO
KOTOPOr0 MYJBTUILIEKCUPYETCS M-paspsiaHoe croso u3 2™ rpynn 32 B Bbi-
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OpanHoli marpuue 33. 13 kaxuoll rpynner 37 cenekTop BIOMPaeT o OIHO-
My outy. Ilpi 3TOM B 3aBHCHMOCTH OT 3Ha4YeHus curHana W/R no pasperre-
Huto curnana CS wHbpopmanus (m-paspsiHoe CI0BO) THOO 3anychiBaeTCa B
m MyJbLTUMIEKCHPOBaHHbie 37 BbIOPAHHON CTPOKH, JUGO CUUTHIBAETCH C
37X 30 i nepenaércs Ha BHELUHIONO WMHY AAHHbIX.

Cnenyer oTMeTuTh, uTo B 3V co cTpykrypoit Tina 2 DM 3a cuér
b6osbuiell AnuHBI CTPOK MaTpuibl 3D co3aaeTcs BOIMOXKHOCTb YME&Hb-
WMTb YHUCIO €€ CTPOK M, Clief0BaTENIbHO, YMCHbIINTh YHCIO BBIXOL0B
pemndparopa. [losromy crpykrypy mukpocxem 3Y Ttuna 2 DM ue-
mecoobpa3Ho KCMOJL30BaTL NPH 3aIIMCH — CUNTHIBAHUA HHPOPMALNOH-
HbIX cnoB 00MblOH pa3psaHocTH. B npOTHBHOM chyyae CXEMOTEXHHU-
yeckas peanusauus 3Y co crpykrypoii Thina 2 DM npuoaut k 60Jib-
LIMM annapaTHbIM 3aTPaTaMm.

PaccMOTpeHHbIe Bblille CTPYKTYPHbIE CXEMbl MHKPOCXEM MamATH C
pasinuHoi opranusaumedl no3BOAAIOT NOHSTh OOLIME NPUHUMALY 110-
cTpoeHus 1 ocobeHHocTy paboThl 3Y ¢ npousBonbHON BeiGopkoil. Janee
PacCMOTPHM HEKOTOPLIE JJIEKTPOHHBIE CXEMbl NMAMATH CTaTHYECKOTG H
JMHAMUYECKOTO TUIIOB ¢ NOAPOOHBIM OMNCAHUEM HX paboThi.

5.3. CtaTH4yecKasi NamMaTh

Craruueckas namate — SRAM (Static Random Access Memory), B
otauuue ot aunammuyeckoit (DRAM), cnocobHa npu oTCyTCTBUH ofpailie-
HHi1 K Heil (B CTaTUYECKOM pexuMe) XPaHUTbL HHEGOPMALMIO CKOMb YTOAHO
JONro, HO MpHM BKJHOUEHHOM WCTOYHMKE NuTaHus. B kauvectBe 3amomn-
Halowmx 371emeHToB (33) craTuueckoli MaMATH C NPOU3BONbHOR BbIOOp-
KO#l MCHOMBL3YIOTCA NPOCTEHLINE CTATHYECKUE TPUITEPbI — IAEMEHTH! C
ABYMSl YCTOMYHBBIMH COCTOSHUAMH. DTH DAEMEHTBL, N0 cpaBHEeHuIo ¢ 3D
annamuueckux 3YIIB, Gonee cnoxubie W 3aHuMalOT Oonbilie Mecra Ha
KpUCTa/IIe, OHAKO OHM (POLUE B YIIPABACHWH W He TPebYIoT pereHepa-
unu. EmxocTs, ObicTponeiicTBue 1 norpedisieMass MOLHOCTbL CTATAYECKUX
3YI1B onpenensiorcs TEXHONOrMed MU3rOTOB/EHHUs H CXEMOTEXHHMKOM 37,
KOTOpbI€ peanu3ylOTCs Ha OCHOBe OMUMONApHBIX TpaHsuctopoB u MOII-
CXEM.

3anoMHMHAaOME 3NIEMEHTDI, BLIMONHEHHblE HAa Ounonspubix TTJI-,
ICJI- u UJl-cxemax MMEIOT CAMOE BBLICOKOE ObicTpoaneiicTBue, 0IHAKO
oun poporocrosmue. Cratuueckue 3YIIB na Takux 3D umeioT Bpems
JIOCTYIa B HECKONBKO HAHOCEKYHJ, YTO MO3BONAET UM paboTaTh Ha HACTO-
T€ CUCTEMHO# [LIWHBI NpoLEccOopa, He TPeOYsA OT HEro TAKTOB OXHAAHUSA.
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Haubonee sxonoMuuneiMy ssnstorcs 39 Ha nMOII- u KMOII-cxemax,
KOTOphIE obecneuuBalOT JUINTE/bHOE Xpatenne wHPOPMAIMY TIpH ITHTa-
HHH OT ManomolHo# Gataped. ITo3TOMY OHH LIMPOKO MPUMEHSIOTCH B
namaTy koHdurypanuu PC, xots UMeIoT BpeMs gocTyia Gonee 100 Haso-
cekyHa. Emkocth coBpemeHHbix CBUC craruyeckux 3VIIB gocruraer 1
M6#nT. OTHOCHTENLHO BBICOKOE SHEPronoTpebIenye [Py HU3KOM NI0THO-
CTH YNAKOBKH K BBICOKAs yHENbHAS CTOMMOCTh XpaHeH s HHopMaiiy He
TNI03BONSAIOT UCMONb30BaTh cTatndeckue 3YIIB B xadecTBe OCHOBHOM ma-
MATH NEPCOHAIBbHBIX KOMITboTepOB. B IBM PC-coBMecTHMBIX KOMNbIOTE-
pax ¢ npoueccopamu 80 486 u Pentium Muxpocxems: craruueckux 3VTIB
NPUMEHAIOTCS TNaBHBIM 00pa3oM [N NOCTPOSHMS BTOPUYHOIO K3lla oc-
HOBHOH NaMATH, B KOTOPOM HUCMOJIb3YETCA apXUTEKTypa NpsAMoro otobpa-
XKEHUSI, T HabOPHO-aCcCOLMATUBHAA apXUTeKTypa. [I[pAMeHernne BTOPHY-
HOT'O K31Ia MO3BONAET CYILECTBEHHO MOBBICUTL NPOM3BOUTENLHOCTE KOM-
NBIOTEPA B LIENOM.

PaccmoTpum nompofHee cxeMotexHuyeckue peienus 33 ua Gumno-
nspHelX 1 MOII-Tpansucropax. Ha puc. 5.7 npuBeneda npuHuUMnuanbHas
aekTpuHeckas cxema 303, xotopblt ucnonszyer TTJI-rexHosormio u
npeaHasHaueH A npuMeHeHust B ctatudeckoMm 3YIIB ¢ marpuuhoi op-
ranusaumed tuna 3 D.
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Puc. 5.7. CxeMa 3aMOMMHAIOLIErO 31EMEHTa CTATHYECKOM NaMSITH
Ha ocHoBe OunonsipHeix Tpandncropos (TTJI-rexHonorun)

3D mnpencrasiseT co0OM CTaTHYeCKMil TPHITEP, MOCTPOSHHBIA Ha
ABYX MHOTO3MMTTEPHBIX TpaH3ucropax T u T,. PakTHuecKn KaxKablid
MHOTOIMMTTEPHR!H TPaH3UCTOP BMECTE CO CBOMM HArpy30UHbIM Pe3HCTO-
POM B KOJJISKTOPHOM LieNU BINOIHAET (YHKLHIO TPEXBXOIOBOIO JOrU4ye-
ckoro anementa (JI3) M — HE npu nonoxurensHoit noruke. 3ty JID
BKJIIOYEHB! [IOCHEOBATENBHO I OXBAYE€Hbl TONIOKHUTENIBHBIMUA OOpaTHBIMU
ceazsmu (ITOC).
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SXKABII TPAH3UCTOP MMEET MO TPU IMHUTITEPA, YTO MO3BOJIAET OCY-
IEeCTBUTL Kak BbIOOpKY 33, Tak W XpaHeHue B HEM HUHGOpMaLMU. DMUT-
Tepbi 11 1 21 Tpansucropos T, u T, aBnstorcs napadasHbiMy (APAMbIMH H
HHBEPCHbIMH) HHQOPMALMOHHLIMU BXOAAMU U CAyXaTt Ans 3anucu B 39
“1” unu “0”. ITH XKe IMUTTEPLI, NPUCOSAUHEHHbIE K Pa3pAAHBIM JTHHUAM
Janheix PJI0 n PJI1, ucnosnb3ytoTes xak BbIXOABI 3D TIpH CUHTHLIBAHHMU
ntopmaunn. Takum 06pazoM, OZHN U Te Ke BbIBOALI 3 (UNU paspsaHbIe
JIMHHU JIAHHBIX) MCHOb3YIOTCA Kak /8 3aniCH, TaK H JUIS CYMTbIBAHUA
nargopmauunn. [onapHo obbenuueHHbie 3mMuTTepsl 12, 22, w 13, 23 rpan-
sucropoB T; u T,, ycnioBHO Ha3blBaeMble aJpecHbIMM, 00pasytoT ABa
KOHBIOHKTHBHO CBS3aHHBIX BbIBOAA 3D, MPHCOEIMHEHHbIX K BbIXOAHBIM
JuHusAM BblOOpkN cTpokn JIBy m cronbua JIBy; aapecHbix gewudpato-
poB.

B cocraBe cratuueckoro 3YT1IB 3D pabotaeT B pexxumax XpaHEHUs,
CUMTBIBAHUS U 3anucK. B pexume xpanenua (3D He BbiGpaH) Ha OQHOMH
win 00eux NUHMAX BLIOOPKH YCTAaHABIAUBAETCS CUTHAN JAoruueckoro 0
(HanpsbxeHue Hu3koro yposHa < 0,4 B). [1pu atom 3D, T. €. Tpurrep, o6-
pa3oBaHHbIi noruyeckumu anemedtamu Y — HE, Haxoaurtcs B ofHOM M3
IBYX YCTOW4uBbIX cocTosuuil. [lpeanonoxum, 4to cocrosumo “07 33
COOTBETCTBYET clelyrouiee: TpaHuctop T, oTKpsIT, a TpausucTop T; 3a-
KpbIT. CAefyeT OTMETUTb, YTO MHOIO3IMHUTTEPHBIH TPaH3UCTOp cHMTaeTCs
OTKDbITbIM, T. €. IPOBOAUT TOK, €CTH OTKPLIT (CMELIEH B NIPIMOM Hanpas-
JeHHMN) XOoTH Obl OAMH U3 ero nepexonos 6asa — smutTep. B pexxume xpa-
HEHMS TOK OTKPBITOro TpaHiuctopa T, 3aMbikaeTcs Ha oOLUYIO HIMHY Ye-
pe3 aapechbie smuTTepsl 12 u 13, u aunnn sbibopkn JIB, w JIBy; (unn
TONBKO uepe3 OAMH A/PECHBIN IMUTTED U OAHY JAMHHUIO BLIGOPKU), HAXO-
JsuHecs NOA HanpshkKeHHeM Hu3koro yposHs. [lpy 3ToM nHPpOpmaLHOH-
Hbie aMuTTepb! 11 1 21 KOMKHLE ObiThb 3aKPLITHI, AN YErO HA Pa3PAAHBIX
aunusax PJIO w PJI1 ycranaenuBaercs nanpshkeHHe, pasHoe 1-1.5 B. 3D
3NEeKTPHYECKH M30nupyeTcs (OTKIIOYaeTCs) OT paspsAHbIX JIMHUIA AaHHBIX
¥ HaXOAUTCS B COCTOSHHY XpaHEHUs HHPOPMaLIUH.

B pexume cuuThiBaHUA MHpOpMaLKH HA NHHUAX BLIOOPKH CTPOKU
JIB,; u cronbua JIB,; ¢ nomMowpio agpecHbix Ae(paToOpoB ycTaHABIH-
BaeTCs CUrHaj soruyeckol 1 (HanpshkeHue BLICOKOro ypoBHA, > 2,4 B).
[Ipu aToM fiepexoabt 6a3a — 3MHUTTEP, CBA3AHHbIE C JIMHUAMH BbLIOOPKH
JIB,; u JIB,;, 3akpeisatotcs. Ecnu 33 HaXoANTCS B COCTOAHUU JIOTHYECKO-
ro 0, To Tok OTKphiTOro TpaHsuctopa T; TeueT yepes ero UHMOPMALHOH-
Hplii sMuTTep |1 W nanee nocrynaet B pa3psAAHYHO JUHUIO AaHHbIX PJIO.
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Tox B paspsamo#t muHuM PJI1 orcyTermyer, T. K. TpaH3ucTop T, 3aKpIT.
Taxum o6pasoM, cuuThiBaeMas uuHMOpMaLlig, COOTBETCTBYIOLIAS COCTOM-
HUIO 33, pacno3HacTcs M0 HAMIUUUIO TOKA B TOW MM wuol pazpsgHo#t mu-
HUHK AaHHbIX. ClepyeT OTMETHTB, YTO CHUTHIBaHHMEe WHopMauvd u3 39
poucxonuT Ge3 ee paspylieHus.

B pexxume 3amicy HHGOPMAnNMH BHAYalle Tak ke, KaK i MpH CYUTHI-
BaHWY, NPOU3BOAKTCS BbIOOPKa 33, T. €. HA IUHUX BLIOOpKU CTpokH JIB,;
u cronbua JIB,; ycranaenusaercs curHan gorndeckolt 1. ITocie atoro, ams
sanuck B 30 “1” wmm “0” ¢ cooTBeTcTBYIOWEl pPAa3pAAHON IMHUM AaHHBIX
Ha MOAKJIOYEHHBIH K Hel HHPOPMaUHOHHBIH SMUATTEp MOAACTCS HANIPANKE-
HHME BBLICOKOro ypoBHs (> 2, 4 B). Ha npyro#t nHQOpMaLMOHHbLT 3MUTTED
No-NpesKHeMy, Kak B peskHMe XpaHeHHsl, IOCTYIaeT ¢ THHUH BRIOOPKH Ha-
npsbkedue, pasHoe 1--1,5 B. Hanpumep, eciiu Ipou3BOAKTCA 3amuch “17 B
33, KoTophli Haxoausics neped 3TUM B coctosuum “1” (T, — 3akpir,
T, — OTKpPBHIT), TO HIOAAYA HANPSKEHUS BBICOKOTO YPOBHS Ha >MuTTep 11
Tpansucropa T He MeHseT ero JO TOro 3aKpeIToe cocTosiHue. Ecnu mep-
BoHadanbHO 33 Haxomwics B coctosuud “0” (T, — otkpsIT, T; — 3aKpEIT),
TO Mipu 3anucu “1” Tpansucrop T, 3akpeiBaetcs, T, — oTKpbiBacTes U 30
YCTEHABIMBAETCA B COCTOSHUE “17. DTOT Npollecc yCKOPSETCs 3a CUeT I10-
JIOXKUTENBHLIX OOpaTHBIX CBA3eH, MMEIOIUX MECTO MEXAY 2IeMeHTamu
1 - HE.

B nacrosumee Bpems cratuueckue 3YIIB na Ounonsapubix 33 Bee eilte
JIOBOJILHO AOpPOTH, TO3TOMY NPUMEHSIOTCS B OCHOBHOM B KAueCTBE BTO-
puuoro kawa. Jins ymeHbUIeHHs CTOMMOCTH M noTpebasgemoii MolHo-
CTH, & TaKXe AJi1 NoJy4eHus 6Gonee BLICOKOM CTENEHM yNakoBKU 3JieMeH-
ToB B cTathyeckux 3YIIB co crpyktypamu 2 D n 2 DM wupoko npume-
Hs0T 32 Ha nMOI1-TpaH3ncTOpax.

Ha puc. 5.8 npusesena saubonee pacnpocTpaHeHHas cxema 3D cTa-
tudgeckoro 3YIIB tuna 2 D ¢ oaHokoopauHaTHoO# Bbibopkoit. 33 mipea-
craBisiet coboit craTudeckuit TpUrrep, COCTOSLIMM U3 IBYX MHBEPTOPOB, OX-
BaYEHHbIX MOJIOKUTENBHBIMI 06paTHbMU CBs3AMH (ITOC) U BHINOJHEHHBIX
Ha nMOI1-TpaH3ucTopax ¢ U307MPOBAHHBIME 3aTBOPaMH M HHIYLIUPOBAH-
HbIMH KaHalaMM. 3aTBopb! TpaH3ucTOpoB T3 M Ty MOAKAIOUEHD! K UCTOUHMKY
crokosoro nyrauus E.. IlosToMy oHM MOCTOSHHO OTKPBITB! M UIPaIOT Posb
Harpy3ou4HbIX Pe3UCTOPOB B LIENAX CTOKOB TpaxsucTopor Ty u T, paborato-

KX B KIIOYEBOM pexxuMe. Brrxoas: 33 (mpsmoit Q u uHBepcHbI Q) vepes

HOPMaNbHO 3aKphIThie TpaH3uCTOpb! Ts U Tg COEAUHEHDB! C Pa3pAAHBIMY JIH-
HuaMy nanHeix PJIO m PJI1. Tpausucropst Ts u Tg BbmIONHAIOT GyHKIMM
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JBYXCTOPOHHMX KiOyeH, T. €. POBOAIT TOK M HEPefaloT uHPOpMALMIO B
oboux HamnpaBieHusx. J{ist 31010 noanoxku TpaHsucTopoB Ts u Tg npucoe-
IMHeHb! K o0imed ke (“3eMis™), a ve k uctoky. Korza Ha 3arsop nogaercs
BBICOKHH ypOBEHb MONOXKUTENBLHOIO HATIPSKEHHA (Ioruyeckas 1), kaHan Me-
JKAY MCTOKOM M CTOKOM CTaHOBMTCS MPOBOIAINMM. TpaH3UCTOp B 3TOM Clly-
4ae IPOBOAUT TOK B OGOMX HanpaBiieHWAX, T- K. CHMMeTpHUHas CTPyKTypa
TPAH3MCTOpA MO3BOASET HCTOKY M CTOKY MpH HEOOXOMUMOCTU MEHAThCS PO-
nsmu. 3arBopsl TpaH3ucTopoB Ts n Ty coeauHeHs! ¢ THHHEH BbIOOPKM CTPOKH
JIBy;, KOoTOpas ABIAETCS OJHMM M3 BbIXOAOB aapecHoro AeliudpaTopa.

I PG
T8
e,
|

Puc.5.8. CxeMa 3anmOMMHAIONLIETO 3/IEMEHTa CTaTHUECKON aMsATH Ha
nMOIT-Tpan3zucropax

B pexuMe xpanenns uadopmaipiu Ha TUHUY BbIOOpkU cTpoky JIB,; yc-
TAHAB/IMBAETCA HU3KMil ypoBeHb HarpsbkeHus (jorumdeckudt 0). IloatoMy
TPaH3UCTOPBl Ts U Tg 3aKPBITEI 1 33 OTKIIOUACTCS OT paspAAHON MHUHK JaH-
HbiX. Cocrossus 3D B pexume xpanenus, dnarogapa [10C, ycToRuMBEl ¥ OH
MOXeT XpaHHUTb Haxomsllylocs B HeM uHbopmausio (“0” wid “17) ckomb
YTOAHO JOJTO.

B pexxume cuuThBaHUg s Beidopky 3D Ha nuxuo JIB,; nogaerca Ha-
NpsKeHHe JIOTHYecKodt [, YTO NPUBOAUT K OTNHMPaHHIO TpaH3ucTopos Ts u Ts.
[Tpu 3tom undopMmatus, xpardiumas B 33, MOSBISETCS Ha PA3PANHLIX JMHUAX
PJIO u PJI1. Ecau cocrosrue 33 cootercrByer “0” (T; — otkpsiT, T; — 3a-
KpBIT), TO NPy CUUTbIBAHKHM MHbOpMaLmy Ha nuHur PJI0 nossinseTcs nanps-
eHue norvyeckoid 1, a Ha PJI1 — noruveckoro 0. TaxuMm o0pa3oM, CUHTHI-
BaeMas M3 30D uHGOpMALlHA NOABISETCS HA Pa3psiAHBIX JTUHMAX B Mapadas-
HOM Kojie, fanee IOCTYNAeT Ha BXOJbl yCHWIUTEN el CUMTBIBAHUS U Yepe3 HUX
Ha BbIXO/HBIE UIHHbB! AaHHBIX BYIC 3VTIB.

B pexume 3amucu uHdopMauuu (Ipy yciaoBus BeibopkH 33) Ha pas-
psousx nuHusx PJIO 1 PJI1 ¢ cooTBercTBYrOIMX yeunuTesded 3amucy ycra-
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HaBJIHBAIOTCA MapadasHble YPOBHH HANpHKeHUS (YCUIIMTENH 3aNMCH M CHM-
ThIBaAHUA HA puC. 5.8 He ykasaubl). ITpu 3amicu “1™ Ha PJI1 ycraHasnusaeTcs
HanpsbKeHWe BbiCOKOro ypoBHsa, a Ha PJI0 — Haripsieue HU3KONO ypoBH.
ITpeanonoxum, uyto npexuee coctosrue 39 coorsercryet “0”. [Tocne Bo3-
6yxnenus nusny BoIGopky (JIBy = 1) tpanzuctopsl Ts u Ts OTKpbIBAIOTCH, U
3aTBOPbI U CTOKH KIOYEBEIX TpaHsucTopoB T; u T, NOAKmOHalOTCA K pas-
psaubiM arpusaM, [1py 3TOM Hanpskenue HU3Koro ypoeHs Ha PJI0 wyHTHpY-
et Tpansuctop T, M CHAMAET ¢ 3aTBOpa TpausucTopa T, HaNpsKEHHe (3a CUeT
paspsjia napasuTHOH eMKOCTH 3aTBOpa T,), NONIEPKUBAIOILEE EMO B OTKPbI-
TOM COCTOsHMH, B pesynbrare T, 3akpsiBaeTcs. HanpspkeHue Ha ero cToke
YBENHYKBAETCA 10 HEKOTOPOTO NOJNIOKUTENLHOIO YPOBHS, [IPY KOTOPOM TIpo-
MCXOAUT OTNHpaHue TpansucTopa Ta. Jlanee npouecc nepexnoueHus Tpurre-
pa (zanucu HoBoit WHbopMaunu B 33) yckopserca 6rnaromaps [1OC. [pu 3a-
nucy “0™ 8 30 npoucxoauT obpaTHOE MepexoueHye TPUITepa, AN Yero Ha
paspaaHoit numank PJI0 yctaHaBnyBaeTcs HanpsmkKeHUE BLICOKOIO YPOBHS, a
Ha juruK PJI1 — HanpsokeHue HU3KOro ypoBHs. 3anncanHas B 3D HoBas UH-
hopMauus coxpaHaeTcs B HEM JI0 MOMEHTa QUepeHON nepe3arucy.

PaccmoTtpenHbiit 33, Kak 1 31eMeHT Ha GUIOAPHBIX TPAH3UCTOPaX, 10-
NYCKaeT MHOTOKpaTHOE CYuTbiBaHue MHQopMauun 6e3 ee paspylleHUs, a
TAKOKE MO3BOJIAET NPOU3BOANTL 3aMKCh H CHUTHIBAHME WHQOPMALMH N0 OX-
HHM U TEM K€ BbIBOAAM (1 pa3psaaHbiM AHHUAM) 33, 94TO BOKHO C TOUKY 3pe-
Hud ynpoweHus crpykrypbt CBUC namsti.

Creayer OTMETHTB, 4TO AN opraHu3auuy Buibopa 32 na MOIT-Tpau-
34CTOpAX NO NPUHLMMY ABYXKOOPAMHATHOI BbIOOPKHM HEOOXOAMMO HOCIENO0-
BaresibHO ¢ TpansuctopaMu Ts u Te BKNIOUYMTD elile Ba aHANIOTHYHBIX TpaH-
3UCTOPA U ¥X 3aTBOPbI IOACOEAMHUTD K JIMHUM BbIOOpKH cTONbLA.

Ha npaxTuke npuMeHsOTCS HECKONbLKO pasHOBUAHOCTE#H cxeM 3D cra-
tHueckux 3YTIB va MOTT-tpan3ucropax [17]. Hanpumep, B o110 U3 HHX B
Ka4yecTBe Harpy3ouHoro pesucropa ucnonbdyiorcs nMOII-Tpansucropsl co
BCTPOEHHbIM kaHanom. Takas cxema 3D, no CPaBHEHHIO € PacCMOTPEHHOM
Bblllé CXEMO# 3anoMHHAIoIlero anemeHTa (puc. 5.8), uMmeer nambornbiiee
ycunenue, 6onee Bbicokoe ObicTpoaeiicTBIe U obecnieynBaeT Haubonee KOM-
OPOMHCCHOE petlieHHe MEeXAY noTpebnseMoli MOIHOCTLIO H MIOWANLIO, 3a-
HHMaeMON Ha KpUcTanne.

JU1s CylUECTBEHHOrO CHIbKeHMs noTpebsemoil MOUHOCTH B PEXHME
XpaHEeH!A LHPOKO NpUMEHAETCA cxema 3D Ha KoMmieMmeHTapHbix MOII
(KMOIT)-crpykTypax (puc. 5.9). B Tako#i cxeme kaxnas KMOII-ctpyxrypa,
npeacTasnaomas coGolf HHBEPTOpP, COCTOUT U3 ABYX TPaH3UCTOPOB, OAMH U3
KOTOPBIX MMEET KaHajl ¢ NPOBOAMMOCTBIO N-THMA, a Apyroii — p-runa. [Tosto-
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My TpaHsucTopbl KMOITI-cTpykTyphl Beerna paboTaioT B ApoTHBOdase, T. €.
KOFJa OIMH U3 HUX OTKPbLIT, APYTOH — 3aKphiT. TakuM 06pa3oM, B pexuMe
XpaHeHUs OJUH U3 TpaH3ucTopoB KMOII-cTpYKTYph! BCErzia 3aKphIT, U
MOLHOCTb ONpeAensercs TOAbKO TOKAMH YTEUKH p-n [EPEX0JOB, KOTO-
pble OYeHb Masibl. ITUM 0OCTOATENHCTBOM U OOBACHIETCA OCHOBHOE J10-
crouHcTBO 30D Ha KMOIT-cTpykTypax: B pexxdMe XpaHEHHs MOLIHOCTh
norpedaeHus NpakTHIeCKH OTCYTCTBYET (M3MEPSAETCs B HAHOBATTaX).

Ec¢

PAI1 Q(—'m —T:JJ
Sy

| el Ly F

Puec. 5.9. 30 va KMOII-Tpan3ucropax

PN

3HayuTensHOE noTpebiieHne MOLHOCTH NIPOUCXOANUT TOJIBKO B pe-
JKUMe 3alcu HOBOH uHdopMarun, T. €. IpH MEPEKIIOYEHHH TPUTTepa,
U o0ycIOBAUBaETCA Nepe3apsaioM I1apa3UTHLIX eMKocTeHd cxembl. [lpu
atom pMOII- 1 nMOII-TpaH3HCTOPb! TOTO KUY HWHOTO MHBEPTOPA OJHO-
BPEMEHHO OKA3bIBAIOTCS OTKPBITBIMH M Hepe3 HUX IPOTEKAET CYIUECT-
BeHHO Oonblio# Tok. OJHaKO MPOLECCHhl epe3apsana NapasUTHBIX eM-
KocTeil W nepekntodedus tpurrepa Onaropaps ITOC u oTHocuTenbHO
ManblX CONPOTHBICHUH OTKPBITHBIX pMOII-TpaH3HCTOPOB, NpOTEKAXOT
A0CTaTO4HO ObICTPO. [103TOMY B HEJIOM CpelHAs 3a MepHOj MOIHOCTS
norpebnenns B 33 Ha KMOTIT-cTpykTypax oxa3biBaercss 3HAYUTENHHO
MeHbiie, yeMm B 33 Ha nMOIl-Tpansucropax.

[Tpoueccs! 3anucu u cunThiBanus MHopmauun B 33 Ha KMOII-
CTPYKTYpax OCYLIECTBISIOTCS TOYHO Tak ke, kak ¥ B 33 Ha nMOII-
TpaHs3ucropax. [Ipy 3ToM He3aBuUCHMO OT THNa cxem 33, UCMONb3ye-
mbix B CBUC cratuueckux 3YIIB, ux BXOAHbIE U BHIXOAHBIE UEMH BbI-
MOJHAIOTCS COBMECTUMbIMH II0 JIOTUHECKMM YPOBHSAM C 3JEMEHTaMH
TTJL. 910 nosposster cravaaptuzuposath CBMC namsTth, obecrneyus
BO3MOXHOCTb MX COBMECTHOIO MCIOJIb30BAHUS.

Cneayer oTMeruth, 4YTO 3D CTATHUECKOrO TUNA TakXke MNOpuUMe-
HaoTcd B accouuatuBHbix 3Y (A3Y), B koTOpbiX 33D OTBICKUBAETCS 110
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uHPOpMauny, coaepxauieiics B HeM, 4 HE L0 ero MeCTOHOJOXKEHHIO
(agpecy), 3anumaemMomy B Maccue. OcHoBy 3D A3V (puc. 5.10) co-
CTaBJIg€T CTATHUECKUH TPpUrTep, RONOIHEHHbIA HEKOTOPO#H CXeMoit, ko-
TOpas B PeXUME «NOKUCK» CAYXHWT 1A BBINOJHEHHS JOTHYECKUX OMne-
paunii cpaBHeHUA ¥ MackupoBaHus. CTaTnyeckuil Tpurrep, kak u npe-
Kae, obecrieurBaeT xpanennue nHpopManyy, a TakKe NMPOBEASHUE pe-
JKHMOB 3alMCY U CuuThiBaHud, T. €. 33 A3Y B pexxuMmax XpaHeHus, 3a-
IACY U CYUTHIBAHNS MOXKeT pafoTaTh TOYHO Tak e, KaKk H 3D crarHye-
ckoro 3YTIB. INpu 3toM wuHa cnoe [lcn, k koTOpoit MOACOEANHEHB!
3aTBOPH! TPaH3ucTopoB Ts U T, BbINONHAET GYHKUUIO ANHHU BbIOOPKH
cTpoku Matpuubl. [Toatomy npu HeoOxoaumocTu A3Y MOXHO HCNOJb-
30BaTh Kak cTaruyeckoe 3YIIB.

B pexume «NOUCKY», KOTOpbIH ABNSETCA XapaKTEPHBIM TONbLKO
ana A3V, oTbickHBaeTcs MeCTOnoNoxeHUe 3D no XpaHuMoi B HeM
HHpOpMaLIH M ee COOTBETCTBHIO HHOPMaLMH (BHELIHEH 110 OTHOLLE-
Huio k 33 A3Y), umeromeiics Ha paspauHbix uinHax PLLIO u PLIIT.
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Puc. 5.10. Cxema 33 accoumarueHbix 3Y

[Touck 3D npousBOAMTCA NyTeM CPABHEHHUS €ro COAEPNKHMOTO C
uHdopmaleil Ha pa3pAdHBIX LUIMHAX, KOTOPAsA APEACTABAAETCA B MNa-
padazHom xone. Onepauus CpaBHeHUs peand3yercsa Ha TPaH3IHCTOPaxX
Ty, Ts, To, Tio u Ty, npuueM 3aTBopsl Tpansuctopos T; u Ty noacoe-
AWHEHDBI K pa3psiiHbiM IIHHAM, a 3aTBOPbI Te U Tio — K BuIXOgam cTa-
TUYECKOTO TPUTIepa, BbINOJHEHHOTo Ha kiaoueBbiX (T, u T,) u Harpy-
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3ounsiX (T35 u T,) Tpansucropax. 3arBop TpansucrTopa Tj; TIOTKIOUEH
K miMHe coBrnajeHus llicoBm, Ha KOTOPYIO B peXUME «NOHCK» NOAaeT-
Cf HaIpsKEHHE BBICOKOIO ypoBHsA. B pexkume «IIOHCK» HA WIMHY CJIOB
Uica nomaercs HU3KHMH ypOBeHb HANPSIKEHUSA, YTO PUBOAMT K 3arM-
pasuro tpaH3uctopoB Ts B T U 3MeKTpHUECKOH M30AALUMHU cTaTUYEC-
KOro TpuITepa OT pa3psAHbix WHH. Tenepsb, eciu uHbpopmanus B 30
(Tpurrepe) u Ha pa3pAAHbIX HIMHax coBmajgaeT H COOTBETCTBYET “07,
TO Ha paspanHoii muHe PLI1 Oyner HanmpsibkeHHe BBICOKOTO YPOBHi, a
Ha wiuHe PII0 — HanpaxeHue HU3KOro ypoBHA. [lpu 3ToM TpaH3mc-
topet T, Ts u Ty oTkpbIBatoTCs, & Tpausucropsl Ty, T; u Ty 3akphi-
BatoTesa. Jlanee, eciu Ha uidHy cosnageduil LllcoBn monarte Hanpsoxke-
HHEe BBICOKOTO YPOBH#, TO TpaH3uctop T oTkpsiBaerca. OAHAKO TOK
OT MCTOYHHKa nutaHus E. ve moctymaer B muHy cios Hlcia, 1. x. B
3T0 Bpema TpaH3ucTopbl T7 U Tio 6yAyT 3aKpBITHIMH.

B A3Y 06BIYHO CPaBHMBAIOTCA CJOBa pa3paAHOCTHIO (MH(OpMa-
TUBHOCTBIO) HECKOJIbKO OUTOB M omepanus CpaBHEHUS (MIOUCK ClIOBA)
BBHIMONHAETCS OAHOBPeMeHHO (napaienbHO) BO BeexX paspsnax. [lpm
3TOM TOYHBIE COBMAJEHMS BO BCeX pa3psAlax HPHBOAAT K MpeHeope-
KHMO MaJIOMY TOKY (MpaKTHYECKH — K ero OTCyTCTBHIO) B LIHHE CIIOB.
B to ke BpeMs, MO BEJMUHUHE ITOFO TOKA MOXHO OLEHHUTb CTeleHb
HECOBNAJEHHUS, T. €. YUCIO HecOBMaAaroWux OuTos. Jpyrumu cnosa-
MH, HaJH4YHe TOKa B LIHHE CJOB fABAAETCT MPU3IHAKOM TOTrO, YTO CO-
gepxumoe 3D (Tpurrepa) He coBmajgaeT ¢ uHboOpMalMeid Ha paspaa-
HbiX uHax. B A3V rtaxke npelocTaBiafseTcs BO3MOXHOCThL 3aMacku-
pOBaTh HEKOTOpblie pa3psidbl CIOBA U BECTH MOMCK JIMILL HEMACKUPO-
BaHHbIX OUTOB. MackupoBaHue orepaluy cpaBHEHUS B OZHOM pasps-
Ae Ha puc. 5.10 [15] poinonHseTcs nojavyel HaNpKEHUA HA3IKOTO
YPOBHS Ha paspsanbie mwuHbl PLIC u PIU1, 4yTo npuBogMT K 3anupa-
Hulo TpaH3uctopoB Tg u T¢ ¥, cieloBaTe/ibHO, OTCYTCTBHI) TOKA B
muHe cnoB. TakuM oOpa3oMm, JaHHBIA paspad UCKIOYAeTCd M3 onepa-
UMK CPaBHEHUS, T. e. MackupyeTcs. B Hactosiee Bpems A3Y (nam 3Y
¢ BLIGOPKOH MmO cofepkaHul0) U3-3a AOPOrOBHU3HbI MCMONBL3YIOTCH HE
Tak wupoko, kak 3YIB. OnHako oHU UrpaloT cieUHPUUYECKYIO PONIb B
cHCTEMaX XpaHEeHHs U MONCKa JAHHbIX.

5.4. JlunamMnueckasi NaMsTh
Ouuamuueckas oneparusHas naMmarbh (DRAM) seinsercs OCHOB-

HOM aMATBI COBPEMEHHAIX KOMIBIOTEpOB. B THHAMUYECKON NaMaTH
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B KauecTBE 3aMOMMHAIOLIMX 3ivMeHTOB (32) ucmonb3ywores nMG.]-
TPaH3UCTOPBI K KOHAESHCATOPH! HEOONBLIOH EMKOCTH.

[lpouecc 3anucu ¥ cyuTbIBaHUA MHGOPMauUK npy OOpallEHHH K
33 cBa3aH ¢ 3apsAAOM M pa3psAOM KoHAeHcaropa. [lpu AnMTenbHoM
OTCYTCTBUM OoOpauleHus K 3D u3-32 YTeuek TOKA, a TakXKe NPH CUUThI-
BaHHU KOHAECHCATOP paspsxkacTcs W MHPOpPMauusa, KOTopas XpaHUTCs
B 33, co BpemeHeM TepseTcs. [ToaToMy B AuHaMuueckod maMsty Ans
COXpanHoCTH HHpOpMAUUMN TpebyeTcs NEPHOAUYECKH NMPOBOAMTHL pe-
reHepauuio, T.€. PeryaapHeli uuknuyeckuil nepebop namaru (obpa-
LIEHWEe K HUM C XONOCThIMM UMKIaMU), B MPOLECCE KOTOPOro Mpous-
BOLUTCS TOA3apsiaka KOHIAEHCATOpPOB. OTUM JHHAMuyecKas NaMsiTh
NPUHLHIMKHAILHO OTJIHMYAETCA OT CTaTHYEeCKO#d, KoTOopas NpH OTCYT-
CTBRM oOpawenuii x Hell crmocoGHa XpaHHTb UH(POPMALMIO CKOJMb
YFOAHO AOJITO, HO NPH HAUYUHK NUTaOUWEro HanpsokeHus. Kpome To-
ro, N0 CPaBHEHHK) €O CTATHYECKOH, AUHAMHYECKas MaMATL o0nanaer
MeHbWUM ObicTpoaeiicTBueM. OpHake 3D AMHAMU4ECKOH naMATH
HMEET OUEHbL Majble pasMmepbl, 6aaroiaps YeMy yAaeTcs Ha OJHOM
KpHMCTalje pasMecTHTh MHJIHOHBI 3D M MONYYHTHL CaMylo NeileBylo
MIONYNIPOBOAHUKOBYO NAaMSTh C YMEPEHHbIM dHepronoTpebaeHnem.

B cospemenHbix 3Y DRAM ucnonb3ylorcs 0ZHOTPAH3IUCTOPHbBIE
33 (puc. 5.11), B KOTOPbIX WHHBI YNPABAECHUA CUHTHIBAHHEM-3aNH-
CbI0 ¥ BBOJAa-BbiBOJA AAHHLIX OObEAWHEHLI, a CaM 3allOMHMHAIOLLK i
JNIEMEHT COCTOUT U3 koHaeHcaTopa C, u nMOII-rpan3ucropa T, pabdo-
Taowero B pexume kiaova. Konnencarop C, cdopmuposan npu no-
MOLM TOHKOIO OKCHAHOTO auanektpuueckoro cnos (Si0O,), pacnono-
KEHHOro MexXay noanoxko u crokom nMOIl-tpanducropa, He
UMeEIoLIero BHelHero suidoaa(puc. 5.11, 6).

H
o 0
o

Puc. 5.11. Cxema 33 nuHaMU4eCKO# NaMATH (3) M €ro CTPYKTypa B paspese (6)
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3arBop MOII-TpanzucTop«d Tp MOAKTIOYEH K AMHUM BHIOOPKH CTPOKU
JIBC matpuust 33, T. €. k BeIxoAy Aewrdparopa aapeca crpoku. [1py mo-
SBJICHUU HAa JaHHON JNMHUM BEIOOpKM cTpoku JIBC cursama BoICOKOro
ypoBHs (noruueckoif 1) tpansucrop Ty OTKpbIBaeTcs U koHaeHcarop C3
NOAKJIIOYaeTcA K paspafHoit uivHe AaHHbIX PIL, xoTopas Taxxe Hasbl-
BaeTcs JiMHuel 3anucu — cuuteiBaHud (JI3C). B atom ciydae B 3aBHcH-
MOCTU OT pekuma padoThl MOXHO CHYMTHIBATE MHGOPMALMIO, XPAHHMYIO B
303, unu 3anuceiBaTh B HEro HOBYH. B pexxume xpaneHusa TpaH3uctop Ty
3aKpbIT, a coctosnue 33, COOTBETCTBYIOMIEE JOory4eckoi 1 mmm aornyec-
KoMy 0, xapakTepu3yeTcs HallMiMeM HIM OTCYTCTBHEM 3apsifia Ha KOHAEH-
carope Cs.

PaccmoTpum (parMeHT MUKpPOCXeMBI ANHAMMYECKOH MaMATH, 3aIo-
MHHaIOLe SAEMEHTbl KOTOPOH OpraHM30BaHB! B BUJE MATPULbi CTPOK K
cTonbuos (puc. 5.12).

Pili

neci . 1330,

,"'"CT ‘ L—— ''' 1+331.0

i
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i
AL =
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Puc. 5.12. dparMeHT CTpYKTYpHOH CXEMbl AMHAMUYECKOH NMaMATH

Tpansucropsl T, u T,, paboTtaioiiye B pexuMe KJIK04a, UCIONL3YIOT-
cs B Npolecce 3allicy LS 3afaHusd Ha paspsaHoil wMHe aadHeix PLU
YPOBHS curHana norudeckoil | wnn noruyeckoro 0. Tpansucropset T u Ty
BBINOJHAT (PYHKUHIO YCUAUTENs CUNTbIBAHMA. 3a0Mch MHQOpPMALUU B
3D BblnonHsAeTcs ¢ UCMONb3oBanueM TpaHzuctopoB Ty u T, ¥ curHanos
yripasieHus Yo ¥ Yy, OIpU HOMOLM KOTOPbIX paspsiHas iIMHA JaHHBIX
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NOAKIMIOYAETCH UIH K HnHE “3emis™ (npu 3anucu 0, Tpauzuciop T — oT-
KpPbIT), MM K UCTOYHHKY CTOKOBOrO MHTaHMs C HanpsbkenueM Ec (npu
sanucy 1, Tpansucrop T; — OTKPLIT).

Ecnun B 33 3anmchiBaetcs endHuuHas uHGOpMauus, TO NOTEHUHAN
BbICOKOr0 YpOBHS paspsaaHo#l wmvHel PLI nepeaercd vepes OTKpLITbIA
TpausucTop Ty KoHaeHcaTopy C3 u 3apskaer ero 40 YpOBHS JTOTHYECKOI 1.

Ecmu B 32 sanuceiBaercss “07, To paspsgHas WIMHA NaHHLIX HMEET
HYJeBON MOTEHLMAJ, YTO TMPUBOANT K paspsaly koHaeHcaropa C3 u ycra-,
HosneHuto Ha 33 curdana noruueckoro 0. CieayeT OTMETHTh, YTO B MUK-
pocxeMax AMHAMHUYECKOH NaMATH C BHICOKON CTENEHBbIO WHTErpauuu
BECbM2 BENUK YAENLHBLIA Bec CTaTHueCKoN eMKkoCTd Cui, nmapasuTHo# mo
OTHOLIEHUIO K paspagHod wuHe gaHHbix PIL. 3ra emxocts Cui, Hasbi-
Baemas emkocThio PILII, mHoro (B gaecaTku v coTHY pa3) Oonblue em-
koct C3 (Cw >> C3) u yBenuuusaeTcs ¢ yBejnyeHueM uucna 33, nog-
knwoyaemslX k PUI u, cneposarensro, ee miubbl. [lpu noaxmoyeHud K
PIil xoupencaropa C3 manoii eMkocty (C3 = 0,1 nd) npoucxoaur usme-
HeHHe HanpakeHus Ha PL, koTopoe yMEHbIUAETCS RPOHOPUHOHAILHO
oTHouleHHo eMkocTet C3 u Cul, BCIEACTBME YEro Ha BXOZA YCHIMTENA
CUMTBIBAHMA TIOCTYMAaeT oueHs cnabelit curHan. [lpouece cunThHIBAHKUA UH-
dhopmaLuK 06bIYHO MPOU3BOANTCA B CIISAYIOLIEH MOCIEI0BATEALHOCTH:

— BHauane nepeji CHMThIBAHMEM HH(OpPMALUKW HAa YynpaBAfioLIM
Bxoj Y1 mojaercs curHan nor. 1, B pesynsTtare 3Toro tpansucrop T2 or-
nupaercs v-emkocTh Cluf 3apskaeTcs 40 ypoBHs Ec/2;

~ BbIOUpaeTcs HyxXHblit 3D, AN 4ero nojaercs curHan BulOOPKH
crpoxu JIBC, paBHbIii norndeckoii 1, 4To NPHBOAUT K NOAKIIOYEHHIO KOH-
nencatopa C3 depes oTKpbIThil Tpansuctop Ty k wune PLL 1 u3meHeHuo
HanpsKeHus Ha Helt 3a cueT nepepacnpeneneHus 3apsaaos Ha C3 u Cu.

Hanee usmeHexnue HanpsokeHus Ha muHe Pl ycunusaercs TpaH3uc-
TopoM T3 # ¢ BBIXOAA YCHJTUTENA CUHWTLIBAETCHA CHUIHAJI, PONOPLUHOHAND-
HbIA 3apaay koHaeHcaropa C3, BbiGpaHHoro 33. Eciu cocrosHue 33 co-
OTBeTCTBYET foTHueckol 1, T. e. kongeHcarop C3 3apskeH 10 YPOBHA Ha-
npsokenust Ec, To npu ero moakmouexnnyn k wnue PUI vacrs 3apsaga KOH-
nexcaropa C3 crekaer B emkocTh Cl ¥ HampsxkeHue Ha Pl ysennuu-
BaeTcs Ha BenuuuHy AU (a Ha C3, HANpPOTHUB, YMEHBLIAETCS HA 3TY XKE Be-
nmuuyHy). B pesynabraTte 3TOr0 Ha 3aTBOp Tpausucropa T3 mocTynaer Ha-
npsokedue (Ec/2 + AU) 1 Ha BbIXO#E yCUIINTENS CUMTHIBAHUS NOABAAETCA
curaan noruyeckoro 0. Ecim cocTosHue 3D COOTBETCTBYET NIOrHYECKOMY
0, T. e. KoHAeHcaTtop C3 pa3psiKeH, TO MPU CHYUTLIBAHMM ITOM HYNeBO#H
HH(OopMauuu HanpsbkeHHe Ha wikHe PLI ymenbluaercs Ha BenuuuHy AU
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(u3-3a nepepacnpene/eHns 3apsios Mexay C3 u Cur) u, cnefoatelibHO,
Ha BXOJ YCHJIMTENs CYUMThIBaHUA NocTynaer Hanpskenue ( Ec/2 — AU ), a
Ha €ro BHIXOA€E MOABNAETCS curHan jgorudeckoit 1. Ha ocHoBe aHanmusa
MPOLECCOB CUNTHLIBARUA “0” UK CUNTHIBAHAA 17 HECNOKHO ONMPEACAHTD

sHayeHne AU. OHO OKa3biBaeTCs NPHUMEPHO PABHBIM Al = E. Gy,

‘m

CNEAOBATENLHO, OYEHb ManbiM, T. K. €MKOCTh KoHAeucatopa C3 MHoro
MeHble eMKocTy paspaaHoii muHel Cii. KpoMe Toro, fpu CUMTHIBAHUH H,
cnejoBare/ibHO, NOAKIIOUSHUH 3anoMuHatoleil emkocty C3 Kk paspsaHoi
winke PU npoucxoauT paspyuieHue HHMOPMaLWK 13-32 H3MEHEHUA 3apsAfa.

Jns ycrpaHeHHs 3THX HEJOCTATKOB, HMEIOLMX MECTO NpPU CUUTHIBA-
HYH JAHHBIX, IPYMEHSIOT YCHIIHTEH-PEreHepaTtopsl, a Takke pasauuHbie
cnocoObl yBenuueHus emkoctd C3 (6e3 yBenuuenus mnowaau 3D) u
ymeHbweHus emxoctu C,,. Jing yBeanuyeHus emxkocTd C3 B KayecTBe M-
3/IeKTpUKa MPUMEHSIOT ABYOKHCh THTaHa TiO, (BMecto aByokucH Si0O»).
310 Mo3BOASET P oauHakoBoM emkoctH (3, Gnaromaps BbICOKOH Au-
anexTpuueckoil noctosHHON TiO; 1O CPaBHEHUIO ¢ ABYOKHCBLIO KPEMHUA
SiO», cokpatuts mrow@ans 39 npumepHo B 20 pa3 nin yBeTHYHTL EMKOCTb
C3 npy 0AHOBPEMEHHOM YMEHbLIEHHH €ro MUIOaAH. YMeHbIICHHE EMKO-
ctu Cuwl B 1Ba pasa NoJy4aloT NPOCTLIM «pa3pe3aHHeM» pas3pAAHOH WHHBI
PLL Ha nBe NONOBHHBI C BKJIIOYEHHEM YCWITHTENA — CUMTHIBAHHA B Pa3phis
mexxay nostosdHamu PLI, v PHg (puc. 5.13, a).

Cxema YCUITUTENS CYUTHIBAHUA, HA3BIBAEMOTO TAKKE YCHIHTENEM-
perenepatopom, npuseneHa Ha puc. 5.13, 6 u oHa npeacraBaseT coboi
npocTeiilunii Tpurrep, nocrpoenHsiit Ha 18yx nMOII-uuBepropax ¢ nono-
AKUTeNbHbIMU OOpaTHbiMU cBA3AMU. JN1S yrpaBieHUs Harpy304HbBIMH
Tpan3zuctopamu T3 u T, Ha ux o6beANHEHHbIE 3aTBOPbI MOAAIOT CHIHAN
«[Toaroroska», kOTOpsIif BHauane NMPUHUMAET 3HAUYEHUE, PaBHOE JIO-
ruyeckomy 0. [Tpu 23TOM HarpysodHsle TpaH3ucTopbl T3 U Ty 3aKphITH,
a cocTosiHuA TpaHi3uctropoB T, u T, onpeaensroTcs ypoBHAMM CUTHa-
JIOB Ha TuHUSX A 1 B ofHoii paspaaHoii wuxe! PLI.

Opna u3 nonosux PLU, Hanpumep, nunusg A, K x0TOpoil He non-
kmoueHa C;, coxpaHsieT HanpsxkeHue npemzapana E./2 a nanpsxke-
Hue Ha apyro#t nonosude PUI, T. €. Ha nuHuKM B, K KOTOPOH NMOAKIIO-
uyeH BbiOpanHblif 3, OTAMYAETCA OT HanNpsANEHWA NpeA3apsla Ha Be-
nuukHy + AU B 3aBucuMocTH OT WHbopmauuu (1 mau 0), cuuroiBae-
MOit ¢ 3D. Pasdbie ypOBHUM HanpskeHU Ha JUHHAX A M B cosgator
4CHMMETpHIO posoaumocTeid TpaHsucTopoB T, u T,. '
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Puc. 5.13. Cxema BkioueHUs ycunutens-peredeparopa B paspbid PIL nunamuye-
CKOM mamsTH (a) M CXeMa ycunuTess-perenepatopa (6)

[lpu cuMTHIBAHHM U pereHepaluu AaHHbIX curnan «Ilogroroskay
NPUHHMAET 3HAYEHHE, COOTBETCTBYIOLIEE BHLICOKOMY YPOBHIO Hanps-
XEHHS, DTO NPUBOAHT K OTOUPaHHIO TpaH3ucTopos T; u T,y v Bo3HUK-
HOBEHUIO TPUITEPHOH CXeMbi, KOTOPast GBICTPO MEPEXONUT B yCTOWHU-
BOE COCTOsAHYE, onpelenseMoe HadanbHON acHMMETPUEH NPOBOAMMO-
ctell tpausucropoB T1 u T2. Ilpun sToM B Toukax A u B, koTopbie s8-
NAOTCS OAHOBPEMEHHO Y BXOJAMH M BBIXOAaMH YCHAUTENS-pEreHepa-
TOopa CHOPMHUPYIOTCS NOJHbIE YPOBHUM HampskeHUs forudeckoro 0 u
nornveckod 1. B pesynsTaTe aBroMaTHuecKy BOCCTAHABIWBAETCS Ha
3anoMMHAOLEN emMkocTH C3 MONHOE 3HAUYEHUE CYNTAHHOIO CUTHANE |
TEM CaMBIM OCyulecTBAseTCs pereHepauus vHdopManun B 30. Ypo-
BEHb HaNpsAKEHUA Ha NHHMM B ompenenser Taixe curaan, nepena-
BaeMbill BO BHEWIHIOW LieMNb B KayecTBe CYUTAHHON MHDOPMALHH.

CxeMa ITHHAMHYECKOHN NAMATH

3anoMuHawIlde fS4Yefiki MUKPOCXEM NHHAMHUUYECKOH MaMsTu op-
rad{30BaHbl B BUAEC ABYMEPHOH MaTpuubl. Aapeca cTpoky #u cToabua
nepejaloTcs MO MYJNbTHIIEKCHUpOBaHHO#  LiMHe agpeca MA
(Multiplexed Address) u ctpobupyrores no cnagy cursanos RAS
(Row Address Strobe) u CAS (Column Access Strobe), cooreT-
crBerHoO. [lpu MynbTURNEKCHPOBAHUM ajpeca CTPOKK U cToAbua ma-
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Tpulbl 33 (10AAI0TCA NOOUEPEAHO HA OJHU W r€ Xe BbIBOAbI kopryca
mukpocxembl. Takum 0Opa3oM, MYJNbTHITJIEKCUPOBAHUE AAPECOB MO-
3BOJISET YMEHBIUUTE YUCO aAPECHbIX JIMHUH, U CNEROBATENbHO, YHC-
710 BLIBOZOB KOPIYCa MUKPOCXEMbl. A 3TO 0COOEHHO BAXHO ANA MHK-
pocxem DRAM ¢ Gonbllol eMKOCTLIO M, CJNEAOBATENBLHO, C 00N bLLLOI
Pa3psAHOCTHIO AAPECOB.

Ha puc. 5.14 npusenena cxema IMHAMHUYECKOi 11aMATH, TI€ pacKpbil
oaun u3 cronbuoe matpuusl 33. nMOIl-Tpanzuctopet, pabotarowue B
peKMMe KJIoUa, BbIMONHAIOT QYHKUMIO 3aMOMUHAIOLLMX 3JIEMEHTOB.
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Puc. 5.14. Cxema AMHAMUYECKO#H NaMsTH
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Ho obpawenns k 3Y curnan RAS — cTpol BRIOOPKH aapeca CTPOKH,
HAXORUTCA B HEAKTUBHOM COCTOSHHH, T. €. UMEeT BbICOKHIl ypoBeHb. Ha-

NIPSKEHHE BBICOKOIO YPOBHS Ha TUHUH RAS 3aMbixaeT knio4u 1 1 Benen-
CTBME 3TOr0 HPOHCXOIMT Npei3apal MapasuTHBIX €MKOCTeH MONYyIIUH
Cua ¥t Curs.

CurHan RAS yaepxuBaeTcs Ha BbICOKOM YPOBHE (B MAcCHBHOM CO-
CTOSHUMH) He MEHee 4eM Ha BpeMs, HeoOXOAMMOe JUIf Ipea3apsja eMKo-
crel Cipa v Ciue. DopmupoBaTeih CHHXPOHH3UPYIOUIMX UMIIYJILCOB
OCH,, HaxoaUTCs B WKAYLIEM peKIMe, X HU3KUY YPOBEHDL HANPsDKEHHS Ha
ero BeIxoje P2 NOArOTaBIIMBAET YCHIUTEIb-pETeHEPATOP, BKIIOUEHHELH B
paspbiB Mexny nomyummHamu Pl u Plllp, nns cozpanus B Hem aucha-
naHca (aCMMMETpPUH IPOBOAUMOCTEH TPAH3UCTOPOB).

[Tpu obpameHuu x MuUKpocxeMme AMHAMHYecKOH HaMATH, N0 LUHHE
aZpeca NoJaeTcs aJjpec CTPOKM MaTPHIb! 3D, NOCNE Hero aKTUBK3UpPYeTCs
curHan RAS, xoTopblit Nepexoaut B COCTOSHUE C HU3KMM YpPOBHEM Ha-
npsbkeHus. Huskull ypoBeHb coxpaHsieTcs Ha BCe BPeMs LHKna obpaiie-
HUSI, KOTOpblH HauuHaeTcs no cnany umiynsca RAS. Huskuil ypoeeHb
IIPUBOJIAT:

— K pa3MbiKaHHMI0 Xoveit. | u otkmouenwio monymuad PLU, u Py
OT UCTOUHWKA NUTAHWA C HampsxeHuem Ec/2;

— k ¢dopmupoaumio Ha Bbixofax ®CH, CUHXPOHH3UPYIOWHX HM-
nyaecoe @1 u P2.

Curnan @1 pasperuaer 3arpy3Kky ajpeca cTpoku 8 peructp PrX u ax-
TUBM3UpYeT pabory newudparopa DCX. B cooTBeTcTBUM C ABOHUHBIM
KoJoM azgpeca B perucTtpe PrX pemmdpatop DCX BeIOupaer omHy u3
CTpOK Marpuubl 30.

Curnan @2 BrIHOYAET YCUIIUTENU-DErSHEPATOPH! B PEXUAM TPUTTEp-
HEIX CXEM, KOTOphie cpabaThlBalOT M3-3a PA3HOCTH YpPOBHEHR HalpskeHUs
Ha monyuinHax PL, u Pllg u nmepexmovaroTcs. B pesynstaTe 3Toro B
TOYKaX BXOJOB-BhIXONOB A 1 B ycunureneit-peresepatopos GopMupyroT-
Cfi MOJIHBIE YPOBHU HAaINpPSHXKEHUH, YTO OPUBOAUT K BOCCTAHOBICHHIO UH-
(hopmarmy B 33 BrIOpaHHOM CTPOKH.

Jna Bhimonwenus onepalyif YTeHHs UNY 3allMcK TpeOyeTcs akTHBHU-
3upoBath curHan CAS — ctpob BeIOOpkY agpeca crobua. Bo Bpems cnaja
3TOTO CUTHANA, T. €. IIPY [IepeXose ero u3 NacCUBHOI0 COCTOAHUS (BBICO-

KOrO ypOBHA) B aKTHBHOE (HU3KHif ypOBEHB) Ha MYNbLTUILIEKCHPOBAHHOH
nunauy MA JoskeH NIpUCYTCTBOBaTh aipec crofbla. Ampec HOJDKEH yc-
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TAHABIINBaTLCA J0 CrlaZia LOOTBETCTBYIOLUCTO CTp06a # yACpKNUBaThHCA NO-

cile Hero ete HekoTopoe BpeMs. TakuMm oOpasom, no cnagy curnana CAS

HAYMHACTCS UMKJ 3aNUCH UNH YTEHUS, MUHUMAaNbHAs JUTNTENBHOCTE KOTO-

poro onpegensercs crneuuduxauuei 6picTpoaeiicTBAI NAMSITH,
BoibpaHHOil MUKPOCXeMOW TNaMaTd SBNAETCS Ta, Ha KOTOPYH BO

BpEMs aKTMBHOCTH (HW3KOro ypoOBHS) curHana RAS npuxoaut cursan

nyckaercs popmuposatens GCH,, kOTOpbIit reHepUpyeT Ha CROUX BbIXO-
Jiax BTOPYIO Napy CHUHXPOHU3MpYylOUUX uMiyiascoB B3 u @4, Umnynee
@3 paspeuiaet 3arpy3ky aapeca ctonbua B peructp PrY, a umnynse @4 ~

pabory pemudparopa DCY, BbiCOKHMiT ypoBEHb CUIHANa HA OJHOM M3 Bbl-
XOA0B KOTOPOTO OTKPbIBAET KJIHO4HU 2 BLIOpaHHOTO cTONOUA.

Ly yremna LMkt 3armcu
Brzeonst stk gtie
RASHIY Trac WF-
casH \ A '
TYS 43D &1 (_E?X [

Tuen Teas t&

" Tac _ Vorg
we# N/ ]
LN Py S— T
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Puc. 5.15. BpemeHHbIC aarpaMMbl YTEHHS W 3aMMHCH AUHAMHYECKOH NaMATH

Tun obpawienns (3anuchL WK YTEHMs) ONpenesseTcs YPOBHEM CHT-
Hana W/R. [1pu Bbicokom yposHe curHaina (W/R = 1) 6ut uudopmaumu ¢
BblOpatiHoro 33 uepes paspaanyo muHy P v 3amxHyTsiii kKntod 4 nepe-
AaeTcs K BbIXOAHOW LMHMHE JaHHBLIX, a NPH HU3KOM YPOBHE CUFHaia
(W/R = 0) out nadopMalmy C JUHKKY BbIXOAHBIX JAHHBIX uepes KIIoun 3
nocTtynaeT Ha paspsasyio wugy PLI, ¢ xoTopoil nepenychiBaeTcs B Bbl-
6panHblii 3. YKa3aHHbie onepauuy CYHTLIBAHUA MY 3alIMCH MOTYT Bbi-
MIONHATLCA TONBKO B Ciy4ae, echm Ha BxoA CS, coeanHeHHbl ¢ BXOAOM
crpobuposanus gewngparopa crpoku DCX, nosan paspewaroimtnéi cur-
Hal (Hu3kuii ypoBeHb). TIpu OTCYTCTBUH 3TOrO CHrHana (BbICOKHIH Ypo-
BeHb) paborta Aeluudparopa cTpoku ONOKHPYETCA, YTO IKBUBANCHTHO 3a-

149



npeLieHuio BEIOOPKH 32 no yka3aHHOMY afpecy. B 3TOM ciydyae MUKpoO-
CXEMa HaXOJUTCS B PeKUME XpaHeHHS MHGHOpMALUK N €€ BBIXOAbI OTKIIO-
YeHb] OT BHEUIHEH IMHMHB] JAHHBIX.

Kax cnenyer u3 npuHumna paboThi, 0COOEHHOCTHI) AHHAMHYECKOM
NaMATH SBNAETCS HEOGXOAUMOCTh MepHUOAUYECKOTO BOCCTAHOBIEHHA (pe-
reHepauu#) 3apana Ha KOHAeHcaTope. PereHepaiids B MUKpOCXeMax fpo-
HCXOIMT OJHOBPEMEHHO IO BCE# CTPOKe MaTpHLbl NPy 0GpalieHHH K JIo-
6omy 13 ee 3D. MakcuManbHbli nepro oOpallieHUS K KaXAO# CTpoke Juis
FrapaHTUPOBAHHOIO COXpaHCHMs MHPOPMALMH Yy AUHAMUYECKOH MamaTu
coctas;iaer npuMepHo 8—64 mc [8]. B 3aBucuMocTH OT 00beMa U OpraHu-
3alM¥ MaTpULbl g OAHOKpPATHOM pereHepaiuu Bcero obbema Tpedyercs
512, 1024, 2048 wiu 4098 umitoB obpaiueHuit.

Perenepanus JHHAMHYECKOH MTaMITH

Perenepalysa sBiseTcs BRYTpeHHeH omnepailidell nuHamuveckoii na-
MATH U IPY 3TOM He TpebyeTcs Bblaauya MHGOpPMALMY BO BHELIHIOW LIKHY
JaHHbIX. Lluknapl pereHepalyi MOIYT ObITh OPraHH30BaHbI Pa3NHYHLIMU
criocobamu. Tlpu wraccuueckoM crocobe opraHu3allud [UKITa, Hasbl-
BaeMoMm uukioM ROR (RAS only Refresh), peredepauus BbimonusieTcs

TOJIBKO 110 CIagy UMIyJbca RAS, a curHan CAS vMeeT BRICOKHI ypOBEHb
(puc. 5.16). B arom cityyae anpec odepenHoil pereHepupyemoit cTpoku

BBICTAB/IIETCA KOHTPOJUICPOM MaMATH A0 Cllada CUrHana RAS OYEPEAHOIO
IUKNa pereHepauuun.

RAS only refresh CAS before RAS

rast |\ / N_____/
CASH \ /T
Ma L r X777

. \\
“
N

Puc. 5.16. Llpkuns! pereHepalyu AHHAMHYECKOH MaMATH

Ipu apyrom cnocoGe opranv3auun UMKAa pereHepaiuu (puc. 5.16)
UMIIyNEC RAS akTHMBH3UpYyeTcs [OpW HU3KOM ypoBHe curHana CAS
(B OGBIMHOM LMKIIe OOpalleHusi Takoll CUTyallu HE BO3HMUKAET). DTOT
UKL peresepauuy, HaseBaeMblit 1ukiaoM CBR (CAS Before RAS), noa-
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AEPXKUBAETCS BCEMU COBPEMEHHbIMH MHKpOCXeMamMu namaTH. B atoM
cny4ae ajpec pereHepupyemol cTpoxu Matpuibl 32 Gopmupyercs BHYT-
PEHHUM CYETUMKOM MHKPOCXeMbl namMaTu. B ¢yHKUuI0 KoHTpoAnepa BXo-
JUT TONbKO (GopMUpOBaHde TakuX UHKAOB. Bo Bpemsa cnaja nmnyiibca
RAS cur-uan W/R OMKeH HAXOQUThCA B COCTOSHUM BHICOKOTO YPOBHS.
CyluecTBYIOT HeKoTOpble pasHosuanocTH uuxkna CBR: uukn ckpbi-
TOM pereHepaunu, LYK/ aBTOHOMHOW pereHepaluy B Heprocoeperaoiem
pexume ¥ T. 4. [1pu opraHnsauny 1UKAa CKPLITOW pereHepauMu 8 JHEPro-
cOeperatoLieM pexuMe B KOHIE LHkNa oOpatueHus (3anuMc Uik YTEHUs)

curdan CAS ynepxuBaercs Ha HU3KOM YPOBHe, a RAS noguumaercs u
CHOBA OIMYCKAeTCs, YTO U ABJSETCA YKAa3aHUEM MHKPOCXEMbl Ha BLINONHE-
HHe UHKJa pereHepauty no BHyTpeHHEMY caeTuuky (puc. 5.17). Bo Bpems
CKPBITOM pereHepauuy MOCNE UMKIA YTEHHS BbIXOAHole Oydepbi coxpa-
HAIOT TOABLKO YTO CYMTAHHBIE JaHHbIe (B 00buHOM SBR Boixoasbie 6yde-
pbl HAXOAATCS B BbICOKOMMMNEAAHCHOM COCTOAHUH).

Lsaxs <

RASH

CASH

MA

DATA

Puc. 5.17. Cxpritas peredepauns (Hidden Refresh)

B upkiie ckpbiToil pereHepaly 3aTpartbl Ha PEereHepaulio npaxTH-
Yyecku Te XKe, uTo U B oObiuHoM CBR, XOTH clefiyeT OTMETUTb, YTO HEKO-
TOPYiO SKOHOMHIO BPEMEHH MOXKHO MOJIYYUTH 3a CHET YKOPOYCHHS aKTHB-

Holt vacTu uMnyiabca CAS npu YTeHHH.

KouTpoiep AnHaMIUecKoii NaMATH

B coBpeMeHHbIX KOMITbIOTEPAX MPOLECCOM PEreHEpauuu B AMHAMHU-
4ECKOM NamsTH YNpaBiseT KOHTPOJUIEP NaMsTH, KOTOPbIH LUMKIAYECKH ne-

peGupaeT CTPOKM BO BCEX MUKPOCXEMAX MOAYJst H PEreHEpUPYeET UX.
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[IpuMep cxempi KOHTpOJIEpa JMHAMHYECKOMN MaMATH MpUBEAEH Ha
puc. 5.18. MHKpocxeMbl MORYNS NAMATH, UMEIOIME JBYXKOODHHATHYIO
OpraHu3aLliio, BKIIOYeHB! NapallielibHO OTHOCUTENLHO BHEIUHMX BXOAHBIX

U BbIXOJIHBIX CUTHAJIOB. YHCII0 3THX MHKPOCXEM PaBHO pa3psaaHOCTH ClIOB,
XpaHHUMBIX B [TaMATH.
|

o4 TT7}-HOLD
+lleml;
4
[
16
— 32
<R 54
Doprmupo-
eaTens
—{ RASper
ci{T
HLDA 7
QT MM
w2 T aE
3apepxaHHbIA
Ag: A 4 npu RIW
RAS F PETEHE PaLAnt OF
M o1 1 Be3pasuuHo_npu | T—
pererepaiim LD

Puc. 5.18. Cxema KOHTpONEpa AMHAMWYECKOH NaMATH

Paccmotpum paboTy MHKpOCXeMbl MOJYNS IAMSATH B pabouem pexu-
Me (3anuChb-CHHMTBHIBAHHME); KOTAA MM YIpaBnuseT mpolieccop. B pexume
3anuchb-cUMTHIBaHMe Tpurrepb! Tr; U Try HAXOIATCA B HYJAEBOM COCTOS-
Huu. Huskuit ypoBeHs curxasia Ha Beixofe Tr, mpuBOIUT:

— K cbpocy nBouusoro cyeryuxa CTR;

— K OJIOKMpOBKe nepenauu yepes Jorudeckuf snemeHr U — MM
ctpoba RAS per;

— K YIepeKkIIoYeHnio Ha kanan “0” mynerunnekcopa MUX, u nepe-
Jlaye Ha ero BbIXOJ a[pPecOB CTPOK M CTONOLOB. OT MyNBTHIIEKCOpA
MUX;.

I1py 3TOM MOAynb MaMaTH rronyvyaer ajpeca cTpok Al M cronbuos
A2, ctpobupyembie o cnany uMnynscoB RAS n CAS, a Taxke cUrHaNBL

ynpasieHuss W/R u ﬁ, rae OE (Output Enable) — curnan paspenienus
OTKpPBITHS BhIXoAHOrO Oydepa npu oneparuy uTeHUs. Boicokuit yposeHs
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curgana OF B moGoif MOMEHT NEPEBONUT BHIXOAHOH Gydep B BHICOKO-
HMIIEIaHCHOE COCTOSHUE.

Tlpy 3amucy MOLyJNeM MaMATH BOCNPHHUMAOTCSA BXOAHBIE JAHHbIE
DI, npu yreHun BbIOAOTCH BbIXoAHble JaHHble DO. Tak peamusyercs pe-
JKHM 32 UCH-CUNThIBAHUE.

[Tpu cumtoiBaHuyY MHQOpPMAalUUHU HA OJHON M3 CTPOK MaTpuupl 3D B
KaKI0M MHKpOCXeMe MOJIYJIS B COOTBETCTBHMH C agpecoM cTpoku Al yc-
TaHABJIUMBACTCS BBHICOKMH ypoBehb. OH OTNHpaeT KIOYEBOH TPaH3UCTOP
Io7s BceX 332 BuIOpaHHOM cTpokn. [1pu aTOM ycuuTenb-pereseparop, cBs-
3aHHLIM ¢ KOKIBIM CTONOLOM (KaXXJ0H paspsaaHOit MHHOI), BOCHPHHUMAET
YPOBEHE HaNpshkeHHA Ha cooTBeTcTBYyrolleH emrxocTi C3 30 kax 0 un 1
BhIaeT ero Ha Beixoq DO.

Ajnpec cTonblia pa3pellaeT U3 KaxI0Hd MUKPOCXEMb! MOJAYNS aMATH
cuMThiBaHue OuT uHGOPMaLUK TONBKO ¢ 0JHOro 33 B BHIOPAaHHOH CTpOKe.
B npouecce cunthiBarus 3D BoIOpaHHOH CTPOKH (BO BCEX MUKPOCXEMaX)
H3MEHAROT CBOE cOCTOSHUE. UTOOb! COXpaHUTL HHPOPMALIMIO, YCHIHTEIN-
pereHepaTophbl OCYLIECTBISIOT NEpes3anich B Ty e CTPOKY 32 M BOCCTa-
HABJIMBAIOT MX COCTOSIHUAL.

Onepallis 3aNHCH BBIIOMHAETCS aHANOTMYHO, HO BXOAHbIC AAHHbLIE
DI 3anuchiBaOTCSA TONLKO B BeIOpaHubie 33, a octanbHble 33 B 3TOH e
CTPOKE MPOCTO PEreHepHPYIOTCS.

["eHepaTop CHHXPOHU3UPYIOUIUX UMIYJILCOB FEHEPUPYET ITOCHIEROBA-
TENBHOCTL UMIYNbCOB, MEPHOA NOBTOPEHUS KOTOPLIX PaBeH IIMTENBbHO-
CTU LMKJa obpailleHus (YTeHHus) AUHaMHuueckod namsartd. Yactora uM-
IyJbCOB reHepatopa I” MOHMWKAaeTcs ¢ MOMOLIBIO AenuTesst yactoTsl JY,
Ha BBIXOJE KOTOPOro GOpMUPYIOTCS UMIYJIbChl C IEPUOAOM, PABHBIM He-
puony pereHepauumd Tper. Umnynbc Ha BbIXoAe Aenutens uyactotel Y
nepexrodaer tpurrep Trl B cocrosaue norudeckod 1 (HOLD = 1) n
MHULUUPYET pekUM pereHepaivu.

Enunnunoe 3navenue curvana HOLD sBisercs curHaioM 3ampoca
Ha yIIpaBJlieHHEe NaMATHIO CO CTOPOHBI KOHTPOJIepa. DTOT CHrHA MOCTY-
MaeT Ha COOTBETCTBYIOLLUH BXOX mpoueccopa. Eciu npoueccop 3aHAT Bbl-
MOJHEHHEM HeKOTOpol Iporpammbl, TO A €€ NpepbiBaHus Tpebyercs
[IPOU3BECTH oTipesieneHHble onepauru. [Tocne atoro npoueccop Bbipaba-
ThiBaeT curHan HLDA, nmeromuii BEICOKHHA YypOBEHB, KOTOPLIH paspelaeT
NEPEXO0/1 K PeKUMY PereHepaliy AMHaMUUYEeCKOd mamMaTy.

HNmnynsc redeparopa I' ycraHaBnuBaeT Tpurrep Tr2 B eguHUYHOE
COCTOSIHUE, B Pe3YJIbTATE Yero:
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— Gnokupyertcs nepepaya ctpoboB RAS nCAS Ha MUKPOCXEMBI MO-
Jyns TIaMATH;

— paspewaeTcs fepeldada Ha Moaynb curhaia RAS per, sbipaba-
ThiBaeMOTro opMHUpOBATENIEeM KOHTPONNEPa;

~ myneramiekcop MUX, nmepekmouaercs Ha kasan 1 u paspeuiaer
nepenayy afipecoB CTPOK B MHUKPOCXEMbI HE OT [ipolieccopa, & OT ABOHM-
Horo cuetunxa CTR, Ha3biBaeMoro cueT4MkoMm aznpeca pereHepaunu. Oa-
HOBPEMEHHO C 3THMM BLICOKHMI YpOBEHb HANpPsDKEHHS Ha BBIXOAE TPHITEpa

T2 cHAMAET CHrHaN aCHHXPOHHOro cOpoca co Bxoaa R cueruuka.

Jlanee B kaXA0M UHMKIIE pereHepaiyy no Mepe NOCTYTIeHHUS KaKIo~
ro OYepeAHOro CHHXPOHU3MPYIOLIETO uMnyJibca renepatopa I' npoucxo-
JUT UHKPEMEHT CueTuMka, W OH mepebupaeT NOCREAOBATENbHO ajpeca
Bcex CTpok. FIpy 3TOM YuCHO CTPOK AOMKHO COOTBETCTBOBATL MOAYJIIO
cYeTUYMKa, KOTOPbIii B JaHHOM npumepe paBeH 64.

ITo oxonyaHuy uuxna paboThl CUETUHKA OR BbIpabaTbiBACT HMIYNBC
nepenofnHeHys, KoTopsiii copackiBaeT Tpurrep Trl B cocTosHue noruye-
cxoro 0 (HOLD = 0). Hynepoe 3nayeHue cursana sanpoca HOLD, nocei-
JlaeMOro B TpoLieccop, 03HaYaeT OKOHYAHNE PeXHMa peresepaunu. B or-
BET Ha 370 npoueccop cuumaer curiHan HLDA — noaTtsepxaesns npenoc-
TaBJEHUA YNpaBNEeHWA NOKANbHOH WIWHOW KOHTPOMNEPOM, MOCHE HYero
oydepeHoit uMnynsc reseparopa cbpacwigaet tpurrep T2 B HyneBoe co-
CTOSTHHE M TEM CaMbIM BO3BpALLAET cXemy B pabouuii pexum.

B nocnepHee Bpems paspaGorasbl COBMEIUEHHbIE KOHTPOJIEPHI
KDUI-namsaty ¥ auHamuveckoit namsatu. B nHexkotopbix 3V, HazbiBaembix
KBa3HCTATHUYECKMMM, CXEMbl PEreHepauny JaHHbiX peasu3oBaHbl B CAMOM
KOphyce MUKpOCXeMbl NMaMaTu, ¥ oT paspaboTuuka He Tpebyercs cneuu-
abHBIX MEP MO OPraHM3alny 3TOro NpoLecca.

Tunsl AMHAMUYECKOH MAMATH NOBbIILIEHHOM
IPOH3BOAUTEJLHOCTH

B npoueccopax 486 u craplue ais MOBbILICHUSA TPOU3BOANTENBHOCTH
ofMeHa JaHHbIMHU ¢ TIOCIEROBATENLHO PACNON0KEHHBIMY fyeiikamMn nams-
TH BBeAEH TaK Ha3biBaeMbilf nakeTHolil uukn obmeHa — Burst Cycle.
OObiunblii uMkn obMeHa umeer ¢aszy aapeca U a3y AaHHbIX (CM.
puc. 5.15).

[MakeTHbI# UMK npeAHa3HadyeH IS TMOCIEAOBaTENLHOIO 0OMEHa ¢
3neMEeHTaMR OAHO#H CTPOKM (0ObIMHO ¢ YeTBIPbMS COCeIHWMH dJIeMEHTa-
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MH), afipeca KOTOPHIX PAcTOI0KeHbl PSIOM C aIpecoM Tekymiero obpare-
Hus. Tlpy Takom pexxume 0OMeHa, Ha3pIBACMOM PEXHUMOM OBICTPOTo CTpa-
muyHoro pocryna FPM (Fast Page Mode), aapec cTpoky U CUTHAJIB! HAEH-
TH(UKaEMY THNA IMHHOIO Lukia (as3a agpeca) BBUIAIOTCA TOIBKO B Ha-
yajie LMKJIA, T. €. B NIEPBOM TaKTe naketa. B kaxkzaom W3 nocaeqyromux
TaKTOB MOTYT DEpeJaBaThCd JaHHbIe, aapeca JUls KOTOPBIX yXeE HE Bbl-
CTaBJIAIOTCS Ha IIMHE, 3 BLIMHC/AIOTC U3 HEPBOIO MO [PaBUaM, H3BECT-
HbiM H mpotieccopy, H namatH. Takum obpasoM, B pexume 6nicTporo
CTpaHMYHOrO 0OMEHa ajipec CTPOKM HEPENAETCA IO LIMHE TOJLKO OJMH

pa3 u curtan RAS yzepxuBaeTcs Ha HU3KOM YPOBHE HA BpeMs BCeX NO-
ClegyolMX LMKI0B ofpameHu#l (3amuch — CUUTHIBAHHME), H3MEHAIOTCS

TOJIBKO ajpeca CTOJIOLOB B COIPOBOXICHUM uMNyibca cTpoda CAS. 3a
CHET MCKIIOYeHHS (a3bl BplfauyM aapeca CTPOKU M3 LMKIIOB (TOCHEAyrO-
LIIMX TAKTOB), CIEAYIOLINK 32 MEPBbIM, OBBIIAETCS NPOHU3BOAUTENBHOCTD
namsaTy. [loHsATHE “cTpaHULa” HA caMOM Jejle OTHOCUTCS K CTPOKe, a Co-
CTOSHME ¢ HU3KUM YpPOBHEM curHana RAS HasblBaeTcs “OTKpBITOH cTpa-
Hunen”.

BpemeHHbie auarpaMmel s pexxuma FPM, B koTopoM pabotaroT
“cTaHlapTHLIe” MUKpocxeMb! U Monynn DRAM, npuseneHs! Ha puc. 5.19.

Bpems foctyna T
RasE ™\ ) r
CASE | \
f"l\ / WY A W
MACriYca ) %) B & B
OATA e (101 UEA7) e () S ((CE

Puc. 5.19. Bpemennsie muarpaMmsl crangapraoii DRAM B pextiMe
6picTporo crpannyHoro gocryna (FRM)

Kak BugHO 13 puc. 5.19, naHHbIe HA BBIXOJE MHUKPOCXEM CTaHAapT-
HOW JUHAMUYECKOU MMaMsATH MOSIBIAIOTCA ¢ HEKOTOPOH 3aiepaKOi OTHO-

CUTENBHO cnajga umnyisca CAS W gepkaTcs TONBKO BO BpeMs €TI0 HU3KO-

ro yposHsa. [lo oxoHuanuu peiicteus umnynsca CAS seixomnoil 6ydep
MHUKPOCXEMbI TIEPEBOJAMTCS B BLICOKOMMITEAHCHOE COCTOsHUE. CTaHIapT-
Has namsTh cO BpeMeHeM foctyna 60—70 He B pexxume FRM nipu yactore
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cucTemHOM LUMHLI 66 MI'LL MoxeT obecncuuTb NAKETHbIR LUK YTEHHS
5 - 3 -3 - 3. Ansa takoii naMAT# Bpemsl L{MKIa OOMEHa BHYTPU CTPaHULbI
MOXeET OblTb YMEHBLIEHO NOYTY BABOE (10 35 HC), yTo obecneyur ee pa-
60Ty C MpOLECCOPHBIMA WMHAMU Ha TakTOBOM yactoTe 10 33 MI'L.

O6o3nayenue suaa 5 — 3 ~ 3 — 3 ang anarpaMmel nakeTHOTo LUKIA
yTeHus (CTPaHHYHOIrO PeXkMMa CUMTLIBAHMSA) COOTBETCTBYET 5 TakTaM Ha
CYMUTBLIBAHUE NEPBOro 3aMOMKHAIOLIET0 3NEMEHTA B CTPOKE NaMATH B LUK-
Je 4 3.TaKTaM — Ha CHUTbIBAHME KaXJIOro U3 Tpex nocreaytowux 32 na-
MaTH. Cnegyer OTMETUTb, UTO JUTs opraiusauuu pexuma FPM pocratou-
HO MpPOBEPUTHL MPUHALJEXKHOCThL OYEPEeAHOFO aapeca Tekyluel CTpoke
(cTpaHuLe) U BLINOJHUTL LUK CTPAHUYHOIO pekuMa. B npoTHBHOM ciy-
yae TpebyeTca BbIMTOAHUTH OObIYHBII (TOJHBIH) LUK,

[ToBbllIEHHE TPOU3BOAUTENLHOCTH NPH YTEHUHM MOXKET ObITh ONy-
4E€HO 3a CHET HEKOTOpOil KOHBeliepusauun paboTel AMHamuveckolf na-
MATU. JIna 3Tofi uenu naMATb ¢ pacluMpPEeHHbIM BbIBOJOM JaHHbIX, Ha-
3niBaemas EDO (Extended unu Enhanced Data Qut) DRAM, coaepxut
PETUCTP-3alLUENKY BLIXOOHBIX AAHHBIX, XPAHALLUIA CTPOKY.

Peructp, npeacraensiomuit coboii OGbicTpoAeicTByIOILYIO CTATH-

4eCKYIo NaMAThb, “rpo3paued’™ NpyU HU3KOM ypoeHe curHana CAS, a no
ero moabeMmy (3agHeMy (GPpPOHTY) (uUKCHpYyeT TeKyliee 3HAaueHHUE BbI-
XOHbIX AAHHLIX B Mpefenax CTPOKH (CTpaHuubl) A0 CAEAYIOLIETO ero
cnaja. Ilepesectu BbixoaHbie 6ydepbl B BLICOKOUMMENAHCHOE COCTOR-

HHe MOXHO NTHO0 OHOBpeMEeHHbIM NoabeMom curaanoB RAS n CAS,

anbo umnynscom W/R, KOTOpBIit fipU BbICOKOM ypoBHe curnana CAS
HE BbI3bIBAET 3alUCH.

Bpemennas avarpamma pa6otei ¢ EDO DRAM B cTpaHuuHoM pe-
JKHMEe CuuThiBaHMA NpuBeAeHa Ha puc. 5.20. B 3ToM pexume, Hasbi-
BacMOM IUNEPCTPAHUYHBLIM PEXHMOM OOMEHa, B OTJIIMUHE OT pexuma
FPM, naHHbie Ha BbIXOJaX MHKPOCXEM MaMATH He cOpacbiBaloTcs Mo

okoH4anuu crpoba CAS. CuMTbiBaHHE BLIXOHHBIX HAHHBIX MOXET
NMPOU3BOANTLCA BHEWIHMMM CXeMaMM BIUIOTL A0 Claja CheAyloulero

umnynsca CAS , 4TO No380NAET IKOHOMUTH BpEMA 32 CUET COKpaILEHHs

ANUTENBHOCTY umnynbca CAS. Bpems UUKAA CUUTHIBAHUA BHYTPH
CTpaHUUBI IS NaMATH CO BPEMEHEM JocTyna 60 HC ymeHbiiaeTcs ¢ 35
He (28,5 MI'n) y crauaaprHoit DRAM no 25 ne (40 MI'n) y EDO, no-
BbillIad NIPOU3BOAUTENLHOCTb B CTPAHHYHOM pekuMme Ha 40 % y EDO.
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Puc, 5.20. Bpementsie nuarpammbl EDC DRAM e cTpaHnyHOM
PEKUMeE CUHTHIBAHUA

EDO DRAM co BpemeneM aoctyna 60—70 HC B pexume runepct-
paHMyuHOro obMeHa MNpu 4acTOTe CHCTEMHOH IuMHB 66 MI'L mMoxeT
obecnevyuTs NAKETHbIN LUK yTeHus 5 — 2 — 2 — 2. Mukpocxemsl EDO
DRAM mpumensiorcs B SIMM-72 u DIMM-MoAya9X OCHOBHOH mams-
TH, & TaK)Xe B BMJEONaMATH COBPEMEHHBIX IpaduuecKHX ananTepos.
Bce moaynm, ykommmektoBanHbie Mukpocxemamu EDO DRAM, He
MMEIT OHTa mapuTeTa ¥ KOHCTPYKTHBHO M [0 Ha3HAYEHUIO BbIBOLOB
COBMECTUMBI CO cTaHAApTHRIMH (FPM).

JanpHeliluee pa3BUTHE KOHBeHepHOH apXUTEKTYpbl MOAYHEH
DRAM npuBeny k nospienmo mukpocxem BEDO (Burst EDO) nams-
TH, B KOTOPBIX KpOME PErucTpa-3allleNKH BbIXOXHbIX AAHHBIX, CTPOOH-

pyeMoro Teneps no dpoury umnynsca CAS, cogepxutcs eule U cUeT-
YUK aApPecoB CTONOLOB AN MAaKeTHOIO LMKIA. ITO N03BOMNSET BbiCTaB-
JIATH anpec cronbua (00bIYHBIM COCOGOM) TONBKO B Ha4Yasle NaKeTHOro
uukiaa (pdac. 5.21). Jiius nocnenyouwux nepejad aapeca GopMHPYIOTCS
OTHOCHTENBHO OBICTPO C NMOMOILIBI0 MHKPEMEHTHPOBAHUS CYETYMKA, M
MO3TOMY BO BTOPOH, TpeThel M ueTBepTOil Nepefauax UMILYILCHI TOJb-
KO 3arpallluBaroT OYepeAHble JaHHbIE.

Bpews AocTyra
rASE T\ /7
CAS# "W“W
MA (Rt XCi X cs
DATA . X oz X o X o Xos X

Puc. 5.21. Bpemennsle ruarpaMmel BEDO DRAM
B CTPAHMYHOM PEXUME CUUTHIBAHUS



B pesyabTaTe yanuHenUs Kouseiiepa BLIXOAHLIE JaHHblE KaK Obl

OTCTAlOT Ha OAMH TakT CAS, 3aTo cnenpyolive AaHHEBIE MOABAAIOTCH
6€3 TaKTOB 0OXUAAHUA TIPOLleCCopa, YeM obecrneunBaeTcs Nyqiiui LUK
yreHust S — 1 — | - 1 1na BEDO DRAM co Bpemenem gocryna 60 Hc
npu Yactote WHHB 40 66 MI'u. 3anepika nosBieHus OepBbiX JaHHbIX
NaKeTHOro UMKIa OKYNAETCA MOBbLIIEHHON uacToTO# mpuema nocine-
aywouux. BEDO-namste npuMensietcs B Moaynsx SIMM-72 u DIMM,
HO 3¢ ek THBHA TONBKO 0 YacTOTH 66 MI'L u noaaepxusaeTcs jaje-
KO HE BCEMM HHMIICETAMU.

Haubonee nepcnexkTuBHO#l u ObicTpoaeiicTBylolel sBAseTCS
CHHXpOHHaA AuHamuueckas namats SDRAM (Synchronous DRAM),
paboTamlinas Ha 4YacTOTE CHCTEMHOH WMHL Oe3 TAKTOB OXWAAHHUA
BHYTPH NaKeTHOrO LUKIa U obecneynBalomias uuki 4reHus 5 — 1 — 1
— 1 npu vacrore cuctemuoi wukb 40 100 MI'u. Ot 06biyHOR (acuH-
XPOHHON) AMHAMUYECKOH NaMATH, Y KOTOPO#N BCE BHYTpPEHHMUE MpO-
Lecchl MHULUMHMPYIOTCA TOJNbKO cUrHanamu, namate SDRAM otanua-
€TCS WCNONb30BAHHEM MOCTOSHHO NPUCYTCTBYHOLIErO0 CUTHANA TaKTO-
BOM 4acTOTbl cUcTeMHOM IMMHBL. DTO MO3IBOASET CO3AaBaTh BHYTPHN
MHKpPOCXeMbl BHICOKOTIPOM3BOAUTENbHbIA KOHBeHep Ha OCHOBE s4eex
JArHaMHU4eCKO# NaMATH ¢ BriofHe 0ObIMHbIM BpeMeHeM goctyna (50—70 uc).

CunxpoHHbiii uHTepdeiic obecneunBaeT TPEXKPATHDBI BLIMIPLILI B
MPOU3BOAHTENLHOCTH 10 CPABHEHHUIO C TPaJIMLIHOHHBIMU MHKpPOCXEMa-
mMu DRAM, nmerounMu 3anoMuHalowmne s4eiiky ¢ Tem xe GbicTpoaeii-
creueM. Mukpocxemol SDRAM spastoTes ycrpoiicTBamu ¢ nporpam-
MHUDYEMbIMHM NapaMeTpaMH, CO CBOMM HabOpPOM KOMAaHA ¥ BHYTPeHHEH
opraHu3aueil yepepoBanus Gankos. YepeaosaHue OGaHkoB AMHAMMH-
4eCKOM NamMATH NO3BOAACT CUMTHLIBATD (MY 3aNUCHIBATE) AAHHBIE ONHO-
ro 6anka Bo BpeMs npeazapsaa Apyroro Ganka. KpoMe xomaHa 3anucH
W YTEHHS C NPOrpaMMHpPYEMbIMH MapaMeTpaMi MakeTHOro LMK/a HMe-
0TCA KOMaHAbLl aBTOMATHMYECKON pereHepaunu ¥ NEpeBoja B PeKUM
XpaHEeHHst AAHHbIX C MOHWXEHHLIM JHepronorpebicuueMm. J{nvHa na-
KETHOro LMKJIA YTEHUS U 3aNUCh MOXET nporpammuposarscs (1, 2, 4, 8
nny 256 31eMEHTOB), HUKI MOXKET ObITh NpepBaH CAEUUATLHON KOMaH-
noit (6e3 norepu AanHblx). KoHBeitepHas agpecauust no3BoJisieT HHU-
LMHpOBaThL OYepeAHOR LMK 00paleHns 10 3aBepLICHUS NPebILyLIEro.
Cyiuectsyior ¥ MoAMGDUKALMY C TOHWKEHHOM 4acTOTOM pereHepaiuy.

Bo3Mmoxxen nepexoll B pekUM XpaHEHUA C MOHMKEHHBIM 3HEPro-
norpebiiexHueM, 1Tpy KOTOPOM OTKIIOUYAETCA NUTAHHE BHEIIHMX Byde-
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poB. Mukpocxembl SDRAM n3-3a cymecTBeHHOro ornuuns aatepdeii-
ca He MOryT ObITh YCTAHOBJIEHBI B MOoayH SIMM, OoHM HPUMEHSAIOTCS B
PIMM nnin ycraHaBIMBalOTCS APAMO Ha CHCTEMHYIO (MiTH rpaduye-
CKYI0) IaTy.

OpnuM u3 3GGEeKTUBHBIX CMOCO00B MOBBIUEHUS MPOU3BOAUTENb-
HOCTH IMHaMUYECKO# NaMATH ABJIFETCs MOMEICHUE CTaTHYECKOMH KIlll-
naMaTd NpsaMo Ha Kpuctann namsartu. [1py arom k31U obecneuusaeT 65I-
CTpPhI 0OMEH ¢ IpofeccopoM, eclii uHGOPMALHA HaXOAUTCH B KILUE, a
Takke OblcTpoe OOHOBIEHHE cBoero coiepxxkumoro. [locneaHsas Bo3-
MOXHOCTb CBf3aHa C TE€M, 4TO pa3sMEeIEHHUE KIHIA HA OAHOM KpHCTaNIe
¢ DRAM penaetr cBA3W MeXAy HUMH BHYTPEHHHMH. B 3TOM ciyuae
paspsgHOCTb IIMH MOXET ObiTh 0ONBWON, U OOMEH MOXET Mpou3-
BOAMThLCA OoNblINMH O60KamMU AaHHBIX. Takad gByXCTyneH4aTas apxu-
TEKTypa mnamsaTy peanu3oBaHa B mukpocxemax CDRAM (Cached
DRAM) u EDRAM (Enhanced DRAM). Mukpocxemst CDRAM em-
KocThio 4 u 16 M6ut — nponykTel ¢upm Mitsubishi u Samsung umetor
16-K6alTHBIM k31 cTaTMyeckodl mamsatd co 128-OuTHOH BHYTpeHHEH
mnHoOM AanHbiX. Mukpocxemsl EDRAM emkoctbio 4 MOuT — npoayk-
uust ¢oupMel Ramtron International umeer 8-K6alTHbii koln craTHvec-
KO maMATH ¢ PaspsiHOCTBIO BHYTpeHHel INHWHBI AaHHbIX 2048 Owmr.
[TamATh ¢ BHYTPEHHHM K3lUeM CyllecTBeHHO 3ddexTusHee OOGBLIYHON
koMbuHauun DRAM u BTOpUUHOro K3L1a, 0COOEHHO B MHOr03ajauHbixX
CHUCTeMax, Tle NepexoYeHUe 3aJad MPUBOAUT K BBICOKOH dacTtoTe
K3LI-[POMAXOB OOBIYHOIO KIHIA.

5.5. KDIl-namsrn

Koi-namarh mpeaHasHaueHa Ui COTIAacOBaHHMA CKOPOCTH paboThl
CPaBHUTENEHO MEUICHHLIX YCTPOHCTB, TAKHX, HAPHMED KaK JWHAMUYec-
Kas MaMsaThb C OTHOCHUTENBHO ObICTpbIM [poueccopoM. HcnonbzoBaHue
K3LI-NaMATY RO3BOJIsET W30eraTh LIMKIJIOB OXHJIAHUA B ero pabore, KOTO-
pble CHIMXKAIOT [IPOM3BOANTENLHOCTb BCEH CHCTEMBI.

Takum 06pa3oM K3LI-NAMATL CYXKUT I XpaHeHUs Konuii Hanbonee
4acTO WCIIOAb3YyEMbIX OJIOKOB MH(OPMALIMK OCHOBHOH NaMmsaTH, K KOTO-
PbIM, BEPOSITHO, B CKOpOM BpeMeHH OyneT obpaineHue, npeXxnae Bcero co
CTOpOHB! mpoueccopa. [10 cpaBHEHUIO ¢ OCHOBHOH NaMATHIO KILI-aMAThb
UMEET BbICOKOe OblcTpoleHcTBHE, T. K. 10 CBOEH APHpOAE OTHOCHTCS K
CTATHYECKOH MaMATH M peaju3yercs Ha TPUITEPHBIX CXEMax U MOITOMY
NO3BOJISAET COXPAHUTH KOMMUYECTBO TAKTOB O)KUAAHHS fpoLEccopa B LMKIe
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obpauieHus K LuMaTa. T1o 3710 npuuHHe K31L-MaMd: o HMeeT HeGoNbiTyIo
E€MKOCTh, B KOTOPO#i XpaHMTCA JWllb OrpaHWHEHHOE 4UCHO OJIOKOB JaH-
HbiX M Kkaranor (cache-directory) ~ CMUCOK HX TEKYLUEro COOTBETCTBUS
o6acTIM OCHOBHOM namaTH. Takum o6pa3oM, KILMPYETCH TONBKO 4acTh
OCHOBHOH JAMHAMHYECKOH NaMATU CUCTEMHOH MJaThl, HANpHMeEp, UTd
Pentium x3ummpyercs TOoNbko nepsble 64 MOaiita OCHOBHOH namATu
DRAM. EMKOCTE K3LI-IaMATH ONPeenseTcs YUCIoM eé CTPOK, B KOTO-
pbix 0TOOpaXaoTca 610KH JaHHBIX, U UX Pa3MEPOM.

Ha prc. 5.22 npusesieHa CTpYKTypHas cxeMa KI1UPOBAHHON HaMsATH.
Tlpu obpaiieHun K KIWMPYeMOil NaMATH KOHTPOJUIEp K3LI-FIaMATH 110 Ka-
TaJlory NMPOBEPAET HAMWYHE B K3Uie KOMUY 3arpebOBaHHbIX HAHHBIX.

Aapec | :
CPU DRAM [~ i
.
ICACHE]|
Tag
Nammnte
HamHbie

Puc. 5.22. CrpykTypa K3UUPOBAHHOH NaMATH

B cnyuyae e€ oGHapyxeHus, T. e. kau-ionaganus (cache hit), obpa-
UleHHE 33 JAHHBLIMH HPOUCXOAMT TONBLKO K KIUI-NaMATH, W OHA BhINAET
NaHHble Mo curHany hit, BbipabarbiBaeMBIM KOHTPONEPOM, Ha 0OIHYy10
WHHY AauHbIX. Ecin xonns 3atpeOoBaHHBIX AaHHbIX HE OKAXKETCH B KILIE,
T. €. B Cily4yae K3l-npomaxa (cache miss ), curnas hit He BbipabarbiBaeTcs
¥ JaHHble CYMTBHIBAIOTCA W3 OCHOBHOHW NaMsTH M ORHOBPEMEHHO pasMme-
WAKOTCA B KILIE.

BBIUIpBILI OT KILIMPOBaHHA NOCTHraeTCs B TeX Ciydasx, Koria
OAHM ¥ Te e JAaHHbie UCMOJb3YIOTCA MHOTOKPATHO, YTO MMEET MECTO,
Hanpumep, B MPHKIAAHBIX NPOrPaMMax, KOTOPbIE HOCAT UMKIMYECKHUH
xapaxTep. Tlpu 3TOM noBTOpHEBIE OOpaleHns K K3-NAaMATH NocAe nep-
BOr0 CUMTbiBaHUA (CbEMA) JAHHBIX M3 OCHOBHO#M JMHAMUUECKOH namsa-
TH NPUBOAAT K UCKMOYECHMIO MM, MO KpaiHe Mepe, CYU(eCTBEHHOMY
COKPALUEHHIO YUCNA TAKTOB OXXHaHUA npolieccopa B uukie obpaue-
HUR K naMatu. KpoMe Toro, Bo Bpemsi OOMEHa AaHHBIMU MEXAY NpPO-
LIECCOPOM U KILI-NIAMATLI) OCHOBHAA AWHAMMueckas namsaTs ceoboaHa
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U MOXET ObITh ACNONL30BAaHA APYTUMM yCTpolicTBaM”A WAH B Hell MOTyT
BLINOJIHATLCSA HMKIIBl pereHepanuu.

CymecTByioT ABa BapHaHTa obpaleHHs K OCHOBHOH nmamsTh. B nep-
BOM BapHaHTE OAHOBPEMEHHO ¢ OMCKOM B KaTalore HauuHaertcs obparie-
HHE K OCHOBHOM MaMsTH, UTO MPHUBOAHT K M3MMUIHEMY 3HEpronoTpedne-
HHIO (M TEMIOBLIICACHHIO), XOTH MDY 3TOM YAAETCA IKOHOMHUTHL Bpems. Bo
BTOPOM BapuaHTe oOpalleHHEe K OCHOBHOI NamMATH NPOM3IBOAMTCA TOILKO
nocie BuIABNEHHMS ciyyas Kawi-poMaxa. B stoMm cnyuyae gocTuraercs
CHIDKEHHE JHEPronoTpeOaeHUs, OHAKO, TAKT OXHUIAHUA Npoueccopa yBe-
JINYABAETCH.

Koutpomep -naMaTd onepupyer cTpokaMd (GUKCHPOBAHHOM
JnuHbl. CTpoKa MOXET XpaHUTh Konmuio 610Ka OCHOBHOW naMsTu, pazMep
KOTOPOrO, ECTECTBEHHO, COBNANAET C UIHHOMH cTpoku. C kaxao# cTpokoi
K3-DaMiTH CBsizaHa nHQopMauMs 00 ajgpece CKOMUPOBAHHOrO B HeE
6710ka OCHOBHOM NMaMATH U NpU3HAKK €€ cocToAHnA. CTpoka MoxeT ObITh
NeHCTBUTENbHOM, T. €. B TEKYIHUH# MOMEHT BPEMEHH OHa JOCTOBEPHO OT-
paxaeT COOTBETCTBYHOU{H 610K OCHOBHOM NaMATH, HAH HEACHCTBUTENb-
Ho# (nycroit). Uudopmanus o ToM, kakoif UMEHHO OJIOK 3aHMMaeT AaH-
HYIO CTPOKY (T. €. CTapiuad 4acTh ajpeca UM HOMEP CTPaHMLbI), U €€ Co-
CTOSIHHE Ha3bIBAlOTCA TeroMm (tag) M XpaHATCA B CBA3aHHOH C JaHHOM
CTPOKOIf Aueiike cnenuanbHoi namaru terob (tag SRAM). lpyrumu cio-
BaMy, Ter ofpeJesseT, 4To AaHHbii 610Kk wH(OpMauuu ABIRETCS KOTMEH
COEPKaHUs KaKo# sueiiky OCHOBHO# NaMATH.

B onepaunsx obMmeHa ¢ OCHOBHOi NamsTbio OOBIYHO CTPOKA y4acT-
BYET UETUKOM (HECEKTOPMPOBAHHAN KIMI-NIAMSTL), AdS npolieccopoB j486
M cTapile, NuiHa CTPOKU COBNaaer ¢ oObeMOM JaHHBIX, NEpPeAaBacMbiX
3a OJMH MAaKETHBIN UKk (ans j486 310 4 X 4 = 16 Gaiit, Ana Pentium — 4
X 8 = 32 Gaiir). B cnyvyae ceKTOPHPOBAHHONH K3LI-MAMATH OAHA CTPOKA
COEPKUT HECKOJILKO CMEXHbBIX SUEeK — CEKTOPOB, Pa3MEP KOTOPLIX COOT-
BETCTBYET MUHUMAaJIbHONH NOpUMM oOMEHA NaHHBIX K3llla ¢ OCHOBHOMN Ma-
MmaATbio. [1py 3TOM B 3amucH Karamora, COOTBETCTBYIOWEH Kaxa0H CTPOKe,
JOJDKHbl XPAHUTBLCA OUTHI AeCTBATENLHOCTY AN KKAOTO CEKTOpA AaH-
Holi cTpokH. CEeKTOpHPOBaHKE MO3BOJIAET IKOHOMHTL NAMAThL, HEOOXOAHK-
MYIO U1 XpaHEHus KaTalora npu yBejdyeHun oObeMa KII-namsTH, 1o-
CKOJIbKY BO0NbLIOE KOMNYECTBO OUT KATAJIOra OTBOJMTCS MOA Tl U BbIFOA-
Hee YCNnOoMb30BaTh AOMONHUTENLHBIE OUTbI ACHCTBUTENBHOCTY, YeM yBe-
Au4uBaThL rybuny mnAexca (KONHYECTBO >NEMEHTOB) katanora. Crpoku
K3ula nox orobpakeHue 610Kka MAMATH OOLIUHO BbIAECHAIOTCH TOJNBKO MPH
onepauMax YTeHHUs.
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3anuch 6JI0KA, HE HMEIOILETO KOIUK B K3(lle, MPOU3BOAUTCA TONBKO B
OCHOBHYIO NamsAThk. F3BeCTHB! /B4 OCHOBHBIX ajrOpHTMa 3amuch Ojoka
OaHHBIX M3 K3Ula B OCHOBHYIO MaMsATb: CKBO3Has 3amuce WT (Write
Through) u o6parnas 3anuce WB (Write Back).

Anroput™ WT npesycMmarpuBaeT BBIOJNHEHHE KaXIOH orepariyu
3anucu (lake oanrobaiiTHOM), nonajawleil B KILWIHPOBaHHEIH OJ0OK, 04-
HOBpPEMEHHO M B CTPOKY K314, H B OCHOBHYIO namAth. [lpu sTom npu ka;
WJAOH omepauuy 3alycH MNpoLEccopy NPUXOAUTCS OKUAATH OKOHYAHWS
OTHOCHUTEJIBHO JUIHTEILHOH 3aMMCH B OCHOBHYIO MaMATh. AJIFOPUTM [OC-
TATO4YHO MPOCT B peanu3aluy 1 jJerko obecrneympaer UeiOCTHOCTD NAHHBIX
34 CYeT NMOCTOSHHOIO COBHANEHUA KOMUI HaHHBIX B K3LI€ H OCHOBHOH na-
MATH. JI71s1 HETO HET HEOOXOAMMOCTH XPAHEHUS NIPU3HAKOB MIPUCYTCTBHS U
MOIH(UIUMPOBAHHOCTH, JOCTATO4YHO TONBLKO MH(POPMAIHMH Tera (Ipy 3ToM
npeanonaraetcs, 4to nrobag CTpoKa BCeraa ComepuT kakoi-nmnbo 610k, a
xaxoH MMeHHO — ykasbiBaeT Ter). OgHako anmroputm WT obecrnieunBaet
HU3KYI0 addexTHBHOCTL 3amucd. CyllecTByeT Moau(HUMPOBaHHLI Ba-
puant anroputMa WT, mpu peaiy3alyy KOTOPOro MPOM3BOAUTCS OTIIO-
>keHHast Oydepu3oBaHHad 3anucs 0joka. [Tpu 3ToM 6JIOK JaHHBIX MEpert-
ChlBaeTCs B OCHOBHYyI0 namsth uepes FIFO-6ydep Bo BpeMs cBoGOIHBIX
TaKTOB LIWHBL, YTO IPHBONUT K MOBBIIEHUIO OBICTpOAeiicTBYS.

AnroputM WB 103BONAeT yMEHbLUWTH KOJMYECTBO onepaluii 3amnu-
CH Ha HIMHE OCHOBHOMW MamsaTH, ecnM ONOK IIaMATH, B KOTOPLIH JOKHA
TIPOM3BOJMTLCA 3aNHUCh, OTOOpaXKeH U B KIIle, TO u3N4ecKas 3aluch cHa-
yana OyneT npou3BejeHa B 3Ty NEHCTBUTENBHYIO CTPOKY K3Wa M Oyner
OTMEYEHa KaK “TpssHast’™ unu MOAM(HULUPOBAHHAS, T. €. TPeOylomian Bbl-
rpy3Ky B OCHOBHYIO namsTb. TOIbKO Nociae 3TOH BBITPY3KH (3allUCH B OC-
HOBHYIO MaMiTh) CTPOKa CTaHeT “YuCTOi” ¥ ee MOXHO OyaeT UCMONB30-
BaTh AN KILUMPOBAHUA APYruX 6J10KOB 6€3 OTepH HEJIIOCTHOCTH JaHHBIX.
B ocHOBHY1O MaMAThb [aHHBIE NEPENUCHIBAIOTCA TOJNBKO UENOH CTPOKOi
(rocie 3aMoNHEHNs BCEX €€ CEKTOPOB B CIyuae CEKTOPMPOBAHHOTO K3111a)
WIH HENOCPEACTBEHHO MepeA ee 3aMellieHUEM B KJile HOBLIMH [aHHbLIMU.
JauHbli aroput™ cyniectseHHo 3¢dekTuBHee, yeM WT, HO cloxHee B
peain3aiimy.

B 3aBucuMocTH OT cnocoba ONpeNencHus B3aUMHOTO COOTBETCTBHA
CTPOKM K3Lia ¥ obnactu ocHOBHOI namaty DRAM pasnu4yaror Tpu apxu-
TEKTYpbI KILI-MAMATH: K3 € [pAMbBIM oTOOpaxkenueM, HabopHO-
ACCOLUMATUBHBAII K3 ¥ IONHOCTHIO ACCOLMATHBHBIN KA.

PaccMoTpuM opraHuzanuio paboThl HECEKTOPHPOBAHHOM KAIL-MaMs-
TH C NIPAMBIM OTOOpa’keHNEeM, MILTIOCTPalMst CTPYKTYPB! KOTOPOi NpUBO-
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JUTCS Ha pHUC. 5.23. B xolu-naMaTH ¢ NpaMbIM oToOpaKkeHHEM aapec K3-
wMpyeMoii naMsTh, NO KOTOPOMY MPOHCXOAMUT OOpalleHHe, OJAHO3HAYHO
onpeAensieT CTPOKy, B KOTOPOH MOXET pa3sMelarTbcsi OToOpajKeHne Tpe-
Gyemoro 6noka. Kamupyemas ocHOBHasi NamMATh YCIOBHO pa3OmBaeTcs Ha
CTpaHHibl, pasMep KaxaoH M3 KOTOpPbIX COBMAfaeT C pa3MepoM (eMko-
CThIO) K31l-TIAMATH.

Kaiui-namMsaTe (a Takke YCHOBHO CTPaHHUb! OCHOBHOH MaMaTH) JAe-
AUTCA Ha cTpoku. Hanpumep, Kolimpyemas OCHOBHAs JMHaMHuYecKasd na-
MaTs DRAM ¢ eMkocTbio 64 M0OaiT (TUNHYHBIH K31U CUCTEMHOH nuaTbl
ang Pentium) nenurcs Ha 256 crpanuu. Kaxkaas u3 HUX umeer pasmep,
PaBHbIi €MKOCTH K3HI-NaMsATH, KoTopas coctaBaseT 256 Kb6aiit. B csoto
ouepellb, K3-NaMATL cOCTOUT U3 8-mu K-cTpok ¢ pasMepami, paBHbIMH
32 baiita. Kaxcpas cTpoka MOXeT oToOpasuTh U3 o000l CTpaHuibl KILIH-
pyeMoil NaMATH TONbKO COOTBETCTBYIOLLYIO €ii CTPOKY. Tak Kak eMKOCTh
K311l 3HAYHTENHHO MEHbILE €MKOCTH OCHOBHO# NaMsATH, TO OJiHA CTpOKa
K31Ua B OZKH H TOT )K€ MOMEHT BPEMEHH MOXKET CONEPXKATb KOMHIO TONLKO
OIHOTO M3 MHOXKECTBA MPETEHAYIOU(MX 3aHHMAaTh €€ ONOKOB maMsaTu C
OAMHAKOBON Miajuniei 4acTpio aapeca. AApec K3MUPYyEeMOH namaT, Mo-
cTynaromui oT npoueccopa, COCTOUT U3 Tpex 4dactei (puc. 5.23, 6).

TepBas uacTs (Mnapwue paspslibl aapeca) ONpEAENsieT NONOXKEHHE
(cMeleHHe) GJioKa B CTpOKE BHYTPH CTpaHuibl. Bropas yacte (cpeinue
paspsafibi) onpejenseT Homep CTpoku B cTpaxuue. Crapiuve paspsaabl (TpeTbs
4aCThb), COOTBETCTBYIOLHE HOMEPY CTPAHULb! KILUMPYEMOH OCHOBHO#H NamsTy,
obpazyior Ter. Hucno sueek tag SRAM JOIHKHO COOTBETCTBOBATD YUCIY CTPOK
K3ILIA, a HYUCIIO Pa3paioB NO3BOJIUTL PA3MECTHTL CTapiive GUThI aapeca K3u-
pyemoii namMsiTH, He onaBLIel Ha WUHY apeca Kaiu-naMaty. Kpome aapecHoi
4acTH Tera C KaK/0ii CTPOKOi K3Lua CBA3aHb! OUTHI NPHU3HAKOB AeHCTBUTENL-
HOCTH 1 MOAH(MLIMPOBAHHOCTH 1aHHbIX. HOoMep (afpec) CTPOKH B K3LU-TIaMATH
Ha3biBACTCS HHIEKCOM. ‘

Tpu obpallieHUH K KILIUPYEMOil MaMATH KOHTPOJUIED BHaUane CUMTLIBaeT
siueliky karajora ¢ 3afaHHbM Hagekcom. [locne aToro cpassupaer 6uThl afpe-
ca Tera Co CTaplUMMU OMTaMH aapeca NaMATH M aHAIU3NPYET B CrELMATIbHOM
IMKJIE 3aMpoca NPH3HAK AeHCTBUTENLHOCTH CTPOKM Kala. Ecu cTpoka kalia B
TEKYI\Uil MOMEHT BpeMEHH JIOCTOBEPHO OTPaX@eT (T. €. COTEPKUT) TpeOyeMbIil
010K OCHOBHOM namsaTH (Cnyuail KAUI-NONajaHus), 3anpoc OBCNYKUBAaeTCs
KILI-MIAMSTBIO, T. €. BbipaOaThiBaeTcs curdan hit sbigaun uHGopMaluy 1 3aTeM
MYJIbTHILIEKCHPOBAHHEM U3 CTPOKH K3IIa BbIGMpaeTcs 60K JaHHbIX. B ciyvae
KILU-TIPOMAXa U3 OCHOBHOM NaMsTH CYUTBIBAIOTCA JaHHbIE, KOTOpbie MoMella-
I0TCSL OJHOBPEMEHHO H B CBOOOAHYIO (YMCTYHO) CTPOKY K3Lla, a B e8 Ter nome-
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LAIOTCA crapiiye OUTh aapeca W YCTAaHABIMBAETCs MIPU3HAK aulCTBATENLHO-
ctH JadHbiX. HesaBricnMo oT 00bEMa 3aTpeboBaHHBIX AAHHLIX B KOII U3 OC-
HOBHOHM MaMsITH, CTPOKA NEPENUCHBaeTCs (3arpy)kaercs) BCA LIEMUKOM, T. K.
npu3HaK JeHCTBUTENBHOCTH OTHOCHTCS KO BeeM e Galitam.

K3uwi - katanor, Kaw - namate

o Cache SRAM
Tag SRAM (DATA)

index

f

(i

) , K WUMHE
Teroswiit agpec Bydbep 7 aHHbIX

KILWUPYeMmai
OCHOBHOM NaMATH
(ORAM)
hit
a)
Tag Index
Homep cTpaHnybl | HoMep CTPOkM B CueeH1e
DCHOBHOMW NamATH CTpaHuye & CTpOKE
3)
Tag Index Sect
HomMep cTpanuup! Homep Homep CueueHue
OCHOBHOW NEMATH CTROKH cekTapa B CTROKE

B)

Puc. 5.23. [ToscHeHUs K OpraHu3aliy K3-NaMaTH OpAMOro oToOpakeHus:
a) cmpykmypa k3w, 6) aopec KIUUpyemon namamu om npoyeccopa;
6) MO Jce 8 CEKMOPUPOSAHHOM KIUE NPAMO20 OMobpaxcerus

JIOCTOMHCTBOM K3Lla C [IPSAMBIM OTOOp2KEHUEM SIBSETCS NpOCTOTA arl-
napaTHol pealM3alyy, a HElOCTATOK 3aKiouaeTes B cienytouleM. Ecnu B npo-
11ecce BBIMOMHEHUs [IpOrpaMmbl poiieccopy noouepéaHo OyayT tpeboBarhes
ONOKY aMATH, CMEHEHHDBIE OTHOCHTEINIBHO IPYT APYTa Ha BENUMYUHY, KPaTHYIO
pasmepy CTpaHMILEBL, TO K3l Oyer paboTaTh MHTEHCHBHO, HO B XONOCTYIO, T. €.
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Oyzer crutoluHas Yepesa Kau-rpomMaxob. [epexoueHre CTpaHuL B MaoT03a-
JNAYHbIX OMNEPALMOHHBIX CHUCTEMAX TaiOKe CHIDKAeT KOMHYECTBO K3MI-[ONa-
I@HMi, dTO OTpaKaeTcs Ha NPOM3BONUTENLHOCTY CHCTEMbl, APXHUTEKTYpa C
NpsAMbIM OTOOPaKSHUEM TIPUMEHSAETCA 418 BTOPUYHOIO K3LIa MHOTHX CHCTEM-
HbIX [NAaT.

B HabopHO-accouuaTHBHON apXUTEKTYpe KILL-NIaMATh AeNUTCS Ha Habo-
pbt ¢ HeOONLLIMM YUCITOM CTPOK, KpaTHbIM ABOjikE, T. €. 2, 4, 8... u T. A. Kax-
Abi# 610K KoHUpyeMOl MaMaTH NpeTeHAyeT 3aHMMAaTh OJHY W3 HECKOJNBKHX
CTPOK K311, 00bequHEHHBIX B Habop. [1pu 3TOM cpeanue paspsaasl agpeca na-
MATH ONPEAENAOT YK€ HE HOMEP CTPOKM KaK B Kdlie ¢ HpSMBIM OToOpa-
*eHueM, a Homep Habopa (MHIEKC), B KOTOPOM MOXeT oToOpaxarscs 3artpebo-
BaHHbIH 610K, DTy apXMTeKTypy MOMKHO PaccMaTpuBaTh Kak HECKONBKO Mapan-
[EeSIbHO 1 COIIACOBAHHO PaboTalOLUMX KaHANIOB NMPSIMOTO OTOOpaKeHys!, [Ae KOH-
TpONJIEpy K3Lia NMPUXONUTCS elle M NpHHYMATh PEICHME O TOM, B KaKylo U3
cTpok Habopa nomerLaTh ouepeHO Onok JaHHbIX. B npocreiiinem crnyvae Kax-
Bblii 610K NIAMSTY MOXET OMELLATHCS B OIHY U3 ABYX CTPOK (pHC. 5.24).

SRAM SRAM
Tag | Data Tag | Data

Index | pa

Teropuii aqpec L L {— L
KAUWHMPYRMOH == byibep == Bypep
OCHOEMDW | 4/7 ,
NaMsTH
i

K UnKe

p | EHNR

a)
Tag Index Tag
Hamep cTpaHWuub Homep Mpuanak CMmeweHne

OCHOBHOW NamMATH | Habopa cTpoK | cTpokn vabopa | & cTpoke

6)

Puc. 5.24. TlosAscHeHue k opraHu3auny HaGOPHO-aCCOLMATHBHON K LL-TIAMATH:
a) cmpykmypa k3uta; 6) aopec Ksuwupyemou namsamu
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Crpoka Habopa, oToOpakaroilias TpeOyemblii OII0K, OnpesesiseTcs ¢pas-
HeHHeM TeroB Kallia co CTapIuMMK paspsuiamu afpeca. KpoMe Toro, ¢ Kax/IpM
HabopoM cBA3bIBaETCS NPU3HAK, ONpEACISHOLIMI CTpoKy Habopa, momexa-
I1IY10 3aMEILEHHIO HOBbIM GJI0KOM JaHHBIX B CITydae KLI-[poMaxa.

HabopHo-acCcOUMaTUBHYIO apXUTeKTYpY UMeeT MepBHUYHBLI Komi co-
BPEMEHHBIX MHUKPONPOLIECCOPOB. B MOMHOCTEIO acCOUATHBHON K3II-TaMATH,
CTPYKTYpa KOTOpOH npuBeaeHa Ha puc. 5.25, mobas ee cTpoka MoxeT oTobpa-
KaTe Joboit OOk ocHOBHOHM MaMsTH. [Ipu 3TOM B MOJE «Ter» KILU-NAMSATH
3aMUCHIBAIOTCS BCe GHTHI afpeca K3IMpoBaHHOrO 6Ji0Ka, 3a UCKIoueHHeM OuT,
ONpeneIOLIX CMEIEHHUS JAHHBIX B CTPOKE.

Wk
‘ Tom ] Dataj DaHHbIX
Teroewit agpec
K3UIHMDYEMOF == Bydep
OCHOBHOM L]
NaMATH
. 11 hit
L Tag T Data ]
== Bygep
L1

Puc. 5.25. CTpykTypa NOJIHOCTbIO ACCOMHATUBHON K3LU-TIAMSTH

[Tpy obpailleHuyn cTapiias 4acTb azpeca 3arpe0OBaHHON MH(poOpMauuv
CPaBHMBAETCs C TeraMd BCEX CTPOK, & He ONHOH WM HECKONbKHMX, KaK IpH
TpAMOM OTOOpaXkeHMM Wi HabOpHO-accouMaTHBHON apxutextype. [lpu ux
COBIIAACHHUH W, CJICAOBATENBHO, ONPEAENCHUN HAMWYHMS B KOLIE KOINMUH
JAaHHBIX 33AaHHOro 6/10Kka OCHOBHOM MaMsATH, K3 BhIpabaTeiBaeT CUrHajl
hit ¥ nNpu YTeHUM BblOAaeT NaHHBble Ha OOLIYXO WIMHY JaHHBIX. Ecnu e
cosnaneduit uer (hit = 0), 1. e. B ciyyae KoUI-MpoMaxa, MpH YTEHUH U3
OCHOBHO¥ NamsaTH AAaHHBIE BMECTE C aapecOM [TOMEILAIOTCH B ONHY H3
¢BOGOAHBIX CTPOK KILI-NAMATH.

[Tpu 3amucn naHHble BMECTE C aJpecoM CHayana, KaK MpaBuio, pas-
MELLAIOTCs B Kol-namaTu. KonupoBaHue AaHHBIX B OCHOBHYIO MaMATh
BBINONHAETCA M0 YNpPaBJIeHUEeM CIELMANLHOIe KOHTpOJepa, KOria HeT
00palueHus K NaMaTH.
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110AHOCTBIO accoliHaTHBHAsA K3UI-RamATh o0ecneynBaeT Haubojgb-
Iy QyHKUHOHAIbHYIO0 rHOKOCTh ¥ G6eCKOH(IUKTHOCTh afpecoB, T. K.
060i OoK HauHBIX MOXHO pa3sMEeCTUTb B JIHO0YI0 CTPOKY K3ui-
namaTd. OOHAKO NOCNenoBaTeNIbHbIH nepebop siueeKk HaMATH TEroB
HPAaKTUYECKH HEBO3MOXEH U3-3a 3HAYUTENbLHBIX 3aTPaT BpPEMEHHU, a OJi-
HOBpEMEHHbI aHaTu3 BCeX siYeeK NMPUBOAUT K CYUIECTBEHHOMY YCHOX-
HEHMIO annapaTrypbl. [103TOMY MOAHOCTRIO ACCOLMATUBHAS apXMUTEKTY-
pa npUMeHseTCs 10Ka TONbKO B HEKOTOPbIX MpPOLEcCOPax Ajis NepBUy-
HO# KILI-NaMATH ¢ HeGOABLIOH EMKOCTHIO.

5.6. IocroAnybie, MporpaMMHpyeMbie U PeNporpamMmipyemMble
3a00MHHAIOIMe YCTpoiicTBa

MocrosiHupie 3anoMuHatomue ycrpoictsa (I13Y) npenHasHaueHb!
QUi XpaHeHHs W cyYMThIBaHUS HH(QOPMAaLUK, KOTOpas OCTaETcd HEU3MeH-
HOil B TeueHue BCero BpeMeHH paboThl YCTpolcTBa. ITa HHpOPMALIUA He
ucye3aeT AAXKE MPU CHATHY HanpsKeHWs nuTanus, nosromy [13Y B otnn-
ype o1 3YTIB cTaTHueckoro ¥ AUHAMMYECKOro THNOB, HA3LIBACTCA JIHEp-
roHe3aBBcHMoOil namaThio. B To ke Bpems [13VY npencraenseT coboit mar-
puuHbli Habop 33 u N0 cBoelt CTPYKTYpe ABAAETCHA YCTPOHCTBOM C NPOH3-
BONBHOM BEIGOPKOI. B T3Y Toxe, nogo6Ho 3VIIB, Bpems BbibOpkH HH-
dopmayu u3 n06oro 3D He 3aBUCHT OT €r0 MECTONONIMKEHUS (afpeca) B
Habope.

OcHOBHbIM pexxuMoM pabGotbl [I3Y sBnsercs peXHM CUMTHIBAHMS
unbopMalu, a HekoTopble THNb! [I13Y nocne 3aHeceHHss WH(popMaLUH
JIOMYCKAIOT TOMBKO CUUTHIBaHHE. DTUM M 0OBAcCHAETCS HX ofLiee Ha3Ba-
une ROM (Read Only Memory — naMsaTb TONBKO Jnsi uTeHus) unu [13Y
(NOCTOAHHOE 3aNOMUHAIOLEE YCTPOHCTBO). Crnelyer OTMETUTh, UTO B
I3V Tak xe, kak ¥ B 3YIIB cratiyeckoro Tuna, CuHThiBaHue HHOPMa-
LN He COMPOBOXKAAETCS e€ pas3pyLueHHEM.

3anucy uHdopMmauun B I13Y HasbiBaeTcs “MporpaMMupoBaHueM” U
MPOUCXOIMT 3HAYUTENHHO CIIOXKHEE, YeM CUHTbIBaHKE, a Taloke Tpebyer
6OMbLIKX 3aTPAT BPEMEHU, JHEPTUU U CPEACTB, YEM CUUTHIBAHUE,

Mo cnocoby MporpaMMUpoOBaHus pa3iUHaloT ClieJylollde OCHOBHbIE
tunbl [13VY: macouHsle, nporpaMMHpyeMble ¥ penporpaMmupyemsie. K
MacoudsiM I13Y otHocsTcs MUkpocxembl ROM, koTopble nporpaMMupy-
10TCA B Opouecce u3rorosneHus. B nporpammupyemsie [13VY (T113Y), Bel-
nyckaemble B Buje Mukpocxem PROM (Programmable ROM), undopma-
11 3aTIUCBHIBAETCA B COOTBETCTBHHM C MX MOTPEOHTENLCKUMU CBOHCTBAMU
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1 chepudl MPUMEHEHUS OJHOKPATHO TIOCIE FisCOTOBIEHUSA MEPEH YCTaHOB-
KO¥i B 1ieNeBoe yCTPOHCTBO, MPHYEM TIPOIPAMMUPOBAHHUE OCYIIECTBISETCH
IyTeM MPOXKUraHUs [NIABKUX NepEMBIYEK.

Penporpammupyemsie I13Y (PII3V) unu nporpaMMUpyembie MHEOTO-
KpaTHO Ha3blBaloTCs Taxxe crupaeMbiMi (CI13Y). Ipouenypsl cTipanus
OOBIYHO CYIHECTBEHHO JOJIBILIE 3aIIICH.

BaxueimMu napamerpamu [13VY siBasioTcst BpeMs XpaHeHUs ¥ ycToil-
YHBOCTE K JJIEKTPHYECKHM BO3JeHCTBUAM, a A1s cTupaeMbix [13Y — ewd u

rapaHTHPOBAHHOE KOJIMYECTBO LMKIOB MEpenporpaMMUpPOBaHUsA, HAIpS-
XKEHHUE MPOrpaMMUPOBaHUs H T. A.

B PII3VY ctupanune nadopmauuu B 33 BoilogHAETCH NUOO 11a Beel
MHUKPOCXEME!, TM60 B npejienax onpefenéHHoro 6J10ka Ui oaHOH sueiiku
(Oaitta). Crenyer orMmeruTh, 4To B 13V, He3aBHCHMO OT €ro THIIA, MH-
dopMalus NpeIcTaBiseTcs B BU/AC HANMYHA UIH OTCYTCTBHSA COEIMHEHNs
Mexay muHamu anpeca (IHA) u aannpx (1JT). Tlpu atom uHpopmanus
XpaHUTCS B BUJE MHOIOpa3pAAHbIX CIOB M [03TOMy CTpykTrypa II3VY
CTPOUTCH N0 TIPUHLMILY OAHOKOOPAWHATHOH (OXHO3IpecHOM) BHIOOPKH.
Ecnu paspsnHocTs xpanumoro B 13V mndopMaunoHHOro ClroBa NpeRbI-
L12eT paspsiiHOCTh HEOGXONMMOro BLIXOJHOIO CJIOBA, TO HAa BBIXOJC MAaTt-
puibl 30 UCNONBL3YIOTCH AOMOJNHHUTENbHEIE CeEKTOPhl BBIXOIHOIO CIOBA.
PaccMoTpum nonpobuee ocHoBHble TUNE [13Y.

Macousbie II3Y

B macoussie 113V uHdopmanus 3anuceiBaeTcs Ha OJHOM H3 MO-
Cle[IHUX TEXHONIOIMYECKHX 3Tarnos ux npouspoactea. B [13Y sanomunato-
e aneMeHTs! (33) obpasyrotes OunonapusiMu U MOI1-Tpad3ucTopamu,
BKJIIOUEHHBIMH B y3/lax Mexay muHamu LA u L1, Hauecenue «pucys-
Ka» CTPYKTYDPBI Ha MCXOAHbIR Matepuajl BBINOJHAETCA NPH MAOMOLUM He-
CKOJIBKMX MOCHEAOBATENbHbIX UUKIOB (otonutorpadbuu. Ilpu sToM OT-
JieNILHBIE 3JIEMEHTHI POPMUPYEMBIX NHOJYIPOBOAHUKOBBIX NMPHOOPOB (Ha-
IPUMEP, 3MUTTEPHbIE M KOJUIEKTOPHBlE MepeXo[bl GUMONAPHBIX TpaH-
3UCTOPOB UMM BBIBOABI HCTOKA U cToka MOIT-TpaH3ucTOpOB) BBIIOIHAET-
€Sl KCIOJIb30BAHUEM MAcOK-(oToWwabnoHoB. OTUM i 00bACHIETCS Ha3Ba-
Hue 13V paHHoro Tuma.

Buauane usroromnarores ¢orowabnoHsl, obecneunBarolliie Coeau-
Henue Bcex IA u II]J] Tak, yto no Bcem agpecam us [I13Y cunThiBaercs
OJMHaKOBbIl curHan, Hanpumep, norudeckuif 1. Janee mo 3akasy s Ka-
#aoro T3V ¢ konkpeTHOH uH(pOpMaLuell, cooTBeTCTBYIOLIEH ero Tabnu-
Ue MCTHHHOCTH, W3rOTaBJIMBAETCS elu OAUH 1abJoH, C MOMOLIBIO KOTO-
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POro 3aJarT TOYHYIO (OPMY U KOOD/IMHATh! YUACTKOB COSTHHEHK A MEXIY
muuaamu [IA u 1], roe pasMemiaroTcs HEKOTOpble 00nacTH npubopos
(nanpuMep, KONICKTOPHbIE Nepexo/ibl MIIM BBIBOJb! CTOKA TPAH3UCTOPOB).
Hauneiii MeTo To3BosseT s usroTosieHus I13Y ¢ pasnuusod undop-
Mallyeil 3aMeHsITh TOJIBKO OJUH 13 (oTOLIabI0HOB, YTO CYIIECTBEHHO YII-
pOILAEeT U yCKOpAeT NpoLece IPOU3BOACTRA.

Macounsle 13V ocobeHHO peHTabenbHB [PH KPYIHOCEpHHHOM
NPOU3BOJCTBE, KOI/Ia C MOMOLIBIO OJHOH MacK¥ MOXHO 3allpOrpaMMUpo-
BaTh GOJIBLIOE YUCITO MHMKpocxeM. PaccMorpuM dparmentsl Marpuy 30
MacouHbiX [13Y, BeironHeHHbIX Ha O6unoaspHelx 1 MOIl-TpaH3ucTopax

(puc. 5.26,au 6).
+Enﬁ +En6

Lo JJ_/"—N
‘*\l nBi+1 lJ

a) 6)

NBi+1

Puc. 5.26. ®parments macounbix [13Y Ha GunonsapHsix (a) U
nMOII-rpanzucropax (6)

Brixonnas muHa JaHHBIX, 0003HAUeHHas Ha puC. 5.26 Kak paspsaHasd
mrHa AaHHeix P, ssigercss obmeit 11 Bcex TPaH3UCTOPOB (BLIION-
Hsolmx GyHkuuio 33) B cronbile, BKIOYeHHsIX no cxeme WM — HE.
HopmanbHo Ha 3TOH LIMHE MMeeTcs HalpsHKeHHE BBICOKOrO YPOBHSA
(yor. 1), ¥ 3TO HaNpPsHKEHHE MOXKET CTATH HU3KUM TOJBKO NPH CUMUTHIBA-
HUW 3a cueT [MHB AeummdpupoBanHoro ajpeca A (nmuHuu BHIGOPKH
ctpokd JIBi). Hanpumep, ecin coeAMHUTENBHbIA OUMONAPHBIA TpaH3u-
crop T, (puc. 5.26, a), 6a3a KOTOPOro MOAKJIKOYEHA K i-it TMHHK BBHIOOPKH
cTpoku JIBIi, BBINOJIHEH NOJHOCTHIO, TO NMPU MOSBICHUK Ha 3ToH i-H 1u-
HUM HaIIPMHKEHUs BBICOKOro YpoBHS TpaH3ucTop T, OTKpbIBaeTCs W, ciie-
JOBaTENBHO, Ha pa3psaHol muHe aanubix PL popmupyeTcd HanpskeHUe
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HHU3koro ypoeHs (nor. J). Ecnu tpansucrop, wanpumep T,, B npouecce
M3roTOBNEHUs ObLil JIMUIEH CBOEro KO/UIEKTOPHOTO NEpexXoa, To nossie-
HYE HalPSHKEHUsS BBICOKOTO YPOBHSA Ha nuuuy JIB;.; He npHBOAMT Kk OT-
NUPAHMIO TPAH3UCTOpa T, M TMOITOMY Ha paspaaHOi wMHe Hannbix PLI
OCTAETCA HEU3MEHHBIM HANPKEHUE JJOTUYECKOH 1.

B apyroii cxeme (puc. 5.26, 6) onepauua UJIH — HE napn curha-
NTaMU Ha NMHUSAX BbIOOPKYU BHIMONHAKOTCS NPYU NOMOIIM HOPMAbHO 3aKphbl-
ThIX nNMOJT-TpaH3ucTOpOB.

Kak v B npeapinyiien cxeme, 31ech MPUCYTCTBME BHIBOAA CTOKA
nMOIT-Tpansucropa T1 coorserctByer norudeckomy 0 B gaHHOM
pa3psiie, a OTCYTCTBUE — snoruueckoi 1. OTMeTHM, YTO MacouHble
IM13Y (ROM) umeroT camoe BbicOkoe OpicTpoaericTBHe (BpeMsi AOC-
tyna 30-70 mc). Kpome TOro, oHu UMEIOT NPOCTYIO U PEryispHYIO
CTPYKTYPY, YTO NO3BOJSIET M3TOTaBAMBATh MHKPOCXEMBI, Crnocob-
Hble XpaHuTh Oosiblune 0O0BEMBI MHGopMaluK. OfHAKO MHUKpOCXe-
mMbi ROM, rnapHbiM 0Opa3oM, K3-3a JOPOrOBU3HBI MAacoK H, Ci€AO-
BATEJILHO, CIOXKHOCTH MOJAMOUKALMH UX COAEPKUMOrO HE Hallid
LIMPOKOro MPUMEHEHUS B COBPEMEHHBIX KOMITBIOTEPAX.

Hperpammupyemsie II3Y

B [I3Y tuna PROM nporpammuposadue (OZHOKPATHOE) OCy-
LIECTBAASTCA [yTeM YCTPAHEHHS WIIM CO3AAaHNS CHELMaNbHbIX TEPeMbIeK.
[epeMbiukn MOTryT GbiTh METAJUIMUECKUMHM MM NOMUKPUCTALIUHECKUMHU
(kpeMBUeBLIMY). MeTannHuecKue M3roTaBauBaroOTCA U3 HUXPOMa, a B 1O-
crnefHee BpeMs B OCHOBHOM U3 THTAHOBOJIL(PAMOBLIX M APYruX CnjaBoOB.
B xauyecTBe nepeMbluek NPUMEHAETCS Takke TOHKHH AHINEKTPHYECKHH
CJIOH WK napa BCTPEeYHO BKIFOUEHHLIX anonos [16]. [Tporpammuporanue
mukpocxem PROM ocyluecTBIsAETCA ¢ NOMOLIBIO CTICHHAIbHBIX pOrpaM-
MaTOpOB, AS Yero ITH MHKPOCXEMbl YCTAHABIAMBAIOTCA B «KPOBATKM» W
3ananBaOTCS.

PaccmorpuM npuHuun paboTst nporpammupyemoro 113V (II3Y) ¢
IUIABKAMHU NiepeMbiuKaMy cO CTPYKTYpoil Tuna 2 D, MaTpHua 3anoMuHaro-
LUX JieMEHTOB (33) KOTOPOro MMeeT OJHOKOOPAMHATHYIO (0AHOalpec-
HYIO) opragu3zauuso (puc. 5.27). Marpuua 33, cogepxawman 32 cronbna u
8 cTpoK, NOCTpoeHa Ha 8-MH SMHTTEPHBIX TPAH3UCTOPAX, B KOTOPHIX KaXK-
bl p-n-niepexon 6a3a-aMuTTEP COOTBETCTBYET oAHOMY 30. MHorosmur-
TepHble Tpan3ucTopbi (MIT), 6a3bl KOTOPBIX MPUCOSHHHEHB! K BIXOAHBIM
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auHKAAM BbIOOpPKHM AelMbparopa agpeca CTPOK, pabuTaior B pexuMe
SMHATTEPHOrO TOBTOpHTENA. DMUTTEPBI MOT, ABNAIOIINECs ONHOBPEMEH-
HO BXOJamu (NpH MPOrpaMMHPOBAHHUH) U BRIXOAAMM (MPH CHUHTHIBAHHM)
MaTpuibl 33, COeAMHEHDB! C BHEMIHUMH MHAMU AaHHbIX (ILID) uepes 6y-
(epHbie Kackaibl — TpUCTabunbHbie cXeMbl (3ieMeHTH | 1 2), uMeroinue
WHBEPCHBIE BbIXO/bL.

B ncxoaHOM 3aroToBKe MMEIOTCS BCE IEPEeMbBIYKY, A IpH. [IPOrpam-
MHpPOBAHUH HEKOTOpas YacTh [MepeMbIYeK [IPOXMIaeTcs (yCTPaHSIOTCH)
IyTeM MPOMYCKAHUS YePE3 HUX UMIYJIBCHBIX TOKOB 1OCTATOYHO GONBINOH
BEJIMYMHEI (HECKOJIBKO HECATKOB MUILTMAMIIEP) U JIHTENBHOCTH,

Puc. 5.27. Cxema nporpammupyemoro I3V ¢ nnaBkuMy nepeMbiykamu

Ilpu nporpaMMHMpOBaHMH CHMIHaN paspellieHHs paboTsl GopMuUpo-
Baresield UMNYNBCOB NporpammupoBanus OE, UMeeT akTUBHOE 3HayeHue
(OE; = 1), a curHasi paspelueHus nponecca cuWThiBaHus gauHbix OF, oT-
cyrcreyer (OE; = 0). Ilpu otom tpucTabunsHble cxeMbl (3ieMeHTh! 1) ne-
peBOJATCS B BBICOKOMMIIEJAHCHOE COCTOSHUE W HE BAUSIOT Ha MPOLece
TIpOTPaMMUPOBAHNA, a Takoke OJOKHPYIOT fiepefadyy HaHHBIX U3 MATPHUllb]
39 Bo sHemHiow D, baitt HHpoOpMaLuy, KOTOPYK HYKHO 3anucaTh B
13V, nopaerca ¢ paspaansix nuauit D7...D0 srewneii [1ID, uepes dop-
MHUPOBATENH MMIYJILCOB (3JIEMEHTHl 2), Ha BRIOPAHHYIW AelUpaTOpPOM
azpeca cTpoky Marpuisl 33. [Ipu 3toMm Te paspsabt Haiita nudopmanui, 8
KOTOpbIX, HATPUMep, imeeTcs 1, HHBEPTHPYIOTCA Ha BhIXOMAX HOPMHUPO-
BaTesiell, u COOTBETCTBYIOME IMUTTEPl MOT OKaXyTCsH NOX HU3KNM Ha-
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npsokeHves. Yepes 3TH 3MUTTepHbIie p-n-mepeaogsl MOT norexyr Toku,
KOTOPbIEC NMPOXUratOT MEPEMBIYKH.

[Mpu cuutsiBanuu curdan OE, umeeT akTusHOE 3HaueHue (OE,= 1), a
curdan OE; orcytcrByeT (OE; = 0), MOSTOMY Ha BBIXOAAX 3JIEMEHTOB 2
$OpMHPYIOTCA BBICOKHE YPOBHU HANPSDKEHUA M OHH HE OKa3biBalOT BJMS-
HHS Ha NPOLECC CUUTLIBaHNA faHHbIX. Hanpumep, ecnu B 33 otcyTcTBYET
(ycTpaHeHa) nepeMbluka, TO Ha BXOA TpucTabMnBHOH cxeMel {3neMeHTa 1)
HocTynaeT HU3KHil ypoBeHb Hanpsxxenus. Tax kak anemeHT 1 MHBepTH-
PYIOLIHIA, TO C €ro BbIXOAA HA pa3paaHylo JMHui0 BHeumHed LUD nepeaa-
eTCA €UHHYHBLIA cUrHan, T. €. TOT CUrHaJjl, KOTOpbiil 3anuchiBaeTca Npu
pOrpaMMH1pOBaHHH.

[1naBkue nepeMbiuky 3aHHMAIOT HA KPUCTANAE MUKPOCXEMbI MHOTO
MecTa, no3ToMy cteneHb uHterpaiuu I3V ¢ takuMu nepemelukaMu cy-
HIECTBEHHO HHWXeE, yeM y MacouHbix [13Y. Tem ne MeHee, 6narogaps Bo3-
MOXHOCTH NPOrpaMMupoOBaHns MUKpPOcXeM camuM noab3osarenem [MT3Y
HaxoauT Gosee Wupokoe npuMeHeHne ans xpanenus koxos BIOS u B rpa-
$uueckux ananrtepax.

Penporpammupyemsie II3Y

CrupaHue H RporpaMMHpOBaHHE MHKPOCXEM penporpaMMHpyeMbiX
13V (PT13Y) moxeT BbINOAHATLCH NHOO HA nMporpamMmarope, nubo (u3-3a
OTHOCUTENbHO MpocToro nHrepdeiica 3anucy) B CaMOM LENEBOM YCTPO#i-
CTBE, €CH Y HEro NpeaycCMOTPEHbl COOTBETCTRYIOLINE CpeACTBa. Jns Mu-
KpPOCXeM, He U3BJeKaemblx U3 uesneBoro yctpofictsa (PC), BO3MOXHbI aBa
cnocoba WX mepenporpaMMUpPOBaHUs: C UCITOJIL30BAHUEM COOCTBEHHOTO
[IpOLIECCOPa U € NOAKIIOYSHHUEM Ha MNJlaTe BHELIHEro NporpaMMaropa.

Ilpouecc nepesanucu (crupanue cTapoil HHPOPMALKH H 3aMEHa ee
HOBOH) TpeGyeT BpeMeHH, 3HAUUTENBHO (Ha HECKOJILKO MOPAAKOB) Mpe-
BblLUaloleil BpeMs ee CUUTbIBAHUA, KOTOPOE BLINOJHAETCH B pabouem pe-
skume PII3Y pocrarouno GuicTpo.

Crupanue uHpoOpManuy BbINONHAETCS MO0 Js BCell MUKPOCXEMBI,
nu6o ang onpeaenaeHHoro 6noka, nubo Ans oaHol syeiiku (Gaiita). Ctu-
paHHe NpUBOAUT Bce OUThi cTUpaeMoil 061acTH B OIHO cocTOosHUE (00b1u-
HO BO BCe eMHMIbI, pexke Bo Bce Hyim). Ilpoueaypa crupasus obbiuHO
CYLUECTBEHHO JOAbLIE 3aTUCH.

B 3aBucuMocTH OT cnocoba cTupaHus nHpopMalLUH pa3auyaroT ABa
Tuna PII3Y:
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~ pemporpammupyemsle [I3Y ¢ ynpTpadpuoneToBbiM CTUPaHHEM
(PII3VY-Y®), — ux o0biuHO HasbiBaroT npocto EPROM (Erasable PROM)
w UV-EPROM (Ultra-Violet EPROM);

— penporpammupyembte 113V ¢ snekTpuueckuM ctupanueM (PII3Y-
2C wiu EEPROM),

B muxpocxemax PYI3V B kauecTBe 3anoMHUHAIONMX 271eMEHTOB (32)
HCIONB3YIOTCA ABa Tura Tpauzucropos: MOII-TpaH3ucTOp ¢ «miasaio-
myM» 3areopoM # MHOIT-rpar3ucrop. [Tpunnun pa6otsl MOII-Tpansuc-
TOPOB C «TUTABAFOLIKM 3aTBOPOM OCHOBaH Ha JABUHHOW MHXXEKLIMH 3aps-
noB (JIM3), mostomy ux Taxxke HaszpBaoT JIM3MOII-TpansucropaMu.
CyuwectyioT nBa Buaa JIM3MOII-rpansuctopor: MOTI-TpaH3ucTOpHI €
OJHHM (ILTABAIOLLMM)» 3aTBOPOM, KOTOpbie IPHMEHSAIOTCS B MUKPOCXEMaX
PI1I3Y tuna EPROM u MOIl-Tpan3ucTopsl ¢ [ABOMHBIM 3aTBOPOM
(¢ «nIaBalOmMMMY ¥ ympasisioluMm 3arsopamu). [locneanue Gonee yHu-
BEPCANILHbI, OHU MOTYT OBITE HCHOMBL30BAHB B MuKpocxemax EPROM n
EEPROM.

Paccmotpum crpykrypy JIM3MOII-Tpansuctopa ¢ ABOAHBIM
3aTBOpOM (pHc. 5.28, a) u crocob nepesanucu HHGOPMalHM B HETO.
Mo cywectsy JIM3MOII-tpansucrop 310 00bIdHBIA NMOII-Tpan-
3UCTOP C© YNPaBJSIOWMM 3aTBOPOM, KOTOPEIA BMEET €1IE JOMOJIHYU-
TEJIbHBIA, TaK Ha3bIBAEMBIH «IN1ABAlOLIMHA» 3aTBOD, MPEACTABIIAIO-
wuii U3 cebs HEeKOTOpYK MpoBoAALLYIO 0bjacTs (0ObIYHO M3 NOJHM-
KPUCTAIIMYECKOrO KPEMHHUA), HU30JIMPOBAHHYIO CO BCEX CTOPOH
ClIOEM JIUIIEKTPUKA.

B pexuMe nporpaMmupoBaHus B 00J1acTh «IIJaBaIOLIErO» 3aTBOPA
BBOJMTCS 3apsAA 3JEKTPOHOB, UL 3TOr0 Ha YNpaBJIOMMiA 3aTBOP, CTOK H
HCTOK TTORAFOTCA MMILYJILCH! TOTOKUTENLHOIO HATIPSKEHHS OTHOCHTENBHO
OonplION aMIMTYABl, KOTOpas Jisi DPasMMYHBIX THIIOB MUKPOCXEM
EPROM cocraBnser 12-26 B (00buHO yKa3biBacTCA HA KOPIyce MUKpO-
cxembi). [Ipi 3TOM p-n-nepexoapi CTOK-HOMANOKKA M HCTOK-MORNOXKKA
CMELIArOTCA B 00paTHOM HaIlpaBlieHHH, B HHX BO3HUKAIOT JIABMHHBIA Mpo-
0ol (naBMHHAA MHXEKUUA 3apsa), 4 0OnacT¥ CTOKa U HCTOKAa HAChILIAI0T-
cst asieKTpoHaMu. YacTb 3NEKTPOHOB, HMEIOLIMX IHEPIHIO, JOCTATOUHYIO
IV PEeOOJISHHUS MOTEeHIMANbHOrO Gapbepa JUANeKTPHKa, [TPOHHKAET B
«TiaBarolUi» 3aTBOD, Il 3TH IEKTPOHb! OCHE CHATHA BHICOKOIO M-
MYJILCHOTO HaNPAXKEHUS MOTYT HAXOAMTHCA OYEHb JUIMTENBHOE BPEMSI.
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INon peiicTBueM 3apsifia 5MEexrPOHOB, BBEJEHHOIO B «IIABAIOLIHNY
3aTBOP, YBEIMYUBAETCS NIOPOrOBOe HanpskeHue Tpadsucropa. [lostomy B
AnarnaszoHe pabounx 3Ha4YeHUl HaNpPsOKEHUS Ha YIIPaBIAIOLIeM 3aTBOPe HE
co3flaeTcs MpoBOAAUMiA kaHan B TpansucTope. ECnu B «njasaioliem» 3a-
TBOPE OTCYTCTBYET 3apsj 3JEKTpOHOB, Toraa JIM3MOIl-Tpansuctop
¢dysKuHOHMpYeT KaK o6bI4HbI NMOII-TpaH3MCcTOp ¢ OOHUM YHpaBIIsIO-
MM 3aTBOPOM B KITFOUEBOM PEXHUME.

Crupaune nndopmauun 8 PII3Y B 3aBUCHMMOCTH OT X THNOB OCY-
IIECTBAAETCS ABYMs criocobamu: yiabTpadHONeTOBbIM OOAyUeHUEM W
INEKTPHYECKUMH CHrHanamy. B mukpocxemax EPROM ctupanue nHdop-
Mauuy OcyLIecTBAseTCs ynbTpaduoneToBbiM o0ayuenuem. na atoro
KOpIyC MMKPOCXEMbl CMNEUHaNbHO i1 CTUPAHUS MMEET [Ipo3pauHoe
(CTEKNsHHOE) OKOLIKO. YAbTpa(HONETOBLIE Jyud, HampaBieHHbie B
OKOLIKO, NO3BOMSAIOT 3aPARY INEKTPOHOB MOKUHYTH «T11aBAIOWMIY» 3aTBOP.
Bpemst ctupanus 3aBUCHT OT PAcCTOAHMS ZI0 HCTOYHHKA OONy4YeHHMs, ero
MOLHOCTH, EMKOCTH MHKPOCXEM U MX THIIOB, H B 3aBUCHMOCTH OT 3TOrO
COCTaBJAET OT MATH 0 HECKONbKUX JECATKOB MUHYT.

[pu ynbTpadguoneToBoM obnyyennn HHPOpMaLHA CTUPaETCs cTpasy
BO Bceil Mukpocxeme. Kpome Toro, moa BosaedcTBUEM yasTpadHo-
JIETOBBIX Jiyyel CBOHCTBO MaTepHasioB NOCTENEHHO YXYALIAETCA, YTO MPH-
BOAMT K CYLIECTBEHHOMY COKpAall€HHIO YHCNa LMKIOB Mepenpo-
rpammupoBaHusi Mukpocxem EPROM. Yucno uuknos nepesanncyu y poc-
culickux mukpocxem PIN3VY-YO® pasno 10-100 [17]. Tlocne nporpamm-
MUPOBaHUs CTEKMAHHOE OKOLIKO MHKPOCXEM 3akiieWBaeTcs Anf Npefor-
BpALlleHUS CTUPAHUA MOA AEHCTBUEM COJIHEYHOrO M JIIOMUHECLEHTHOrO
ofayyenus.

Crupanue ungopmaumy B muxpocxemax EEPROM ocyiuecteagercs
anexTpuueckuM cnocobom. s dToro Ha ynpaBasiOniMe 3aTBOpbl NO-
JaeTcs HanpspKeHHe HU3KOro YPOBHS, & Ha CTOKYM — MMNYNbCh! BLICOKOIO
HanpsbkeHus nporpammupoBadus (10-30 B) ¢ anntensHocTsio Honee fe-
CATKA MWUTUCEKYH, 4TO MPUBOANT K 3HAYUTENbHOMY DACXORY 3HEP-riul.
Tem He MeHee IJIEKTPUYECKOe CTHUDaHUE MO03BOJseT CTUpaTh HHQOp-
MalMio He €O BCell MHKPOCXEMbI, a BbIDOPOUHO (MHAMBHAYANBHO AN Ka-
KAOro ajpeca). JnuTefbHOCTh Mpouecca «CTHpaHMe-3anuch» 3Hauu-
TENbHO MEHbLIE, a YHUCAO NEePenporpaMMHpoBaHus Ha HECKONbKQO MOpAa-
koB Gonbie (10°-10° uuknos nepesamucu), yvem y Mukpocxem EPROM.
Kpome Toro, nepenporpaMmupoBars MHkpocxembl EEPROM MoxHO He
M3BJIEKas UX W3 UeNIeBOro yCTPOCTBa, B KOTOpOM OHHU paboTtaroT. Mukpo-
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cxembl EEPROM c anekTpr4ecKUM CTUPAHHEM 3aHH-MAfOT 60bine MecTa
Ha KpHCTajlle, B CBA3H C 4eM YPOBEHb HX WHTerpalHu MeHblle, a CTOH-
MOCTb 00JibLIE IO CPABHEHHIO C MHKpO-cxeMamu EPROM.

Cxema noaxmouenus JIM3MOII-TpaH3dcTOpoB ¢ ABOMHBIM 3aTBO-
POM K JIUHHAM BBIOOPKHM CTPOK M JIMHWSM CUWTBIBAHUA B Marpuuax 33
EEPROM noka3aHa Ha puc. 5.29. B pexume nporpaMMUpOBaHUS 3a0ucCh
«0» B 30 OCYILECTBIAETCS MYTEM BBOAA (MHIKEKIMeH) 3apsaia «ropadnx»
3JIEKTPOHOB B IJIABAOLLUI 3aTBOD.

VYnanenue sapsifia U3 N1aBAlOILETO 3aTBOPA, T. €. CTHpanue WHGOp-
Malu{¥ NPUBOAMT K YCTAHOBIEHMIO B 32 joruyeckoff 1, B 3TOM clydae
BbIOpaHHbIH TPAH3UCTOP OTKPBIBACTCS U Hepe3 HEero nepeiacTcs Ha THHHUIO
CHYMTHIBAHHUS HAIIPSLKEHUA BBICOKOIO ypoBH4 (J1or. 1).

PaccMOTpuM Terneps cTpyKTypy M mpuHuun pabotsl MHOII-Tpau-
suctopa (puc. 5.28, 6), KoTopbi# B oTiHYHe 0T 0bbruBOro MOI1-Tpas3suc-
TOpa UMEeT MEeXIY MEeTANNUYECKUM 3aTBOPOM U TOMYNPOBOJHUKOM [Ba
PasANYHBIX COSI TUINEKTPHUKA.

ronvkpesHuia unu MeTani

SiO,

Pue. 5.28. Crpykrypa Tpatsuctopor tunos JIM3MOIT
¢ aBoiHBIM 3aTBOpOM (a) u MHOII (6)

IlepBoiii Tonkuli cnoif aByokucn kpemuus SiO; TonunHo# He 6osiee
5 HM HaHOCHTCS HA MOBEPXHOCTb HONOXKHN KPUCTAINA MEXIY CTOKOM H
HCTOKOM, Jlaiee HA HeM pacrionaraeTcs BTopoii 6osiee TOJICTEIA C0d HUT-
puna kpemHust SizNg. B Takux CTpykTypax Ha rpaHHle pasgena Mexmy
JUDJIEKTPHHECKUMH CJTOSIMH, ©J1arojaps TyHHENbHOMY 3QPQEKTy, MOXET
CKAIIKUBATLCA NEKTpUtecKuil 3apsan. DToT 3apan ¥ ABAAETCHS HOCHUTEIEM
uHopmaimy, xpaauMoit MHOII-Tpau3nucTopoM, u ero IeHCTBHE Ha POBOAH-
MOCTE (MJIM Ha NIOPOTrOBOE HAaNPSHKEHWE) aHAIOrM4HO AefiCTBUIO 3apsja «mna-
BAOLLIETO» 3aTBOpA.
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Puc. 5.29. Cxema noaxmoyeHus Ayx3atBopuoro JIM3MOIT-tpausucropa -
K JIHHUAM BBIOOPKH H CHHTHIBAHHA

3anvice uagopmauum B 33 Ha MHOTT-rpansucTope ocyuuecteasercs my-
TEM CO3AaHUA HOJ 3aTBOPOM HANPSMEHHOCTH MNEKTPUHECKOro Moas, JocTa-
TOYHOH 151 BO3HMKHOBEHMS TyHHEILHOIO NEepexoia HOCHUTeNel 3apana uepes
TOHKMH CcNOH nByokuc kpemHus. Ecnu Ha rpaHuue paspena cnoeB npu-
CYTCTBYeT 3apsA 3JEKTPOHOB, TO OH IKPaHUpyeT BO3ACHCTBHE ONOKUTENL
HOro HanpsxeHus Ha 3arsope MHOII-TpaH3ucTOp2 € KaHanoM npPOBOAH-
MOCTH N-TUMNA ¥ TEM CaMbIM MOBbILIAET €0 NOPOroroe HanpsnikeHue. [pu aTom
pabouee 3Ha4YEHUE HANPSIKEHUS Ha 3aTBOPE HE MOXKET CO3AATH B TPAH3UCTOPE
TNPOBOASALINI KaHA!, K OH 3aKpbIT (TOK CTOKa Tpax3ucTopa paseH (). Ecau 3a-
PS4 Ha rpaHulie pasjena cjaoeB OTCYTCTBYeT (MM UMEET APYroi 3Hak), TO
TPaH3HCTOP OTKpPLIBAETCS pabourm 3HaueHueM HanpsxeHus (5 B). Takum 06-
pa3oM, HaTHUYHE MM OTCYTCTBHE 3apajia KIACCH(PHUHPYETCS KaK XpaHeHWe
cursanos Jior. 0 unu sor. 1.

MHOII-TpaH3ucTopbl  MCNOMB3YIOTCS B KayecTBE 33  MHKpPOCXEM
EERPOM, xoTopble SBIAOTCA IHEPrOHE3ABHCHMMBIMU M MOTYT XDaHHTb HH-
thopmauio rogaMu 1 AecaTKamMu JIET.

[Mpu nporpammuposanun Mukpocxem EEPROM npuMeHsioTes oTHOCH-
TebHO BHICOKUE HanpspkeHus, nopaaka 20 B. IMocne cHATUA BbICOKMX Ha-
NpsKeHuil TyHHEIbHLIA Nepexox 3apsla MIEKTPOHOB Yepe3 TOHKHI cioil au-
anexrpuxa SiO, npekpaiuaeTcs 1 3aJaHHOE TPAH3KCTOPY MOPOTOBOE HaNpsKe-
Hue coxpaHsercs. [Tepes HOROI 3aruchio crapas uHGOPMaLMs CTHpaeTcs Mmy-
TEeM yAANleRUsa 3apaia eKTPOHOB U3 rPaHiiibl pasfena AMINeKTPUYecKUX Cio-
€B, JUTA Yero Ha yrpaB/stOLIMIA 3aTBOP M CTOK TPAH3UCTOpPA MORAKOTCSA Hanps-
HKEHHA HU3KOrO H BBICOKOINO ypOBHEl, COOTBETCTBEHHO. Hncao umukios nepe-
npor‘;;%imlpgzoaaﬂux mukpocxem EEPROM na MHOII-tpansucropax cocrag-
aser 10°-10°,
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Mukpocxembl EEPROM  omocuTenbHO HeBonbIoro odbemMa HamsTi
IIKPOKO TPUMENSIOTCA B KaYeCTBE SHEPrOHE3ABHCUMON MAMATH KOH(HIypH-
poBaHust paznuuHbeix anantepoB. CoBpeMeHHble Mukpocxembl EEPROM
UMeloT GoJiee CHOKHYIO BHYTDEHHION CTPYKTYPY, B KOTODYIO BXOAMT
yNpaBssiouMii aBTOMar. 3TO MO3BOASET YMPOCTUTH BHEILHMH HHTepdetic,
Jienas BOSMOXKHBIM HEMOCPEACTBEHHOE TOJIKUTIOUEHHE K MUKPONPOUECCOPHOH
uniHe, ¥ ckpbiTh crneupduyeckue (M HEHYKHbIE MONL3OBATENO) BCIIOMO-
rarefibHbie Ofiepaly THNA CTUPaHUs 1 BepUpHKaLi.

B sakmoueHue OTMETHM, 4YTO BCE TMOCTOSHHBIE 3ArOMUHAIOWKE
ycTpoiicTea ¢ obuum HasBanmemM ROM, kak OTMEHEHO Bbillie, SBASIOTCH
JHEProHe3aBUCHMbIMA 3Y, KOTOpbIE COXPAHMOT UHGOPMALMIO MPUH OTKIIO-
yenuu nutanus. Takoe codictBo atux [13Y npm mx npakTHyeckoMm ApH-
MEHEHHY C HCMONbL30BAHWEM BapHaHTA C UMITYIbCHBIM NUTAHHEM MO3BOJNET
CYILECTBEHHO CHU3HTh MOLUHOCTb MOTPEOAEHHS, YTYULIUTL TEMIOBON PEXuM
¥X 3KCIUIYaTaUMH M FIOBLICHTL HAZEXKHOCTL (YHKLMOHUpOBaHNs. B BapuanTe
C MMNYJILCHBIM NMTaHUEM paboTa BeeX MUKpocxeM no Bxoaam CS nocTosH-
HO pa3spellieHa, HO HanpsHKeHHe MCTOYHHMKA MUTaHHMA [0JAaeTCs HE Ha Bee
MHKPOCXEMB! MOZYNA FaMATH, Kak B OObIYHOM BapHaHTe ero NoCTpoeHMs
(puc. 5.30, a), a TONBLKO HA TY MHKPOCXEMY, K KOTOpOil HMeeTCs oDpatLieHue, T.
€. KOTOpad BuiOpaHa ¢ MOMOUIBIC K04, YIIPABIAEMOro aapecHbIM Aeinndpa-
TOPOM, IEKOAUPYIOIHM CTapiiHe pa3paab agpeca (puc. 5.30, 6).

{En
um M. un
- ~ ROM

A4

- ROM

s
a) 6)

Puec. 5.30. Mukpocxembt MOCTOAHHOH NaMaTH C OOBIMHBLIM BAPHAHTOM
noCTpoenus (2) 1 UMITYJILCHBIM MuTaHKneM (6)
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Pexum UMIyIbCHOIO THTAHWA, XOTS H MPEAOCTABAAET BO3MOXK-
HOCThb 3KOHOMHYHOIO HCIHONb3OBAHUS DHEPrHM HMCTOYHUKA TUTAHMA,
OJIHAKO H YBEJIMYUBAET BpeMs oOpalleHHs K Mukpocxemam [13Y npu
OPOU3BOJLHEIX OIMHOYHBIX OOpaleHUsX, T. K. NOCHE BKIIOUEHHR
nUTaHusg Heo6X0ANMMO BpeMs 1) YCTAHOBIICHHS PEXHMMA MUKPOCXEM.

5.7. Dam-naMAaTh

Pnu-namats (Flash-Memory) o Tumy 33 U OCHOBHBIM HPUH-
uunam paboTht OTHOCHTCS K kiaccy namatu EEPROM, oxHako umeer
pPAA BPXHTEKTYPHBIX H CTPYKTYPHBIX OTRHYHH. Bo Quasw-namaty cTu-
panne uHGOPMALMK MPON3ZBONUTCA OTHOCHTENBHO MPOCTO, Cpasy Iuis
BCell MHKpPOCXeMbi MaMATu UM OJOKaMH, (JOCTATOYHO GONBLIIMMH),
06BbeM KOTOPHIX COCTaBAseT oT 256 OaiiT mo 128 K6aiit. Bnaronaps
3TOMY ynpoluaercs cxema (a3m-namstd, obecneynBaercs BHICOKAs
TJIOTHOCTh YNAKOBKH, MOBBIIIAETCS HAJEXKHOCTh U MPOUIBOAUTED-
HOCTb B DeXHME IPOrpaMMHUpPOBaHHs, CHUXKAETCI Heprus norpebie-
HUs ¥ cToumocTs. OnHako Heo6X0AUMOCTh B 3aMeHe OJHOTO CNoBa BO
dsm-namaTH TpebyeT mepesanucu (CTHPaHMA W HOBOW 3anmucH) s
BCEH MUKPOCXEMBI B LIEIOM, YTO HeXeNaTe/lbHO U1 MHOTUX NpuMene-
HUH. B 5TOM OTHOILEGHHR BHIFOAHO OTAMHAKOTCHA CXeMbl QI3LI-TTAMATH
¢ 6youyHof cTpykTypo#l. Uucno uLHKIOB pemporpaMMupoBasus AN
GnIM-naMAaTE JOCTATOYHO BEJHKO, HO NPU Hepe3anucyu 3anoMHHAK-
[iMe 3MEMEHTHI TOCTENEHHO “H3HAILIUBAIOTCH™.

Huatepdelic mukpocxeMm ¢unaui-naMaTH XOpoOLUO COYETAETCH CO
CTaHAAPTHRIMU CHUIHATAMM, UCTIONb3YEMBIMM B MUKDPONPOLECCOPHBIX
cucteMax. BHyTpedHHue UMKIb! CTHpaHUs, 3anucd U Bepuduxauuu
BBHITOJIHAIOTCS ABTOHOMHO OT IUMHHBIX IMKJIOB BHEIIHEro HHTep-
deiica, yTo SBAAETCA CYLIECTBEHHBIM NPEUMYIIECTBOM NEpes MUKPO-
cxemamu EPROM n EEPROM. Mukpocxemst $asiu-naMati opeasoy-
turenbHee EEPROM 1o mHGopMauumoHHOH eMKOCTH H CTOMMOCTH,
rAe He TpebyeTcs MHIXMBUILYABHOrO CTHPAHMS CJIOB, & B OTJIIMYHE OT
EPROM, He TpebyeT crneuMajdbHbiX YCMOBUH ¢ annapatrypsl s
CTUPaHUA [JAHHBIX, KOTOPOe K TOMY K€ BBIITONHAETCH HAMHOIO
OricTpee.

CyuiecTByeT 6onbmoe MHOroo6paszue MUKpocxeM GQuidLi-MaMsTy,
Cpenn rHux Hanbosblllee pacnpocTpaHeHHe Hauutd MukpocxeMbl Bulk
Erase, Boot Block u Flash File, koTopbie ornuuaroTtes apyr or apyra
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cnoLobaMi OpraHu3aurMu MaccuBa MamiTH, CnocobaMu CTUpAHUA M
pa3buenus da Gnoku, no uHTepdeiicy u T. 4.

B mukpocxemax Bulk Erase ctupaHne HHPOPMAIWH NPOUIBOANT-
ci TONbKO Afs Bceif naMsTH, B CBA3M € HeM MX UenecoodpasHo
MCNOJb30BaTh [ XpaHeHUus peAKOOOHOBAAEMBIX AaHHbIX. JIng Takux
mMukpocxem oxHoGaliTHOH opraHusauud Haubonee BaXxHbIMH mNapa-
MeTpaMu ABAAIOTCH MHPOPMAUMOHHAR €MKOCTh H CKOPOCTH CHUTBI-
Banud, a YMCJIO LUKIOB CTUPAHUSA U 3aMUCH HE CTOJb CYLECTBEHHO.

Mukpocxemst Boot Block u Flash File, opueHTHpoBaHHblE Ha
pa3nnuHbie 06nacTh NpUMEHEHUs, OTIHYaloTcs cnocoboM pasOHeHus
Ha 6moku. Mukpocxembl Boot Block, umeiouine ogHo- 0 AByxbaiT-
HYIO OpraHH3auHiio H HECUMMETPUYIHYIO apXUTEKTYDPY, COCTOAT U3 He-
CKOJIbKMX OSIOKOB pa3HOro pasMepa, CTUpaeMbiX HesaBucumo. Oxuu
13 0/IOKOB MMEeT JOTIONHUTEAbHbIE CPEACTBA 3ALUATHl OT CTUPAHUSA U
3aNNCH.

B wmuxpocxemax Flash File ¢ cummeTpuyHoil apxutekrypoi
MAacCUB MAMATH OpraHuW3oBaH B BuAe Habopa oauHaxkoBbix 610KOB,
CTHPAaEMbIX HEe3aBMCUMO U PAaBHONPABHLIX MO 3aluTe. B 3aBUcHMOCTH
OT TUNOB MUKPOCXEM 3aliATa OT MOAH(PUKALUY MOXKET Ocy-
HIECTBRATHCA MOOMOYHO WJIM ARA BCcell MHKpocXeMb! (noAaudedl HHu3-
KOIo HanpshKeHUs MporpaMMupoBaHus Vpp).

OcHOBY BceX MUKpOCcXeM GA3LU-NaMATH, kak U B caydae 3Y apy-
rUX THUMOB, COCTaB/SET MaTpvila 3anNoOMHMHAIOWIMX s4yeeKk (Hakofu-
TEeNns), KOTopas cXxeMoTeXHUYECKn MOXeET ObITh peanu3oBaHa B Ha3uce
WM ~ HE nnu 1 — HE. B crpykrypax ¢unim-namaTy ¢ Hakonu-

tensmu B Gasuce VJIM — HE obecneunBaercs ObICTpbI AocTyn K
Galfitam (cnoBaM) MpH MNpOU3BOJILHOH BbIGOPkE W MOITOMY TakKue
HAaKONMTENH LIMPOKO HCIONBL3YIOTCA B MuKpocxeMax ¢ OnouHoi
CTPYKTYpoii, B wacTHocTu Flash File.

Ha puc. 5.31 noka3zaHa CcTPyKTypa MaTpulbl 3alOMHUHaNOLIBX
ayeex (3D) dumdw-namaTH, B KOTOPOH JOrH4ECKyl0 GYHKLHIO
MU -~ HE peanusywr JIHM3MOIl-Tpan3uctopsl ¢ ABOHHBEIM
3aTBOPOM, BKIIOUEHHbIE MexAy coboél napannenpHo. PaspsaaHbie
JHHHY  BbLIOOPKM  HAXOAATCA MOA  BbICOKMM  MNOJOXKHTESNbHLIM
nanpsxenveM. Ecan Ha nuHMM BeIOOPKM CTPOKH WMEETCS HU3IKHH

179



YpOBEHb CUTHANA, TOrAa BCE€ TPAH3UCTOPE!, HOAK/IIIOYSHHBIE K JaHHOHU
CTPOKE, 3aKPLBITHI.

PaspagHsbie NurkK BoiGopku

LY
LJ

CnoeapHule .-

NMHAN
BbIBOPKN T |
|
L

o

e

PaspagHbIe MHUY CUWTRIBAHKA

Puc. 5.31. Ctpyxtypa marpuug: 35 dnsw-naMsti
B 6asuce JIU — HE

TpaHn3ucTopbl BeIOpaHHOW CTPOKKM (Ha JIMHHM BBIOOPKM BBICOKMI
YPOBEHE) OTKPBIBAIOTCA, €C/IM B “IJIaBaloIUMX”’ 3aTBOpPAxX 3THX TPaH3MC-
TOPOB TPHUCYTCTBYET 3apaj 3JeKTpoHOB. [Ipu 3TOM uyepe3 OTKpbIThIE
TPEH3UCTOPLl U Pa3psAHble JMHUK CUMTLIBAHUS, NPUCOEAMHEHHbIE K MX
CTpOKaM, notekyT Tokd. Ecnu tpansucTop 3akpeiT (“rnasarowuii” 3atsop
COJEPXMHT 3apsifi U Y HEro NOBLIIEHHOE MOPOroBOe HAIpPsHKEHHE), TO TOK
4yepes Hero M, ClefoBaTelibHO, COOTBETCTBYIOINYIO Ppa3psAHYIO JIHHHIO
CYUTLIBAHMS OTCYTCTBYeT. CUMTBIBaHHE CJIOBA C NMPOM3BOJILHON BEIOOPKOH
obecneyuBaeTcs TAKMMH K€ TUNHYHBIMH CHIHANIAMHM YHpABJIEHUs, Kakue
ucnonk3yorcss B mukpocxemax ROM u EPROM. MukpocxeMbl ¢
HakonuTenaMu B 6asuce Y — HE Gonee koMnakTHBI, HO oHYU He obecne-
4YUMBAIOT DEXKKMMOB IPOU3BOALHON BHIOOPKH ¥ HMEIOT CJIOKHYIO CXEMY
obpamnenus. Tlo3ToMy Takue HaKOIMTE/M NPAMEHAIOTCA TONLKO B
muxpocxemax Flash File.

HasHayenue CcuUTHanoOB, OpraHU3auMs W TIPUHLWML:  paboThI
mukpocxem Bulk Erase, Boot Block u Flash File, a Takxe mukpocxem
GbaoLI-naMATy  APYTHX TUIIOB, BBITYCKAeMbiX DadIMYHBIMH  (QUpMamMu
(nanpumep, AMD, Fujitsu Corporation u ap.) nogpoGHO paccMOTPEHE! B
paborax [8, 17].
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6. TPOI'rAMMMUPYEMBIE JIOTHYECKHi MATPHIIBI
1 BA3OBBIE MATPHYHBIE KPUCTAJLJIBI

6.1. HporpaMmMHpyemble JOrH4eCKHe MATPHIIbI

IporpamMmupyemsie noruueckne marpuust (I1JIM) npencrasnsior
coboif HauOonee LIMPOKO HCNONb3yeMylO GopMy IBYXYpPOBHEBOI
peanusauum Jjoruyeckux QyHxuuil. B 60nblIKHCTBE MUKPOIPOLUECCOPHDBIX
CBUC wumeerca [1IM, ynpasnsownii uHGOPMALUMOHHBIM KaHAIOM.
HmetoTes apyrue uHTErpasibHble CXEMbl, UCNONb3YEMbIE A yHpaBieHUs
naMsaTbIO, KOTOpbie B OcHOBHOM coctoaT M3 THIM. T1JIM mosker taxke
UCNONbL30BaThC JUIA peaiim3aluui  (QYHKUMH Mpeobpa3oBaHus KOJAOB,
BBIUNTOJHEHUA TNPOU3BOMBHBIX Jiorndeckux onepaudit u 1. . Hlupokoe
npumMeHenue [1JIM nonyunnu no paiy npu4us:

- npy nomown [UJIM rnerxo peanusoBaTh JOOYIO JIOMHUYECKYIO
(YHKLUUIO, IPH STOM BEPOATHOCTL TOABIEHUS OLIMOOK BechbMa Mana (amd
3TOr0 AOCTaTOYHO HAa OCHOBE TabiuLbl UCTUHHOCTH MM JIOTMYECKUX
6yneBbIX ypaBHEHNH NOJNY4YHUThH XapakTepucTuyeckyro Marpuuy IJIM);

— fiporpamma aBTOMaTHueckoil pa3spaborkn Tononmorun ITJIM He
TpeOyeT CAOKHbIX ANITOPUTMOB ¥ OONBLLIMX 3aTPAT MALUMHHOTO BPEMEHH;

— B [1JIM MOXHO BHOCHTb TEXHMUECKHE UIMEHEHUS N0 nocaeaHel
MMHYTbI, HE NEpeAesbLIBAS IPY STOM COCEIHUE CXEMBbI;

- ana TUIM u3BecTHO MHOXECTBO METOM0B MHHHMHM3aUHU TOMONO-
'MW ¥ CeHepaluK TeCTOBLIX MNOCHeNOBaTeNbHOCTE Ui OOHapyKeHus
HEUCNPABHOCTEH.

PaccMmoTpum Bonpockl peanH3auny KoMOMHAUNOHHGIX cxeM Ha Oase
TTIM. Tlpy peanu3zauun noruyeckux GyHKuMid ¢ nomoiusio I1JIM obeiuto
NPUMEHSAIOT JIOMMYECKYI0 UM (PYHKLMOHANBLHYIO ONTHMU3ALMIO, HANpaB-
JIEHHYIO Ha YMEHbIUICHHE 4iCAa YJIEHOB HOPMANbHOH JM3BIOHKTUBHOM
opmbi, peanusyowiedt 3agaHHyr0 QYHKUUIO, YTO 00eCreYrBaeT yMEHb-
gienye njowiaayn, sanuMaemoit IJIM, u ynyuiwieHue IMEeKTPUYECKHX
napameTpoB.

OcHoBy [UJIM cocraBnsiloT nocsenoBatenbHo COeAUHEHHBIE MaTpU-
ubl aornueckux anemedtos U n MIIM (puc. 6.1). Kpome Toro, kombu-
HauunoHHas cxema [1JIM, npenHasHaueHHas AN peanusalyiy NPOU3BOJb-
HOH CHCTEMbl JOrMYECKOi (YHKUMH, COAEPKMT TaKKe BXOAHONH M
BbIxOAHOH 6yepHbie kackanbl (BxBd n BoixBd). Ha Beixogax MaTpHisl
Jioryyeckux snemMeHToB M GopMupyroTcs TepMBI, YHCIO KOTOPLIX PaBHO
YKClY KOHDBIOHKTOPOB, CBA3bIBAIOLMX BXOJHbIE MEpEeMEHHbIE, MPeIcTan-
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NedHble B npsMod M wusepcHolt dopme. JU3BIOHKIHSA 3THX TEPMOB,
TIOCTYIAOIIMX HA BXOAB! Marpuiust MJIV, o6pa3yoT BeXoAHbIe QYHKIMU.
Yucao Ou3bIOHKTOPOB PaBHO 4McCHy BbixonoB marpuilel MJIM. Taxum
o6pazom, nochenoBarensHoe coenuuenue marpun M u MJIM nozsosder
peanu3oBath MM3bIOHKTUBHO-HOPMANIBHYIO (QOpMY JOTHYecKHXx (ByHKUIHH
IPOU3BOJILHOIO BUAA. )

—— B bg

|MaTpuua MaTpuua f1 Bz Bep

-
=3

=Y —
| S

l;. ...T:

WA OErsEL

Puc. 6.1. Crpykrypnas cxema ITJIM

WsMensas coeAMHeHuUs: 3JIEMEHTOB (l['lyTeM [EpPeXKUTaHus IIaBKHX
nepeMbiyex) B marpuuax M n WIH, 1. e. nporpammupys cxemy 11JIM,
MOXHO HACTpauBaThk €€ Ha Peau3alMI0 KOHKPETHOH CHCTeMbl QYHKUMIM C
3a/IaHHBIM HMCIIOM TEPMOB M YMCIIOM BXOJHBIX MEPEMEHHBIX. BxomHble
repeMEHHbIe NOJAI0TCA Ha BXOABI MaTpulbl M uepes Bxomuble Gydepsl
Bxb¢, B kauecTBe KOTOPHIX OOBLIYHO KCIOJIB3YIOT 1- UM 2-BXOHOBBIE
newudparopel. Beixons! matpunsl HJIM nmpucoenvnsioTcs K BHEIIHEM
uersm uepes OydepHble kackaabt Boixbd ¢ Tpems cocrosHuamu, pabora
KOTOphIX paspemiaetcst curHanom OE. Ilpu 3toM BeixoaHble Oydepsl
obecneynBaroT HeOOX0INMYO HATPY30UHYIO COCOOHOCTD BBIXOAOB.

PaccmoTpnm cucteMy JtorHueckux QyHKiMii YeTbIpEX NePEMEHHBIX !

f, =%X,%, +X,X, +X,X;X, , (6.1)
f, =x,x,+x,x,.

CrpykTypHas cxema [1JIM, cOOTBETCTBYIOLas 3THM YDaBHCHHUSIM,
npuBeicHa Ha puc. 6.2, a. B y3nax nepecedyeHus CTPOK M cronbuos
Matpuy U u HJIM nokaszapel TONBKO Te TIEPEMBIYKH (IIEpPeMBIUKH
0TOOpaKeHb! TOUKOH B COOTBETCTBYIOIMUX y3/aX), KOTOphie HEOOXOAUMBS
AN peajiu3aluMy 3afaHHOH cHCTeMbl Jorgueckux ¢yukuuii f; u f,, a
OCTaJIbHbIE EPEMBIYKH JUKBUAMPOBaHb! NIPH NporpammupoBanuy I1JIM.

B kauecTBe 3EMEHTOB, COSAMHAIOIMX CTPOKH U cTonbuEl MaTpull M
1 UJIM ucnonssyrores SunionsipHele npubopbi: 8 Matpue M — anones, a B
Mmatpuue MJIN — tpansucTopsl (puc. 6.2, 6 1 8). O66MHO cTONOIBI MaTPUU
M u HMJIM HasplBAIOT paspsApHbIME IIWHAMH, & UX CTPOKH — COOTBET-
CTBEHHO, BXOJHBLIMM M BHEIXOJHBIMH [MHUHAMW CJIOB. JIMOABI, HOAKIIOIO-
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YeHHBIE K KK i-i paspaRHOH WIMHE, BMECTE C PE3UCTOPOM 3TOH IINHBI
¥ MCTOUHHKOM NHUTAHKA CXEMBI PEATHIYIOT Jlorudeckylo gynkuuio U, 1. e.
ofpasyloT Lenk KOWBIOHKTOpa, dopmupyromero i-repm. Hanpumep,
KOHBIOHKTOp 2-ff pa3psnuol INUHBL, HA BXOAbl KOTOPOIo IOAAIOTCS,
COOTBETCTBEHHO, HHBEPCHOE W MPAMOE 3HAYCHHA NMEPEMEHHBIX X H Xs €
BeixomoB necwmdparopos Dy m Dy (puc. 6.2, a), dopmupyer tepm
ty = X1X4 . DTOT TepM nojactcs Ha Bxoa Marpuisl MM, Ha xaxaom u3
BXOJOB KOTOpOH ¢(OpMUDYETCH AHUIBIOHKIMS TEPMOB B COOTBETCTBHH C
cHCTeMOlk BBIXOAHBIX Qyukumit (6.1). lpy sToM kaxpas i-1 dyBRxuma f;
CXEMOTEXHUUECKH Peanu3yercs ¢ MOMOILBIO TPAH3HCTOPOB i-H BHIXOAHOM
WHKHBL, KOTOpble MOMKIOYEHBI MAPALTENPHO OTHOCHTEIBHO Ppa3pAAHBIX
WHH M paboTaloT MmO cxeme ¢ OOIMM KOJMIEKTOpoM, o0pasys uens

JN3BIOHKTOPA.
Ve D vee
Th0h o b
x_ o] T2 =
L] _WH’O
X2 _1p, 4 ;j('g
X3 ] Lt

D3 +——

: -
X _1p .
—

t =

My R fh,

B)

Puc. 6.2. Cxema I'UIM na ocrose marpim JIO U n KM (a) n noaxmoueunse
JHONOB U TpaH3HcTopos B Matpuitax U (6) u MU (s)
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PacemoTpum ocobenrocTr paBoThl cxeMbl [1JIM Ha puc. 6.2. Harnps-
XeHue Ha nepsoi paspanHod wmHe (PII) onpemensgercs TONBKO 3Haue-
HUAMH [IEPEMEHHBIX X U X3 M He 3aBUCUT OT 3HAUYeHHMI NEepeMeHHbIX X; U
X4, T. K. Mexy pavuod P u BXOZHBIMH IIMHAMM DTHX IIepeMEHHBIX
OTCYTCTBYIOT 2JIeKTpHUECKHe cBA3U. Hamnpsbxenue na mepsoit PLI Gyger
UMETh BBICOKMH ypOBEHb U, CJI€ZIOBATENbHO, 3HaYeH)e TepMa t; = 1 TONBKO

TOrJa, KOTjia Ha BXONHBIX WIMHAX X, ¥ X3 OygerT OpHCyTCTBOBATH

BBICOKWII YPOBEHb HAIPSKEHHUS, T. €. Korua X, = 1, a x3 = 0. [pu apyrux
3HaYCHUAK MNEPEMEHHBIX X; M X3 TepMm t; = 0. Tepm BTOpO# paspsaHoi

WKHEL & = 1, ecny HA UIMHAX TEPEeMEHHBLIX X! ¥ X4 BBICOKWH ypoBensb
HanpsxeHns. Paccyxnas aHaJlOrMuHbIM 00pa3oM OTHOCHTENBHO IPYIHX
TEPMOB, MOXKHO C€Ka3aTh, YTO BbIXOAHAas (pyHkuus, Hampumep f;, Oymer
IIPUHMMATE 3Ha4YeHHEe JOMHYECKOro HYJISI TOIBKO TOTAA, KOT/A BCE TEPMBI
ty, ty, ¥ t3 AU3BIOHKTOPA COOTBETCTBYIOIEH BEIXOAHOM HIHHB] PaBHbI HY.IHO.
Beixoanas dydxuus f; paBHa MOrMdeckoif eaMHHUIE, eClU XOTSA Obl OMH
U3 3THX TEPMOB paBeH eUHKLE.

B nporpamMMupyeMbIx NOrHuecKuX MaTpuilax, BHITIyCKaeMbiX B BUAC
CBHMC, B xawecTBe 3NMEMEHTOB CBA3Y MEXIY paspiIHLIMM LIMHAMU ¥
BXOJHBIMM ¥ BBIXOJHBIMHM LWIHMHAME CJIOB WIKUPOKO HCIONE3YyoTes MOIT-
TPaH3UCTOPEl. B cxeMOTEeXHUKE MPOrpaMMUPYEMBIX JIOTHYECKUX MATPHIl,
peanusyembix Ha MOII-TpaH3ucTopax, HCIONB3YIOTCS MHBE MATPHIIB!
HJIU-HE, oana u3 Hux QopMHUpYeT TEpMBI, HallpuMep,

t,=Xi+X,=XXont, =X, +X; =X1X3,
a BTOpas — HCMONB3YET ITU TEPMBIL Jis BoIPAOOTKH BLIXOAHON QYyHKUHK.
Ha puc. 6.3, a mnokasasa cxema I1JIM ¢ asyxcryneHuaro#
ctpykrypoi tna MJIM — HE-WJIK — HE, BelnonHensas #a nMOII-
TPaH3HCTOpax, KOTOPas peanu3yeT Jorudeckue OYHKIHM:

£, = (X, +X2)+ (X, +X3) = XIX, +X2X, |

f, =(xi+x,)+(X, +X3;) =X, X2 +X1X3.

Kax BuzaHo u3 puc. 6.2 u 6.3, a, cxembl [1JIM uUMeOT peryaspHo
HOBTOPAOUIYIOCA CTPYKTYPY M XOPOWIO HOAXOJAT JJIS NPOCKTUPOBAHUS
JIETKO TECTUPYEMBIX KOMOMHAUMOHHBIX CXeM, peaiu3yeMbiX B BUHIE
CBUC. Bnaroaaps 9TOMY CHHTE3 TECTOB ANA OOHAPYXKEHUS HEWCnpan-
Hocteli B [IJIM npourte, 4eM NOCTpOeHHE TECTOBOH MOCHENOBATENLHOCTH
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ang oObMHBIX JIOFMYeckuXx cxeMm. Kpome TOro, jid peajiu3alfiy JOruu-
ueckoit cxembl ¢ niomomsio ITJIM mpoueaypsl paspaboTky TOMONOTHY B
YacTH ONOpeencHHs MeCTOHaxoxJeHus O/IokoB (Kak B Ciyuae
npoexrupoatus CBUC Tuna BeHTUnLHOH MaTpulel) ¥ BBIIOJIHEHHS
COeIMHEHMH MEXAy HHUMU He TpebyioTcs. Taxas CUTyauMs BIIONHE
OTBEYAcT He/sIM CHIDKEHHMS CTOMMOCTH mpoexktupoBanus ITJIM,
peali3yeMsbix, Kak npasuiio, B Buge CBHC.

HeuncnpasHoctu [1JIM pazaensitoT Ha KOHCTaHTHbiE HEUCTIPaBHOCTH
Jewundparopa KW KOHTakTHBIE HewcnpasHoctw Matpuy M w KN
KoHcTaHTHas HEHCNpaBHOCTH (KAK HEMCNPAaBHOCTb KJlacca JIOTMUYECKUX),
omnpeeneTesd Kak HeHCNpaBHOCTh, KOTOPYIO MOXHOQ NpeJCTaBUTh B BUAE
¢uxcainy 0 Uy 1 Ha JTUHUSX PACHPOCTPAHEHHS CHTHAIOB JIOTHYECKOH
cxeMbl. K KOHTaKTHBIM HEUCIPABHOCTAM OTHOCAT OTCYTCTBHE COSAMHEHHMA
B TOYKAX repecedeHus MaTpHL, CAe OHH AOMXKHbI OBITB, ¥ HajiMuUe
COCAMHEHHUS, [JIe OHH IOJKHLI OTCYTCTBOBATh.

Hanpumep, NYCTH UMEIOTCS JOruHeckue $yHKUNH

f, =%, +X,X3 +x;x4+X2x X4,

f,=x, +x1.a<‘ +X2X4 + X, J%3Ky,

KOTOpbIE MOTYT ObITh peaii30BaHbl ¢ MOMOLLLIO cxembl ITJIM (puc. 6.3, 6).
Teneps, ecny B Toukax @ ¥ b MaTpHil MPHCYTCTBYIOT HEMCIIPABHOCTH, KaK
yKa3aHo Ha puc. 6.3, 6, TO JIOTHUECKHe (YHKLMY NPUHUMAIOT BH]

1
f, =x, +x XJ+X1X7X4,

I
f, =x, +X|X7X +X2X4 +X2X 3X,.

Jng obHapyKeHn KOHTakTHOM HEHCHPaBHOCTH HEOOXOOUMO [0-
CTPOMTE TECTOBYIO NOCAEAOBATENbLHOCTb. JijIs TOTO, 4TOOBl y3HaTh, €cTh
N¥ KOHTAKTHas HEUCIIPABHOCTE B TOUKE &, MOXKHO MOJATH BXOJIHO# Habop

X1=1 Xz—() X3=1, x4=1.

Torma B cmyyae f; = 1 HemcnipaBHOCTL OTCyTCTBYET, a f; = O cBu-
JIETE/IbCTBYET O HaNW4UMM HeuchnpaBHOCTH. s obHapykeHus NMOROOHBIM
00pa3soM KOHTAKTHBIX HEHCIPAaBHOCTEH HEOOXOAMMO BBIOpATH BXOAHBLIE
Habopbt TakuM 00pasoM, 4TOOBI TMOSBMIOCH OTIAMYHE OT NPABUILHOIO
3HaueHHs BO3HMKAIOINEIO MM Hc4esalomero tepma. CliefoparensHo,
UCIONBL3Yst TECTOBBIE HAOOPhl B KOMMHECTBE, COOTBETCTBYIOUIEM TOUYKAM
mepeceyeHUs, MOKHO COCTABHTH MHOXECTBO TECTOB JUll peanu3yeMoi
dyHKIMY.
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HOns ynpoineHuss OOHapyxXeHHs HEHCHPABHOCTEH  MCMOMB3YIOT
CTPYKTYphl pactmpenHo##i TVIM, B xoTopeie AN IOCTPOSHHR TeCTOBOM
MI0C/IEAOBATENIBHOCTH BBOJST JONOMHHTENBHBIE CXeMBI [9].

T
QL_J":__EH fIf T—IL
| t2 l—g 14
E iy
! It pam =
. L] =
sy
- IEREE]
a)
LI
—~
2 1n a
%e D
— bl 1
f2
6)

Puc. 6.3. Cxema ILJIM co crpykrypoit THIR
HJIH ~ HE-HWIH - HE (a) u H - HJIH (6)
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JUta pacimpenus: GyHKUMOHAIBHBIX BosMoxHOcTeH TUIM B ee cxemy
BBOZAT:

— uemd OOparHOM CBS3M C HCIONB30BAHHEM JOMOIHUTENBHbIX
BHEILHUX COSAMHEHHI BXONHDIX M BBIXOAHbIX BHIBOAOB;

— JOTOMHHUTEINbHEIE TPATTEPhI (066MHO D-THa).

B ciiyyae BBemeHust mernu oOparHoit ¢BAsH B cxeMy I1JIM au3stoHK-
THBHas HopmaneHas ¢opMa normdeckux QyHKUMI MUHMMH3HpYeTCa ¢
MCTIONE30BAHKMEM ee SKOHOMHYHOH ckoGouHol (opMel NpeacraBnenus. Iipu
3ITOM MPOMEXYTOUYHBIE 3HAYEHUS BHIXOAHBIX QYHKUMH ITOBTOPHO NOAAIOTCS
Ha BXOHbl, YTO MPHUBOAMT K YBEIMYECHHIO 3aJePKKH (OPMHPOBAHMA MX
OKOHYaTeIbHBIX 3HaYeHuid. Ha puc. 6.4 mokasada cxema [1JIM, peamsyromas
cucreMy JormdeckuX (QyHKOuMA, KOTOpasd Mocie ee Npeobpa3oBaHHs C
MCIONb30BaHMEM CKOOOTHO# (OPMBI 3aITUCH UMeeT BUA

fi=xx,+x1%2=X,9®X,,
f, = (xiX2 +X,X,)X3 + (X, X2 + X1X,)X; = (X, ©X,)DXx,.
Taknum 06pa3oM, Mb! PACCMOTPENH, KaK MporpaMMUpyeMele JIOMMYECKHE

MaTpULlei MOryT OBITE S((EeKTMBHO HCIONBL30OBAHB! [PU  IMOCTPOCHHH
KOMOHHALIMOHHBIX CXEM.

i

D
X

i o
X

2 1D
b3 :

3 1D

L LY, X% (%4@Dx2)¥%, ) .
1= KXo+ 4qR2

f2=(x1@x2 1@ %3

Puc 6.4. Cxema ITJIM npu Bocnpou3sBeneHud ckobouHoit GopMsl
JoruuecKux GyHKImH
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Hanee paccmotpuM cxemy 1UJIM ¢ AONOMHHTENBHEIMH TpUITEpaMy,
KOTOpast UMeeT CTPYKTYPY, aHAJIOTHUHYIO CTPYKTYpe LH(PPOBOro apToMaTa, u
HA3BIBAETCA NPOrpaMMUpYeMoil Jiorudeckoii Matpuueii ¢ namsarsto. [1JIM
CTPYKTYPB! C NAMATLIO MCHONB3YETCS U CO3JAHMA CXEM MOC/IeA0BaTE b~
HOCTHOTO Tuna. B kayecrBe npumepa Ha pHc. 6.5 NokasaHa cxeMa ABOMYHO-
JECATHYHOrO (@eKaJHOro) cuyeTuuka, MOCTPOEHHOro Ha ochHose TLJIM ¢
DaMATHIO, peanu3yloweif clneayomue JOrHYecKre ypaBHeHus:

Q)" =Q,Q,Q, +Q,Q.;

Q)" =Q,Q; +Q,Q, +Q,Q:Q,; ©62)
Q)" =Q,Q;Q, +Q,Q,;

Q)" =Q,.

i

ny

*

S 0 O O A
Y
¥

=

Puc. 6.5. Cxema [IJIM ¢ naMaTsIO 1 HOCTPOCHHUA JBOMUHO-ACCATHYHOTO
CYETYHKA
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YpaBHeHus (6.2) momy4eHsl U3 kapT KapHo Ui KaKAoro paspsaia
(puc. 6.6), KOTOpBIC MOCTPOSHLI B COOTBETCTBMU C Tabmuiledl HCTUHHOCTH
cuetuynka (tabs. 6.1). Paspsan Q, npeacTasnsrolHi coOol BEIXOA TPUITEPA
1-ro paspsna, Gyner pased norudeckoil 1, eciw npeabutyliee COCTOAHME

Tabnuna 6.1
Tabanua MICTUHHOCTH CYETYHKA
MomeHTE!
BpeMeHH Qi Q: Qs Qs
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 I 0 0
5 0 1 0 1|
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

Baixoast paspsgHbix Tpurrepos Ty, Ty, Ts u Ty SBIAIOTCA CHrHAIAMH
obpatHoit ces3u s MaTpribl U TTJIM. Taknm obpazom, Ha D BXOA Tpurrepa
T nocrymaer curHan, paBHbA [OU3LIOHKUMM TEPMOB t; M t3, T. €.

Q2Q3Q4 +Q1Qy . Orcroaa curnan Ha BbIXOAe TpUITepa 1-ro paspsaa Q)™
Taxoke paseH 3Tofl BeJMYHHE (CM. ypaBHeHHe (6.2)), KOTOpas Ha CIeAyHOLIEM
TAKTOBOM UMILyNsce OyeT AeiCTBOBATD I10 LIENMU OOPATHOMN CBA3K KaK CHIHAJ
Qi [is Apyrux COCTOSAHUM CueTyrKa Bee TIPOUCKOUT BHATOIUYHO.
Ilpn npoexkTHpPOBaHMH HECHOXHBIX YCTPONCTB Jioru4eckas MOLI-
HocTs T1JIM 3auacTtyro ucrons3yeTes HenoiHo. HanpuMep, npu HCnoab3o-
BaHWY CHCTEM nNepeKiovare]bHblX (YHKUMH, He uMeomux OOoMbIIMX
nepeceyeHWit Apyr ¢ ApyroM 0O OAWHAKOBBIM TepMaM, BO3MOXKHOCTBH
UCTIONbB30BAHMSA BBIXOZOB J1106BIX KOHBIOHKTOPOB T1006BIMU
HU3BIOHKTOpaMH (kakK npeaycMmoTpeHo B [1JIM) cTaHOBUTCS M3IULIHUM
YCIIOKHEHHUEM.
Orka3 oT 3Tol BO3MOXKHOCTH WCKJIIOHAeT MPOLELYpY [POrpamMu-
poBanns Matpuusl MJIM u mpUBOAMT K CTPYKTYpe OpOrpaMMHpyemoi
Marpuuto#t noruxu (FIMJI), koTopas riiaBHbiM 06pa3soM npuMeHAeTCs AMd
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3amenbl MC Manoro v Cpennero ypoBHs UHTErPauy Npu peand3alun Tak
HasbiBaeMoll mpoussoibLHON noruku. B ITMIJI nporpammupyetcs TOMbKO
matpuua M rpu skecTko 3anaHHbIX coeanueHusx Marpuubst MJIW (tepmbl
KeCTKO pacnpefenenbl Mexay ee Bxomamu). Tak kak B [IMJ1 marpuua
WUJIN dukcupoBana, T. e. MexAy BbIxojaMH Martpuupl M u Bxosamu
matpuubi MM  xectkas cBsi3b, nOpu  ee U3rOTOBJIEHUH MOXKHO
ucnosbzopate Oosiee mnpoctyto (B cpaBHewuu ¢ [1JIM) xopouwo
orpafoTraHHyl0 TexHonoruto upousponcrsa [M3V. Opxako no
cpasHenuio ¢ [1JIM  cxempt TIMJl  umeoT  orpanuueHHyO
(QYHKUMOHANIBHYIO THOKOCTB.
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Puc. 6.6. Kapts! KapHo anst ABOHYHO-IECATUUHOrO CYETUHKA!
a) kapma ons (Q)"'; 6) kapma ona (Q:)"';
) kapma ona (O3 2) xapma oas (Q)"'

Ipeumywecrsa [IMJI B ocHOBHOM mMposBAIOTCA MpH paspaboTke
3IEKTPOHHBIX YCTPONCTB, COAEPXKALINX CPABHUTENBHO HEOOMBbLIOE YUCTO
JKBUBAJIEHTHLIX 3NieMeHTApHbIX noruyeckux snementos 2 M — HE um 2
WU — HE (4000 + 5000 noru4eckux 3/ieMeHTOR).
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6.2. bazoBbi¢ MATPHYHLIC KPUCTAILILI

[Tpu pazpaboTke COBpeMEHHOR 3REKTPOHHOH W BBIUHCIATEIBHON
anmnapaTrypsl, B TOM YMCIIE KOMILIOTEPOBR LIUPOKO IPHUMEHSIOTCA 6obiuye
¥ ceepxbonbiude uHTerpaibpble cxemsl (BHC u CBHC). Haubonee
ycnemdo npobiiemMa npoekTupoBanus W usrotoBnenus CBUC mupokoro
KJlacca pelaeTcs Ha OCHOBe 0a30BbIX MaTpMyHBIX kpucTaioB (BMK),
COAEePXKaILUX HECKOMMYTHPOBAHHBIE KOMIIOHEHTHI IOTHYECKUX DJIEeMEHTOB
(J12), perynspHO paclONIOKEHHBIX HA KPUCTALIEe MatpUYHBLIM CIIOCOOOM.
Hdpyrumn cnosamu, BMK, uMerowu#i OIHOPOAHYIO CTPYKTYDPY, CIYXHT
«3aroTOBKOM», Ha Haze kOoTOpoH co3paroTcs pasianuHble (yHKIMOHATBHBIE
nony3akasdsie cxeMbl CBMIC, HazpiBacMble MATPUUHBIMU.

OmnopoaHocTs CTpykTypbl BMK ofycnoBmuBaer BO3MOXHOCTE
s dekTuBHoro npumenerus CAIIP aiis MpOEKTHPOBAHUS  TOMOJOTUH
citoeB MexcoenuHeHuH matpuudsix CBUC, urto obecneyusaeT noebi-
LIeHHME KaueCTBa U CHUXKEHNE CPOKOB U CTOMMOCTHU UX NIPOCKTHPOBAHMUS.

Paznnunbie ceMefictea BMK B kauecTBe OCHOBHBIX KOMIIOHEHTOB
UCIONB3YIOT OunonspHule wian MOII-TpaH3UCTOPHl  OTINYAOTCS TUIIOM
JIOTHYECKKX 3JIEMEHTOB, Pealn3yeMbIX Ha MX ocHoBe. [ co3pganus Obic-
TpoAeicTyromux MarpuuHbix CBUC Ha OGunonapHsIx TpaHsucTOpax
06BIYHO MCHONL3YIOTCH IeMEHTh! IMUTTEpHO-cBA3aHHON (ICJL) u TpaH-
3ucTopHo-TpaHzucTopHoit (TTJI) noruxku. aMOIT- u KMOIT-3nemenTsl,
KOTOpBIe TOTPeONSIIOT OYeHbh Manyl) MOUIHOCTh, HCHONBL3YIOTCH B
marpuuHblx CBUC, ocobendo npy noHUXeHHOH YacTOTe NEPEKITIOUEHNs!.
Beibop Tuna TpaH3ucTopa W, coorBeTcrBeHno, BMK onpegensercs
CTpYKTYpoH, peanmsyemoit marpuyHoil CBHC u tpebopaHusamy Kk ee
napamerpam. :

Kouctpykuus BMK npexncrtaBnser coboif npaIMOYFrOABHYIO MHO-
rocjiofHyI0 NNacTHHY QUKCHPOBAHHBIX pa3MepoB, HAa KOTOPOH BhiAE-
a0t nepudepuitnyo u BayrpeHnioo obnactu (ITO u BO) (puc. 6.7).

B 110 pacnonaratorca konraxtHele tmomiaakd (KIT) mis  ocy-
LIECTRAEHHUS BHELUHEr0 NOACOCAUHEHUs U Nepudepuitupie sueiku (T1) ans
peanzanmu OydepHsiX cxeM. bBydepHbie CcxeMbl MNpeAcTaBIAOT cobO¥
TPAHCJISITOPB], COMNACYIOLIHE YPOBHH JJOTUUECKUX CUTHAIOB BHYTpeHHUX JID
€ YPOBHSAMH CHIHAIOB Ha BHEWHMX NUHUAX cBs3u Mexiy CBHC u Haobopor.

OcHoBHo# ofnacteio BMK spaserca obnact, BO, B kotopoil B BUIE
NpsSMOYroJIbHOY  MaTpuusl pacrioyaraiotes 6asoBele sueliku (bS) mns
peanysalMy JEMEHTOBR INpoekTHpyembx cxem. bazoras suedika BMK
ApeAcTaBIieT coboi Habop TpaH3KCTOPOB, a B ciyyae OumonapHeix BMK u
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PE€3HCTOPCs, B KOTOprﬁ BXOAWT OT HECKOJIbKha €AMHHL A0 HECKOJILKUX
JAECATKOB KOMITOHCHTOB.
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Puc. 6.7. Turnosas cTpyktypa BMK

Komnonenthsiii coctaB bSl BbIOMpaeTcs JOCTATOUHBIM Ui peaiu3alin
npocTteiiumx QyHKUMOHANLHBIX norudeckux aeMentos (JI3). Jlna ynobcrsa
TOTOAOrNYECKON0 MPOEKTAPOBAHHA Heckonbko BA  rpymnupyrorcs B
makposueiiky (MSl), Ha kOTOpbIX MOryT ObITb pealn30BaHbl AOCTATOUYHO
CNOXKHBIE MEMEHTH! (MAKPO3INEMEHTHI) U3 cocTaBa OMOMHOTEYHBIX (yHK-
UHOHATBHBIX 3eMeHTOB (puc. 6.8). INpomexxyTkn mexay M5 HasbiBaloTca
TPACCUPOBOUHBIM [TPOCTPAHCTBOM, B KOTOPOM Pa3MeIlaloTCA HIMHAI NUTAHUS
M TPacchl METANMUECKHMX TPOBOAHHKOB, coeanHsomux bS B ¢yHkumo-
HanbHO 3akoHuyeHHyo CBUC. Tlpu mMatpuusHom pacrnionoxenuu M5
TPacCHPOBOYHOE MPOCTPAHCTBO MPEACTABNIAET CO0O0H rOPU3OHTANLHBIE M
BEPTHUKANbHLIE KaHaNb!.
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Puc. 6.8. CtpykTrypa BHyTpeHHeit o0nacTu (a) n makposueex (6—1)

Takas koHcTpykuus BMK yripouaer aBToMatii3upoBaHHY10 paspaboTky
Tononoruu coeauHennit BA npu npoextuposaHun marpudnbix CBHUC. Tlpu
peanusaunu coeauseHnit Ha BMK uacto BO3HMKaeT HeobGXOAUMOCTD
NPOBeAEHUS TPACCH! IEKTPUUECKUX COSAUHEHnH qepe3 o0/acTb, 3aHATYIO
makposyelikoil. Takylo Tpaccy Has3biBalOT TpaHsuTHOW. [lns obecnevenus
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TaKoH BO3MOXHOCTH IOIMYCKAeTCs NPOBEACHUE COSAMHeHus vepes obnacTb,
3AHATYIO SIYEHKOW, MM COEAMHEHHE NPOBOJAUTCH 4epe3 3a30pbl Mexnay
auchikamu. [lepBoiii cnoco® MoxeT nNpUMEHATHCH, ecnu B Auelike He
peanusyercs 3JIEMEHT, WK peain3aums reMeHTa IONyCKaeT UCNofb30BaHue
(MKCHPOBaHHLIX TPAacCc M HEMOMKIHOYEHHLIX BBIBOMOB JUIA MpPOBECHUA
TpaH3uTHOH Tpacchl. Taxum oOpa3oM, Hapiaay ¢ pasMelleHHeM sgYeek
«BCTBIK» (pHc. 6.8, 6-T), MpuMeHseTcH pa3MeilieHre ¢ 3a3opamu (puc. 6.8, ),
yepe3s KOTOPbIe MOIYT [IPOBOJIUTHLCH TPACCH! YMEKTPHUECKNX COEMHEH M.

Oco0eHHOCTBIO AUeiKH SBISETCs CHEelUATbHOE PaciioNokKeHe BbBO-
OB, COMMacoBaHHOE CO CTPYKTYPOH Makpos4efiku, T. €. A4elku pasMe-
LIAOTCE TakMM 00pa3oM, yToObl BBIBOJIBI S4EEK OKa3aiuch Ha nepudepnu
MJL. Tak, B M (puc. 6.8, B) BbIBOAB! Kok 0a30B0i Aueitky [yOnUpyioTCH
Ha BepxHeil v HwkHed ee cropoHax. Ilpu 3ToM HMeercs BO3MOXKHOCTH
AOAKNMIOHEHH K MoOOMYy BBIBOJY € ABYX CTOPOH fiUeiikW, 4TO co3aaeT
6GnaronpusTHble YCIOBUA A8 TPacCHPOBKHU npy npoektupoBanuy CBUC.

B Makposiueiixe, mnokazasHoii Ha puc. 6.8, r, BbIBOAbt Auciiky
paciofaraloTcs TOJIbKO Ha OJHO! CTOpPOHE, T. €. BHIBOABI AYEEK BEPXHENO
pAlla HaxousTcs Ha Bepxunel cTopoHe MSI, a HmXHero — Ha HuxHeH.
[Tpumenenue Takux M nosBoiser yMmMeHbIUTL TpebyeMylo MIOLIAAbL
KpUCTajia, HO MOPUBOJANT K YXYIIUEHHIO YCNOBHH AN TPacCHpUBKM.
[Mo3tomMy naumblit THI MS HCMONBL3YETCA TOJILKO B 6a30BbIX MATPHYHBIX
KpUCTaNnax, COHEepXKallnX HEeCKONBKO COTeH BeHTunel. Crenyer
OTMETHTb, 4TO B HekoTopblX Tunax BMK, kpome OSHOTHMHBIX MakKpo-
f4eeK, BO BHYTpeHHell oOnacTM MOTYT TPUCYTCTBOBAThH CHELMANU-
3upoBaHHble MSl, peanusyrouive TUNOBbIE GYHKUMOHANbHbIE Y35ibl
(Hanpumep, 3anomuHaroLKe yerpoiictaa [13Y u O3Y).

TpaccupoBouHoe NpoCTpaHCTBO Mexay MS mpeactaBinser coboi
CUCTEMY OPTOTOHAILHO PACTON0OXKEHHbIX TPacc, MO KOTOPbIM MPOBOAATCS
METALNIMYECKUE TPOBOAHUKHM AJiA Hepedayud JIeKTPUUECKUX CHTHAIOB
MEXAY JJIEMEHTaMHu U pa3BOAKM Lenel nutaHue — 3emns. B GunonspHbix
BMK wucnosb3yercs MHOrocnoiHas cucTeMa HPOBOAHUKOB, e OOBMMHO
quCI0 cioes paBHo K, = 2—4, a B BMK Bbicokol crenenun unterpauum K,
= 6 u Oonee. llpu ABYXCHOHHON pa3BOOKE B NepBOM (HHXKHEM) CIIOE
BBINOJHAIOTCS COEJUHEHNs KOMOOHEHTOB bSl, peanusyrommx cxembl
TpefyeMblX GOYHKIMOHANbLHBIX JJEMEHTOB W BepTHKaJlbHbIE OTPE3KH
COEIMHEHHUH Mexcy 3TUMHU 3neMeHTaMu. Tpacchl NepBoro Cios poOXoAAT
B KkaHanmax wmexay bs. Bo BTopom (BepxHem) cioe MpoBOAATCS
rOpU30HTAJIbHBIE OTpe3KM COeAMHEeHU# Mexay (YHKUMOHANLHBIMY
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3MeMEHTAMHM W LIMHB! MUTaHuA. Tpaccel BTOPOro ClOA pa3sMeIlatoTesd Ho
Bceilt moBepxHocT BMK.

B BMK c¢ TpexcioifHolf cucteMoit coennHennit B BepxHull {TpeTuit)
CIIOM BBIHOCATCSA BCe IIMHBI MUTaHMA. [Ipu 3TOM, BO-NEpPBbIX, NOABRAETCS
BO3MOXXHOCTE YBEJIUYHUTh HUCIIO CUTHANBHBIX TPAacc BO BTOPOM CJlO€, UTO
ynpouaer pa3paboTky MeXcoe]UHEHWH, BO-BTOPBIX, YMEHbIIAeTCa Maje-
HUe HalPDKEHUS Ha LIMHax NHUTaHus, T. K. MOXKHO CYLUECTBEHHO yBeln-
4UThH MX HIMPHHY. Bee 310 ynyuinaer xapakrepuctuky CBUC.

B ounongpabix BMK BpIcOKOH cTeneHU MHTErpalyy HCIONb3YeTCs
yeThipexciioiinas cucrema coeiuHeHud. B 3TOoM ciydae B riepBOM
(HI>KHEM) ClIOE peaju3yIOTCs BCe COeOUHEeHHs KOMIIOHeHToB bS,
HeoOxonuMsle 1ni GopMUpoBaHus QYHKIMOHANBHBIX 3JIeMEHTOB. Bropo#
u Tpetdil CJIOM HCOONB3YIOTCA U1 [POBENCHUA BEPTUKAILHBIX H
TOPU3OHTANBHBIX TPacc, COEAMHAIOUIMX MaKpO3JISMEHTHl B 3aJaHHYIO
CTpYKTYpHYIO cxemy CbUC. UersepThliii cI0# CIy>XUT N4 Pa3sBOAKH WIKH
MHTaHUE — 3eMII U pa3MelleHHs KOHTAKTHBIX MIowanok. Takum obpasom,
npH MOBBINEHUU cTeneHd uHTerpauuu BMK BospacraeT uucio cioes
MeTaninM3aliu, HeoOXoAuMbIXx ANf 3¢ GdeKTUBHON peanu3aliMy CHUCTEMBI
coepuHeHuld. YBenuuenue uucna choeB (K., = 5-6) u Oolsiee no3Bonser
UCKIFOUUTh KaHambl Mexxy MS, T. e. mepefiT k OeckaHanbHOH KOH-
crpykuus BMK, 4T0 DOBBILIAET (ITOTHOCTh PA3MEILEHMA AYEEK.

C poctom ctenenu uHTerpauvr BMK ypennuusaeTcs cpeqHsas JMHA
cBs3et, uTo cHKaeT OwicTponeiictBue Matpuunbix CBHC. IIns uHTe-
TpalbHBIX MMKPOCXEM Manoil M cpenHedl crereHW WHTErpaUU# BiUsSHUE
MEXONEMEHTHBIX CBsA3el Ha kpucTanie ObUTM HECYIIECTBEHHB!, T. K.
OLA/b, 3AHUMAEMas KOMIIOHEHTaMU CXeM (TPaH3MCTOPaMH, AHONAMH,
PE3UCTOPAMHM), 3HAYUTENLHO fIPEBbIAeT [NIOWAAb, 3aHUMAEMYIO JIMHASA-
MM cBa3M. Kpome Toro, 3ajepxku, BHOCHMbIE 3/CMEHTaMH, pealnuu-
30BaHHBIMH Ha OCHOBE 3THX KOMIIOHEHTOB, OoJjiee CYILUECTBEHHBI, YeM
3afiepXKK B COSAMHHUTENbHBIX NHHUAX CBA3K. [lo Mepe mnosblmieHus
CTEeNneHy UHTerpauuy U nepexoja k CBHUC MexcoeMHEHUs Ha KpHCTalne,
KOTOpPbIe 3aHMMAIOT BCE GONbINYIO [MIOMIaAh, a TAKKE 3AMEPWKH B HMX
HauMHAIOT OKa3blBaTh 3aMETHOE BIMSHUE HA BCE OCHOBHbIC NapameTphbi
matpuunbix CBUC: 6picTposeiicTsie, mIomanb KpUCTaiaa, HaReKHOCTD,
NOMeX0ycTOHUYUBOCTD, TPYAOSMKOCTh MPOSKTUPOBAHUS TOMOJNOTHM U Hp.
[Toaromy xpuctannsl MarpuuHbix CBHIC HyxXHO paccMaTpuBaTh yxkKe He
TOJBKO KaK CHCTEMY (QYHKUMOHAIBHBIX DIEMEHTOB, PEATH30BaHHbLIX Ha
OCHOBE Ppa3TMYHBIX THUIOB KOMIOHEHTOB, HO M KaK CHCTEMY MeXcoe-
OMHeHUH, TOMONOrMs KOTOPhIX 3aBHCHT CYIIECTBEHHO OT TOro, Kak Ha-
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CKOJIBKO YCTIEUIHO paspertieRbl pobieMsl pazMeleHus YHKIIMOHABHBIX
"NICMEHTOB M TPACCUPOBKU.

KoHcrpykTuBHble napaMeTpbl BMK CyinecTBEHHO 3aBHCAT OT KOM-
nosentHoro cocrasa bA u, crnemoparensro, MS. BbiGop KOMMIOHEATHOro
cocraba bl ompepenserca cxemoTexHukod Oaszoeoro snemenra (JCJI,
TTIY unu aMOIT u KMOIT), npoextupyemoro BMK, a Takike HoMeH-
KJaTypoH QyHKUHOHANbLHBIX 371eMeHTOB B OubNUOTEKE, HA OCHOBE KOTOPbIX
6ynyr npoexrupoBathes Marpuudsie CBHUC. [na  peammsaumm  Gonee
COXHBIX (YHKLIMOHATBHBIX UIEMEHTOB (MaKpO3JIEMEHTOB), HalpUMep,
AendpaTopoB, MYJLTUMUIEKCOPOB U T. [, HCOONBL3YIOTCA KOMIOHEHTHI
HECKOJILKO PAIOM pactionoxeHHbIx b5, koTopsle 00beauHeHb! B M.

Bazopbie syeiikn BMK 3CJI o6biyHO copmepxkar psil HECKOMMYTHPO-
BAHHBIX PE3UCTOPOB H TPAH3MCTOPOB, COENMHEHHEM KOTOPBIX PEaM3YIOTCH
OJHO-, IBYX- M TpexbspycHble ssemeHTsl JCJI. basoBeie MarpuuHble
Kpuctanibl Ha ocHoBe DCJI umeroT BbiCOKOE OBLICTpOAEHCTBHE, YTO O4YEHb
BaXXHO JUTA CO37iaHus Ha uxX ocHoBe cBepxckopocTHbix CBUC. Onnaxo cocras
nepudepuiinbix anementoB BMK DCJ1 uMeer cyuiecTBeHHO OOMBILYIO
HEOIHOPOAHOCTh, ueM cocTaB Marpuubl bS. Ha nmepudepun BMK 3CJ1
pacrionaraloTcs BbIXOJHBIE Y BXOJHbIE TPAHCIATOPBI, MCTOYHHKH ONOPHBIX
HanpsDKEHWH U KOHTaKkTHple [uiowaaku. Ilootomy pasMelneHme Ha
neputepurn BMK Takux HEOOHOPOOHBIX JJIEMEHTOB M HX TPacCHPOBKa
NPeACTABIAIOT 3HAYUTENLHBIE TPYAHOCTH U B pe3ylbTate MpHBOANT K
YBEIUUYEHUIO Pa3Mepa KpUCTanna i AJTNHbE METAITUYECKUX COEAVHEHHI.

Otmerum, uto B psge tunoB BMK, wanpumep, B BMK TTJIHI
MCTONL3YIOTCS 6a30Bbie IEMEHTBI, YPOBHH CUTHANIOB KOTOPBLIX COBNAAAIOT €
YPOBHSIMM CHTHAIIOB Ha BHEIIHWX NUHUAX cBA3H. B Takux BMK BxoaHbie u
BbIXO/IHbIE TPAHCIATOPLI MOFYT OTCYTCTBOBaThb. OfecneunBas HOCTATOYHO
BBICOKOE ObICTpOAeiicTBHE TPU yMEpeHHOM MoTpeOneHNH MOLUHOCTH,
anementbl TTIIL obnajaror Takke paooM ApyruX AOCTOMHCTB: BBICOKOH
NOMEXOYCTOHYMBOCTbIO, [HIMPOKWM Juana3oHoM pabouux Temmeparyp,
OTHOCUTENIBHO HU3KMMU TpeOOBaHHAMU K CTAOWIBHOCTY HampskeHHs
nutanvs. bnarojaps ykasaHHBIM JOCTOUHCTBAM, pPaziduHble 3JEMEHTHI
TTJIUI wypoKo NpuUMEHsIOTCs B KauecTBe 0a30BBIX MPH MPOSKTHPOBAHMHU
paga BMK, na kotoprix peanusyrorest marpuusble CBUIC and pasnuuHbix
obnacTeil MPUMEHEHNUS, B TOM YHC/IE [T CO3MaHHUA LIMPOKOH HOMEHKAATYPbI
UHQPOBBIX YCTPONCTB COBPEMEHHBIX KOMIBIOTEPOB.

M3BeCTHO, YTO ¢ MOBBILICHWEM CTENEHM UHTErpalUH MPUXOMHTCS
COOTBETCTBEHHO (M3-3a TeIJIOBbIX OTpaHUYEHHUit) CHHUXATh HOTpebnseMyto
kaxabM JIO MolHocTe. B pesynbrare aToro GeictpojeicTBie GUITOAPHBIX
CBHC orpaHuuuBaercs (npakThueckd He Bo3pacTaer). CxeMOTeXHUKa
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inosbiX  6unomsipuex CBMC  xapaktepusyercs — 3HaYMTENBbHBIM
NoTpeOlieHHeM MOLOHOCTH B CTATHYECKOM peXMMe. Bosbias ee yacTb
PacxofyeTcs Ha TEIUIOBOS PACCEHBAHKE, B TO BpeMst KaK OYEHb Malas 4acTh
3HEpPruw OT UCTOYHUKA TUTAHUSA WAET Ha nepexmouerue JI3.

KMOIT norudeckue 3MeMEHTHl XapakTepusyHOTCS —3HAUHTENLHO
MeHblIeH moTpedrsemMoli MOLHOCTEIO B CTATUYECKOM pexume. OueHn Manoe
noTpebJieHe SHSPriy i HenmpepbIBHEIN pocT ObicTpogeiicTeus KMOIT JI3 mo
Mepe YMEHBUICHMsS TIPOEKTHBIX JIMTOrpaduyeckWx HOPM JIENAOT MX
ocHOBHbIMM KOHkypeHTamu O3CJI- u TTJl-anemeHToR mpu co3naHuK
cBepXCKopocTHbIX MaTpuuHbix CBUC.

Ha mnpakmuke nauGonee wmmpoko Hcrnonesyrotcs 6aszoBble suelku
KMOII BMK, coaepxatiye 2, 4 und 5 nap KOMIUTEMEHTaPHBIX TPAH3UCTOPOB
C KaHanam#l n- M p-THIla npoBoAuMmocTH. HabGop rtakux BS mossonser
peann3oBaTe Bce HamGonee CIIOMKHBIE NOTHHEcKHe BYHKUMH TPH BRICOKOM
KO2(pdHLMEHTE HCTIONB30BAHUA TPAH3UCTOPOB,

CrieiyeT OTMETHTD, YTO NIPU PeaM3aLUM CIOXHBEX (OYHKLIHMOHANBHbIX
SJIEMEHTOB, HANIPUMEP, CYMMaTOpa, PETUCTPpa U T. J., HeckoJibko BS obnenn-
HsIOTCA U 06pasyior KMOIJT-sueiiky BToporo ypoBHst CIHOXHOCTH. Ddiex-
THBHOE ucnogb3oBaHne BMK tuna KMOII npu peamusarum Gyuxuno-
HaIbHBIX 3JIEMEHTOB Ppa3sHOTO YPOBHH CIOXHOCTH CTAHOBHTCS
BO3MOXHBIM IIPH HCHOJb30BaHUY NPUHIMIA «IHIABAIOWHX» rpaduy B
B stom cnydae BMK cozepxuT MHOXECTBO TOCIEHAOBATENBEHO COEAU-
HEHHBIX N- B P-KAHANBHBIX TPAH3UCTOPOB, PACIIONOKEHHBIX NAPATIIENh-
HeiMU psnaMu. [lpu 3ToMm, 3amupas mapy n- v p-kaHanbHBIX KOMIUlE-
MEHTApHBIX TPAH3UCTOPOB B HYMCHBIX MECTax AaHHOW MOCIeROBATENh-
HOCTH, MOXKHO MOAYYHTh TpebyeMoe YHCIO nap TpaH3HMCTOpPOB, HEOO-
XOQUMOE AJIA pealin3alui GYHKIHOHAIBHBIX 3JEMEHTOB MPOM3BOIbLHON
CIOXHOCTH (AJis 3anWpaHus Napbl KOMIUIEMEHTAPHBIX TPaH3UCTOPOB,
sarsop nMOII-TpaH3ncTOPa NPUCOCANHSETC K UIMHE 3€MIH, & 3aTBOP
pMOII-Tpan3ucTopa — K WIHHE TTUTAHHUA).

Takum obpazom, Gubnnoreka QyHKLUMOHANBHBIX 1eMeHTOB (BOD)
matpuuHbeix CBHIC Ha ocHoBe KMOI1 BEMK comepxuT 3aeMeHTH! ¢
TPEMSA YPOBHAMM CIOXKHOCTH. [TepBbIif ypoBeHb CIOXHOCTH NpeICTaB-
ngercs JID, nanpumep, 2 U — HE, 2 WJIM - HE, 2 - UJIM-HE n 1. a.
DJieMEHTHI BTOPOTO YPOBHS MPEACTABIIOT cO00H Takue GyHKIMOHANb-
HEBIE Y3/1bl, KaK Jemu(paTopsl, CYMMaTOPBl, MYyAbTUILIEKCOPE], CABHTA-
TEAM W T. I. DNEMEHTHl TPETHErO YPOBHA NPeCTABAAIOT COBOM 3aKkoH-
YeHHble QyHKUUOHANBHBIE yCTpoiicTBa (Hanpumep, AJTY, yMuoxutenu,
MHKPOIIPOLECCOPHL, KOHTPOJLIEPHL).
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H3BecTHBI Ba NOAX0AA k co3ganuio ObicTpoaeiicTyromux KMOIT
LMK BhiCOKO#H CTenewyn MHTErpalii, KOTODbIE OPHEHTHPOBAHBI Ha
POEeKTHPOBaHMe LIMPOKOH HOMEHKAATYpsl MaTpiyHblx CBHC pasnny-
HOro HasxaueHus n cosganve marpuuHbix CBUC onpenenernHoro xuac-
ca, Hanpumep, 31eMeHTHOR 6a3bl jis yeTpolicts uudposoit o6paboTku
CHUI'HAJIOB.

[lepBbiii noaxox npeanoxaraetr npumenenne bMK obuero HasHa-
yeHHs, 06Iafa0UMX [HHPOKHMH QYHKIIUOHANBHLIMU BO3MOXHOCTAMY,
HO3BOJSAIOMINX pEAlM30BaTh WHPOKUH crektp pasnuunbeix JI9. Jlns
9roro knacca BMK xapaxkrepHbl OJHOPOJHOCTh UCHONL3YEMBIX A4eeK,
BHICOKHMI ypOBeHb CTaHAapTU3auuuM ¥ YHUQUKALME NAPaMETPOB
pabouero nojsg KpucTamia.

Bropo#i noaxoxm k cospanumio KMOIT BMK Beicokoif ctenenu
WHTErpaudy MNpeanosaraeT UCHOIB30BaHKE CHELMANU3HPOBAHHBIX
KpUCTANIOB, COAEPKAIUX B CBOEM COCTaBe (YHKUMOHARBHO 3aBep-
wexnble 6noxu (O3Y, M3V, AJTY), cneudanu3upoBaHHbie AEMEHTHl —
Makposdeitku (TpHrrepbl, peructTpsl ¥ T. 4.).

Ha puc. 6.9 nokasaHs! OCHOBHEIE BapHaHThi koHcTpykuui KMOI
BMK o61uero HazHavyeHUs, IpeAoaaraoye NCnoib3oBaHke:

— TOPH3OHTANbHBIX KAHANOB /NS TPACCHPOBKH NOTHUECKMX AUFEK,
pacnoNoXKEeHHbIX NapasienbHbIMU paaaMH (puc. 6.9, a);

— «MOpe Aueek» («Mope BeHTHIIEH»), B 3TOM ciiyyae Bce pabodee mone
BMK 3anofHeHO OAMHAKOBLIMM sYeiikamy, KaHajibl JUIA TPAcCUPOBKU
MeXXCoeAvHe Rt He Bblaensiores (puc. 6.9, 6);

— yHMBepcasbHON (mepecTpanBaemMoii) koHcTpykunu BMK, B koropoii
peanusyercs NPUHIMI «IRABAIOLIMX» rPaHuL sueek (puc. 6.9, B).

B xonctpykunv BMK ¢ ropusoHTanbHBIMM KaHanaMu JNOTMYEcKue
3MEMEHTHI, PeaiN30BaHHbIE Ha OCHOBE 0A30BbLIX AYCEK U PACMONOKEHHLIE HA
paboyeM rone kpuctania napajenbHbIMU pAgaMHM, PasMeLiaroTcs B paAax
BIUIOTHYO APYT K Apyry (puc. 6.9, a).

Takas xoHcTpykuus BMK mmpoxo ucmosnesyercs npu co3nasun
marpuudbix CBUC, cogepxaiuux 1o 100 Thic. TPaH3UCTOPOR.

Haubonbiueit rubkoctoto obnanator kouctpykuun bMK, riokasaHHbie
Ha puc. 6.9, B, RO3BONAIOIIME JWHAMHYECKH AalTUPOBATL NAPAMETPLI
pabouero nond k npoextupyemoit CbUC, 13MEHATL LIMPHHY, NONOMKEHNHE H
4YUCNO KaHaNoB ANS TPacCUpPOBKH, BapbHPOBATL YHUCHO PANOB SYEeK,
pacrnonoxeHue syeek Ha BMK u 1. 1.

KMOIT BMK BbicoKoil cTerneHr WHTErpALMHK THITA «MOPE BEHTHIICH) U
C fepecTpauBacMoil CTPYKTYpOH MNO3BONAIOT OPrayu3oBaTh HUCXOAALIEE M
BOCXOsLLee Uepapxuieckoe npoexTrposadue Marpuudbix CBUC (1, 4], npu
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KOTOPOM  OCYIIECTBIIICTCS  pa3feiieHHe  CIOXHOH  (DYyHKIMOHANLHO-
JIOTMHYECKOH CTPYKTYpBI IO NPHHLUMILY «CBEPXY — BHM3», T. €. pasOuenue ee
HAa OT/e/ibHble 60K ¢ MPHEMIIEMBIMHA pa3MepaMu, a pasMerienne GIoKkoB u
TPaCCUPOBKA MEKCOEIMHEHNH B MOCIS0BATENBHOCTH — OT HIDKHETO YPOBHA
K BEpXHEMY.

a) 6) B)

Puc. 6.9. Bapuant xoHctpykuuit KMOITL BMK: ¢ ropu3oHTanbHEIMH KaHanaMu
Ans TPACCHPOBKH (a), “mope BeHTHAeH” (6) U YHMBEPCANBHOMN CTPYKTYpEI ©
“nnasaloluMMy rpaHunamu sueex” (8): [ — [1O; 2 — KIT; 3 — BA; 4 — kananw ons
mpaccuposku; 5 — BO, 6~ coedunenus; 7 — cmoabybt ¢ auneikamu
nOCAEO08aMENbHO BKNIOHEHHBIX MPAH3UCMOPOS

Cnezyer OTMETHUTD, YTO HEPapXUUECKOe IPOEKTUPOBAHNE TOTIONOTHH
matprunbix CBHUC na ocrose KMOIT BMK npeanonaraer npumenesue
CPeACTB  aBTOMATH3UPOBAHHOrO [POEKTHPOBAHMSA, COOTBETCTBYIOHIEH
OubanoTeku (QYHKUMOHANLHBIX 3MEMEHTOB U >P(PEKTUBHOTO pazOMeHus
CBHC Ha 6noku TpeOyeMuIX pa3MepoB.
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7. CBEPXBOJILIHINE HHTET'PAJILHBIE CXEMBI
7.1. Oomue ceeaenns o CBHC

B cea3u ¢ panbHEHmHM pa3sBUTHEM TeXHHKH cBepxOonbunx HC
(CBAC) 14, COOTBETCTBEHHO, [IOBBLIICHWEM CTENEHU  MHTEIPALH
npofomkaercs wupokoe npumeHerne CBHC B caMbIx pasmu4HbIx 0671acTsX
IMEKTPOHUKH H B HEPBYIO ouepesb B 00aCTH KOMIBIOTEPHBIX CHCTEM.
Onmnako ¢ nosbunenMem creneny yHTerpaumn  CBUC  npoucxonur
yBeTMYEHHE 3aTpar Ha UX pa3paboTKy U H3TOTOBMNEHUE W, CIENOBATEIBHO,
yBenudeHue croMMocTd kpuctauta (CBUC). Jns cHuXeHHS CTOMMOCTH
CBUC HeobxopnMo yBenuunTh 00beM npoussojcTea CBHC. Eciy ucxoaurs
13 TpeCoBaHus OpUEHTALMK HA MaccOBOE TPOM3BOJCTBO, TO MPEACTABIAETCS
uenecoobpasubiM, utobpl CBUC Obity 1m0 Mepe BO3MOXKHOCTH YHH-
sepcanbHbiMi. K yHHBEpCasibHbIM OTHOCATCS MHKpompoueccopHbie (MI]-)
CBUC u CBUC 3anomunarommx yerpoiicts (3Y). B atux CBHUC B npeaenax
OAHOTO KpUCTa/lIa peanu3yioTcs (yHKIUM, OOIUHe [UIs Pasfid4dHBIX CHCTEM,
win ke  GyHKumH, KoTopele MOryT ObiTh  cAenaHbl  OOILIAMI.
Vuupepcansrocte MIT-CBUC u  CBUC 3V, Ha3bBaeMbIX —Taloke
CTaHAapTHbIMU (CM. puc. 7.1), MO3BONSET HM3rOTARIMBATE UX C OoMbiOM
TUPDKHOCTHIO H, C/IEA0BATENbHO, ¢ OTHOCHTENSHO Manoil CTOMMOCTBIO, YTO
NPUBOAMT K pacLlMpeHnio Kpyra norpedureneil. O6bem npousponcrsa MI1-
CBUC u CBHC 3V, pbiHOK KOTOPBIX MPaKTHYECKH HEOTPARHYEH, COCTABIISIET
Oonee 5 mnan. wr. B roa [17]. [TosTomy croumMocTs pazpaboriu Takux CBUC
BCErIa OKyHaeTcs.

K crauaaptabim MIC oTHOCATCA Takoke MUKpOCXeMbi Masioi 1 cpeiHei
creneuu wuHTerpau (MHUC u CHC). Dtu MHKpPOCXEMbI peanu3ytoT
CTaHJAPTHBIE 3IEMEHTb! H Y3/bl, (PYHKLUMOHMPOBAHHE KOTOPHIX HHUKAK HE
onpezenseTcs KOHKpeTHbIMU nortpedurensmu. Mukpocxembr MHC u CHUC
TaK xe, kak 1 MIT-CBUC u CBHUC 3V, npon3BoasaTcs MacCOBLIMU THpaXaMU
M UMeloT OOIUMPHLIH pPBIHOK, YTO OnaronpusTHO JUIN CHIDKEHHA ¥X
CTOMMOCTH,

B kaxmolt cucTeme, HapsAy €O CTaHAAPTHBIMH, [PUCYTCTBYIOT H
HEKOTO-pble HECTAHIAPTHBIC YacTH, cneuuduyHbIe [ JaHHOH pa3paboTky.
D10 OTHOCUTCA K CXeMaM ynpapsieHus Onokamu, obecneyeHus UX
B3aumogelicTBus U np. Peannsaius HecTaHAApTHON 4acTH CHCTEMbl OOBIYHO
Gbina cBasana ¢ npumeHeHuem Mukpocxem MHC u CHC. Ognako
npuMeteHne MHUC u CUC conpopoxaaeTcs Pe3KHM POCTOM YKCa KOPITYCOB
UC, ycroxHeHMeM MOHTaXKA, CHHXEHMEM HAJeXHOCTH CHCTeMbl H €€
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6uicTpometictug. TlooToMy B 2THX Ciyyasx LenecoofpasHo MCNOIB30BATH
CriEUHanbHO CIIPOEKTHPOBaHHEBIE [id AaHHOM cucteMbl CEHIChi, Ha3bBaeMbie
CIEeUUATN3UPOBAHHBIMH.

CoppeMeHHasi 3MEKTPOHHA# TIPOMBIILIEHHOCTh BBITYCKAeT LIMPOKHIA
cnextp cnenuanusmuporartsix BUC u CBUC, npeaHaszHadyeHHBIX AT TpUME-
HEHHM: B HecTaHIapTHOH LMdporol anmaparype. B paspaborke takux CBHC,
a Taxe ¥ JpyrHx MukpocxeM (Hampummep, MIT-CBVIC u CBHC 3VY)
Y4acTBYIOT TOJIBKO 3apyOexHble GupMbl, Takue kak Xilinx, Altera, Actel,
AMD (ce CIHA) u np.

[Tpu pazpaboTke cneunanusupoBaHHbx CBUC crasstcs Takue uen:

— BBINONHEHUE (YHKIMH, KOTOphlE HE MOI'YT ObITh pealn30BaHbl €
NOMOLIBIO CTAHAAPTHBEIX MUKPOCKEM;

— YNy4UICHHE XapaKTePUCTHK JIEKTPOHHBIX CXEM;

— yMeHblueHue rabapiuToB, Maccel, OTpednAeMoif MOIIHOCTH, a TaroKe
TMOBBLILUCHNAE HANEXKHOCTHM CHCTEMbI IIyTeM BBITOIHEHMS  OONBLIOrO
KOJTMYECTBA JIOTHHeCKUX (GYHKLKMH Ha OHOM KpHUCTANTE.

[To xpuTepuro yd4acTHs [OTPeOHTENA B PpEIH3ALAM  KOHKPETHOM
¢dysxumu cneuyamsuposausle BUC u CBUC paspenstor Ha 3aKasHbie U
nomysaxasgeie. K mnonysakasHemm otHocstes CBHMIC wa BMK u CBUC ¢
HpOrpaMMUPYEMBEIMH ¥ PENpOrpaMMUpPYEMBIMU  CIpykTypamu (puc. 7.1),
KOTOpBIE Takxe Uil KkpaTkocT HasemaioTess CBMIC nporpammupyeMoit
Joruxu (CBUC IJT).

Lindpossie UC

| CneunanuanpoBaHHbie l
nomparsanwe | [_3aramwe ]

cenc nn SHMCICBIC
Ha BEMK

CTaHpapTHLIE

MMN-CBUC
CBC 3y

MNIC, CUC

P, Mn,
CPLD, FPGA

Puc. 7.1. Knaccudnkauus uudporsix UC

3akasHbieé cBepxOonbiine VIC paspabaThiBarorcs Ha OCHOBE CXeMHbIX
3NEMEHTOB ¥ (YHKIMOHAIBHBIX OIOKOB, CHELMAIbHO CKOHCTPYHPOBaHHBIX
noa omnpejaeneHubi kpuctawl. TexHonoruyeckue ciow 3akasHbix CBHC
MPOEKTUPYIOTCA N0 UBAMBUAYaNpHbIM (oTomiabnoHam, MpuyeM, B OTIHUUE
OT ApYI¥X TEXHOJOTHH IPOEKTUPOBAHMUS, AN BCEX TEXHOMOIUMECKUX COER
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W3TrOTaBNUBAIOTCS eUHble MacKH. [10HOCTBIO 3aKa3HOE WMCIIOJIHEHUE BBLIOK-
paeTcs B TeX Clydasix, KOrja HeoOXOAHMO YMEHBIINTH pasMephl KpHcTama
WM peany3oBaTh (YHKLMIO, KOTOpast HEBBIIONHMMA, WM HEONTHMallbHa B
BapHaHTe CTAaHAApTHbIX WM nonysakasHeix MC. MuHumM3auss pasmepos
KpHCTajUia fIO3BOSSIET B CBOIO OuYepellb CHH3UTH CTOMMOCTH H3TOTOBJICHUA
KpWCTajia, TIOCKOJBKY B 3TOM CHy4ae yBeNMUMBAeTCAd KOJIMHECTBO
KPUCTA/IIOB Ha IUTACTHHY Y TIOBBILIAETCA IIPOLIEHT BBIXOLA I'OXHBIX H3IENTHH,
KOTOPBIA IKCIOHEHUMAILHO 33BUCHT OT IUoamyM kpuctama. OfgHaxo
zakasdble CBHC oueHs fopory ¥ UMEIOT CPaBHHTENLHO JNHTSAbHBIC UAKITH
TIPOEKTUPOBAHMSL M3-3a DOMNBLINX 3aTpaT Ha WX pa3paboTKy U U3rOTORNEHUE,
yTo O0OYC/IOBNIMBAETCH, IJAaBHBIM 00pa30M, MeUTHTENBHOCTBIO PYYHOIO
MeToda TIPOEKTHPOBAHMSA, JUII KOTOPOTO XapakTepHa Takxke BBICOKas
BEPOSTHOCTE OLIMOOK.

VYxazaHHbIE Bbillie TPOOIEMbI HALITH pa3pellleHns Ha MyTax pa3paboTku
CBUC nporpammupyemoii sorukn: CBHMIC CPLD (Complex Programmable
Logic Devices) u FPGA ( Field Programmable Gate Arrays), koTopble
SBJIAIOTCA JanbHeiuuM pazButeM Mukpocxem [IJTM, TIMJT u BMK.

7.2. Knaceuduxanust CBHC nporpamMmmupyemoii JOrHKH

O6nacts npumenenns CBUC nporpammupyemoii orukn (CBHC TUT),
KOTOpbIE ABIAIOTCS MEPCNEKTHBHBEIMH, NOCTATOYHO LIMPOKA, HA HMX MOTYT
ObITH OCTPOEHBI HE TOMLKO KPYTHBIE GJIOKY CHCTEM, HO ¥ CUCTEMBI B LIE/IOM,
BKMOYast 3Y M NpOLECCOPEIL.

Ha puc. 7.2 npusesera wiaccuduxauus CBUC I mo KOHCTpYKTHB-
HO-TEXHONOTHYECKOMY THIY MpPOrpaMMHUpyeMbIX sJieMeHToB. Jlns nonyde-
HMA 33aHHOM CcTpYKTYpst cxembl B CBHUC Tl ucmonsdyioTcs cre-
UManbHBiC POrpaMMUpyeMble BYXMOMIOCHbIE 3JEMEHTHI, BBLINONHAI-
ke (QYHKUHMIO YyOpaBaseMbix KIIOYyell. YOpaBiss COCTOSHHEM 3THX
KMmoYeH (3aMKHYT MM pa3OMKHYT), TIOJIb30BaTe/lb MOXET pealu30Barh
BBITIOJIHEHHE KOHKPETHOMH GYHKUMH Ha cranaaptHoit CBUC.

B coBpemenusix CBUC TIJI B kauecTBe Takux NporpaMMHpYeMbIX
KIMoYel HCNONB3YIOTCS CAeAYIOWHE IIEMEHTHI:

— nepeMbluku TUNa antifuse (pycckuii TepMUH OTCYTCTBYET);

— nMOIl-Tpan3ucTopel ¢ JBOMHBLIM 3aTBOPOM M JIABUHHO
umxekuueit 3apaga (JIM3MOIT-Tpanzucropst);

— KNFOUYEBBIe TPAH3UCTOPLI, YMpaBiseMble TPUITEpaMU TMAMATH KOH-
duryparym.
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f CBHUC It J
/\

[Onnoxpamo npOPpaMMMpyCMHCT Penporpammupyemsie 1
C nepembukamy THRA C VO — crupannem
antitfuse (EPROM)
C porpaMMHPOBaHHEM C anexrpugeckum
«JIABAIOUINX 3ATBOPOB» ctupannem (EEPROM,
(EPROM - OTP) FLASH)
C Tpurrepso#t namsTbio

L———‘ «ouurypauun
SRAM-based

Puc.7.2. Knaccudukauna CBYIC I1J] no KOHCTPYKTHBHO-TEXHOIOTHYECKOMY
TUNY TIPOrPAMMHPYEMEIX IIEMEHTOB

IMepemblukn THNA antifuse HCHONB3YIOTCH B OZHOKPATHO MPOrpaM-
mupyembix CBUC IUL Crpyktypa NpOrpaMMHpYEMOW IE€PEMbIUKH,
KoTOpas 06pa3oBaHa TPEXCIONHBIM AHINIEKTPUKOM C YEPEJOBAHHMEM CIIOER
Oxid — Nitrid — Oxid (ONO) nokasana Ha puc. 7.3. Ilepembruku THNA
ONO oTIHYarTC BbICOKUM Ka4yeCTBOM, KOMIIAKTHOCTBIO ¥ UMEIOT OYEHb
Mafble TOKH B HenpoBOALleM (MCXOAHOM) COCTOSHHH, OKONO ORHOrO
demroamnepa (1 GA = 10" A).

MonukpemHiit

AndPyanoHnan ,'{ '\ AnanexTpuk
obnacTe ONO

a) 6)

Puc. 7.3. Crpyxrypa nepemsiuku Tuna ONO 1o (a)
u nocne (6) nporpaMMUpPOBaHUA
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[TpoBoasiinui kaHan M3 MOIMKPEMHUA MEXAY JeKTpoxaMu (OIHHAM
3JIEKTPOJIOM SIBISETCA MOJUKpeMHUH, a IpyruM — audipysuonHas obnacts
nt) co3jaeTcsi noA BO3AeHCTBHEM MNPOTPaAMMHPYIOIIETO HMITYIECa
HanpspieHHs, KOTopelii rpobueaet nepeMsrky. [pu 3ToM gHaMerp mpoBo-
DSAUIETO MMONMKPEMHUEBOrO KaHana |, CIeJOBATeNbHO, CONPOTHBIEHHE
NEPEMBIMKM  3aBUCAT OT BCEIUMYUHBI TOK3, CO34AaBACMOro HMILYJILCOM
HanpsbkeHus. Tak, HanpHuMep, NpU TOke 5 MA COTPOTHBICHHE NMEPeMbIYKH
Rpep cocTaBiisieT okojio 600 OM, a npu Toke 15 mA Ry, pe3ko ymeHb-
maetcs, Ry, = 100 OM. KoHcTpykTHBHBIH pasMep L nepeMbIMKH 3aBUCHT OT
TOMOJOTMUECKOH HOPMBI UCNIOAB3YEMO TeXHOIoruy. s Tononoruyecko
HOPMBI | MKM Mnapa3yTHas eMKOCTh EpeMbIukd cocTaBiseT meHee 10 ¢
(demrodapana) [17]. ,

JIN3IMOIL-TpaH3UCTOPbI C NIABAIONIMM 3aTBOPOM HCIIONB3YIOTCA B
CBUC TUI Touno Tak e, Kak ¥ B penporpammupyemelx [13Y iruma
EPROM u EEPROM, B KkadecTBe NpPOrpaMMHUPYEMEIX 3IIEMEHTOB.
Crupanne undopmauuu B CBHC ¢ penporpammupyemoit cTpykTypo#i B
3aBucuMocTd OT TUNOB JIM3MOII-TpaH3ucTOopoB (C OJHMM WM ABOAHLIM
3aTBOPaMM) OCYIIECTBASETCA IBYMsA crocobaMmu: yiasTpadroneToBbiM
obnydeHreMm u snekrpudeckuM cmocobom. B CBUC ¢ penporpammu-
pyemoil CTPYKTYpO#H, peaju3oBaHHEIX Ha OCHOBE CXEMOTEXHOJIOTHH
EPROM, ctupanue uHQOpManum ocymecTBisercd YIbTpabuoneTOBbIM
ofilydeHueM ¢ MpelBAPUTENLHBIM — M3BICUCHHEM MUKPOCXEMBbl U3
yctpoficTea. J{ns 3TOT0 KOPIYC MHUKPOCXEMbI, CELMaNbHO JUls CTHPaHH,
MMEEeT Npo3pavHoe (CTEKMAHHOE) OKOILKO, HAlMY1e KOTOPOro NPUBOAMT K
YAOPOXaHUIO MuKkpocxeMel. [1py 3TOM HHGpOpMauus cTUpaeTcs cpasy BO
Bcelt Mukpocxeme. Bpema cTHpaHus, KOTOPOE 3aBUCHT OT PACCTOSHHA 10
HCTOYHAKa OONIydeHMs, ero MOILIHOCTH U 00BheMa MUKpPOCXEeMbl, COCTaB-
JISIeT HECKOMNbKO AecATKOB MUHYT. [lon Bozpe#icTueM yabTpaUONETORBIX
Jyueit cBOHUCTBO MaTepHanoB MOCTEMNEHHO Aerpagupyercs, YTO NPHBOIHT
K 3HAUMTEIBHOMY COKpAILCHHIO 4YMCJa UMKIOB NepemporpaMMHUpOBAHMs
CBUC I1J1 Ha ocHoBe cxemorexHUkd EPROM. Tlocne mporpammmpo-
BaHM4, KOTOPOE OCYILECTBIAETCS ¢ NMOMOLIBIO NpOrpaMMaTopa, CTeKIAH-
HbIE OKOLLIKH 3aKJIEUBAIOT A1 NPEAOTBPAILEHHS CTHPAHUS IOA AelCTBHEM
COJIHEUHOT0 WM JIOMWUHECLIEHTHOrO 06NydeHus.

Crnenyer OTMETUTD, YTO HEKOTOPLIE MUKPOCXEMBI, [TOXOXKHE [0 BULY
u obosHavenuto va CBUC, cTipaemble yabTpaduoneTom, He UMEIOT OKHA.
OHM ynakoBaHb! B [ICIIEBbIH MIACTMAacCOBBI KOPIYC M HMCIONbIYIOTCA B
onHokpaTHo nporpammupyemsix CBUC . .
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Crupanne uupopmamuu B penporpamMmupyembix CBHUC T ma
ocHoBe cxemorexaukt EEPROM ocyiecTBaseTcs 3JIEKTPHIECCKHM CIOCO-
6om. [Ipu aToM He TpeOyeTcs HM3BICUYCHHUST MUKPOCXEMBbI U3 YCTPOHCTBa, B
KOTOpoM oOHa pabortaer. OJHAKO npolece MNepenporpaMMHPOBaHHS
uHdopMaluy TpeOyeT 3HAUMTENBHOrO pacxoia JHEPrud, KOTOPLIH
BblpakaeTcss B HEOOXOAUMOCTH IMPHAOKEHHS OTHOCHTEJILHO BBICOKOIO
Hanpsbkenus crupanug (10-30) B u AnuTesbHOCTH UMIYNBECA CTHPAHUS
bonee necatka mukpocekyHnn [8]. Tem He MeHee dfieKTpHYECKOE CTHPaHKe
NIO3BOIISET CTHpaTh WHGOPMaLHO He CO Becelf MUKPOCXEMB], a BLIGOPOYHO
(uAauBHAYanbHO AJS  KaxAoro afpeca). JUMTenbHOCTE Impouecca
CTYpaHMs — 3aNHCh 3HAUYMUTENBHO MeHbie (OKOJIO MUIUTHCEKYHARI [17]), a
YHCIO TNEPenporpaMMUPOBAHUA Ha HECKONBKO MOpAAkoB Oonbile
(10° —10° uuknop mepesanucu), veM y CBHUC TIJI Ha ocnHoBe cxemo-
texankn EPROM. B To ke Bpema Muxpocxemss [1JI na ochiose EEPROM
3aHUMAIOT OONblle MECTa Ha KPUCTAIE U, CJIeJOBATENBbHO, UX YPOBEHb
HHTErpalliyd MeHbile, a Takxe OONblUle WX CTOMMOCTH 1O CPaBHEHHIO C
CBUC IJ1 na ocioBe EPROM. Opnako B nocnefHue roZibl CXeMOTEXHUKA
EEPROM cogBepleHCTBYETCS, UX CTPYKTYPa YNIy4lIaeTcs, B pe3ynbTaTte
4ero OHU HaxonsT Goiee WHMpOKOe MpHMEHEHMe, Bce GOJbiIe BHITECHSNS
U3 pelHKa cObiTa cxemorexuuky EPROM.

Kak oTmedeHO Bbhillle, B KadecTBe MpPOrpaMMHUpPYEMOro Kkinoua B
CBUC I1JI MoxeTr ObITb UCMONL3OBAH TAKOKE TPAaH3UCTOPHBIH  KIHOY,
yNpaBiseMplil TpUrrepoM namati koHburypaunu («reHeBoiM» 3Y), cxeMa
KOTOpOro NpUBEJieHa Ha puUc. 7.4.

IL—— Tourcep  f—d =—r-

e é
og
o

Puc. 7.4. Cxema Tpan3UCTOPHOIO KIII0YA, yMPABAAEMOro TPUITEPOM
namsTy KoHGUrypaunu

CyTh TpOrpaMMUpOBaHKs 3aKSIOYAETC B TOM, 4TO yNpaBiaseMbIi
TPaH3UCTOPHBIH Knou T,, B 3aBUCMMOCTH OT COCTOSIHUS TpUrrepa
namaTy, 100 3ambikaeT y4acTok cxembl AB (npu stom T; OTKpHIT, U
€ro conpoTUBiEHMe oueHs Mano), mubo ero pasmeikaer (T, 3akpwiT,
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€ro CONPOTHBIEHUE TMOYTH PAaBHO OeCcKOHeYHOCTH). I[lpu 3ToM
COCTOSIHAE TPUITEpa NaMiTH, COOTBETICIBYyMOWlee:jor. 1, unu jor. 0,
3aBUCHT OT To#ff mHbOpMalmMHU, KOTOpas NHOCTYHNAET ¢ JMHUM 3AIIMCH-
cyutsisanus (JI3C), xorja oTKpbIT TpaH3ucTop Ti. A 3TO HPOUCXOTHT
TOJNBKO B pPEXKKME IIpOrpaMMUpOBAHMS, KOIZa Ha JUHUKM BBIOOpKH
YCTAHAB/IMBAETCA BBICOKHH YPOBEHb HampsbkeHHus. B pabouem pexwme
Ha JIAHUH BBHIOOPKY HMEETCsl HU3KUN YPOBEHs HAIPAKEHHUS, [IPH KOTOPOM
TpaH3ucTop T; 3aKphIT, a TPUITEp [aMATH, H, CJICJOBATENBHO,
TPaH3UCTOPHBIH KoY T, COXpAHAIOT CBOU IIPEXHUE COCTOSHHS.

OcnoBubIM TpeboBaHHEM K TPUITEPY NaMATH SABIAETCS €ro
KOMIIaKTHOCTb, CTAOMJILHOCTE paBoTBl M YCTOMYHMBOCTH COCTOSHUM, a
TpeboBaHWe K ero ObicTpomelicTBHIO HexecTkoe. Takum o06pazom,
nporpammupopanve CBHC I1J1 ocymecTsiasercs IyTeM 3alHUCH
COOTBETCTBYOUIEH HHGoOpMalud B TPUITEP NaMATH KOHOUIrypaiuy.
[Tpouecc nporpammupoBanus CBHC I1J1 ocymiecTBiseTcss ONEPaTUBHO H
MOXXET ITPOM3BOAUTECS HEOrpaHWYEHHOe KONH4ecTBO pa3. Tpurrepsl
MamsTH KOH(UrypalmMy paclpejeleHsl 1o BceMy Kpuctamty CBHC
BIIEPEMEIIKY ¢ 3/MEMEHTaMH CXEeMbl, KOTOpble OHM KoHdurypupyrwrt. B
CBUC TT ¢ tpurrepHo#t namaTel0 KOH(UIypauus paspyluiaercs NpH
KQXAOM BbIK/TIOYEHHM NUTaHUA. [IpH BKIIFOUEHUM NHUTaHUS HEoOXOAUM
npouecc fpOrpaMMHMpPOBAHMA  (MHULMANW3ALMY, KOHQUIYPUPOBAHUSA)
CXeMbl — 3arpy3ka JaHHbIX KoHOQUIypauuy U3 Kaxoi-nubo dHeproxe-
34BHCUMON MaMsTH, 4TO TpeOyeT BpeMeHM NOpSOKa HECATKOB K HAXKE
COTEH MAUJLIMCEKYH/[, ecnyt peus He uaeT o crneuuansieix CBUC [l ¢ tak
Has3bIBAEMbIM OMEPAaTHBHBIM penporpaMmupoBaHueM [17].

PenporpammupoBasue CBUC T ¢ TpurrepHo#t namsrbio KOH(U-
TypauMy NPOU3BOJUTCS B TOM XK€ PEXKUME, YTO U pabounit pexxum, nyrem
3aMMCH KOJOBOM MOCJENOBATENILHOCTY B Lenouky TpurrepoB. CTHpaHue
uaQOpMaLHH Kak creududeckuil npolece BO3AEHCTBEA HA 3ATTOMMHALIO-
L{He 3NEeMEHTHI, TPeOYIOMMH OTHOCUTENLHO IUTUTENBHBIX Onepaluii, BOoo-
LIE YCTPaHeHo.

CBHC IlJ1, ycTynaromye Mo YPOBHIO HHTErPaliMd MaTPHUYHBIM
BUC, B oTsinuve oT HUX, BBIUTYCKAKOTCH KaK TOJHOCTHIO TOTOBBIE, B HUX
pea30BaHbl yxKe He TOJIBKO NOrMYecKue 3J1eMEeHThI, TPUTTePhl U T. 1.,
HO U MexcoeanHenMd. Tlotpebutens CBUC I1JI He obpauaercs Kk Ux
M3rOTOBUTENIO Ui BBITOJIHEHHS KakKUX-NU00 3aBepllalomux olnepalui,
T. K. IPOrpaMMHUPOBAHKE BBIMOIHIET CAMOCTOSTENBHO. DTO AaeT OCHO-
BaHuA oTHecTy CBHIC I1JI k cTannapTHOH [POAYKLHH, YTO CONPOBONK-
JlaeTCs W3BECTHBIMM [PEUMYLISCTBAMU - MACCOBOCTBIO NPOXU3BOACTBA H
cHienuem croumoctu. [Ipu paspadotke CBHC IlJI, kak ¥ B cnyvae
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apyrux CBUC, oano#t u3 BaxkHBIX 1MpobiieM ABNAETCA MpodIeMa yMeHb-
IIeHHS MOWIHOCTH NoTpeOneHns. OMHUM H3 ryTell pelueHHs OaHHOM
npo6nemsl ABASETCH CHHXKEHWE HaNpAkeHus UCTOYHHKA NUTaHHA. B cBasu
¢ atum B coBpemenabix BUC u CBHUC I1JI ucnonp3yloT HCTOYHHKH
MUTAHUA C PA3TUYHBIMA HOMUHANAMHE HANPSHKEHUA: KPOME CTaHJAPTHOIO
5 B, ewe Hanpsxenus 3,3 B; 2,7 B; 1,8 B u naxe 1,5 B.

H3BecTHO, YTO ¥3-3a MaNoil TOMEXOYCTOHYMBOCTH CUIHANIOB HU3KOTO
YpPOBHSA HX Nepedaya No JINHUAM BHelllHe# cBS3M HeBO3MOXHa. [Toatomy B
CBHC Il npumeHsrorcs JBa HOMHUHANa HaOpsDKEHHS MCTOYHHUKA
NUTAHUA: [OBbIIEHHOE (5 B) ayig cxem BBOAA/BhiBOJA NAHHBIX M MEHbLIEE
(3,3 B u 2,7 B) ans nuTaHusg OCHOBHLIX JIOTHUECKHMX CXEeM K Hakonutenei
namarn. OTclofa ciielyeT, 4To B pa3HbIX o0nacTax kpucramna Oyayt
MCTIONbB30BAHBI TPAHZNCTOPH! C PA3TUIHBIMY TOPOTOBBIMH HAMPSAKEHHUAMH.

Jns GeICTpOAEHCTBYIOIMX HU3KOBONBTHLIX cXxeM paspalaTbiBaercs
rnyboko cybmukpornHas texHonorus KMOII, oGecneynBaioiwias oueHb
Majyt0 MOIGHOCTH MoTpedneHus. C ApPYrMMH CIOCOOaMH MOHMKEHUS
MOIHOCTH NOTpebIeHns YuTaTeib MOXET O3HAKOMHTHCS CaMOCTOSTENHHO
(8, 17].

7.3. IIporpaMmupyembie NOAL30BaTEeAEM BEHTHJIbLHbIE
matpuusl (FPGA)

[Tporpammupyemble monb3oBateneM BeHTWIbHbIE Marpuust (IITIBM
nnd FPGA) aBnsioTcs JafibHEHIUMM pa3BUTHEM TEXHONOTHYECKOH JMHUM
6a30BbIX MaTpuyHbIX KpuctauioB (BMK), Ha ocHOBE KOTOpBHIX CO3AAIOTCH
nonysaxasseie BUC u CBHUC. TNony3akazubie BUC u CBHUC Ha ocHose BMK
6onee NPOCTb! B U3rOTOBJIEHUU: HauaNbHBIE 3TaNbl HX TEXHONOTHH ABAAIOTCA
oOMMH, pasfHYHBL OHU AHUIL HA 3AKNIOYUTENLHBLIX CrajMsx MXx
npouspoacTBa. Takmm obpasom, BMK, koTopeiii HasbiBaeTcs TaKke
BEHTHIBLHOH MaTpHUed ¢ Maco4YHBIM NporpaMMmupoBaHueM, T. €. MPGA
(Mask  Programmable GAs), npeacraBiser co6oif  cTaHaapTHBIA
noay¢pabprKaT, KOTOpLIA NOBOAMTCA IO T'OTOBOTO H3JICIMA € TOMOLUBIO
MHIUBHAYaNbHLIX MexcoenuHeHuii. [Totpeburens Moxer peanu3oBars Ha
ocioee BMK Hexoropoe muoxectBo yctpoiicte (BUC) onpepenensoro
Knacca, 33laB UM KpUCTAIa TOT WIM HHOM DHCYHOK MEXCOCAMHEHMH
KOMIOHEHTOB, YTO TpeOyeT M3rOTOBNEHHS JUilb HECONBUOIO YHCHia
dorowabnonos. ITpu 3ToM nonygpabpuxaTel MPOM3BOAATCS B MAcCOBOM
KonuyecTBe 6€3 OpHEHTALMM HA KOHKPETHOro norpebutens. CTOMMOCTL U
JANUTETBHOCTD LIMKIIA TIPOEKTHpOBaHus nonysaxasubix BUC Ha ocsose BMK,
Has3biBaeMbIX MaTpuyHbiMH BUC (MablC), B cpaBHeHMU C 3aKa3HbIMU
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CBHC coxpamarores B 3—4 pasa. Ognaxo Marpugrbie BUC, o cpapHenuio ¢
3aKa3HbIMH, MMeloT Oonee Huskoe ObicTpogeficTeue. Kpome Toro, B HHX
MeHee palMOHABHO HCIIONB3yeTcs IUTON@Ah KPUCTawia, T. K. 4YacThb
aneMenToB MabBUC oka3nBaercss u30hITOUHOM (He MCHOnb3yeTcs B Aaduoi
cxeme), M3-3a TOTO, YTO B3aUMHOE pAaCIIONOXKEHHE DBIEMEHTOB K IYTH
MEXKCOeJMHEHUH He SIBIIOTCSA HAWTIYYIHNHMY U, CIICOBATENLHO, ITHUHLI CBA3U
HEMHMHMMANBHBIMUA. DTH HEAOCTATKH B OINpele/IeHHON CTENeHH yCTpaHeHs! B
NpOrpaMMHUpYEMBIX  HOTPeOUTENEM BEHTUNLHBIX  MaTpHuax, KOTOphIE
TOMONIOMHUYECKU CXOHBI ¢ KaHambHBIMU BMK. OcHoBY BeHTHIIEHON MATPHMIlb]
COCTaBJIsIET MHOKECTBO PETyJIIPHO PacTIONOKeHHBIX Ha KpucTaie 6a30BbIX
siueek (BST), MexXIy KOTOPBIMH MMEIOTCS CBOBOIHBIE 30HbI (TPAaCcCHPOBOYHEIE
KaHaNbl) Ui cO3laHus coenuHeHmil. basoBbie g4elixy, Ha3bIBacMbIE TaKKe
norvaeckuMyt  Onoxamur  (JIB), 3aHpMmaroT BHyTpeHHIOW0 ofuiacts (BO)
KPUCTAIIA, B KOTOpOH OHM pacronaraloTcs B 3apaHee MpeAyCMOTPEHHOM
nopsaaxe (00br9HO B Lenouky). B nepudepuitHoit obsactu (I1O) kpucranna
pasMeIllalOTC]  KOHTAaKTHblE IUIOM@AKY, oObeauHeHHble ¢ Oydepamu
BBOJA/BEIBOJA, HAOOP CXEMHBIX KOMIIOHEHTOB KOTOPBIX OPHEHTUPOBaH Ha
peanuzauMio cBA3ed KpucTaIa (BEHTWIBHOH MAaTpULbl) C BHELIHUMH
nernaMu. bazosbe Aueilki npeacTaBnOT coboit HabOp CXeMHBIX JIEMEHTOB
(HECKOMMYTHUPOBAHHBIX ¥  YacTUYHO CKOMMYTHPOBAHHBIX), peryJsApHO
ITOBTOPSIIOLIKICS Ha ONpeIeNeHHOH IOWaay KpucTaia,

TpumenstoTes cnenyrolye crocodbl opraHuzanuu bA:

— u3 anemeHToB b MoxeT Gbith copmupoBan oauH JID (Hanpumep,
N — HE nwmu WM — HE), a mns peanuzaunu Gonee cnoXHbix (yHKur
MCTIONB3YeTCS HECKONBKO 3JIEMEHTORB;

— u3 snemeHTOB BS Moxer ObiTh cdopMupoBaH MoboH QyHKUHO-
HaJIGHBIR Y3€JT (TPHITED, MYLTHILIEKCOD M T. A.), @ COCTAaB JIEMEHTOB s14eliku
OIPEeENIETCs CXeMOli CaMOT0 CIOXKHOFO Y3a.

OOBMHO MOCTaBILMK BEHTUILHBIX MATpULl OpeAonpefenseT W
TNIOJIHOCTBIO  omuchiBaeT Habop JID B MaTpuie, Tak dYro pas3spaboTdmk
OCYLLECTBIISET MMPOSKTUPOBAHKE HE Ha TPAH3MCTOPHOM, a Ha BEHTWIHHOM
ypoBHe. [lanee cosmanne CBHC ¢ 3anaHHO# CTpyKTypoil cBOAMTCS K
aBTOMaTHueckoMy BbIGOpY (¢ momoutbio CAIIP) w3 BO3 Hamnexcammx
BeHTUJIEH, Pa3MELIEHUIO UX HA KPUCTALIC U TPACCHPOBKE MEKCOCAVHEHUN
(onpeneneHuo pucyHka coenuHenuit mexxay JI3).

[lpu npoekrupoBatun CBHUC Ha OCHOBE BEHTUALHBLIX MAaTpHL]
CTpeMsATCcs  HaudydiuuMm  obpasoMm  cOanaHcupoBarb  uucio  bJl,
TPaCcCUPOBOYHBIC PECYpChl KPUCTAANa M YHMCIO KOHTAKTHBIX (UIOLUAAOK AJIs
nogroueHus OydepoB BBoja/BblBOAa. HeynaauHoe COOTHOWIEHUE MEXAY
YKa3aHHBIMH TTapaMeTpaMHd MOJET CYLUECTBEHHO OrpaHH4MBaThL MOAHOTY
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HCNOJAb30BaHMA  pecypcoB  Kpuctaina mpu paspaborke  CBHC.
TIpoektuposanne CBUC Ha ocHoBe BeHTHNBHbIX Marpunl ¢ BS B Buae
npocthix JI9 U — HE, UJIM — HE w4 T A, WHPOKO NpUMEHSEMblE
UHXeHEpaMHU-CHCTEMOTEXHUKAaMH, OTMYAOTCS CpPaBHUTEILHOM MPOCTOTOH.
Ilpumenenne B BenTWILHOM Martpuie mnpocthix JI9 (B kauectee bBSI),
obnajaonx Oonbiioi  rHOKOCTHIO  HCHONL3OBAHHUSA, IIPEHOCTABISET
BO3MOXKHOCTh PCAIM30BaTh BOCHIPOM3BOAUMBIC (YHKLUHMM pa3HUHBIMH
criocobaMy, obecneunBaioOlMMA  KOMIPOMHCCHOE pelleHHEe npoOneMsl
MUHHMH3ALI TUIOLIAH KPUCTAL1a — NOBBIICHNA OhICTpocicTRus. BMecTe
C TeM [aHHbI BapuaHT peanus3auuu bl BeHTWILHOH MaTpHilbl MMEET H
HEJOCTATKY: HaNpHMep, MpY HajexaliueM Bhibope 6a30BOro KpHcTaia Juis
rpynnsl B3emi  cHwkaeTcs 3QdeKTHBHOCTL HUCMONL30BAHHA TAOLIAAH
KpUCTAIA M3-32 CJIOKHOCTM CHCTEMbl MEXCOe/MHEeHHi, o0ycnoBneHHOMH
6OJILLIMM YHCIIOM NPOTPaAMMUPYEMbIX TOUEK CBA3H.

Jannas npoGrema B ONpEAENEHHON CTENEHW MOXET ObITh pelleHa ¢
NOMOLIBIO CTAHIAPTHBIX sueeK. [Tpy npoeKTHPOBAaHMU MHKPOCXEM Ha OCHOBE
CTaHJapTHBIX SUeeK, KaKk ¥ B cllyyae BEHTHUIbHBIX MAaTpHL, NPEAMoNaracTcs
Hanuuye Yy paspaboTdpka TNpeABApUTENbHO pa3paboTaHHOH M ONMHCaHHOMN
6ubmmorexu JID ¢ 3apaHee CIPOCKTUPOBAHHBIM PUCYHKOM BHYTPEHHHX MEXK-
coeniHeHHH. OIHAKO B 9TOM CJlydae TONONIOMNSA KpUCTala paspabarsiBaeTCs
TOJIKO IOCNE TOTO, KAK CXeMa ChnpoekTHpoBaHa. B pesynerare 3TOro B
KPHCTa/lle OKa3bIBAETCS CTONLKO JJIEMEHTOB, KOHTAKTHBIX MIOAAOK U
OydepoB BBOOA/BLIBOLA, CKOJBKO HEOOXOAMMO JUI CO3AaHHs JaHHOM
koHkpetHoif CBMC. Hasrotoenenne CBUC Ha cTaHaapTHbIX sueiikax
Ha4YMHaeTCs C CaMbiX MEPBLIX 3TanNoB TEXHOJNOIMYECKOro mnpouecca, B TO
BpEMs Kak B Cllyyae BEHTWIbHbIX MaTpULl MOTYT HCHONbL3OBATLCA FOTOBbLIE
KpUCTaIbI-nosnyhabpuKaTs! yie B KOHLC — Ha 3Tane CO3JaHus COEAMHEHHI.
CoO0TBETCTBEHHO LIMKJT U3TOTOBCHHS [T BEHTUILHbIX MATPULL Ha HECKOINLKO
Helens KOpoue, YyeM JUId CXeMbl Ha CTaHAapTHRIX Adelixax. CraHpapTHble
A4efiKY XapaKTepU3yIOTCA PALIOM JIONOJHHTENLHBIX OFPpaHHUYSHHH, HapuMep,
IOCTOSHCTBOM BbICOTBI Aueliky, 3apanee 3aJjaHHBIM DPacMoONOXeHUEeM LIMH
[TUTAHKA U TAKTOBLIX CUTHANOB U T. A. ' naBHO# npuunHON 3THX OrpaHuueHuUit
SBRAETCA YMNpOIEHHe NpobiaeMbi paspaboTKU MPOrpaMMHOro obecneyeHus
CAITIP ana pasMellieHus U TpacCHpOBKH. BmecTe ¢ TeM ycneuHoe pelueHue
HaHHOH pobieMbl ABJAETCA HpPE3BbIYAHHO CNOKHBIM.

B atoii cBa3m Gonee upokoe pacipoctpanenue nonyuund CBUCeh Ha
OCHOBE BEHTHUJILHBIX MATpUIL C 6a30BbIMU sueiikamy (Ioryueckumu 6okaMu
(JIB)), npeacrasnmoluumu coboit He npocteie JID, a 3akoH4YeHHbIE PyHKLKO-
HaNbHblE 3NEMEHThL. B TakuxX BEHTUNbLHBIX MAaTpyLax B KayecTee bA (unu
JIB) moryT ObiTh KCHONL3OBAHbl PAalIMYHbIC NO CBOMM THIIOpasMepaMm U
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(YHKUMOHANBHLIM  BO3MOMKHOCTAM OJIOKM, HANpHMEp, MYNLTHILIEKCOPD,
tpurrepsl, TI[13Y un 1. a. [lpumeneHue B BEHTWIBHBIX MaTpuiiax TakuxX
KPYTHBIX JIOPM4ECKHX OJIOKOB, peanu3yiomux 6osee CIoXHbIE QYHKLMH, YeM
npoctele JI3, npuBOAMT K YNPOIIEHWIO MpPOrpamMMHMpyeMoli  uacTu
mescoeanHenuii. OfHako [T KPHCTaMNOB OONBLIMX pa3MEPOB PE3YLTAaThI
aBroMatiueckoro fapoektuposaHusi CBMC Ha BEHTHIBHBIX MATPUIAX C
NpUMEHEHHEM KPYNHBIX U Pa3IHYHLIX MO BENWYUHE OJIOKOB CYLHECTBEHHO
YCTYMAIOT pe3y/bTaTam py4HOro npoexrupoBasud. [ipn 3tom HeadbekTHBHO
UCTIONb3YETCA MAOWARL KPUCTA/UIA (YacTh 3MIEMEHTOB OJIOKOB OKa3bIBAaeTCs
130BITOYHOI), a TalOKE HPOUCXOANT NoTeps OBICTpOACHCTRYSL.

Hoppobuas unbopmanms o cucremax kommyrauuu FPGA, ¢ koropoii
YUTaTeNlh MOXKET O3HAKOMHUTLCH CAMOCTOATENBHO, AaHa B [17].

B xadectBe npumepa TpHBeAeM HEKOTOpble Haubosnee W3BECTHbIE
NporpaMMUpyEMbIE  IONIB30BaTElEM BeHTUAbHbie Marpuubi FPGA, «
xotopeiM ortHocaTcss BUC/CBUC cemeiicte XC2000, XC3000, XC4000,
XC5000 n Spartan ¢dupmsbt Xilinx. Cpean FPGA c nepembiukaMu THIA
antifuse 6onee n3sectHsl cemeiictea ACT1, 1200XL, ACT3, 3200DX ¢upmbi
Actel, ucnonp3yemble, B 4aCTHOCTH, B kKocmuueckoif annaparype CILA [17,
19, 201.

7.4. Cnoxnble nporpammupyemsie Joruueckue HC (CPLD)

Hapsny ¢ paccMOTpeHHBIMH BbILIE NPOrpaMMUpyeMbIMU NOTpebuTENneM
seHTUNbHbIMH  MaTpuuamu (FPGA), B HacTofluee Bpems pas/n4HbIMH
NpEANpPUATUSIMHA BNEKTPOHHON nNpoMbItineHHOCTH (B ocHOBHOM CIIA u
SInoHuu) BLINYCKAKOTCA M IIKPOKO [TPUMEHSIIOTCS CIOXKHBIE MpOrpaMMupye-
mble sorpueckue MC (TUTMC) u CBUC Tl cMemaHHOH apXMTexTypbl
(FLEX). Cnoxubie [TJIMC, uaspiBaembie Ttakke CPLD (Complex
Programmable Logic Deivices), apXxuTekTypHO ABAAIOTCH AaNbHEHLINM
pasButHem mukpocxem [UJIM (PAL) u IIMJI (CAL). [MporpamMupyembie
A0Nb30BaTeENeM Mony3akasHble fnorndeckue MIC nocrasnsmorcs norpebuTento
B KOHCTPYKTHBHO 3aKOHUYEHHOM BHJE, ¥ NMPOrpaMMHPOBAHKE MTPONU3BOAUTCA
3NMEKTPUIECKHM COCOOOM.

ApxurektypHo CPLD cOCTOHT u3 nporpaMMHpyeMOil MaTpuLibl Coelu-
Henuit (ITMC), MHOxkecTBO pyHKLMOHaNLHBIX 60k0B (DPB) 1 Gnokos BBOAA
n soiBoaa (BBB), kotopble kak 0ObiHO pacrionoxeHbl B nepudepuiioit
obnacty wkpucranna. CrpyktypHas cxema CPLD npuseneHa Ha puc. 7.5.
Dyukunonanbiele 6nokn CPLD aunanornuno [1JIM copepxar nocnego-
BaTesLHO coeanHeHHble MaTpuubl JI9 U u UIH, a tawke HexoTopble apyrue
JIEMEHTbI, paclIMpsAtoLIMe (yHKUNOHAIbHbIE BO3MOXKHOCTH.
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Puc. 7.5. CtpykrypHas cxema CPLD

Kaxnpiit anemenT M (KOHBIOHKTOD) MMeeT 2 N BXOZOB, KOTOpBIE
COEJMHAIOT €ro CO BCeMU N-JIMHHSAMHU BXOAHBIX CUTHANOB U MX WHBEPCHSA-
mu. Ha Bxosax KOHBIOHKTOPOB GOPMUDPYIOTCS TEPMbI, TUIBIOHKLUS KOTO-
pbiX NMOCTyaeT Ha BXoAn nemeHtoB MJIN, obpasys Ha UX BeIXOHax JOTH-
yeckMe (YHKUMH TNPOM3BONBHOIO BMAA. B NMHHH CBA3M BKIIOYEHDI
creunanbHbie MEePEMbIYKH (TTPOTPAMMHUPYEMBIE KIIIOYH), KOTOPBIE MOIYT
ObITL pa3pyllieHbl ¢ NOMOIIBIO NOJAYH ONpeAENEHHBIX UMMYALCOB TOKA
WIH  HanpsHKeHHA 3a4aHHOM aMIIUTYOBl ©  AJUTENbHOCTH. Takum
06pasom, NpOrpaMMHpPYA 3TH KJIOUYM, MOXHO WU3MEHHUTH COEHUHEHMS
3NeMeHTOB B ¢xeMax ®b, 1 TeM caMbiM HacTpauBaTh €€ Ha pealH3alliio
KOHKPETHOH cHCTeMbI QYRKUMH C 33aHHBIM YUCIAOM TEPMOB H YHCIIOM
BXOZIHbIX NEPEMEHHBIX.

B nporpammupyembix sorudeckux MC (CPLD), B otnuuue oT
THOHYHLIX s FPGA  cucTeM CerMEeHTUPOBaHHBIX JIMHMH CBsA3e
pasIU4yHOW  AJIMHBI, COEAMHAEMBIX Mexay cofoif  mnocpelcTBOM
NpOrpaMMHpYEMBIX KJIIOUeil, HCNIONb3yeTCs HENpPEepbIBHAA MM OJHOMEPHO
HenpepsiBHasg cUcTema cBg3M. [Ipy 3TOM Bce CBSI3WM WMIAGHTHYHBI, 4TO
NO3BOJISET YOPOCTUTH NMPOSKTUPOBAHUE M HM3TOTOBIEHHE CXEM BBICOKOTO
ObicTpojeHCTBIA, a Tak e NACT BO3MOXHOCTH MPEACKA3aHMs 3aAepieK
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CHI'Haslos B cBA3ax. [lporpammupyemas Marpulla CoOeAMHEHWUH,
HOILIBAaEMAs TAKOKE KOMMYTAUUMOHHOH MaTpHuelf, MO3BONAET COCAMHHTH
sbixoa kaxaoro ®b. Bxoapl OB cBA33aHB ¢ rOPU3OHTANBLHLIMH NHHUAMH,
KOTOpblE MNepecekaoT BCe BEPTUKANbHbIE JHMHUM KOMMYTaLUOHHOMN
MaTpULibi. MeXAY 3TUMH FOPH3OHTAIBHBIME W BEPTHKAJIbHBIMU JTHHUSAMHU
MMEIOTC NPOrPpaMMUPYEMbIe TOYKH CBS3U, C TIOMOLUBIO KOTOPBIX BXOJ
kaxaoro @b Moxxer ObITh MOAKMIOYEH K BbIXoxy awoboro apyroro ®b.
Taxum obpasom, porpamMmupyemas MaTpuLa coeanHeHnit obecrieunBaer
NOAHYIO KOMMYTHPYEMOCTh (ByHKLMOHANLHBIX O/10kOB. BHyTpH camux Ob
MoxeT ObiTh HCNOJNIb30BaHAa AOKadbHAs CHCTEMA KOMMYTAlUW, aHano-
ruusas rnodanbHod. [MpeactaBurensmMu CPLD sABAsrOTCS MHKPOCXEMBI
MAX700 (dupma Altera), uMerouie TPUITEPHYIO TIAMATL KOHPUTYpanuu
n EEPROM.

CBUC I'JI emewadnoit apxurextypsl (FLEX) aBasercs ycoBepiseH-
cTBOBaHHbIM BapuanTom CPLD c ynyuymeHHO! apXUTeKTYypoOit, nosBneHue
B COCTaBe KOTOPOTO TpUITepHOl mnaMaTH Koudurypauuy o6ycnoBnero
OocBOgHUEeM ry6oko CyOMUKPOHHOH TEXHOAOMM M MHOFOCHIOMHBIX
Metannzaunii. Uadopmaunio o mukpocxemax cemeiicra FLEX uurarens
MoxkeT Haiitu B [17].

B sailoueHHe OTMETHM, 4TO OOjblIas 4acTb 3aKa3HbiX W 10Jy3a-
kasubix BUC/CBHUC pa3spabatbiBactcas Ha ocHoBe KMJIl- m nMJII-
texvonoruy. Cnepywommmy no obbeMy NpoM3BOJACTBA UAYT ObicTpo-
Jeifcteytoine Ounonsipisie BMC 1 TexHonorus Ha ocHoBe apceHuja
rannus. OfHako HerubKoCTh TEXHONOIMUYECKOro Mpouecca Npu U3roToB-
nAeunn Gunonspubix BUC cosmaer onpegenedHbie Tpyanoctd. C Touxu
3peHUs MPOCTOThl TEXHOJOTMYECKOTO mpouecca usrorosieHus nMIII u
KMIIT CBUC nyuyine, uem Ounonspusle BUC. IMpumenenue MJII1-
Tpan3uctopos B CBHC no cpasHenuto ¢ GUNOAAPHBIMUA TPaH3UCTOPaMU
ofecricunBaeT yMEHbllleHMe IJIOIMAAM KpUCTanga (ApyrdMH CIIOBaMH,
MOBbIIEHHE  CTeMEHM  uHTerpaud),  OOYCAOBIEHHOE  MATbIMH
duzpuecknmMy pasmepamH 3snemeHTOB cxembl (MJIII-TpaH3ucTopoB), a
Takxe obecnevyrBaeT BLICOKHH NMPOUEHT BbIXOAA FOAHBIX H3AEIMM, 4TO
MPUBOAUT K CHHIKEHNIO CTOMMOCTH Ha €AMHULY IUIOMIAAN KpUCTalLIa.
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YACTH BTOPAS

CXEMOTEXHHUKA AHAJIOTOBBIX JIEKTPOHHBIX
YCTPOMUCTB

B nacrosmee Bpems paspaborano 6oibuioe yucio aganorossix MC
kak ofIiero, Tak ¥ CHEHHATLHOrO HasHadeHHs. [Ipm paspaboTke
aHaJIOrOBBIX 371€KTPOHHBIX YCTPOHCTB Hanbonblilee NPUMEHEHUE HAXOIAT
clelyrllie  HHTErpajbHbie  CXEMBI:  ONEPALHOHHBIE  YCHUIIMTESNH,
nmpeobpasoBaTed M KOMIIAPATOPHI (CXEMbi CpPABHEHMS) aHANOroBBIX
curnanos 1 MIC ans B3anMHOro npeobpazoBaHus aHaIOroOBo# 1 UH(POBOii
“HhOpPMAalHH.

8. OITEPAIIMOHHBIE YCUJIHUTEIN U THITOBBIE
CXEMBI HA UX OCHOBE

8.1. OcHOBHBIe MapaMeTpsI U XapaKTePUCTHKH
OepaIHOHHOr0 YCHIHTESA

OCHOBHLIMH CXEMOTEXHHYSCKUME BNeMEHTaMM IPAaKTHYCCKH BCex
@HAJIOrOBBIX 3MEXTPOHHBIX YCTPOWCTB, a TakkKe aHAIOro-uuQpoBLIX M
undpo-aHanoroBbx npeobpaszosareneil ABNAIOTCH ONMEPAUMOHHBIE YCUIIH-
tenn (OY), KkoTopeie 0061analOT BHICOKMMH TOYHOCTHBIMM XapakTe-
PHCTHKAMH M OONbIIUM KOIGQGHULIMEHTOM YCUIIEHMS TPH Pa3sOMKHYTOM
o6paTHOI CBA3M.

VYcnosHoe rpaduueckoe obozHauenue OV M ero IKBHBANEHTHAs
cxeMa TMokasaHbl Ha puc. 8.1, u3 koroporo BuaHO, 4To OY HMeer ABa
BXo/la ¥ OAMH BbIXOA. Bxon 1 HaswiBaeTCs HEHHBEPTUPYIOLIHM, T. K.
HU3MEHEHHUE B OJOXKUTEIHLHOM HANPABIEHHH HANPSAXKEHUS, MPUIOKEHHOTO
KO BXOAY 1, MPUBOAUT K MOJIOKHTENLHOMY U3MEHEHUIO HANPSKEHHS Ha
Boixoze OV. Bxo 2 Ha3biBaeTcsd WHBEPTUPYIOUNM, T. K. TOJIOKUTENLHOE
NpUpallleHue HAaMpsKEeHUs Ha 5TOM BXOLe BbI3bIBACT H3MeHEHHE
BbIXOJHOI'O HANpsKEHUs B OTpULATENLHOM HanpaBneHuu. ECnu pasHocTs
BXOJHBIX HampsbkeHult U, u Uge Mana, To BuixonHOe Hanpsxenue OY
OnpefenseTcs Kak

UBbIX = I<U0 (Uaxl - UBXZ) = KUO Um-n:b 3 (8])
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rae Kyo — cobGerenHsuiii koapdumuent ycunenus OY 00 HanpsKeHHio
Ui Upg — auddepeHumanbHOe BXOJHOE HampmKeHUe, ONpeaensieMoe
KaK pasHOCTh HaNpsDKEHM MEXIy HEWHBEPTHUPYIOUUM H HHBEPTHPYIO-
MM BXOZAMH.

N3 Beipaxkenus (8.1) cneayer, uto OV He AaeT peakiuMM Ha BblXoje
Ha cuH(azHoe U3IMEHEHHME BXONHBIX HANPMHKEHWH, T. K. B 3TOM cly4ae
JunddepeHnnansHoe BXOAHOE HanpshkeHHe paBHO Hynio. B To ke Bpems
3Hauenne Ky, 0ObMHO OuveHb Benuko, nodromy OVY obecneunBaet
JIOCTATOMHO BBICOKHI KO3(pULHEHT YCHIEHUA 1na audpepeHunanrbHoro
BXOJHOTO HaNpsKeHHs.

) Bz 1} +
B Kw (U‘:,xl- axz)
Bx 1 b Brzog Rax -{\

° — A

Uszl Rz

UKMX

X,

a) 0)

Puc. 8.1. YcnosHoe rpapuueckoe 0603HauEHHE ONEPALMOHHOIO YCHAHTENS (a)
U ero 3KBUBafieHTHas cxema (0)

OOBbIYHO ONEPALMOHHbIE YCHIMTEIIU CTPOATCA Ha OCHOBE ABYyX-
WIH TpexKacKaAHbiX ycunurteneif mocrosHHoro toka. Tpexkackan-
Helii OV, cTpyKTypHas cxema KOTOPOro nokasaHa Ha puc. 8.2,
COCTOUT M3 BXOAHOTO, COrNACyKLIEro M BbIXOLHOrO KackajoB ycH-
aeHus. B xauectse BxoaHoro kackaga OV oObl4HO HCHONB3YIOT
avddepenananbhbii yeunutens (AY). [Ipumenenne AV ob6ycnos-
NEHO TEM, YTO OH AO3BOJISET MONYYHThH AOCTATOMHO OONbUIOE yCH-
JAeHHEe ¥ MAKCHMAalbHO BbICOKOE BXOAHOE COMPOTHBIEHUE MEXAY
HEUHBEPTUPYIOLUMM W MHBEPTHPYIOWIUM Bxogamu. Kpome toro, usz-
338 BbICOKOH HAECHTUYHOCTH NApaMeTpOB TPAH3HCTOPOB BXOJHOIO
Kackaja cyuiecTBEHHO cHUXaeTcs HeccumeTpus IV, cnenoBaTenbHo,
MaKCHMalbHO yYMeHbillaeTcs BenuuuHa apeitda Hanpakenus cMmelne-
HUSA ¥ NOAABAAIOTCA AcHCTBYIOLIME HA BXOJE ycunutens cuHdasupie
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COCTABIAIOUIHE HANPSXKEHMS, BRI3BAHHBIC U3MCHEHUEM TEMIIepaTyphl
M APYTHX 3KCIIyaTalMOHHBIX BO3AEHCTBUM.

Bxonuo# Cornacyrowuil BrixogHon
BX Y Ussix
& KacKazx Kackaz Kackan

Puc. 8.2. CrpyxTtypHas cxeMa TpeXKacKaaHOTO ONePalMOHHOrO YCUIIUTENSA

Bo sropom (coriacyiomeM) kackane Takke npumeHsercs auddepeH-
LMaTLHBIH YCWIMTEIIBHBIN Kacka/l, KOTOPbIH UMEET HeroCcpeACTBEHHYIO CBSI3b
¢ BXOnHBIM KackazoM OV, yBenuuMBaeT ero CTabWIBLHOCTh M 0becrieurBaer
YCHJTCHHE 110 TOKY U HAMPsHKEHWIO, 8 TAIOKE cornacoBanue Gas CHrHanoe.

BbIXoaHOH Kackaj BBLITIONHASTCSH [0 ABYXTaKTHOM cxeMe 0OBIYHO Ha
KOMIJIEMEHTAPHBIX TPaH3UCTOpax © obecrnedyuBacT HEOOXOOUMOE YCH-
JIEHME CUTHA&IA 110 MOIIHOCTH, & TaloKe MU3MEHECHME BBIXOAHOTO Hamps-
XeHus B TpeGyeMoM auanas3oHe NMpH 3aJaHHOM MHHHMAIGHOM COTIPOTHB-
JISHUM Harpy3Ky MM MakKCUMalbHOM TOKe B Lenu Harpysku. Ilas mony-
YEeHUs BLIXOZHOIO HanpsxkeHus oboux 3HakoB mnutaHue OV ocy-
LIECTBIACTCA ABYXIOIAPHBIM HCTOYHMKOM Hanpsxenusn (+ Ep, — Ep) co
cpeaHyM BbIBOAOM. CpelHUH BBIBOJ 3TOr0 UCTOYHHKA OOBLIMHO ABAAETCS
obweH WMHOM A1 BXOAHBIX ¥ BbIXOAHBEIX CHCHAMOB W B GOALUIMHCTBE
cliydaeB He nofxrogaetcs k OV,

Cospemennpie OV, umetonliie B OCHOBHOM [BYXKACKaIHYIO CTPYK-
TYPY, U3rOTABIMBAKOTCA € MOMOLILIO MHTETPaNbHON TEXHOJNOMHM B BHJIE
MHUKPOCXeM M HAaXoNAT LIMPOKOE NpHMEHEHHE AN MOCTPOSHHA CaMbiX
pasHOoOOpa3HbIX 2HAJOTNOBBIX U UMNYJIbCHBIX JJEKTPOHHBIX YCTPOHCTB C
TOYHO CHHTE3MPOBAHHOH mepefarodHod (yHkuueil. BosMoxHoCTH
npuMeHeHus OY B TEX UM HHBIX 3NMEKTPOHHBIX YCTPOHCTBAX 3ABMCAT OT
er0 3JIeKTPU4ECKMX [1apaMeTPOB, OCHOBHBIE U3 KOTOPBIX pacCMaTpH-
BAXOTCS HUXE.

Koadduuuent ycunenus no Hanpsokeumio Kyo, onpeaenseMelii kak
Kuo = Usux / Upue» Xapaxrepusyer cnocobuocts OV ycunusate noaasae-
MO€ Ha ero Bxoabl Au¢pdepenunansroe HanpsokeHue Upyg. [ ngeans-
Horo OV Ky = 0, a ans peansnoro OV suauenne Kyo Ha HyneBoii yacto-
Te coctasnser ~ 10°~10° uan 100-120 1B. OY u3-3a HEKOTOpOit HeCUM-
METPUM XapaKTEepPUCTHK TPaH3HCTOpOB AU PepeHLnanbEHOro Kackana, He-
MONHOCTRIO nojasnseT cundasHoe Hanpskenue Ugy ¢, NpunoxenHoe k
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ero obodM BXOAaM H TeM caMbiM BHOCUT ROTPEIUHOCTH B BBIXOAHOE
HanpsAKeHUE, HeCMOTPA Ha TO, 4TO B 3TOM ciyuae Ugugp = 0. JlanHoe
cBoiicTBo OV xapakrepusyercs kodhduuneHTom ocnabnedns cuHpasHoro
curnana K. o4 KOTOpBI MO3BONSET CPABHMTbL pa3vudbie THIbL OV, a
TaKxke oueHuts BHocuMmylo OV norpewHocTs. Koadduunent Koo o4
onpegenseTcs Kak

Koc oo = 20 1g (Ko / Keg)s

rae Kep = Upux / Usx cp — KO3DUUMENT yCUAECHHUS CHH(}AIHOrO BXOAHOIO
HanpsxeHusa. 3nauende K, o ang uaeanbHoro OV JomkHO ObiTh
6eckoHeYHO GoAbLIUMM, a IA peanbHoro OY cocrasnder 50-70 ab.

Hanpsxenue cMeinenne U, — 3T0 HanpskeHne 6anaHCHPOBKY (CMe-
WeHus), KOTOpoe HeoOXOAUMO NPUROKUTL Mexay Bxoaamu OY ans Toro,
4yToOBl HanpskeHWe Ha ero BbIXOAe Obuio paBHo Hymo. Hanpsokenne
cMeleHHe 00YCNOBASHO, B OCHOBHOM HEHIEHTHYHOCTHIO NaJeHHuil Hanps-
WeHui 6a3a-IMHUTTEP TPAH3UCTOPOB BXOAHOrO AuGpepeHIHaTLHOro
KacKaJia, W3-3a KOTOPO# MOABAAECTCSA TOCTOSHHOE HANpPSXKEHHE Ha BBIXO/E
OY B OTCYTCTBHE CUrHaNa HA BXOJE.

Bxoonoit mox 1. Ana obecneuenus pabouero pesxxuma paboTht TpaH-
31CTOPOB BXoaHOro auddepeniuansHoro kackaga OV Heobxoaumet 6a3o-
Bbl€ TOKM CMerleHus (MM B CRyYae MOAEBLIX TPAH3UCTOPOB TOKU YTEUKH
3aTBOPOB), KOTOPLIE MOT'YT CO34aBaTh MNAafA€HUA HANPAKEHNS HA YNIEMEHTAX
BHewuteit uenr OV u BbI3bIBATH JAOMOJHUTENBHOE CMELIEHUE HYNEBOrO
ypoBHg HanpsokeHUs U,,,. s OUeHKU BIUSHHSA 3THUX TOKOB W MCMOJb-
3yeTcs BXOLHOM TOK lgx, kKoTOpBIH onpenensiercst kak Igx = (laxi + Isx2) / 2,
rae lgxi ¥ lgxo — Bxoambie Ga30Bble TOKM CMELEHHS, NPOTEKAIOLLHE BO
BXOXHbBIX (MHBEPTUpYIOLIEM M HEMHBepTupylollem) Bbisogax OV. Tuno-
BOE 3HaueHMe BXO/HbIX 0a30BbLIX TOKOB CMELUEHHUs COCTABIAET OT 50 HA
IO 5 MKA, a TOKM YTeUKM MOJIeBbIX TPAH3NCTOPOB BXOAHOrO kackaiaa OY
UMeEIOT 3HaueHue MeHee | HA.

Pasnocme 6x00neix moxos Al,,. Ba3oBbie TOKM CMELCHUS BXOAHbIX
Tpausucropos OY oTnnyaloTcs Apyr oTf Apyra H3-3a HeWACHTHYHOCTH MX
XapaKTEPHCTUK W BHOCAT CYUIECTBEHHYIO MOTPELIHOCTh JaKe TIpH
paBeHCTBE COMpPOTHUBJEHUIT HCTOUHHKA curHana. IlapameTp — pasHocTb
BXO/JHBIX TOKOB A lg xapakTepu3yeT cTelleHb OTIMYHA 3TUX TOKOB, T. €.
NOKa3blBAET, HA CKOAbKO OJUH BLIXOJHON TOX OTAMYAETCA OT APYroro.
Pa3HocTb TOkOB A Iy, OnpenensemMas Kak

Al = I — L2, HMeeT 3HaueHne, paBHoe ~ | HA ~ 10 MxA.
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Bxoodnoe conpomusnenue R, Pazmuuaior quddepeHuransHoe BXOA-
HOE COMpOTUBIEHHE R, g ¥ cuH(}A3HOE BXOJHOE CONMPOTHBAEHUE
Rux cp (compoTHBReHue Mexay BxonaoM W obuiel wubol). Huddepen-
LMallbHOE BXOJHOE COUPOTHBJICHHE 3aBHCHUT OT THIIA TPAH3HCTOPOB
BXOoJHoro kackaga OY u uMeeT 3HayeHue, paBHOE OT €AMHHMII KAAOOM JO
JECATKOB MeraoM. BxogHoe conpotusienue R, o, CHH(A3HOMY cHrHAMy
uMmeer 3HauyeHue Oosnee 100 MoM, MO3TOMY €ro BIHAHHEM MOXHO
npeHebpeus.

Beixonnoe conporuBienne OY Ry, onpenensercs CONPOTHBICHHEM
ero BhIXOZHOIO KacKaja W ero 3HaueHWe COCTABNAET JECATKH OM — CIUHUIBI
kwiooMm. ConporuBienue R, OKazblBaeT CYLISCTBEHHOE BIIMSHHE Ha
aMILTUTYy BBIXOJHOTO HalpsbkeHus, ocobeHHo mpu pabote OV Ha manoe
conpotuBieHue Harpyskd. Bece OY paccuutaHbl Ha BbIXOHZHOH TOK lpy,
ONPEASNAOLIMI MUHAMAILHOE CONPOTUBICHUE HArPY3KH MPU HOMUHAILHOM
BbIXOJHOM HanpsxkeHUM. 3uauenne I, Haxonures B npegenax (1-20) MA.
CkOpocTb HapacTaHMs BBIXOJHOTO HANpMKEHUA Vyg., Xapakrepu-
3yeT AMHaMu4ecKUe (acToTHbIe) cBoiicTBa OV npu ero pabore ¢ 60nbluU-
MU CHrHanaM# cTyneHyarodl ¢opmbl U uMeeT 3Hauyenue ~ (0,1-200)
B/mxc.

BpeMs yCTaHOBIEHHS BBIXOJHOTO HAlPSKEHUA Ty, CIYXKHT s
OLEHKM IHHaMHIUeCKUX xapaktepucTuk OV U onpepenseTcs Kak HHTEpBal
BPEMENH, B TEHEHHE KOTOPOro BeIXOAHOE HanpskeHue OV M3MEHsAeTcs OT
ypoBHa 0,1 cBOEro HOMMHANIBLHOTO 3HaueHus A0 ypoBHA 0,9 or 3Toro
HOMHHAIBHOIO 3HAYEHHUS BBIXOJHOTO HAIIPSKEHHS.

HactoTa eRUMHHYHOrO ycuiaeHus f; — 3To 4HacToTa, Ha KOTOpPOI
3HayeHue xoddduiumenta ycunenus K,, ymenpimaercs ao 1. Hacrora f|
nexut B mpejenax ot 0,2 MI'y (mns HuskowacToTHBIX OVY) HO HeciTKoB
MI'1 1 BBILE 4JISi BBICOKOYACTOTHBIX OVY).

Huanason evixoOnoco Hanpsaxcerus. JnanasoH W3MEHEHHs BBLIXOA-
HOIO HanpsDKEHMsT 3aBUCUT OT 3HA4YeHUH HAaMpsKeHWH HCTOYHMKA
MHTaHHs, CTPYKTYPhl BBIXOZHOTO KAaCKaja U HArpy3ku, MOAKIIOYAEMON K
BbIXOJY ONEPALUOHHOr0 YCHIUTENS.

[IpakTuueckd Bce pacCMOTPEHHbIE BBIIE [TAPAMETPHI 3aBHCHT OT
ycloBU# 3KCILIyaTalluy, IpexkIe BCero OT TeMmiepaTypbl. UyBcTBUTENb-
HocTs OV K U3MEHEHHUIO BHELIHUX BO3JeicTBUH XapaKTepusyeTcs TakuMu
napameTpaMK, Kak TemmoeparypHble Apeiidbi HanpsKeHUs CMeLUeHHS,
BXOZHOMO TOK2a W pa3HOCTH BXOJHbIX TOKOB, Jpefd HanpsxeHds
CMELLEHUs MTPY U3MEHEeHHH HanpshKeHui muraHud u 1. 1. TemneparypHbiii
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npeiip mpencraBnseT cofolf M3MEHEHHWE HaNpPsKEHUS HIM TOKa IIpH
U3MEHEHWH TeMIepaTyphi okpyKawonuleit cpeasl Ba 1 ‘C. Psin napamerpos
YCTAHABIMBAET OrpaHUYEHUd Ha MAaKCHMalbHble M MHHHUMAIbHbIE
3HAYCHHA HANpsDKeHu NMUTaHWsA, Ha OPEAECNbHO AOMYCTUMbIC 3HAUCHMS
BxomHbIX HanpskeHMA Uy g M U g BBIXOAHOTO ToKA Iy H
noTpebsieMoif MOIIHOCTH, a TakXXe Ha AWana3oH paboyux Temieparyp.

B 3aBWCMMOCTH OT 3HaueHUH OCHOBHBIX MapaMETpoB M 00JacTH
NPUMEHEHUS PazIHYaioT CleAYIOLIMe TUIILI OIIEPAallMOHHBIX YCHIUTENEH:

— OnepalyOHHbIE YCHJIMTENU C MajbIM BXOAHBLIM TOKOM (BXOAHOH
mabhdepermanbHbiid kackan OY 110CTPOEH Ha N0NEBLIX TPAaH3UCTOPAX);

— OBICTPOJEHCTBYIOIME ITMPOKOIIONIOCHBIE ONEPALMOHHbIE YCUIINTE-
JM  (XapakTepu3ylOTCS BBICOKOH CKOPOCTBIO HApacTaHWd BHIXOJHOIO
HaNpsDKeHWs, MajiblM BpEMEHEM YCTAHOBJIEHHMs, BBICOKOW 4acToOTOH
€IMTHUYHOTO YCHJICHUS);

— MPELU3HOHHBIE (BbICOKOTOYHBIC) ONEPALUOHHEBIE YCUIAMTEIH, WC-
HONB3yeMble Ui YCHIICHUS MaJIbIX 3JICKTPMYECKUX CUTHANIOB (XapakTepH-
3YIOTCSI MaNbiM 3HAYCHHEM HaNpOHKCHUS CMELLIEHHs U €0 TEMIIEPATYPHLIM
Ipetidom, GompninME 3HaueHHAMY K03 dunueHToB Ky, ¥ Ky, ¢ ¥ BXOI-
HOTO CONPOTHUBIEHUA R, 1 HU3KMM YPOBHEM LIyMOB);

~ MHOTOKaHaNbHBIE ONepallMOHHbIE YCHUITUTENH;

~ MOLIHBIE ¥ BBICOKOBOJETHHIE ONEPailMOHHbIE YCHIMTENHN (BBIXOA-
Ho# Tok 2100 MA, a BbIxoHOe HanpsxkeHue > 15 B;

-~ MHUKPOMOIUHBIE ONEPALUOHHBIE YCHNHTENH ¢ aBTOHOMHBLIM HMTa-
HueMm (Tok notpedieHus MeHee 1 MA).

Hepedamoyneie u vacmomnuvie xapakmepucmuxuy OV

B nanHom naparpade, He IpeTeRAY Ha NOJHOTY M3JIOXKEHNS, KPATKO
PacCMOTPUM [epeJaTouHyIo, aMIUIUTYJHO-YaCTOTHYIO B (a3o4acToTHYIO
XapaKkTepUCTUKHU  OINEPAlMOHHBIX  YCUIUTeNeHd, HMCHONb3YyEMbIX B
aHaJIONOBBIX AJIEKTPOHHBIX YCTPOHCTBAX.

IMepenarounas XapakTepHCTHKa, NpejcTaBidolias cobolf 3aBucH-
MOCTB BUIA Uy = f (Uyy) JU11 HEMHBEPTHPYIOLLETO BXOJA ONEPaLMOHEOr0
YCHIIHTeNs, NIoKasada Ha puc. 8.3. TlepegatoyHas XapakTepUCTHKA, KAK BUAHO
M3 pHCYHKa, paclojoxkeHa B JBYX KBajpaHTaX, 4YTO OOBACHAETCH
nupMMeHeHHeM B Kadectse nuTaHusd OVY ABYXNOJAPHOrO WCTOYHHMKA
Hanpsxkenus (+E,, — Ey) co cpearum BhiBogom. OTCIOAA Takke BUAHO, YTO
nepeiaToyHas XapakTepHCTUKA He MPOXOAMT uepe3 Hadano KoopAMHAaT. Y
PasIUUHbIX MUKPOCXEM OITePALUOHHBIX YCUIUTENeH OJHOTO M TOIrO e THNa
3Ta XAPAKTCPHUCTUKA MOXKET NPOXOAATH KaK ClieBa, TaKk U clipaBa OT Hayajla
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KOOpAMHAT. 3apaHee fIPEACKa3aTh TOYHOE MONOXKEeHHE MepeAaToYHOM
XapaKTeprHCTUKN HEBO3MOXHO. 3HaueHue auddepeHuHanbHOro HampskeHus,
npH KOTOpOM HanpsbkeHue Ha Boixoge OV pasHo HyMO (Ugy = 0), Kak
OTMEUEHO paHee, Ha3biBaeTcA HanpsikeHueM cmeluenus U, (umm
HaMpspKeHWeM  cMetlieHuss Hyqs). s Toro, wtoObl nepefarouyas
XapaKTepUCTHKa NPOXONNA YEPE3 HAYANO KOOPAMHAT, T. €., AJIsi TOr0, 4To0b!
Uge 06170 paBrOo Hymo MM Upg = 0, MpUMeHsIOT paziivuHbie Cnocobbl
KOMNEHCALMH HanpsOKeHHUst CMellleHus (DanaHCMpOBKa, KOppeKuus Hys,
HacTpoiika Hynsa). B HeworToppix OV s KOMIIEHCAuMu HampshKeHUs

CMELLEHUA NPENYCMOTPEHbI CrIELHANIbHbIE BBIBOZIbI OANaHCUPOBKH.
Unor, B

/ Ugzng, mB

Puc. 8.3. [lepenarouHas xapaktepucruka OY

B apyrux OV Takue BbiBOAbI OTCYTCTBYIOT, B 9TOM Clly4ae Ha BXOAbI
ONEPaLOHHOTO YCUIIUTENA, KPOME YCUIMBAEMOro cUrsana, Heobxoaumo
nojaBarh HampsbkeHUue OalaHCHPOBKY, KOMITEHCUpPYIOLUIee HampskeHHe
CMelleru.

Ha mepenatodHoll XapakTepUCTHKE BLIIENSIOT ODNACTYH YCUNIEHHUS M
HachlLIEHUA, COOTBETCTBYIOIIME ABYM pexnmam paboThi OV: pexumy
ycuneHus (THHEHHOMY UM AKTVBHOMY PEXHMMY) M PEKUMY HacbiLIEHUS.
PexuMy ycwieHHS COOTBETCTBYET Y4acToK (001acTh YCHACHHA)
nepejaTouHoOR xapakTepucTUKM, rae HabnronaeTes Haubonpllas CKOpoCThb
M3MEHEHMS BBLIXOJHOrO HANpPSHKEHHSA, KOTOPOE JIMHEeMHO 3aBUCUT OT
AnddepeHuHanbHOrO HanpsxkeHus, T. €. Uy = Ko U g

YyacTKH MepelaTOYHON XapakTepUCTHKH, KOTOPbiE HAaxOAsTCs BHE
obnacTH ycuneHus, Ha3bIBAIOTCA OORACTAMM HacblOeHus. ng »tux
obnacreii, COOTBETCTBYIOWIMX PEXUMY  HACHIULEHHA, XapakTEpHO
MOCTOAHCTRO 3HAUYEHHH BLIXOJHOTO HAMNpPAXKEHHA HIH W3MEHEHHIl
nuddeperunanbHoro  Hanpsbkenus.  OObLIMHO  cuMTaeTCd, HTO B
pPEXXUME HACBLILICHUS BbINOSHAETCS YCIOBUE
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Ugux =+ En— 3 B (0 Uy > 0) 1l Uy = — E + 3 B (Mnin Uy < 0),

rae + E, u ~ E, — HanpsbkeHud nutaHuda. B npuOmwkeHHBIX pacderax
MHOF/Ia CYUTAOT, YTO B pekuMe HachIUEHUS Uy, = + E; win Ugyy = — Eq
Hetpynno 3aMeTuTth, uTo 4eM Gonblie koadduiuent ycunenua K, npu
3afaHHBIX HanpsxkeHusx + E, m — E;, TeM MeHblie TOT OvanasoH 3Ha-
uenuii muddepenunansioro HanpsokeHus Uy, KOTOPBIA COOTBETCTBYET
pexuMy ycuienus. Ecid 3apaHee W3BECTHO, YTO ONEPalHOHHBIA yCHIHH-
TeJb paboTaeT B PeXKUME YCHIEHHS, TO IPH MPaKTHYECKUX pacyeTax
06briH0 AnddepeHUnATbHOE HATPSDKEHUE PUHUMAIOT PABHBIM HYJIFO.

PeanbHble 3NEKTPOHHBIE YCTPOWCTBA, MOCTPOCHHBIE HA OCHOBE
OMEPALMOHHOIO YCUJIMTENS, NPaKTHYECKH BCErla HMMEIOT Kod(phHLHEeHT
YCHJIEHHS 3HAYMTENbHO MeHblie Ky, T. K. B HUX HCIONb3yeTCA OTpUua-
TeJIbHas oOparHas CBA3b.

Koadduuuent ycunenus no Hanpsoxeruo OV K, ymeHbLIaercs ¢
yBenuueHueM vactoTsi f. B nocnesHeM ciyuae Takxe BOSHMKAET CABUT 110
dase ¢ Mexny HanpsxeHUAMH U, U Uyy [Ipu 3TOM npeanonaraercs,
410 HanpsKeHUS Ugyx ¥ Uyygy U3MEHSIFOTCS 110 CHHYCOUAATBHOMY 3aKOHY.
B ofmem cnyuae Ko3(hGULMEHT YCHIGHHS SABJSAETCA KOMILIEKCHOH
BETHUKHON, 4TO OoTpakaeT Haduuyue (a3oBbIX UCKaXEHUH YCUJIMBAIOLLETO
nuddepeHaIbHOr0 curHana. TakuM o6pasoM, A ydyeTa 4acTOTHOH
3aBucUMOCTH K, YAOGHO HCIIONb30BATL KOMILIEKCHBIR KOIDODHLHEHT
ycuienus no HanpakeHno Kyo! Ky = Usyy/ Uug, 1€ Ugyx B U gy — KOM-
IEKCHBlE 3HA4YeHUA nepeMeHHbIX HarpskeHUR Ugpy B Upug, COOTBET-
CTBEHHO. Ha nppaxkTHxke npH aHalM3€ MHOIOKacKaiHbIX YCUIIHTeNeH
LIMPOKO HUCIIONB3YIOT TorapudMudecKie eMHNLbI OLEHKH koa(gduLinenTa
YCHIIEHHS, KOTOPBIH BRIpaXKaeTCs B AeLbeiax U ONpeaesercs KaK

Kol 1B =20 Ig K, -

Ha puc. 8.4 nokasanbi aMILTUTYZHO-4acTOTHas (&) ¥ azouacToTHas
(6) xapaxrepuctuxu 1 OV tvna K140 YI8. [1o ocu OpAMHAT OTI0XKEHbI
sHaueHua Ky Ab, a nmo ocH abcuuce oTsIoKeHbl 3HAUEHHsT YaCTOThI B
norapudmuuecKoM Macuitade.

Kak BumHO u3 puc. 8.4 Momynb kosdduuuenta ycuneHus (K| u
cABMI 1o daze HauUMHAIOT YMEHbLUATHCH yKe MpW yacToTax mnopsiaka 10
['u. Oaxako, HECMOTPS Ha 3TO, MHOrMe TUTBE OY MOTYT BINOJHE YCIEILHO
paboTaTh Ha 3HauMTeSLHO Oosiee BBICOKMX 4acToTaX (B JECATKM M COTHH
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Kusorepl). 10 OOBSCHAETCA TEM, HTO B MPAKTHYECKHMX CXeMaX OOLIYHO
MPUMEHAETCS OTpHUATeNbHas oOpaTHas CBA3b, 32 CUET KOTOpOH Cyuue-
CTBEHHO YJy4LIAIOTCH YACTOTHBIE CBOHCTBA AHAJIOTOBBIX 3MEKTPOHHBIX
YCTPOMNCTB, MOCTPOSHHBIX Ha OCHOBE ONEPALIMOHHLIX yCunuTene.

K|, 2B o)
90
e
€0
464
#H
15
G 81 Tl TE4s WA legs £, TH
a)
‘ 3 $E+ ) F+08 "
T
K ) f, Tu
&j
" S — .
420 '
@, rpan

6)

Puc. 8.4. AMnantyaHo-uacToTHas (a) 4 ¢azoyacToTHas xapaxrepuctHk (6)
OY tuna K140Y/18

Y HEKOTOpbLIX ONEpPaLMOHHbLIX yCHHTeNneH YaCTOTHBIE XapaKTEpPHC-
THKH TaKOBBI, YTO BO3MOXHO CaMOBO30yxkieHue (NP1 3TOM YCHIHTENDb Ha
ocHose OV npeppaltiaeTcst B reHepatop). Jing Heo6xonumMoro u3mMeHeHus
YaCTOTHBIX XAPAKTEPHCTUK KUCTMONbL3YIOT KoppekThpytomue RC-uenovku.
BbiBOJBI ONEPALUOHHOTO YCHIUTENA, MPEAHA3HAUEHHbIE [ MNOAKIIO-
YeHHs KOppeKTupylomux uenei, obosnauaior yepe3 FC (frenguency
correction). Onepauuonsbiii ycunmnrens K140V/I8 He TpebGyer ucnons-
30BaHMS BHEIIHUX KOPPEKTHPYIOLIMX LETeH.

Paccmotpmm Haubonee pacnpocTpaHeHHble CXEMbl BKIOUYEHHS
OnepanMoOHHbIX ycunutenei. [lpu 3ToM Ins ynpouleHUs aHanM3a CXem,
NIPEANONOKYM, YTO MEEM JEeN0 C MACANbLHLIM ONEPAlMOHHbIM YCUINTE-
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neM, KOTOpBI YHOBJIETBOPAET CIEAYIOHIUM TpeOOBaHHsM K 3JIEKTpH-
4EeCKHM flapaMeTpam:
~ BXOAHOE CONPOTHBIICHUE PABHO OECKOHEYHOCTH (RBX =o00,[,, =0 );
— BHIXO/IHOE COMPOTHUBJIEHHE PaBHO HYMO (R, =0);
— KO(D()HUUMEHT YCUTIEHUS 1O HAOpsLUKeHUIO (KoaddulMeHT ycue-
HHs nu¢depeHnanbHOro CHrHana) paBeH 66CKOHeHOCTH;
— aupdepeHIMATEHOE HANpHKEHWE B DEXMME YCHIEHHS PaBHO
HYJIEO;
— cHH(]a3HOe BXOAHOE HANpsKeHue He JaeT peakiiy Ha BbIXO;
— HaIpsDKeHUe CMEIUeHMS (CABUra) paRHO HYJIFO.

8.2. TunoBblie cxemMbl Ha ocHoBe OY
HnBepTupyromnil yCHJIMTEAb

CxemMa MHBEPTUDPYIOUIETO YCHIMTENs, I[OCTPOSHHAs HA OCHOBE
ONEpalMOHHOr0 YCHIMTENd, MoKa3aHa Ha puc. 8.5. Pesucrope! BXomHOH
uery (R ) ¥ Len OTPULEATENBEHOH 00paTHOH CBA3H (R ) 00pasyloT JenuTens
HaIPLKEHUS, Yepe3 KOTOphIH Ha uHBepTHpytotuH Bxog OV nopaetcs BXoaHoe
HanpsokeHue U g, , @ HOUHBEPTUPYFOIIMH BXOK COSIMHAETCS C HIKHOM 3eMJTA.
[Tpu BmoyeHur OV B KayecTBe HHBEPTHPYIOLUETO YCHIIUTENS €r0 BBIXOAHOE
HADpSKEHME CABUHYTO NO (ase Ha 180" OTHOCHTENBHO BXOIHOTO HANPSKEHHA.
[MpeamnonoxmM, 4TO ONEpaLMOHHBLIN ycwiHTeNb — uAeansHbl (U 0,

Igx = 0), Torna cornacHo riepsoMy 3akoHy Kupxroda ans y3na 2, noreHuma

o

KOTOpOro paBeH MOTeHUMANny ToukH «1» (3emnu), MoxHo samucats I, =1
U U

WM Bx — _ “Bbix |
= TG e R
Rl ch_ —'—*I‘—O_Cl
I Iy D&
LN E N
Uy l Ut I Usarx
¥ 1 —

1 - 1

Pue. 8.5. Cxema WHBEPTUPYIOLIETO YCUAUTENS
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Orciona xoadpUUMeHT fiepefadd 1o HANpSKEHUIO HHBEPTHPYIOMIErO
yowmrena K . onpenensercs kak
Kuoc =U9ux /UBX =-R OC/Rl
H He 3aBHcHT oT camoro OY, a XxapakTepH3yeTcs napaMeTpaMH BXOJHOH Lenu
u uend OOC. ina CHwKeHUA OTPULIATENBLHONO BIHAHUA TOKA CMELCHUSA
(BXOAHOTO TOKA) N0 UHBEpTUPYIOLLeMY Bxofy OV Ha BbIXOAHOE HaNpsHkKeHUE
MEKIY HEHHBEPTHPYIOIUM BXOAOM M LIMHOMN 3eMis BKJIHOUAETCH PE3UCTOp C
conpoturieHueM R, ,,, KOTOpoe BbiGHpaeTcs B COOTBETCTBUH C BbIPKESHHEM
Ryor =R R /(R +R ).
brarogaps otpuuarensHoli obparnoii cBasu (OOC), BxogHoe comnpo-
THBJICHME MHBEPTUPYIOLLEr0o YCUIUTENS Ha HU3KMX 4YacToTax CYIECTBEHHO
MeHbllle COGCTBEHHOrO BXOAHOrO conpoTusiiennss OV u NIpakTHYECKH paBHO
conporusienuto R,. Tak kak OOC BbINONHEHA MO HANPSHKEHHIO, BBIXOAHOE

COTIPOTHBIICHHE MHBEPTUPYIOLLErO YCHIIUTENS Ha HA3KMX YacTOTax OYEHb Mao
M OTIpeIENSETCA NMPU aKTUBHOM XapaKTepe COIPOTHBIICHU ! BBIPOKEHHEM

A R 3\
Rouxoc =Rpyux / | 1+Ky, WJ, &2
roe K, ~ koothduuuent ycunenus no HanpskeHuo OV.

C  nOMOLIBK) WHBEPTUPYIOIMErO YCHIWTENS MOXHO  BbHIOAHHUTH
onepaunio CyMMHPOBAHUA HECKONbKUX BXOAHbLIX Hanpxx(eﬂmﬁ. Cxema,
peanmu3ylollas  Takyl0 oOnepauuio Y HashiBaeMad  MHBEPTHPYIOLMM
CYMMAartopoM, oxa3aHa Ha puc. 8.6.

UB‘.\Cl Rl Il Ioc Ro C
o o —_—
I BXG R2 13 DA

Uz Rs L Lx .
s - —_— [[/ o
vt 2
—]
Upuc

[J5en )

i

i

e

PHc. 8.6. Cxema HHBEPTHPYIOLIETO CYMMATOpa
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Ecrmu nomuHae! pesvuctopos R, Ry ¥ R paBHBl Mexy cobolf, T.e.
R, =R, =R, =R, TO BbIXOJHOE HANPHLKEHUE WHBEPTUPYIOLIETO CyMMaTopa
onpeaenIercs Kak

BBIX

=- B&(stt + Usz + UBxs) .
R

JUisi  MHHUMH3ALMHM CMELIeHHA [0 [IOCTOSHHOMY TOKY MEXIy
HeuHBepTHpYyoinuM BxogoM OV U ofiuel IIMHOH BKIIIOYAaETCS Pe3UCTOp C
COMPOTHBIICHHEM

Rxop =R'1 ” R2 || R3 ” Roc‘

HeuHBepTHPYIIUIl YCHIHTENH

Heunseprupytomas cxema sxmouenus OV (puc. 8.7) mpumensiercs B
TeX Chyyasx, KOTa HeoOXOAMMO COTIJIacoBaTh HCTOUHMK, OOIamalomiuii
BBICOKHM COMNPOTHBIEHUEM, CO CxeMoit of0paloTkM curHaia, WMeromui
HU3KOe BXOJHOE conpotupieHue. Ilpu BxmoyeHur OY B KayecTBe HEHHBEP-
THPYIOILETNO YCHJIUTENS U €ro BbIXOJHOE HamlpsbkeHHe 1o (ase coBmamaet ¢
BXOJHBIM HaNpsDKEHUEM, KOTOpOE TIONAeTCs HENOCPE[CTBEHHO HA HEMHBED-
TUpYIOIMI BXOJ onepanyonHoro yeunuTens. Ha naseptupyromuii Bxoq OY
yepes AeNUTENb HANPAOKEHHsS, 00pa3oBaHHbI pesucTopamMd Ry W R ., Mo-
Aaercs curaan OOC. Beenenve B uens OOC pe3sucTUBHOTO ATUTENS HAMps-

weHust obecreunBaeT k0dhQUUHEHT nepefauy JeNMTeNs MeHblte 1, uTo
HeobX0aNMO

Toc B
DA
I I
—t Ry 2 = D
P 1<- J UBblx
U |

Puc. 8.7, CxeMa HEHHBEPTUPYIOLLETO YCHIUTENA

ANt onydeHus ko3pduurenTa nepeaai rno HaupsHkeHHI0 HEMHBEPTUPYIO-
IErO YCUIUTENIS, NPEBBILIAOMmEro exnuily. [Ipeanonaras TakKe, Kak 4 B
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cilyyae MHBEpTHpYIOLIEro ycuwnutens, 4yro OV uneansnpii (1, = 0), nns
y3ia 2 3anuiieM nepsblif 3axon Kupxroda:

I, = Lo wnu o = —Iﬁ’lx-" (8.3)
R, R, +R,
Yuureias, uro U .= 0 u, cnenosarensHo, U, = U,, nepenuinem
(8.3).B cnenyroweM Buae: _Uﬂ = Upux .
R, R +R

Ot1tioaa K03(pHULMEHT YCHICHHS N0 HANPHKEHHIO HEUHBEPTUDYIO-
HIEro YCHNUTeNs onpedenseTcs Kak

U
U

me o4 Rec 8.4)

BX 1

Kuyoc =

B uacTHOM ciy4ae, xorna conporusneHue uend OOC pasHo HYO,
k03¢ pUuMeHT nepenayn No HANPHKEHUIO YCUIHTENAS paBeH equHULE.
Toraa BHIXOAHOE HANpDKEHHE YCUIUTENIA PaBHO BXOAHOMY H HEHHBEPTHU-
PYIOLUMH YCHIUTENb NPEACTABAAET cOOO0M MOBTOPHTEIL HANPXKEHMs.

Koapduuuenr nepenaun penurens B uend OOC onpeaensercs
COTJIACHO BbIPAKEHHUIO
B ==
" (R +Ry)

Toraa obuiee Buipakenne 18 KOdpPULMEHTa IEPEAAYH YCHIIHTENS,
oxpaueHHoro nociegosarenbHoit QOC no HanpsKeHH:o, ANA ciyyas Be-

tiecTBeRHbIX ko3dduuuenton Ky,, ﬁoc H Kyoc HMEET CCAYIOIINNA BUA:
Kyoe = Kun/ 1+ Kuuﬂoc)‘
C yueToM Toro, uto OY upeansueiii (K, — ©°), nonyuum

Kuoe =l/ﬂ0(‘=1+R0C/Rl‘
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D10 BBIpOKEHVE COBNaaeT ¢ BhipaxenneM (8.4) mns kosdduuuenrta
K, MOJYyY4EeHHOro Ha ocHopaHuu 3akoHa Kupxroda u momymenus o6

upeansHocT OV,

Tak Kak B cxeMe HEMHBEPTUPYIOLIEro ycunutens (puc. 8.7) BBeleHa
uenb nocsiegosarenibHoit OOC, nns BXOJHOrO CONPOTUBIEHHS YCHIUTENS
fo nocrosuHomy Toky (mpu K, = <HR  —> ) cnpasemiuso
BbIp@XeHHE

R
Rsxoc:RBx 1+KUoEjR:

BhipaxkeHue Ui BBIXOLHOrO COMPOTHBIECHHS HEMHBEPTHPYOLUETO
YCHAHTENS

]+KU0__I~{.].___ X

R
o R, +R,.

=R

BbIX OC

nonydenHoe mpu K, — e u R —> oo, COBNALAECT C TNPUBECACHHLIM
Uo BX OC

Bbie BoipaxkenueM (8.2) aa R . yeunurens ¢ napannemstoii OCC.

Cnenyer OTMETHTD, YTO B OTJIHYHE OT MHBEPTHPYIOLIEFO YCHIINTENA B
HEMHBepTUpPYOLEM ycuaurtene Ha Bxojdax OY wumeercs cuHpasublii
CUTHa, 4TO ABNAETCA €ro HeAOCTaTKOM.

Hcnoassys koMOMHALMIO PACCMOTPEHHBIX Bbillle CXEM UHBEPTUPYIO-
LEro ¥ HEHHBEPTHPYIOLEro YCHINWTENEH, MOXKHO BbIMOIHUTL ONEpaumtio
CNOKEHUS-BbIUMTaHUA. [l 3TOro Ha MHBEPTUPYIOWMIA M HEUHBEPTH-
pytouuii Bxoasl OV cxeMmbl ycHnuTens (CIOXKEHHUA-BbIYMTAHUS) HEol-
XOAMMO N0/1aBaTh OJHOBPEMEHHO HECKONBLKO HAITPAXKEHUHA.

HuterpanbHoie OV UMEIOT A0OCTaTOYHO BbICOKMH KoahduUueHT
yeunenns (10°-10°) ¥ moITOMy BO MHOTMX Cly4asXx MOTPELIHOCTBIO
npeobpa3oBaHust BXOJHOTO CUrHana, BO3HHUKAIOLLEH 3a CUET HIcaIM3aLUK
storo napametpa (K, — o), MOxHo npeHeGpeub. Onnako morperu-
HOCTAMM BBIXOJHOIO HANpPSXKEHWS, BO3HUKAOWMMU ¥3-3a HANUYUA HA
BXOJE PAaCCMATPHBAEMOr0 YCHIHTENA HANpIXEeHHA cmeilenus U,
BxoaHeix TokoB I, w I,, ¥ HU3-3a HEWIEHTHYHOCTH ITHX TOKOB
(pa3sHocTH BXOAHBIX TOKOB Al ), npenebperaTs Henb3s. Bonpock! oueHkH
NOrPELHOCTH BLIXOAHOIO HANPSLHKEHUA NOAPOOHO pacCMOTPeHk! B paboTe [11].
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Hurerparop

Hurterpatop nperctasiser cobolf MHBEPTUPYIOLNHMH YCHIIMTElNb, Ha
BBIXOZE KOTOPOro (OPMUPYETCsl CHIHAN, ITPONOPUHMOHANBHEIA UHTEerpaty
110 BpEMEeHH OT €r0 BXOJHOI'0 CUrHaa.

HMHrerpaTop, mpocreiiuias cxema KOTOpOro moxasama Ha puc. 8.8,
OTNIMYAETCSA OT MHBEPTUPYIOLUETO YCHIJIUTENs TeM, 4TO B LUENb €ro
obpaTHO# cBA3M BMeCTO pesucropa R,. Bkimoyaercs konupeHcatop C.
brniaropaps BUpTyanpHO! 3emile Ha WHBEPTUPYIOLEM Bxofe (IOTEHLMAN
TOUKU «2» paBeH MoTeHuMany obme# Toukm «1», T. k. U, =0) Tok

depe3 pesucrop R paseH otHowmeHuro Uy, /R. DTOT TOK TedeT Takxke
uepe3 kougencatop C (T. K. [, =0), cozaBad Ha HeM Hanpskenue U,

paBHOE BBLIXOJHOMY Hampsoxenuro U

U

sx HHTErparopa. Tax xak 3HaueHWe

. Ha xonneHcatope C NpOIOPUMOHANIBHO TOKY | M paBHO

1
Ue = ¢ [ 1dt, 1o BBIXOAHOE HANPSKEHHE ONMpPEIETIETC KaK

1 ¢U 1
Uy = — EI ot = - i—(—:fusxdr- 8.5)
I, c Upx
..... LI MEL - ol 1 2T ' oat t
O T Qb y ' '
bel T Uppx  Uobi R
1 TN
L 1 NS ;
Ugx T [--"-~--—- -
T RC
a) 6)

Puc. 8.8. Cxema uHTerparopa (a) M BpeMeHHbIE AHATPAMMbI HHTErPALUH
MPAMOYTONBHOTO NEPHOANYECKOro curnaia (6)

Crepyer OTMETUTH, YTO BhipaxkeHue (8.5) copaBe/UMBO AJS WACasb-

Horo OVY. Bupaxkenue (8.5) HeyZobrO i TpUMEHEHHs, eciu
NPUXOAUTCS HMHTErPUPOBATH KOMITIEKCHbIC CHIHabl. B 3TOM cnydae
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Oonee HPHEMICMBIM SBJIIETCA BBIPAXKEHHUE, KOTOPOE MOXKHO NOAYUATE U3
ypaunens 1y OCHoOBe 3aracaeMoro sapazia Ha KOHACHcaTope!:

Q=CU,.

‘I'nk xak 3apag paBeH MpousBeAeHUIO Toka [ u Bpemenn T MOXHO
mnncars [T = CU,_. [Toactapnas sMecto Toka I otHowenue Uy /R 1

nmmecro U, wanpsxenne U MOKHO JUIA CXeMbl HHTErparopa, npyase-

BbIX?
JeHnoi Ha puc. 8.8, onpenenuTh BbIXOJHOE HAIPsKEHUE, KOTOPOe HMeeT
Bl

UBbIX == Uguxl I(R,C), (8.6)

I\ oTpuuaTeNbHbI 3HaK o0ycrnosneH WHBepcuell curHana. BoipakeHue
(8.6) MOXHO nNpUMEHATb A KYCOYHON annpoKkCHMMauM¥ BXOAHOIO
HanpsXeHus.

B kayectse npumepa Ha puc. 8.8, 6 npuBeseHb! BpeMEHHbIE AHarpaM-
Mbl UHTErpaLH NPSIMOYTOABHOIO MEPUOANIECKOro curyana. B uexoaHom
cocrognuy (t = 0, U, =0) BoIXONHOE HanpskeHHe paBHO Hyo. B Teue-
Hue BpeMmenn 0 < t < T, koraa HanpsbkeHHe Ha BXoJie paBHO U

BbIXOAHOE HATIPAKCHHUEC IO abcomoTHOH BENnUUHHE &U

BX ?

WX[ B COOTBETCTBHH

¢ BblpaxenueMm (8.5) ysenwuuBaercs ¥ t = T CcTAHOBUTCA paBHBIM
~U, T / (RC). B teuenue Bpemeru T <t < 2T, xoraa HanpsbkeHue Ha

BXOJIE PaBHO HYJIIO, BLIXOAHOE Hanpskenue |U .

| ymenpiiaeTes 10 Hyns.

Janee 3ToT npoiiecc HHTErpauyH MPsiMOYTOJbHBIX UMILYJIbCOB NEPUOIH-
YecKH NOBTOPAETC.

B peaibHbIX CXeMax MHTErpaTopa BO BXOQHOH LEMU YCHAUTENA,
KpOMe MOAE3HOro CHrHaia, AelcTByloT ApeitdoBbie cocTapasmomme, 06y-

cnosnenHbie HempeanbHoctsio OY (U, 20,1, #0,Al  #0). Eciu onn

? TBx

HE CKOMIMEHCHPOBAaHbt, TO B COOTBETCTBHY C BrIpakeHneM (8.5) BbIxoaHoe
HanpsHKEHUE peanbHOro MHTErparopa OyleT Bo3pacTaTh MO abCONIOTHOM
BENMYMHE BINOTH A0 MAKCUMaNbHO AonycTUMoro Juia OV sxavenus. 31o
BHOCHT 3H2YATENbHYIO MOTPEIHOCTb B PaboTy MHTErparopa, ocoGeHHO
NpH MaiblX 3HaYEHUAX BXOJHBIX CUTHAJIOB,

BeIXOAHOE HanpsskeHde, OOYCNOBIEHHOE MEHCTBHEM YKa3aHHBIX
COCTABNAIOLIMX, B COOTBEeTCTBHY C (8.5) onpenensercs BuIpakeHHEM
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1
U =

t 1 t
BhLIX Ol RC _([ UCM dt + E _‘[ (I BX + Al BX )dt-

B obmemM ciiyqae OTACHBHbIC cocTaBifAomue BBIXOJIHOT'O
Hanps>KEH¥sA B INPUBCACHHOM BBIPAXKEHUHU MOryT UMCTH ﬂpOI/I3BOJ'IBHBﬂ71
3HaK ¥ MOO3TOMY HYacTU4YHO KOMIICHCHPOBATH APYT Jpyra. Opgako Ha
NpakTUKE MPEOCTABIACT HUHTEPEC MAKCUMAJIBHO BO3MOXHOE 3HAYCHUE

Hanpsbkenus oumbku U .. ¥ JUIA ero onpeneneHHs BCE COCTABIIAIO-
uiKe B BbipaxeHuH (8.6) cyMMUpPYIOTCS.

Cnefyer 0TMETHTD, 9TO K OIIMOKE HHTErpUPOBAHUL HEOOXOXUMO OT-
HECTH 1 coBCTBeHHO Hanpsixenue cmelenus U, , koTopoe, CKiaabBasIch

C HampsbKeHHeM Ha KonzeHcarope, GOPMHpPYET BbIXOAHOE HAIMpPKCHUE
OVY. YuuThiBas CKa3aHHOE U 3aJlaBas MaKCHUMallbHYIO OWUOKY MHTErPUPO-

Banua U =U_, .., MOXHO HaliTH nOMyCTHMOE BPEMS MHTETPHPOBAHHS

Uom MAX _Ucm .
/0, /R+1,,+AL)

tyuwr non =

CrenyeT OTMETHTB, YTO YeM MeHbIIE BPEMsl WHTErPUPOBAHUA, TEM
fonpile TOYHOCTH NpoHecca HHTerpaldy curHama. JIis noBbILUEHHS
TOYHOCTU paboThl uHTErpaTopa npuMedsioT OY ¢ MajibiM¥ 3HAYECHUSIMH
Uey» Ly 4 AL, . Jlpyrue crnocobbl yMeHbIIEHUS OLIMOKM MHTErPHPOBAHNS

CBA3aHbl C UCIOJL30BAHMEM BHEHIHUX Lienedl KoMmneHcauuwud U | 4]

cMm?  iBX

Al,, ¥ IIPUHYAUTENLHOrO 0OHynenus uHrerparopa [11].

Hcrons3oBaHue BHEIIHUX Hered KoMeHcalyy no3somser anbo npu
3a1aHHOM BPEMEHH WHTEeTPUPOBAHMS 3HAUMTENBHO MOBBICUTH TOYHOCTh
paboTel uHTErparopa, nubo npu 3agaHHON OWMOKE YBENMYUHUTH
JOTIyCTUMOE BPEMS HHTErpUpOBaHUS.

[py nmocTpoeHUM pasiu4HbIX 2HAOTOBLIX 3NEKTPOHHBIX YCTPORCTB
yacTo OblBaeT HeoOXOAMMO NONYUUTH BbIXOJHOW CUrHaMN, MIPONOPLHUO-
HaNIbHBIH HHTETPaly OT CYMMbl HECKOJIBKUX HaNpsKEeHUH.

Jnis nonydenus HalpsoKeHHs, NPONOPIMOHANbHOIO MHBEPTUPOBAH-
HOMY MHTerpajly OT CyMMbl BXONHBIX HallpsDKEHUH Ha MHBEPTUPYROLMiA
Bxox OV cxembr unterparopa (puc. 8.8) monaroT OJHOBPEMEHHO
HECKOJIBKO Hanpsmcex-mﬁ. Ha NPAKTUKE MPUMEHAIOTCA TaKKEe CXEeMbl, B
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ROTOPIIX  BWIXOJIHOC  HanpshKeHUe [POTIOPUMOHANBHO HHTErpamy oT
PIEIOCTH BXOHBIX Hanpspreruit [11].

Jinddepennunarop

JinddepenuuaTop npencraBnser coboi aHaNOropoe YCTPOUCTBO,
manonternoe Ha OV, koTopoe peanusyer GyHKUHIO, 0OpaTHYIO
uirrerpuposanuio.  JIpyruMu  cnoBaMH, OH  BHIMOJHAET ONEPalHIO
JmrpepeHUMPOBaHHS Hal BXOLHbIM CHTHAMOM U €ro BbIXOXHOW CHrHan
IPONOPLMOHATEH NPOU3BOAHOMN OT €ro BXOAHOTO CHTHANA.

lNpocreifinas cxema muddepenuyaropa, BbiMoNHeHHas Ha OV,
npunrcieHa Ha puc. 8.9, a.

\_\ /\ //:
I N B
;T ‘sz :3 T :' ”
: : by
a) 6)

Puc. 8.9. Cxema nuddepenunaropa (a) u auddepeHunpopanue curHana
TpeyroabHoit dhopMbt (6)

JlaHHas cxeMa ABNAETCS MHBEPTUPYIOLINM YCHIINTENEM, BO BXOIHYIO
Lenb KOTOporo BMecTo pe3uctopa R, BkmoueH  koupencarop C. Ecin
cuntars, uyro OVY wudeansHbiff, TOrjga TMOTEHIMAN TOYKH «2» paBeH
noTeHumany obmeit Touky «l» (BUpTyalbHas 3eMisd) ¥ TOK uepes
KoHjeHcarop ompenensercs kak C.dU, /dt. DToT TOK Takxe Teuer
yepe3 pesucTop R, HanpshkeHHMe Ha KOTOpOM pPaBHO BBIXOLHOMY
HanpsbkeHuto uaterparopa. Orcofa U,y =~ RC " dU,, /dt.

Ecni BxofHOE HanpsKeHUE M3MEHSETCH IUHEHHO B ONMpeAeseHHOM
JvarnasoHe, TO BbIXOAHOE HANPAXEHNUE MOXKHO BhIPAa3UTh COOTHOIIEHHEM

Ugx = — RC (AU /AY).
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Ecnu Ha Bxox cxemsl gudepenuuaropa (puc. 8.9, a) nogate curuai
TpeyrofikHo#t (opMBl, TO Ha ee BBIXOJE NONYYAaeTcs NPAMOYroibHOE
xonebanue (puc. 8.9, 6), 1. e. nuddepeHuHaTOp BBIIOAHAET (HYHKUHIO,
006paTHy10 )YHKIHH AHTErparopa.

Cnengyer oTMeTHTH, UTO cxeMa AuddepeHUMaTopa, NpyBecHHAT Ha
puc. 8.9, a, BcieacTBHe chemUUKH CBOeil YAaCTOTHOHM XapaKTEpUCTHKY
[11], xpome mone3HOH cocTaBnAIOMIEH BXOAHOrO CHIrHalla yYCHUJIMBAaeT
TaK)Ke BBICOKOUACTOTHBIE COCTABIIAIONIE BHELUHHX MIOMEX ¥ COOCTBEHHBIX
llyMoB. Bce 3TO OpUBOAUT K 3HAYUATENBHOMY CHHXKEHHIO TOUHOCTH
pabotsl cxembl guddeperunaropa (puc. 8.9, a).

Jns Toro, 9To0bl OrpaHNYHTh KOIQPUIHEHT YCUNEHMA Ha BbICOKHX
4acTOTaxX, OOBIYHO MNOCAENOBaTENBHO ¢ koHleHcaropom C; BKIOYAlOT

pesuctop R,, kak mokaszaHo Ha puc. 8.10. Tlpy 3ToM MakcumaibHOE
ycunenue orpasnyuBaeTcs BennuuHoi R, /R, a MUHHMaNkHOE 3Ha9EHYE

COIMNPOTUBIICHNUSA R] onpeneiaeTCs HCXOnR U3 yCIOBUA
R, <1/(27£,C), ®.7)

rae f,— BepxHss rpaHuyHas yactota pabouero auana3soHa.
OG6emHO 3HaueHue R, BbIOMparoT B 10 pas MeHbIE BLIYHMCIIEHHOTO

no dopmyne (8.7). ns orpaHHdeHns yCUAEHUs Ha BBICOKMX 4acTOTax W,
CNeNOBaTENbHO, YMEHbIUICHUS UyBCTBUTENbHOCTH Huddeperuuaropa
BBICOKOYACTOTHBIM MOMexXaM B cxeMmy Aubdepenuuaropa (puc. 8.10)
BBOJAT TaKXe JOMOJHUTENBHbLIH pe3sUCTOp R,, KOTOpbIH BKIEOYAIOT
rapannenbHo  koHaencatopy C,. BenuuuHy CONpOTHBIIEHHS 3TOrO
pe3ncTopa 0ObIYHO BEIOUPAIOT UCX0as U3 yenosus R;C; =R,C,. [Toatomy
Ha uyacrotax f<1/(2nR,C|) cxema muddepenuupyeT BXOLHON CHTHA.
Tipn nanpHeifinemM yBenWUYeHWM YacTOThl HAYMHACTCS HHTETPUPOBAaHYE
BXOAHOTrO CUTHana. JTO CHWKAET YyBCTBUTENBLHOCTb CXEMbI K JEHCTBHIO
BHEUIHKX BbICOKOYACTOTHBIX IOMEX.

Ha ocHoBe cxeMbl CYMMUPYIOLLETO YCWIHTENS IO aHalloruy ¢
HHTErPATOPOM, MOXHO TNOCTPOMTH M CyMMHpYyHOILMH nuddepeHuaTop.
Ha puc. 8.11 npusenena cxema TpeXBXOAOBOIO CYMMHUPYIOLIETO
nubdepeHIMaTOpa.
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Puc. 8.10. Cxema Puc. 8.11. Cxema

anddepenumaropa CYMMHPYIOILETO
C 3/IEMEHTaMH audepeHumaTopa
BBICOKOYACTOTHOI
KOPpPEKLMH

[Tonarag, kak u pasbiie, OV uaeanbHbIM, AJIst €TO UHBEPTUPYIOLIETO
BXOJla B COOTBETCTBHH ¢ MepBbiM 3akoHOM Kupxroda nosyuum ypasHeHue
JUIA CYMMBI TOKOB

¢ dua,/dt +C duﬂ,%dt +C, duB,%lt =—UBHXR'

Orcrona, nonaras uroC, =C, =C; = C, naxonnm

d(UBXI + UBXZ + UBX})

UBMX = —-RC

TakuM  obpa3soM, TP  ONMWHAKOBBIX  €MKOCTAX  BXOAHBIX
KOH/IEHCATOPOB Ha BBIXOJE CXeMbl CyMMHpytollero auddeperuuaropa
(puc. 8.11) nonyunm HanpsHKeHUE, TPONOPLUKOHANLHOS HHBEPTHPOBAHHOM
[IPOM3BOAHON OT CyMMbl BXOJHBIX HANPKEHHUH.
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9. IPEOBPA3OBATEJIN AHAJIOT'OBBIX CUTHAJIOB
HA OIIEPAITMOHHLBIX YCHIHUTEJIAX

Kak yxe 6pl10 OTMEYEHO, ONEpalVIOHHbIE YCUIUTEH B HACTOALIEE
BpeMs IIMPOKO HCIIONB3YIOTCS B CaMBIX passIudHbIX aHaNOroOBBIX
3MEKTPOHHBIX ycTpolcTBax. JTO OOBACHSAETCS TEM, 4TO, BBEAS B LENHU
npsMolt u oOparHoM mepenauy CUTH&IOB pa3liHyHbie NUHEHHBIE W
HeTUHeHHbie 3MeMEeHThI, MOXKHO HanpaBleHHO CUHTe3UpOBaTh ycTpoifcTea
¢ TpebyeMbIM alropuTMOM MpeoOpa3oBaHUA BXOJHOIO CHIHajIa.
PaccMOTprM HEekOTOphIE cXeMbl Haubosee pacnpoCTPaHeHHLIX YCTPOUCTR
npeobpa3oBaHysl CUTHAJOB, KOTOPbie MOTYT ObITh MOCTPOEHBI HA OCHOBE
OV. Ilpu atom Gynem nonarats, uro OY uaeanbHbIH.

9.1. Jlorapndmugeckuil 4 3KCNOHERIAAILHBIA peodpazoBaTean

JlorapudmuyeckyM  MpeoOpazoparesieM  Ha3blBaeTCd  MHBEPTH-
pyrouuif ycuiuTenb, BbHIONHeHHbIH HAa OV, B uenu oOparHoil cBH3M
KOTOPOr0 MCUOAB3YETCA HENMHEHHBI 3MEMEHT (JMOL WMIM TPaH3UCTOP,
BIJIIOYEHHHMH mno cxeme c¢ oOwed 0Oazoif). [lpa 3TOM BBIXOAHOE
HaMmpsOKeHHe TAkoro IpeobpasoBaTels OKa3biBAeTCs NPONOPLHOHATBHBIM
JiorapudMy OT ero BXOZHOT0 HalpsKeHH:.

B oaxcnoHeHUWansHOM MpeodpasoBartene JUOJ MM  TPaH3UCTOP
HCHIONb3yeTCs BO BXOJHOW Uenu WHBEpPTHpPYOiero ycunutens Ha OV,
NO3TOMY TaKOW yCHIuUTENb, Ha3biBAEMbIll Takke aHTHIOrapudmuueckum,
BHIIONHAET 0OpaTHOEe npeobpa3oBaHye HaNpPsKEHUS.

Jlorapudmuueckuif M IKCROHEHUHUANbREI NpeobpazoBateny Haxo-
[T MUPOKOe NPUMEHEHHE, HanpuMep, Py peanu3aldyd MaTeMaTHYecKuX
oreparmit YMHOXeHHS 1 AesieHus. [1py 3TOM onepanus yMHOXEHUS ABYX
YuceN 3aMEHAETCs Ornepalueil CoXeHHd uX norapu¢MoB, Ajs BbITONHE-
HHUS KOTOPOHM WHCHONB3YHOT CXEMY WHBEPTHPYIOLIEr0 ¥ HEUMHBEPTHUPYIO-
IHEro CYMMaTOpPOB.

BapuanTsl cXeMHO#H peannsauuu jgoraputpmMmuyeckux npeobpasosare-
nef moxazausl Ha puc. 9.1. [lpeanoaoxum, uyrto OY upeansvHbiit (lpx,
Ume), TOrZa, BJaronaps BUPTYabHON 3eMile HA MHBEPTHPYIOUIEM BXOJE,
TOK 4epe3 PE3HCTOp R (I, ) PaBeH OTHOmEHnIO Uy, /R. Tax kak B OY Tok

He nocrynaer (Igx = 0), Tok Ir;, cornacHo mepeoMy 3akoBy Kupxroda,
paBeH TOKY XMOAA [, KOTOPBIH MMEET SKCIIOHEHIMANbHYIO 3aBUCHMOCTE

OT HaIpsDKCHNA HAa Auoe
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I,=1 ev[un “’")—1 ~1, .e—(u%’f] ©.1)

2

A€ U, — HanpsOKCHHE Ha Auoje; 1, — TEmioBol TOK IHOAA; ¢ — Temrepa-

TypHMH DOTeHIHAa.

Puc. 9.1. Cxembl lorapuMHUIEcKOro yeunurens ¢ gaoaom (a)
1 OunonspHeiM TpauzucTopoM (6) B Lieny oOpaTHOM CBAH

Takum obpazoM, anst cxeMbl Ha pnc 9.1, a MOXHO 3alucars

u / / P ©.2)

nOCKOHbe BbIXOTHOEC HANPSOKCHHUE PABHO HANPSAKEHUKO Ha JHOAL,

nepenuiem Buipaskenue (9.2) otHocurensHo U ¥ TOJY4UM

) ' (9.3)

Upix =@ | 1

BhIX
1

rae I, — TenyoBO# TOK IMUTTEPHOIO neEpexoja TpaHsucropa; @, — TeM-

[epaTypHbIH [OTEHIMAN TOro Xe mnepexona. Beipaxkeuuns (9.2) u (9.3)
CIIpaBe MBI TOIBKO NPH MaJIbIX BXOAHbIX chrnanax (U, <0,6B). Ilpu

OOJIBLIMX TOKAX LMOAA WK TPAH3UCTOpPA NOTYyYeHHBIE BRIPAKEHUS dr0T
CYILECTBEHHYIO NOrPEUIHOCTh, YTO SBAAETCS CISACTBMEM IAeHCTBUS uUX
COOCTBEHHBIX aKTMBHBIX CONpOTHBAeHHH. s mnosydenua 6osbiomx
3HAYEHUH BBLIXOAHOTO HANPMKEHMs OHO JOMKHO ObITh  YCHIEHO.
PaccMoTpuM — 3KCHOHEeHUMATbHble  (aHTWiorapudMHUeckne) rmnpeod-
pa3oBaTeNU C [HOJOM M TPAH3HCTOPOM, CXEMB! KOTODBIX NpPUBEAEHSH! Ha
puc. 9.2. BeinosiHEB Takue e NelicTBus, 9TO U IS CXeMbl Ha puc. 9.1, a,
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NnOo aHaJOIrnu MOXXHO 3aIucarth BBIpa)KeHHﬂ JJIs1 BBIXOJOHOTI'O Hanpﬂ)l(eﬂﬂﬂ
3KCITOHEHIUANTBHOTO npeOGPaSOBaTeHﬂ C JMoaAoM
Upx

U,.=—R, I e 79, (9.4)

BbIX

Jas cxembl 3KCTIOHEHLMANLHOrO NMpeobpa3oBares ¢ TPaH3HCTOPOM

BBLIXO/IHOE HalpPsDKEHUE UMEET CAERYIOUINT BHA:
UBX
Usux Z_Roc Ira e 7.

Cnenyer OTMeTuTh, 4TO Jorapudpmudeckuil M IKCIIOHEHUHANBHBI
npeobpasoBareny (GOpPMUPYIOT Ha CBOMX BLIXOJAX HAMPAXKEHHA TONBKO
oA-HO# nonsgprocty. Tak, B cxemax nmpeobpasopareneil ¢ auonamu (puc.
9.1, a u puc. 9.2, a) NpY NONOXUTEILHOM BXOAHOM HAINPHKEHHH Ha
BBIXOAAX 3THX CXEM (OPMHPYIOTCA HAMpPsHKEHHs OTpHUATENbHOI
noNApHOCTH. JINs monydeHHs BHIXOAHOIO HANPSDKEHHS HMONOXKHTENbHON
MOJAPHOCTH HA BbIXOAAX CxeM mnpeobpa3zoBateneil ¢ auonamm
Heobxoaumo: 1) BKIIOUMTH AHOA B 0OpaTHOM HAmpaBieHuy; 2) H3MEHHTD
HONSIPHOCTE U, . ‘

Pig R

Uex

R
T Usux
1 Ryop 1

Puc. 9.2. CxeMbl 3KCMOHSHIHANLHOFO (AHTHIOFOPHPMHUUECKOT0)
ycunurens ¢ anonom (a) ¥ GUnonspHuIM TpaH3ucTopoM (6)

Ryoo

Jns n3mMeHeHusa NoaspRocTedl BXOAHBIX H BBIXOAHBIX HATpAXKEHUH B
cxemax npeobpazoBareneii ¢ TpaH3uctopamy (puc. 9.1, 6 u puc. 9.2, 6)
HEOOXOMMO MCHOMB30BaTh TPAH3HCTOPB! APYTOro (p-n-p)-THia npoBoay-
MOCTU. PeanbHble cxeMbl JiorapupMuUecknX U IKCNOHEHUUaNbHBIX Npe-
obGpasoBarenef UMeioT 6oJice CHOKHYIO CTPYKTYDY, YEM CXEMbI Ha pHC.
9.1 u puc. 9.2. B HUX [jii MUHUMU3AUHK TOIPELIHOCTH, O0YCIOBIEHHOM
TEMIEPaTypHOl 33BUCHMOCTBIO [apaMeTpOB AHOAA M TPaH3UCTOPA,
MCTIONB3YIOTCS JONONHUTENbHbIE TEPMOKOMIEHCALIMOHHLIE LIEH.
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9.2. Heauneiinple npeoGpasoBareiin

Heymneiiuple npeobpasoBaTeiv TaKkKe BHIIOJHAIOTCS Ha OCHOBE
MHBEPTHPYIOMIKUX YyCHUIuTeNelf, noctpoeHHslx Ha OVY. Ilpu sToM BO
BXOJAHOM LIenH WK B ey oOpaTHOH CBA3M yCMITMTENeH Juis moNydeHus
HeMUHEeHHOW 3aBUCMMOCTH BBIXOAHOrO HampsDkeHUs OY oT BXOAHOTO,
BMECTe C JHHEWHBLIMH pEe3UCTOpPaMHM HCHONB3YIOTCd M HEIMHEHHbBIE
INEMEHTBL: JUOAbl U cTaOUIUTpoHbL. Hcnoies30Bauue B WHBEPTUPYIOLIEM
ycunurene KOMOMHALIUM JIMHEMHHBIX ¥ HEIMHEHHBIX 2JIEMEHTOB MO3BOJISET
MOJAYYHUTs KYCOUHO-THHEHHYIO0 aNMpOKCHMALMIO 33AaHHON HEIMHEHHOM
3aBUCHMOCTH BBIXOAHOIO K BXOAHOTO HAPHKCHUA yCUIUTENA.

PaccMoTpuM cxeMy HenauHeiHOro mnpeoOpa3oBaTelis Ha OCHOBE
MHBEPTUPYIOLIETO ycuilMTeNs (puc. 9.3, a), B BXOAHOH LieMH KOTOPOro
BMecTe ¢ JIMHeHHbIMY pesucTopamMu R, R, # R; Hcnonesylorcs HenuHeH-
Hele aneMenTsl (cTabunutpous!) J{; u . Jina aHanu3a pabGoThl CXEMBI
npeanonokuM, 9to Up, < Up, # cTabuauTponbl uieansubie, rae Up u
Uy, ~ Hanpsoxesvs npo6osi crabunurporos M, u . Jpyrumu csiosamu,
TOK 3aKpbiToro (He npobuTOro) crabHIMTPOHA, a TaKkxke ero AuddepeH-
LMaNbHOE COTIPOTHMBIEHHA 1, B pabouell 061acTH XapaKTePUCTHKY PaBHbI

Hymo, T. e. 1, =AU_ /Al =0, AU_=U_~-U_,=0, rae I, - 10K
crabunusauuy; U — HOMHHATbHOE HANpHKEHHe CTabMIM3ALMK [IPH 3a-
nannom Toke; U_o — 1o xe mpu 1 = 0; AU_ — OTk/IOHeHHE Harpske-

nua U_ OT HOMWHANLHOTO 3HAUYeHHs TIpy W3MeHeHuu Toka I BOau3u
paboueii TOUKH.

tUghix

1
'
1
)
)

tuger  ~Yex  Unz Uni ©

a) ' 6)

Puc. 9.3. Cxema HennHeliHOro NpeoGpa3zoBarelif C MOHOTOHHO BO3PACTAIOMIUM
k03h$ULHEHTOM yCUlieHHs (a) U ee TIepeiaTouHas XapakTepucThka (6)
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[lycte Ha BXOX mnpeoOpa3oBarens MOJAETCA HANPMHKEHHE OTPHIA-
TEABLHOH TIONAPHOCTH U €0 3HAaYeHHE HAXOAHTCH B mpeenax ot 0 Ao Ug,

T. €. B iManasone 0 <|Uw| < Uy, - Torna crabunurponst JI, u J{, 3aKphiThi

(npeacTaBnsioT coOolt PasOMKHYTBIE KIIOUM), M MBI MOJNYYAEM CXeMY,
aHAJIOTMYHYIO CXeMe OObIMHOro MHBEPTHPYIOWEro ycunuTens (puc. 9.5).
[To3TOMY BBIXOAHOE HANpPSHKEHUE BCErO YCUIUTENS B NPEeANOSOKECHUY,
R

BX

yro OV npeansHelil, OyIeT paBHO Uyx=—U
3
Orciona KOIQPHUUECHT NMepeads YCUAHTENS

Ky oo ==Roc / R;- (9.5)

Teneph yBen#4uM BXOJAHOE HanNpsikeHUE No abCOMOTHOM BenuuMHe,

voci =

¥ NMyCTh OHO HAXOAMTCA B AuamasoHe Up, <|st|< Uz,, Toraa muoa Up,

OTKpHIT (1pobut), a muoa U, — 3akpbit. OTkpbITHI auon [, npeactas-
JisseT cOBON 3aMKHYTHIH KNIOY, a 3aKpuIThii AMOA [[, — pasOMKHYTbIH

Koy, C  yd4eToM 3TOro MHONYYMM CXeMy, ISKBUBAJICHTHYIO CXeMe
MHBEPTHPYIOLIEro CyMMaTOpa Ha AIBa BX0AA, Ha KOTODbIE NOHAETCS OAHO U
TO ke BXOAHOe HampskeHue U, . IloaTomy kxosdduuueHT nepesadn
YCHIUTENS ONpeaensercs Kak
Kyocz == Roe "‘1"+—1— ’ (9:6)
’ R, R,

JuckpeTHoe 3HayeHue kodthuUHEeHTa nepedauy  yCUIuTens

0CTaeTCs HEW3MEHHBIM /10 TEX M0p, NOKa BXOAHOE HampsikeHue U sx MO

abcoMOTHON BeIMUMHE HE NOCTUIHET HanpsokeHua npobos auona Ji,, T.
e. Un,. llpu nanpHeiilleM yBeNMHYEHHMH BXOJHOFO HAMNPSKEHUS TIO
abcomoTHOM BenMuuKe, KOrAa oHo pasHO u Gonbuwe (JUsx|2 Us,), oba

cTabUIUTPOHA NPOOHBAIOTCA M MPEACTABNSIOT COOOM 3aMKHYTBIE KIKOUU.
B pesynbTare nonydaeM CXeMy WHBEPTHUDPYIOUIEIO YCHIMTENS C Tpems

BXOAaMU, 4JId KOTOPOTO KO3(1)(I)I/ILIH€HT nepenavu onpenensieTcs Kaxk
11 1
Ko =—Roe| —+—+— .7
U oc3 oc R‘ Rz R3
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CpaBHMBasi JUCKpeTHbIE 3HaueHus KkoddduimeHTa nepenayu
YCUIMTENA, ONpenenseMble BhIpaXeHUIMU (9.5-9.7), MOXKHO OTMETHUTH
YTO OPU YBEIMYEHUM BXOJHOTO HalpseHUs 10 abCOMOTHON BeTUYHHE

yBennuusaercs kosdpduunent nepemaqn, T. €. Ky oo3 > Koo > Ky oot

JpyruMu ciloBaMH, ¢ [IOMOLLKIO CXEMBI Ha pUc. 9.3, a MOXHO peanus3oBaTth
MEePEeAaTOYHYI0 XapaKTepUCTHKY ¢ BO3pacTarouiuM Ko3(QHLHEHTOM
nepegaqyyu (puc. 9.3, 6). Jjs IOBbilieHHS TOYHOCTH ANIPOKCUMALUH
HeUHEAHOH 3aBUCHMOCTH HEOOXOAUMO YBEJIMYNTL YUCIO MCHOb3YEMbIX
CTabMIUTPOHOB € Pa3NN4HbIMU HAMPSDKEHUSIMU Tpobod.

Ecnu ra BXxox npeobpazoBaTens NoAaeTcd HaIPSHKEHUE [OJIOXKU-
TeNpHOH MNONIPHOCTH, TO, mNpeHedperas MajbIMH COMPOTHBIEHHAMHU
OTKPBITOTO CTAOMIMTPOHR, MOXKHO OTMETHTB, 4TO KOIGOHIMEHT niepelaun
YCHAMTENA MNpPaKTUUeckd BO BCEM JManazoHe M3MEHEHUS BXOHZHOIO
HanpsXeHus OyaeT OCTaBaThbCAd [IOCTOSHHBIM H HMMETh MAaKCUMAIBLHO
BO3MOXHO€  3HaveHue. JUid  moJiyueHHs  cXeMbl  HeJMHe#HHoro
npeobpa3oBaTessi ¢ MOHOTOHHO YObLIBAIOLMM KO3G@PHUUHAEHTOM Nepeaadn
HeoOXOAUMO HENMHEHHbIe 2JIeMEHTH (CTaOHJIMTPOHBI) COBMECTHO C
pe3ucTOpaMy BKJIIOYUTH B LeMb OOpaTHOH CBA3M, T. €. IapajyleNbHO
pesucTopy R . -

Hcrmonb3ys couetaHue cxeM (IIPAMOTO M 0OpaTHOTrO) BKIIOYECHHSA
CTabUNUTPOHOB B Liend oOpaTHOW CBA3M WHBEPTHPYIOLIETO YCHIMTENS,
MOXKHO NONYUMTE CXEMY HeJIMHeiHoro npeobpaszoBaTess ¢ CHMMETPHYHON
nepeJaTo4Holl xapaktepucTukoit (puc. 9.4, a). Ecnu BbixogHOE Hanpsxe-
Hpe 110 MOAyMo MeHbiwe Un, W Up,, CTAOMAWTPOHBLI J{, U J[, 3aKpPLITHL B

cxeMa npeobpa3zopaTens IKBUBAJICHTHA CXEME MHBEPTHPYIOUIETO YCHINU-
Tenq (puc. 8.5), Torna ko3bouitHent nepeaaun npeobpaszopartens onpene-
JSEeTCS OTHOLIEHHEM CONPOTHBNCHUA R . ¥ Ry, T.e. K oo, =—R ¢ /R

Koadduuuent nepegauu npeobpazoBatens yMEHbUIAETCS, eCIU
npobuT x0Ts 651 OZMH U3 CTAGUIMTPOHOB. DTO HPOUCXOMUT, KOTAR [Une

Gosbite Un, unu Un, (puc. 9.4, 6).

[MpakTudeckoe npuMeHeHUe CXeM HENHHEHMHBIX npeodpasorareneit
(puc. 9.3-9.4), pacCMOTpeHHbIX Bblllle, OTPAHUYUBAETCS HEKOTOPLIMU 00-
CTOATENIBCTBAMH, CBA3AHHBIMU C JUCKPETHOCTBIO PEaIbHO CYLIECTRBYHOLIMX
cTabOUIIMTPOHOB ¥ HEMOCANBHOCTRIO X BOABT-AMIEPHBIX XapaKTEPUCTHK.
BOJIBIIMHCTBO U3 M3BECTHBIX CTAOMJIMTPOHOB MMEET MHHUMAIBHBIA TOK
crabunmzauuu 1...3 MA. D3TOT TOK COM3MEpPHM C MaKCHMallbHO HOMycC-
THMbBIM BBIXOZHBIM TOKOM cepuiiHelx OVY. 3Tt o06cTosTenscrsa
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YCAOXKHSIOT (GopMHPOBaHKe Tpebyembix k03(QUIMEHTOR Mepefadn mnpu
Maibix 3HaveHusx Usx W TeM caMbIM HaKJIaJEBAIOT OTFPAHUYEHUS Ha
topMy  nepeaaTouHON  XapakTepHCTHKM  npeobpasoparens.  [ms
yCTpaHeHWs 3THX oOrpaHWdenuit B uenu obparHodl ceasu OV amecto
CTa0UAMTPOHOB MPHUMEHSIOT  HeJMHeiHble e, COCTOAIKe U3
pesucTopoB ¥ nuonos [11].

R 2 ﬂ' ﬂz L}iﬁ?(a.\’
" DA Rac
g A—dD
ey 1 ‘
1 |
Byop
a) &

Puc. 9.4. Cxema He1uHeliHOro npeoGpa3oBareis ¢ CHMMETPHYHOIM
nepeNaTouHoli XapaxrepucTuioti (a) ¥ ee nepesaTouHan
XapaxkrepHucTika (6)

9.3. HCTOYHHKH TOKA H HANIPSOKCHUHA
HcTouyHMKH TOKA

bnarojaps cBOMM TNOYTH HJCANbHLIM XapaKTEpPUCTHKAM, ApYU
HaNv4yMM OTpHUOATENbHOH OOpaTHON CBA3M oONepalOHHbIE YCUIUTENU
LTHPOKO MPUMEHAIOTCA AN MOCTPOEHUS! HCTOYHHKOB TOKA U HATIPSXKCHUS.
HcTouHuk TOKa, MOCTpOeHHbI Ha ocHoBe WaeanbHoro OY, oTaaer B
Harpy3ky TOK, KOTOpBIf HEMOCPENCTBEHHO OMNPENEAsSETCS BXOAHBIM
HanpAXXEHUEM U He 3aBUCHUT OT MOITHOIO CONPOTURJICHUS HATPY3KH.

CymecTByIOT pa3zfiMyHble CXEMbl TaKHX MCTOYHMKOB, KOTOPbIE IO
cnocoly NOAKMOYEHHS Harpy3Ky MOXKHO Pa3AeiuTh HA ABE MPYRNbL

— UCTOYHMKH TOKA C 3a3€MJICHHO Harpy3Koii;

— HCTOYHUKK TOKa C HAarpy3koil («mnaBalolLieii»), BbIBOJABI KOTOPOii
He COeNHAIOTCA ¢ 001meit LIMHO.

PaccMOTpUM OHY U3 W3BECTHBIX CXeM HCTOYHUKA Toka (puc. 9.5, a),
B KOTOpO# Harpyska coeivHeHa ¢ obmeil muHo# «3emnsa». Hcrounuk
TOKa, TMOCTPOGHHBIH Ha OCHOBE HEUHBEPTHPYIOINENO YCHIUTEIS,
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ofecrmeunBaeT TUK TONBKO O/HOM ITOMAPHOCTH OTHOCHTEINBHO 3eMIIH,
Tpausuctop T, wWcnonb3yeMbili Ha BBIXOAE HEHMHBEPTUDPYIOLIENO
YCHITUTENS, TO3BOJISET MOBBICUTE MAaKCHMAJIBHO JONYCTUMOE 3HAUEHME
BBLIXOJHOTO TOKA HCTOYHMKA.

Tonoxum, uro onepalMOHHRN ycumutens uaeansubit (U, =0),
TOF/la NOTEHUHAN IMUTTEPA TPAH3UCTOpA U, paBEH BXOZHOMY HampsiKe-

o U, (U, =U,,). IIpu 3toM Tok 4epe3 pesuctop R, BHIIOMHSAO-

n*
H.IPIﬁ Q)yHKHH}O AaT4uKa BbIXOMQHOI0 TOKa HCTOYHHUKA, onpenenaeTCs Kak

-

Enl—UBx)/R :

n

a) 6)

Puc. 9.5. CxeMbl HCTOYHHKOB TOKA OTPHUATENBHOI (a)
M NONOXKUTeNbHO#H (6) nonApHocTeit 1 3a3eMiTeHHON Harpy3Koi

OTOT TOK TpaH3UCTOpa MOCTymaeT B Lens Harpy3ku R, . Mostomy
Tok Harpysku I, =1 He 3aBucHT OoT BenmuMHEI Harpysku R, T. k. pa3-

Hocth Hanpsokennit E, w U, mocrosHHa npu HewsMmedHoM 3HaueHMy

BXOJIHOT'O HAMNPSKEHHS.
Ecnu BXoaHOe Hanps>keHUE UIMEHAETCSA [0 HEKOTOPOMY 3aKOHY, TO
10 3TOMY K€ 3aKOHY OYy/eT H3MEHATHCS U TOK Harpy3ku cxemsl. [loaTomy
TaKUe CXEMbl HHOFAA Ha3blBAIOT WCTOYHUKOM TOKA, YIpaBiseMbIM
HanpsokenneM (MTYH), unu npeoGpasoparesiem HanpsykeHHUE — TOK.
JUis M3MeHeHHs HaIpaBieHMs TOKa 4epe3 HarpysKy JOCTaTOuyHO Ha
BbIXOZIE HEHHBEPTHPYIOILUErO YCHNUTENS HKCMOMB30BATE TPAHIUCTOP
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Apyroro (p-n-p)-Tama npoBOAMMOCTH M pesucrop R, nomxmouuTs K
HCTOYHHKY C MOJOXKUTEILHBIM HANMPHKEHUEM.
Crnepyer oTMETHTb, 4TO TOK Harpysku I, B cxeme Ha puc. 9.5 Bcerna

MeHbllle, 4eM TOK pesucropa | , T. K. 4aCTb SMUTTEPHOrO TOKa TPAH3MCTO-

pa oTBeTBAjETCHK B ero 6a3oBYIO UeNb. JTa 4acTb TOKA OOLIMHO MpeHe-
Opexumo mMana u, CiaedoBaTesHO, Majla NOrpeLiHOCTh, CBsi3aHHas ¢ Hel,
T. K. COBPEMEHHBIE TPAH3UCTOPbI KMEIOT OUEeHb BBICOKHI Ko>ddHLMEHT
nepegayyd Mo TOKy O, paesblif 0,99 u Gonee. MOXHO CyHIECTBEHHO
YBEJIHYHTH TOK HArpy3ky H BMECT€ C HUM YMEHbUIMThL OTMEUYEHHYIO
NOTPEelIHOCTb, eCIli 3aMeHNTb OfMH TpansucTop T cxemoill apnuurrosa
(cocTaBHbIM TPAaH3UCTOPOM), KaK MOKA3aHO Ha puc. 9.5, 6.

TMonHoe BBIXOAHOE COHNPOTHBAEHHE CXEMbl HCTOYHHKA TOK2 JOCTa-
TOYHO BBICOKO ¥ COCTABJIAET OObIYHO JecsaTkU merom. Eie 6onbiite conpo-
TUBACHUSA MOXHO MONYYHTh MPHU UCMONb30BAHUM NONEBbIX TPAH3IUCTOPOB,
BbiXOAHOH! TOK Harpy3KkH, Kak OTMEYEHO BbILUE, 3aBHCHT OT Pa3sHOCTH Ha-
npsokewnit E, u U, , B pe3ynbTarte uero moboe H3MEHEHNE HANIPIHKEHUS

MCTOYHUKA nuTanua (—E, win E ) CKa3sbiBaeTCAd Ha BHIXOAHOM TOKe

Harpy3ku. 3TOT HeJOCTATOK MOXHO [peogosieTs crabunausauveil Bxon-
Horo HanpskeHus no E_. Hanpusep, mis ctabunuzauui HanpaxeHHd Ha

BX?

pe3ucTope R, NpH M3MEHEHWUM HaNPSKEHWS WCTOYHUKA MHTaHUA moclie-
J0BATENLHO C HUM BKIIOYAIOT cTabMAUTpOH, Osaroaaps koropomy obec-
1eYuBaAETCS MOCTORHCTBO TOKA [ 1, CIENOBATENLHO, TOKA HArpY3ku | .
PaccMoTpeHHbie BbIlIE UCTOYHUKY obecrneuyBaloT TOK B Harpyske,
KOTOPLIl BO3Bpatnaercs nAubo uepes 3aszemieHue, MUOO uepe3 UCTOUHHUK
NOCTOAHHOrO HampiKeHUs. Ecnu ansd Harpy3kd HeNOMyCTHMO 3a3eM-
JIEHHE, TO [ MOCTPOEHHUS COOTBETCTBYIOWIEr0 UCTOYHMKA TOCTOSHHOIO
TOKa MOXHO MCMOMb30BATh CXEMY WHBEPTUDPYIOLIEr0 MNM HEUHBEPTH-
pytomiero ycunurens. Cxema Takoro MCTOUHUKA TOKA C «mjiaparolieii»
Harpy3koil, BbUTOMIHEHHAA HAa OCHOBE WHBEPTHPYIOLIEro YCHIUTENS, MPH-
BeleHa Ha puc. 9.6. Eciu cunrars ugeansHbiM OV, Torna Tok Harpy3sku [,

paseH oTHowennwo U, /R, u, cienosarensHo, Opu HemsMenHoM U,
TOK I, oCTaercs MOCTOAHHbIM U HE 3aBUCHT OT CONPOTUBACHMUA HArpy3Ku.
Brixoanoe HanpmkeHUe NpeACTaBAsSeTCs pou3BeaeHueM ~ [ R, u

JIO/DKHO OCTaBaThCs B NPEJieNiax, 00yCAOBACHHBIX AMaNa30H0M U3MEHEHHA
BBIXOAHOTO HanpsokeHud OY.
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Prc. 9.6. Cxema HCTOUHHKA TOKA ¢ «ILTABAKOLIEH»
Harpy3Kkoif Ha OCHOBE WHBEPTHPYIOWIEro YCHITHTENA

[lo cyuiecTBY HBaHHOE YCTPOMCTBO MOXHO pacCMaTpuBaTh Kak
YCHIIUTENS C NOCHeA0BATENBHOH OTpuuaTebHo obpaTHol ceasbio (OOC)
no toky Harpysku. Je#cteue OOC mo ToKy Harpy3ku MNPUBOAWT K
1OBBLILIEHUIO BHIXOAHOTO COMPOTHRICHUSA, YTO U MO3BOISACT 0becreunTh B
HeM cTabIIn3aluio BLIXOAHOIO TOKA.

McTOUHHKH HANPAKESHUA

B UCTOYHWMKAX HANpsHKEHWs, BHIMOJHEHHBIX Ha ocHoBe OV,
MCTIONB3YIOTCS JHOABI, CTAOMCTOPHI W CTAaOMIUTPOHBI, paboTalouue B
obnacTu NpAMOro CMEILEHHS Wi B DEXKHME O0paTHOro npobos. OtH
MONYNPOBOAHUKOBLIE  MPUOOPLI  BHITIONHAT  (QYHKLUMIO  BHEUIHUX
UCTOYHUKOB OTANOHHOIO HAMPSOKEHWs, CTabMIBHOCTL KOTOPOro H
onpejenseT cTabUNbHOCTL BbIXOAHOMO HANPIKEHHA yCTPOHCTRa.

OnepauyoHHble YCHIMTENM B CXEMaX WMCTOYHHKOB HANPSXKEHHA
KOCBEHHO Y4YacTBYlOT B (OPMUPOBAHMH BBIXOJHOTO [OCTOSHHOIO
HanpsokeHus. OHU UCTIONbL3YIOTCA [MaBHBIM 00pa3oM ans COrNacoBaHuA
peanbHOro HMCTOYHWKA 3TAIOHHOIO HANPHKEHMS C  MapaMerpamu
Harpy3ki. Tlpu 5TOM LieNblo TAaKOTO COrIacoBaHus Apnfercs obecneyenne
MaKCUMATLHO BO3MOXHOM cTabUALHOCTH HanpskeHusa. Ilpexae Bcero,
COrJIacOBaHMe KacaeTCH BBHIXOAHOIO CONMPOTUBIEHUS U YPOBHS BBIXOLHOIO
HaNpHKECHUA.

PaccMoTpUM cXeMy HCTOYHMKA HAMpPIKEHWS, BBIIOJHEHHOIO Ha
ocHoBe HHBepTUpyloiero ycunutens (puc. 9.7). B cxeme dyHKUHIO
MCTOYHKMKA [MOCTOAHHOIO (ITANOHHOrO) HANpPSXKEHUA BLINOHAET CTa-
OunuTpoH ], HanpskeHue NpoGos KOTOPOIo YCHIWBAETCA MHBEPTHPYIO-

wuM yeunuTenem Ha OY B nepenaerTcs Ha BeIXOR ¢ Kodpduimen-
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TOM YcHIeHus K . Takum 06 a3oM, H3IMECHAA KO3 HIIUCHT necpena-
Uoc

gy gen OOC, MOXHO M3MEHATb BBIXO[HOE HaNpsuKCHUE ycTtpoiicTBa. B
3aKAIOYEHUM  cHefnyeT OTMETHTh, uTo ecinu OY  uAeanbHbIA

(Ky — <R, — 0), TO H3MEHEHHE HANPKEHHs Ha Harpyske,

BBI3BAHHOE M3MEHEHHWEM €€ TOK4, CTpeMUTca K Hymo. ClieJoBaTenbHo,
npumeHenne OV (ocobeHHO MpH 3HAYMTENbLHBIX JUaNa30HaX H3IMEHEHHs
TOKa Harpy3KH) MO3BOJIseT CYLIECTBEHHO MOBHICUTH CTaOMILHOCTH PaboThI
HUCTOYHUKOB HANPSOKEHHUS. :

Réc
RCT DA
R
BX b .
bi Usnix

Ryor j_

Puc. 9.7. CxeMa MCTOUHUKA TIOCTOSIHHOTO HANIPHKEHUS
9.4. AkTnBHbIe RC-pAabLTpLI

OfHOH M3 yYacTO BO3HMKAIOMIHX HA MpAKTHKE 3afay ABAAETCA
cozaanye OHUILTPOB, MPONYCKANOUIMX CHMHANBI B ONPEAENSHHOM
AuanaszoHe (B HOJIOCE MPOMNYCKaHMS) 4acTOT M 3a4CPKUBAIOILMX WX BHe
3TOrO Auana3oHa. OUnbLTPhl HAXOAAT LIMPOKOe [IPUMEHEHUE B PasiH4HbIX
aHaTOroBhIX M UM(GPOBBIX 3NMEKTPOHHBIX yCTpoHcTBax 00paboTku #
npeobpazoBanus curaanoB. COOTBETCTBEHHO pasyIMyarOT AHANOIOBbBIE M
uudposele $unbTphl. B JgaHHOM pasaene paccMaTpUBAIOTCA TOJBKO
aHajgorosple (QUIBTPHI, KOTOPbIE CTPOSTCS Ha OCHOBE IACCHMBHBIX
(KOHAEHCATOPOB, PE3UCTOPOB) M AKTUBHLIX 3NEMEHTOB (OHEPalMOHHBIX
yCwsMTeNel).

OCHOBHBIMH XapaKTepHCTUKAMH (UIALTPOB ABIAAIOTCS: aMIUIATYHO-
YACTOTHAY M (A30YACTOTHAS XapaKTePUCTHKY. AMIUIMTYIHO-4aCTOTHAs
xapaktepuctika (AYX) mnpencrasaser coboil 3aBUCUMOCTH KO3(y-
uueHra nepenaun duistpa K(w), onpenenseMoro oTHOIIEHHEM aMIlid-

TYAHbBIX 3HAYEHUN CUIHANIOB Ha BBIXOAE U BXOAC (bHHBTpa, OT 4acToOThl.
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Ha npaxtnke Gonee WMPOKO HcHONb3yloT norapudmuueckyro AUX
Jeunbenax, KOTOpas MPEACTaRNAET COGOH 3aBUCHMOCTD BB

K@) =201g ' H({o) =20lg P2 (0)+Q? (),
e H(jw) = P(0) +jQ(®) - nepenarounas pynkums; P(®) u Q(w)
COOTBETCTBEHHO JEHCTBUTENBbHAN M MHHMas YacTH nepenaTovHol
dyukuun, 1. e. P(@) =Re [H(w)], Q(0) = Im [H(w)]; ® — kpy-
rosas uyactora; j=+—1.

(Pa304acTOTHOH XapakTepuctikoii (OUX) Ha3pIBaETCS 3aBUCUMOCTE
HVNIEY
o(w)=arg ' HGw)i =arctg [Q(w) / P(w)].
3uayerue @( M) Ha HEKOTOPOIT vacTOTe onpeAesseT CABAT No (hase
BHIXOJAHOTO CHFPHANA (HAaNPSKEHUs) N0 OTHOLIEHHUIO K BXOIHOMY.
lo sugy AUX paznuyaior:

(unbTpbl HIDKHMX 4acToT (PHY), nponyckamomiue Ha BBIXOX
TONLBKO CUTrHanbl, 4aCcTOTbl KOTOPbLIX MCHbLLIEC HeKOTOpof/'I qacToOThl C€pe3a

o), (CUrHaibi BbICOKHX 9aCTOT 3aAEPXKHBAIOTCH);
(unbTpbt BepxHHX YactoT (PBY), nponyckalomue Ha BbIXO] CHI-
Hitbl, WacTOTHI KOTOpbIX Oojblle  HEKOTOpO#l 4YacTOThl cpe3a @

(che)lyeT OTMETUTS, HTO YacToTa cpesa ang puasrpoe GHY u OBY nmeer
patHbLIC 3HAYCHNUS);
HOJIOCOBLIC GUALTPBIL, HPONYCKAIOWMUE CUTHATIBI, YACTOTHI KOTOPbIX

PACoOIOKCHLE B HCKOTOPOM JIMana3oHe 4acToT ) ..., ;

— pexeKkTOpHble (3arpacaarolude) QUIbTPLI, NPONyCKaroWMe Ha
BBLIXOA BCE CHMTHAJbI, YACTOThI KOTOPbIX PAClONOXKEeHb BHE HEKOTOPOro

Jinana3soHa 4acTtoTr @, ...0),, CHFHabl 3TOro AvanasoHa 4acToT 3aJepiKH-

BANOTCA.

Uneanuszuposannbie AYX 3tux unsTpoB rMpuseeHb! Ha puc. 9.8.
()cHOBHBLIMK NapameTpamy GUIBTPOB ABIAIOTCA €ro MOI0Ca MPOMNYCKAHUA
Aw. Hanpumep, nas nojocooro ¢uaerpa Awm onpeiaensercs, Kak u B

YCUTHTENAX, PA3HOCTHIO HAaCTOT cpeza W2 U (Aa) = Wy — () ), Ha
koTophix KodpduumenT nepegaun K (@) ymenbiuaetcs B 1,41 pasa (Ha
3 ab). Kpome A®@, monocosoil GuibTp MOKET XapakTepu3oBaThcs Cpea-
Hell yactotolt Wy = (0] +@y)/2.

243



OuUNBTPH Ha HACCHBHBIX IIEMEHTAX, HA3BIBAEMBIE COOTBETCTBEHHO
NacCUBHBIMYU (HIIBTPAMH, UCTIONB3YIOTCS B CHJIOBBIX LENAX, HANPHUMED, B
Ka4eCTBE CIIAKHUBAOIMX (HILTPOB HA BBIXOJE BHIIPAMMUTENCH BTOPUY-
HOTO HKCTOYHMKA NMTaHWs. J{Nd HUX BaXHOH  sBasercs mnpobieMa
YMEHBbUIEHUsS TabapuTHbIX pasMepoB. OUILTPL, B  KOTOPBIX IS
(OPMUPOBaHMS AMIIIUTY FHO-UACTOTHOW XapakTEPUCTHKM 33AaHHOIO BuJa
MCTIONIb3YIOTCS KpOME IMAacCUBHBIX Takke K aktuBHbie (OY) snemeHTsl,
Ha3bIBAKOTCH akTUBHBIMH RC-dunbrpamu.

K(jw) Kijuw)

0

- 0

Shrermames
el

g

g

{33

aj 8}

K(juw) K{w)

)
d

Puc. 9.8. Uneanusuposatusie AUX ®HY (a), DBY (6),
TIOJIOCOBOTO (B) H PEKEKTOPHOTO (T) PUALTPOB

Takue QUABTPH LIKPOKO NPHMEHSIOTC B WHGOPMATHBHOMN 3IIEKTPO-
Huxe. B akTusHeIX RC-QunsTpax He MCMONB3YIOTCA KAaTYINKH WHIYKTHB-
HOCTH, YTO TO3BOJISIET UX U3rOTABJIMBATH C PUMEHEHUEM TEXHOJIOTUH MH-
TerpanpbHbIX MUKPOCXEM.

Axrtuanle RC-GuUbTpel MO CpaBHEHUIO ¢ MACCMBHBIMM OKa3bl-
BalOTCS JElUEB/IE, UMEIOT Malpie rabaputHble pasMepbl U CIOCOOHOCTH
YCUNMBATE CHUIHAN, faexaliuil B romoce WX [IPONYCKAHHUA, a Taike
OTIMYAKTCA JIEPKOCTBI HACTPOMKK B NMPOCTOTON KaCKaJHOrO BKIIOUEHHS
IpY OCTPOEHUH PUALTPOR BBICOKUX MOPAAKOB. BMECTe ¢ TeM akTHBHbIE
GUNBTPLI UMEIOT PAA HENOCTATKOB, KOTOPhIE OrpaHHMHMBAIOT 00MacTb MX
npumeHenns. K HepocTaTkam akTUBHBIX PUNLTPOB OTHOCATCA: HEOOXOU-
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MOCTH HCNONBIOBAHNA UCTOYHUKA NUTaHUA 1 OV ¢ orpaHuyeHHOCTH
WNCTIMIONO  iManasosa, onpeaenseMas COOCTBEHHBIMH  YaCTOTHBIMM
cnollcrmumu ucnonbssyemeix OY.

Hnerorubie cBOHCTBa GPUILTPOB CUABHO 3aBUCAT OT TOTO, KAKMMU fONH-~
HOMIMH OITUCHIBAIOTCS MX NMepeaaTouHbie QYHKUMN, MK, IPYTUMK CIOBaMH,
OT 1010, KaK pacronoXeHbl HYNMM | NOMIOCH! Ha [LUTOCKOCTH KOMIIIEKCHOH
nacrorbl. YxazaHHbie 0cODeHHOCTH MaTeMaTHYECKOrO OIIUCAHUA ONpPeeIsiOT
XOA AMAAUTYAHO-YACTOTHBIX XapakTEPUCTHK B TIOJIOCE MPONYCKaHUs U
(IEPEXOAHOI 1ofIoce, KoTopast Y peanbHbIX (UILTPOB PaclioNnOKeHa MEXILY

snctorami cpesa O¢ o 3agepkviBarua @3 (puc. 9.8, a).

B psae cnydaeB 4acTOTy 3aepXKUBaHus 3 OMPENENsioT Kak 4acTo-

Ty, Ha KOoTopoil ko3dduiment nepepaun K (@) Mensine ero mMaxcuMath-

noro uavenuns B 100 pas (wa 40 gb) [11].

PaccMOTpUM BOMPOCH! CXEMOTEXHUYECKON pealn3alMu HEKOTOPbIX
nkrumnbix  RC-dunbTpoB, noctpoeHHbix Ha ocHoBe OV, 0oxBaueHHbIX
o0paTitMKn cBA3AMH.

Omu.'rpu HU3KHX YACTOT

OyHKuMIO NpocTeiillero GUALTPa HM3KUX YaCTOT BHINOIHAET CxeMa
uurerpatopa (puc. 8.8), paccmorpenHas paHee B pasaene 8.3,
Kondduumuent nepenaun takoro ¢uiabTpa Onpesensercs BbIPHKEHHEM
K@) = 1 / R Cp . a JJAUX umeer BuA aHANOruuHplif 4acTOTHOMH
XapakTepucTuke, nokasaHHoil Ha puc. 9.8, a. Haknon JIAUX dunstpa-
MHTErparopa Ha yactorax sbilte O paBeH -~ 20 ab/ gek, a yacrora cpesa
W, onpenensiercs kak @, = 1/ RC (Ko + 1), rae Ky, — koo duiment
ycunerus OV.

Orciona, usMensiss napamerpsl R u C, MOXKHO U3MEHHUTL YacToTy M,
W, CNenoBaTENbHO, MOJNOCY HpomyckaHus gunbtpa. [Ipn 3TOM B fosoce
nponyckanus ko3(pguuneHT nepepaun 6yner pasasiM K.

Paccmotpum cxemy aktusHOrO RC-punsTpa HU3KHX HACTOT MEPBOFO
nopaaka (puc. 9.9, a), koropad TaK €, Kak M MACAIbHbIH WHTErparop,

uMeeT onHonetnesyro obpathyio cBsizb(OC). Cuuras, yro y OV Gecko-
HeyHo OONbLIoEe BXOJHOE COMPOTHBJEHUE M PaBHOE HYMIO BbIXOAHOE CO-

npoOTUBJIEHHE, onpeaenum koadduinent nepegaun K (p), kotTopsiii npea-
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cTaBnseT coboif OTHOINEHME BBIXONHOrO Hanpskenus Uy, (p) ¢uistpa
K ero BxoanoMy Hampsokenuto U, (p), T. e.

Kp) = Uy (0 7 Uy () (9.8)

Hajee nns  npocToThl 3alMCH  HATIPAKEHHA U(p) u tox I(p) B
onepatoproit Gopme 3ameHuM Ha U H 1, cOOTBETCTBEHHO.
UssectHo, uto mis OV (mo onpegenenmo) U, = Koo (Us = Ud),

rne Uy u U, — HanpsKEHUS HA HEMHBEPTHPYIOLEM U UHBEPTUPYIOILIEM
Bxomax OV, coorsercTBerHo. Tak kak OV: uieanpHbLpt (€r0 BXOAHOH TOK
I,x paBen 0), To yepes pesucTophl R, 1 R; nporexaeT oauH # TOT ke TOK 1.
Orcrona  ypaBHeHHe, COCTaBICHHOE M8 BHEUHed LEMH, HMeeT
crepyromuit Bua: Ry I + Ryl = Uy, [Ipu 3TOM HAMPSDKESHUE U,=R/ L, u
OHO TaKXe MOXeT ObiTh onpeaeneto kak U, = B Uy, tie B =R/ (R, +
R,) — koadpuument nepenaud uenu OC.
s sxomHoit (uaTerpupytoulei) RC-ueny umeem

1
U =R+ [1+ 1,].
pC
Hanee ¢ yyeToM TOro, 4T0 HANpAXKEHHE Ha HEUHBEPTUPYIOLIEM BXO/E

OV paeno U, =1,/ pC, nonyuaem U, =U,, / [HR]C;S )

Mocne nogcranosku U, u U, — B eipaxkenue (9.8) HaXOIUM, YTO

Usmx (P) = Kuo [UBX (P) / (1 + ch) - B Unmx (p)]
O1crona nony4uM rnepenatodnyro GyHxkuuioo AUX, KoTopas umeer

ClIeAYIOWNM BUI:
K(p) = Kyo 7(+BKyo) _ Ko

1+RCp 1+pt ’

rae Ko — koaddunmenT nepenaun dunbIpa Ha cpenHell yacrore mg T =

RC

— MOCTOSIHHAS BPeMEHH UHTerpupyromel uenu. Ecan B Beipaxkenuu (9.9)

3aMEHUTH p HA jo0 M CYUTATh, UTO YacToTa cpesa ®, = 1/RC, To gns

Mo-AyJs mnepexaToqnod dyHkumuy AUX nomy4yum

2
=K,/ Jl+o?,

9-9)




e o, <o /o, - OTHOCUTENIbHAs 4acTOTa .
OfpwrHas Bed4uHa B JorapudmMuueckoM MacinTabe ompenenser
KOWPUIMEHT 3aTyXaHus QUIbTpa
a=-20lg K(oa,,)=101g——2]—— = IOlg—]z-(]Jrcof)
K*(w.) K5
1. ¢., 710 ¢GuAbTp barrepBopTa nepBoro nopaaka.

PaccmoTtpernble OHY-GUIBTPE EPBOr0 NOpAAKA HMEIOT OXHONET-
aesyrw OC u He 00safatoT cBoiicTBaMH kosie6GaresibHOro 38€Ha 2-ro
nopagka [11]. Kpome Toro, yactota cpe3a ®. y Takux (pUILTpOB He
IHOCTOSHHA M M3MEHSETCA IPU MOAKIIOYEHUH K ero BXOAY UCTOYHMKOB €
PAVIMMHBIMY - BBIXOJHBIMHM  COTIPOTUBICHHAMH, 4TO ABAAETCK ux
HenocTaTkoM. DTHX HENOCTAaTKOB JUILIEHa cxeMa akTusHoro RC-¢unbtpa
HUIKMX 4acTOT BTOPOro Mopsjaka ¢ AByxreTaeBoit OC, cxeMa KOTOPOro
npuscaeHa Ha puc. 9.9, 6.

oa R
!
TR s N D N G o
R l
U
e T <
U R -
I
a)

-—

L

.

Bl

I-'Q

Puc. 9.9 Cxema akrusHoro ®HY nepsoro (a) u Broporo (6) nopsakos
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B cxeme aktusHoro ®HY, npusesenHoro Ha puc. 9.9, cuuras, 4TO
OV wupeanpHslil, MOXXHO yNPOCTUTL MPONEXYPY NONYYEHHS BBIPaKECHUSA
ans nepenaroqHoit pyHknuum AUX Takoro ¢unbrpa. C yueTroM ckaszaH-
HOro, B COOTBETCTBMM C NepBblM 3akoHOM Kupxroda ans ysna «a»
3anuileM

I =(st"Ua)/Rl =1+ 13t14,
npudeM :
L=pCi U, L=U,-Uy)/R3=U,/R;, (9.10)

l4 = (Ua - UBbIX) / RZ 5
I5 = (Uu - UBHX) PC2 =-p C2 UBMx»

Beipaxxenus ansg toxoB I3 mls  ynpolneHsl ¢ yueToMm upeanbHOCTH
OV (U, =U, =0, Ryoy — o). anee nocse noactaHosku (9.10) 8 (9.9)
M HECIOXHOro npeoOpa3oBaHus, a TaKkKE C YYeTOM Toro, 4T1o I3 = I,
MONyYMM BBIpaXKCHUE AN nepejarounoil dynkuuum AUX paccmarpm-
BaeMOro ¢QumeTpa, KOTOpOe MMEeT BUJ, AHAJIOIMYHBIA NepeNaTO4HOM
¢dynxuun OHY Broporo mopsaka:

K (p)= Ao/ (ap® +bp +c),

rae Ag, a, b, ¢ — MOCTOsSHHBIC BEIMYMHBl, KOTOPbIE B HNAHHOM Cllydae
paBHbI:

Ao==Ry;a=RRR;C,C, ;b=R3R, + R R, + R R; ¢ =Ry

IMomock! nepeaatouHoit GyHKUUH PaCHOIOKEHBI B TOYKAX

P2 =~ * \/]/R3R2C2C5_ ~}4«(17/(1)2, rae d=RR:R;C;.

b

2d
Hannas dopMyia NO3BOASET CUHTE3UPOBATH KoNebaTeNbHbIE 3BEHbs

BTOPOTO NOPSAKA C YCTAHOBJIEHHEIM 3apaHee PacTioNOKEHHEM MOMOCOB.

OUALTP BLICOKHX YACTOT

PaccMmorpuM npoctefiunii aktuBEBIA RC-QUIBTP BBICOKUX YacTOT,
cXema KoToporo IpusefeHa Ha puc. 9.10. Cumraem, uro OV nieanbHblif
W HacTOTOM cpe3a ®, BbiOpaHa 4acToTa, MpH KOTOPOH 3aTyxaHue a PaBHO
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3 nb. Tak xax Bxomuoif Tok OV pasen uymio (I,, =0), Tokn [, =1, u 3tu
TOKM C yueToM Toro, yto U, = U, onpenensercsa kax

11 ZUBX/(R]+1/pC) Hu Iz :“UBHX/Rz.

VckimrouuB, U3 3TUX PaBeHCTB TOKU || ¥ I, HOLyYUM BBIpaXKEH¥E LIS
nepenatouHolt pyuxuun K(p):

K
Kpy= Jowe = - Ro __ RCp _ Ktp
U R,+1/pC I+R,Cp l+1p

BX

(9.11)

e Ko = R2 /Rl; T=R, C.

L
b —
Usx v R ¢ 1 Uniix
L I

Puc. 9.10 Cxema axrustioro ®BY nepsoro nopsaka

3amenus B (9.11) p Ha jo, HAXOAUM MOJLY/b NEPENATOYHON QYHKLUM

AUX ®BY:
IK (o) | =Kot /  1+(07).

3aryxanue a =3 n1b npu K(w.)/Ko= /42 ,T. 6. 0:.= 1/t. Tak kak
3aTyXaHue

1 1 2
a=10lg——— = 10lg—[1+1/(@/)? |,
glK(joa)|2 K3

to a3ror ¢(unetp BY umeer nomocy mnponyckamus oT . 10
6eCKOHEYHOCTH.
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Hcnons3yd KackalHOe coeJuHEHHE (PUIBTPOB MEPBOro M BTOPOro
NOPSAKOB MOXHO TOAYYHUTH (GHIRTPHL Oosee BRICOKOrO nopsaaka. Jiisa
CO3JaHusA HPOCTHIX HOMOCOBOTO MU PEXEKTOPHOTO (PUALTPOB COCAUHSIIOT
COOTBETCTBEHHO MOCNEJOBATENBHO WIN HapalieNbHO (UIILTPhl HU3KHX K
BBICOKMX 4acTOT. B kadecTBe npumepa Ha puc. 9.11 npuseseHa cxema
nonocoBoro aktueHoro RC-¢unerpa, nepemarodHas ¢ynxkums AUX
KOTOpOif MMeET CleAyIOIuui BU:

V4 R
K(p)y= -=% =~ =—pt /(1+p1)?,
P)=-7" (1+RCp)R(1+1/RCp) " (14 po)
rae Tt =RC
Zoe
,_R .................. -
Zpy ] 'C—
oo, | DA
M” ....... T ed b D 5
Vs ¢ R 1 Upnix
i 1

Puc. 9.11. Cxema nonocosoro akruerHoro RC-punstpa

PaccMoTpeHHbie Bbllie (UABTPbI MOryT COCTaBATh OCHOBY (HILTPOB
BattepBopra, UebbiueBa, Beccens wiv GuibsTpos Apyroro Tuma (Hanpu-
MEp, UIHNTHYECKOro) B 3aBMCHMOCTH OT 3Ha4€HHH COMPOTHUBICHUH
pesuctopoB R, u R, 1 emkocTH kongencatopos C, u C, [11].
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10. YCTPOUCTBA CPABHEHUSA AHAJIOI'OBBIX
CHI'HAJIOB

10.1. AHanoroBnie KOMIAPATOPDI

Onwoli B3 OCHOBHBIX aHAIOTOBLIX (QYHKUMIl ABNsieTcs QyHKUMS cpas-
HeHWs, JUIs peany3ald KOTOpPOH OOBIYHO HCIIONB3YIOTCS — IHPOKO
pacnpocTpaHeHHbiC aHANOIOBbIE HHTErPANBHBIE CXEMBI, Ha3bIBacMble
komnaparopaMi. [Ip# 5TOM ¢ MOMOIUBIO KOMIIAPATOPOB CPaBHHBAIOTCS
mexy coOolf [Ba aHAJOrOBBIX CHrHanma, NOA KOTOPHIMH 4Yalle BCero
lozpasyMeBaroTCs HanpspkeHus. [1py 3ToM 0ayH U3 CpaBHUBAEMBIX CHTHAJIOB
MoXeT ObITb IepeMeHHBIM (M3MEHATHCS BO BPEMEHH 10 KaKOMY-iubo
AKOHY), KaK ¥ BTOPOH, MIIH NOCTOSHHBIM U BBITOIHATE PYHKUKIO HCTOYHHMKA
YIAIOHHOTO HaNpPsHKeHUs.

B 3aBucumocTH OT 3HayeHMH BXOIHBIX CMIHAIOB (OQMH M3 CpaB-
HMBAEMBIX CHMTHAJIOB Oojibilie, PaBEH WIM MEHBLIE [PYroro), Ha BBIXOLE
komrapatopa  dopMHpYroTCs OO  HANpPSXKEHHS  [POTUBOIONONKHOM
HOJIIMPHOCTH (KaK IIPaBWIIO, C PABHBIMU M0 MOAYIIO 3HAYESHHSAMH), JTu6O
HNIpsKEHe OIHOM MonspHocTU. B nepeoM ciiydae Ui CpaBHEHMS HBYX
HHWIOTOBBIX CUTHAIOB HKCMOMB3YIOTCA KOMIIApaTOphl, BBINOIHEHHBIE HA
octope OV obmjero mnpumeHeHus. Bo BTOpOM ciiydae KOMIIparopbl
PEAnM3ylOT ¢ HMCIIONB30BaHMEM  CHEUMAM3MPOBAHHBIX  AHANOTOBBIX
uirrerpanbiibix - cxem.  Ilpy DTOM  BbIXOAHBIE — HAmpsOKEHHS  Takux
KOMILAPpATOPoOR NOJIACHLI OLITh COrNacoBanbl o YPOBHIO 4 [IOJIAPHOCTH C
CUIHANAMK, HCHOIL3YEMBIMA B LM(POBOIH TEXHUKE, T. €. € YPOBHAMH
Joruieckoil «I» ¢ Jioruyeckoro «O». Takum obpasoMm, KOMIapatopsl sAB-
JASHOTCA  OCHOBHbIMM  (yHKUMOHANBHBIMM — Ookamu (WM y3J1aMu)
COBPEMEHHOH aHanoroBoi U LU(POBOH TEXHHMKH, a TalOKe KIIacca aHanoro-
uMdpPOBBIX CXEM B3aHMHOMO Mpeobpa3oBaHus aHaJOrOBBIX M LM(POBBIX
CHIHAJIOB.

OaxonoporoBkie cXeMbl CpaBHEHUS (IETEKTOPhI YPOBHS)

AnnaparypHoe MCTIONB30BaHHE KOMIIAPATOPHBIX CXEM CBA3ZAHO C
HeoOXOUMOCTBIO paboTaTh MpH OOMLUIMX AMILIMTYAAX (YPOBHAX) BXOMHBIX
CHUIHAJI0B, HACKILAIOLKX TpaH3ucTophl OY.

Paccmorpum oaHy U3 cxem kommaparopa (puc. 10.1, a), 8 koTopo#i BXoz-
HOM CUIHAJT CPABHUBAETCS C ITATOHHLIM YPOBHEM HAIPSLHKEHHS, PABHBIM HYIIIO.
Takyio cxeMy koMnaparopa, KOTOpas UMEET CHMMETPHIHYIO [epeJaTOUHYIO
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xapakTepucTuky (puc. 10.1, 6), Taioke HaspBaloT AeTekTopoM Hynd. Ha puc.
10.1, B npuBeneHbl BpeMeHHble AMarpaMMbl, TOSCHmoLMe paboty
koMnapaTopa Ha OY B ciyyae, KOrla Ha €ro BXOJ MOAAETCH FMEPEMEHHOE
nanpsoxenue U, = U sinwt, rre U — amniurynHoe 3HaueHue BXORHOIO
curhana. M3 BpemenHo# aumarpamMmbl Ha puc. 10.1, B BMAHO, 4TO mnoxa
CHHYCOMIANBHO K3MEHSIOLUEeCs BXOAHOE HaNpMKEHUE MO MOAYMIO MEHbILE

s

HEKOTOPOro  MOPOTOBOTO  3HAYEHUA BXOAHOTO  HAMPMKCHHUS 'U"x o

ONpeJesIIeMOT0  OTHOLUEHHEM ’U

o el / Kyo»  BBIXOIHOE  HarpsbkeHue

YBEIMYMBaeTCS M0 abCOMOTHON BEMHYMHE MPONOPUMOHANBEHO BXOAHOMY

Hanpsbkeruio U, , COTNacHo BLIpaKEHHIO

u,, =K, U,sinot,
rae K, — koadduiment yeunenus OY. Koraa BXOAHOE HANPSHKEHHE AOCTUT-
HET CBOETO IOPOFOBOrO 3HaUEHUsA, BHIXOAHOE HaNpiKeHHe KOMITapaTopa orpa-

HHYKBaeTCs BeJmuuHoM |U

W 0pY JaNbHEHILEM YBENHYCHUH I u Bxl
BbIX MAX

ocTaeTcs NoCToAHHbIM. Takum 06pasoM, Ha BBIXOJE KOMIAparopa gopMupyer-
¢ ABYXNONSPHOE HanpspikeHue, KoTopoe no ¢opme ¢ yBeanYCHHEM CKOPOCTH
W3MEHEHHUS BXOAHOIO CHrHana npubnmixaeTcs K pAiMoyroibHOMY.
] DA
— Use
b

§ b
i RKUD j_‘ .g‘ BTG R EUR | TP :_v...,..:
‘ i niiNhuf t

- Usux reax/ Km
a}

P

Ul
wod Ui waas U;il.;;q
Blaay vaax
; Useas e ! Koo
= Ve sax ? Kl;“-:o ' U
‘ t
- v b o vt
WA AN - Unix s
o) 3}

Puc. 10.1, Cxema perexropa Hyns (a), ee nepeAaTOYHas xapakrepucruka (6) u
BpEMEHHbIe ZuarpaMMbl H3MEHEHHS BXOAHOTO W BBIXOAHOrO HaNpskeHwil (B)
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PaccMmoTpum cxeMbl KOMIaparopa, B KOTOPBIX BXOAHOE HallpshKeHHe
CpaBHHMBacTCs ¢ HEKOTOPHIM Harnepel 3aJaHHBIM ST&JIOHHBIM YpPOBHEM
HanpsHKeHHsT, OTNHYHBIM OT HyNs. DTH CXEMbI Ha3biBAKOTCA TaKXe ONHO-
NMOPOroOBBIMM CXeMaMU{ CpaBHEHMs, 4 MHOT/a AETEKTOPaMU yPOBHS C [OJIO-
KUTENbHLIM ¥ OTPULATENbHLIM TMoporoM cpabatbiBaHus (puc. 10.2, a
n 10.3, a). Kax BUOHO M3 MepesaTOYHBIX XapakTepUCTHK (puc. 10.2, 6 n
10.3, 6) aTux cxeMm, ux cpabaThiBaHUe MPOUCKOIUT, KOT/la BXOJHOE Hamps-
EHUE CPABHUBAETCA C 3aJaHHBIM ITANOHHBIM HAMPSIKEHUEM, T. €., KOTa
Pa3HOCTb HaNpsDKEHUH MEXAY WHBEPTUPYIOIUUM H HEHHBEPTHPYIOLIUM
pxogamMu OV npupaBHuBaercs Hymo. s cxembi kommaparopa Ha
puc. 10.2, a ee mepeisIlOYEHHE M3 MCXOZHOrO COCTOSHHMA C BbIXOJHBIM

HanpsHKeHUEM, paBHBIM U B HOBOEC, MPOHCXOIHUT, KOrja BXOAHOC

BBIX Max
HanmpsDkeHWe  JOCTUTHET  YPOBHS 3TAIOHHOTO  HanpsDKEeHUs
E, (U, =E,;). [TosTomy Hanpsbkenue E.; Ha3biBalOT HOpOrom cpabarhl-

BaHWUA CXEMBI KOMIIApaToOpa.

Usnix 4
Uabix max
t Ueuix -
i 0 Ear Uex
~ Uobix mox -~

&
Pue. 10.2. Cxema neTeKTOpa YpOBHS C [ONOKUTENBHBIM TIOPOTOM
cpabarhiBanus (a) U ee mepeaaTouHas XapakTepucTuka (0)

AHanoru4Ho paGoTaeT cxema KoMIaparopa ¢ OTpHULATe/bHbIM I10PO-
roMm cpabareiBanus (puc. 10.3, a), TOJBKO C TEM OTIUYUEM, HYTO B

M ee
MepeKIIfodeHre B JPYyroe COCTOSHUE ¢ BbIXOJHBIM HAIPSKEHHEM
U,x = Ulwux TPOUCXOIHT B MOMEHT pasercTBa Bxogsoro U, u

sranondoro —E.  Hanpsokennit (U, = —E ). Eciu B cxeme xommapa-

HCXOJHOM COCTOSHMM HampspDkeHwe Ha ee Boixogme pasho —U . .o

Topa Ha puc. 10.2, a Ha HenHBepTUpYOLLKUA BXoA OY BMECTO 3TANOHHOTrO
HanpskeHua E, 1oJaTe NEPeMEHHOE HAMpsOHKEHHE, TO MOJYUHM CXeMy

CpaBHEHMs ABYX NEPEMEHHBIX HamnpsbkeHHi., Takas cxeMa Komrapatopa
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pa60'raeT AHAMIOMMYHO OJHOMOPOroBEIM CXE€MaM CpaBHCHHA, paCcCMOTPEH-
HbBIM BbILIC, N €€ cpa6a*msauue NpONCXOANT B MOMEHTBI COBNAJXCHUSA
BXOOHbLIX CUTHaAMOB Kak o a6comomomy 3HAYCHHIO, TaK H [10 3HaKYy.

R Hebix 4,
“Eot oo Ree Unbix a4
AR W sy m— e
Reyw D
e B
C 5 i
¥ s B U A
T el 8%
t £
% R ?
! D - ~Ugbix max

a) 6)

Puc. 10.3. Cxema nerexTopa Hyns C© OTPULATEABHBIM IOPOTOM
cpabarbiBanus (a) M ee nepeJaTodHas xapakrepucruxa (6)

10.2. PereneparHBHast CXeMa CPaBHEHHSA

Ucnonszosanve B cxeMe cpaBHeHus OV, 0XBaueHHOTo UEHBIO
nonoxuTensHo# obparuoit cBasy (ITOC) ¢ xodhpuLneHTOM NEpeaav,
yZzosneTBopsrolum yenosuio B, >1/K,,, MO3BOJJET HOCTPOUTH CXEMbE

TaK Ha3blBAEMbIX PEreHEePAaTUBHBIX YCTPOHCTB, Y KOTODPbIX NEpeRarouHbie
XapaKTEPUCTHKN HEONXHO3HAUHLI, T. €. UMEIOT 00NacTH HEOAHO3HAYHOTO
COOTRETCTBHS MEKAY BXOOHBbIM Y BbIXOAHBIM HaNpsKEHUAMU (UMEIOT
FHCTEpE3MC).

PaccmoTpuM npusLMn paboTh! CXEMb! PEreHEPATHBHOTO YCTPOHCTBA,
Ha3bIBaeMoOit Takke rucTepesucHoi cxemoit cpasHerus (puc. 10.4). Iycrs
B MCXOJHOM COCTOSHMM, KOTJa Ha BXOE CXEMbI OTCYTCTBYET HamnpsKeHUe

(U,, =0), soixopHoe HanpsieHue WMeeT 3HaueHue, paBroe + Uy vax -

TOF}la Harps>KeHUWe Ha HCHHBECPTUPYIOUEM BXOAC oy UH 6)/}18'!‘ onpenac-
NATHCA BbIPAKECHUECM

UH = Unblx max Rl /(R] +R2) (10.1)
CxeMa B 3TOM COCTOSIHUM MOXET HaXoAUuThLCA O TeX NOop, NOKa Ha-

IIPIXCHAC Ha €€ BXOIE HE CTAaHET paBHbLIM U an JOTOM 3HA4YCHHWHU

BXH *
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BXOJHOIO HANpsDKEHMs, KOTOPOe HAa3bIBAeTCA HANpshkeHHeM cpabaTel-
Banus U ,, NIPOMCXOAUT MepekioueHue CXeMbl M Ha ee Bbixoge GopMu-

pyetcs HampsokeHwue, pasHoe — U

BBIX MAX °
Ry U
LT{?MX AN
R oA
»—-l"_:}—-——‘{b_
§ ] Usux
— ‘ U
UR’E R, i Ugr Uee "
i
a) 6)

Puc. 10.4. Tvicrepesuctas cxeMa cpaBHeHus (a) 1 ee NepeRaTodHas
xapaxrepuctaxa (6)

OueBunHo, HanpspkeHue cpabareiBadusg U, onpepesnsercd, Kak #

U,, mo dopmyne (10.1). B 3TOM COCTOAHHH CX€Mb! Ha HCHHBEPTH-

pylowiemM Bxofe OY ycTanaB/IMBaeTCH HajIpsKeHHe, OlpefenseMoe
BbIP&XKEHUEM

U, =-U R, /(R, +R,).

BbIX mMax

DTO COCTOAHUE CXEMbl TaK Ke, Kak U HCXOAHOE, ABNACTCA yCTOﬁ‘IPI-
BbIM, 110K& BbITOJIHACTCS YCJIOBUE

U, >-U,. R,/ (R, +R,). (10.2)

Korja HepaBeHCTBO B Bhbipa)kKeHWM TIEPEXONUT B PaBEHCTBO, CXEMa
BO3BPALIAETCA B HEPBOHAYATLHOE YCTOHUIMBOE COCTOSHUE U €€ BBIXOJHOE

HafnpsbkeHue BHOBL Oymer pasHo +U 3Hayede BXOMHOTO

BhIXMax "
HaMpsXKEHUs, NPU KOTOPOM 3TO NPOUCXOAUT, HA3BIBAECTCH HallpAXKEHUEM
ormyckanus U, KOTOpoe onpenensercs Kak

U, =-U R,/(R,+R,) (10.3)

BBIX max
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Ipn naneHeilieM H3MEHEHUH BXORHOrO Hanpskenuws U, , korza

OHO CTaHET OTPHHATENBHEE HAMPSDKEHU OTIYCKaHNA U a TaK>X¢ MCHb-

or?

we HanpsxeHus cpabatbiBanus U, cxemMa yCTOMYHBO COXpaHSET

o ?

cocTosiHue, cooTeeTcTByIOlIEe + U

BBIXMax ~

Kax suaHo n3 Buipaxenns (10.3), Hanpsxenna cpabarbiBaHus U
OTIYCKAHUA ¥ pereHepaTHBHON CXeMbl CPaBHEHHA HPOTHBOIOIOKHBI 110
3HAKy, HO OHM MOryt ObITh paBHE! NO BEIUYHHE, €CId UMEET MECTO

= i- U
penatodHas xapaktepuctuka (puc. 10.4, 6), koTOpas CHUMMETpHYHA
OTHOCHTEJNILHO Hayasa KOOPJAMHAT.

Jnsg nonyuenus pasiuuHbiX HampsKeHUH cpabaThiBaHMA Y OTHYCKa-
Hus B uenk [MOC OV npuMeHsIOTCs pereHepaTUBHbIE CXEMbI CPABHEHHS
CO CMEIUCHHLIMM TepelaToyHbIMH XapakTepuctukamu [11]. B rakux
cxeMax K HeuHBeprupyollueMy Bxony OV mapannensHo pesuncropy Ry

pasenctso + U, socmax | - JTOMY CITY4aio COOTBETCTBYET re-

MOAKM0YatoT Juox I, KOTOpBIH 3aKphIT NMPU OTpULIATENbHBIX BBIXOAHBIX
HaNpsOKSHUAX W He BAMSET Ha MOMEHT OTIYCKaHust CXeMbl H,
CJIeJIOBATENBHO, HAIPAXKECHUE OTITyCKaHus ONpenenseTcs, Kak W B ciaydae
cxemMsl Ha puc. 10.4, seipaxenuem (10.3).

Ecny Ha BBIXO/AE PEereHepaTuBHOM cXeMbl CPaBHCHHUS UMEETCH MOAO-
XKHUTenbHoe Hanpsxenue U toraa auod J1 OTKpHIT U HANpAXKEHUE

BBIX max *

cpaGaThiBaHHd HE 3aBMCUT OT 3HaueHus U a Onpejic/AeTcA name-

BpIX max °
HUEM HanpsbkeHHs Ha OTKpbITOM guogne. [loaromy nepenatouHas Xapak-
TEpUCTHKA Takoifi CXeMbl CpaBHEHHMS HE CHMMETpUYHA OTHOCHUTENBHO
Ha4ajia KOOpAUHAT.

Jnd nonyyeHus HeCHMMeTPHYHOM epeJaToOuHOM XapaKTepUCTHKY B
pEreHepaTHBHBIX CXeMaX CDaBHEHHS UCIONB3YIOTCS TaKke JOMNONHK-
TeNbHBIE MCTOYHHMKHM cMeuwleHHs. Hanpumep, B cxeme ga puc. 10.5, a

WCIIOJIb30BaH HCTOYHHMK [IOJIOKUTENLHOFO cMelieRus E,, ¢ Hy’TeBbIM
BBIXOAHBIM CONIPOTHBAEHMEM, KOTOPHIM MOKIIIOUEH MOCIEAOBATENBHO C
pesuctopom R x uewsseptupyromemy sxoay OVY. bnarogaps stomy
nepenaroqHas xapakrepuctuka (puc. 10.5, 6) cMeuieHa BnipaBo OT Hayaia
KOODAMHAT HAa BENHYMHY HanpskeHus cmeweHus E_,. Ecma B
TUCTEPE3UCHON CXEME CPABHEHU, KOTOpas Ha3bIBAETCH TAKXKE TPUITEPOM
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111Mic, Ta, HaNPKEHHE CMELICHNA TTOJATh Hd MHBEP-THPYIOLINHA BXOX
OY. 1orja nepeaaTouHas XapaKTepHACTHKA Y TaKOH CxeMEI OyJieT cMeleHa
WICHO OT HAYaNa KOOPAVHAT Ha BENUYHHY 3TOr0 HANPSHKEHUA CMELLICHHS.

Ry

i UBbIXA
{2
DA Ugtix max
S R o SER ° L UEM‘ ;
Usuix ;
Ugx +~m-~| T @l JYor Uee  Uex
R, L
U ~Ugpix max
L 2 Eem

aj 4

Puc. 10.5. Nictepesuncras cxeMa CpaBHEHHUSA CO CMEILIEHHOH
XAPAKTEPUCTHKON (3) M €6 NepeNnaTouHas XapakTepucTtika (6)

PaccMoTpenHble Bblille CXEMbl CPABHEHUS, BBINOJHEHHBIE Ha OV
o0ICI0  HA3HAYEHHs, TNPHMEHAIOTCA TpH pa3paboTke BHICOKOTOUHBIX
KOMI1aparopoB, paboTaiominX ¢ MEAJICHHO H3MEHAIOIMMHUCS BXOAHLIMH
CHrHanaMmn. DTH CXeMbl TaKXKE MOTYT cOPMUPOBATE HA CBOUX BhIXOAAX
curHanbl HeoOXOANMbIX, Hanpumep, uMQpoBbix ypoHel. OaHako OHM
TpebyioT s AToro  BBelieHHs  OONbIIOrO  YHCNE  LOMOIHUTENbHBIX
WIEMEHTOR, @ TAKKE He MOTYT 0BecneunTh HY»HOTO (BBICOKOro) GpicTpo-
Jeiictsus. s petenuns atnx npobiem UCnonL3yoTCes BHICOKOTOYHBIE ¥
BLICOKOCKOPOCTHBIE HHTErpajibHbIe KOMNApaTOpbl, BbIXOAHBIE Hampsxe-
HUSA KOTOPBIX COrNIACcOBaHbl C CHTHAlaMH, HCOAb3yeMBbIMH B LH(poBol
TEXHUKE AN 0TOOpaKEHH CUIHANOB JAOTHUeCKoil «1» u noruyeckoro «Oy.
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11. LA®PO-AHAJIOT'OBBIE 1 AHANUI'O-IITN®POBBIE
IIPEOBPA3OBATEJIM

B COBpeMEHHBIX BBIMMCIHMTENbLHBIX = CHCTEMAX, HMCTIONB3YOLIKMX
undpoBsle MeTOABI 00pabOTKH MHQOPMAaLMH, LIHMPOKO HPUMEHSIOTCS
YCTPOWCTBA B3aWMHOTO IpeoOpa3oBaHMs AHANOTOBLIX M HUAGDPOBHIX
curHanoB., OYHKUHM TAKUX YCTPOHCTB BBHITOJHAIOT aHanoro-nu¢poBbie U
unQpo-aHaIoroBsle IpeobpazoBaTey.

O6b4HO fI0f AHANOrOBLIMH CHTHAIAMH MOHMMAKOT TOK WIIH
HaTpsUKeHWe, a Mo LUGPOBBIMU — ABOMUHBIE CHUFHAMIBI, NPEICTABICHHbIE
5160 B MPAMOM, TGO B IBOUYHO-ICCATHUHOM KOXE.

11.1. ITudpo-ananorossie npeoGpazoBarenn

Liudpo-ananoropsie nmpeobpazosatenn (LUAIT) npenHasHaveHbl st
npeobpa3osauus HQPOBLIX CUrHANOB B aHajloropbie. OCHOBHBIMH mapa-
MeTtpamy LIAIT sBnsrorcs 9HCHO pa3zpsanoB, pa3peluaronas cnocoGHOCTS,
HOOrpellHOCTh Mpeobpa3oBaHHsA, BPEMs YCTAHOBJICHMS, HEJIHHEHHOCTb W
HanpsKeHHe CMelleHust Hy .

Uucno paspsaos asouuHoro xoaa (N), orobpaarolero aHaaorosbii
CUTHAN, KOTOpoe MOXeT nojapatees Ha Bxok LIATL, npeacrariser coboii
BeNUMHY, OOpaTHYHO MAKCHUMATbHOMY YHCY LIaroB KBAHTOBaHMS BbIXOJI-
HOro aHanoroBoro curHana. Pasperuaroinas cnocoOHOCTH YKa3blBaeT Ha
YHCAO PaspsafOB BXOAHOTO JBOMYHOIO KOAA LHU(POBOro CHUrHaNa H TeM
CaMbiM OfpefenseT YUCHO CTYNEHEK BLIXOJHOIO aHANOroBOrO CUrHana.
Hpyrumy croBamu, paszpelyarouias CrIOCOOHOCTh OrpelenserT BENHYUHY,
ofpaTHyl0 MaKCUMalbHOMY YKCNY 1UAarOB KBAaHTOBAHUS BBIXOJHOIO
aHamoroBoro curxana. [lpy 3TOM (Uar KBAHTOBAaHUA PaBEH B CPEAHEM

OTHOLIEHMIO ONOpHOro Hampaxenuro U, k >Tomy uucny. Takum

obpazom, N-paspsansiii IAJIT umeer paspewiaioiiyl0 CHOCOOHOCTS,

pasryto U, /2" . '
TlorpeltHOCTE Npeobpa3oBaHus B KOHEYHOH TOYKe LIKAJbI (5FS)

npeactaBnger coboll OTKIOHEHUE peaNbHBIX MAKCHMANLHBIX 3HaueHui
BuixogHoro ana LAIl ananoroBoro curHana oT 3HaYeHUH, COOTBET-
CTBYIOLUMX KOHEYHOM TOYKe HAeanbHOM XapaxTepucTHKHU npeobpaso-
Banus. [lox nanpsokennem cmewenus Hyns U, ans LAIT nonumaoT Ha-

NPSXXEHNE, NPUCYTCTRBYIOUISE HA €r0 BBIXOAC IIPHU 10Ja4ye HA BXOJ HyJle-
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HOIO JIOWIHOrO Koxa. Mepo#l usMepeHus BesuuuHbl U, 06bIMHO HC-
nomsyeres cAMHALa Miaguiero paspsiga (EMP).

HenunelinocTs __(ﬁL) — MOrPeWHOCTDb, BhI3BAHHAS OTKIOHEHHEM
peittibiol XapakTepucTHKH npeolpa3oBaHms OT UACAIBHOM IPAMO THHUM
WO WCEM JiMana3oHe IPeodpa3oBaHus, T. €. 3TO Ppa3sHOCThL PeasibHOro Harmps-
KEHUSH, COOTBETCTBYIOLIErO BLIOPAaHHOMY 3HAYEHUIO KONA U HATIPAKEHUS,
KOTOpOE AOIKHO COOTBETCTBOBAThH 3TOMY KOAY B Ciydae uaeanbHoOU
X4paK-reprucTHkH npeobpasoBanus ycrpoiictsa (puc. 11.1).

UBX
Uscrwo bomnoo e ¢F
2 L

oL :

3___: P

Vooy V4 f

r [} »
o LR
Kon

Pue. 11.1. Mneanbuas npsiMas JIMHKS, COEAUHAIOUIAas KOHEUHbIE
TOYKH rpeobpazosanus (1) U BApUAHT peasibHOM
XapakTepucTuky npeobpazosauus (2)

Wteanbnas npaMast JIMHUS MOXET ObITh onpeaencHa, nubo Kxak npsMman
JIMHUA, COE/IMHAKOWEA KOHEUHBLIC TOYKH npeoGpa3osaHm 0u U

BX MAX
(puc. 11.1), mbo Kax nuHUA «Hawtyvwas», obecrneynBarolas MUHHMYU3A-
uMio norpewHocT O L, Hanpumep, CpeiHEKBaApaTHuecKoe OTKIOHEHHE
BCEX TOYEK KOTOPOL OT peafbHOH XapakTepUCTHKH MHHAMANKHO (puc. 11.2).
Benuuvny norpemtocti O L usmepstor 8 EMP,

KpoMe paccMOTpeHHbIX Bbllle CTaTHYecKHX napameTpos LIAII
UMEIOTCA ellle [apaMeTphl, KOTOPLIE XapakTEepU3YIOT €ro JHHaMHYeCcKue
cooiictea. K HUM OTHOCATCS BpeMs YCTAHOBNEHUSA BBIXORHOIO CUFHANA M
MaKcHManbHas 4acToTa npeobpa3oBaxus.

Bpems ycrasosrenus (., ) ~ MHTEpBAT BPEMEHH, OTCHUTHIBAEMBI C

MOMEHTa noAa4yd JBOMYHOro Koja Ha Bxopn LAl no wmomeHra
YCTaHOBNEHHS BbIXOJHOro asanorosoro curHana LIAIl B npesenax,
COOTBETCTBYIOUIMX 3a/IaHHOM NOrPEIHOCTH (TONOBUHE enrHuLbl EMP).
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0 2% xon

Puc. 11.2. «Hauny4wasy npsMas auuus (1) 4 BapHaHT peanbHOH
XapaKTepuCTHKHM npeobpazosaHus (2)

Maxcumanshas yactora npeobpaszosanus (f,,,, ) — HauboMbmAad yac-
TOTa JWCKPETH3aLMU, KOTOpas CBA3aHA C BPEMEHEM YCTAHOBNEHHS

JIOBU < .
ye 8 fc W—}/z‘tycr

Jns npeobpazoBanus uudpoBOro CUrHaia B COOTBETCTBYIOIIUNA eMy
aHaNoroBulit CHrHan (TOK WIM HanpsKeHHE) Ha BBIXOJE YCTpOicCTBa
OpYMEHSIOTCA DasuvHble CXeMbl, Haubonee pacHpOCTPaHEHHBIMH M3
KOTOPRIX sABIAIOTCH cxeMbl LIAT] ¢ cymmupoBanueM BECOBBIX TOKOB (MM
Hanps>KeHUH) ¥ UCIIONb30BaHHEM PE3UCTUBHOR MaTpPULLbI.

Cxema LIAIl ¢ cymMHpOBaHNEM BECOBLIX TOKOB XapaKTEpH3yercs
Hanu4ueM pAla UCTOYHUMKOB TOKA, KOTOPbie MOIyT ObITh MOMIUHOUEHD! K
BBIXOAHON LIMHE ¢ OMOLUBIO KIIFOYEBBIX CXEM, YIPaBIsAEMbiX pa3psiiaMu
npeofpa3yeMoro BXOAHOIO ABOMYHOrO koia. Kakamifi HWCTOUHMK TOXKa
COOTBETCTBYET OAHOMY pa3psly BXOAHOTNO IBOMYHOro Kopa. Ilpm 3TOoM
BO3MOXHBl HECKOJIBKO CMOCcOOOB MONY4YeHUs OTHOCHTENbHBIX BECOB
HCTOYHYKA TOKA4, COOTBETCTBYIOUIMX pasHbIM paspagaM. OuH H3 HHUX
3aKII0YaeTCA B KUCIONB30BAHUKM  JBOMYHOB3BEIIEHHBIX PE3UCTOPOB,
COMPOTMBJICHHS KOTOPBIX TMPONOPLNOHANbHEI BECOBbIM KO(PUIIMEHTAM
BXOJHOIO JBOMYHOr0 KOJa.

JBOMYHOB3BELICHHbIE PE3UCTOPBI NO3BONAIOT HOJIYYUTD
JBOVYHOB3BELICHHBIC TOKH, KOTOPblE€ KOMMYTUPYIOTCA ;MO0 Ha BbIXOA,
aubo Ha UMHY TUTaHHMs 4Yepe3 BXOAHYIO WIMHY ynpasnenus. Kaxabii
pe3ucTOp BO BXOAHOM LENW COOTBETCTBYET ONpPEACIEHHOMY pa3psay
JBOMMHOrO Kopa uudposoro curHana. Ilo cyuwecrtBy Ttaxoid LAIT
npencrasasetr cobolt uHBepTHpYyOWUH ycwiurens Ha OY, BO BXOAHOM
Hem® KOTOPOT0 HMCHOMAB3YIOTCS JBOHYHOB3BELIEHHBIC DPE3UCTOPhI C
YAPABAsSEMbIMU 3JIEKTPOHHBIMY KTIOYAMHU, MOKIIOYEHHbIE K HCTOUHUKY
STANOHHOIO HAINPSKEHUS.
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Mojynb  BoIXONHOTO HAIPSDKEHUS TPONOPLMUHANEH BXOAHOMY
JUOUHIOMY KORY YMCN2, KOTOPBIH oNpeAendeT coctognue kmouel. Cxema
koo LAIT npocra, HO MMeeT HEKOTOPbIE HEAOCTATKU: 3HAYUTENLHbLIE
HIMCHOHNA HaNpsmKeHHs Ha KIMO4YAX M HCMONb30BAHHE PE3UCTOPOB C
CHILHO  OTAHYAIOIYMHCS  CONPOTHBNEHHSIMH, TpebyeMylo TOYHOCTbL
KOTOPhIX TPYAHO 06eCTieYHTh.

Paccmorpum cxemy LIAIT, B xoTopod HCIONBb3yeTCS HCTOYHHUK
rranonHoro Hanpmxerns E . v pesuctuBHas matpuna R-2 R (puc. 11.3).

B 1ot cxeme LIAIl nmpuMeHAIOTCA pPe3UCTOPRI € CONPOTUBJIEHMAMY
TONBKO ABYX HOMAHANOB: R m 2 R, uTO BHITOAHO OTIMYACT €€ OT CXEMbl
H{AIl ¢ cymmupoBaH#eM BECOBBIX TOKOB, A€ HPHMECHAIOTCS JBOHYHO-
WIHCUIEHHblE PE3UCTOPEE C Pa3sNMYHBIMM HOMMHAJIAMH COMPOTHBICHMI
{11]). Rpyro#i ocobeHHocThlo MaTpuusl R-2 R sBnsercs 1O, 41O ee
BHIXO/HOE CONPOTHUBJIEHUE OTHOCUTENBHO JoGoro ysna (a, b, ¢, d) pasHo
R. ")ro oObsicHseTcs TeM, 4TO K KOKAOMY U3 Y3NMOB 3TOM MaTpuibl
HOJKMONEHBL iBe TapalUiefibHbie UMM, CONPOTHRICHUE KaKIOH U3
xoropnix passo 2 R,

Roce
DA
> o
TUsux
I 2
T :
2i X;
Cc 2R l DD;
T1iF
a) 6)

Puc. 11.3. Cxema LIAIT ¢ matpuneii R-2 R (a) u ynpasnsemstii
MEKTPOHHBIN KTF0Y i-rO paspaaa (6)

Ecav B rucTepesucHoll cxeMe CpaBHeHUs, KOTOpas Ha3biBaeTcs
Taloke TpurrepoM IlIMuTra, HanpsxeHUe CMElLEHMs MOJaTk Ha
HtBeprupyrouii Bxox OY, Torxa nepenaroyHas XxapakTepUCTHKa Y Takoit
cXeMbl OyaeT cMelleHa BJCBO OT HauyaNa KOOPAMHAT HA BEIWUHHY 3TOr0O
HanpsHKeHU CMEIIeHN.
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JanHasi cxcma, kpoMe MaTpHubl R-2 R, TaloKc CONEPKMT yripas-
sgeMple 3JiekTporHble kmoud K;...Kg, Bemonnennsie na nMOIT-tpan-
3ucTopax, uaseptroput DD3...DDO u OV ¢ uensio oTpunarensHoif obpar-
Ho# cBsisu. Coctosnue itouelt Kj...Ko 3aBUCHT OT undpoBoro curxana,
nopasaeMoro Ha BxoA 1IAIT nBoOMYHO-AECATHYHOTO KOKA.

PaccMotpum paboty cxemsl LIAIL, noxasaHno# na puc. 11.3. B uc-
XOAHOM COCTOAHMH, KOTAa Ha Bx04 LIATl nogad HyneBo# ABOMYHEI KOX
(0000), xmou K4 3aMxHYT (Ipu OCTANBHBIX 3HAYEHMSX BXOIHOTO JBOMH-
HOro x0Aa KoY K4 pasoMkHyT) U NpaBbie BeIBOABI pe3ucTopoB 2 R yepes
OTKpHITBIe TparsucTopsi Ty;{i=0,1, 2,3) kaogeit Ks... Ky noaxmogaiorcsa
Kk obwel wmupe. Torxa HampsHKEHHWE OTHOCHTENBHO OOWIEH IMIMHBI B
KOKXAOM M3 NOCHEAYIOLINX Y3I0B «a», «bx», «c» u «d» Oyner B nBa pasa
Gonblie, YeM B mpeabiaywem yaie. Hamnpumep, Hanpsxkenue B ysne «b»

(Up) 6yner B 2 pa3a Oonbile HampskeHus B y3ne «a» (U,), a
HanpsokeHye B y3ie «c» B 2 pasa Gombie, vem Uy u 1. A Orcronma
HANpsOKEHUS B YKA3aHHBIX y3/aX, B TPEANONOXEHMH, YTO BHYTpeHHEe
conporuBnenne R; wuctounnkaE, paBHo Hymo, MoxHO onpenenuts
clieRyIolM 006pazom:

Uy,=E,; U =E,/2; U, =E, /4; U, =E, /8.

AHaNOrMYHO MOXHO OMNPEAEHHTbL TOKM, BTEKAIOMMUE B  y3iibl
MaTpHUbl, KOTOPbIE [IPH BBIXOAE U3 KDKAOIO 1-Io y3jia AENATCA NOONaM.
Hanpumep, TOK, BTekaomuii B y3en «d» # onpefesisiemeiif  kak

I,, =E,, /R, nmenuTca Ha nBe paBHble [O BeNMYMHE YacTH, T. .
,=1,/2=E,, /2-R. B cBow ouepens tox I; taxke mpn Beixone u3
yana «e» HeNATCS Ha B YacTH, KAKHAT M3 KOTOPbIX MMEET 3HauYeHHE,
paBHoe nonosuHe Toka [, T.e. I, =1,/2=E_ /2-2-R.

[To ananoruu OnpenensioTes TOKH:

I,=1,2=E, /4-2-Rul,=1/2=E, /8-2-R.

Kax BuiHO 13 cxeMy! Ha puc. 11.3, Toku B BeTBSIX ¢ pesucTopamy 2 R
He u3MeHATed, xoraa kmouu K;... Ko 6yayT moAKMIO4EH bl K Y3IY «2», T. K.

HaANpsOKCHUE MEXJY HHBEPTUPYLIMM '[.IM A HEUHBEPTUPYIOWUM UH
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wxopamn OV npakruyeckd pasHo Hymo. Takum o6pasom, Tok Iy,
wrexnmomuit B y3en «2», pasHbii, COracHO nepsomy 3akoHy Kupxroda,
cymme tokoB lg, 1y, 15, 13, onpenenserca kax

1 1 1 1)YE

L=\t 3 7 [ R (1L1)
Orciona seixonHoe HanpsxeHue LIATT
Loy 1 1_Y)E,R
Uy == ?xs +'5'2“X2 +5§X1 +;;4*xo _QT_},{___OL
i

16R

e Xg, xl s XZ’ X3 — CUTHANBI pasps0B BXOZHOrO JBOMYHOTO KOAa,

KOTOpLIE MOTYT IpUHUMATH 3HaYeRus O uau 1.

H3 sobipaxerus (11.2) BUAHO, YTO BLIXOJHOE HANPSIKEHHE MPAMO
(IPONOPLUHOHANLHO BECOBLIM KOI(PPULUHEHTAM BXOAHOrO ABOMYHONO Koja
ungdposoro curxana. Ecnu cursan i-ro paspsaa BXOAHOIO ABOWMHOTO KOAA

X, pasen 1, 10 kmou K; zamsixaercs (To;orkpuiBaercs, a Ty; 3akpei-

BaeTCs) U pe3ucTop 2 R cooTBETCTBYIOWIEH BETBU NOAKIONACTCA K HHBED-
mupytoemy Bxogy OVY. B nporuBHOM ciydae, KOrja ABOMUHBIH CHrHan

X, =0, kmoy K; pasmbikaercs ( Ty; 3akpeisaetcst). B pesyasrare i-s co-

craghdromiasg Toka B BeipaxeHun (11.1) Oyner oTCyTCTBOBATH U, ClEHOBa-
TeNIbHO, COOTBETCTBYIOILMM OOpa3soM M3MEHHTCs 3HauyeHue BBIXOJHOTO
Hanpsbxenus. TowHOCTe M CTabWIBLROCTE flapameTpoB cxeMbl LIATI (pHc.
11.3) B OCHOBHOM 3@BMCAT OT TOYHOCTM H3TOTOBNEHUS U CTAaOHILHOCTH
conporuenennii  pesuctopos. (OObIYHO CONPOTHBIEHUE pE3UCTOpa Lenu

obparHoit ces3u R o Bhibupaercs us ycnosus R /R =1.

Paccmotpum LIATT ang npeoGpazoBanus ABOHYHO-AECATHYHBIX YKCET,
cXeMa KOTOpOro fipuBesieHa Ha puc. 11.4. B a7T0il cxeMe KaKaoMy paspsiy
JECATAYHOTO 4YMClIa COOTBETCTBYET cBof marpuua R-2 R, oboznaueHnas
npaMoyroabHukamu. Yepes Z;...Z, o0003HaueHbl MAECATHYHBIC dYHCIIa,
3HaYEHUs KOTOPBIX OMIPEIENAIOTCA COCTOAHMEM KIFOYEl KaXaoit Marpuibl
R-2R.
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PaccMotpum @parmMedT cxems! (puic. 11.5), COOTBETL\BYIOIME MAal-
[WeMy paspaiy ueThIpeXpaspsmHore gecstuaporo yucna. Mexons us ato#
CXEMBI MOYKHO 3aIKCaTh

U, = U R MR« BB g0,
R +9R }/ R+9R

C y4eToM 3TOro Hoay4mM

U, =-(10°Z,+10°Z,+10Z,+Z,) UR,. /16 R,

T. €. BHIXOAHOE HANPKEHHE NPONOPLHOHANBHO BECOBBIM Kod(dULHeHTaM
paspsiioB JECATMYHBIX 4YHCEN, NPEACTABIICHHBIX B JABOMYHO-AECATUYHOM
KOZie.

E, {HI0¥Ex (VI00)Eyr  (171000)Eqwy
Z.1R 81K 8.1R 9R
2a Zs Zy Zo Ro
R-2R R-2R R-2R R-2R 1

THCHAYH COTHH JECATKH HHAUBl

1 1 DA

Usx

1= 1

Puc. 11.4. CtpyktypHas cxema LIAIT ans npeobpasoBaHus
IBOHYHO-ACCATHUHBIX YHCEN

—

8.1R

Pnc. 11.5. ®parment cxemnul LIATT
11.2. Ananoro-1ppoBsie npeofpazoBaTeTn
Ananoro-iQpoBele  yerpoficTBa npeaHasHaueHbl it MpeoOpa3oBaHus
aHATOroBhIX CHIHANOB B L@possie. [Ipotiecc aHanoro-nudgposoro peobpaso-

BaHUs NMpeAnojaracT [IOCNIEN0BATETBHOS BLITIOTHEHNE CIIEYIOHINX onepaum“i:
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~ JMCKPETU3aIMsl aHATONOBOIO CHTHATA TO BpPeMEHH, T. €. BhIOOp €ro
MIHOBEHHBIX 3HAYeHMHi B HEKOTOphie Hanepell 3ajlaHHble JUCKPETHBIC
MOMEHTH! BPEMEHH;

— KBaHTOBAHWE 10 YPOBHIO JUCKPETHBIX 3HaueHHIl aHaIoroBOro
CUTHANA;

— KOJIMPOBaKMe KBAHTOBAHHBIX 3HAYCHUH NUCKPETHOIO CHIHAJA HEKOTO-
PbIMH YHCIIOBBIMM KOHAMHL.

Ipouecc kBaHTORAHHUS 10 YPOBHIO AMCKPETHOTO CHIHAsMa BCerzia CBA3aH ¢
BHECEHHEM HEKOTOPOIi TOFPEIIHOCTH &, SHAYEHHME KOTOPOH OfpeaesiseTcs Kak

& <h/2, rie h—mar ksauTOBaHMA.

Ha puc. 11.6 naHa WUXOCTpaLlks MPOLICCCOB KBAHTOBAHMS AUCKPETHBIX
3HAYCHHMI AHANIOMOBONO CHTHANA M KOAMPOBAaHHME KBAHTOBAHHEIX 3HAYCHUIA
IWCKpETHOro curuana. JlMckpertnsauus amanorosoro curhana S(t) ocy-

IECTBIACTCA B OTCYCTHBIX TOYKAX t] ) t2 U T. 4. C IOCTOAHHbIM LIIArOM

At=t, —t,,i=1,2,3 ... Ha puc. 11.6 nokaszaHo, uTo KaxaoMy JHC-
KPETHOMY 3HAYeHHIO aHAIOrOBOrO CHTHAJIa COOTBETCTBYET CBOH ypOBEHb

KBAHTOBAHMs M, ClEAOBATENbHO, ONpeAcneHHas KoMOMHAMA JBOWUHOIO
uudpoBoro koaa.

1dponoft YPOBHH
ABOHUHLIA KON KBAHTOBaHHA
S(t)
100t FTY T
011 4 31 DERURR oo
001 Zhps -
ool At i
001 -+ h I :
000 N A S
Oly ts 4 15 to ty 1

Puc. 11.6. MtocTpauus npoiecca KBaHTOBaHUA AUCKPETHBIX
3HAUYEHMIT aHamOroBOro CHrHana

OcuoBupie napametpbl ALl Takme »xe, kak u s LJAIL, omnako
CYIHECTBYIOT W HEKOTOpbIe pasnuuus. YUucno paspsioB — YHCIO pa3psaaoB
JIBOWYHOTO KOJ2, OTOOPAKAIOUIEr0 aHANOrOBBIH CUTHAIL, KOTOPOE MOXET
tdopmuposars ALUT Ha cBoem Bbixone. Paspewaromas cnocobHocTs U B
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>TOM ClIydae XapakTepu3yeT YHCI0 pau3psior Lugposoro seixona AL u
TEM CaMbIM OTIpelIeNdeT YUCHO pa3sAHYHbIX CTYHNEHEeK BXOJHOr0o CUrHala.
O6wiyn0 padpewatoiyro cnocobHocts ALl onpeaesnsioT BeAHUYHHOM,
o6parHoll MakCHMMAaIbLHOMY WMCHY KOHOBBIX ‘KOMOMHauuii Ha BbIXOJE
AL, Hanpumep, 10-paspaanbiii ALIIT nmeer paspeluaroLiyto crocob-
HOCTh (2'° = 1024)", T. €. NpH «IOAHOW IUKane BXOJHOrO CHUIHasnay»,
coorBercTByioweit 10 B, abcosmoTHoe 3HayeHWe lIara KBaHTOBAHHMS He

npeepimtaer 10 MB. Bpems npeobpazopapus t , — WHTepBal BpeMEHH,

OTCYMTHIBAEMbIil ¢ MOMEHTa 3a/laHHONO M3MEHEHWHA CHUIHajla Ha BXOfE
ALl no wMmomeHTa, MNpH KOTOPDOM Ha €ro BLIXOAE NOABASETCHA
COOTBETCTBYIOUIAM ABOMYHLIN KOA. AHanoruudstii napamerp s LIATI

Ha3LIBAETCs BpeMEHeM ycTaHoBienHs € .

IIpeofpa3oBaHKe aHAIOrOBOYO CHUIHAjla B COOTBETCTBYIOWMH eMy
nBouuHbil kop uudpoBoro curHaga ®a Bhixoge AMIl  moxer
OCYILECTBIATLCA PAasAUYHBIME METOJAaMH, OCHOBHBIMM H3 KOTOPBIX
ABJIIOTCA: METOA NApAUICNBHOTO MPeobpa3oBaHys aHANOroBOro CHrHana,
METOJ NOCAenoBaTensHOro npubnuwikeHns (npeobpa3oBaHust) W METOA
CMHTErpHPOBaHUN», YCTpOHCTBa, B KOTOPLIX AN BBINONHEHMA Ofiepauwii
npeobpa3oBaHis MCNONbL3YIOTCS 3TH METOIbI, UMEIOT COOTBETCTRYIOULHE
Haseanus. Paccmotpum ALl ¢ napannensHelM npeoOpazoBaHUEM
BXOJHOIr0 aHanorosoro curdana. Cxema Takoro mpeodpasoBarens npuse-
gena Ha puc. 11.7. Januwiit ALIIT cogepxut 7 koMnaparopos, Ha HHBEP--
THPYIOHME BXO/bl KOTOPLIX NMOAAIOTCS ONOpHbIE HAlPMHKEHUs, 3HAYEHUS
KOTOPBIX COOTBETCTBYIOT ONPEIECNEHHbIM YPOBHIM KBAHTOBAHUA U, CIIEN0-
BaTENBHO, ONPEAeIeHHbIM KOMOUHAUMAM ABOMUHOrO xoza. Ha ofGbeau-
HEHHBIE HEMHBEPTHPYIOUINE BXOJbI KOMIAPATOPOB MOAAcTCs npeobpasye-
MO€ BXOIHOE HaMpshkeHHe (aHa/OroBblit CUIHAN), 3HAYEHUE KOTOPOro B
3aJJaHHOE AUCKPETHOE (OTCYETHOE) BpeMs CPABHHMBAETCH OJHOBPEMEHHO C
n (B JaMHOM ciiydae n = 7) ONnopHbiMU HanpsukeHusmu. B pesynbTate
TAKOro CpaBHEHUS C MNOMPEUIHOCTbIO He OosbUle NOJOBHHbLL YPOBHS

kBanToBaHus (& < h/2) onpesensorcs onopHble HaNPLKEHUA, KOTOPbIE
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(10 BEIMYMHE MCHBIIE TEeKYLIeT0 MTHOBEHHOTO 3HAYCHHSA BXOIHOI'G
aHajlorosoro curtHana. Yumcny Takux ONOPHBIX HAaNpKEHWH COOTBET-
CTBYET 4uMCNO SAMHULL B N-PA3PANHOM YHHTAPHOM KOJIE, CHUMAEMOM OJIHO-
BPEMEHHO €O BCEX BB&OHOB KoMIiaparopa.

TUon

13/2Uon

TK| X2

DI TL-Q(x2

11/2Uon > 135 c b
1 x|
%— Pl Trawn
L ‘ L
3/2Uon L 55 ] al . mis
R b E41p| T Q0
1/2Uon > a0 L1 e -
1/2R
c |

‘
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Puc. 11.7. CrpyxrypHas cxema ALITT napanhensuoro npeobpazoBaHus

[Tonyyenuniff n-paspapHblii kKOA HOZaeTCH Ha BXOJABI Hpeobpaso-
Batens xkoga (T1K) u nospsiseTcs Ha ero BHIXOAE B BUAC JABOWYHOIO KOAA €
YKCIIOM pa3psmoB, onpenensembiv kak N =log, n. Janee 3tor ABous-
HbIH KOZ M0 paspelleHHIo CHHXPORM3HpYIomiero curaana C dukcupyercs
B TPexpaspsiiHOM TMapajielbHOM perucTpe, BHIMOJHEHHOM Ha D-Tpur-
repax. BrIXxoAp! peructpa OHOBPEMEHHO ABJAIOTCA U Bhixopamu ALLLL

Paccmotpum Heckossko noapobHee npuHunn padoter ALIT ¢ napan-
JenpHbiM npeobpasosanueM (puc. 11.7). Ilycth B HMCXOAHOM COCTOSHUH

BXoHOe Hanpspkernue pasHo nymo (U, =0). Torxa ans scex OY pas-
HOCTb HanpsokeHuil mexay HewHBepTupywwM U, ¥ UHBEPTHUPYIOLIAM

U, sxomamu mensue uyns: (U, — U, ) < 0. [Tpu 3Tom HanpsxeHus Ha

BbIxoziax Beex OV pasubt —E | a ua seixogax I1K u, cnegosarensHo, Ha
BBIXOJIaX perucTpa (¢ paspetneHus cuuxpocurtana C) ycTaHaBIHBaIOTCA
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Hym, T. e. Xg=X,=X,=0,rae E=U_ - Makcumanshoe 3Haue-

HHe BHIXOAHOTO Hanpxenus OY. Eciu Bxoanoe nanpsxenue U . Gonb-

ure monoBunbl onopHoro Hanpsxennst U (U, >0,5U ), Ho Menbine

Off on

3

3 U,,, » Torna Tonsko fist 1-ro OV pasuocts Hanpsoxenuit U, —U, >0,
[To3TOMy TOMBKO Ha €ro BuIXOAE MOsBifAeTCs Hanpsxe-Hne +E, a
HATPSKEHNS Ha BhIXOAaX ocTanbhbix OY mo npexsemy pashbl —E, urto
NpUBOJUT K MOsBNeHMIO Ha Bbixogax I[IK u permcrpa cnenpyrommux

curranos: X, =1, X,=x,=0.

T0 Ha BeIXxogax 1- ¥ 2-ro

o1 o

3 5
Ecmn U, >=U, , Ho meHbue — U

2 2
OV nossasercs HanpsokeHne + E | 910 npuBoauT X GOPMMPOBAHMIO Ha
suixogax IIK u peructpa msouusoro koga 010. [lpu nansHeiiniem

yBeTHYEHHH BXOAHOTO curHana U, 4YHCIG ONOpHBIX HalpsxeHui,

KOTOpbIE OKa3biBaloTCH Merblie U, , yBeNnuuHBaeTcs H, CHEAOBATENBHO,
ysenauuuBaerca udcno OV, Ha BpIX0JaX KOTOPLIX NOABNAETCA
Hanpskenue, pasioe +E, u B pesynprare storo Ha sbixogax AL
dopMUPYIOTCS HOBbIE KOMOWHALMY CUTHANIOB ABOUYHOTO KOAR.

Takum obpazoM, ABonuHBIA kox Ha Bbixoge ALIMT dopmupyercs
ONHOBPEMEHHO [0 BceM paspsiam, 4TO ofecneuymBaeT €ro BbICOKOE
ObicTponeiicTee. Bpema npeoGpazoBanusd B Takom ALl onpegensercs
rnaBHbIM 06pasom 3amepkkamu B dnemenTax [1K. Opnako cxema okasbl-
BaeTCd JIOCTATOMHO cnoxHoff. OcobeHHO 3TO mposBNseTcd, KOraa
Tpebyercs obecneunTs BBHICOKYIO TOYHOCTh npeobpasoBanns. Hanpumep,
ana noctpoenus 8-paspgaHoro AT Heo6xoarMO MCNIONB3OBATEH 1=
255 xommapatopoB. Takum obpazom, annaparnsie 3arpathl B ALl c
napanjienbHbiM Mpeobpa3oBadHeM 0Ka3biBAIOTCS 3HAYMTENBEHBIMY.

AnmnapartrHbie 3aTpaThl MOXHO CYLIECTBEHHO CHU3WTb, €CITH JUIN
npeobpa3oBauys aHANOrOBOro cHrHana ucnosb3osath ALIT nocaenosa-
TeJILHOTO CYeTa, CTPYKTYPHAas cXeMa KOToporo npyeejeHa Ha puc. 11.8. B
Takom AL, xoTophit Tawke HasbiBaioT ALIT co crmeasuie#t cBa3b1O,
UCTONB3YIOT reHeparop TakToBbix ummnynscoB (I'TH), LIAIL, cxemy
cpaBHeuus (xomMnaparop), norudeckui snemeHT (JID) «M» ¥ oObiuHbIH
(unn peBepCHBHBIil) CHETUHK, CUIHANB] C TOPA3PAIHLIX BEIXOROB KOTOPOTO
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obecneynBaloT W3MEeHeHHe HanpsxxeHus Ha Beixone LIATT (copepaamomy
CUYETYHKA COOTBETCTRYET OIIpelesiecHHOe 3HaueHWe aHaJoroBOro CHIHalla
Ha BeIxoge LIAIT).

=3 Xy X; Koy
I'Td & clCTio H uaft
i
Usy 22 _J‘o__;}?: N-1
b yck

Puc. 11.8. CrpykTypHas cxema nuinuyeckoro ALIT nocnenoBarensHoro cueTa

PaccmoTpum npunumn pabotsl ALIIL. B scxofHOM COCTOSHUM CUeT-
YAK II0 aCUHXPOHHOMY BXOAY Ea curranoM «[Tyck» cOpacbiBaeTcst B

HyJ1b. HyneBoMy COCTOAHHIO CHYETHYMKA COOTBETCTBYET HYJAEBOC
Hanpsokenne Ha Bbixoge LIAIL. Ecnum Ha Bxope ALlHl ycTasosneHo

HEKOTOPOE NUCKPETHOC 3HAYEHHUE BXOAHOIO aHaJIOroBOro CUrHala ‘[JBX s

koTopoe 6Gompie BeixoaHoro Hampsxesus LIATT (1. e. U, >0), o

e/IMHWYHBIA CHTHAaT Ha BbIXOAE KOMMAparopa paspeillaeT MOCTYIIEHHE
umnysiecon I'TH uepes JID «M» Ha c4eTHBIN BXOA cueTUMKA.

Janee nocme cHsitus ¢ Bxoga R, axkTuBHOro ypoBHs cUTHANla

«Ilyci» cueTyuMk Ha4YMHAEeT BLINOJHATL oONepalxio HMHKpeMeHTa. Ero
NoKasaHue (BBIXOJHOH KOJA) YBEJIMYMBAECTCS M, CAENOBATE/NLHO,
yBENMuMBaeTcs Hanpsokerde Ha Bbixole LIAIT. Ortor mpouece
npeodpa3oBaHKs apanoroBoro cMry{ana B 1y¢poBoil npoaomkaeTcs 10 TexX
nop, 1noka BeIxojunoe HanpspkeHue L[AIT He cpaBHHUBaeTcs C 3aJaHHBIM
sHayerneM U, . B pesynsrare Ha Bbixoze JI9 «M» Gyaer chopmuposan

curHan joruyeckoro «0», u nonaua umnynbcoB ['TH Ha BXof cueTyhika U
HM3MEHEHME er0 COCTOAHMUS fpekpaTtaTcs. [IpH 3ToM 3HadeHue BBIXOIHOTO
KoAa cyeTuuka OyHeT TNpaAMO MPONOPLMOHAILHO YCTAHOBIEHHOMY Ha

pxoge ALl swckpeTHoMy 3Hauenuto Hanpskenns U, . Tlosropenne
HOBOT'O UMKJIa NpeobpasoBauus AjIs NOCHeNYIOMUX JHCKPETHBIX 3HaUeHHH
BXO/HOro Hanpskehus U, xaxasii pas TpebyeT ycTAaHOBKU CUETHUHKa B
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Hynb. [loaToMy paccMotpenristii pexum paborei AL Hasbisaerca
UM KANIECKHIM.

Ecnu B cxeme Ha puc. 11.8 BMecTo cyMMUDPYIOLIETO ABOHUHOIO CYET-
YHKa HCNOJb30BaTh PEBEPCUBHBIH, TO MOXKHO PEANN30BaThb HEUMKIHYeEC-
knil pexkum pabotsi ALY, xoropsii xapaxtepusyercs 6oniee BBICOKHM
ObicTpopeiicTBUeM. B 3TOM ciiydae HA BHIXOJE PEBEPCHUBHONO CUETYHKA
AOCTOSHHO OyIeT MpUCYTCTBOBATH KOJ, IPOMOPLUOHANLHBIH TeKylEMY
3HAYEHUIO BXOAHOTO HampspkeHus. B cxeMy Henumiimueckoro AL[TT
JONOHUTENBHO BBONAT WHBEPTOP, euie oauH JID «H» u pesepcuBHbIH
cueTyuK BMeCTO oOblYHOre cymmupymomero. Hemuxmmuecknit ALJIL, 8
OTJIHYHE OT LUKIHYECKOTO, HOCTOSHHO CAEANT 32 U3MEHEHHEM BXORHOTO
HalpsKESHU.

O6umM HemocTarkoM obeux cxeM ALl ¢ mocnegoBarenbHbBIM
ripecbpa3oBaHUEM ABJACTCS TO, UTO OHY MMEIOT CPaBHHTENbHO HHM3KOE
OnicTpoaeficTeue, o0ycioBneHHOe OGOnbIIMM MHTEpBANOM BpEMEHH, B
TE€4YEHUE KOTOPOro BBIXOAHOH KOJ CHETUMKA AOJKEH AOCTHUYL 3HAYCHMH,
IKBUBAJCHTHOrO BXOJHOMY HAlIPSKEHHIO.

AIYI ¢ ABOIHBIM HHTErPAPOBAHAECM

ALl ¢ ABOHHBIM HHTErpHPOBAHHEM, KOTOPbI Taloke peanu3yer
METOJL  NOCREAOBATENIbHOrO  npeobpasoBaHusa,  OTJIMYaeTcs  OT
PacCMOTPEHHBLIX  Bbllle UUKAHYECKOTO M Helukmuyeckoro ALl
oC/AeI0BATENLHOIO cueTa Oojiee BLICOKOI MOMEXO3AUHIIEHHOCTHIO W

TOYHOCTHIO. D10 06bsicHAeTC TeM, uro moboii curnan U, (B yacTHOCTH
U.,,), kpome nonezHo#, co6CTBEHHO MHGOPMALMOHHOMN, COCTaBNsOLLICH

HOCAT NEPUOAMYECKKIl XapaKTep C NMepHONOM, pasHbIM 1. Martemaru-
HECKY TAKO} CUIHAT MOXKET ObITh IPEACTABNEH B CICAYIOLUEM BUAE:

) conepxut cocrasnmoiune nomexu (U, ), KoTOopble OGBIYHO

YHO HIOM

U =U,=U,,+> U, ssin2nt/T,.

[pu HenocpeacTeerHOM npeobpazosany BeIGOPKA BXOHOTO HANPA-
xenus U OpOMCXOAHT B AMCKpETHBIE MOMEHTBI BPEMEHH H MOITOMY Bbi-

XOJHOM KOZ NIPONOpUMOHaeH MrHoBerHbiv 3navernam U, ,ane U, .
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Ecnu 8 npouecce npeobpazosanns cursan U, OPOHHTEIPUPOBATH,
NpH 9TOM BPEeMS HHTErPUPOBAHMA BbIOpaTh KDATHBIM EpHOZAM
COCTABISIOIHMX TIOMEX T,, 1o pesymerar 6ymeT NpoNOPUUOHAIEH
coBCTBEHHO MHQ)opMaﬁHonHoﬁ cocraBnAroLied cCUrdana

nT,
U, tdt=U,nT,, (11.3)
0
roe n — xoabduument kparHocty, n = 1, 2,.... Takoil noaxon
ucnosp3yercs B cxemax ALUT ¢ asolinbiM uHTerpupoBaHueM. Hpuxiumn
WX DOCTPOCHMS COCTOMT B ciegyrouleM. CHayana B TEUEHHME HEKOTOpPOro
(UKCHMPOBAHHOIO OTpe3Ka BpEeMEBH t BBUTORHAETCS UHTErPUPOBAHHE

BXOAHOFO CHrHama U, aHanoroBbIM MHTErPaTOPOM, NMOCTPOEHHOM Ha
ocHoBe OVY. [llpu 53TOM HalpAKEeHUE UM Ha BBIXOJE MHTerparopa
H3MEHAETCA OT HYAA 10 MAKCHUMATHHONH N0 MOAYMO Bend4uHbL [lycTs Ha
OTpeske BpeMeHH t, wanpsokenne U, MOCTOSHHO, @ B MOMEHT BpeMeHU
t = O BbIXOJAHOE HAIpPHKEHHE UHTEerpaTopa paBHo Hymo. Torma no
HCTeYeHUN OTpe3Ka BpemeHM 1, BbIXOZHOe HAMpsHKEHHE MHTErpaTopa
onpejenseTcs Buipaxenuem (11.4)

t

1 {
U @®=--— U dt=-U t /RC. 114
u() RC .(!. BX BX ] ( )

Jasiee B TeueHMe cheyiollero otpe3ka Bpemend U, UHTErpupyetcs
OLIOPHOE HaNpsiKeHMe, KOTOPOE MOAKIIOUAETC KO BXOAY HHTErpatropa u
MMEeT MOAAPHOCTh, NPOTUBONIOAMKHYIO NONAPHOCTH Hanpskenus U, .

B Tevenue orTpeska BpeMenu U, HanpsbkeHMe Ha BBIXOLE UHTErpaTopa
YMEHBLUACTCH OT CROETO MAKCHMATLHOTO 10 MOAYIIIO 3HAUSHUS [0 HYJIA.

Ecnu onopnoe nanpsxenne U mnocTosnHo, BbipaxeHue Ans
BBIXOJHOIO HANPSPKEHUS MHTEIPaTopa UMeeT BUJ, aHANOTHYHLI Bhipake-
#uio (11.4). Otcrona ans orpeska spemenn 1, nonyqanm (11.5)

t,=U,.t /U, . (11.5)

WHe
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U3 Beipaxenns (11.5) cneayer, 4to otpesok pemenn {, He 3aBucut

0T cOOCTBEHHBIX MAapaMETPOB HWHTErparopa, a ONPEACNSACTCH TONBKO
BpEMEHEM HHTErPHPOBAHKs BXONHOIO CHIHANA M OHOPHBIM HanpsmHKeHHEM.

Ecnu B Teuenme orpeska ppemenu {, NOCYUTATH CUETHUKOM HHCIIO

UMITYNLCOB H(‘.KOTOPOﬁ TaKTOBOH 4aCTOTbI fT , TO HOle‘lCHHBIﬁ Koa 6}’}.161‘

FIPOMOPUHOHANEH BXOXHOMY HanpskeHmo. [1pH 3TOM, COrIaCHO BhIpaxe-
Huio (11.4), Bce cocTaBisOIHE NMOMEXH OYAYT CKOMIICHCHpOBaHbl |
BbIXOJHOH TOk M 6yaAer nponopuunosanes UHGOPMAHOHHOH COCTaBIsIO-

weil BxoHoro Hanpsienna U,

M=U,tf/U,. (11.6)

Orpesok Bpemenn t; >t,, eciu IUon[>|Um!, toraa {; MoXHO

ONPENENUT, NOCUUTAB HMCHO MMIYBCOB Toi ke vactoTnt [, Tem ke
N

caetquxom t, =2"/f | roe N — umcno pa3psanoB BbIXOAHOTO KOZA,

oTobpaxatomiero BXOAHOJ aHanoroBelfl curHan. Ilocse moACTAHOBKY

sqagyenus U, B seipaxcenue (11.6) nonyunm (11.7)

- M=2"U,./U,. avyn

W3 soipaxenus (11.7) cneayer, 4to npu TakoM crocobe peanu3auuy
ko Ha Beixofe ALUT sasucut Tonbko or U, u U, u, cneaosarensHo,
AnuTenbHble HecTabunabHOCTH Kak uuTerparopa (RC), Tak u 3azatomiero
renepatopa (f.) e BnumOT Ha TouHOCTL NpPeOOpa3zoBanus. DTUM H

OOBACHAETCA BBICOKaS TOYHOCT:, M noMexosaumimeHHocTs ALl ¢
ABOHLIM HATErPUPOBAHMEM.

Crpykryprasg cxema ALT ¢ neofiHbiM WHTErpHpOBatNeM NpuBeJeHa
Ha puc. 11.9. Ona conepxur cuctemy ynpasienus (CVY), reneparop

TakToBBIX uMnyiscor (I'TH), cueTunx (CY), onophoe vanpsoxkenne U, u

(]

wioun K,, K, u K;. Kmou K, npeanassauen mis ycraHoBku
MHTErpaTopa B UCXOLHOE HYIeBOE COCTOAHHE. B TeueHue BpeMeHU
usTerpuposanns (1, ) BxonHoro curnana kmou K, samxnyr, a wnou K,
Pa3OMKHYT.
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Puc. 11.9. Crpyxrypsas cxema ALII ¢ ABOHHBIM HHTETPUPOBAHHEM

B Teuenwe oTpeska Bpemenu I,, korma  BBHINONHAETCA

HHTErpUpOBaKHE ONOPHOTO HANPIKEHHA, COCTOSAHME KINIOUeH HIMEHAETCS
ua ofpardoe. [lpu 3TomM mHMuynAsChl FeHepatopa ['TH nayHHaoT
nocTynare 4epe3 cxeMy ynpasienus Ha cderymk. IlocTymuiende 3THX
MMIYIBECOB 3aKAHYUBAETCH, KOTAA BEIXOAHOE HANpPsHXKEHHe HHTEerparopa
oka3piBaeTcs paBHbIM Hymo. Hemoctatkom paccmorpesdHoro ALl ¢
JABOMHEIM HHTErPHPOBAHHEM ABIIETCA Manoe OBICTpOAECTRHE,
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